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The National Institute on Deafness and  
Other Communications Disorders 

and the National Institute on Aging, NIH
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2014 Annual Meeting Exhibitors

EXHIBIT HOURS

Thursday, April 10  
8:00 am – 10:00 am  

Friday, April 11
8:00 am – 10:00 am

Saturday, April 12
8:00 am – 10:00 am

Osmic Enterprises, Inc.

Osmic Enterprises, Inc. produces and distributes the OLFACT™ Test 
Battery, a series of computerized tests to assess olfactory function. 
Tests include a threshold test, an identification test, a discrimination 
test, and an odor memory test. Stimuli are generated via a miniature 
olfactometer, with administration of the tests and recording of 
responses under computer control. 

Company representatives: Lloyd Hastings and Bruce Johnson

Oxford University Press

Oxford University Press is a publisher of some of most prestigious 
books and journals in the world. They include Chemical Senses,  
the official journal of ACHEMS, ECRO and JASTS. Visit our stand  
to pick up gratis copies of our journals, or go to  
www.oxfordjournals.org to read a free issue online.

Company representative: Jennifer Boyd

Sensonics, Inc.

Sensonics International provides the medical, scientific and industrial 
communities with the best smell and taste tests for assessing 
chemosensory function. The Smell Identification Test™ is the  
most widely used quantitative olfactory test in the world. 

Company representatives: Kyra Milnamow, Dan Martino and  
Jerilyn Wissa
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2014 Annual Meeting Exhibitors, continued

Sophion

With our latest product, the Qube, Sophion has taken automated 
patch clamp to a new level now providing state-of-the-art automated 
patch clamp systems for medium to high throughput. With QPatch 
and Qube we offer uncompromised data quality in a user-friendly set 
up from assay development to data analysis. 
 
Our business philosophy is based on delivering complete customer 
focused support which includes technical, biological, and application 
solutions 24 hours day. 

Company representatives: Richard Kondo and Hervor Lykke Olsen

Tucker-Davis Technologies
For over 10 years TDT has provided the AChemS community with 
innovative research platforms. Our integrated hardware & software 
configurations have evolved, with increased user-friendly design 
& proven lab testing. The latest from TDT includes new control 
systems for Optogenetics, Awake Behaving Subjects, & Electrode 
Design. Outperform all other research systems with TDT.

Company representatives: Victor Rush and Nafi Yasar
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2014 Breakfast Corner Participants

This Breakfast Table will discuss possible mechanisms of a specific flavor-modifying 

peptide. This peptide enhances the basic tastes, meaty and milky flavors. At this point, 

all that is known is the peptide stimulates the calcium sensing receptors. Please join us 

and bring your ideas. 

Ever wonder about a career in the food and beverage industries? Interested in creating 

a research partnership with PepsiCo to achieve the goals of reducing sugar, salt, and 

fat while still delighting the consumer? If so, come to PepsiCo’s Breakfast Corner to 

meet with Steve Gravina and Linda Flammer, R&D Directors in PepsiCo’s Long Term 

Research Division. We will also have a variety of PepsiCo products for you to enjoy. 

NEW THIS YEAR!
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2014 Awardees

36th Annual Givaudan Lectureship 
Richard Lifton, MD, PhD, Sterling Professor of Genetics and Professor of Medicine (Nephrology); 
Chair, Department of Genetics, Yale University; Investigator, Howard Hughes Medical Institute

20th Annual Ajinomoto Award to Promising Young Researcher in the Field of Gustation
C. Shawn Dotson, PhD, University of Florida College of Medicine and Center for Smell and Taste

23rd Annual Moskowitz Jacobs Award for Research in Psychophysics of Human  
Taste and Smell 
Christina Zelano, PhD, Northwestern University Feinberg School of Medicine

Max Mozell Award for Outstanding Achievement in the Chemical Senses
Donald Wilson, PhD, Nathan Kline Institute and New York University Langone School of Medicine

The AChemS Young Investigator Award for Research in Olfaction
Stavros Lomvardas, PhD, University of California San Francisco  

The Don Tucker Memorial Award (2013 Awardees)
Adam Clark, University of Maryland, Baltimore 
Genevieve Tauxe, University of California, Riverside

The Polak awards are funded by the Elsje Werner-Polak Memorial Fund in memory of our 
niece gassed by the Nazis in 1944 at age 7: Ghislaine Polak and the late Ernest Polak

Polak Young Investigator Award Recipients
James Corson, PhD, University of Michigan
Michael Economo, PhD, University of Utah
Chad Samuelsen, PhD, Stony Brook University
Jennifer Stratford, PhD, University of Colorado, Denver 
Yiqun Yu, PhD, University of Pennsylvania
Yali Zhang, PhD, University of California, Santa Barbara

Polak Postdoctoral Travel Award Recipients
Imad Aoude, PhD, University of Maryland, Baltimore 
Klaus Deckmann, PhD, University of Zurich
Thorsten Kahnt, PhD, University of Zurich
Takaaki Miyazaki, PhD, National Institutes of Health 
Meng Wang, MD, PhD, Burke Medical Research Institute
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2014 Awardees, continued

AChemS Travel Fellowships for Diversity Recipients: 
Funded by a generous grant from the National Institute on Deafness and  
Other Communication Disorders and the National Institute on Aging, NIH

Genevieve Bell, Florida State University
Kendra Edwards, University of Maryland, Baltimore
Veronica Flores, Brandeis University
Ariell Joiner, University of Michigan
Veronica Lopez, University of Maryland, Baltimore
Kevin Lopez, Judson University
Nirvine Simon, West Chester University of Pennsylvania, Monell Chemical Senses Center
Cedric Uytingco, University of Maryland, Baltimore

AChemS Student Housing and Travel Award Recipients
Funded by the Polak Foundation: Ghislaine Polak and the late Ernest Polak

Dolly Al Koborssy
Abdullah Al-Matrouk
Dylan Barnes
Daniel Baum
Ryan Bohnenkamp
Samual Bradley
Alexandra Brignall
Nadia Byrnes
Kaitlin Carlson
Mitzi Carreon
Wei Chen
Ezen Choo
Ryan Dalton
Rachel Dana
Jasper H. B. de Groot
Jakob Dobrowolski
Olga Escanilla
Christopher Ferguson
Yankun Gao
Elizabeth Gould

Laura Grigereit
Samer Halabiya
Julie Hewitt
Jaryd Hiser
Jianghai Ho
James Howard
Zhenbo Huang
Joseph Jones
Benjamin Kalbe
Marley Kass
Matthew Kochem
Jacqueline Krajnik
Devaki Kumarhia
Trina Lapis
NaHye Lee
Carrie LeMay
Haixin Liu
Simona Manescu
Louis Martin
Matthew May

Lukas Meadows
Lars Mizera
Andrew Moberly
Smiljana Mutic
Jacquelyn Omelian
Baris Ozbay
Shreoshi Pal Choudhuri
Taylor Pence
Ofer Perl
Cordelia Running
Ruchira Sharma
Xue Sun
Genevieve Tauxe
Chryssanthi Tsitoura
Amit Vinograd
Evan White
Courtney Wilson
Olga Wudarczyk
Joseph Zak

Annual Meeting Logo Award Winner
Stephan Vigues, PhD, University of Maryland, Baltimore
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Committees

ACHEMS EXECUTIVE COMMITTEE 2013-2014

President John Glendinning, PhD Barnard College,  
  Columbia University

Past President Alan Spector, PhD Florida State University

Senior Advisor Timothy McClintock, PhD University of Kentucky

President Elect Debra Fadool, PhD Florida State University

Secretary Julie Mennella, PhD Monell Chemical  
  Senses Center

Membership Chair Dana Small, PhD JB Pierce Laboratory/ 
  Yale University

Program Chair Steven Munger, PhD University of Maryland
  School of Medicine

Treasurer Joseph Travers, PhD           Ohio State University

Program Chair Elect Dana Small, PhD JB Pierce Laboratory/ 
  Yale University

Sr. Councilor Christiane Linster, PhD Cornell University 

Jr. Councilor Rachel Herz, PhD Brown University

ACHEMS PROGRAM COMMITTEE 2013-2014

Steven Munger, PhD (Chair)
Robert Anholt, PhD
Maik Behrens, PhD
Paul Breslin, PhD
Christine Byrd-Jacobs, PhD
Nirupa Chaudhari, PhD
Denise Chen, PhD
Ivan de Araujo, PhD
Alfredo Fontanini, PhD
Johan Lundstrom, PhD
Bettina Malnic, PhD

John McGann, PhD 
Kathryn Medler, PhD
Venky Murthy, PhD
Dana Small, PhD
Brian Smith, PhD
Marc Spehr, PhD
Mark Stopfer, PhD
Lisa Stowers, PhD
Ali Ventura, PhD
Paul Wise, PhD

MEETING EVALUATION

The meeting evaluation is available online this year. Please visit www.achems.org to give us 
your feedback on the meeting. Your input helps AChemS’ leadership continue to offer quality 
annual meetings and member services.  
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#.5 SYMPOSIUM: ARE MAMMALS ABLE TO 
DISCRIMINATE BETWEEN BITTER STIMULI?

Givaudan Lecture Title: Genes, Genomes and the Future 
of Biomedicine

Richard Lifton, MD, PhD,  
Sterling Professor of  Genetics and Professor of  Medicine (Nephrology); 
Chair, Department of  Genetics, Yale University; Investigator,  
Howard Hughes Medical Institute  
 
The cost of  DNA sequencing has dropped one million-fold  
over the last 15 years, drastically changing the questions that can 
be posed and answered. In particular, this technology provides 
opportunity to identify rare mutations with large impact on 
disease risk beyond the constraints of  classical Mendelian 
genetics. To take advantage of  these opportunities, we developed 
methods for selective sequencing of  the ~21,000 protein-coding 
genes in the genome and drove the cost to < $500 per sample, 
allowing substantial experimental exploration. We have used this 
technology to identify disease-related genes in several distinct 
settings including somatic mutations in neoplasia; de novo 
mutations in autism, congenital heart disease and other diseases 
in which clinical features suggested a role for mutation with large 
effect and impaired reproductive fitness; rare diseases arising in 
the setting of  consanguineous union. We are also using this 
technology in the clinic to identify known or new disease genes  
in hospitalized patients in whom traditional approaches have  
not yielded a diagnosis. We expect these approaches will allow 
annotation of  the consequence of  mutation of  all 21,000 
protein-coding genes and compendia of  specific allelic 
associations. The continuing reductions in cost of  DNA 
sequencing suggest the coming of  routine and inexpensive 
sequencing of  whole genomes, and raise questions about  
the both the utility and pitfalls of  routine genome-level 
sequencing in large populations. FCOI Disclosure: None

#1 SYMPOSIUM: ARE MAMMALS ABLE TO 
DISCRIMINATE BETWEEN BITTER STIMULI?

Are Mammals Able to Discriminate Between Bitter Stimuli?

Maik Behrens, Wolfgang Meyerhof  
German Institute of  Human Nutrition Potsdam-Rehbruecke/ 
Molecular Genetics, Nuthetal, Germany 
 
Among the bitter compounds present in nature are many  
toxic compounds, but also substances which may exert beneficial 
effects on the well-being of  mammals. Therefore, the idea that 
animals could have the capacity to discriminate, consciously or 
sub-consciously, between different bitter compounds is very 
appealing. Although several studies provided evidence for the 
existence of  distinct responses towards different bitter stimuli, 
other reports came to opposite conclusions. Hence, there is still 

an ongoing debate on this topic, but new behavioral animal 
experiments or human psychophysical studies that are ultimately 
required to answer this important question are scarce. The 
presentations will cover the bitter transduction pathway from  
the periphery to the central nervous system using different 
experimental approaches. The talks will contribute evidence 
collected by molecular biological experiments to physiological 
data indicating that bitter tastants are detected by a 
heterogeneous sensory cell population, that bitter information  
is transmitted via individually responding nerve fibers and 
induces differential neural codes in the brain. The aim of  this 
symposium is to “re-ignite” the discussion about possible bitter 
compound discrimination and to foster the interaction of  
researchers using different experimental approaches who may 
engage in collaborative efforts directed to solve this issue in bitter 
taste research. Acknowledgements: N/A. FCOI Disclosure:  
The author has filed patents on human bitter taste receptors  
and is a consultant for Symrise AG.

#2 SYMPOSIUM: ARE MAMMALS ABLE TO 
DISCRIMINATE BETWEEN BITTER STIMULI?

Principles of bitter taste 
Wolfgang Meyerhof  
German Institute of  Human Nutrition Potsdam-Rehbruecke,  
Nuthetal, Germany 
 
Even though bitter compounds commonly act as repellents, 
several mammalian species, including mice, do not completely 
avoid bitterness. They cover up to 40% of  their fluid intake by 
sampling bitter solutions even if  they have access to water.  
Also, mice prefer a more bitter but less toxic diet adulterated  
with sucrose octaacetate over a diet adulterated with quinine 
which is less bitter but more toxic. These observation suggest that 
recognition of  bitter compounds triggers complex behavioral 
patterns. In order to understand the underlying principles of   
such variable ingestive behaviors my laboratory investigates the 
receptors and cells involved in bitter transduction. We found that 
bitter recognition is mediated through a receptor family, the 
members of  which differ in their agonist profiles ranging from 
extremely broad to narrow. Based on the individual subset of  
receptors expressed, the 2,200-3,300 murine oral bitter-dedicated 
cells display distinct molecular receptive ranges. This is 
demonstrated in mice in which a specific subpopulation of  
bitter-sensing cells has been genetically ablated. These animals 
are indistinguishable from wild type mice in their avoidance of  
some bitter compounds. However, they completely lost their 
avoidance to several and showed diminished behavioral responses 
to various other bitter substances. Functional heterogeneity is also 
demonstrated in mice by gustatory neurons in the nucleus of  the 
solitary tract which differently expressed neuronal excitation 
marker after oral administration of  various bitter compounds. 

Abstracts are printed as submitted by the author(s).

Oral Abstracts
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Thus, taste receptor cells as well as their gustatory target neurons 
respond differently to various oral bitter substances in accordance 
with variable ingestive behaviors governed by bitter reception. 
Acknowledgements: German Research Foundation Me1024/2. 
FCOI Disclosure: None

#3 SYMPOSIUM: ARE MAMMALS ABLE TO 
DISCRIMINATE BETWEEN BITTER STIMULI?

Bitter taste responses in mouse fungiform taste receptor cells
Ryusuke Yoshida, Yuzo Ninomiya 
Kyushu University, Fukuoka, Japan 
 
Bitter taste is mediated by T2Rs that belong to the large family  
of  seven transmembrane G-protein coupled receptors. Bitter 
tastant binding to T2Rs activates signaling cascades including 
a-gustducin, phospholipase Cb2 (PLCb2) and transient receptor 
potential channel M5 (TRPM5), which are also important for 
transduction of  sweet and umami tastes. Then cells are 
depolarized and evoke action potentials. When we randomly 
analyzed taste responsiveness of  individual taste cells in mouse 
fungiform papillae, the proportion of  bitter taste cells was small; 
only 5 of  72 (7%) taste responsive cells were classified as bitter 
cells. The proportion of  bitter fibers in the mouse chorda 
tympani nerve innervating fungiform taste cells was also small 
(10 of  105, 10%), indicating small proportion of  bitter sensitive 
cells in the anterior part of  the mouse tongue. We are able to 
identify bitter sensitive cells using gustducin-GFP mice. We 
analyzed responses of  quinine-sensitive gustducin-GFP cells to 
five bitter compounds (20 mM quinine, 0.1 mM cyclohexamide, 
20 mM denatonium, 0.5 mM sucrose octa acetate and 10 mM 
caffeine) and found that most of  them responded to three bitter 
compounds: quinine, denatonium and cyclohexamide. None of  
them responded to sucrose octa acetate and caffeine. These 
results suggest that most bitter sensitive cells expressing gustducin 
in mouse fungiform papillae are capable of  recognizing multiple 
bitter compounds. Now we are examining bitter responses of  
individual gustducin-GFP cells to 10 different bitter compounds 
and molecular expression of  these cells and will discuss the 
results. Acknowledgements: KAKENHI 18109013,  
18077004, 23249081 (YN), 19791367, 23689076 (RY).  
FCOI Disclosure: None

#4 SYMPOSIUM: ARE MAMMALS ABLE TO 
DISCRIMINATE BETWEEN BITTER STIMULI? 

Papilio hospiton and Papilio machaon larvae discriminate bitter 
taste stimuli by different coding modalities 
Roberto Crnjar, Iole Tomassini Barbarossa, Carla Masala,  
Paolo Solari, Giorgia Sollai 
University of Cagliari, Dept Biomedical Sciences, Monserrato, Italy 
 
The mechanisms generally proposed for discriminative 
processing of sensory information are: 1) a “labeled lines”  
code, by which the stimulus identity is represented by the 
activity in a subset of afferent taste neurons, and 2) an “across 

fiber patterning” code, where tastant identity is represented by 
activity across large populations of afferent gustatory neurons. 
Besides, rate, temporal and spatiotemporal codes also seem to 
contribute to taste processing. The taste discriminating 
capability of bitter compounds is particularly useful for 
herbivorous animals because some of these chemicals are toxic 
while others are only unpalatable. The spike activity of the 
medial and lateral maxillary styloconic taste sensilla in two 
genetically related oligophagous species of lepidopterous larvae 
(Papilio machaon and Papilio hospiton, generalist and specialist, 
respectively), was recorded by the tip-recording technique 
following stimulation with several bitter taste stimuli: nicotine, 
caffeine, salicin and quercitrin. In both species, the taste 
response to these stimuli is mediated by three pairs of bitter-
sensitive cells, two of them are located in the lateral and the 
third one in the medial sensillum. The results show that 
nicotine and caffeine activate all bitter cells, while salicin and 
quercitrin only two of them, one in the lateral and one in the 
medial sensillum. This suggests that the discrimination of 
nicotine and caffeine could involve a labeled-line coding. 
Moreover, we examined the spike frequency time courses to 
assess the potential contribution of time-related codes to the 
discrimination process. The results also show that, both Papilio 
machaon and Papilio hospiton, are capable of discriminating 
among bitter taste stimuli by means of a time-related and a 
spatiotemporal coding modality. Acknowledgements: 
Supported by Regione Autonoma della Sardegna grant 
CRP-59859, and Fondazione Banco di Sardegna grant 
2012/0245. FCOI Disclosure: None

#5 SYMPOSIUM: ARE MAMMALS ABLE TO 
DISCRIMINATE BETWEEN BITTER STIMULI?

Bitter taste stimuli can elicit different neural codes  
in the brain 
Christian Lemon 
University of Oklahoma/Department of Biology, Norman, OK, USA 
 
Understanding sensory processing involves, in part, defining 
the qualitative and physical parameters of sensory stimuli that 
guide the actions of neural circuits in the brain. For taste, our 
understanding of the stimulus features that underlie central 
gustatory processing is incomplete. For instance, although the 
magnitude of gustatory neural activity has been long assumed 
to follow stimulus concentration, emerging data show that 
neural response magnitude to taste stimuli can, in some cases, 
be controlled by stimulus and oral temperature. Further, the 
sampling space for taste quality is evidenced to reflect only a 
few unitary qualia, including the quality of “bitterness”. 
However, bitter sensation may be more complex, as there are 
molecular, neurophysiological, and psychophysical data from 
several labs that posit there is variation in gustatory sensitivity 
among stimuli classified as “bitter”. Our lab has used 
electrophysiological recording methods to study the neural 
processing of bitter taste in single gustatory and oral sensory 
neurons in the rat and mouse brain stem. Our recordings, using 

Abstracts are printed as submitted by the author(s).
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extended stimulus arrays and concentrations, have revealed 
commonalities and differences among gustatory responses in 
the CNS to diverse bitter stimuli. Differences in responding 
among bitter stimuli are apparent, in part, in temporal features 
of neural ensemble activity, and are also observed at the level of 
single neurons, where bitter-responsive units are sometimes 
activated by only a subset of bitter stimuli. This talk will 
discuss these and other data that indicate different gustatory 
stimuli commonly classified as bitter can induce different 
neural representations. Understanding this issue will be 
important for characterizing the principles of gustatory 
processing in CNS circuits. Acknowledgements: NIH DC 
011579 (CHL). FCOI Disclosure: None

#6 SYMPOSIUM: CODING PRINCIPLES  
IN THE ACCESSORY OLFACTORY BULB 

Coding Principles in the Accessory Olfactory Bulb 
Marc Spehr 
RWTH Aachen University / Dept. of Chemosensation,  
Aachen, Germany 
 
The accessory olfactory system is a key component in rodent 
conspecific chemical communication. However, coding of 
socially relevant chemosignals within the involved brain areas 
– the accessory olfactory bulb (AOB), the ‘vomeronasal’ 
amygdala and the hypothalamus – is poorly understood. The 
AOB in particular is frequently (dis)regarded as a small-scale 
replica of the main olfactory bulb. This misconception has 
considerably slowed progress in understanding the individual 
role(s) of AOB cell types and circuitry in chemosensory coding 
along the accessory olfactory pathway. In this symposium, we 
will provide an unbiased physiological perspective on the 
coding logic underlying rodent AOB signaling. Both in and ex 
vivo approaches from different electrophysiological angles shed 
light on intrinsic as well as stimulation-dependent mitral cell 
properties. The findings presented in this symposium will 
highlight clear functional distinctions between the main and 
accessory olfactory bulb and, thus, promote a new and lively 
debate on AOB neurobiology. Acknowledgements: N/A. FCOI 
Disclosure: None

#7 SYMPOSIUM: CODING PRINCIPLES  
IN THE ACCESSORY OLFACTORY BULB 

Functional organization of presynaptic input and inhibition  
in the AOB 
Timothy E Holy1, Gary F. Hammen1, Julian P. Meeks2 
1Washington University in St. Louis/Anatomy & Neurobiology,  
St. Louis, MO, USA, 2UT Southwestern, Dallas, TX, USA 
 
The mammalian accessory olfactory system (AOS) extracts 
information about species, sex, and individual identity from 
social odors, but its functional organization remains largely 
unexplored. We investigated the spatial organization of 
accessory olfactory bulb (AOB) glomerular inputs using light 
sheets to image presynaptic Ca2+ dynamics throughout a large 

brain volume while stimulating vomeronasal neurons with 
odors. Urine- and steroid-responsive glomeruli densely 
innervated the anterior AOB. Glomerular activity maps 
activated by sexually mature female mouse urine were similar 
to those activated by juvenile and/or gonadectomized urine of 
either sex. In contrast, maps activated by sexually mature male 
mouse urine were largely distinct. Maps activated by sulfated 
steroids revealed functional groups that were tightly juxtaposed 
or strongly dispersed. Tightly juxtaposed glomeruli were tuned 
to dissimilar odors, whereas dispersed glomeruli were often 
tuned to similar odors. To test whether this spatial organization 
plays a functional role, we determined whether glomerular 
inputs in the AOB exhibit presynaptic interactions. We found 
that blocking glutamatergic transmission led to a sizable 
increase in response strength, indicating that inputs are subject 
to extensive presynaptic inhibition. Using mixtures of stimuli, 
we found that presynaptic inhibition is strongly lateral, and 
that the balance between self- and lateral-inhibition depends  
on the particular glomerular type. These results suggest a  
novel form of fine-scale chemotopy that groups sensory 
information from structurally different odorants for processing 
by lateral interactions. Acknowledgements: R01 NS068409  
R01 DC010381. FCOI Disclosure: None

#8 SYMPOSIUM: CODING PRINCIPLES  
IN THE ACCESSORY OLFACTORY BULB 

Slow Spontaneous Rhythmic Bursting in Mitral Cells of the 
Mouse Accessory Olfactory Bulb 
Monika Gorin, Marc Spehr 
RWTH Aachen University / Dept. of Chemosensation,  
Aachen, Germany 
 
The accessory olfactory bulb (AOB) is an information 
processing stage that is central to many vertebrate research 
models analyzing the behavioral relevance of semiochemicals 
and other social cues. However, the physiological mechanisms 
that control AOB network function are poorly understood.  
As the main excitatory AOB projection neurons, mitral cells 
play a key role in both sensory coding and gain control along 
the accessory olfactory pathway. Using electrophysiological 
recordings from optically identified single neurons in acute 
AOB slices, we here identify a population of mouse AOB mitral 
cells that exhibit spontaneous rhythmic bursts of action 
potentials with slow periodicity. Oscillatory discharge persists 
in the absence of ionotropic excitatory and / or inhibitory 
synaptic inputs. Furthermore, we show that intrinsically 
generated periodic membrane potential oscillations are driven 
by a TTX-sensitive persistent sodium current, a SNX-sensitive 
calcium current, and a calcium-dependent potassium current. 
Future research will aim to pinpoint the exact role(s) these 
rhythmic discharge patterns serve within the functional 
network architecture of the AOB. Acknowledgements: This 
work was funded by the VolkswagenFoundation (83533) and 
the Deutsche Forschungsgemeinschaft (SP724/9-1). FCOI 
Disclosure: None

Abstracts are printed as submitted by the author(s).



14

O
R

A
L

 A
B

S
T

R
A

C
T

S

#9 SYMPOSIUM: CODING PRINCIPLES  
IN THE ACCESSORY OLFACTORY BULB 

Neuronal mechanisms underlying mating-induced  
pheromonal memory in the female mouse AOB  
Yuan Gao, Ian G. Davison 
Boston University / Biology Department, Boston, MA, USA 
 
Mate recognition behavior involves changes in chemosensory 
information processing within the accessory olfactory bulb 
(AOB), where pheromonal cues from the stud male are 
suggested to alter inhibitory feedback in the female after 
mating. However, no studies have directly examined synaptic 
changes in AOB after reproductive experience. We used whole 
cell recordings in ex vivo brain slices to examine how mating 
and chemosensory exposure affects inhibitory microcircuits in 
AOB. Voltage clamp recordings revealed increased mIPSC 
frequency in AOB mitral cells in recently mated female mice 
compared to sensory-exposed and clean-cage controls (2.5 ± 0.4 
Hz vs. 1.4 ± 0.2 Hz, and 1.0 ± 0.2 Hz, respectively; p <0.05). To 
investigate whether changes in inhibitory processing correlate 
with mating-activated neurons, we targeted recordings with 
two-photon microscopy in an activity-dependent Arc-GFP 
reporter line. Mating drove strong Arc-GFP expression in a 
subset of granule cells (GCs). Mating also led to increased 
amplitude of spontaneous EPSPs in the labeled GCs, including 
a population of high-amplitude events limited to these cells. 
The resting potential of GFP-expressing GCs was also 
depolarized compared to GFP-lacking cells (-55.7 ± 2.6 mV  
vs. -63.2 ± 1.8 mV; p<0.05), so that they responded to excitatory 
input with increased firing. Together, combining reproductive 
experience with ex vivo electrophysiological recordings, we 
demonstrate that mating shifts the balance of inhibition and 
excitation within the AOB following mating, an effect 
depending at least in part on enhanced GC feedback.  
Our findings provide a potential explanation for formation  
of individual recognition memory based on changes in a 
specific group of AOB interneurons activated by the stud male 
during mating. Acknowledgements: supported by the 
Klingenstein Foundation. FCOI Disclosure: None

#10 SYMPOSIUM: CODING PRINCIPLES  
IN THE ACCESSORY OLFACTORY BULB

Decoding Female Strain and Reproductive State from  
AOB Neuronal Activity    
Yoram Ben-Shaul, Anat Kahan 
Hebrew University/Medical Neurobiology, Jerusalem, Israel 
 
Adaptive social behavior towards conspecifics requires 
identification of both permanent (e.g. sex, genetic background) 
and transient characteristics such as the current reproductive 
status. In this study, we examined the neuronal representation 
of the female mouse genetic identity and reproductive state by 
neurons in the first brain relay of the vomeronasal system, the 
accessory olfactory bulb. To identify which bodily secretions 
provide information to AOB neurons about these aspects, we 

tested responses in male mice to urine, saliva, and vaginal 
secretions from estrus and non-estrus BalbC and C57 female 
mice. We find that all secretions elicit responses in AOB 
neurons, and that while these responses can convey 
information about both genetic background and the 
reproductive state, genetic background is generally the more 
robustly encoded parameter. Furthermore, the response  
profiles of most individual AOB neurons are not consistent 
with a high level representation of either strain or state, 
suggesting that brain regions downstream of the AOB must 
integrate information from multiple channels before extracting 
behaviorally relevant information. Acknowledgements: 
Supported by the Marie Curie Actions Career Integration 
Grant. AK supported by a Lady Davis Fellowship. FCOI 
Disclosure: None

#12 SYMPOSIUM: BEHAVIORAL INSIGHTS  
INTO FOOD SELECTION AND FLAVOR  

PREFERENCE IN DOMESTIC AND WILD ANIMALS 

Behavioral Insights into Food Selection and Flavor 
Preference in Domestic and Wild Animals  
Nancy E. Rawson, Susan Jojola 
AFB International, St. Charles, MO, USA 
 
Behavioral cues that accompany food preference and flavor 
perception provide insight to the feeding experience. Much of 
our knowledge of food preference and flavor perception is based 
on human, non-human primate, and rodent models. Expanding 
our knowledge of other mammalian species will enhance 
understanding of preferences for foods or flavors based on 
physiological needs as well as on hedonic valence, or 
pleasantness. This knowledge can impact the health and 
well-being of animals through improved dietary and 
therapeutic management of domestic animals and wildlife.  
The symposium’s aim is to exchange knowledge to stimulate 
new research approaches, improve our understanding of 
behaviors of f lavor perception and preference in mammals,  
and to enhance translation of this knowledge to improve the 
health and well being of domestic and wild animals. Speakers 
have been selected to represent diverse perspectives, 
methodologies and target species. Topics will include 
consideration of the role of f lavor-feedback in driving nutrient 
self-selection, the importance of plant biodiversity in relation to 
satiety and food selection, identification of sensory cues driving 
appetitive behavior towards a specific odor stimulus in the 
wild, and how sensory consequences influence palatability and 
the application of these insights to understand and manage 
wildlife-agriculture interactions. Presentations will highlight 
the importance of tailoring study methods to various species,  
of cross-species comparisons of behaviors to understand 
evolutionary and ecological drivers of f lavor preference, and 
considerations of the health of animals and ecosystems in 
which they feed. Acknowledgements: The organizers are 
employed by AFB International, which will support their 
participation in this meeting. FCOI Disclosure: None
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#13 SYMPOSIUM: BEHAVIORAL INSIGHTS  
INTO FOOD SELECTION AND FLAVOR  

PREFERENCE IN DOMESTIC AND WILD ANIMALS 

Palatability Links Variety with Culture and Health  
through Nutrition 
Fred Provenza 
Utah State University, Logan, UT, USA 
 
Palatability is a relationship that involves primary (energy, 
protein, minerals, vitamins) and secondary (phenolics, 
terpenes, alkaloids) compounds interacting with cells and 
organ systems in a dynamic network of communication that 
influences liking for foods and unites a body with social and 
physical environments. These relationships — mediated by 
nerves, neurotransmitters, peptides, and hormones — are the 
basis for the nutritional wisdom of the body manifest through 
ability to meet needs for energy, protein, minerals, and 
vitamins and to self-medicate to rectify maladies. Animals 
satiate on primary and secondary compounds, and if the 
variety of foods on offer meets needs, satiety leads to a lack of 
cravings that can cause animals to over-ingest foods to meet 
needs when diets are low in required nutrients. For herbivores 
and people to maintain health through nutrition, nothing is 
more important than eating a variety of phytochemically rich 
foods and trusting the wisdom of the body to select what it 
needs. Dietary habits emerge from within the context of 
ongoing transformation with biophysical environments where 
creatures are conceived, reared, and live over generations. 
Experiences in utero and early in life have life-long influences 
on preferences for foods and haunts, as shown for insects,  
fish, birds, and mammals. In mammals, mother is a 
transgenerational link whose knowledge of what to eat and 
where to go adds stability; offspring add creativity by exploring 
the unknown. Together, they enable social animals to 
transform with ever-changing landscapes. While the cultures 
that emerge from these interactions can enable health through 
nutrition for people and the animals in our care, that is  
not currently the case, as revealed by the obesity crisis and 
many diet-related diseases we are experiencing.  
Acknowledgements: none. FCOI Disclosure: None

#14 SYMPOSIUM: BEHAVIORAL INSIGHTS  
INTO FOOD SELECTION AND FLAVOR  

PREFERENCE IN DOMESTIC AND WILD ANIMALS 

Behavioral responses in large carnivores to mammalian 
blood odor and a blood odor component 
Matthias Laska1, Sara Nilsson1, Johanna Sjöberg1, Mats Amundin2, 
Shiva K. Rachamadugu1, Constanze Hartmann3, Andrea Buettner3 
1Linköping University, IFM Biology, Linköping, Sweden, 2Kolmården 
Wild Animal Park, Kolmården, Sweden, 3University of Erlangen-
Nuremberg, Dep. of Chemistry and Pharmacy, Erlangen, Germany 
 
The foraging behavior of a variety of mammalian predators 
suggests that they may use the odor of blood to home in on 
wounded prey. However, with the notable exception of human 

blood, surprisingly little is known about the volatiles that 
comprise the odor of blood in mammals, and even less is 
known about the constituents of blood odor that elicit 
behavioral responses in predators. Therefore, we analyzed the 
composition of mammalian blood odor and then assessed 
behavioral responses of mammalian predators to the odor of 
blood and a blood odor component. Using a combination of 
solvent assisted flavor evaporation (SAFE), high-resolution gas 
chromatography-olfactometry (GC-O), aroma extraction 
dilution analysis (AEDA), and mass spectrometry we identified 
a total of 28 odor-active compounds in pig blood. Trans-(4,5)-
epoxy-(E)-dec-2-enal was found to have the most typical 
metallic, blood-like odor quality among all compounds. We 
then presented this blood odor component to four species of 
mammalian predators and compared their behavioral responses 
(e.g. sniffing, licking, f lehmen, biting) to those towards the 
odor of real blood, a fruity odor (isopentyl acetate), and the 
near-odorless solvent (diethyl phthalate). We found that 
Siberian tigers, South American bush dogs, Asian wild dogs, 
and African painted dogs all interacted significantly more often 
with both the real blood odor and the blood odor component 
than with the fruity odor and the solvent. Interestingly, in all 
four species we found no significant differences in their interest 
for the odor of real blood and the blood odor component. This 
suggests that a single blood odor component can be as efficient 
in eliciting behavioral responses as the odor of real blood and 
thus may be perceived by mammalian carnivores as “blood-
like”. Acknowledgements: Supported by Wala och Folke 
Danielssons fond. FCOI Disclosure: None

#15 SYMPOSIUM: BEHAVIORAL INSIGHTS  
INTO FOOD SELECTION AND FLAVOR  

PREFERENCE IN DOMESTIC AND WILD ANIMALS

The bamboo-eating giant panda has a sweet tooth 
Peihua Jiang1, Jesusa Josue-Almqvist1,3, Xuelin Jin2, Xia Li1,4,  
Joseph G Brand1, Robert F Margolskee1, Danielle R Reed1,  
Gary K Beauchamp1  
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2Shaanxi Wild Animal Rescue and Research Center, Louguantai, 
China, 3The Children’s Hospital of Philadelphia, Philadelphia, PA, 
USA, 4Cincinnati Children’s Hospital, Cincinnati, OH, USA 
 
A growing body of behavioral and genetic information 
indicates that taste perception and food sources are highly 
coordinated across many animal species. For example, sweet 
taste perception is thought to serve to detect and motivate 
consumption of simple sugars in plants that provide calories. 
Supporting this is the observation that most plant-eating 
mammals examined exhibit functional sweet perception 
whereas many obligate carnivores have independently lost 
functions of their sweet taste receptors and exhibit no avidity 
for simple sugars humans describe as tasting sweet. Here we 
examined both the behavior and molecular nature of sweet 
taste in a plant-eating animal that does not consume plants 
with abundant simple sugars, the giant panda (Ailuropoda 
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melanoleuca). We thus evaluated two competing hypotheses:  
As a plant eating mammal, they should have a well-developed 
sweet taste system; however, as an animal that does not 
normally consume plants with simple sugars, they may have 
lost sweet taste function as have strict carnivores. In behavioral 
tests, we found that giant pandas avidly consumed most natural 
sugars and some but not all artificial sweeteners. The pattern of 
activation of the sweet receptor responses in a cell-based assay 
was similar to the giant panda’s behavioral responses toward 
many of the sweeteners. Using mixed pairs of human and giant 
panda sweet taste receptor units, we identified regions of the 
sweet receptor that account for behavioral differences between 
the two species toward sugars and artificial sweeteners. Thus, 
in spite of the fact that the giant panda’s main food, bamboo, is 
very low in simple sugars, they have a marked preference for 
compounds that taste sweet to humans. We consider possible 
explanations for retained sweet perception in this species. 
Acknowledgements: This work was supported by NIH-NIDCD 
grant DC0101842 (P.J.) and by institutional funds from the 
Monell Chemical Senses Center. DNA analysis and calcium 
mobilization assays were performed at the Monell Genotyping 
and DNA/RNA Analysis Core and the Chemosensory 
Receptor Signaling Core, respectively, which are supported  
in part by funding from NIH-NIDCD core grant 
1P30DC011735 (R.F.M.) FCOI Disclosure: None

#16 SYMPOSIUM: BEHAVIORAL INSIGHTS  
INTO FOOD SELECTION AND FLAVOR  

PREFERENCE IN DOMESTIC AND WILD ANIMALS 

Flavorful Wildlife: Palatability and Behavior in Concert  
Bruce A Kimball 
USDA-APHIS-WS-NWRC, Philadelphia, PA, USA 
 
Wildlife species are extremely proficient at exploiting resources 
valued by humans for food, recreation, ecosystem services, etc. 
The challenge of resource managers is to minimize these 
conflicts while also recognizing that wildlife maintain their 
roles in the ecosystem by constantly adapting to resource 
variability. Patterns of wildlife damage can be described, in 
part, on the palatability of the prey items consumed by problem 
species. Knowledge of how flavor and feedbacks (positive and 
negative consequences) determine palatability can result in 
effective tools for minimizing human-wildlife conflicts. Much 
of my research at the USDA-APHIS-WS-National Wildlife 
Research Center has focused on flavor cues and postingestive 
consequences of foraging. Captive and free-ranging species 
have been employed in behavioral studies toward development 
of novel tools to attract wildlife to baiting devices and/or 
thwart them from consuming managed resources. These 
attractants and repellents are collections of cues and 
consequences that are processed by the consumer in the same 
manner as naturally occurring suites of chemicals. Taste, 
olfaction, vision, and touch permit vertebrate species to 
perceive the chemosensory attributes of attractant and repellent 
devices. Inputs from evolution, conspecifics, and individual 

experience dictate whether or not these cues are meaningful in 
the context of foraging and should be consumed or avoided. 
Examples of studies conducted with mammals, birds, and 
reptiles can be used to demonstrate that tools for managing 
wildlife feeding behaviors are best developed from an 
understanding of the underlying mechanisms of foraging and 
chemoreception. Acknowledgements: Research funding 
provided by USDA. FCOI Disclosure: None

#17 SYMPOSIUM: FUNCTIONAL  
REGENERATION IN THE SPECIAL SENSES 

Functional Regeneration in the Special Senses 
Jeffrey Martens 
Department of Pharmacology & Therapeutics, University of Florida, 
Gainesville, FL, USA 
 
There is an acute and growing need for restoring function to 
millions of people with sensory disorders. The cost to society 
and productivity is significant and the personal reduction in 
quality of life is substantial. Many sensory systems are well 
poised at the interface of regenerative medicine. However, 
despite significant progress in identifying the genes underlying 
sensory disorders, curative therapies are not yet available.  
A major cause of sensory loss is tissue or cell degeneration. 
Therefore, a comprehensive approach should include treatment 
to prevent on-going degeneration and strategies to regenerate or 
restore lost sensory input. The symposia address emerging 
topics in Translational Medicine and highlights investigators 
using cross-disciplinary approaches including stem cells,  
gene therapy, molecular biology, cell biology, genetics, 
immunohistochemistry, and electrophysiology. Leading experts 
in the field will discuss state-of-art approaches to regenerative 
medicine in the olfactory and auditory systems. Specifically: 
Dr. Jeremy McIntyre will discuss the restoration of olfactory 
function using gene therapy, Dr. Albert Edge will present 
strategies for cellular repair and hair cell regeneration, and  
Dr. Jim Schwob will discuss the role of stem cells in 
regeneration of the olfactory system. Acknowledgements: 
None. FCOI Disclosure: None

#18 SYMPOSIUM: FUNCTIONAL  
REGENERATION IN THE SPECIAL SENSES 

Restoration of Olfactory Function Using Gene Therapy 
Jeremy C McIntyre, Jeffrey R Martens 
University of Florida, Department of Pharmacology and Therapeutics, 
Gainesville, FL, USA 
 
Olfactory dysfunction is recognized as a clinical manifestation 
of several classes of genetic disorders including ciliopathies and 
channelopathies. In patients with ciliopathies, disruption of 
cilia formation or protein localization to cilia results in 
olfactory deficits. Despite progress in identifying the genes 
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underlying anosmias, curative therapies are not available to 
patients. To test the hypothesis that gene therapy approaches 
are viable for treating anosmia, we used the ORPK mouse 
(Ift88Tg737Rpw), a well-studied ciliopathy model. A hypomorphic 
mutation in the IFT88 gene results in the loss of cilia from 
olfactory sensory neurons (OSNs) of ORPK mice resulting in 
functional anosmia as determined by both electrophysiology 
and immunohistochemical methods. Importantly, viral-
mediated re-expression of IFT88 in differentiated OSNs of 
ORPK mice is sufficient to restore cilia structures and rescue 
olfactory function. To further test the ability of gene therapy to 
restore cilia and olfactory function we have generated an 
OSN-specific Ift88 null animal (OSN-Ift88FL/FL) by crossing 
genetically modified mice in which loxP sites f lank exons 4-6 of 
the Ift88 alleles with mice expressing Cre from the olfactory 
marker protein locus. Analysis of OSN-Ift88FL/FL mice shows a 
loss of olfactory cilia. Both electrophysiological and behavioral 
analyses of OSN-Ift88FL/FL mice show deficits in olfactory 
function. Adenoviral delivery of IFT88 to OSN-Ift88FL/FL mice 
restores cilia to transduced OSNs. Together these studies 
represent the first in vivo therapeutic treatment to reestablish 
cilia in a mammalian ciliopathy, and show that gene therapy is 
a viable curative option for functional rescue of the sense of 
smell. Acknowledgements: Supported by NIH NIDCD grants 
R01DC009606 (to J.R.M), and F32DC011990 (J.C.M). FCOI 
Disclosure: None

#19 SYMPOSIUM: FUNCTIONAL  
REGENERATION IN THE SPECIAL SENSES 

Regeneration of Hair Cells from Cochlear Stem Cells 
Albert Edge 
Harvard Medical School, Boston, MA, USA 
 
The vestibular and auditory organs have a limited ability to 
replace damaged cells, but our laboratory has recently 
identified cells in the cochlear sensory epithelium with stem 
cell properties. This epithelium consists of hair cells, the 
receptor cells for sound, and surrounding supporting cells.  
We have shown that hair cells can be regenerated after damage 
induced by noise exposure by treatment with a gamma-
secretase inhibitor and that the treatment resulted in partial 
recovery of hearing. The mechanism involved Notch inhibition 
that led to increased expression of transcription factor, Atoh1. 
The cells that gave rise to the hair cells were identified, 
following in vitro Notch inhibition, as supporting cells that 
expressed Lgr5, a downstream target of the Wnt pathway and a 
protein that marks intestinal epithelial stem cells. Whereas all 
supporting cells express Sox2, a specific subset expresses Lgr5. 
Cochlear Lgr5-expressing supporting cells after sorting gave 
rise to self-renewing neurospheres that could be induced to 
differentiate to hair cells, and Lgr5pos cells differentiated to hair 
cells at a higher rate than total Sox2pos cells, consistent with 
these cells playing a role as hair cell progenitors. Hair cells  
did not differentiate from Lgr5neg cells. Upregulation of Wnt 
signaling specifically targeted the Lgr5-expressing cells, 

leading to proliferation in the postnatal ear, and, with sufficient 
time, the cells transdifferentiated to hair cells. Thus, in 
response to manipulation of signaling pathways, Lgr5-
expressing cells of the cochlear epithelium have a unique 
capacity to proliferate and differentiate to hair cells. Supported 
by grant DC-007174 from the National Institutes of Health. 
Acknowledgements: NIDCD. FCOI Disclosure: None

#20 SYMPOSIUM: FUNCTIONAL  
REGENERATION IN THE SPECIAL SENSES 

Novel neuroendocrine progenitor cells of the olfactory 
epithelium function in neural stem cell maintenance  
and regeneration  
Mridula (Meera) Vinjamuri, Catherine E. Ovitt 
University of Rochester Medical Center, Rochester, NY, USA 
 
The identification of endocrine cell progenitors, which possess 
the ability to stimulate endogenous stem cells, would be a 
critical advancement for regenerative cell-based therapeutics. 
The olfactory epithelium (OE) undergoes constant neurogenesis 
fueled by the basal stem cell niche. Supporting microvillar cells 
secrete neuropeptide Y (NPY), a neurotransmitter which 
induces basal cell proliferation by signaling through the NPY1 
receptor expressed on the progenitors. Previous studies in 
salivary glands identified bipotential progenitors marked by 
expression of transcription factor Ascl3. In this study, we report 
that Ascl3 expression marks a novel neuroendocrine 
progenitors in the murine OE. We demonstrate by genetic fate 
mapping that Ascl3-expressing cells are precursors of the 
NPY-secreting microvillar cells. Cell-specific ablation 
demonstrated the precursor-progeny link between Ascl3+ cells 
and microvillar cells, although we find no direct regulation of 
NPY by the Ascl3 transcription factor. In comparison to the 
phenotype of NPY knockout mice, the specific ablation of 
Ascl3-expressing progenitor cells has significant effects on the 
stem and progenitor cells. This demonstrates the critical role 
that microvillar cells play in regulating stem and progenitor cell 
proliferation. To confirm these findings, we analyzed the 
ability of the OE to regenerate after major injury. An early step 
during OE repair is the reappearance of the Ascl3+ progenitor 
cells. However, in the cell-specific ablation model these 
progenitor cells are blocked from reappearing, causing limited 
regeneration of the OE. Overall, this study reports that 
Ascl3-expressing progenitors, generate secretory support cells 
which through paracrine signaling to the basal stem cell niche, 
function in homeostasis and regeneration of the OE. 
Acknowledgements: This project was supported by  
NIH/NIDCR grant R01 DE018896 (CEO).  
FCOI Disclosure: None
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#21 SYMPOSIUM: FUNCTIONAL  
REGENERATION IN THE SPECIAL SENSES 

Taking Poietic License: Stem Cell Regulation in the 
Olfactory Epithelium 
James E Schwob 
Tufts University School of Medicine/DMCB, Boston, MA, USA 
 
Key to the regeneration of the olfactory epithelium (OE) is the 
persistence of neurocompetent stem cells. Conversely, stem cell 
destruction, exhaustion, or dysfunction causes disease. Thus, 
an in-depth understanding of stem cell regulation in the OE is a 
critical need. Recent evidence, which includes genetic analysis 
of lineage and colony-formation after transplantation suggests 
that there are two distinct types of stem cells in the OE (a 
characteristic shared with multiple epithelia, including the 
CNS): horizontal basal cells (HBCs) and a subset of globose 
basal cells (GBCs). The GBC

stems
 are seemingly responsible for 

ongoing neurogenesis in the normal OE, and, when 
“exhausted”, neurogenesis fails. GBCs are recruited into 
multipotency when they find themselves in an epithelium that 
has suffered direct injury. HBCs serve as a kind of reserve stem 
cell population. Normally quiescent, HBCs activate after direct 
OE damage, which causes the downregulation of the 
transcription factor p63 (expression of which is both necessary 
and sufficient for the generation and dormancy of HBCs). 
However, their activation into neurocompetency is apparently 
quite complex. If isolated from undamaged OE, HBCs do not 
function as multipotent progenitors when engrafted into the 
MeBr-lesioned OE (something GBCs do with ease), but HBCs 
will do so, when harvested soon after direct OE injury. 
Moreover, in the face of very severe epithelial damage, for 
example that caused by dichlobenil, the HBCs give rise to 
typical nonneuronal respiratory epithelium. Finally, HBCs do 
not appear to activate when the GBCs exhaust and the OE 
becomes aneuronal, to the detriment of olfactory function.  
In the latter case, p63 becomes a potential therapeutic target 
with the aim of restoring neurogenesis and thereby olfactory 
function in the aged. Acknowledgements: NIH R01 DC002167 
and R01 DC010242. FCOI Disclosure: None

#22 SYMPOSIUM: DO RODENTS DREAM  
OF ODORIZED SHEEP? THE ROLE OF SLEEP  
IN ENHANCING OLFACTORY PERCEPTION,  

LEARNING AND BEHAVIOR

The Role of Sleep in Enhancing Olfactory Perception, 
Learning, and Behavior 
Jay A. Gottfried 
Northwestern University, Chicago, IL, USA 
 
Sleep is pervasive throughout most of the animal kingdom -- 
even jellyfish and honeybees do it. Although the function of 
sleep remains elusive, research increasingly suggests that sleep 
plays a key role in memory consolidation. Newly formed 
memories are highly labile and susceptible to interference,  
and the period of sleep offers an optimal window in which 

memories can be strengthened or modified. Interestingly, a 
small but growing research area has begun exploring the role  
of odor in modulating memories in sleep. This symposium  
will bring together cutting-edge research spanning different 
disciplines and model organisms, to highlight the interface 
between smells, sleep, behavior, and the brain. Dr. Michael 
Nitabach will present new data in Drosophila on the control of 
sleep by synaptic microcircuits of the sensory association 
network including the mushroom body (insect analogue of 
piriform cortex). Dr. Dylan Barnes will discuss recent findings 
in rats suggesting that replay of learning-related electrical 
activity in piriform cortex during sleep enhances subsequent 
memory. Finally, Dr. Björn Rasch will describe functional 
MRI studies in human subjects on the delivery of odor cues 
during sleep to reactivate and transform recently encountered 
information into hippocampus-dependent long-term memories. 
In providing an integrative, cross-disciplinary perspective on 
the behavioral and neural interactions between smells and 
sleep, this symposium will spotlight the emergence of an 
exciting new research area that should hold far-reaching 
implications for future investigations of olfactory system 
function. Acknowledgements: NIH/NIDCD: 1R01DC010014, 
1R01DC013243. FCOI Disclosure: None

#23 SYMPOSIUM: DO RODENTS DREAM  
OF ODORIZED SHEEP? THE ROLE OF SLEEP  
IN ENHANCING OLFACTORY PERCEPTION,  

LEARNING AND BEHAVIOR 

Synaptic Microcircuits of the Drosophila Mushroom Body 
Associative Network Bidirectionally Control Sleep 
Michael Nitabach1,2,3,4 
1Department of Cellular and Molecular Physiology, Yale University, 
New Haven, CT, USA, 2Department of Genetics, Yale University,  
New Haven, CT, USA, 3Program in Cellular Neuroscience, 
Neurodegeneration and Repair, Yale University, New Haven, CT, 
USA, 4Kavli Institute for Neuroscience, Yale University,  
New Haven, CT, USA 
 
Drosophila melanogaster f lies undergo a daily quiescent 
behavioral state that satisfies all of the defining criteria of sleep. 
In order to elucidate the neural circuits that control f ly sleep, 
we have screened a comprehensive anatomical library of 
genetic driver lines expressed in the fly mushroom body (MB) 
using dTRPA1-mediated neuronal excitation. This screen 
revealed intrinsic Kenyon cell (KC), MB output neuron, and 
dopaminergic modulatory cell populations that increase or 
decrease sleep when activated. While the alpha’/beta’ lobe 
subset of KCs decrease sleep when activated, gamma lobe KCs 
increase sleep. Output neurons that increase or decrease sleep, 
respectively, receive anatomical KC inputs in both the alpha’/
beta’ and gamma lobes, suggesting a functional specificity of 
KC-to-output neuron synaptic connectivity that is narrower 
than the anatomical connectivity. To test this hypothesis, we 
probed KC-to-output functional synaptic connectivity using a 
combination of behavioral genetic synaptic “epistasis” and 
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physiological approaches. These studies reveal a difference in 
synaptic weights between alpha’/beta’ and gamma lobe KCs 
and downstream sleep-promoting and sleep-suppressing output 
neurons, thus establishing a mechanism for propagation of 
bidirectional sleep control by distinct synaptic microcircuits in 
the MB associative network. Acknowledgements: NINDS 
(NS055035, NS056443, NS083875), NIGMS (GM098931). 
FCOI Disclosure: None

#24 SYMPOSIUM: DO RODENTS DREAM  
OF ODORIZED SHEEP? THE ROLE OF SLEEP  
IN ENHANCING OLFACTORY PERCEPTION,  

LEARNING AND BEHAVIOR

Acuity of Odor Memory is Shaped by Sleep 
Dylan C Barnes1,2, Donald A Wilson1,2,3 
1Nathan Kline Institute/EBI, Orangeburg, NY, USA,  
2CUNY Graduate Center, New York City, NY, USA,  
3NYU Langone Medical Center, New York City, NY, USA 
 
Odor perception is hypothesized to be an experience-dependent 
process involving the encoding of odor objects by distributed 
olfactory cortical ensembles. Olfactory cortical neurons 
co-activated by a specific pattern of odorant evoked input 
become linked through association fiber synaptic plasticity, 
creating a template of the familiar odor. In this way, experience 
and memory play an important role in odor perception and 
discrimination. In other systems, memory consolidation occurs 
partially via slow-wave sleep (SWS) dependent replay of 
activity patterns originally evoked during waking. SWS is ideal 
for replay given hypo-responsive sensory systems, and thus 
reduced interference. Here, using artificial patterns of olfactory 
bulb stimulation in a fear conditioning paradigm, we tested the 
effects of imposed post-training replay during SWS and waking 
on strength and precision of pattern memory. The results show 
that imposed replay during post-training SWS enhanced the 
subsequent strength of memory, while the identical replay 
during waking induced extinction. The magnitude of this 
enhancement was dependent on the timing of imposed replay 
relative to cortical sharp-waves. Imposed SWS replay of stimuli 
which differed from the conditioned stimulus did not affect 
conditioned stimulus memory strength, but induced 
generalization of the fear memory to novel artificial patterns. 
Finally, post-training disruption of piriform cortex intracortical 
association fiber synapses, hypothesized to be critical for 
experience-dependent odor coding, also impaired subsequent 
memory precision but not strength. These results suggest that 
SWS replay in the olfactory cortex enhances memory 
consolidation, and that memory precision is dependent on the 
fidelity of that replay. Acknowledgements: NIDCD DC012284. 
FCOI Disclosure: None

#25 SYMPOSIUM: DO RODENTS DREAM  
OF ODORIZED SHEEP? THE ROLE OF SLEEP  
IN ENHANCING OLFACTORY PERCEPTION,  

LEARNING AND BEHAVIOR

Odor-Induced Increases in Delta Power Imply an Olfactory 
Mechanism of Sleep Protection  
Ofer Perl1, Anat Arzi1, Lee Sela1, Perry Samnon1, Yael Holtzman1,  
Arie Oksenberg2, Ilana S. Hairston3, Noam Sobel1 
1Weizmann Institute of Science/Department of Neurobiology,  
Rehovot, Israel, 2Loewenstein Rehabilitation Hospital, Raanana, 
Israel, 3Tel Aviv-Yaffo Academic College/Department of Behavioral 
Sciences, Tel-Aviv Yaffo, Israel 
 
Exposure to pure olfactory odorants during sleep results in no 
or minimal behavioral and physiological arousal. Nevertheless, 
these odors are detected and processed by the sleeping brain. 
Given this processing without arousal, we hypothesized that 
odor processing during sleep may in fact be sleep protective. 
Sleep protection is associated with the electroencephalographic 
(EEG) marker of increased power in slow-wave activity (SWA). 
Therefore, we set out to test the hypothesis that odorant 
presentation during sleep would increase SWA. We performed 
spectral analyses of EEG recordings obtained from 34 subjects 
(18 F, age 23-36) who were repeatedly presented with odor 
stimuli (different hedonic values, 10 sec. stim dur. 10-15 min. 
ISI) over the course of a single-night polysomnography study. 
An omnibus ANOVA revealed delta activity power (0.5 – 4Hz) 
that was stronger in the right hemisphere (F(1, 32) = 16.70, p 
<0.001), stronger in women (F(1, 32) = 4.45, p <0.05), and 
critically, a significant bilateral increase following odor 
presentation (Before: 4090.9 µV2 ± 428.3 After: 4616.9 µV2 ± 
529.3, F(1, 32) = 6.48, p <0.05). A similar analysis revealed that 
odors during sleep had no influence on the occurrence of stage 
II K-complexes (KCs). These results combine to strongly 
indicate that olfactory stimuli may indeed serve to enhance 
sleep by acting as sleep “protective” agents. This protective 
mechanism may reflect non-thalamic olfactory gating driving 
odorant-induced oscillations. Acknowledgements: A grant from 
Johnson and Johnson. FCOI Disclosure: None

#26 SYMPOSIUM: DO RODENTS DREAM  
OF ODORIZED SHEEP? THE ROLE OF SLEEP  
IN ENHANCING OLFACTORY PERCEPTION,  

LEARNING AND BEHAVIOR

Odor-evoked memory reactivation during slow-wave  
sleep in the human brain 
Björn Rasch 
University of Fribourg, Departement of Psychology,  
Fribourg, Switzerland 
 
Sleep benefits memory formation, and this process critically 
relies on spontaneous memory reactivations during slow wave 
sleep (SWS). In a series of experiments, we used olfactory 
stimuli to experimentally reactivate odor-associated memories 
during SWS to enhance on-going memory consolidation 
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processes. In these studies, healthy human participants learned 
a visuo-spatial memory task under the presence of an odor. 
During subsequent SWS, either the same odor, a different odor, 
or an odorless vehicle were presented. I will give an overview 
on our recent findings and show that re-exposure to the same 
odor during SWS reactivates memory-related hippocampal 
brain regions and improves later memory recall. Furthermore, 
the memory enhancing effect of odor-re-exposure during SWS 
is accompanied by a characteristic increase in oscillatory delta 
and spindle power as well as by an increased slope of frontal 
slow oscillations, which have been functionally related to 
consolidation processes during sleep. Finally, I will argue that 
memory benefits of odor-induced reactivations are specific to 
SWS, do not occur during wakefulness or rapid-eye movement 
(REM) sleep and do not require subsequent REM sleep. 
Acknowledgements: This work was supported by grants from 
the Swiss National Foundation (SNF) (PP00P1_133685) und 
the German Research Foundation (DFG) (SFB 654). FCOI 
Disclosure: None

#27 SYMPOSIUM: DIRECT SINGLE CELL  
GENOMIC AND MICROCHEMICAL ANALYSIS  

OF CELLULAR HETEROGENEITY SYSTEMS 

Direct single cell genomic and microchemical analysis of 
cellular heterogeneity in sensory systems 
C. Shawn Dotson 
University of Florida, Gainesville, FL, USA 
 
Prior to the advent of high-throughput methods to measure the 
entire transcriptome, studies of gene expression and function 
were restricted to a relatively small number of genes. Recently, 
whole transcriptome sequencing has enabled the measurement 
of tens of thousands of RNA species in a given sample. This 
new generation of sequencing technology has delivered on its 
promise of sequencing DNA, cDNA, and RNA at 
unprecedented speed and accuracy, thereby providing an 
increasingly wide-ranging array of data sets that provide insight 
into biological and disease diversity. The analysis of single-cells 
represents one of the novel areas of application for high-
throughput sequencing, which is of particular importance for 
the study of cells that have a high degree of intrinsic variation, 
such as primary sensory cells. To better understand the 
functional organization of a given sensory system, we will need 
to improve our knowledge regarding how the genome specifies 
a diversity of sensory cell types. The goal of this symposium is 
to explore cell types, in different sensory systems, by 
investigating the patterns of gene expression that underlie a 
given cell types essential response profile. This emerging 
profile of cellular heterogeneity is paralleled in various sensory 
systems and will be explored in this symposium in the olfactory 
and gustatory systems, as well as in the somatosensory system. 
The overarching goal is to understand how the various percepts 
that result from the activation of these different sensory 
systems are originated by different subpopulations of primary 
sensory cells (e.g., taste bud cells, cells from the main olfactory 

epithelium and vomeronasal organ, as well as dorsal root 
ganglion neurons) and how changes in the transcriptome of 
these populations impact upon their response properties. 
Acknowledgements: This work was supported by the U.S. 
National Institutes of Health, grants P30-DC010763 and 
R01-DC012819. FCOI Disclosure: None

#28 SYMPOSIUM: DIRECT SINGLE CELL  
GENOMIC AND MICROCHEMICAL ANALYSIS  

OF CELLULAR HETEROGENEITY SYSTEMS 

Olfactory Transcriptomics: Resolving Receptors from  
Whole Tissues to Single Cells 
Darren W. Logan1, Ximena Ibarra-Soria1, Luis R. Saraiva1,2,  
Maria O. Levitin1, Gabriela Sánchez-Andrade1, John C. Marioni2 
1Wellcome Trust Sanger Institute, Cambridge, United Kingdom, 
2European Molecular Biology Laboratory–European Bioinformatics 
Institute, Cambridge, United Kingdom 
 
Olfactory and vomeronasal receptors (ORs and VRs) are 
among the largest gene families in mammalian genomes.  
A number of studies have shown variation in these genes 
underpin phenotypic differences in odor detection, 
transduction and perception. While differences in coding 
sequence can clearly influence receptor function, what impact 
does genomic variation have on receptor expression? Studying 
ORs and VR repertoires is challenging due to their high levels 
of homology, but we have developed an RNA sequencing 
strategy to quantify the expression of almost all ORs and VRs 
in parallel, benchmarked against other transcriptomic 
technologies to demonstrate its sensitivity and reproducibility. 
By applying this technique to RNA from whole olfactory 
tissues we can now assess global differences in receptor 
expression by age, sex, strain, environmental experience and 
species. We find an unequal but stereotypic distribution of 
receptor expression among genetically identical individuals. 
This is significantly disrupted by genomic variance, suggesting 
a second mechanism through which ‘individuality’ in OR and 
VR genetics may influence olfactory phenotype. Olfactory 
epithelia contain thousands of molecularly distinct sensory 
neurons; therefore identifying combinations of genes that 
pattern specific cells is not possible using a tissue-wide RNA 
sequencing approach. To resolve this we have also applied our 
technology to quantify the whole transcriptomes of randomly 
sampled single olfactory and vomeronasal neurons from mice, 
using a microfluidic capture platform. This has permitted us to 
revisit some of the basic tenets of olfactory neuron biology and 
determine the number, amount and identity of the ORs and 
VRs expressed in an individual neuron, alongside their specific 
transduction machinery. Acknowledgements: Financial 
support was provided by The Wellcome Trust and EMBL-EBI. 
FCOI Disclosure: None
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#29 SYMPOSIUM: DIRECT SINGLE CELL  
GENOMIC AND MICROCHEMICAL ANALYSIS  

OF CELLULAR HETEROGENEITY SYSTEMS 

The role of Mrgprs in itch 
Xinzhong Dong 
Johns Hopkins University School of Medicine, Baltimore, MD, USA 
 
We identified a large family of G protein-coupled receptors in 
mice called Mrgprs. Many of these receptors are exclusively 
expressed in distinct subsets of small-diameter dorsal root 
ganglion (DRG) neurons. We found that MrgprA3 functions  
as a receptor for chloroquine (an anti-malaria drug) and is 
required for chloroquine-induced itch. Besides chloroquine, 
Mrgprs also respond to several itch-inducing compounds such 
as BAM8-22, SLIGRL, and beta-alanine suggesting that 
Mrgprs are novel itch receptors by directly sensing these 
compounds. Our preliminary data have shown the involvement 
of Mrgprs in mouse chronic itch models such as dry skin, 
contact dermatitis, and allergic itch. Importantly, some of the 
results have been confirmed in human psychophysical studies. 
In addition, we have genetically labeled and manipulated 
Mrgpr-expressing neurons in DRG and showed these neurons 
defined itch-mediating primary sensory neurons with specific 
projection pattern in the skin and electrophysiological 
properties. Therefore, we believe that targeting Mrgprs may 
lead to novel treatment of chronic itch in the future. 
Acknowledgements: NIH, HHMI. FCOI Disclosure: None

#30 SYMPOSIUM: DIRECT SINGLE CELL  
GENOMIC AND MICROCHEMICAL ANALYSIS  

OF CELLULAR HETEROGENEITY SYSTEMS 

Next Generation Sequencing of single olfactory  
sensory neurons 
Paul Scholz1, Benjamin Kalbe1, Fabian Jansen1, Janine Altmüller2, 
Christian Becker2, Hanns Hatt1, Sabrina Baumgart1 
1Ruhr-University Bochum, Bochum, Germany,  
2University of Cologne, Cologne, Germany 
 
In order to detect and discriminate between thousands of 
various odors, mammals developed a large set of different 
olfactory sensory neurons (OSNs) and a multitude of accessory 
proteins. Although important components of the olfactory 
signaling machinery have been described, key details still 
remain elusive. Here, we report a novel technique to prepare 
and analyze the transcriptome of single OSNs by Next 
Generation Sequencing (NGS). Therefore, we isolated single 
OSNs from the olfactory epithelium (OE), purified the RNA, 
translated it into cDNA and amplified this cDNA to generate a 
sufficient amount for NGS experiments. Illumina MiSeq 
protocol was performed to produce around 5 million reads per 
transcriptome. Based on these data, we confirmed strong 
expression of known genes participating in the canonical 
olfactory signaling pathway, which belong to the top 200 
expressed genes in OSNs. On the other hand, we identified 

several highly expressed genes that could be putative candidates 
for alternative signaling cascades and were able to confirm 
these findings by real-time PCR, western blot and 
immunohistochemical studies. In addition, we carried out NGS 
experiments with OSNs obtained from odor-stimulated mice to 
screen for odor-induced gene regulation. Here, we could show 
that several genes involved in olfactory signaling are up- and 
down-regulated upon odor stimulation. These quantitative and 
comprehensive transcriptome data provide a virtually complete 
catalogue of genes expressed in OSNs, thus providing a 
powerful tool to uncover new components of olfactory 
signaling and gene expression changes during odor  
stimulation. Acknowledgements: SFB 642, IMPRS-CB.  
FCOI Disclosure: None

#31 SYMPOSIUM: DIRECT SINGLE CELL  
GENOMIC AND MICROCHEMICAL ANALYSIS  

OF CELLULAR HETEROGENEITY SYSTEMS 

Dynamic Transcriptional Regulation in the Peripheral 
Gustatory System as a Function of Metabolic State 
Sergei Zolotukhin1, Svitlana Yegorova2, Olexandr Moskalenko3,  
Seth Currlin1, Shawn Dotson2 
1University of Florida, Dept. of Pediatrics, Gainesville, FL, USA, 
2University of Florida, Department of Neuroscience and Department  
of Psychiatry, Gainesville, FL, USA, 3University of Florida, IT-HIGH 
PERFORMANCE COMPUTING, Gainesville, FL, USA 
 
The nutritional value of food is conveyed by signals emanating 
from taste receptor cells (TRCs) in taste buds. TRCs express 
receptors specific for each taste modality. These receptors 
transduce the chemical stimuli into electrical signals, which are 
propagated via afferent fibers connecting presynaptic TRCs to 
cranial nerves. Many genes coding for proteins mediating this 
multi-layered signal transduction are known and have been 
characterized; their respective downstream signaling pathways 
have been identified and extensively studied. However, little is 
known about the dynamics of the expression of these genes, 
especially under contrasting metabolic states such as hunger vs 
satiety, or in lean vs diet-induced obese (DIO) animals. The 
current report describes a whole transcriptome analysis of 
TRCs isolated from mice at different time points of the 
satiation cascade, including 24 h fast, one hour satiation 
(sensory-specific satiation), and ad lib satiety. Additionally, to 
identify whether an impairment of gustatory sensing 
mechanisms contributes to the pathophysiology of obesity, we 
also analyzed the whole transcriptomes in lean and DIO mice. 
Bioinformatics analysis of transcriptome landscapes under 
these basic metabolic conditions will be conducted for the 
purpose of identifying signaling pathways critical for taste 
perception that are impacted by an animal’s metabolic state and 
nutritional needs. Acknowledgements: R01DC012819. FCOI 
Disclosure: None
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#32 SYMPOSIUM: PRESIDENTIAL SYMPOSIUM: 
CHEMOSENSATION IN THE GUT AND BRAIN 

Chemosensation in the Gut and Brain 
John I Glendinning 
Barnard College, Columbia University, New York, NY, USA 
 
The oral chemosensory (i.e., taste, trigeminal and olfactory) 
systems are known to provide the brain with detailed 
information about the chemical composition of foods and 
fluids. The brain, in turn, uses this information to identify  
and discriminate different types of foods, drive ingestive  
and aversive responses, and facilitate in the digestion and 
absorption of foods. Recent studies indicate that the 
chemosensory evaluation of foods continues after foods are 
swallowed. Indeed, both mammals and insects possess 
chemosensory systems in their gut and brain that evaluate the 
chemical composition of ingested foods. While stimulation of 
these post-oral chemosensory systems does not appear to elicit 
distinct chemosensory percepts, it nevertheless provides input 
that is sufficient to drive ingestive and aversive responses, and 
mediate the discrimination of foods that vary in nutritional 
value. The speakers in this symposium will discuss the nature 
of the post-oral chemosensory systems in both mammals and 
insects. They will also consider how input from these systems 
modulates the neural circuits that control feeding. 
Acknowledgements: None. FCOI Disclosure: None

#33 SYMPOSIUM: PRESIDENTIAL SYMPOSIUM: 
CHEMOSENSATION IN THE GUT AND BRAIN 

Brain based nutrient sensors regulate feeding behavior  
in Drosophila  
Hubert Amrein 
Texas A&M University/Health Science Center, Department of 
Molecular and Cellular Medicine, College Station, TX, USA 
 
The gustatory system is the principal chemical sense for 
identifying potential food sources. In Drosophila, a group of 
eight gustatory receptors (Gr) genes (Gr5a, Gr61 and Gr64a-f ) 
encode proteins that are thought function as multimeric sugar 
receptors. However, there is increasing evidence that animals 
can detect caloric content of food (especially sugars) 
independently of taste cues, using internal, molecularly 
uncharacterized, nutrient sensors. We recently discovered that 
several gustatory receptors (Gr) genes, including two that encode 
receptors for sugars, are expressed in numerous internal organs 
of the fly, including specific regions of the brain. One of these 
genes, Gr43a, encodes one of the most conserved insect 
gustatory receptors and functions as a narrowly tuned fructose 
receptor. Ingestion of nutritious sugars sharply increases 
internal fructose levels, thereby activating Gr43a in the brain. 
Behavioral studies revealed that this nutrient sensing system 
regulates feeding behaviors bi-directionally by evoking pleasant 
and unpleasant percepts under hungry and satiated conditions, 
respectively. Expression studies in larvae showed that during 

the growth phase of Drosophila, Gr43a is the lone expressed 
sugar receptor, found both in taste organs and the brain. 
Behavioral feeding studies of larvae revealed that dietary 
fructose is rapidly sensed by the taste system, while the 
detection of other dietary nutritious sugars is delayed and 
requires the Gr43a expressing neurons in the brain. Thus, larvae 
rely even more on internal sugar sensing than adult f lies. 
Lastly, we report the identification of two additional Gr 
proteins that are expressed in the brain. The likely roles of these 
receptors include the sensing of other internal sugars. 
Acknowledgements: NIH-R01 DC0056, NIH-R01 DC009014. 
FCOI Disclosure: None

#34 SYMPOSIUM: PRESIDENTIAL SYMPOSIUM: 
CHEMOSENSATION IN THE GUT AND BRAIN 

Taste-independent sugar selection is controlled by 
interoceptive sugar sensor in the brain of Drosophila  
Greg S.B. Suh 
Skiball institute, Department of Cell Biology, NYU School of Medicine, 
New York, NY, USA 
 
Animals develop a preference for caloric foods independently 
of taste. In the two-choice assay with caloric D-glucose versus 
non-caloric L-glucose, which is equally palatable, Drosophila 
select D-glucose over L-glucose when starved, but show no 
sugar preference when sated. Notably, taste-blind mutant flies 
can still develop the preference for the caloric sugar when 
starved. These suggest that post-ingestive signals drive feeding 
behavior independently of gustatory inputs after periods of 
starvation (1). Recently, we reported a Drosophila mutant that is 
incapable of selecting caloric sugars when starved. The affected 
gene encodes a sodium/solute cotransporter-like protein 
(dSLC5A11 or cupcake) (2). Although dSLC5A11 is similar to the 
mammalian sodium/solute cotransporters, which are known to 
transport sugar across the intestinal and renal lumen, it is 
prominently expressed in approximately 13 pairs of R4 neurons 
of the ellipsoid body in the fly brain. Inactivation of dSLC5A11 
gene and dSLC5A11–expressing R4 neurons demonstrated that 
the gene and the neurons are required for appropriate food 
selection. Here, we describe whole-cell patch clamp recordings 
from dissected fly brain to characterize the electrophysiology 
properties of the R4 neurons in sated and starved flies. We also 
examine the function of dSLC5A11 molecule by conducting 
two electrode voltage clamp recordings from dSLC5A11- 
expressing Xenopus oocytes. These studies would allow us to 
have better understanding of the cellular and molecular basis of 
taste-independent food choice behavior in Drosophila. 
Reference: (1) Dus et al., PNAS 2011 (2) Dus, Ai, & Suh, 
Nature Neuroscience 2013 Acknowledgements: NIH- NIDCD 
(RO1DC012791), NIGMS (RO1GM089746), NIDDK (K99), 
The Irma T. Hirschl Trust, Skirball Junior faculty award. FCOI 
Disclosure: None 
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#35 SYMPOSIUM: PRESIDENTIAL SYMPOSIUM: 
CHEMOSENSATION IN THE GUT AND BRAIN 

Gut nutrient sensing and food preferences in rodents  
Anthony Sclafani 
Brooklyn College of CUNY/Psychology, Brooklyn, NY, USA 
 
The appetite for sugary and fatty foods in rodents is stimulated 
by sweet and fatty acid taste receptors in the mouth. These 
same receptors along with other nutrient sensors are found in 
the gastrointestinal tract where they may influence nutrient 
absorption and metabolism. Gut nutrient sensors can also 
stimulate feeding and food preferences through a process called 
appetition. Post-oral appetition is revealed in rodents by the 
increased intake and preference for flavored water produced by 
concurrent gastrointestinal nutrient infusions. The upper small 
intestine is a primary site of sugar appetition as indicated by the 
effectiveness of duodenal and jejunal glucose infusions, but not 
by infusions that bypass the upper intestine. Intestinal sweet 
“taste” signaling does not mediate sugar appetition because 
sugar infusions induce flavor preferences in sweet ageusic 
knockout mice missing sweet taste signaling elements  
(T1R3, gustducin, TRPM5). Instead, the intestinal sugar 
transporter/sensor SGLT1 is implicated in post-oral sugar 
appetition. In C57BL/6 mice, SGLT1 ligands glucose and a 
non-metabolizable alpha-methyl glucose conditioned flavor 
preferences whereas fructose, which does not bind to SGLT1, 
was ineffective. The appetite for high-fat foods is attributed in 
part to lingual fatty acid receptors (CD36, GPR120, GPR40) 
which are also found in the gut. Gastric infusions of lipids 
induce strong flavor preferences which are greatly attenuated 
by genetic deletion of GPR40 and GPR120 but not CD36 fatty 
acid sensors. Much remains to be learned about the gut nutrient 
sensing system and how the brain integrates oral and post-oral 
sensory signals in the formation of stable food preferences. 
Acknowledgements: NIDDK grant DK031135. FCOI 
Disclosure: None

#36 SYMPOSIUM: POLAK SYMPOSIUM 

Integration of gustatory and olfactory signals in the 
gustatory cortex of alert rats 
Chad L. Samuelsen1, Alfredo Fontanini1,2 
1Department of Neurobiology and Behavior – Stony Brook University, 
Stony Brook, NY, USA, 2Program in Neuroscience – Stony Brook 
University, Stony Brook, NY, USA 
 
Gustation and olfaction are naturally coupled sensory 
modalities. The simultaneous activation of taste and olfactory 
receptors during food consumption, results in robust 
multisensory associations. The gustatory cortex (GC) receives 
input from multiple areas conveying gustatory and olfactory 
signals. Neuroimaging studies have shown overlapping taste 
and olfactory responses in GC. However, single neuron 
responses to olfactory stimulation have not been studied in 
alert animals. Using multielectrode recordings in behaving rats, 
we examined multimodal chemosensory responses in GC to 

intra-oral deliveries of single tastants and tasteless odorants in 
water. We recorded 149 single units in GC, of which 34% 
(51/149) responded to taste-only, 4% (6/149) to odor-only,  
with a substantial multimodal group of 13% (19/149) 
responding to both taste and odor. A preliminary analysis of 
response latency indicates that odor responses have slower 
temporal dynamics, which may relate to the physical action of 
retronasal smelling. Recordings of intranasal air f low via 
thermocouple and video analysis of mouth movements will 
allow us to relate neural activity to respiration and oral 
movements. A second experiment examined whether odor 
responses in GC depend on the activation of olfactory receptors 
in the nasal epithelium. A subset of animals underwent nasal 
deciliation by the application of a mild detergent into each 
nostril, rendering animals anosmic. Preliminary results  
(42 single units) show that detergent application does not affect 
taste-responsive GC neurons (Pre: 70/149, 47% vs. Post: 20/42, 
48%), but significantly reduces the number of odor-responsive 
GC neurons (Pre: 25/149, 17% vs. Post: 2/42, 5%). These results 
provide novel evidence for GC as an area of multimodal 
integration of intra-oral chemosensory signals. 
Acknowledgements: Supported by NIDCD grant  
R01-DC010389. FCOI Disclosure: None

#37 SYMPOSIUM: POLAK SYMPOSIUM 

Activation of intestinal sodium-glucose co-transporters  
1 and 3 is sufficient for mice to form a conditioned  
flavor preference 
Jennifer M Stratford 
Rocky Mountain Taste & Smell Center, Department of Cell and 
Developmental Biology, University Colorado School of Medicine, 
Aurora, CO, USA 
 
Food choice depends upon interplay between oral and post-oral 
factors. The contribution of these systems to food preferences is 
not fully understood. Mice that lack the ability to taste, by 
genetic deletion of P2X2/P2X3 purinergic receptor subunits 
(P2X-KO), can form a preference for sucrose using only 
post-ingestive cues. The neural mechanisms that underlie this 
ability likely involve viscerosensory detection of the sucrose 
metabolite, glucose, in the intestine by sodium-glucose 
co-transporters 1 and 3(SGLT1, 3). The current study employed 
two different methods (behavior and brain activity mapping) to 
determine if P2X-KO mice rely on intestinal activation of 
SGLT1, 3 to form flavor preferences. WT and P2X-KO mice 
were given training sessions with a flavor alone (e.g. cherry) or 
with a different flavor (e.g. grape) mixed with one of two 
non-metabolizable glucose analogs: 12 % a-methyl-D-
glucopyranoside (MDG; activates SGLT1 & 3) or 12 % 
3-O-methyl-D-glucopyranoside (OMG; activates SGLT1). Then 
all animals were given 2-bottle preference tests of both flavors 
without MDG or OMG. Both WT and P2X-KO animals 
preferred the flavor that had been paired with a glucose analog 
(though MDG preference > OMG preference, as reported 
previously by Zukerman et al., 2013). Furthermore, c-Fos 
staining (an activity marker) revealed that consumption of both 
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MDG and OMG activated neurons in the viscerosensory 
(caudal) part of the nuc. solitary tract (nTS) of both WT and 
P2X-KO mice. In WT mice, MDG and OMG also evoked c-Fos 
staining in the gustatory (rostral) nTS, suggesting MDG and 
OMG may activate the taste system. Together, this suggests 
that activation of SGLT1 & 3 by glucose in the gut, generated 
by the digestion of sucrose, is sufficient to drive flavor 
preferences and this information is represented in caudal nTS. 
Acknowledgements: Supported by NIH grants to JMS 
(5F32DC012025-03) and D. Restrepo (P30 DC0000147). FCOI 
Disclosure: None

#38 SYMPOSIUM: POLAK SYMPOSIUM 

The molecular basis for attractive salt-taste coding  
in Drosophila 
Yali V. Zhang1 2, Jinfei Ni1, Craig Montell1 2 
1Department of Biological Chemistry, The Johns Hopkins University 
School of Medicine, Baltimore, MD, USA, 2Department of MCDB, 
University of California, Santa Barbara, CA, USA 
 
A well-known and highly conserved, but poorly understood 
behavior is that animals are attracted to low-salt foods and 
reject food with high salt. However, it remains unclear how 
low-salt and high-salt taste perceptions are differentially 
encoded in gustatory receptor cells, and how they induce 
distinct behavioral responses. Using the fruit f ly as an animal 
model to address this fundamental question, we find that there 
are two distinct types of salt gustatory receptor neurons 
(GRNs) that respond to different concentrations of salt (NaCl). 
One type is activated maximally by low salt (32.5±2.4 
spikes/500 ms, 50 mM), and induces attractive feeding 
behavior. The other class of GRNs is activated primarily by 
high salt (36.0±3.3 spikes/500 ms, 500 mM), and promotes 
aversive feeding behavior. Because these two types of neurons 
compete with each other, the net outcome of the salt behavioral 
response is determined by the relative strength of salt-attractive 
GRNs and salt-aversive GRNs. At a molecular level, we 
demonstrate that a member of the newly discovered ionotropic 
glutamate receptor (IR) family, IR76b, is required for low salt 
sensation. Remarkably, instead of being gated by ligand or 
voltage, IR76b is a Na+ leak channel. Different from most cells 
where Na+ concentration is much lower inside than outside, the 
Na+ concentration inside and outside chemosensory neurons 
appears to be similar. Thus, under resting conditions there is 
very little Na+ conductance through IR76b. However, after 
exposure to salty food, the extracellular Na+ levels rise, thereby 
driving Na+ influx through IR76b. In conclusion, our work not 
only explains the fundamental question as to how an animal 
chooses low salt over high salt, but also unravels an 
unprecedented mechanism as to how salt responsive GRNs are 
activated by salt. Acknowledgements: Supported by NIDCD 
grant R01DC007864. FCOI Disclosure: None

#39 SYMPOSIUM: POLAK SYMPOSIUM 

Optogenetic Investigation of Local Inhibitory Circuits 
Connected to Identified Projection Neuron Populations in 
the Rostral Nucleus of the Solitary Tract 
James A Corson, Robert M Bradley 
Biologic and Materials Sciences, Ann Arbor, MI, USA 
 
The rostral nucleus of the solitary tract (rNST), the first central 
target of primary orosensory nerve fibers, plays an essential 
role in processing oral taste, tactile, and temperature 
information. The intrinsic inhibitory circuitry within rNST is 
integral in transforming this incoming information into both 
ascending (forebrain) and descending (intramedullary) efferent 
signals. However, the organization of local GABAergic circuits 
connected to these projection neuron populations is unknown. 
To investigate the spatial patterning of GABAergic neurons 
presynaptic to identified projection neuron populations, we 
used a mouse model expressing channelrhodopsin under 
control of the vesicular GABA transporter. Animals received 
small pressure injections of f luorescent microspheres into either 
the parabrachial nucleus or reticular formation to label either 
ascending or descending projection neurons, respectively. 
Acute slices were prepared from these animals for patch clamp 
recording combined with optogenetic laser scanning 
stimulation. To generate inhibitory connectivity maps, a 473 
nm laser spot was systematically scanned over discrete portions 
of rNST while recording inhibitory postsynaptic currents in a 
given rNST projection neuron. Inhibitory maps were compared 
for ascending and descending projection neurons. Neurons 
received inhibitory innervation from large regions of rNST, 
often with focal regions of strong inhibition distant from the 
recorded neuron. Compared to ascending projection neurons, 
descending projection neurons received inhibitory innervation 
from wider regions of rNST, often from multiple subdivisions. 
These results provide valuable information on mechanisms by 
which the rNST is able to transform incoming sensory 
information into efferent signals. Acknowledgements: NIH: 
T32DC000011 (JAC), R01DC000288 (RMB). FCOI 
Disclosure: None

#40 SYMPOSIUM: POLAK SYMPOSIUM 

Identification of key amino acids underlying broad tuning of 
mammalian odorant receptors 
Yiqun Yu1, Kaylin A. Adipietro2, Claire A. De-March3, Mengjue J. Ni2, 
Jerome Golebiowski3, Hiroaki Matsunami2, Minghong Ma1 
1Department of Neuroscience, University of Pennsylvania Perelman 
School of Medicine, Philadelphia, PA, USA, 2Department of Molecular 
Genetics and Microbiology, Duke University Medical Center, Durham, 
NC, USA, 3Institut de Chimie de Nice, UMR CNRS, Université de 
Nice Sophia Antipolis, Nice, France 
 
Mammals detect and discriminate numerous odors via a  
large family of G protein coupled odorant receptors (ORs), 
which are further classified into >200 subfamilies. While most 
mammalian ORs are relatively narrowly-tuned (i.e., responding 
to a small subset of structurally related compounds), recent 
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studies have identified some broadly-tuned ORs which respond 
to a large set of compounds with diverse size, shape, and 
functional groups. However, little is known about the 
molecular and structural basis that defines OR tuning 
properties. Here, we aim to shed light on this issue by focusing 
on ORs in the MOR256 subfamily, which contains both 
broadly-tuned (256-3, 256-17, 256-31, and human 2W1, 
ortholog of mouse 256-31) and narrowly-tuned ORs (256-8 and 
256-22). Sequence alignment reveals a handful of residues that 
are highly conserved in the broadly-tuned ORs, but not in the 
narrowly-tuned ORs. We constructed ~80 chimeric and 
site-directed mutant ORs and tested their responses to selected 
odorants (including 1-octanol, (-)-carvone, allyl phenylacetate, 
benzyl acetate and coumarin) in Hana3A cells via cAMP-
mediated luciferase reporter gene assay. We identified multiple 
residues in different transmembrane domains and extracellular 
loops that differentially affect odorant response sensitivity and 
selectivity. For instance, some mutations in transmembrane 
domain III (Y102F, L107I, or G108A) as well as extracellular 
loop 2 (P167R or T192A) significantly decreased the receptor’s 
responses, while another mutation in extracellular loop 2 
(D175N) increased the responses. Based on these experimental 
constraints, we have built full atomistic 3D models of these 
ORs to determine the potential contributions of individual 
residues to the tuning properties. Acknowledgements: 
Supported by NIDCD, NIH. FCOI Disclosure: None

#41 SYMPOSIUM: POLAK SYMPOSIUM 

Functional mapping of glomerular inhibition in the  
olfactory bulb of the awake and anesthetized mouse 
Michael N Economo1,2, Kyle R Hansen3, Thomas Bozza4,  
Matt Wachowiak1,2 
1Brain Institute, University of Utah, Salt Lake City, UT, USA, 
2Department of Neurobiology and Anatomy, University of Utah,  
Salt Lake City, UT, USA, 3Department of Bioengineering,  
University of Utah, Salt Lake City, UT, USA, 4Department of 
Neurobiology, Northwestern University, Evanston, IL, USA 
 
Lateral inhibition between functional processing units 
increases the selectivity of neurons to physical stimuli in many 
sensory areas. In these systems, this canonical circuit motif is 
thought to enhance contrast between similar stimuli. In the 
olfactory system, however, the functional organization of 
lateral inhibition between glomeruli – the processing units of 
the olfactory bulb (OB) – is unclear, and how this inhibition 
maps to odor identity is unknown. Here, targeting an ultra-
sensitive fluorescent reporter of neural activity (GCaMP6f) to 
OB projection neurons, we found that glomerular inhibition 
can be directly observed using two-photon imaging from the 
apical dendritic tufts of these cells. Using this approach, we 
mapped odorant-evoked inhibition in specific glomeruli and 
characterized its functional properties in awake and 
anesthetized mice. Single odorants evoked inhibition that was 
selective for discrete glomeruli, homogeneous among ‘sister’ 
cells projecting to the same glomerulus and selective for 
particular odorants and sensitive to odorant concentrations. 

Using binary mixtures, we demonstrated that odorant-evoked 
inhibition can suppress the excitatory response to a different 
odorant and was present in populations of both mitral and 
tufted cells. Lastly, using mouse lines in which 
Channelrhodopsin-2 was targeted to olfactory sensory neurons 
expressing a single odorant receptor, we found that optical 
activation of inputs to a single glomerulus results in 
suppression of mitral cells in a small subset of surrounding 
glomeruli, demonstrating that interglomerular inhibition 
selectively targets some neighboring glomeruli while sparing 
others. These results allow us to begin mapping inhibitory 
interactions across OB glomeruli and relating these interactions 
to odor coding space. Acknowledgements: NIH NIDCD  
R01 DC00644 NIH NIDCD 1F32DC012718-01. FCOI 
Disclosure: None

#42 SYMPOSIUM: CLINICAL SYMPOSIUM:  
NHANES AND THE CHEMOSENSES 

Chemosensory Function and the Assessment of the Health 
and Nutritional Status of Adults in the United States: 
History, Implementation and Future Opportunities 
Valerie B Duffy 
University of Connecticut/Allied Health Sciences, Storrs, CT, USA 
 
The clinical lecture offers a series of brief presentations on the 
Taste and Smell Protocol in the 2011-2014 National Health and 
Nutrition Examination Survey (NHANES). This is the first 
time that chemosensory function has been assessed in a 
nationally-representative sample of adults in tangent with 
multiple measures of health and nutritional status that provide 
a picture of the health of the United States. Based on leadership 
from The National Institute on Deafness and Other 
Communications Disorders (NIDCD) and chemosensory 
experts, this initiative was launched with a 1997 NIDCD-
NHANES Workshop and goals were further refined by the 
2005 NIDCD Workshop on Epidemiology of Communication 
Disorders, which outlined the need for measures that could be 
used in population-based measures to estimate the prevalence 
of chemosensory disorders and describe the normal variation 
that exists across a population. Mr. Howard Hoffman will 
provide an overview of the work that led up to the NHANES 
taste and smell protocol and the new national health objectives 
for chemosensory disorders within Healthy People 2020. Shristi 
Rawal will provide an overview of the standardization and 
implementation of the protocol procedures. Dr. John Hayes will 
describe the processes and operations from his laboratory 
required to assure delivery of aqueous taste solutions to testing 
sites throughout the U.S. Howard Hoffman will then provide a 
preview of findings from the 2011-2012 NHANES. Dr. Karen 
Cruickshanks will discuss the importance and utility of 
population-based studies for research, policy and health care 
needs and practices. Findings from NHANES will help to 
guide future population health goals and objectives, fuel 
research in the chemosenses, and direct health programs and 
services for health promotion and disease prevention. 
Acknowledgements: NIDCD/NIH. FCOI Disclosure: None
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#43 SYMPOSIUM: CLINICAL SYMPOSIUM:  
NHANES AND THE CHEMOSENSES 

Overview and Preliminary Findings from the National 
Health and Nutrition Examination Survey (NHANES) 
Chemosensory (Taste and Smell) Component, 2011-2014 
(Part 1) 
Howard J. Hoffman1, Kathleen E. Bainbridge1, Shristi Rawal2,  
John E. Hayes3, Richard L. Doty4, Valerie B. Dufy2 
1NIDCD, NIH/Epidemiology & Statistics Program, Bethesda, MD, 
USA, 2University of Connecticut/Allied Health Sciences, Storrs, CT, 
USA, 3Pennsylvania State University/Department of Food Science, 
University Park, PA, USA, 4Perelman School of Medicine, University 
of Pennsylvania/Department of Otorhinolaryngology-Head and Neck 
Surgery, Philadelphia, PA, USA 
 
Since 1959, NHANES has conducted examinations and 
interviews assessing a wide range of factors affecting the  
health of the U.S. population. NHANES routinely includes 
vision and hearing, but not taste/smell, exams. It is the only 
national survey combining interviews with physical exams and 
measures such as height, weight, blood pressure, and serum 
cholesterol. Blood samples are stored for subsequent clinical 
and genetic determinations. A nutrition component was added 
in 1970 to assess diet. The interview collects socio-demographic 
information and data on symptoms, conditions and 
environmental exposures. NIDCD proposed collaborating with 
NHANES in 1991 to gather prevalence information for its 
seven mission areas (hearing, balance, smell, taste, voice, 
speech, and language). After a Workshop in 1997 to obtain 
advice on specific exam components, NIDCD and consultants 
developed a protocol for a chemosensory component for 
NHANES 2005-2006, which was not conducted due to 
concerns about exam length, supply of uniform taste/smell 
stimuli, and lack of use in prior epidemiological studies. In 
response, NIDCD funded the implementation of the 2005-2006 
protocol in the Beaver Dam, WI Offspring Study (BOSS). 
Coincidentally, the Department of Health and Human Services 
expanded Healthy People (HP) 2010 to include Vision and 
Hearing Objectives in 2001; in 2010 all seven mission areas 
were included for the next decade. HP 2020 requires tracking 
national measures to assess progress on stated objectives. 
Further, in 2007 NIDCD began collaborating on the NIH 
Toolbox Sensation Domain taste/smell exams. Development  
of the NIH Toolbox led to protocol refinements to meet the 
NHANES time limit (15 minutes). Preliminary results from the 
2011-2012 NHANES Chemosensory Protocol will be discussed 
and compared with other studies. Acknowledgements:  
The NHANES Chemosensory Component is funded via 
Interagency Agreement between NIDCD, NIH and the 
National Center for Health Statistics (NCHS), CDC. The 
survey field operations are managed via contract between 
NCHS, CDC and WESTAT, Inc., whose staff conduct the 
interviews and exams. FCOI Disclosure: RLD owns Sensonics, 
Inc., which manufactures the Pocket Smell tests used for the 
olfactory testing in the NHANES Chemosensory Component.

#44 SYMPOSIUM: CLINICAL SYMPOSIUM:  
NHANES AND THE CHEMOSENSES 

National Health and Nutrition Examination Survey 
(NHANES) 2011–2014 Chemosensory Protocol and 
Implementation 
Shristi Rawal1, Howard J Hoffman2, Valerie B Duffy1 
1University of Connecticut/Allied Health Sciences, Storrs, CT,  
USA, 2NIDCD/NIH/Epidmiology & Statistics Program,  
Bethesda, MD, USA 
 
For the first time, NHANES includes a taste and smell 
component in its home interview and mobile examination.  
The home interview collects data on self-reported 
chemosensory-related problems, symptoms, treatments and 
co-morbidities, followed by brief taste and smell tests in the 
mobile exam centers. The NHANES chemosensory protocol 
was specially developed, pilot-tested and standardized. 
Extending the NIH Toolbox taste and smell measures, the 
exam was designed to be valid, reliable, and to minimize 
participant burden. With computerized data collection system 
and standardized script, trained technicians administer the 
protocol to a nationally-representative sample of adults aged 
40+ years. After orientation to the general Labeled Magnitude 
Scale, participants rate the intensity of 5 LED-generated lights 
(low to high luminescence). The light ratings allow scale use 
practice, assessment of understanding, and cross-modality 
comparisons. From 10cc pre-packaged aliquots, participants 
identify and rate intensities of 1 M NaCl and 1mM quinine 
hydrochloride applied to the tongue tip and these plus 0.32M 
NaCl sampled with the whole mouth. Taste measures were 
selected to capture clinical and normal variation. Olfactory 
dysfunction is assessed by two 4-item, scratch-and-sniff tests 
(Pocket TestsTM (PT), Sensonics, Inc.), with food (strawberry, 
chocolate, onion, grape), household (leather, soap), and 
warning (smoke, natural gas) odors. The exam ends with 
replicate NaCl testing to evaluate within-session reliability and 
technician assessment of participant understanding of the 
protocol. The chemosensory protocol will generate population-
based estimates of chemosensory variation and dysfunction 
and data to assess associations between chemosensory function 
and other NHANES nutritional and health measures. 
Acknowledgements: NIDCD/NIH. FCOI Disclosure: None

#45 SYMPOSIUM: CLINICAL SYMPOSIUM:  
NHANES AND THE CHEMOSENSES 

NHANES Chemosensory Exam Tastant Kits: Logistical, 
Manufacturing, and Storage Considerations 
John E Hayes1,2, Nadia K Byrnes1,2 
1Penn State, Department of Food Science, University Park, PA, USA, 
2Penn State, Sensory Evaluation Center, University Park, PA, USA 
 
To date, epidemiological-scale studies on taste have typically 
avoided using liquid stimuli in favor of other delivery systems 
due to issues with sourcing, manufacture, storage and usage. 
However, liquid stimuli deliver higher quality taste phenotypes 
than other methods like impregnated filter paper discs or 
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dissolvable strips. Accordingly, premade liquid stimuli have 
been specified for the ongoing NHANES Chemosensory Exam 
Protocol to enhance data quality. Since 2010, custom tastant 
kits for the NHANES Chemosensory Exam have been 
manufactured in our facility under contract. The current 
version of these kits consist of color-coded plastic vials 
containing food grade sodium chloride (0.32 and 1.0 M) and 
quinine hydrochloride (1mM) in custom milled foam racks. 
This talk will provide an overview of unit operations involved 
in kit production including solution preparation, filling and 
shipping processes. Design considerations, microbiological 
safety, solution stability and shelflife, and quality control 
measures will be discussed. Acknowledgements: Supported by 
NIDCD and NCHS funds via a subcontract from Westat. 
FCOI Disclosure: None

#46 SYMPOSIUM: CLINICAL SYMPOSIUM:  
NHANES AND THE CHEMOSENSES 

Overview and Preliminary Findings from the National 
Health and Nutrition Examination Survey (NHANES) 
Chemosensory (Taste and Smell) Component,  
2011-2014 (Part 2) 
Howard J. Hoffman1, Kathleen E. Bainbridge1, Shristi Rawal2,  
John E. Hayes3, Richard L. Doty4, Valerie B. Duffy2 
1NIDCD, NIH/Epidemiology & Statistics Program, Bethesda, MD, 
USA, 2University of Connecticut/Allied Health Sciences, Storrs, CT, 
USA, 3Pennsylvania State University/Department of Food Science, 
University Park, PA, USA, 4Perelman School of Medicine, University 
of Pennsylvania/Department of Otorhinolaryngology-Head and Neck 
Surgery, Philadelphia, PA, USA 
 
Since 1959, NHANES has conducted examinations and 
interviews assessing a wide range of factors affecting the health 
of the U.S. population. NHANES routinely includes vision and 
hearing, but not taste/smell, exams. It is the only national 
survey combining interviews with physical exams and 
measures such as height, weight, blood pressure, and serum 
cholesterol. Blood samples are stored for subsequent clinical 
and genetic determinations. A nutrition component was added 
in 1970 to assess diet. The interview collects socio-demographic 
information and data on symptoms, conditions and 
environmental exposures. NIDCD proposed collaborating with 
NHANES in 1991 to gather prevalence information for its 
seven mission areas (hearing, balance, smell, taste, voice, 
speech, and language). After a Workshop in 1997 to obtain 
advice on specific exam components, NIDCD and consultants 
developed a protocol for a chemosensory component for 
NHANES 2005-2006, which was not conducted due to 
concerns about exam length, supply of uniform taste/smell 
stimuli, and lack of use in prior epidemiological studies. In 
response, NIDCD funded the implementation of the 2005-2006 
protocol in the Beaver Dam, WI Offspring Study (BOSS). 
Coincidentally, the Department of Health and Human Services 
expanded Healthy People (HP) 2010 to include Vision and 
Hearing Objectives in 2001; in 2010 all seven mission areas 

were included for the next decade. HP 2020 requires tracking 
national measures to assess progress on stated objectives. 
Further, in 2007 NIDCD began collaborating on the NIH 
Toolbox Sensation Domain taste/smell exams. Development of 
the NIH Toolbox led to protocol refinements to meet the 
NHANES time limit (15 minutes). Preliminary results from the 
2011-2012 NHANES Chemosensory Protocol will be discussed 
and compared with other studies. Acknowledgements: The 
NHANES Chemosensory Component is funded via 
Interagency Agreement between NIDCD, NIH and the 
National Center for Health Statistics (NCHS), CDC. The 
survey field operations are managed via contract between 
NCHS, CDC and WESTAT, Inc., whose staff conduct the 
interviews and exams. FCOI Disclosure: RLD owns Sensonics, 
Inc., which manufactures the Pocket Smell tests used for the 
olfactory testing in the NHANES Chemosensory Component.

#47 SYMPOSIUM: CLINICAL SYMPOSIUM:  
NHANES AND THE CHEMOSENSES 

The Importance of the NHANES and Population-based 
Research in the Chemosenses 
Karen J. Cruickshanks 
University of Wisconsin School of Medicine and Public Health, 
Madison, WI, USA 
 
Population-based cohort studies are important for measuring 
incidence and relative risks, identifying modifiable risk factors, 
developing prevention strategies, and translating experimental 
findings to the general population. The National Health and 
Nutrition Examination Survey (NHANES) cycles generate 
public datasets with which to measure the prevalence of 
disorders in nationally representative samples and conduct 
exploratory analyses with the wide array of data collected. 
Throughout its history, the NHANES has been an important 
source of information for most chronic diseases. However, until 
recently the chemosenses were not measured in these 
assessments, leaving large gaps in the literature related to 
chemosensory disorders. This talk will focus on the importance 
of cohort studies, why they are needed to provide evidence of 
the public health impact of olfactory and gustatory dysfunction, 
and challenges for future chemosensory health research. 
Acknowledgements: NIH R37AG11099, NIH R01AG021917 
and an unrestricted grant from Research to Prevent Blindness. 
FCOI Disclosure: None
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#48 SYMPOSIUM: CHEMORECEPTION IN  
MOSQUITOES: EVOLUTION, GENOMICS  

AND CONTROL STRATEGIES 

Chemoreception in Mosquitoes: Evolution, Genomics,  
and Control Strategies 
Leslie B Vosshall 
HHMI/The Rockefeller University, New York, NY, USA 
 
This symposium will bring insect chemical ecology back to 
AChemS, a topic that has been neglected at the meeting in the 
past decade. By focusing on medical entomology, the series of 
talks will integrate modern topics in receptor biology, 
neurogenetics, and genomics to address important and very 
health-relevant questions. The symposium will feature a blend 
of senior and junior investigators from the US and Europe and 
a diversity of technical approaches in the two major mosquito 
disease vector species, Anopheles gambiae and Aedes aegypti. The 
former is the malaria vector and the latter the dengue vector. 
We will cover a range of topics from basic chemosensory 
neuroscience that seeks to understand how mosquitoes find 
human hosts to applied approaches that seek to translate this 
basic knowledge into vector control strategies. 
Acknowledgements: Howard Hughes Medical Institute. FCOI 
Disclosure: None

#49 SYMPOSIUM: CHEMORECEPTION IN  
MOSQUITOES: EVOLUTION, GENOMICS  

AND CONTROL STRATEGIES 

The Genomics and Molecular Biology of Odorant Receptors 
in the Malaria Vector Mosquito Anopheles gambiae 
LJ Zwiebel 
Vanderbilt University/Biological Sciences, Pharmacology,  
Nashville, TN, USA 
 
The ability to sense and discriminate a large collection of 
chemical cues is critical for a wide range of insect behaviors. 
These include several aspects of the lifecycles of vector 
mosquitoes that are responsible for the transmission of many 
important human diseases. In particular, olfaction is known to 
play a major role in the bloodmeal host seeking/preference and 
oviposition selection behaviors of female Anopheles gambiae 
mosquitoes that is the principal global vector for human 
malaria. Working together with an outstanding array of 
collaborators the Zwiebel lab has been focused on the role that 
the large repertoire of odorant receptors (AgORs) and other 
chemosensory receptors play in mediating odor space in An. 
gambiae whose strong preference for human hosts 
(anthropophily) is largely responsible for its high vectorial 
capacity. In that light, we will report on a comprehensive 
analysis of the chemosensory receptome and its role in 
mediating overall olfactory coding in An. gambiae that furthers 
our understanding the molecular bases for olfactory sensitivity 
in this system. We have also used several approaches including 
bioinformatics and mutational analyses to further examine the 

structure/function relationships around diverse AgOR 
complexes and to characterize their roles in novel biological 
processes. We will also report ongoing efforts to develop 
broadly active OR super-agonists that target AgOR dependent 
chemosensory pathways and the behavior/processes they 
control in An. gambiae as well as other insects. 
Acknowledgements: FNIH through the Grand Challenges in 
Global Health Initiative, NIAID and Vanderbilt University.
FCOI Disclosure: The author is an inventor on several patents 
of chemical compounds that target insect ORs and is active in 
the development of those compounds as next generation insect 
attractants and repellents.

#50 SYMPOSIUM: CHEMORECEPTION IN  
MOSQUITOES: EVOLUTION, GENOMICS  

AND CONTROL STRATEGIES 

Evolution of host finding in mosquitoes and their  
olfactory receptors 
Rickard Ignell 
Unit of Chemical Ecology, Dept. Plant Protection Biology,  
Swedish University of Agricultural Sciences, Alnarp, Sweden 
 
Blood feeding in mosquitoes arose as a behavioural adaptation 
from plant-feeding ancestors, and sympatric evolution with 
various host species have been responsible for progressive 
physiological and behavioural adaptations to blood acquisition 
and host finding. Host finding is fundamentally involved in 
establishing the vectorial capacity of present-day mosquitoes, 
and is primarily odour mediated. Mosquitoes have developed 
distinctive responses to complex host odours, suggesting that 
their olfactory systems have evolved through differential 
selection pressures on the olfactory receptor genes. 
Identification of natural host volatiles regulating host 
preference of mosquitoes is a long-term goal of my research 
group, and available data show that mosquitoes use both 
attractants and repellents for proper host selection. Host 
volatiles, as well as volatiles used to drive other odour-mediated 
behaviours, are detected by olfactory receptors. Sequence 
analyses and functional characterisation of these receptors has 
allowed us to start to understand how sequence variants, which 
arose during the evolution of olfactory receptor genes, change 
odour detection in closely and distantly related mosquito 
species. Acknowledgements: This research was supported by 
the Swedish Research Council, Formas and the Linnaeus-
programme Insect Chemical Ecology, Ethology and  
Evolution, IC-E3. FCOI Disclosure: None
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#51 SYMPOSIUM: CHEMORECEPTION IN  
MOSQUITOES: EVOLUTION, GENOMICS  

AND CONTROL STRATEGIES 

Synthetic and Natural Antagonists of the Insect Odorant 
Receptor Co-Receptor Subunit 
Charles W. Luetje, Sisi Chen 
Molecular and Cellular Pharmacology, University of Miami,  
Miami, FL, USA 
 
Many insect behaviors are driven by olfaction, making insect 
olfactory receptors (ORs) appealing targets for insect control 
strategies. Insect ORs, a family of odorant-gated ion channels, 
are thought to be composed of a representative from a large, 
variable family of odorant binding subunits and a highly 
conserved co-receptor subunit (Orco). Orco directed agonists 
and antagonists have recently been identified. In addition to 
competitively inhibiting OR activation by Orco agonists, 
several Orco antagonists have been shown to act through a 
non-competitive mechanism to inhibit OR activation by 
odorants. This result, combined with the high degree of 
conservation of Orco across insect species, suggests Orco as an 
attractive target for chemical control of insects. Here we 
expressed heteromeric ORs (Orco + odorant-binding subunit) 
in Xenopus oocytes and assayed receptor function by two-
electrode voltage clamp electrophysiology. We screened a series 
of synthetic compounds, structural analogs of N-(4-
ethylphenyl)-2-thiophenecarboxamide (a previously identified 
Orco antagonist) and a series of biphenyl compounds, for 
antagonism of CquiOrco+CquiOr10, an OR thought to mediate 
oviposition behavior in Culex quinquefasciatus (Southern House 
Mosquito). By varying moieties decorating the rings and 
altering the distance between the rings, we identified 
antagonists with improved potency. We have also screened a 
series of naturally occurring compounds and identified an Orco 
antagonist. For several of the Orco antagonists we have 
identified, we demonstrated competitive inhibition of receptor 
activation by an Orco agonist and non-competitive inhibition 
of receptor activation by an odorant. These results suggest that 
olfaction mediated behaviors may be manipulated with Orco 
antagonists. Acknowledgements: NIH RO1DC011091. FCOI 
Disclosure: None

#52 SYMPOSIUM: CHEMORECEPTION IN  
MOSQUITOES: EVOLUTION, GENOMICS  

AND CONTROL STRATEGIES 

Pathways for push, pull and mask in mosquitoes 
Anandasankar Ray 
University of California Riverside/Department of Entomology, 
Riverside, CA, USA 
 
The peripheral olfactory system in mosquitoes has a diverse set 
of molecular receptors and neuronal pathways to detect 
odorants in the environment and find their prey. Understanding 
basic principles about these receptors and pathways have 
enabled us to design strategies to modify mosquito behavior 

using odorants. After identifying behavior-inducing pathways 
we use computational structure-activity methods to screen 
~0.5 million compounds and identify novel ligands with a high 
rate of success. Identification of human-odor attraction 
pathways led to development of novel inhibitors to mask host 
finding. Conversely, excitatory odorants of these pathways are 
used to lure mosquitoes away from humans to a trap. Odors 
that cause unusual prolonged activation of these neurons also 
overwhelm and “mask” the olfactory system and confuse 
mosquitoes. In a second approach, identification of olfactory 
avoidance pathways led to development of novel excitatory 
odors for them that are strong repellents. Together our studies 
provide simple and pleasant odorants to perform three 
complimentary types of behavior control: “mask” spatial areas, 
“push” mosquitoes away, and “pull” mosquitoes to a trap. 
These olfaction-based strategies can provide powerful 
approaches to interfere with the behavior of Aedes aegypti, Culex 
quinquifasciatus and Anopheles gambiae and protect against 
transmission of deadly diseases such as Dengue, Filariasis and 
Malaria. Acknowledgements: NIH grants RO1AI087785 and 
R56AI099778 to A.R. FCOI Disclosure: A.R. is a founding 
member and stockholder of Olfactor Labs Inc.

#53 SYMPOSIUM: METABOLIC INFLUENCES  
ON OLFACTION AND OLFACTORY-GUIDED  

FEEDING BEHAVIOR 

Metabolic influences on olfaction and olfactory guided 
feeding behavior  
Dana Small1-4 
1The John B Pierce Laboratory, New Haven, CT, USA,  
2Yale University, New Haven, CT, USA, 3University of Cologne, 
Cologne, Germany 
 
Olfaction is an integral part of feeding and provides predictive 
cues that guide and drive ingestion. The aim of this symposium 
will be to present data from human and animal studies 
highlighting the role of the gut-derived signaling molecules in 
olfactory sensitivity and odor-guided feeding behavior. 
Implications for obesity will also be examined. Our speakers 
include Dr. Debi Fadool, Dr. Jenny Tong, and Ms. Xue Sun. 
Dr. Fadool will present new work from molecular and 
electrophysiological studies showing that the olfactory bulb is 
capable of detecting, and changing activity, in response to 
glucose and glucagon-like peptide-1 (GLP-1) signaling. GLP-1 
plays a critical role in glucose metabolism by stimulating 
insulin release and intranasal GLP-1 is being used as a 
therapeutic for type II diabetes without full comprehension of it 
neuromodulation capabilities within the olfactory system. Dr. 
Tong and Ms. Sun will present work focusing on the appetite-
stimulating hormone ghrelin, which is produced by the 
stomach. Dr. Tong will describe experiments showing that 
ghrelin enhances olfactory sensitivity and exploratory sniffing 
in rodents and humans. Ms. Sun will then describe the results 
from her work in humans showing that satiety leads to reduced 
olfactory sensitivity in humans with impaired ghrelin 
signaling. Acknowledgements: not applicable. FCOI 
Disclosure: None
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#54 SYMPOSIUM: METABOLIC INFLUENCES  
ON OLFACTION AND OLFACTORY-GUIDED  

FEEDING BEHAVIOR  

Metabolic Sensing by the Olfactory Bulb 
Debra Ann Fadool1, 2, 4, Nicolas Thiebaud1, 4, Sukhee Cho1,  
Austin Schwartz2, Hedi Mattousi3 
1Program In Neuroscience/The Florida State University, Tallahassee, 
FL, USA, 2Institute of Molecular Biophysics, Tallahassee, FL, USA, 
3Department of Chemistry, Tallahassee, FL, USA, 4Department of 
Biological Science, Tallahassee, FL, USA 
 
Energy homeostasis is achieved through a coordinated 
regulation between the peripheral organs and the brain. We 
currently hypothesize that the olfactory system is intimately 
linked with the endocrine system; not only does it serve as a 
detector of external chemicals to yield an internal depiction of 
our external environment, but it may serve a secondary 
function as an internal sensor of the chemistry of metabolism. 
We will present electrophysiological evidence for the detection 
of several important metabolic molecules that alter the 
biophysical properties of mitral cells of the olfactory bulb, 
including glucose, insulin, and glucagon-like peptide (glp-1).  
In response to diet-induced obesity and hyperglycemia we 
observe changes in mitral cell activity, loss of olfactory sensory 
neurons and glomerular targets, and reduced odor 
discrimination by olfactometry. At the heart of this detection 
may be a voltage-dependent potassium channel, Kv1.3, that is 
predominantly expressed in the mitral cells of the olfactory 
bulb and for which targeted deletion infers a resistance to both 
diet- and genetic-linked obesity. We have begun therapeutic 
strategies for diabetes and obesity using intranasal, osmotic 
mini-pump, and nanoparticle technologies to block the 
vestibule of Kv1.3 to modify metabolism. Acknowledgements: 
This work was supported by the National Institutes of Health 
(NIH) grant R01DC003387 from the NIDCD and the Council 
for Creativity and Research (CRC) from FSU. FCOI 
Disclosure: None

#55 SYMPOSIUM: METABOLIC INFLUENCES  
ON OLFACTION AND OLFACTORY-GUIDED  

FEEDING BEHAVIOR 

Sniffing out the calories — the effect of ghrelin on olfaction 
Jenny Tong1, Erica Mannea2, Pascaline Aime3, Paul T Pfluger1, 
Chun-Xia Yi1, Xueying Ren4, Sarah Pixley5, Karyne Julliard3, Stephen 
Benoit6, Stephen C Woods6, Tamas L Horvath7, Mark M Sleeman8, 
David D’Alessio1, Silvana Obici1, Robert Frank2, Matthias Tschoep1 
1University of Cincinnati/Department of Medicine, Cincinnati, OH, 
USA, 2University of Cincinnati/Department of Psychology, Cincinnati, 
OH, USA, 3CNRS and Universite Claude Bernard Lyon 1/3. 
UMR5020 Neurosciences Sensorielles Comportement Cognition, Lyon, 
France, 4John B. Pierce Laboratory/Department of Psychiatry, Yale 
University, New Haven, CT, USA, 5University of Cincinnati/Cancer 
and Cell Biology, Cincinnati, OH, USA, 6University of Cincinnati/
Department of Psychiatry, Cincinnati, OH, USA, 7Yale University/
Department of Comparative Medicine, New Haven, CT, USA, 
8Regereron Pharmaceuticals, Inc., Tarry Town, NY, USA 
Olfaction is an integral part of feeding providing predictive 
cues that anticipate ingestion. Although olfactory function is 
modulated by factors such as prolonged fasting, the underlying 
neural mechanisms remain poorly understood. We recently 
identified ghrelin receptors in olfactory circuits in the brain. 
We therefore investigated the role of the appetite-stimulating 
hormone ghrelin in olfactory processing in rodents and 
humans, testing the hypothesis that ghrelin lowers olfactory 
detection thresholds and enhances exploratory sniffing, both 
being related to food-seeking. In rats, intracerebroventricular 
ghrelin decreased odor detection thresholds and increased 
sniffing frequency. In humans, systemic ghrelin infusions 
significantly enhanced sniff magnitudes in response to both 
food and non-food odorants and air in comparison to control 
saline infusions but did not affect the pleasantness ratings of 
odors. This is consistent with a specific effect on odor detection 
and not the hedonic value of odors. Collectively, our findings 
indicate that ghrelin stimulates exploratory sniffing and 
increases olfactory sensitivity, presumably enhancing the 
ability to locate, identify and select foods. This novel role is 
consistent with ghrelin’s overall function as a signal amplifier 
at the molecular interface between environmental and 
nutritional cues and neuroendocrine circuits controlling energy 
homeostasis. Acknowledgements: 5K23DK80081 (J.T.), 
R01DK069987 (M.H.T.) FCOI Disclosure: None
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#56 SYMPOSIUM: METABOLIC INFLUENCES  
ON OLFACTION AND OLFACTORY-GUIDED  

FEEDING BEHAVIOR 

Molecular cues of glucose sensing in the rat olfactory bulb 
assessed under steady and dynamic glycemic conditions 
Dolly Al Koborssy1, Brigitte Palouzier-Paulignan 1, Marc Thevenet1, 
Caroline Romestaing2, Karyn A. Julliard1 
1Team – Olfaction: From Coding to Memory INSERM U1028-CNRS 
5292. University of Lyon 1, Lyon, France, 2Laboratoire d’Ecologie des 
Hydrosystèmes Naturels et Anthropisés (LEHNA) CNRS 5023 – 
University of Lyon 1, Lyon, France 
 
In the brain, glucose homeostasis of extracellular f luid is 
crucial to the point that systems specifically dedicated to 
glucose sensing are found in areas involved in energy 
regulation and feeding behavior. Olfaction is a major sensory 
modality regulating food consumption. Nutritional status in 
turn modulates olfactory detection. Recently it has been 
proposed that some olfactory bulb (OB) neurons respond to 
glucose similarly to hypothalamic neurons. However, the 
precise molecular cues governing glucose sensing in the OB are 
largely unknown. To decrypt these molecular mechanisms, we 
first used immunostaining to demonstrate in Wistar rat (n = 8) 
a strong expression of two neuronal markers of glucose-
sensitivity, the insulin-dependent glucose transporter type 4 
(GLUT4) and the sodium glucose co-transporter type 1 
(SGLT1) in specific OB layers. We showed that expression and 
mapping of GLUT4 but not SGLT1, were feeding state-
dependent (n = 4 for each feeding state). In order to investigate 
the impact of metabolic status on the delivery of blood-borne 
glucose to the OB, we measured extracellular f luid glucose 
concentration using glucose biosensors simultaneously in the 
OB and cortex of anesthetized rats (n = 8 and n = 9 for fasted 
and satiated rats respectively). We showed that glucose 
concentration

 
in the OB is higher than in the cortex, that 

metabolic steady-state glucose concentration is independent of 
feeding state in the two brain areas, and that acute changes in 
glycemic conditions affect bulbar glucose concentration alone. 
These data provide new evidence of a direct relationship 
between the OB and peripheral metabolism, and emphasize the 
importance of glucose for the OB network providing strong 
arguments toward establishing the OB as a glucose sensing 
organ. Acknowledgements: This work was supported by the 
Centre National de la Recherche (CNRS), the University Lyon1 
and a grant from Institut Fédératif des Neurosciences de Lyon 
(Projet structurant IFNL 2008). FCOI Disclosure: None

#57 SYMPOSIUM: METABOLIC INFLUENCES  
ON OLFACTION AND OLFACTORY-GUIDED  

FEEDING BEHAVIOR

Ghrelin modulates the effect of a meal on perceptual and 
brain response to odors 
Xue Sun1, Marga G Veldhuizen2, Amanda E Wray2, Dana M Small1,2 
1Yale University, New Haven, CT, USA, 2The John B. Pierce 
Laboratory, New Haven, CT, USA 
 
Rodents show lower olfactory sensitivity when sated than when 
fasted. Whether this is also true in humans is debated because 
previous studies have reported conflicting results. Given that 
ghrelin has been associated with chemosensory perception, we 
tested whether the effect of a meal on olfactory intensity 
perception and brain response to aromas and flavors is 
influenced by the extent to which the meal reduces circulating 
ghrelin levels. Twenty-one healthy subjects (11 male, BMI 
M=25.1 SD=3.9) rated the intensity of odors and flavored milks 
using the general labeled magnitude scale while hungry and 
while sated on separate counterbalanced days. Blood was 
sampled before and after the meal on the sated day and at a 
parallel time window on the hungry day. Brain response to the 
odors and flavored milks was assessed between blood draws 
with fMRI. We found no main effect of meal on intensity 
ratings. However, meal-induced ghrelin reductions were 
inversely related to meal-induced changes in intensity 
perception for odors but not flavored milks, where meal-
induced changes in odor intensity perception were associated 
with smaller meal-induced changes in ghrelin. This perceptual 
effect was reflected in the brain by weaker cerebellar and 
ventral striatal response to odors as a function of meal-induced 
changes in intensity perception. We also identified a positive 
correlation between meal-induced changes in ghrelin and the 
effect of the meal on brain response to the flavored milks in the 
midbrain, insula and hippocampus. These effects were 
uninfluenced by intensity perception. We conclude that blunted 
ghrelin signaling is associated with reduced post-meal odor 
intensity perception and reduced effects of meal consumption 
on brain response to palatable caloric f lavors. 
Acknowledgements: Supported by R01 DK085579. FCOI 
Disclosure: None

#58 SYMPOSIUM: ATP: DIVERSE FUNCTIONS  
IN CHEMOSENSORY EPITHELIA 

ATP: Diverse Functions in Chemosensory Epithelia 
Thomas E Finger1,3, Sue C Kinnamon2,3 
1University of Colorado Medical School/ Dept. Cell and Structural 
Biology, Aurora, CO, USA, 2University of Colorado Medical School/ 
Otolaryngology, Aurora, CO, USA, 3University of Colorado Medical 
School/ Rocky Mountain Taste and Smell Center, Aurora, CO, USA 
 
All cells utilize ATP as a ubiquitous source of energy, but  
ATP is also a key signaling molecule utilized for intercellular 
communication. This symposium will focus on the different 
roles played by ATP in cell-to-cell communication in 
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chemosensory systems focusing on olfaction, carotid body  
and taste. The Introduction will offer an overview of diverse 
roles for purinergic signaling ranging from regulation of 
epithelial cell dynamics to activation of sensory nerve fibers in 
chemesthesis and taste. Dr. Colleen Hegg (Mich. State Univ.) 
will describe how in the olfactory system, ATP is crucial for 
regulation of olfactory sensitivity, epithelial dynamics, 
neuronal survival, and regeneration following injury. Dr. Colin 
Nurse (McMaster University, Ontario CANADA), will 
describe how ATP is a crucial mediator of responsiveness in the 
carotid body. In this system ATP both activates sensory 
afferent fibers and has autocrine and paracrine effects on 
carotid body signaling, similar to the role of ATP in the taste 
system. Finally, Dr. Anthony Ford (Afferent Pharmaceuticals.), 
will describe the role of P2X receptors in pain and irritation, 
and will describe new results showing how pharmacological 
blockade of P2X receptors produces profound taste loss in 
patients being treated for various pain-related conditions. 
Acknowledgements: R01DC012555 P30DC004657. FCOI 
Disclosure: None

#59 SYMPOSIUM: ATP: DIVERSE FUNCTIONS  
IN CHEMOSENSORY EPITHELIA 

The Role of ATP in Olfactory Dynamics and Function 
Colleen Cosgrove Hegg1,2,3, Cuihong Jia1, Sebastien Hayoz1,  
Chelsea R. Hutch2,3, Tania R. Iqbal3 
1Michigan State University Pharmacology and Toxicology, East 
Lansing, MI, USA, 2Michigan State University Neuroscience Program, 
East Lansing, MI, USA, 3Michigan State University Center for 
Integrative Toxicology, East Lansing, MI, USA 
 
Over the past decade, we have investigated the role of ATP in 
the mouse olfactory epithelium and demonstrated that 
extracellular ATP has multiple functions. ATP is released 
constitutively by vesicular secretion, hemichannels, and 
transporters, and also, not surprisingly, following cell damage. 
ATP activates ionotropic P2X and G-protein coupled P2Y 
purinergic receptors located on multiple cell types, evoking 
inward currents and increases in intracellular calcium that can 
ultimately: 1) modulate the sensitivity of neurons to odorants at 
the level of the olfactory epithelium, 2) upregulate heat shock 
protein expression, suggesting a role in stress signaling, and 3) 
induce the synthesis and release of multiple growth and trophic 
factors (ATP, NPY, FGF2), suggesting a role for the regulation 
of neurogenesis and cell survival. In support, we next showed 
that extracellular ATP increases proliferation of basal 
progenitor cells via activation of purinergic receptors and 
subsequent release of growth factors. ATP also induces 
progenitor cell differentiation into both neurons and glial-like 
sustentacular cells. Moreover, constitutive release of ATP 
maintains a population of progenitor cells and thus has a role in 
tissue homeostasis. Treatment with ATP post-injury 
significantly potentiates cell proliferation whereas treatment 
with purinergic receptor antagonists significantly compromises 
cell proliferation. Collectively, these data suggest purinergic 

signaling in the olfactory epithelium has broad roles in sensory 
transduction, regulation of tissue homeostasis and regenerative 
neurogenesis following injury, and the promotion of neuronal 
survival. Acknowledgements: Research was supported by NIH 
DC006897, MSU institutional funds, NIEHS T32 ES007255 
(CRH), NINDS T32 NS044928 (TRI), Swiss Fellowship for 
Advanced Researchers PA 00P3_131493 (SH). FCOI 
Disclosure: None

#60 SYMPOSIUM: ATP: DIVERSE FUNCTIONS  
IN CHEMOSENSORY EPITHELIA 

Purinergic signaling in the carotid body  
Colin A. Nurse 
McMaster University, Biology, Hamilton, ON, Canada 
 
Mammalian carotid bodies, located strategically at the  
carotid bifurcations, act as the main peripheral arterial 
chemoreceptor organs that initiate compensatory respiratory 
and cardiovascular reflexes so as to maintain homeostasis.  
The carotid body (CB) receives both an afferent sensory 
innervation from the petrosal ganglion and an autonomic 
efferent ‘inhibitory’ innervation, via the carotid sinus nerve,  
a branch of the glossopharyngeal nerve. The organ is richly 
vascularized and consists of clusters of chemoreceptor (type I) 
cells in intimate association with glial-like type II cells. In 
response to blood-borne stimuli such as low oxygen (hypoxia) 
or elevated CO

2
/H+ (acid hypercapnia), chemoreceptor type I 

cells depolarize and release excitatory neurotransmitters 
including ATP, which stimulates postsynaptic P2X2/3 
receptors on petrosal afferent terminals. The afferent discharge 
is shaped by autocrine and paracrine mechanisms involving 
both excitatory and inhibitory neuromodulators. I will review 
evidence obtained mainly in the rat CB suggesting key roles of 
adenosine and ATP as paracrine neuromodulators. Adenosine 
appears to play a predominantly excitatory role, acting via 
presynaptic A2a (and possibly A2b) receptors on type I cells,  
as well as via postsynaptic A2a receptors on petrosal terminals. 
Recent studies suggest that paracrine activation of P2Y2 
receptors on glial-like type II cells may also lead to ATP release 
via the opening of pannexin-1 channels, thereby further 
boosting the excitatory ATP signal. Finally, I will briefly 
discuss potential negative feedback mechanisms that may help 
limit the excitatory actions of ATP during carotid body 
chemoreception. Acknowledgements: Supported by grants  
from the Canadian Institutes of Health Research. FCOI 
Disclosure: None
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#61 SYMPOSIUM: ATP: DIVERSE FUNCTIONS  
IN CHEMOSENSORY EPITHELIA 

Purinergic Receptor-Induced Ca2+ Signaling in the 
Epithelium of the Vomeronasal Organ  
Ivan Manzini1,2, Katarina Dittrich1, Alfredo Sansone1,  
Thomas Hassenklöver1,2 
1University of Göttingen, Institute of Neurophysiology and Cellular 
Biophysics, Göttingen, Germany, 2University of Göttingen, Center for 
Nanoscale Microscopy and Molecular Physiology of the Brain 
(CNMPB), Göttingen, Germany 
 
Purinergic signaling has considerable impact on the 
functioning of the nervous system, including the special senses. 
Purinergic receptors are known to be expressed in various cell 
types in the retina, cochlea, taste buds and the olfactory 
epithelium. The activation of these receptors has been shown to 
tune sensory information coding, to control the homeostasis 
and to regulate the cell turnover in these organs. In the present 
study, using functional calcium imaging, we identified and 
characterized the purinergic receptor subtypes expressed in the 
neuroepithelium of the vomeronasal organ of larval Xenopus 
laevis. ATP-evoked activity in supporting and basal cells was 
not dependent on extracellular Ca2+. On the other hand, 
depletion of intracellular Ca2+ stores disrupted the responses in 
both cell types. In addition to ATP, supporting cells responded 
also to UTP and ATPgS. The response profile of basal cells was 
broader. They were activated by ATP, ADP, 2-MeSATP, 
2-MeSADP, ATPgS, UTP and UDP. Together these findings 
suggest that supporting cells express P2Y

2
/P2Y

4
-like purinergic 

receptors and that basal cells express multiple P2Y receptors. 
Vomeronasal receptor neurons were not sensitive to 
nucleotides, suggesting that they do not express purinergic 
receptors. Our data provide the basis for further investigations 
of the physiological role of purinergic signaling in the 
vomeronasal organ and the olfactory system in general. 
Acknowledgements: Supported by DFG 
Schwerpunktprogramm 1392 (I.M) and Cluster of  
Excellence and DFG Research Center Nanoscale Microscopy 
and Molecular Physiology of the Brain (I.M). FCOI  
Disclosure: None

#62 SYMPOSIUM: ATP: DIVERSE FUNCTIONS  
IN CHEMOSENSORY EPITHELIA 

The Effect on Taste Function of Antagonists at P2X3-
Containing Receptors  
Anthony P Ford 
Afferent Pharmaceuticals, San Mateo, CA, USA 
 
Millions of people with somatosensory & visceral disorders 
face chronic pain, discomfort & organ hyperreactivity. Despite 
decades of innovation, medical needs remain large, with 
therapeutic focus now placed on targeting channels specific to 
primary afferents (e.g., TRP, NaV, P2X members), to suppress 
the chronic sensitization driving symptoms. One approach: 
blocking P2X3 channels (P2X3 homo & P2X2/3 heterotrimers), 

selectively found on C-fibers (Ford, 2012: doi: 10.1007/
s11302-011-9271-6). The first compound to enter clinic, AF-219, 
was recently shown to markedly reduce cough frequency & 
severity in refractory patients (Ford & Undem, 2013: doi: 
10.3389/fncel.2013.00267). AF-219 blocks P2X3 activation by 
ATP, released from many cells by inflammation, distension & 
chemoactivation, providing a novel method to attenuate 
hyperexcitation. Reduced sensitization with P2X3 blockade 
was predicted in P2X3 & P2X2 KO mice: attenuated 
hyperalgesia to irritants, urinary bladder hyporeflexia & 
reduced carotid body chemosensation (Cockayne et al., 2000, 
Nature. 407:1011; Rong et al. 2003, J Neurosci. 23:11315). 
Antagonist impact on gustation is of interest, given reduced 
taste sensibility of P2X2-, P2X3- & double-KO mice (Finger et 
al., 2005, Science 310:1495). So far, data emerging from 
non-clinical & clinical studies confirm impaired taste function 
in animals & humans when both P2X3 homotrimers and 
P2X2/3 heterotrimers are fully inhibited. P2X3 homotrimers 
dominate ATP-evoked excitation in neural crest-derived 
afferents (e.g., DRG) whereas high co-expression with P2X2 
subunits is seen in the placode-derived cells (e.g., gustatory 
afferents). This anatomical differentiation suggests selective 
antagonism of P2X3 homotrimers (vs. P2X2/3 heterotrimers) 
may afford therapeutic benefit, largely sparing gustatory 
impact. Acknowledgements: Afferent Pharmaceuticals is a 
private, VC-funded company. FCOI Disclosure: Anthony P 
Ford is Founder & CSO at Afferent Pharmaceuticals [caveat 
lector et auditor].

#63 SYMPOSIUM: MODULATION  
OF SENSORY SIGNALING AND  

BEHAVIORAL RESPONSE TO ODORS 

Modulation of sensory signaling and behavioral response  
to odors 
Lisa Stowers 
The Scripps Research Institute, La Jolla, CA, USA 
 
It has long been understood that the behavioral response to 
olfactory stimuli is not fixed but instead is variable based on 
previous experience and internal state (such as age, gender, 
stress or hunger). However, the neural mechanisms that 
modulate sensory circuits in response to internal states and 
experience are largely unknown. Such knowledge is essential to 
ultimately understand olfactory function and dysfunction. 
Here, we will present recent progress that sheds first 
mechanistic insight on the modulation of olfactory sensation in 
response to female reproductive state, hunger, and previous 
experience. Our speakers will present data gathered from flies 
and mice, in both the VNO and MOE. Together, they will show 
data that supports at least three different molecular strategies to 
modulate sensory signaling. Acknowledgements: NIDCD. 
FCOI Disclosure: None
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#64 SYMPOSIUM: MODULATION  
OF SENSORY SIGNALING AND  

BEHAVIORAL RESPONSE TO ODORS 

Regulation of sensory signaling and behavior by  
female hormones 
Lisa Stowers, Sandeepa Dey 
The Scripps Research Institute Mollecular and Cellular Neuroscience, 
La Jolla, CA, USA 
 
It has been known that males and females respond to the  
same environment with gender-specific behaviors. It is also 
known that females exhibit different sensory-evoked behaviors 
relative to the ovulation cycle. The action of male and female 
specific hormones is known to act on behavioral centers in the 
brain to alter the probability of behavioral output, however, 
mechanistically, little is known about the precise neural targets 
of sex hormones and particularly how they act to alter female 
behavior. Here we show by calcium imaging, biochemistry,  
and behavioral analysis that female hormones act cell 
autonomously on a subset of vomeronasal sensory neurons to 
abolish their response to sensory stimuli, preventing 
pheromones from initiating sex-specific behavior. We find the 
hormone progesterone sufficient to inform the nose about the 
female’s estrus state through a non-classical progesterone 
receptor, Pgrmc1. This receptor is necessary to initiate a 
phosphorylation cascade that abolishes activity of a key 
signaling element, PlcB2, thereby preventing pheromone-
evoked neural activity. Unexpectedly, we find only a subset of 
sensory neurons express PlcB2 so that the majority of female 
sensory neurons remain active and able to sense the 
environment in the presence of progesterone. This study 
illustrates that the vomeronasal sensory organ is differentially 
regulated among females based on the ovulation cycle. While it 
was thought that all individuals detect similar sensory cues 
which central circuits differentially process depending on 
internal hormonal state, here, instead, we find the female 
sensory system is refractive to a subset of signals temporarily 
rendering her ‘blind’ to that aspect of the environment. This 
study provides new insight to the regulation of sex-specific 
behavior. Acknowledgements: NIDCD, Ellison Medical 
Foundation, Skaggs Foundation. FCOI Disclosure: None

#65 SYMPOSIUM: MODULATION  
OF SENSORY SIGNALING AND  

BEHAVIORAL RESPONSE TO ODORS

Dopaminergic Control of Context-dependent  
Olfactory Behavior 
Jing W. Wang, Susy M. Kim, Orel Zaninovich, Tricia Ngo,  
Kang I. Ko 
UCSD/Division of Biological Sciences, La Jolla, CA, USA 
 
Social cues such as conspecific pheromones have a profound 
impact on foraging choice. The fruit f ly Drosophila melanogaster 
aggregates on food sources previously visited by other flies due 
to the deposition of the pheromone, 11-cis-vaccenyl acetate 
(cVA), on food surfaces. Using a high throughput food search 
assay, we show cVA dramatically enhances behavioral 
attraction to vinegar in fruit f lies. How does a social cue like 
cVA modulate olfactory sensitivity to a food odor? What is the 
neural circuit that integrates these two streams of olfactory 
inputs? Here we provide evidence suggesting two higher order 
olfactory centers, the mushroom body (MB) and the lateral 
horn (LH), are both required for the synergistic behavioral 
response to the mixture of cVA and vinegar. We show cVA 
information reaches the MB from the LH via dopaminergic 
(DA) neurons in the protocerebral anterior medial (PAM) cluster. 
Acute inactivation of MB output blocked cVA’s modulation of 
behavioral attraction to vinegar. Genetic suppression or 
activation of PAM neurons that innervate the MB mimics or 
suppresses the effect of cVA on behavioral attraction, 
respectively. Two-photon calcium imaging revealed that cVA 
suppresses PAM neuron responses to the food odor vinegar. 
This suggests the PAM neurons integrate information about 
cVA and vinegar. Together, our results indicate cVA enhances 
odor saliency through an inhibitory mechanism that suppresses 
dopamine neuron responses to vinegar. Furthermore, our data 
support a model whereby dopamine neurons form part of a 
circuit that relays information from the LH to the MB. 
Acknowledgements: NIDCD (R01DC009597), NIDDK 
(R01DK092640). FCOI Disclosure: None

#66 SYMPOSIUM: MODULATION  
OF SENSORY SIGNALING AND  

BEHAVIORAL RESPONSE TO ODORS

Cholinergic inputs from basal forebrain add an excitatory 
bias to odor coding in the olfactory bulb 
Markus Rothermel1, Ryan M. Carey1, Adam Puche2,  
Michael T. Shipley2, Matt Wachowiak1 
1University of Utah Dept. of Neurobiology and Anatomy, Salt Lake 
City, UT, USA, 2University of Maryland Dept. Anatomy and 
Neurobiology, Baltimore, MD, USA 
 
Cholinergic modulation of central circuits is associated with 
active sensation, attention and learning, yet the neural circuits 
and temporal dynamics underlying cholinergic effects on 
sensory processing remain unclear. We examined how 
projections from the basal forebrain – the source of cholinergic 
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projections to the olfactory bulb (OB) and cortex -modulate 
processing in the mouse OB using in vivo imaging, 
optogenetics and electrophysiology. Imaging using genetically-
encoded optical reporters expressed selectively in sensory 
neurons or in mitral/tufted cells (MTs) indicated that basal 
forebrain stimulation enhanced MT responsiveness without 
affecting sensory inputs. We then specifically investigated the 
impact of cholinergic projections from basal forebrain to the 
OB by optogenetically activating cholinergic axons directly in 
the OB while extracellularly recording from presumptive MT 
units. Activation of cholinergic axons in the OB led to a robust 
facilitation of OB output by increasing MT excitability. 
Cholinergic stimulation increased spontaneous MT cell spiking 
in the absence of inhalation-driven sensory input, enhanced 
spiking responses to inhalation of odorless air, and increased 
spiking in response to odorant stimulation. The cholinergic 
enhancement of MT cell odorant responses was robust and 
occurred independent of the strength or even polarity of the 
odorant-evoked response, indicating that cholinergic 
modulation adds an excitatory bias to mitral/tufted cells as 
opposed to increasing response gain or sharpening response 
spectra. These results are consistent with a role for the basal 
forebrain cholinergic system in dynamically regulating the 
sensitivity to or salience of odors during active sensing of the 
olfactory environment. Acknowledgements: NIH DC10915  
and the DFG. FCOI Disclosure: None

#67 SYMPOSIUM: MODULATION  
OF SENSORY SIGNALING AND  

BEHAVIORAL RESPONSE TO ODORS

Neural Syntax for Early Partition of Olfactory Inputs  
Diego Restrepo1, David H Gire2, Anan Li1,3 
1Department of Cell and Developmental Biology, Rocky Mountain 
Taste and Smell Center and Neuroscience Program, University of 
Colorado Medical School, Aurora, CO, USA, 2Department of 
Molecular and Cellular Biology, and Center for Brain Science,  
Harvard University, Cambridge, MA, USA, 3Wuhan Institute of 
Physics and Mathematics, The Chinese Academy of Sciences/State Key 
Laboratory of Magnetic Resonance and Atomic and Molecular Physics, 
Wuhan, China 
 
A key question is how sensory systems achieve parallel 
processing within a neuron transmitting different units of 
information. Early in the olfactory system spikes convey 
different units of information: spikes precisely locked to the 
rhythmic sniff cycle convey information on odor identity (what 
is the smell) and spike rate conveys information on odor value 
(is the odor rewarded?). However, a question raised is which 
internal reference frame in the brain can be used to pull out the 
information on odor identity. Here we address whether internal 
signal processing can extract radically different information 
items within the olfactory bulb (OB); the first signal processing 
area in the olfactory system. Based on the understanding that 
the aggregate neural activity that underlies the local field 
potential (LFP) can be used for segmentation of neuronal 

activity (neural syntax) to extract specific items of information 
we address whether coherence of the field potential and spike 
firing in output neurons of the OB (mitral/tufted cells, M/Ts) 
extracts specific information on the odor. Importantly in the 
insect olfactory system when an odor is presented it induces 
transient g frequency oscillation in the neural population of the 
antennal lobe (equivalent to the mammalian OB) and the odor 
is represented (or “coded”) by an evolving sequence of activity 
vectors. In mammals g LFP responses in the OB are also well 
known to carry information on the odor. In addition, in the g 
frequency the LFP partially follows sniffing. Together, these 
studies raise the question whether the field potential can be 
used to read out information from M/T spike firing. We find 
that g LFP coherence with M/T spiking extracts information 
on odor identity whereas spike rate conveys information on 
odor reward association. Acknowledgements: Funded by  
NIH/NIDCD grants R01 DC00566, F32 DC011980 and P30 
DC04657, and National Natural Science Foundation of China 
(NSFC, 31100799). FCOI Disclosure: None
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Abstracts are printed as submitted by the author(s).

Poster Presentations

#1 POSTER SESSION I

Physiological characterization of formyl peptide receptor 
expressing cells in the mouse vomeronasal organ 
Tobias Ackels1, Benoît von der Weid2, Ivan Rodriguez2, Marc Spehr1 
1Department of  Chemosensation, Aachen, Germany,  
2Department of  Genetics and Evolution, Geneva, Switzerland 
 
The mouse vomeronasal organ (VNO) is a chemosensory 
structure that detects hetero- and conspecific social cues. In the 
VNO sensory epithelium, three different families of  neurons 
are distinguished: V1R-/V2R-expressing neurons located in 
the apical/basal epithelial layer, respectively, as well as neurons 
expressing members of  the formyl peptide receptor (FPR) family. 
The FPRs comprise seven members, five of  which are exclusively 
expressed in the VNO. Our previous in vitro studies indicated FPR 
sensitivity to disease- and/or inflammation-associated ligands. 
Here, we employ a transgenic mouse model in which FPR-rs3 
expressing vomeronasal neurons are identified by a fluorescent 
marker. Using different electrophysiological techniques such as 
whole-cell and perforated patch-clamp as well as extracellular 
recordings in acute coronal VNO tissue slices, we provide a 
comparative characterization of  the biophysical properties 
inherent to FPR-rs3 expressing neurons. Thus, our study provides 
insight into the basic physiological profile of  a prototypical 
member of  the recently discovered family of  FPR expressing 
vomeronasal sensory neurons. Acknowledgements: This work is 
supported by the Deutsche Forschungsgemeinschaft SPP 1392: 
“Integrative Analysis of  Olfaction”. FCOI Disclosure: None

#2 POSTER SESSION I

Using Additive Response Profiles of Repeated Non-Saturating 
Stimuli to Probe Signaling in Olfactory Sensory Neurons 
Damian Droste, Lisa M Moeller, Jennifer Spehr, Marc Spehr 
RWTH Aachen University / Dept. of  Chemosensation,  
Aachen, Germany 
 
When exposed to saturating odor stimuli, either repeatedly or 
for prolonged periods, olfactory sensory neurons (OSNs) show 
robust sensory adaptation. Accordingly, sustained-stimulation 
and / or repeated-pulse protocols have provided tremendous 
experimental insight into various physiological mechanisms 
underlying olfactory signaling and sensory adaptation. In pilot 
experiments, we have observed that repeated exposure to odor 
stimuli at non-saturating concentrations can induce additive 
OSN response profiles, depending on the inter-stimulus interval. 
Using patch-clamp recordings from mechanically isolated mouse 
OSNs as well as identified Olfr73-expressing neurons in acute 
epithelial slices, we here investigate the mechanistic determinants 
of  such additive responses. We propose that the concurrent use 
of  repeated pulse protocols and non-saturating stimuli allows 
a focused physiological analysis of, at least some, biochemical 

transduction mechanisms acting below ion channel activation 
threshold(s). Acknowledgements: This work was funded by the 
VolkswagenFoundation (83533). FCOI Disclosure: None

#3 POSTER SESSION I

Odor-specific Alternative Signaling in Murine Olfactory 
Sensory Neurons
Sabrina Baumgart1, Paul Scholz1, Benjamin Kalbe1, Fabian Jansen1, 
Katharina Klasen1, Barry Ache2, Hanns Hatt1 
1Ruhr-University Bochum/Cell Physiologie, Bochum, Germany, 
2University of  Florida/Center for Smell and Taste, Gainesville, FL, USA 
 
The mammalian olfactory system is organized into different 
cellular and molecular subsystems, thus ensuring the accurate 
detection of  a vast variety of  complex chemical cues. Although, 
it is generally agreed that in olfactory sensory neurons (OSNs) 
binding of  odorant molecules to their specific olfactory receptor 
(OR) triggers cAMP-dependent signaling, alternative olfactory 
signaling pathways are discussed for years. In the present study, 
we utilized large-scale peptide microarrays and GST-fusion 
proteins to determine binding modalities of  a broad variety 
of  murine ORs and G proteins. In addition, we focused on 
detailed binding sites of  the eugenol-specific murine OR (mOR-
EG) for diverse G proteins via an in vitro interaction approach. 
Furthermore, we observed complex formation of  mOR-EG with 
different G proteins in the murine olfactory epithelium (OE) 
through co-immunoprecipitations. In patch clamp experiments 
on acute OE slices of  mOR-EG-GFP mice, we identified weak 
and strong agonists triggering different signaling cascades. Strong 
agonists activate canonical signaling components in mOR-EG 
neurons whereas weak agonists initiate an alternative pathway 
independent of  ACIII and extracellular Ca2+ ions. Through 
blocker experiments, we could narrow down putative alternative 
signaling components in electrophysiological recordings. 
In conclusion, this indicates the existence of  an alternative 
activating olfactory signal transduction pathway which might 
be coupled to another G protein. Acknowledgements: SFB642, 
International Max-Planck Research School in Chemical Biology, 
Studienstiftung des deutschen Volkes. FCOI Disclosure: None
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#4 POSTER SESSION I

Inhomogeneous distribution of transduction-related proteins 
in cilia of mouse olfactory sensory neurons 
Baris Ozbay1, Diego Restrepo2 
1Department of  Bioengineering, University of  Colorado Denver,  
Denver, CO, USA, 2Department of  Cell & Developmental Biology, 
University of  Colorado Health Sciences Center, Aurora, CO, USA 
 
The sub-cellular spatial distribution of  transduction proteins 
is important for signal transduction and processing in 
neuronal systems. Olfactory transduction begins at the cilia 
of  olfactory sensory neurons (OSNs) and involves a highly 
sensitive multi-stage transduction cascade. There is an ongoing 
effort to quantify the spatial relationship of  proteins involved 
in olfactory transduction to improve the understanding of  
second-messenger steps in peripheral olfactory processing. We 
used confocal microscopy along with immunofluorescence 
techniques to directly measure the spatial relationship between 
three important transduction proteins in mouse OSNs. We 
dissociated OSNs from mouse olfactory epithelia and performed 
immunofluorescence labeling for adenylyl cyclase (ACIII), 
the cyclic nucleotide gated cation channel (CNGA2), and the 
Ca2+-activated chloride channel (ANO2). We also performed 
immunofluorescence labeling on mouse olfactory epithelium 
tissue sections to confirm antibody specificity. The relative optical 
signal from the proteins labeled in cilia was normalized against 
the signal from acetylated tubulin and quantified with respect 
to distance from the ciliary base. Further, we performed co-
localization analysis to determine the spatial correlation between 
the CNGA2 and ANO2 ion channels. These results together 
suggest that the downstream proteins in olfactory transduction 
are found throughout the entire length of  OSN cilia rather than 
restricted to specific regions. Interestingly, the labeling shows an 
inhomogeneous distribution of  transduction proteins for each 
cilium. Co-localization analysis suggests that there is poor spatial 
correlation between CNG and ANO2 in OSN cilia for a subset 
of  cells. This suggests a dynamic spatial distribution of  excitatory 
proteins in olfactory transduction. Acknowledgements: The 
study was funded by NIH grants DC006070 and DC004657 and 
NSF grant MRI 1337573. FCOI Disclosure: None

#5 POSTER SESSION I

Novel protein Q8BH53 modulates signal transduction  
kinetics in olfactory sensory neurons 
Anna K Talaga1, Aaron B Stephan2, Orville Mayberry III1,  
Johannes Reisert3, Haiqing Zhao1 
1Department of  Biology/Johns Hopkins University, Baltimore, MD, 
USA, 2Department of  Biology/UCSD, La Jolla, CA, USA,  
3Monell Chemical Senses Center, Philadelphia, PA, USA 
 
The cilia of  olfactory sensory neurons (OSNs) are specialized 
for transducing and encoding odor information. Various ciliary 
proteins mediate and/or modulate olfactory signal transduction. 
We detected a novel protein, Q8BH53, from a proteomic screen 
of  murine OSN cilial membrane preparations. Q8BH53 is 

conserved among eukaryotes and is a unique protein, as no 
paralogs exist in the mouse genome. Bioinformatic analysis 
suggested that the majority of  the Q8BH53 sequence is 
composed of  ARM-domains, which mediate protein-protein 
interactions. Knocking out Q8BH53 specifically in OSNs 
alters the kinetics of  the olfactory response, as assayed in the 
electroolfactogram. Mice that lack Q8BH53 have a faster 
olfactory response, with a rising phase that is twice as fast as 
controls, and terminate their responses more quickly. This 
means that upon odor stimulation Q8BH53 knockout OSNs 
signal for shorter duration. Q8BH53 knockout mice also have 
reduced olfactory adaptation. These results suggest that Q8BH53 
functions to modulate olfactory transduction kinetics by “slowing 
down” the olfactory response in normal mice, yet increasing 
the amount of  signaling time. We are currently working on 
understanding the mechanism by which Q8BH53 contributes 
to the olfactory response by identifying binding partners and 
performing single cell electrophysiology. Acknowledgements: 
NIH R01 DC007395. FCOI Disclosure: None

#6 POSTER SESSION I

G protein-dependent activation of phosphoinositide signaling 
by a mammalian olfactory receptor  
Elizabeth A Corey1, Kirill Ukhanov1, Yuriy Bobkov1, Barry W Ache1,2 
1University of  Florida, Whitney Laboratory, Center for Smell and Taste, 
and McKnight Brain Institute, St Augustine, FL, USA,  
2Depts. of  Biology and Neuroscience, Gainesville, FL, USA 
 
In native mammalian olfactory receptor neurons (ORNs), the 
olfactory receptors (ORs) appear to drive signaling through 
phosphoinositide-3-kinase (PI3K) in addition to adenylate 
cyclase (AC) in a G protein-dependent, ligand-selective manner. 
In HEK293T cells, the mouse eugenol receptor (mOREG) can 
couple to multiple G proteins and signaling pathways, including 
AC when co-expressed with Gaolf, and phospholipase-C 
(PLC) when co-expressed with Ga15, a promiscuous G 
protein not expressed in ORNs, but activation of  PI3K in this 
system has not been tested. To better understand the ability of  
ORs to activate phosphoinositide (PI) signaling, we used the 
HEK293T cell-based system with differential readout of  the 
intracellular calcium changes evoked by AC and PI signaling 
that we previously described together with an ELISA-based 
readout for PI3K. We co-expressed mOREG with a panel of  
Ga subunits and tested for activation of  AC and PI signaling. 
As expected, Gas coupled the receptor to AC. In addition to 
Ga15, Gaq directly coupled the receptor to PLC. Co-expression 
of  Gao promoted ligand-activation of  PI3K. Our results further 
underscore the capability of  mammalian ORs to couple to 
multiple Ga isoforms in heterologous systems, as well as suggest 
the potential involvement of  Gao in odorant activation of   
PI3K. Acknowledgements: Supported by R01DC001655  
and R01DC005995. FCOI Disclosure: None

Abstracts are printed as submitted by the author(s).
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#7 POSTER SESSION I

PLC-dependent signaling interacts with PI3K-dependent 
signaling in mammalian olfactory receptor neurons 
Kirill Ukhanov1, Elizabeth Corey1, Daniela Brunert1, Barry Ache1,2 
1Univ Florida, Whitney Laboratory, Center for Smell and Taste,  
and McKnight Brain Institute, Gainesville, FL, USA, 2Univ Florida,  
Depts. of  Biology and Neuroscience, Gainesville, FL, USA 
 
Mammalian olfactory receptors appear to couple to 
phosphoinositide (PI)-dependent as well as canonical cAMP-
dependent signaling in a ligand-selective manner. Citral, for 
example, antagonizes the cAMP-dependent response to octanol 
in a PI3K-dependent manner and blocking PI3K increases the 
agonistic strength of  the otherwise antagonist citral (Ukhanov 
et al 2011). We now show that blocking another key enzyme in 
the PI signaling cascade, PLC, in concert with blocking PI3K 
significantly increases the agonistic strength of  citral compared 
to blocking PI3K alone. The PLC-dependent enhancement of  
the response occurred with either 10 µM U73122 or ET-18-
OCH3 (edelfosine). U73343, an inactive analog of  U73122, 
had no effect at the same concentration. Consistent with this 
finding, we show that two PI3K-dependent PLC isoforms, 
PLCgamma1 and gamma2, occur in olfactory cilia-enriched 
membranes. Our findings support earlier evidence (Spehr et al., 
2002) that PI3K- and PLC-dependent signaling work in concert 
to modulate the output of  mammalian ORNs by extending this 
idea to individual inhibitory ligand pairs and raise the possibility 
that this interaction is mediated by a PLCgamma isoform. 
Acknowledgements: R01DC001655, R01DC005995.  
FCOI Disclosure: None

#8 POSTER SESSION I

Phospholipase C Isoform Expression in Mouse Main  
Olfactory Epithelium  
Abdullah Al-Matrouk, Aaron Sathyanesan, Weihong Lin 
University of  Maryland Baltimore County, Department of   
Biological Sciences, Baltimore, MD, USA 
 
Phospholipase C (PLC) enzyme plays an important role 
in transmembrane signaling in response to a broad range 
of  extracellular stimuli. PLC catalyzes the hydrolysis of  
phosphatidylinositol 4, 5-bisphosphate (PIP

2
) to generate, 

inositol-1,4,5-trisphosphate (IP
3
) and diacylglycerol (DAG). 

To date, thirteen mammal PLC isoforms have been identified 
and are divided into six groups: PLC-b, -g, -d, -e, -z and -h 
The distribution of  PLC isoforms is tissue and organ specific. 
Individual isoforms exhibit unique functions in cellular signaling 
and regulation. Previously using intracellular Ca2+ imaging 
technique, we found that PLC activity is present in over 90% 
of  olfactory sensory neurons (OSNs) tested (Szebenyi et al., 
AChemS Abstract, 2013). However, PLC isoform-specific 
expression has not been determined. Here we extracted total 
RNA from wild type mouse main olfactory epithelium (MOE) 
and probed the gene transcript expression of  all 13 PLC isoforms 
using reverse transcriptase polymerase chain reaction (RT-PCR) 

with isoform-specific primers. We found expression of  eight 
isoforms in the MOE, including PLC b2, 3, 4, g1, 2, d3, 4 and 
e1. The identity of  these isoforms has been further verified by 
sequencing. In order to determine their level of  expression in 
the MOE, we conducted real-time qPCR on RNA extracted 
from MOE (n=3 mice). Our results indicate that four isoforms 
including PLCb3, 4, g1 and e1 were expressed at higher levels 
than PLCb2, g2, d3 and 4, with PLC b4 expression being the 
highest (p<0.001). Therefore, our results provide evidence that 
multiple PLC isoforms are expressed in the MOE, suggesting 
that PLC isoform-mediated cellular functions in the MOE 
are complex and likely not restricted to sensory transduction. 
Acknowledgements: This work was supported by research  
grants NIH/NIDCD 009269 and 012831 to W. Lin. FCOI 
Disclosure: None

#9 POSTER SESSION I

Determining the molecular basis of olfactory adaptation:  
an EOG analysis of double mutant mice that lack CNG 
channel desensitization and PDE1C 
Christopher H. Ferguson, Haiqing Zhao 
Johns Hopkins University, Department of  Biology, Baltimore,  
MD, USA 
 
In the vertebrate olfactory system, adaptation is first manifested 
within the transduction machinery of  the olfactory sensory 
neuron (OSN). Odorant binding to an odorant receptor leads 
to opening of  the cyclic nucleotide gated (CNG) channel 
and influx of  calcium ions. This calcium influx is known 
to be critical for OSN adaptation, but the precise molecular 
mechanism remains unclear. Here we provide evidence that 
OSN adaptation is derived from an integration of  multiple 
calcium-dependent negative regulatory mechanisms. We have 
performed electroolfactogram (EOG) analysis on mutant mice 
that lack both the desensitization of  the CNG channel and the 
phosphodiesterase activity of  PDE1C using two adaptation 
stimulation paradigms, and found that these mice have deficits 
in both stimulation paradigms. In response to a paired pulse 
stimulation paradigm, these double mutant mice display a 
2nd/1st response amplitude ratio that is significantly larger 
as compared to wildtype and single mutant mice. In response 
to a sustained stimulation paradigm, double mutant mice 
display a response that decays slower than that of  wildtype 
or single mutant mice. Taken together, these findings provide 
new insight in to the molecular basis for OSN adaptation and 
suggest a degree of  functional overlap not previously recognized. 
Acknowledgements: NIDCD R01 DC007395B. FCOI 
Disclosure: None

Abstracts are printed as submitted by the author(s).
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#10 POSTER SESSION I  

A novel subpopulation of olfactory sensory neurons  
expressing phosphodiesterase 1A 
Veronica Lopez1,2, Steven D Munger1,2,3 
1University of  Maryland Baltimore/Department of  Anatomy and 
Neurobiology, Baltimore, MD, USA, 2University of  Maryland 
Baltimore/Department of  Biochemistry and Molecular Biology, 
Baltimore, MD, USA, 3University of  Maryland Baltimore/ 
Department of  Medicine, Baltimore, MD, USA 
 
  Mammals use their sense of  smell for detecting chemical 
stimuli such as food odors and pheromones that are critical 
for communication, learning, survival and reproduction. 
These odors are first detected by olfactory sensory neurons 
(OSNs) within the main olfactory epithelium (MOE). Some 
odors activate specialized subpopulations of  OSNs. Each 
of  these OSNs subpopulations can be distinguished by the 
expression of  distinct signal transduction molecules, including 
phosphodiesterases. However, the diversity of  mammalian OSNs 
is still poorly understood. We identified a novel subpopulation 
of  OSNs that express the phosphodiesterase isoform Pde1a. 
In adult mice, Pde1a-expressing OSNs are found in small 
clusters in the lateral aspects of  the MOE. They do not express 
either olfactory marker protein, a protein that is expressed in 
all mature canonical OSNs, or growth-associated protein 43, 
which is a marker for immature OSNs. Axons from Pde1a-
expressing OSNs converge on a small number of  glomeruli 
in the medial main olfactory bulb, suggesting that they share 
common odorant receptors. By contrast, Pde1a is expressed 
more broadly in the MOE of  early postnatal mice, suggesting 
that this protein is not restricted to a single OSN subtype during 
MOE development. Indeed, in other tissues Pde1a plays a role 
in cell proliferation and survival. Together, these results suggest 
that Pde1a serves diverse roles in the mouse MOE. Furthermore, 
the restricted Pde1a expression in the adult MOE may indicate 
the presence of  a heretofore unrecognized olfactory subsystem. 
Acknowledgements: NIDCD (DC005633 DC012501)  
Meyerhoff  Graduate Fellowship. FCOI Disclosure: None

#11 POSTER SESSION I

NKCC1- Chloride Accumulator in the Murine  
Olfactory Epithelium 
Claudia Haering, Ninthujah Kanageswaran, Pascal Bouvain,  
Janine Waering, Hanns Hatt 
Ruhr-University Bochum/Cell Physiology, Bochum, Germany 
 
Olfaction is one of  the most crucial senses for vertebrates to 
perceive food edibility and toxic substances or to communicate 
with sexual partners via pheromones. Therefore, it is of  
particular interest to investigate the sense of  smell, its functioning 
on the molecular level, involved signaling proteins and the 
identity of  required ion-transports, respectively. During the 
past years, the role of  the ion transporter NKCC1 in chloride 
accumulation of  olfactory sensory neurons was controversially 
discussed. It was shown that NKCC1 is expressed in olfactory 
neurons and is involved in chloride accumulation of  dissociated 

neurons. In contrast, loss of  NKCC1 in knockout mice seemed 
to have minor or even no effects on the surface potentials 
recorded via electro-olfactogram measurements, leading to the 
assumption that the absence has no purpose in odor sensation. 
In our study, we were able to show that NKCC1 knockout mice 
bear significant defects in recognition of  the odorant mixture 
Henkel100 using electro-olfactogram recordings. The EOG 
amplitude decreases about 75% in NKCC1-lacking mice which 
fits to the neuronal depolarization due to the chloride efflux. 
Furthermore, for the first time we performed next generation 
sequencing and qPCR experiments comparing the olfactory 
epithelium transcriptome of  NKCC1-KO and WT-mice. Here, 
we focus on chloride transporters which could accomplish 
the role of  a chloride accumulator in the olfactory neurons. 
Interestingly, the sequencing data confirm the absence of  another 
chloride transporter and therefore approving the olfactory 
phenotype recorded via electro-olfactogram. We conclude that 
NKCC1 is the essential chloride transporter that generates  
the high intracellular chloride concentration in olfactory  
sensory neurons. Acknowledgements: IMPRS-CB. FCOI 
Disclosure: None

#12 POSTER SESSION I

Recombinant Anoctamins Form Heteromultimeric Complexes 
Daniela R Drose1, Tobias Ackels1, Bastian Henkel2, Eva Neuhaus3, 
Marc Spehr1 
1RWTH Aachen University, Department of  Chemosensation,  
Aachen, Germany, 2FU-Berlin, Department of  Biology,  
Chemistry and Pharmacy, Berlin, Germany, 3University of  Jena, 
Institute for Pharmacology and Toxicology, Jena, Germany 
 
Members of  the anoctamin gene family constitute endogenous 
calcium-activated chloride channels (CaCCs). Recently, Ano2 
was identified as the main molecular correlate of  the calcium-
activated chloride current in olfactory sensory neurons (OSNs). 
However, the exact physiological role of  Ano2 in olfactory 
signaling has remained somewhat controversial. Here, we ask 
which anoctamin isoforms are expressed in the mouse main 
olfactory epithelium, whether ‘olfactory’ anoctamin proteins 
can interact and, if  so, whether potential heteromultimerization 
alters CaCC function. First, using deep sequencing, we find 
robust expression of  Ano1, 2 and 6 in the olfactory epithelium. 
Next, we analyze potential ciliary (co)localization of  these 
anoctamin proteins using immunofluorescence super-resolution 
microscopy. In bioluminescence resonance energy transfer 
assays, we then show interaction of  pairs of  recombinant Ano1, 
2 and 6 in different combinations. Using patch-clamp recordings 
and calcium imaging, we confirm the function of  Ano1 and 
Ano2 as CaCCs in heterologous cells. Furthermore, we identify 
recombinant Ano6 as a CaCC. While we can neither confirm, 
nor exclude Ano1 / Ano2 heteromultimerization based on our 
functional data, cotransfection of  Ano2 and Ano6 results in 
supra-additive chloride currents. Given the colocalization of  
Ano2 and Ano6 in OSN cilia, our results therefore suggest that 
Ano6 could play an additional / complementary role in olfactory 
signaling. Acknowledgements: This work was funded by the 
VolkswagenFoundation (83533). FCOI Disclosure: None

Abstracts are printed as submitted by the author(s).
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#13 POSTER SESSION I

Cloning and Characterization of the Ca2+-activated Chloride 
Channel ClCa4l from the rat Olfactory Epithelium  
Casilda V Mura1, Ricardo Delgado1, Diego Restrepo2, Juan Bacigalupo1 
1Department of  Biology, Faculty of  Sciences, University of  Chile, 
Santiago, Chile, 2University of  Colorado Anschutz Medical Center, 
Aurora, Colorado, USA of  America, Aurora, CO, USA 
 
Odorant binding to odor receptors in the chemosensory 
cilia of  olfactory sensory neurons triggers a cAMP cascade, 
where cAMP gates the non-selective cation channel, CNG. 
CNG opening increases intraciliary Ca2+, which gates a Ca2+-
activated Cl- channel (CaCC) that amplifies the depolarizing 
odor response. This channel is thought to be anoctamine 2, a 
TMEM CaCC family. With PCR and immunohistochemistry 
we discovered in rat olfactory epithelium a CaCC belonging to 
the ClCa family, termed ClCa4l. (Gonzalez-Silva et al. PLOS 
ONE, 2013). We further characterized the channel by cloning, 
sequencing and heterologous expression. Total mRNA from rat 
olfactory epithelium was extracted by Trizol and treated with 
RNase-free DNase. mRNA was reversed transcribed with the 
reverse transcriptase Superscript III and oligo dT for generating 
the first cDNA strand. Amplification of  cDNA by PCR was 
carried out using several sets of  specific ClCa4l primers. Full 
length cDNA was obtained following several rounds of  PCR. 
The PCR products were inserted in pUC18 for amplification and 
sequencing. Homology search were performed on the BLAST 
server. The coding sequence showed 99% homology with ClCa4l. 
HEK293 or Cos-7 cells were transfected with EGFP-encoded 
vector pIRES-EGFP-ClCa coding plasmid. Cos-7, pIRES-
EGFPClCa transfected cells were used within 3-9 days after 
transfection for patch-clamp characterization of  the expressed 
ClCa4l. The transfected ClCa4l cDNA conferred to these cells a 
Cl--selective current, sensitive to the Cl- channel blocker niflumic 
acid. These results support the presence of  an additional ClCC 
to ANO2 in the olfactory epithelium. Acknowledgements: 
Fondecyt 1100682. FCOI Disclosure: None

#14 POSTER SESSION I

Effect of 2,4,6-trichloroanisole; mechanism and diversity    
Hiroko Takeuchi, Takashi Kurahashi 
Graduate School of  Frontier Biosciences, Osaka University,  
Osaka, Japan 
 
2,4,6-trichloroanisole (TCA) is a compound especially known for 
causing cork taint in wines. This off-flavor has been thought to 
originate from unpleasant odor qualities evoked by contaminants. 
Until recently, people have believed that such effect is caused 
by excitation of  the olfactory receptor cells (ORC). However, 
we have reported that TCA inhibits olfactory transduction by 
suppressing cyclic nucleotide-gated (CNG) channels, without 
evoking odorant responses in the single ORC. Surprisingly, such 
current suppression was observed even at extremely low TCA 
concentrations (aM level). The high sensitivity to TCA was 
associated with temporal integration of  the suppression effect. 

We confirmed that potent suppression by TCA and similar 
compounds was correlated with their lipophilicity, as quantified 
by LogD (partition coefficient at octanol/water boundary 
at pH 7.4), suggesting that channel suppression is mediated 
by a partitioning of  TCA into the lipid bilayer of  plasma 
membranes of  the olfactory cilia. This mechanism may lead to 
the deterioration of  wide varieties of  foods/beverages. Actually, 
TCA was detected in wide varieties of  foods/beverages surveyed 
for odor losses. Furthermore, we show that even such TCA 
included in varieties of  products suppresses the transduction 
current of  the single ORC. It seems likely that odor loss in foods/
beverages relates to TCA contamination, rather than reduction 
of  endogenous pleasant smells. Acknowledgements: Supported 
by JSPS 22700414, 22500357 and Daiwa Can Company. FCOI 
Disclosure: None

#15 POSTER SESSION I

Peripherally Administered Oleoylethanolamide (OEA) Alters 
Taste Coding in the Nucleus of the Solitary Tract of Mice 
Andras Hajnal, Yi Kang 
The Pennsylvania State University, College of  Medicine,  
Department of  Neural and Behavioral Sciences, Hershey, PA, USA 
 
Oleoylethanolamide (OEA) is a diet-derived satiety messenger 
produced in the small intestine. The role of  OEA in regulation 
of  appetite and body weight has been recognized; however, 
it remains unknown whether OEA can alter the way taste 
information is processed. To investigate this, we used 
extracellular single neuron recording in the rostral nucleus of   
the solitary tract of  overnight food-deprived male C57BL/6  
mice under isoflurane anesthesia. The analysis included 
responses of  23 NST neurons to oral stimulation with standard 
stimuli and various concentrations of  sucrose (0.01-1.2M) before 
and after (5-120 min) IP injection of  OEA at a dose (10 mg/
kg) which potently reduces food intake in mice. Whereas OEA 
did not alter spontaneous firing rate or responses to non-sweet 
stimuli (0.1M NaCl, 0.03M MSG, 0.1M citric acid, 0.01M 
QHCl) at any time point tested, responses to sucrose were 
diminished starting at 5 min (-30-42% below baseline) reaching 
maximum effect at 40 min (-52-54%) and fully recovered by 90 
min after OEA injection. These effects were specific to neurons 
that responded best to sucrose (Sb, n=6) and occurred to higher 
concentrations (p<0.05 for 1.0 and 1.2M at 40 min, and for  
1.2M at 60 min), whereas sucrose responses by neurons 
responding best to NaCl (Nb, n=17) were unaffected. This 
in-progress study is the first to demonstrate that exogenous 
OEA, at a physiologically relevant dose, may alter central taste 
processing. Furthermore, the effect appears to be specific to sweet 
taste and to concentration-response functions of  the sucrose-
best units. These findings suggest that one mechanism by which 
the novel fat-sensor OEA may promote satiety is altered taste 
functions and prompt future studies to elucidate the underlying 
mechanisms. Acknowledgements: Supported by NIDCD grant 
DC000240 (to A.H.). FCOI Disclosure: None

Abstracts are printed as submitted by the author(s).
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#16 POSTER SESSION I

Optogenetic modulation of inhibitory circuitry in the  
gustatory NTS 
Joseph M Breza, JiuLin Zhu, Susan P Travers 
Ohio State University/Oral Biology, Columbus, OH, USA 
 
The initial central site for taste processing is the rostral nucleus 
tractus solitarius (rNTS), a complex network including a large 
inhibitory influence from GABAergic neurons, which comprise 
over 1/3 of  the population (Boxwell et al., ‘13). To better 
understand GABAergic circuitry in rNTS, we used a transgenic 
mouse (GAD2-IRES-CRE) expressing Cre under the control 
of  the endogenous promoter for GAD65, a synthetic enzyme 
for GABA. Cre expression appeared distinct, since injections 
of  an EGFP-expressing Cre-dependent virus labeled neurons 
largely separate (93.6+1.5%, 1429 neurons, 4 cases) from those 
immunostained by the NST glutamatergic marker—Phox2b.  
To study how GABAergic neurons influence taste processing,  
we injected the rNTS with a CRE-dependent viral vector  
(AAV1.CBA.flex.ChR2(H134R)-mCherry.WPRE.SV40) driving 
expression of  an ChR2-mCherry fusion protein. In some cases, 
the selectivity of  ChR2-mCherry expression was validated 
using GAD65-IRES-CRE mice crossed to mice expressing 
the Venus protein under the control of  vGAT. Survival times 
were from 2–9 weeks and resulting mCherry labeling included 
soma and a copious network of  fibers indicative of  extensive 
local interactions. mCherry expression was greater with longer 
survival times and pressure vs iontophoretic injections. Optrodes 
constructed from tungsten electrodes and 200um optic fibers 
were lowered into rNTS. Artificial saliva (Breza et al. ‘10) 
flowed over the oral cavity at a constant flow rate (250uL/s) 
and temperature (35oC), and served as the rinse and solvent 
for taste stimuli (0.3M sucrose, 0.1M NaCl, 0.01M citric acid, 
and 10uM cycloheximide). Preliminary results (n=9) indicate 
that light stimulation (5ms, 10Hz) can induce rapid complete 
or partial suppression of  responses in neurons with a variety 
of  chemosensitive profiles. Acknowledgements: NIDCD R01 
DC00416 NIDCR T32 DE014320. FCOI Disclosure: None

#17 POSTER SESSION I

The influence of adapting and stimulus temperature on taste 
responses in central gustatory neurons 
Jinrong Li, Christian H. Lemon 
The University of  Oklahoma/Department of  Biology,  
Norman, OK, USA 
 
Our previous data show that stimulus temperature can modulate 
taste responses by neurons in the nucleus of  the solitary tract 
(NTS). Some studies indicate that adapting oral temperature may 
also modulate taste responses, albeit the influence of  adapting 
temperature on taste activity in the NTS is undocumented.  
To investigate how adapting and stimulus temperature would 
affect NTS taste responses, we made extracellular recordings 
from single NTS units in anesthetized C57BL/6J mice during 
oral adaptation to 25 or 35 °C followed by NaCl (0.004, 0.1, 0.3 
M) and sucrose (0.1, 0.3 M) solutions adjusted to 25 or 35 °C. 

In NaCl-best neurons (n=28), increasing adapting temperature 
reduced firing rates to NaCl (P=0.024) independently of  
concentration and stimulus temperature. Increasing stimulus 
temperature reduced firing to 0.004 M NaCl (P=0.003) but 
increased activity to 0.3 M NaCl (P=0.001). Given the thermal-
concentration response profiles of  different Na+ receptors, this 
result may reflect multiple receptor mechanisms contribute 
to Na+ responses in NaCl-best NTS cells. In Sucrose-best 
cells (n=12), adapting temperature interacted with stimulus 
concentration (P=0.027) and temperature (P=0.001) to influence 
taste responses to sucrose. When adapting to 25 °C, firing rates 
to sucrose were enhanced by increasing stimulus temperature 
to 35 °C (P<0.001). Moreover, increasing adapting temperature 
to 35 °C increased firing to sucrose tested at 25 °C (P<0.001). 
These data show that both adapting and stimulus temperature 
can modulate central gustatory responses and indicate they play 
distinct roles in taste responses to NaCl and sucrose in the  
NTS. Acknowledgements: NIH DC 011579 (CHL). FCOI 
Disclosure: None

#18 POSTER SESSION I

Development Of Glutamatergic Terminals and Receptors  
In Rostrolateral and Rostrocentral NTS
Genrieta Bochorishvili, Ducar Dallas, Cheng Yan, Anqi Fu, Alev Erisir 
University of  Virginia/ Psychology, Charlottesville, VA, USA 
 
Rostrocentral and rostrolateral subdivisions of  nucleus of  solitary 
tract (NTS) receive glutamatergic inputs from oral afferents 
(facial, glossopharyngeal and trigeminal), as well as excitatory 
feedback from PBN and ascending inputs from ventral NTS. 
Morphological properties of  different afferents projecting to 
these subdivisions are distinct. Furthermore, while the projection 
fields of  these nerves partially overlap in these subdivisions, they 
undergo notable reorganization during early postnatal ages. We 
examined localization of  two vesicular glutamate transporters 
and glutamate receptor proteins in distinctly gustatory 
(rostrocentral) and more generally orosensory (rostrolateral) 
subdivisions in rat NTS at ages P8, P14, P35 and P90 (n=25). 
For VGluT2 analysis, about 3000µm2 brain area at each age was 
imaged at the electron microscope; each brain yielded about 250 
labeled and 400 unlabeled terminals. There were no quantitative 
differences in parameters of  terminal maturation between P14 
through P90, suggesting that developmental maturation of  
glutamatergic terminals is attained by P14. Similarly, ratio of  
synapses that contain NMDA type glutamate receptors did not 
appear different between P14 and P90. We have also obtained 
evidence that VGluT1 and VGluT2 may be utilized in discrete 
inputs to the rostral NTS: VGluT2 was present in large-size 
(presumably afferent axon) glutamatergic afferents, whereas 
VGluT1 was prominent in smaller, presumably feedback inputs 
to the gustatory NTS. Both VGluT2 terminal area measures 
and NMDAR containing synapse prevalences were different 
between RC and RL subdivisions, supporting previous findings 
that synaptic circuitries in these two dorsal NTS subdivisions 
were discrete, both in terms of  their afferent inputs and in the 
timeframe of  their synaptic development. Acknowledgements: 
NIH- NIDCDC R01DC10183. FCOI Disclosure: None
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#19 POSTER SESSION I

Anatomical and Functional Analyses Reveal Candidate 
Second-order Gustatory Neurons in Drosophila 
Takaaki Miyazaki1, Tzu-Yang Lin1, Kei Ito2, Chi-Hon Lee1,  
Mark Stopfer1 
1NIH-NICHD, Bethesda, MD, USA, 2IMCB, Univ. Tokyo,  
Tokyo, Japan 
 
With a relatively simple nervous system and a plethora of  
genetic tools, Drosophila affords an excellent model for mapping 
neural circuits. Previous studies identified a number of  gustatory 
sensory neurons (GSNs) that relay taste information to the 
gnathal (subesophageal) ganglia of  the brain. However, little 
is known about the identities of  the neurons that follow the 
GSNs, or how these followers process taste information. Here 
we used a combination of  established and novel genetic tools 
to identify candidate second-order gustatory neurons. After 
screening ~5,000 GAL4 lines, we identified 32 lines that label 
neurons whose dendrites innervate the gnathal ganglia. As a 
secondary screen, we used the GRASP (GFP reconstitution 
across synaptic partners) technique to visualize potential contacts 
between the candidate neuron dendrites and axonal terminals 
of  Gr5a-expressing GSNs, which have been shown to respond 
to sucrose. To differentiate simple membrane contacts from true 
synapses, we incorporated an active zone marker (Brp-mCherry) 
to label presynaptic sites of  Gr5a-expressing GSNs and checked 
whether it was co-localized with GRASP. Finally, by expressing 
a genetically-encoded calcium indicator (G-CaMP6m) in 
candidate neurons and by using a novel tastant-delivery system 
we determined whether the neurons showed increased activity 
when sucrose solution was delivered to the proboscis. Two 
types of  candidate second-order neurons met these criteria 
and showed stimulus-elicited ~40% increases in fluorescence. 
Together, these results suggest these neurons receive excitatory 
input from sucrose-responsive Gr5a-expressing GSNs. We are 
modifying our tastant delivery apparatus to deliver multiple 
tastants in a single experiment. Our work will shed light on ways 
gustatory information is processed. Acknowledgements: T. M. 
received JSPS Research Fellowship for Japanese Biomedical and 
Behavioral Researchers at NIH. M. S. receives funding from an 
intramural grant from NIH-NICHD. FCOI Disclosure: None

#20 POSTER SESSION I

Stimulation of GABA-A in the Parabrachial Nucleus  
Enhances Taste Palatability during Long-term and  
Brief-access Testing in Rats  
David W. Pittman1, Sarah E. Holstein1, Savanah R. Atkins1,  
Tyler S. Nelson1, Lindy J. Pence1, Kelsey A. Smith1,  
Alexandra M. Brantly1, Sarah M. Evans1, Elisabeth A. Sidden1,  
Ashley L. Smith1, John-Paul Baird2 
1Wofford College, Department of  Psychology, Spartanburg,  
SC, USA, 2Amherst College, Department of  Psychology &  
Neuroscience, Amherst, MA, USA 
 
Benzodiazepines are positive allosteric modulators at the 
GABA-A receptor and appear to enhance taste palatability in 

rats. Previously, we reported that systemic administration of  the 
benzodiazepine chlordiazepoxide (CDP) increased consumption 
of  appetitive and aversive taste stimuli during long-term (1h) tests 
and brief-access trials (15s) primarily through changes in licking 
patterns associated with orosensory signals with no effect on 
consumption behaviors associated with postingestive feedback. 
In three studies, we tested the hypothesis that benzodiazepines 
act in the parabrachial nucleus (PBN) to produce enhanced 
taste palatability. First, we characterized the dose-response 
for intraPBN injections of  CDP (16.8 and 33.6 µg) during 1h 
tests of  sucrose consumption. While there was no difference in 
licking between aCSF and the lower dose of  CDP, the higher 
dose of  CDP increased meal licks through increased numbers 
of  lick bursts and reductions in pause duration between bursts. 
CDP did not affect meal duration. We then characterized the 
effect of  intraPBN CDP (33.6 µg) on licking across sweet, sour, 
bitter, salt, and umami tastants during 1hr tests, and showed 
similar increases in meal licks across tastants due to changes 
in licking patterns associated with orosensory cues rather than 
post-ingestive feedback. Finally, we used brief-access trials (15s) 
to isolate the effect of  intraPBN CDP (33.6 µg) on taste-mediated 
licking behavior. Although there was no effect of  intraPBN CDP 
on the licking to water, there were modest increases in licking of  
saccharin, sodium chloride, citric acid, and quinine, particularly 
for intermediate concentrations. These studies suggest a 
role for GABA-A receptors in the PBN as a site of  action 
through which benzodiazepines can enhance taste palatability. 
Acknowledgements: Research was supported by Wofford 
College, Amherst College, and the NIH NIDCD under Award 
Number R15DC012195. FCOI Disclosure: None

#21 POSTER SESSION I

Liposomal spray in the therapy of smell and taste disorders  
in patients with head and neck cancer 
Clemens Heiser, Johannes Schuhkraft, Benedikt Hofauer,  
Andreas Knopf  
Department of  Otorhinolaryngology, Head and Neck Surgery, Klinikum 
rechts der Isar, Technische Universitaet Muenchen, Munich, Germany 
 
Introduction: Smell and taste disorders can be often detected 
in patients with head and neck cancers after surgery or 
radio(chemo)therapy (R(C)Tx) due to a side effect. Aim of  the 
study was to test a liposomal spray in the treatment of  smell 
and taste disorders in patients with head and neck cancers after 
therapy. M&M: In this prospective clinical trial 100 patients 
with head and neck cancers were included (77 male, 23 female). 
3 different groups were defined: group 1: only surgery (19 
patients); group 2: surgery + adjuvant (R(C)Tx) (63 patients); 
group 3: primarily (R(C)Tx) (18 patients). Every patients 
received a liposomal spray for nose and mouth for at least 2 
months (optima®; Wang, Germany). We performed a sniffin’ 
stick test and taste strip test before and after the treatment with 
the liposomal spray. Furthermore the patients had to complete 
a standardized questionnaire addressing smell and taste before 
and after liposomal treatment. Results: All patients suffered from 
a reduction in taste and smell, after therapy of  their head and 
neck cancer independently the kind of  treatment they received. 
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Using the liposomal spray we were able to show a statistically 
significant increase (p<0.001) in smell and taste after the 
treatment for every group (SDI before: group 1: 24±8; group 2: 
24±6; group 3: 21±6; SDI after: group 1: 29±7; group 2: 31±5; 
group 3: 29±6) (taste strips before: group 1: 6±3; group 2: 5±3; 
group 3: 6±3; taste strips after: group 1: 9±3; group 2: 8±3; 
group 3: 10±3). Discussion: With our results we were able to 
demonstrate, that the use of  a liposomal spray improves  
smell and taste in treated head and neck cancer patients  
The quality of  life in these patients can be significantly enhanced. 
Acknowledgements: The study was supported by the company 
Optima Pharmazeutische GmbH (Wittibsmühle 5 85368  
Wang, Germany). FCOI Disclosure: Clemens Heiser, Johannes 
Schuhkraft, Benedikt Hofauer, Andreas Knopf  received free of  
charge liposomal sprays for nose and mouth for this clinical trial.

#22 POSTER SESSION I

A Time Limit for Starting Anti-inflammatory Treatment  
with Steroid for Better Improving on Olfactory  
Dysfunction After Head Injury 
Masayoshi Kobayashi, Kengo Tamari, Kazuhiko Takeuchi 
Department of  Otorhinolaryngology-Head and Neck Surgery,  
Mie University Graduate School of  Medicine, Tsu, Japan 
 
We previously reported that treatment with anti-inflammatory 
drug as steroid is effective in improving recovery outcome during 
an acute phase of  head injury. Clinically, however, patients with 
head injury usually find their olfactory loss several weeks or 
months after the injury, which may be a critical factor in poor 
recovery of  olfactory dysfunction. Here a question may arise 
by when steroid administration should be started for better 
improving of  olfactory dysfunction. The present study was 
designed to reveal a time limit for starting anti-inflammatory 
treatment for better improvement of  traumatic olfactory 
dysfunction. Olfactory nerve transection (NTx) was performed in 
OMP (olfactory marker protein)-tau-lacZ mice and subcutaneous 
injection of  dexamethasone sodium phosphate (DXM) for 
consecutive 5 days was started at 7, 14, 28 and 42 days after the 
NTx (7, 14, 28 and 42-day interval). Histological assessment 
of  nerve recovery in the olfactory bulb was made at 5, 14 and 
42 days after the injury. Olfactory function assessments using 
both an olfactory avoidance behavioral test and evoked potential 
testing were also performed. Animals of  7-day interval had less 
injury-associated tissue with fewer astrocytes and macrophages 
and better histological and functional nerve recovery compared 
to control mice. However, those of  14, 28 or 42-day interval 
did not show significant histological and functional differences 
between control and tested groups. These findings suggest that 
an anti-inflammatory treatment using steroids for traumatic 
olfactory dysfunction may be effective until 7 days but ineffective 
at 14 days or later after head injury. Acknowledgements: This 
study was supported by a grant from the Mie University School 
of  Medicine Alumni Foundation. FCOI Disclosure: None

#23 POSTER SESSION I

Gene Therapeutic Restoration of Olfaction in  
Bardet-Biedl Syndrome 
Corey L Williams, Jeremy C McIntyre, Jeffrey R Martens 
University of  Florida/Pharmacology and Therapeutics,  
Gainesville, FL, USA 
 
Bardet-Biedl syndrome (BBS) is a heterogeneous pleiotropic 
disorder featuring sensory impairment such as retinal 
degeneration and anosmia. Although the genetic etiology of  
BBS has been largely elucidated, current treatment is limited to 
symptomatic therapy, underscoring the need to develop palliative 
or curative measures. Toward this end, we utilized Bbs1 and Bbs4 
mutant mice which exhibit anosmia and odor guided behavioral 
deficits due to loss of  sensory cilia in the olfactory epithelium. 
To assess gene therapy as a viable treatment for BBS-associated 
anosmia, we engineered adenoviruses that effectively deliver 
wild-type BBS genes to olfactory sensory neurons (OSNs) of  
mice. Time-lapse total internal reflection microscopy (TIRFm) 
of  transduced OSNs revealed that BBSome complex proteins 
actively participate in processive ciliary particle trafficking 
via ATP-driven Intraflagellar Transport (IFT). This is the first 
demonstration of  IFT in native mammalian tissue and the 
first report of  ciliary BBS protein trafficking in any vertebrate 
system. Using dual-color TIRFm imaging, we found that 
BBS4:mCherry was unable to incorporate with IFT particle 
kinesin (Kap3a:GFP) in Bbs1 mutant cilia, implicating a role of  
BBS1 in BBSome-IFT complex assembly but not in the process 
of  IFT itself. In functional rescue experiments, gene therapeutic 
treatment of  Bbs4 mutants with wild-type BBS4:GFP enabled 
odor detection, demonstrating proof-of-principle that gene 
therapy will be a viable option for BBS patients. Our future 
goal is to determine whether BBS gene therapy can facilitate 
odor guided behavior in treated mutant animals. In addition, 
we will employ our gene delivery system to further elucidate 
the relationships between BBS protein function, IFT and ciliary 
biogenesis. Acknowledgements: T32D000011 R01DC009606. 
FCOI Disclosure: None

#24 POSTER SESSION I

Human olfactory memory performance under the influence  
of an intranasal insulin application  
Yvonne F. Brünner1, Anja Kofoet1, Christian Benedict2, Jessica Freiherr1 
1Diagnostic and Interventional Neuroradiology/RWTH Aachen, 
Aachen, Germany, 2Diagnostic and Interventional Neuroradiology/
RWTH Aachen, Aachen, Germany, 3Institute of  Neuroscience/
University Uppsala, Uppsala, Sweden, 4Diagnostic and Interventional 
Neuroradiology/RWTH Aachen, Aachen, Germany 
 
Intranasally applied insulin has been shown to enhance 
declarative memory processes and also reduce snack size in 
humans. We hypothesize that the anorexigenic effect of  insulin 
is transmitted via the olfactory system. To test this hypothesis, 
we examined the influence of  an intranasal insulin application 
(40 IU) on four declarative memory tasks with regard to odors 
in 20 healthy normosmic humans and compared these results 
with a placebo application. For examining odor-place association 
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memory the participant´s task was to remember eight odor-
place combinations during three retrieval phases. Within the 
place recognition task subjects had to remember the eight learned 
target locations. During the odor recognition task participants 
were asked to indicate whether they had smelled the odor 
before or not. The last task was another retrieval phase of  the 
odor-place association. The results indicate that the subjects 
perform significantly better in the odor-place association task for 
the third and fourth retrieval phase under intranasal insulin 
compared with a placebo administration. Insulin had no effect 
on odor and place recognition; however, subjects rated the food 
odorants significantly more pleasant compared to non-food 
in the insulin condition, whereas pleasantness ratings were 
not altered in the placebo condition. Importantly, there are no 
effects caused by intranasal insulin application on the blood 
parameters glucose, insulin, and cortisol. These results point out 
that olfactory memory processes are enhanced by an intranasal 
insulin application. Future studies need to address the underlying 
neural network mediating the insulin effects on human olfactory 
memory processing. Acknowledgements: Funding for this 
study was provided by the Medical Faculty of  RWTH Aachen 
University and Deutsche Forschungsgemeinschaft (DFG). FCOI 
Disclosure: None

#25 POSTER SESSION I

Olfactory transport is necessary for nasally administered 
insulin-like growth factor-I to increase phosphorylation  
of extracellular signal-regulated kinase 1/2 in the  
cerebrum of mice 
Hideaki Shiga1, Mikiya Nagaoka2, Kohshin Washiyama2,  
Junpei Yamamoto1, Kentarou Yamada1, Takuya Noda1,  
Masayuki Harita1, Ryohei Amano2, Takaki Miwa1 
1Kanazawa Medical University/Otorhinolaryngology, Ishikawa, Japan, 
2Kanazawa University/Quantum Medical Technology, Ishikawa, Japan 
 
Objectives: To show the mechanisms in the delivery of  nasally 
administered insulin-like growth factor-I (IGF-I) to the brain in 
vivo. Nasal administration of  IGF-I has been shown to enable 
drug delivery to the brain beyond the blood brain barrier in 
vivo. IGF-I is associated with the development and growth of  
the central nerve. The phosphorylation of  extracellular signal-
regulated kinase (ERK) 1/2 is increased by IGF-I treatment in 
vivo. Activation (phosphorylation) of  ERK 1/2 promotes cell 
survival. Methods: Percentage of  phospho-ERK 1/2 (Thr202/
Tyr204)/(Thr185/Tyr187) in total ERK 1/2 was assessed 
in the left cerebrum of  male ICR mice 30 min after nasal 
administration of  IGF-I (human, recombinant) using ELISA 
system (Bio-Plex; Bio-Rad Laboratories, CA). 10µl of  IGF-I 
solution with ouabain (Na+/K+ -ATPase inhibitor) or vehicle 
control was instilled into the left nostril of  each mouse with a 
microinjection pipette under anesthesia. Percentage of  phospho-
ERK 1/2 (Thr202/Tyr204)/(Thr185/Tyr187) in total ERK 1/2 
in the left cerebrum of  male ICR mice with resected left olfactory 
bulb was also compared to that of  the sham-operated male 
ICR mice 30 min after nasal administration of  IGF-I (human, 
recombinant) using ELISA system. Results: The increase of  

phosphorylation of  ERK 1/2 with nasally administered IGF-I 
in the cerebrum of  mice was prevented by ouabain. Unilateral 
olfactory bulb resection inhibited the increase of  phosphorylation 
of  ERK 1/2 with nasally administered IGF-I in the cerebrum of  
mice. Conclusions: Olfactory nerve transport is necessary for the 
nasally administered IGF-I to increase the phosphorylation of  
ERK 1/2 in the cerebrum in vivo. Acknowledgements: Grant-
in-Aid for Scientific Research from the Ministry of  Education, 
Science and Culture of  Japan (C25462670 to H.S.). FCOI 
Disclosure: None

#26 POSTER SESSION I

An interaction effect of intranasal insulin on olfactory 
performance and BMI in anosmics 
Veronika Schöpf1, Kathrin Kollndorfer1, Michael Pollak1, Christian A. 
Mueller2, Jacqueline Krajnik1,3, Christian Benedict4, Jessica Freiherr5 
1Department of  Biomedical Imaging and Image-guided Therapy, 
Medical University of  Vienna, Vienna, Austria, 2Department of  
Otorhinolaryngology, Medical University of  Vienna, Vienna, Austria, 
3Department of  Neurosurgery, Medical University of  Vienna, Vienna, 
Austria, 4Department of  Neuroscience, Uppsala University, Uppsala, 
Sweden, 5Diagnostic and Interventional Neuroradiology, RWTH 
Aachen University, Aachen, Germany 
 
Intranasal drug administration, which effectively delivers 
insulin from the nasal cavity to the brain, enhances CNS 
insulin signaling in healthy humans and has been linked to 
improvements in memory functions, reduced food intake, and 
increased olfactory thresholds. Morbidities associated with CNS 
insulin resistance – such as type2 diabetes mellitus, Alzheimer’s 
disease and obesity – have been shown to coincide with impaired 
smell recognition, suggesting that similar mechanisms may 
account for impaired olfactory functions in anosmic patients. 
Further, they provide a strong rationale for hypothesizing that 
enhancing CNS insulin signaling by means of  intranasal insulin 
may help improve olfactory function in anosmic patients. 
Ten anosmic patients (mean 45.4ys, 7f, mean TDI 11.46, 
mean disease duration 6.75ys) with post-infectious olfactory 
loss participated in the current study and received intranasal 
administration of  40 IU insulin and olfactory performance 
tests before and after administration. Patients administered 
with insulin exhibited an immediate performance increase 
regarding olfactory sensitivity and subjective intensity ratings 
of  odors. Furthermore, more odors were consciously perceived. 
In contrast, identification and discrimination ratings decreased 
after insulin administration. Thus, the effects of  an intranasal 
insulin application on olfactory performance are diverse. 
However, a highly significant correlation of  the identification 
task improvement with the BMI was observed (ρ=0.81; p=0.004).  
The results of  this pilot study might offer the opportunity 
to develop a faster therapeutic intervention for patients with 
olfactory dysfunction and complete olfactory loss. Additionally, 
the results may shed light onto the underlying mechanisms 
of  olfactory loss compared to eating and dietary behavior. 
Acknowledgements: Supported by the FWF (P 23205-B09). 
FCOI Disclosure: None
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#27 POSTER SESSION I

Olfactory Cue-elicited Craving in Nicotine-dependent 
Smokers: an fMRI Preliminary Investigation 
Bernadette M. Cortese1, Thomas W. Uhde1, Todd LeMatty1,  
Qing X. Yang2, F. Joseph McClernon3, Kathleen T. Brady1,4,  
Karen J. Hartwell1,4 
1Medical University of  South Carolina, Charleston, SC, USA,  
2Penn State College of  Medicine, Hershey, PA, USA,  
3Duke University Medical Center, Durham, NC, USA,  
4Ralph H. Johnson VAMC, Charleston, SC, USA 
 
OBJECTIVES: A cigarette smoke olfactory cue was added  
to a validated fMRI visual smoking cue-reactivity paradigm  
to elicit craving in nicotine-dependent adult smokers  
METHODS: Following 12 hours of  CO confirmed abstinence, 
17 healthy, normosmic, non-treatment-seeking, nicotine-
dependent, adult smokers underwent an fMRI procedure in 
which a variety of  odors [cigarette smoke (CIG), coffee (COF), 
lavender (LAV), and propylene glycol (PG), the odorless control] 
were systematically delivered during a visual smoking cue-
reactivity task. Brain activation to smoking-related, compared 
to neutral, visual cues was assessed under the CIG and PG 
odor conditions and compared to clinical smoking measures. 
All fMRI analyses were conducted in FSL. RESULTS: Brain 
activation in response to the smoking-related visual cues was 
significantly increased under the cigarette smoke odor condition 
(CIG) compared to the odorless control condition (PG) in left 
insula and putamen (clusters determined by Z>2.3, corrected 
cluster threshold p=0.05). This activation was negatively 
correlated with the degree of  participants’ desire and intension 
to smoke (r =-.61, p=0.01; r =-.41, p=0.09, respectively). Of  
note, cigarette odor-elicited activity in both left and right ventral 
striatum (i.e. nucleus accumbens) was negatively related to 
participants’ level of  control over craving (r =-.54, p=0.02; 
r =-.64, p=0.006, respectively). CONCLUSIONS: The co-
presentation of  cigarette smoke odor with smoking-related 
visual cues, compared to visual cues alone, elicited greater levels 
of  craving-related brain activation in key regions implicated in 
reward. Acknowledgements: This research was supported by 
MUSC’s South Carolina Clinical and Translational Research 
Institute (SCTR) grant UL1 RR029882 and by NIMH grant 
K01MH090548. FCOI Disclosure: None

#28 POSTER SESSION I

Olactory event-related potentials in children and adolescents 
Carolin Boerner1, Valentin A. Schriever1, Eri Mori2, Thomas Hummel1 
1TU Dresden/Smell & Taste Clinic Department of  Otorhinolaryngology, 
Dresden, Germany, 2Jikei University,School of  Medicine/Department 
of  Otorhinolaryngology, Tokyo, Japan 
 
Objective: Assessment of  olfactory event-related potentials 
(OERP) is an established method for measuring olfactory 
function in adults which is less biased than psychophysical 
measures, e.g., odor identification. In children this method has 
not been well investigated so far. Aim of  this study therefore 
was to investigate whether OERP can be measured in children 

and adolescents with a focus on possible OERP changes during 
development. Materials/Methods: Thirty-two children/
adolescents (15 girls, 13 boys) with a mean age of  11.6 years 
(range of  6 to 17 years) were investigated. According to age, 
participants were divided into three groups (A: 5-9, B: 10-14, 
C: 15-17 years). A modified version of  the “Sniffin’ Sticks” test 
battery (including threshold, discrimination and identification 
test) was used to psychophysically evaluate their olfactory 
function. OERP to phenyl ethyl alcohol using three electrodes 
(Fz, Cz, Pz) were measured. The electrophysiological data was 
analyzed using the letswave toolbox in MATLAB. Results: In 28 
out of  32 participants an OERP was observed. The amplitude of  
the OERP component P2 was significantly larger in electrodes 
Cz and Pz compared to Fz (p<0.01). In recording Cz component 
N1 peaked with a mean amplitude of  -4.22 µV at 416 ms and P2 
was visible with a mean amplitude of  6.90 µV at 602 ms. The 
average signal-to-noise-ratio was measured with 1.76. There was 
no significant gender difference. However the amplitude of  Pz 
was significantly larger in age group B compared to age group  
C (p=0.016). Conclusion: Measuring OERPs is well suitable  
for children aged 6 years and older. So far we were not able 
to find any major differences between age groups or gender. 
However, this data is preliminary; results from larger groups  
will be presented at the conference. Acknowledgements: 
University funds. FCOI Disclosure: None

#29 POSTER SESSION I

Medication use and compliance among children:  
A “matter of taste” 
Julie A. Mennella, Phoebe S. Mathew, Kristi M. Roberts,  
Corrine J. Mansfield, Danielle R. Reed 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Most children at some point in their lives will be given medicine 
to take that tastes bitter; some will refuse to take it, and they 
and their parents suffer the consequences. Because it has been 
reported that ‘taste’ is the primary issue for noncompliance, we 
queried healthy, mother-child dyads (N=172) who participated 
in research studies at Monell. Mothers were asked what type of  
medicine they had given to their child in the past and whether 
their child had ever successfully swallowed medicine in pill 
form. Children, who ranged in age from 3 to 10 years, were 
asked questions separately including whether they were ever 
given medicine, whether they refused taking the medicine and 
if  so why. Preliminary analyses revealed that all of  the children 
had last been given one or more types of  medication within 
the past 6.1±0.5 months. All had prior experience with liquid 
formulations with cherry, bubble gum and grape reported 
to be the children’s most popular flavorings. Less received 
medication as a spray (18.0%), chewable (34.3%) or pill (19.8%) 
formulation. Of  those children who responded to questioning 
about medication use (N=153), the majority (58.2%) reported 
that they had refused to take medications, primarily because of  
taste issues (e.g., “Tastes like poison”, “For grownups”, “Too 
yucky”, “Nasty aftertaste’). A few reported being afraid to take 
pills because they feared choking. Those children who were given 
medicines in pill form were significantly older than remaining 
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children. In sum, the data support the contention that “taste” 
indeed plays a central role in clinical medicine, especially for 
pediatric populations. When children refuse to take a single 
dose because it tastes bad to them—let alone a full course of  
medication—that bad taste thwarts the benefits of  even the most 
powerful drug. Acknowledgements: This project was funded 
by R01DC011287 and supported by P30DC011735 from the 
National Institute on Deafness and Other Communication 
Disorders. The content is solely the responsibility of  the authors 
and does not necessarily represent the official views of  the 
NIDCD or the National Institutes of  Health. FCOI  
Disclosure: None

#30 POSTER SESSION I

Validity and Reliability Testing of the National Health  
and Nutrition Examination Survey (NHANES) Taste  
and Smell Protocol 
Mallory Honda1, Shristi Rawal1, Howard J Hoffman2,  
Kathleen E Bainbridge2, Valerie B Duffy1 
1University of  Connecticut/Allied Health Sciences, Storrs, CT, USA, 
2NIDCD/NIH/Epidmiology & Statistics Program, Bethesda,  
MD, USA 
 
The NHANES 2011–2014 protocol includes a taste and smell 
questionnaire (CSQ) in the home interview followed by brief  
olfactory and taste assessment in mobile exam centers. The CSQ 
asks self-reported taste and smell ability, and selected symptoms, 
comorbidities, and treatments for chemosensory disorders. In 
the taste assessment, participants rate intensities of  1 M NaCl 
and 1mM quinine hydrochloride applied to the tongue tip and 
these plus 0.32M NaCl sampled with the whole mouth. Smell 
function is assessed with two 4-item, scratch-and-sniff  tests 
(Pocket TestsTM (PT), Sensonics, Inc.) to classify normosmia and 
olfactory dysfunction from microsmia to anosmia. We examined 
the NHANES protocol test-retest reliability and compared the 
PT to an olfactometer identification task. Seventy-seven adults 
(mean age=39, range: 18-87 years) were tested at baseline and 
2 weeks. Taste intraclass correlations (one-way random, single 
measures) ranged from 0.47-0.71 (moderate to substantial 
agreement). Classification of  olfactory function agreed for 97% 
of  participants across two PT trials (k=0.65). Compared to 
the olfactometer at each testing session, the PT averaged 50% 
sensitivity (true positive rate) and 100% specificity (true negative 
rate) to identify olfactory dysfunction. All adults incorrectly 
classified by PT were mild microsmics. In detecting moderate 
to severe dysfunction, the PT achieved 100% sensitivity and 
97% specificity. A subsample (50 adults) completed testing at 6 
months to test the CSQ stability. The six CSQ items pertaining 
to chemosensory impairment had moderate to near perfect 
agreement (ICC single measures, 0.57-0.94). These findings 
indicate that the NHANES chemosensory protocol has good 
test-retest reliability and is highly sensitive in identifying 
moderate to severe olfactory dysfunction. Acknowledgements: 
NIDCD/NIH. FCOI Disclosure: None

#31 POSTER SESSION I

Pain-relieving effect of olfactory exposure 
Daniel Baum, Thomas Hummel, Antje Hähner 
Smell & Taste Clinic, Department of  Otorhinolaryngology,  
University of  Dresden Medical School, Dresden, Germany 
 
Does exposure to flavors reduce sensations of  pain? To 
investigate this subjects received cutaneous electrical stimuli 
in suprathreshold intensities. Simultaneously, pain related 
event-related potentials (ERP) were extracted from the EEG. 
We expected that exposure to flavors would produce a specific 
reduction of  responses to painful stimuli. 24 volunteers 
participated. They received painful electrical stimuli in 2 
intensities applied to the skin of  the forearm. In response to  
these stimuli ERP were recorded. Recordings were made under  
4 different conditions: Subjects had to suck on 4 different 
lozenges providing 4 different flavors (no flavor [placebo], 
citrus, citrus with sensation, mixed berry). While they sucked 
on the lozenges they received the electric stimuli. “Odorous 
sessions” were compared to “naïve sessions”. In 3-factorial 
ANOVA testing significant main effects of  the flavor, session, 
and recording position on ERP amplitudes and latencies were 
found. ERP amplitudes and latencies between naïve sessions and 
odorous sessions differed significantly. The results showed that 
there is a significant decrease of  ERP amplitudes in response 
to pain stimuli in subjects with flavor exposure compared to 
subjects without flavor exposure. The strongest effects were 
seen for the most pleasant odor (citrus). The main ERP effects 
seem to be similar to effects which had been obtained following 
application of  opioids. This might indicate that the presently 
observed pain-relieving effect is related to the endogenous 
opioid system. To summarize, the findings indicate that there 
is a positive effect of  flavors on the processing of  painful 
information. Acknowledgements: Support from the University 
Dresden Medical School. FCOI Disclosure: None

#32 POSTER SESSION I

Olfactory Aversive Conditioning During Sleep as a  
Potential Treatment for Addiction 
Anat Arzi, Yael Holtzman, Perry Samnon, Neetai Eshel,  
Ido Harel, Noam Sobel 
Department of  Neurobiology, Weizmann Institute of  Science,  
Rehovot, Israel 
 
Cigarette smoking is an addictive behavior associated with 
significant morbidity and mortality. Efforts to treat addiction 
through aversive conditioning have seen only limited success. 
The effectiveness of  conditioning, however, may increase when 
implicit rather than explicit. Implicit conditioning can  
be achieved by presenting sub-threshold stimuli or stimuli  
during sleep. We set out to ask whether aversive conditioning 
during sleep can reduce the urge to smoke. 46 smokers slept 
for one night in the lab, where cigarette odor was paired with 
profoundly unpleasant odors (ammonium sulfide & rotten fish) 
in a partial reinforcement conditioning paradigm presented 
during either Stage II or rapid eye movement (REM) sleep  
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(odor duration=3 s, 30 repetitions, ITI=25-40 s, pairing 
ratio=2:1). A control group completed an identical protocol 
yet without cigarette odor. Subjects completed a smoking diary 
for 7 days before and after the procedure. A repeated measures 
ANOVA on number of  smoked cigarettes with conditions of  
day (baseline/post-experimental day 1-7), group (experimental/
control) and sleep stage (stage II/REM), revealed a main effect of  
day (F(7,231) = 4.14, p <0.005), a main effect of  group (F(1,33) 
= 4.8, p <0.05), and an interaction between day and group 
(F(7,231) = 2.26, p <0.05) reflecting a larger reduction in smoked 
cigarettes in the experimental group in comparison to the control 
group. Post hoc analyses revealed that this reflected a ~35% 
reduction in the number of  smoked cigarettes, which persisted 
for 4 days, and was greatest after conditioning during stage 
II sleep. Aversive odors alone did not significantly reduce the 
number of  smoked cigarettes post intervention. To conclude, a 
single night of  olfactory aversive odor conditioning during sleep 
can reduce addictive behavior. Acknowledgements:  
James S. McDonnell Foundation. FCOI Disclosure: None

#33 POSTER SESSION I

Effect of pleasant and unpleasant odors on free radical 
scavenging activity 
Shizuka Tonosaki1, Keiichi Tonosaki2 
1Faculty of  Global Business, Department of  Business, Showa Women’s 
University, Tokyo, Japan, 2Department of  Human Sciences,  
Bunkyou University, Saitama, Japan 
 
Free radicals and reactive oxygen species are related to a variety 
of  physiological phenomena. It is well known that free radical 
scavenging activity (FRSA) might be closely related to stress. 
The present study was conducted to investigate FRSA elicited 
by pleasant or unpleasant smells. The subjects (19 healthy 
women volunteers) sniffed n-butyric acid (unpleasant odor) 
or rosemary (pleasant odor) for 10 minutes. Each subject’s 
saliva was collected immediately before, immediately after, 
10 minutes after and 20 minutes after the sniffing period. We 
studied the FRSA using the 1,1-diphenyl-2picryhydrazyl (DPPH) 
method. Our results showed that high concentrations (100 x 
dilution) of  the pleasant smell slightly increased FRSA, while 
high concentrations (100 x dilution) of  the unpleasant smell 
did not increase FRSA just after the sniffing period. However, 
the FRSA value was significantly increased 10 and 20 minutes 
after completion of  the unpleasant odor stimulation. Low 
concentration (1000 x dilution) of  the pleasant smell did not 
significantly increase the FRSA. However, low concentration 
(1000 x dilution) of  the unpleasant smell remarkably increased 
FRSA after completion of  the odor stimulation. These results 
suggest that unpleasant odors enhance FRSA and may protect 
the body from oxidative stress. Acknowledgements: Supported by 
SWU grant. FCOI Disclosure: None

#34 POSTER SESSION I

Is odor memory context-dependent? 
Stina Cornell Kärnekull1, Fredrik U Jönsson2, Johan Willander3,  
Maria Larsson1 
1Gösta Ekman Laboratory, Department of  Psychology, Stockholm 
University, Stockholm, Sweden, 2Department of  Psychology,  
Stockholm University, Stockholm, Sweden, 3Department of  Psychology,  
Mid Sweden University, Sundsvall, Sweden 
 
Context-dependent memory (CDM) typically refers to the 
better memory performance when the environmental context 
at encoding is reinstated at testing compared to testing in a 
different context. Previous research has shown that odors can 
be potent retrieval cues for memory. However, to the best of  the 
author´s knowledge CDM effects on odor memory has not yet 
been studied. This study investigated whether memory for odors 
is similarly influenced by environmental context as memory 
for verbal and visual information. In a pilot study, fifteen 
participants were tested for recognition memory of  familiar 
and unfamiliar odors, either in the same (n=8) or a different 
(n=7) room as at encoding. Recall and recognition of  words 
was used as a control. It was hypothesized that odor recognition 
memory as well as word recall would be better when memory 
was tested in the same room than in a different, whereas no 
reliable difference was expected for word recognition memory. 
A mixed ANOVA on odor memory indicated significantly 
better memory for familiar than unfamiliar odors. However, 
there were no statistically significant effects of  condition or 
condition by familiarity interaction, possibly because of  too 
low power. As expected, a mixed ANOVA on word memory 
indicated significantly better recognition than recall. However, 
neither condition nor the condition by memory test interaction 
turned out to be statistically significant. In conclusion, the results 
corroborate previous findings by demonstrating better memory 
for familiar than unfamiliar odors as well as better performance 
for recognition than recall of  words. However, the question 
whether odor memory is context-dependent is still unresolved. 
Acknowledgements: This work was supported by a grant from 
the Swedish Research council (421-2011-1792) to Maria Larsson.  
FCOI Disclosure: None

#35 POSTER SESSION I

Reward-related modulation of conditioned stimulus perception 
after associative learning 
James D. Howard1, Thorsten Kahnt2, Jay A. Gottfried1 
1Northwestern University, Department of  Neurology, Chicago, IL, USA, 
2University of  Zurich, Department of  Economics, Zurich, Switzerland 
 
Research on the behavioral and neural underpinnings of  
reward-related associative learning typically overlooks the role 
of  sensory processing. In order to more closely examine the 
interaction between sensation and reward we conducted an 
experiment in which human participants (N=8) underwent a 
Pavlovian associative learning paradigm involving four olfactory 
cues as conditioned stimuli (CS) and monetary reward as 
unconditioned stimuli (US). Before and after learning subjects 
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provided ratings of  odor pleasantness and perceptual similarity 
between each possible odor pair. During the learning phase two 
of  the odors (CS+) were paired with $1.00 rewards with 100% 
contingency and the remaining two (CS-) were never paired 
with reward. Analysis of  the pleasantness ratings revealed that 
the CS+ were rated as significantly more pleasant than CS- after 
learning. Moreover, the two CS+ were rated as significantly more 
similar to each other after learning compared to the similarity 
of  the CS- pair. By applying multidimensional scaling to the 
similarity ratings, we observed the emergence of  a reorganized 
perceptual space occupied by these odors such that associated 
reward value constituted a principal dimension after learning. 
The magnitude of  this perceptual reorganization was directly 
related to the change in pleasantness rating across subjects. 
Taken together, these findings suggest that sensory and reward 
processing of  conditioned stimuli are closely linked, and that the 
representation of  associative structures in the brain may extend 
from higher order associative areas to include primary sensory 
regions. Acknowledgements: NIH 1F31DC013500-01. FCOI 
Disclosure: None

#36 POSTER SESSION I

Verbal Overshadowing in Olfactory Memory 
Peter N. Weatherill, David E. Hornung 
Biology Department/St. Lawrence University, Canton, NY, USA 
 
This study quantified some of  the auditory and temporal 
components of  verbal overshadowing, a phenomenon in  
which the combination of  naming and smelling reduces the 
likelihood of  odorants being remembered. Subjects were 
presented 10 target odorants, and after an unrelated task, 
asked to identify the targets from a set of  20 odorants. During 
the auditory experiment, while smelling the targets, subjects 
named the odorants, or were given the correct names, incorrect 
names, or nonsensical names. Providing the correct names 
of  odorants decreased the ability to correctly identify targets 
whereas providing nonsensical names increased this ability in 
comparison to controls who had no auditory cues. Although the 
percent correct was increased for the nonsensical group, there 
was also an increase in the number of  false positives (distracters 
identified as targets). For the correct naming group, the number 
of  false positives was low. It is hypothesized that the nonsensical 
group laid down less specific memories, causing some of  the 
distracters to be taken as targets. This hypothesis is supported 
by the observation that distracters identified as targets were 
rated as being more similar to some of  the target odors than the 
distracters distinguished from the targets. For the correct naming 
group, perhaps the name and existing olfactory memory did not 
entirely overlap, with the greater the degree of  the mismatch the 
more difficult the memory task. During the temporal experiment, 
verbal cues were given 10 seconds before, 10 seconds after, or 
at the time the targets were presented. Providing verbal cues at 
the same time the odorants were smelled had the biggest impact 
on the ability to correctly identify targets. The auditory and 
temporal results suggest the specificity of  olfactory memory can 
be quite malleable. Acknowledgements: St. Lawrence University 
Fellows Program. FCOI Disclosure: None

#37 POSTER SESSION I

The Olfactory LOVER Model: Behavioral and Neural 
Correlates in Autobiographical Odor Memory 
Artin Arshamian1, Johan Willander2,3, Kristina Karlsson2,  
Maria Larsson1 
1Gösta Ekmans Laboratory, Department of  Psychology, Stockholm 
University, Stockholm, Sweden, 2Department of  Psychology,  
Stockholm University, Stockholm, Sweden, 3Mid-Sweden University, 
Sundsvall, Sweden 
 
Odor evoked autobiographical memories (OEAMs) are 
personally experienced events that may be located in time and 
space. In the present work we overview and present a model of  
the main characteristics of  these types of  memories. Overall, 
current evidence demonstrates that OEAMs are different 
than memories evoked from visual, auditory, and verbal 
modalities. They generally activate limbic and extended limbic 
networks including amygdala and the pirform, entorhinal, 
parahippocampus, insular, orbitofrontal cortices more than for 
example word cued memories. Also, OEAMs are ontogenetically 
older than memories evoked by visual, auditory, and verbal 
information. Specifically, most memories are localized to the 
first decade of  life rather than to adulthood. Hence, distinct 
autobiographical episodes involving olfactory information are 
formed earlier in life than other modalities. They are typically 
more vivid, as they induce stronger feelings of  being brought 
back in time to the occurrence of  the events, a finding also 
reflected at the neural level. Moreover, OEAMs are reported as 
being more emotional than memories cued by other modalities. 
Lastly, odor cues produce fewer memories than visual, 
auditory, and verbal cues. Taken together, the characteristics 
of  OEAMs can be summarized by the Limbic, Old, Vivid, 
Emotional, and Rare model, abbreviated as the LOVER model. 
Acknowledgements: This work was supported by a grant from 
the Swedish Research Council (421-2011-1792) to  
Maria Larsson. FCOI Disclosure: None

#38 POSTER SESSION I

Odor-Guided Associative Learning in Adolescent Female Rats 
Elizabeth A. Smith1, Katherine A Hanson1, Chloe R Lawyer2,  
Kurt R. Illig1, 2 
1Neuroscience Program, University of  St. Thomas, Saint Paul, MN, 
USA, 2Biology Department, University of  St. Thomas,  
Saint Paul, MN, USA 
 
Previously, we have shown that adolescent male rats learn the 
predictive value of  an olfactory cue associated with a palatable 
reward significantly more slowly than either juveniles or adults, 
and that this learning deficit is exacerbated by significantly 
increased distractibility during learning in adolescents. 
Concurrent with these behavioral effects, adolescent rats 
exhibit significantly higher D1 dopamine receptor mRNA and 
protein expression in orbitofrontal cortex (OFC) than juvenile 
rats, suggesting that changes in dopaminergic neural circuitry 
during development may underlie age-dependent differences 
in associative learning. In the present study, we employed 
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real-time PCR techniques to examine whether cortical D1 
receptors undergo a similar developmental timecourse in female 
rats, and we used the same odor-guided learning paradigm to 
test whether female rats also display an associative-learning 
deficit in adolescence. Interestingly, although we found that 
adolescent female rats displayed significantly higher D1 receptor 
expression in the OFC than either juveniles or adults, we found 
no significant age-related differences in the ability of  female 
rats to learn the association between an odor and a palatable 
reward. Further, although females displayed a modest increase 
in distractibility at all ages compared to males, we found no 
significant age-related differences in distractibility. These results 
suggest the role of  dopaminergic neural circuitry underlying 
associative learning differs between adolescent male and 
female rats, perhaps reflecting sex-specific behavior during this 
developmental period. Because cortical dopamine neurons play 
a role in drug-seeking behavior, these results also may have 
implications for sex-related differences in the acquisition and 
maintenance of  drug addiction. Acknowledgements: EAS was 
supported by a Young Scholars Grant from the University  
of  St. Thomas. FCOI Disclosure: None

#39 POSTER SESSION I

Differential involvement of amygdala and cortical NMDA 
receptors activation upon encoding in odor fear memory:  
the amygdala starts first, and then the cortex takes the lead 
Anne-Marie Mouly1, Sandrine Parrot1, Guillaume Ferreira2,3,  
Chloé Hegoburu1 
1Centre de Recherche en Neurosciences de Lyon, INSERM U1028, 
CNRS UMR5292, University Lyon1, Lyon, France, 2Nutrition et 
neurobiologie intégrée, INRA UMR 1286, Bordeaux, Bordeaux,  
France, 3Université de Bordeaux, Bordeaux, France 
 
While the basolateral amygdala (BLA) plays a crucial role for 
the acquisition of  fear memories, sensory cortices were shown 
to be involved in their long-term storage in rats. However the 
precise time course of  BLA and sensory cortices involvement 
in fear conditioning has received little investigation. In the 
present study, we assessed the respective role of  the BLA and 
posterior piriform cortex (pPC) upon encoding in odor fear 
conditioning by blocking the glutamatergic N-methyl-D-aspartate 
(NMDA) receptors in either structure at discrete moments of  the 
acquisition session. We first demonstrated that the blockade of  
NMDA receptors in the BLA before but not after the first odor-
shock association abolished learned fear responses 24h later. 
We then showed that pre-training blockade of  NMDA receptors 
in the pPC had no effect on performances at 24h but impaired 
them 30 days later. Finally, we identified a candidate pathway 
for the interaction between BLA and pPC by showing that an 
artificial increase of  glutamate in the BLA triggered a glutamate 
increase in the pPC, thus bringing evidence for the functionality 
of  the amygdalo-piriform pathway. Altogether, these data 
highlight two parallel processes occurring at encoding and 
supported by NMDA receptors signaling: the BLA encodes novel 
stimulus–danger association in a single trial, while the cortex 
progressively builds up the long-term fear memory. The potential 

role of  BLA-pPC interactions in these processes is discussed. 
Acknowledgements: This research was funded by the CNRS. 
This work was performed within the framework of  the LABEX 
CORTEX (ANR-11-LABX-0042) of  Université de Lyon, within 
the program “Investissements d’Avenir” (ANR-11-IDEX-0007) 
operated by the French National Research Agency (ANR). FCOI 
Disclosure: None

#40 POSTER SESSION I

RESPONSES TO PREDATOR CHEMICAL SIGNALS 
IN THE HOUSE MOUSE: THE EFFECTS OF EARLY 
OLFACTORY EXPERIENCE   
Vera V Voznessenskaya, Artyom B Klinov, Ilya G Kvasha,  
Tatiana K Laktionova 
A.N.Severtzov Institute of  Ecology & Evolution, Moscow, Russia 
 
Chemosensory detection is an important aspect of  predator 
avoidance strategy. Finding of  universal carnivore signal  
(Ferrero et al., 2011) does not explain why only odors from 
natural predators produce profound effects on the behavior and 
the neuroendocrine system of  prey. It suggests the ability of  
prey to distinguish predator species by odors. Domestic cat is 
the most specialized predator to the house mouse. We examined 
the influence of  the species specific compound from the cat 
urine L-felinine on the reproduction & investigatory behavior 
of  mice in comparison with the cat urine and how the response 
to cat odors could be modulated by early olfactory experience. 
Olfactory thresholds to cat urine and L-felinine were measured 
with an automated olfactometer (Knosys, USA). Number of  
newborn pups and sex ratio was recorded. Fecal corticosterone 
metabolites were monitored non-invasively. Patterns of  
investigatory activity and avoidance behavior were analyzed 
using an open field paradigm. Percent of  animals with block 
of  pregnancy was significantly higher (n=26, P<0.001) in adult 
mice exposed to L-felinine (0.05%). Exposure of  adult mice to 
L-felinine also affected sex ratio (n=26, p<0.001) in favor of  
males. The observed effects could be explained in part by long 
lasting elevation of  corticosterone under L-felinine (0.05%) 
exposures (n=13, p<0.001). Exposures of  mice to cat urine or 
L-felinine during critical period for odor sensitization (14-28 days 
after birth) significantly lowered the olfactory thresholds (n=10, 
p<0.001) which is adaptive for the predator detection. Early 
ontogenetic exposures also decreased (n=10, p< 0.05) patterns 
of  avoidance behavior to cat odors in the open field. At the same 
time corticosterone response stayed unchanged indicating the 
innate nature of  the response. Acknowledgements: Supported by 
RFBR 14-04-01150. FCOI Disclosure: None
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#41 POSTER SESSION I

Conditioned olfactory preference: What does it change? 
A.Karyn Julliard1, Pascaline Aimé1,2, Belkacem Messaoudi1, Samuel 
Garcia1, Elodie Ey3, Rémi Gervais1, Nadine Ravel1, Nicolas Torquet1,3 
1Team “Olfaction: From Coding to Memory” INSERM U1028-CNRS 
5292- Université Lyon1, Lyon, France, 2Columbia University Medical 
Center Department of  Pathology and Cell Biology, New York, NY, 
USA, 3Institut Pasteur. Génétique Humaine et Fonctions Cognitives 
CNRS, Paris, France 
 
Olfaction is determinant for the rodents organization of  
behaviour. In a feeding context, rodents have to quickly 
discriminate whether a nutrient can be ingested or whether it 
potentially represents a danger for them. To understand the 
learning processes, that support food choice, aversive olfactory 
learning and flavour appetitive learning have been extensively 
studied. In contrast, little is currently known about olfactory 
appetitive learning and its mechanisms. We designed a new 
paradigm to study conditioned olfactory preference in rats. After 
8 days of  exposure to a pair of  odours (one paired with sucrose 
and the other with water), rats developed a strong and stable 
preference for the odour associated with the sucrose solution. 
A series of  experiments were then proposed to further analyze 
changes in hedonic valence induced by this paradigm for both 
stimulus. As expected, the hedonic valence of  the reinforced 
odour changed positively. Surprisingly, the hedonic valence of  
the other odour decreased. This devaluation had an impact on 
further odour comparisons the animal has to make. This result 
suggests that an appetitive conditioning involving a comparison 
between two odours not only leads to a change in the hedonic 
valence of  the reinforced odour, but also induces a stable 
devaluation of  the non reinforced stimulus. Acknowledgements: 
This work was supported by AROMALIM Grant Agence 
National de la Recherche ANR-05-PNRA-002. FCOI 
Disclosure: None

#42 POSTER SESSION I

Enhanced Olfactory Ability Decreases Anxiety-like  
Behavior and Elevates Attention Disorders 
Zhenbo Huang1, 2, Carlie Ann Holffman2, Debra Ann Fadool1, 2, 3 
1Department of  Biological Science, The Florida State University, 
Tallahassee, FL, USA, 2Program in Neuroscience, Tallahassee, FL, 
USA, 3Institute of  Molecular Biophysics, Tallahassee, FL, USA 
 
Because brain areas linked to olfaction overlap with those 
involved in psychiatric disorders, there is a growing interest in 
olfaction and its relationship to mental health. The induction of  
anxiety is known to alter odor hedonics and threshold, whereas 
olfactory deficits have been shown to elevate anxiety. In this 
study, we explored whether mice with a targeted deletion of  
the Kv1.3 potassium ion channel (KO), which we previously 
demonstrated have a ‘Super-Smeller’ phenotype, exhibit a 
concomitant decrease in anxiety. Anxiety-like behavior was 
determined for wildtype (WT) and KO adult male mice using 
a light/dark box test, the buried-marble assay, and an elevated-
plus maze. In two of  the three phenotyping metrics, KO mice 

demonstrated less anxiety-like behavior than WT mice. KO 
mice spent equivalent time in both compartments of  the light/
dark box, but there was a strong trend for them to bury less 
marbles (p = 0.0744) and they spent significantly less time in the 
enclosed arms of  the elevated-plus maze (p = 0.0005, Student’s 
t-test). Using an object-based attention paradigm in conjunction 
with a custom-made metabolic chamber to score recognition 
and locomotor activity, respectively, adult KO mice exhibited 
a poorer recognition index than that of  WT mice (p = 0.0889 
juvenile; p = 0.0153 adult ). Both ages of  KO mice showed 
attention deficit behavior that was ameliorated by oral gavage 
with methylphenidate (MPH) (p = 0.033 juvenile; p = 0247)  
Our data suggest enhanced olfactory ability may be coupled to a 
reduction in anxiety-like behavior yet elicit attention deficits that 
are associated with hyperactivity disorders. Acknowledgements: 
This work was supported by a TriBeta National Research grant, a 
Bess H. Ward Honors Thesis Scholarship, and an Undergraduate 
Research and Creative Activities Award. FCOI Disclosure: None

#43 POSTER SESSION I

Experience-Based Formation of Novel Odor Object Templates 
Lisa P. Qu, Sydni M. Cole, Jay A. Gottfried 
Northwestern University Department of  Neurology, Chicago, IL, USA 
 
How the olfactory qualities of  a biologically relevant object 
develop into a concrete representation is not well explored. To 
examine this process, we used familiar and unfamiliar images 
and odors to induce olfactory-visual associative learning and to 
investigate the emergence of  novel odor object representations in 
the human brain. Images and odors of  familiar and unfamiliar 
fruits, and familiar and unfamiliar flowers, were used as stimuli. 
During a pre-learning fMRI scan, subjects were presented with 
the images and odors separately. An exposure learning session 
was then performed in which each familiar image was paired 
with its congruent familiar odor, and each unfamiliar image 
was paired with an ambiguous odor of  fruity-floral character. 
Following exposure, subjects underwent a post-learning scan 
identical to pre-learning. Before and after scanning, subjects 
made a variety of  perceptual ratings on the stimuli. A matching 
test was administered to index learning. Fourteen subjects  
have been tested using this paradigm. At the group level, 
matching accuracy for both familiar and unfamiliar image-odor 
pairs was significantly above chance after exposure (p<0.001). 
Congruency ratings for the pairs were averaged across trials, and 
a 2x2x2 repeated measures ANOVA revealed a significant main 
effect of  familiarity (p=.007) and time (p=.005), but not category 
(p=.195), and a significant interaction between familiarity 
and time (p=.002). Pattern analysis methods will be used to 
examine posterior piriform cortex and fusiform visual areas for 
the underlying neural correlates of  how the olfactory and visual 
features of  a stimulus contribute to odor object development. 
Together, both behavioral and imaging analyses will provide 
insight into how odor object templates are formed de novo  
in the human brain. Acknowledgements: NIH/NIDCD 
R01DC010014 to J.A.G. NSF Graduate Research Fellowship 
DGE-0824162 to L.P.Q. FCOI Disclosure: None
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#44 POSTER SESSION I

Innate Odor Avoidance for Spoiled Food Categories  
in the Mouse 
Linnea E. Herzog, Ian G. Davison 
Department of  Biology, Boston University, Boston, MA, USA 
 
Many organisms show innate preferences for odors related 
to vital biological functions, including social cues, predator 
avoidance, and feeding. For food-related odors, animals must 
balance attraction related to nutrient value with aversion 
based on health risk. However, it is poorly understood how the 
olfactory pathway encodes innate odor preference and translates 
these sensory cues into behavior. To characterize how chemical 
cues bias responses to potential food sources, we used a two-
chamber preference assay to examine the innate preference of  
naïve adult C57BL/6 mice for three categories of  food odors: 
fresh, rotten, and moldy. Testing several different substances 
(cheese, bread, banana, strawberry, and raspberry), we found 
that mice do not avoid rotten compared to fresh food odors, but 
do show consistent aversion to moldy foods. This was true of  
substances where both moldy and rotten samples were tested 
(strawberry and raspberry), suggesting that avoidance is based on 
categories of  spoilage. To help identify the differences in neural 
activity corresponding to aversion, we have begun imaging the 
intrinsic signals of  glomeruli in the dorsal olfactory bulb, a region 
known to be involved in innate predator avoidance. Chemical 
analysis of  the volatiles produced by fresh, rotten, and moldy 
food odors should also help determine the compounds that differ 
between these categories. Acknowledgements: Supported by 
Boston University startup funds. FCOI Disclosure: None

#45 POSTER SESSION I

Persistence in memory of configural odor mixture and 
components in the newborn rabbit 
Gérard Coureaud1, Thierry Thomas-Danguin1, Frédérique Datiche1, 
Donald A. Wilson2, Guillaume Ferreira3,4 
1Centre des Sciences du Goût et de l’Alimentation, CNRS/INRA/
Université de Bourgogne, Dijon, France, 2Department of  Child 
& Adolescent Psychiatry, New York University Langone School 
of  Medicine, New York, NY, USA, 3Nutrition and Integrative 
Neurobiology group, INRA, Bordeaux, France, 4Université de  
Bordeaux, Bordeaux, France 
 
Newborn rabbits perceive an AB mixture of  ethyl isobutyrate  
(A) and ethyl maltol (B) in a weak configural way, i.e. they 
perceive the odors of  the components in addition to the odor 
of  the configuration. Recently, we have shown that after 
conditioning to the mixture, elimination of  the memories 
of  odorants A and B did not affect the memory of  the AB 
configuration, indicating independent elemental and configural 
memories of  the same mixture. Here, we tested the hypothesis 
that memory persistence of  the configural odor differs from 
that of  the odorants that compose the mixture. To that goal, 
1-day-old pups were conditioned either to one odorant (A 
or B) or to the AB mixture and their responsiveness to the 
stimuli was tested over time. Pups conditioned to odorant A 

or B responded to the conditioned element at least 4 days after 
learning, while those conditioned to the mixture lost their 
response to AB at the same period. Interestingly, those pups 
conditioned to AB still responded to A and to B 4 days after 
learning. This indicates stronger retention of  the elemental 
memory than of  the configural memory of  the mixture. We 
then determined whether competition between these memories 
might contribute to the results. Pups were conditioned to AB 
and memories of  the elements A and B were erased the day after 
using pharmacological treatment. In that situation, the memory 
of  the mixture was extended: pups now responded to AB 4 
days after conditioning. Thus, newborn rabbits have access to 
both elemental and configural information in the AB mixture, 
and competition between these distinct representations of  the 
mixture impacts the persistence of  their memories. Such effects 
may contribute to early adaptation by rapid acquisition and 
separate retention of  olfactory cues initially perceived together. 
Acknowledgements: This work was supported by the French 
ANR MEMOLAP. FCOI Disclosure: None

#46 POSTER SESSION I

Changes in olfactory bulb volume following lateralized 
olfactory training in healthy subjects  
Thomas Hummel, Kathrin Pietsch 
Smell & Taste Clinic, Department of  Otorhinolaryngology,  
Technical University of  Dresden, Dresden, Germany 
 
Olfactory training plays a significant role in the treatment of  
hyposmia. It is known that repeated exposure to odors modifies 
olfactory function. In addition, numerous studies show that the 
olfactory bulb (OB) volume changes under various conditions, 
e.g. in patients suffering from olfactory dysfunction smaller 
OBs were found than in healthy subjects. The aim of  this study 
was to investigate whether the OB volume changes in relation 
to lateralized olfactory training. Over a period of  4 months 97 
healthy participants (34 men, 63 women) performed olfactory 
training. For the whole period, they were exposing the same 
nostril twice a day to 4 odors (lemon, rose, eucalyptus and 
cloves) while closing the other one. Before starting and after 
finishing the olfactory training, MRI scans were performed to 
measure the OB volume. Furthermore, participants underwent 
lateralized threshold and identification testing using the “Sniffin 
Sticks” test battery. Although there was no significant increase in 
olfactory function comparing results before and after training, it 
was found that the OB volume increased significantly by  
11.3% in the trained nostril and 13.1% in the untrained nostril. 
No significant effect was found comparing the influence of  
gender, the exact duration and frequency of  the training or the 
age of  the subjects. These data indicate that olfactory training 
induces a top-down process which ultimately leads to a bilateral 
increase in OB volume. Acknowledgements: Supported by  
DFG HU 441/10-1. FCOI Disclosure: None
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#47 POSTER SESSION I

Does the learning of elements prevent configural odor  
mixture perception in the newborn rabbit?  
Sébastien Romagny1,2, Thierry Thomas-Danguin2, Gérard Coureaud1 
1Centre des Sciences du Goût et de l’Alimentation (CSGA), UMR 6265 
CNRS, UMR 1324 INRA, Université de Bourgogne, Developmental 
Ethology and Cognitive Psychology group, Dijon, France, 2Centre des 
Sciences du Goût et de l’Alimentation (CSGA), UMR 6265 CNRS, 
UMR 1324 INRA, Université de Bourgogne, Molecular Interactions, 
in-mouth Breakdown and Flavour Perception Group, Dijon, France, 
Dijon, France 
 
Mixtures of  odorants are either perceived as the qualities of  
their elements or as a new percept, but the drivers of  such 
elemental vs. configural perception remain unknown. For 
instance, a 6-component mixture (RC) evokes a Red Cordial odor 
in human adults while none of  its element does. In newborn 
rabbits, pups conditioned to one element do not respond to 
RC but they respond to all the odorants after conditioning to 
the mixture, suggesting a weak configural perception of  RC. 
Besides, their responsiveness to RC depends on the number of  
learned odorants: after conditioning to 4 out of  6 odorants, but 
not less, rabbits respond to RC. Thus, the perception of  the RC 
configuration would prevent the generalization when less than 
50% of  the odorants are known. However, we tested here an 
alternative hypothesis stating that after learning of  4 elements, 
pups no longer perceive any configuration in the RC mixture 
(elemental perception). Newborn rabbits were first conditioned 
to RC sub-mixtures of  4 or 5 odorants, to gain more than 50% 
of  the elements, then repeatedly conditioned to RC, a procedure 
known to improve its configural perception (lower responses 
to the odorants). Control pups were conditioned to RC sub-
mixtures but then only once to RC. If  the initial learning of  
the odorants broke the configural perception of  RC, the further 
repeated conditioning to this mixture should not decrease 
responses to the odorants. As a result, responses to the odorants 
occurred in 20% of  the pups vs. > 80% in controls. These results 
ruled out our alternative hypothesis and confirm that newborn 
rabbits perceive a configuration in the RC mixture, but that 
the acquisition of  a sufficient number of  elements limits the 
impact of  the configuration on their responsiveness to the whole 
mixture. Acknowledgements: This work was supported by the 
ANR MEMOLAP, Burgundy Region and the FEDER.  
SR was founded by the French Ministry for Higher Education  
and Research. FCOI Disclosure: None

#48 POSTER SESSION I

Stimulus-Specific Enhancement of Primary Sensory  
Input to the Brain After Olfactory Fear Learning 
Marley D. Kass, Michelle C. Rosenthal, Joseph Pottackal,  
John P. McGann 
Rutgers University/Psychology Department, Piscataway, NJ, USA 
 
Pavlovian fear conditioning has been shown to alter odorant-
evoked neural activity in the piriform cortex (Chen et al. 
2011) and olfactory bulb (Fletcher 2012). Here, we present 
surprising evidence that fear learning selectively enhances 
the synaptic output of  the olfactory sensory neurons (OSNs) 
themselves during the presentation of  threat-predictive odorants. 
Odorant-evoked nerve output was visualized in vivo via wide-
field epifluorescence microscopy through a cranial window in 
gene-targeted OMP-spH mice (Bozza et al. 2004). spH signals 
were evoked using a test panel of  odorants both before and after 
discriminative olfactory fear conditioning or control exposures in 
each mouse. Fear learning caused a robust enhancement of  OSN 
synaptic output evoked by the shock-predictive (CS+) odorant 
compared to pre-conditioning baseline. By contrast, there was no 
enhancement of  spH signals evoked by the shock non-predictive 
(CS-) odorant or unexposed control odorants in these same 
mice, nor in control mice that received shock-alone or odor-
alone presentations in lieu of  fear conditioning. Interestingly, 
OSNs responsive to both the CS+ and the CS- were selectively 
enhanced during CS+ presentations, but not CS- presentations. 
The enhanced response to the CS+ was comparable to the 
effect of  quadrupling the odorant concentration. The observed 
functional plasticity did not appear to arise from structural 
changes in OSN innervation of  the olfactory bulb (Jones et 
al. 2008; Dias & Ressler 2013), and instead may be caused 
by changes in the glomerular circuitry that presynaptically 
modulates OSN output. The encoding of  learned affective 
information at the olfactory input to the brain presumably 
affects downstream physiology and may contribute to the 
dysregulation of  sensory processing observed in some anxiety 
disorders. Acknowledgements: This work was supported by NIH 
grants DC009442, MH101293, and DC013090 to J.P.M. FCOI 
Disclosure: None

#49 POSTER SESSION I

The detection of bitter and sweet compounds by  
individual taste receptors in Drosophila 
Erica G Freeman1, Anupama Dahanukar1,2 
1Bioengineering Interdepartmental Graduate Program,  
University of  California Riverside, Riverside, CA, USA, 2Department of  
Entomology, University of  California, Riverside, Riverside, CA, USA 
 
Insects use the gustatory system to find potential food sources 
and avoid toxins. The model organism, Drosophila, expresses a 
highly diverse group of  68 gustatory receptors (Gr) genes to taste 
the chemical world around it. In a previous study, we investigated 
how Gr proteins detect a diverse array of  compounds. Using the 
ab1C olfactory neuron, we individually expressed Grs from a 
highly conserved sweet clade and recorded neural activity using 
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a panel of  nine sweet stimuli. We found that each sweet Gr is 
directly involved in the detection of  sweet compounds. Moreover, 
each receptor can detect more than one compound and overall 
the receptors detect unique but overlapping subsets of  sugars. 
Based on phylogeny, the sweet receptors can be divided into two 
groups: ones that respond to Gr5a sugars, and ones that respond 
to Gr64a sugars. Recent studies have described that sweet 
neurons can be inhibited by bitter alkaloids, even in the absence 
of  bitter Grs. One intriguing possibility is that sweet Gr proteins 
are directly inhibited by bitter compounds. We tested this 
hypothesis by using mixtures of  trehalose and bitter compounds 
and discovered that all trehalose receptors are directly inhibited. 
Furthermore, we found that each trehalose receptor has a unique 
inhibition profile. The majority of  Grs are expressed in bitter 
neurons so we decided to extend the utility of  the system by 
testing Gr59c. Not only does Gr59c function in this context, it 
also responds to the same compounds as the I-a bitter neurons 
where it is endogenously expressed. Overall, we demonstrated 
that all receptors of  the sweet clade detect sweet compounds and 
found complex interactions between sweet and bitter detection 
by trehalose receptors. Additionally, we established a platform 
to characterize insect gustatory receptors. Acknowledgements: 
Fellowships from NSF Integrated Graduate Research and 
Training Program in Video Bioinformatics (DGE0903667)and 
NIH predoctoral award (F31-AI108266) to E.F. Funds from 
the University of  California and a grant from the Whitehall 
Foundation to A.D. (2010-12-42). FCOI Disclosure: None

#50 POSTER SESSION I

Salivary Proteins Alter the Acceptance of Quinine Diets 
Ann-Marie Torregrossa, Larissa V. Nikonova 
Florida State University, Dept. of  Psychology, Tallahassee, FL, USA 
 
It has been suggested that some salivary proteins (SPs) may 
function to increase the acceptability of  tannin diets. The role 
of  SPs, however, has not been explored with other bitter tasting 
stimuli. We collected saliva and measured feeding behavior in 
rats fed a control diet (12-d) followed by diets containing either 
3% tannic acid (TA, n=8) or 0.4% quinine (QHCl, n=8, 14-d). 
In both cases, 24-h intake, meal size and rate of  feeding (g/sec) 
were reduced during the first few days on the diets (p’s<.01) 
but by day six returned to near-baseline levels. Rats increased 
the number of  meals consumed during the first few days of  the 
diets, but decreased the number of  meals over time (p’s<0.01). 
SPs were upregulated by TA and QHCL. Unidentified SPs 
with molecular weights of  35 and 18 kDa and cystatin S were 
upregulated by both diets (p’s<.01). TA exposure alone increased 
expression of  SPs of  23 and 19 kDa, while quinine increased 
SPs of  37 and 25 kDa. Measures of  ingestive behaviors for both 
diets were significantly correlated with SP expression. Changes 
in meal number correlated with cystatin S and the 35 kDa SP 
expression on TA and QHCl (p’s<.04); TA meal size with the 
35 kDa SP expression (p=.02); TA rate of  feeding with the 18 
and 23 kDa SP expression (p’s<.04); and QHCl rate of  feeding 
with the 37, 35, 25 kDa SPs and cystatin S expression (p’s<.01). 
To explore a causal role for these proteins in diet acceptance, 

SPs were upregulated in a new group of  animals by treatment 
with the TA diet before QHCl exposure. Pre-treatment with 
TA attenuated all of  the behavioral measures associated with 
consuming QHCl diet. Pre-treated animals ate more QHCl, in 
larger meals and at a faster rate (p’s <.04) than controls  
These data suggest that SPs may play a role in altering the 
acceptability of  QHCl diets. Acknowledgements: DC-012632. 
FCOI Disclosure: None 

#51 POSTER SESSION I

Soybean-derived umami peptides reduce bitterness in  
human and hT2R43- or 46-expressing cells 
Mee-Ra Rhyu1, Hee Jin Son1, Ji Hyun Ryu1, Bo Hyun Lee1,  
Yiseul Kim1, Yong-ho Choi2, Min Jung Kim1 
1Division of  Metabolism and Functionality Research, Korea Food 
Research Institute, Sungnam-si, South Korea, 2Research &  
Development 1 Team, Sempio Foods Company, Seoul, South Korea 
 
Glu-enriched oligopeptides generally elicit the umami taste. 
Although an oligopeptide fraction in Glu-enriched hydrolysates 
has been proposed to show bitter-masking properties for various 
bitter substances, little is known about the actions on human 
bitter taste receptors. Fermented soybean is widely used as a 
source of  umami seasoning such as soy sauce and soybean 
paste in Asia. Oligopeptides as well as amino acids which 
are produced during fermentation contribute to the taste of  
the seasonings. In this presentation, we investigated the taste 
characteristics of  SP1, a fermented soybean seasoning in 
human sensory evaluation and performed Ca2+ signaling assay 
in hT2R43- or hT2R46-expressing cells to test the interaction 
between caffeine and Glu-rich fraction of  SP1. As expected, 
umami was the major taste of  SP1 and the lowest molecular 
weight fraction I (F-I; MW<500) showed the highest umami 
taste among successive fractions of  SP1. Glu (47.6%) was the 
main bound-type amino acid in F-I. F-V (5,000≤MW<10,000), 
which rarely contained bound-type Glu, was compared to F-1 as 
an inactive control. In human sensory evaluation, F-I masked the 
bitter taste of  caffeine. In hT2R43- or hT2R46-expressing cells, 
F-I successfully inhibited caffeine-induced bitter taste, compared 
to F-V. Our results indicate that Glu-enriched F-I reduces the 
bitter taste intensity by inhibiting the human bitter taste receptor. 
Acknowledgements: Supported by a KFRI grant E0131201 and 
IPET grant GA0976. FCOI Disclosure: None
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#52 POSTER SESSION I

Relationships of PROP bitterness and density of fungiform 
papillae with TAS2R38 and gustin gene genotypes in an 
ancestrally heterogeneous population 
Melania Melis1,2, Mitchell Z Mattes1, Patrizia Muroni2,  
Iole Tomassini Barbarossa2, Beverly J Tepper1 
1Rutgers University, Department of  Food Science, School of  
Environmental and Biological Sciences, New Brunswick, NJ, USA, 
2Department of  Biomedical Sciences, Cagliari University,  
Monserrato (CA), Italy 
 
PROP taste sensitivity is associated with polymorphisms in the 
bitter receptor gene TAS2R38 and with the fungiform papilla 
density on the anterior surface of  tongue. Recently, Melis et 
al. (2013) showed, in a genetically homogeneous cohort, that 
the rs2274333 polymorphism of  the CA6 gene that controls 
the salivary trophic factor, gustin, affects PROP sensitivity by 
acting on fungiform papilla development and maintenance. 
The aim of  this study was to confirm the role of  the gustin 
gene polymorphism in PROP sensitivity and fungiform papilla 
density in an ethnically-mixed sample. Ninety-one subjects were 
genotyped for both genes by PCR techniques; PROP sensitivity 
was assessed by a scaling method and fungiform papilla density 
was determined. As expected, PROP bitterness ratings were 
lower in individuals homozygous for the insensitive allele of  
TAS2R38 compared with those homozygous or heterozygous for 
the sensitive allele. However, no differences in PROP bitterness 
were found among genotypes of  the gustin gene. Fungiform 
papilla densities were higher in individuals homozygous for the 
sensitive allele of  the gustin gene than in those homozygous 
recessive for this allele, but no differences in the fungiform 
papilla density related to TAS2R38 genotypes were found. The 
distribution of  TAS2R38 genotypes within each gustin genotype 
group was markedly different from that of  the genetically 
homogeneous population studied by Calò et al. (2011), and the 
occurrence of  recessive alleles at both loci was rare in the present 
sample. These findings confirm that papillae density is related to 
gustin genotypes in an ancestrally heterogeneous population, and 
suggest that variations in the frequency of  allele combinations 
for these two genes could explain discrepant findings for gustin 
gene effects across populations Acknowledgements: Supported 
by USDA Hatch Act Funds (BJT) and “Fondazione Banco 
di Sardegna” (ITB). Melania Melis gratefully acknowledges 
Sardinia Regional Government for the financial support of  her 
PhD scholarship (P.O.R. Sardegna F.S.E. Operational Program 
of  the Autonomous Region of  Sardinia, European Social Fund 
2007-2013 - Axis IV Human Resources, Objective l.3, Line of  
Activity l.3.1.). FCOI Disclosure: None

#53 POSTER SESSION I

Role of Bitterness Perception in Nausea Elicitation 
Catherine Peyrot des Gachons1, Helene Marcher1,2, Michael Gleason1, 
Paul A.S. Breslin1,3 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2AgroSup Dijon, Dijon, France, 3Rutgers University Department  
of  Nutritional Sciences, New Brunswick, NJ, USA 
 
Bitter taste is the evolutionary marker of  poisoning, which, in 
turn, is an elicitor of  nausea. Both bitterness and nausea are 
believed to be protective against toxin ingestion. But since some 
toxins are also medicines, the induced nausea is a disincentive 
to medical compliance. Moreover, gastrointestinal disorders 
are frequently accompanied by bitter gastric reflux and chronic 
nausea. We, therefore, wanted to determine if  different bitter 
compounds evoke nausea in healthy people and the role of  
“perceived” bitterness in nausea elicitation. First, we tested 
whether different bitter compounds are equally nauseating when 
intensity matched. Eighteen subjects were orally presented with 
four strong equi-bitter solutions (SOA, denatonium benzoate 
(DB), quinine sulfate and PTC) without swallowing. Nausea was 
measured by self-assessment and by the physiological measure 
of  electrogastrography (EGG). We found that all the bitter 
stimuli could elicit nausea, but the unpleasant gastro-intestinal 
sensation was reported more often following compounds that 
are perceived toward the back of  the mouth (SOA or DB). 
We then tested whether a highly concentrated but moderately 
perceived bitter compound (DB) would elicit nausea. This 
potentially isolates conscious bitter perception from the elicited 
nausea. Perceived bitterness was manipulated independently 
of  concentration by peripheral inhibition (using bitter taste 
inhibitors) and by cognitive suppression (using added sucrose). 
Both the questionnaire and the EGG recordings showed a 
decrease in nausea with diminished perceived bitterness. The 
results suggest that nausea is easier to elicit in the presence of  
bitterness perception. Acknowledgements: Commonwealth of  
Pennsylvania Department of  Health and NIH DC 02995. FCOI 
Disclosure: None

#54 POSTER SESSION I

Are children more sensitive to bitter than adults? 
Kristi M. Roberts, Phoebe S. Mathew, Corrine J. Mansfield,  
Danielle R. Reed, Julie A. Mennella 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
From birth to old age, the genetically-determined ability to  
taste compounds such as propylthiouracil (PROP) is evident  
in human populations. To explore whether there were age-
related differences in genotype-phenotype relationships in PROP 
sensitivity, children and adults were typed for a genetic variant 
known to affect PROP perception (TAS2R38; A49P)  
and phenotyped for PROP taste thresholds using identical 
procedures for both age groups. In brief, subjects were given four 
cups, one at a time, containing 5 ml of  the solution, which they 
were asked to taste and spit out after 5 seconds. The first cup was 
water, and the remaining cups were three different concentrations 
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of  PROP (56- 560 µmol/L) presented in ascending order. In 
order to incorporate the task into a child-friendly game, subjects 
were told that if  the solution tasted like water, they should give 
the cup to Big Bird™, but if  it tasted “yucky” or bitter, they 
should give it to Oscar the Grouch™, so that he can “throw it 
in his trash can”. Subjects were classified into groups based on 
the lowest concentration, if  any, that they reported as bitter. 
Preliminary analyses revealed that, as expected genotypes at 
TAS2R38 predicted PROP sensitivity, as determined by the 
forced-choice procedure threshold measure, in both children  
and adults. The bitter-sensitive form of  the receptor gene 
displayed a heterozygote effect such that two copies conferred 
greater PROP sensitivity than did a single copy in both children 
and adults. However, children who were heterozygous or 
homozygous dominant at TAS2R38 A49P were significantly 
more likely to perceive the lowest concentration of  PROP  
offered when compared to adults with the same genotypes 
(P=0.005). These data highlight possible limitations of  
genotyping alone to study the human taste experience. 
Acknowledgements: This project was funded by R01DC011287 
and supported by P30DC011735 from the National Institute on 
Deafness and Other Communication Disorders. The content is 
solely the responsibility of  the authors and does not necessarily 
represent the official views of  the NIDCD or the National 
Institutes of  Health. FCOI Disclosure: None

#55 POSTER SESSION I

A Measure of Dietary Quality Generated from a Food Liking 
Survey Links Bitter Phenotype to Adiposity 
Mastaneh Sharafi, Shristi Rawal, Valerie B Duffy 
University of  Connecticut/Allied Health Sciences, Storrs, CT, USA 
 
Excessive adiposity results from over consuming energy dense 
foods and under consuming nutrient-rich/lower energy foods. 
Most taste-diet-adiposity research has examined single food 
groups (eg, fats, vegetables), not overall dietary quality. The 
USDA forms a dietary quality index from food records or 
frequency surveys based on the Dietary Guidelines (DG). We 
have shown that food liking surveys rapidly assess dietary intake 
to explain variability in health measures. Here, we formed a 
dietary quality index from our liking survey to test relationships 
between bitter phenotypes and adiposity in 46 adults (mean 
age=27, range 18-62 y). Liking survey scores on food groups 
(sweet, fruit/vegetable, fat, salty, protein) and variety were 
weighted following DG and previous latent variable analysis, 
and averaged into a Healthy Eating Preference Index (HEPI). 
Phenotypes were measured with the NHANES protocol 
(anterior tongue quinine bitterness) and propylthiouracil (PROP) 
bitterness. From measured weight/height, 17 adults were 
overweight/obese. In statistical modeling with covariates (age, 
gender, eating behaviors, ear infections), separate Structural 
Equation Models showed that those tasting less bitterness from 
quinine or PROP had lower HEPI scores (ie, lower dietary 
quality), and lower HEPI, in turn, associated with higher BMI. 
Since quinine bitterness also had direct association with BMI, 
a mediation analysis was conducted for the quinine model. 

The HEPI fully mediated the effect of  quinine bitterness on 
BMI. In summary, these results suggest that dietary quality may 
explain associations between taste phenotype and adiposity 
and that quinine is a good bitter phenotype for nutrition 
and health studies. Additionally, a simple food liking survey 
continues to show relevance for connecting taste with health. 
Acknowledgements: USDA/Hatch. FCOI Disclosure: None

#56 POSTER SESSION II 

T1R3-independent sweet taste reception mechanism  
revealed by selective breeding of mouse strains with high  
and low glycine preference 
Alexander A. Bachmanov1, Masashi Inoue1,2, Akihiko Kitamura1,3, 
Kimiko Nakayama1, Shiomi Katsumori2, Maria L. Theodorides1, 
Natalia P. Bosak1, Glen J. Golden1, Makoto Ohmoto1,  
Ichiro Matsumoto1, Gary K. Beauchamp1 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2Tokyo University of  Pharmacy and Life Sciences, Hachioji, Japan, 
3Institute for Innovation, Ajinomoto Co., Inc., Kawasaki, Japan 
 
Inbred mouse strains differ in their taste responses to sweeteners. 
These differences in part depend on allelic variation of  the  
Tas1r3 gene encoding the T1R3 taste receptor. Interestingly,  
our genetic analyses have shown that variation in taste responses 
to a sweet-tasting amino acid, glycine, is not associated with 
Tas1r3 polymorphisms. To study genetic and physiological 
mechanisms of  T1R3-independent variation in sweet taste,  
we used selective breeding to generate mouse strains with high 
(Gly-H) and low (Gly-L) preference scores for 30 mM glycine 
in the two-bottle tests. The selection started from an intercross 
between the C57BL/6ByJ (B6) inbred strain and the 129P3/J.
B6-Tas1r3 congenic strain, so that all hybrid mice and their 
selectively bred offspring had the same Tas1r3 allele (from the 
B6 strain). Difference in glycine preferences between the Gly-H 
and Gly-L strains was reduced after bilateral transection of  
the chorda tympani and the glossopharyngeal nerves, which 
suggested involvement of  a peripheral taste mechanism. 
To test this hypothesis, we conducted electrophysiological 
experiments, which have shown that responses to glycine and 
several other sweeteners in the chorda tympani nerve were 
higher in Gly-H mice compared with Gly-L mice. These 
results suggest the existence of  a T1R3-independent peripheral 
sweet taste mechanism. Acknowledgements: Supported by 
NIH R01DC00882 (AAB and GKB), Ajinomoto Amino Acid 
Research Program (AAB), Ajinomoto Co., Inc. (AK and 
AAB), and NIH P30DC011735 (Robert F. Margolskee). FCOI 
Disclosure: None
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#57 POSTER SESSION II 

Non-nutritive sweeteners are not super-normal stimuli  
Rachel G. Antenucci, John E. Hayes 
Department of  Food Science, The Pennsylvania State University, 
University Park, PA, USA 
 
It is often claimed that non-nutritive sweeteners (NNS) are 
‘sweeter than sugar’, with the implicit implication that high 
potency sweeteners are super-normal stimuli which encourage 
exaggerated reward responses. Tinbergen described supernormal 
stimuli as exaggerated stimuli that evoke behavioral responses 
more effectively than the stimulus for which the response 
evolved. This study aimed to investigate the perceived sweetness 
intensity of  nutritive (sucrose, maple syrup, and agave nectar) 
and NNS (Acesulfame-K (AceK), Rebaudioside A (RebA), 
Aspartame, and Sucralose) in a large cohort of  untrained 
participants using contemporary psychophysical methods. 
Participants (n=421) rated the sweetness, bitterness, and metallic 
intensity for nutritive and NNS in water using the general labeled 
magnitude scale (gLMS) in four experiments. Nose clips were 
used for maple syrup and agave nectar. Sigmoidal dose-response 
curves were observed for all stimuli except AceK. That is, sucrose 
follows a sigmoidal function if  the data are not artifactually 
linearized a priori via panel training. In contrast to reports which 
suggest sucralose is not bitter, we show sucralose is bitter above 
~10mM. More critically, there was no evidence that NNS have 
a maximal sweetness greater than sucrose; indeed, maximal 
sweetness for AceK, RebA and Sucralose was significantly lower 
than for concentrated sucrose. For these sweeteners, mixture 
suppression due to endogenous dose-dependent bitterness 
appears to limit maximal perceived sweetness. On a weight basis, 
the maple syrup and agave nectar were slightly more potent than 
sucrose, although this is likely a result of  molar composition 
(monosaccharides versus disaccharides). In conclusion,  
non-nutritive sweeteners are not supernormal stimuli, at least in 
regard to perceived sweetness. Acknowledgements: Supported  
by funds from the Pennsylvania State University and  
NIH grant DC0010904. FCOI Disclosure: None

#58 POSTER SESSION II 

Mutant tomato varieties and the study of  
volatile-enhanced-sweetness 
Linda M. Bartoshuk1, Eric Dreyer1, Harry J. Klee1, Asli Z. Odabasi1, 
Charles A. Sims1, Derek J. Snyder2, Denise M. Tieman1 
1University of  Florida, Gainesville, FL, USA, 2University of   
Southern California, Los Angeles, CA, USA 
 
A few volatiles are known to enhance sweetness (e.g., Frank 
and Byram, 1988), but the magnitude of  the enhancement 
appears to be small. To further understand this phenomenon, 
we used multiple regression to identify additional volatiles 
(including beta-ionone) that contribute to sweetness in tomatoes 
by collecting psychophysical evaluations of  sweetness using 
a ratio scale from tomatoes with known variation in volatile 
concentrations. Here we report results using three mutants 

of  Ailsa Craig (AC), an English Heritage variety dating from 
1925. These mutations alter carotenoid metabolism, resulting in 
reduced concentrations of  some carotenoid volatiles (including 
beta-ionone) with virtually no change in non-carotenoid 
constituents; these mutants are old-gold (og), tangerine (t), and 
yellow-flesh (r). These three mutants plus the AC parent were 
grown in greenhouses at the University of  Florida. Chemical 
analyses (sugars, acids and volatiles) were analyzed as described 
in Vogel et al, 2010 and sensory analyses (e.g., sweetness) were 
conducted using a global sensory intensity scale as described 
in Tieman et al, 2012. Chemical analyses confirmed reduction 
of  beta-ionone in all mutants; the reduction correlated with 
reduction in perceived sweetness (Spearman Rho, p<0.01). The 
mutant with the greatest reduction in beta-ionone (r) was 60% 
as sweet as the parent tomato (t=2.48, P<0.05). Conclusion: 
This confirms volatiles (especially beta-ionone) as a source 
of  sweetness that is independent of  sugar and provides an 
estimate of  the magnitude of  this volatile-enhanced-sweetness. 
Volatile-enhanced-sweet of  at least some volatiles is of  sufficient 
magnitude to provide a novel way to reduce dietary sugar 
consumption. Acknowledgements: R21 DC01375. FCOI 
Disclosure: None

#59 POSTER SESSION II 

Relative Sweetness and Sweetness Synergism of Various 
Sweeteners in Coffee System  
JI-HYE CHOI, SEO-JIN CHUNG 
Nutritional Science and Food Management, Ewha Womans University, 
SEOUL, South Korea 
 
The current study investigated the presence of  sweetness 
synergism when 2 types of  low-calorie sweeteners are 
mixed in coffee system. The study is in 3 parts : 1. Modeling 
concentration-sweetness intensity curves of  sweeteners;  
2. Measuring the relative sweetness of  sweeteners compared 
to sucrose at wide a concentration range (0.9%-7.9% sucrose 
equivalent range); 3. Investigating the presence of  sweetness 
synergisms between 2 types of  sweeteners. The sweeteners 
studied were stevia, sucralose, xylose, tagatose, and erythritol. 
All experiments were carried out in vegetable cream added 
coffee system. Eight trained panelists evaluated the sweetness 
intensity using rating method with standard references. The 
concentration-response curve was modeled for each sweetener. 
Then, the concentration level of  each sweetener eliciting equal 
sweetness intensity to that of  2.8% sucrose was calculated using 
this modeled curve. For the sweetness synergism study, 1 type 
of  intense sweetener was mixed with 1 type of  bulk sweetener. 
Two sweeteners, each eliciting 2.8% equi-sweetness to that of  
sucrose, were mixed and compared with 5.6% sucrose sample. 
The results showed that the relative sweetness of  bulk sweeteners 
increased as the sweetener concentration increased (for tagatose, 
the relative sweetness was 0.59 at a low level but 0.74 at a high 
level). Intense sweeteners showed an increase in the relative 
sweetness to a certain level as the concentration increased but 
decreased after. In sweetness synergism experiment, sucralose-
xylose combination did not show significant difference in 
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sweetness intensity with sucrose sample. Additionally, the rest 
of  the sweetener combination was lower in sweetness intensity 
than that of  sucrose sample. In conclusion, sweetness synergism 
in coffee system was not observed. Acknowledgements: National 
Research Foundation of  Korea. FCOI Disclosure: None

#60 POSTER SESSION II 

Experience with Na-cyclamate decreases human taste 
sensitivity for aspartame, as well as for D-tryptophan and 
monosodium glutamate 
Samer F Halabiya2,3,4, Alexander A Shcherbakov2,5, Ian Davidson2,5, 
Todd P Livdahl1, Linda M Kennedy1,2 
1Clark University/Biology, Worcester, MA, USA, 2University of  
Washington School of  Dentistry/Oral Health Sciences, Seattle, WA, 
USA, 3Everett Community College/Biology, Everett, WA, USA, 
4University of  Washington/Biology, Seattle, WA, USA,  
5University of  Washington/Biochemistry, Seattle, WA, USA 
 
The results of  Na-cyclamate (Na-c) experience generalize for a 
variety of  sweeteners: taste sensitivities for the monosaccharides 
glucose (pyranose) and fructose (furanose), and the disaccharide 
maltose (pyranose), are significantly increased, while increased 
sensitivity for the disaccharide sucrose (furanose) approaches 
significance. Sensitivities for the structurally different sweeteners 
Na-c and sucralose also are increased, but D-tryptophan and 
monosodium glutamate sensitivities are decreased (Kennedy et 
al., 2013). Human psychophysics and animal neurophysiology 
data suggest that the changes involve peripheral mechanisms, 
in or before the receptor cells (Faurion et al., 2002; Hassan et 
al., 2006; Gonzalez et al, 2009). Here we tested both the general 
hypothesis that the receptor subunit hT1R3 plays a modulatory 
role in experience-induced changes of  taste sensitivity and a 
sub-hypothesis that Na-c experience affects responses to amino 
acids and peptides differently than responses to sugars and 
other sweeteners. Subjects rinsed their tongues with 4mM Na-c 
or distilled water for 10 sec once a day for 10 days. On day 11 
or 12, they tasted a concentration series of  aspartame, each 
concentration paired with water, and indicated which of  each 
pair was “the sweetener.” Subjects treated with Na-c made 
fewer correct identifications, showing decreased aspartame 
sensitivity, compared to those treated with water. Together 
with the overall generalization results, these data are consistent 
with the hypothesis that Na-c interaction with hT1R3 leads 
to modulation of  the whole receptor response and thus to 
experience-induced changes in perceptual sensitivity. They also 
support a difference in the mechanisms of  experience-induced 
changes for amino acids and peptides than for sugars and other 
sweeteners. Acknowledgements: NIH/NIDCD R15DC009042. 
FCOI Disclosure: None

#61 POSTER SESSION II 

Taste Perception of Maltopolysaccharides and the Factors 
Affecting It 
Trina J. Lapis, Michael H. Penner, Juyun Lim 
Department of  Food Science and Technology, Oregon State University, 
Corvallis, OR, USA 
 
Previous studies in our lab showed evidence that humans 
can taste glucose polymers primarily composed of  
maltooligosaccharides (MOSs; 3-10 units). This supports the 
presumed existence of  a secondary carbohydrate taste receptor 
speculated to optimally bind MOSs1. MOSs, however, are not 
ample in nature as a food source. Maltopolysaccharides (MPSs, 
i.e., starch), in contrast, are abundant and account for 60-70% of  
all calories consumed by humans2. This study was thus designed 
to test whether MPS can be tasted and, if  at all, what factors 
influence its perception. The factors considered were method 
of  sample preparation, length of  tasting time, and individual 
differences in the degree of  salivary a-amylase activity and 
complex carbohydrate consumption. We hypothesized that 
because of  its structure and insolubility, MPS is not perceivable, 
but becomes more readily detectable after certain modifications 
(e.g., cooking, longer tasting). Ss rated the perceived intensity of  
sweetness and “other” (e.g., “rice-, bread-like”) taste of  glucose, 
and raw and cooked starch at different time points (5, 15, 35 
sec) following a sip-and-spit procedure accompanied by active 
tasting, while wearing nose clips. Salivary a-amylase activity and 
carbohydrate consumption score of  the Ss were also obtained. 
Results suggest that Ss, on average, seem not to perceive “other” 
taste quality from MPSs. However, when they were grouped by 
the degree of  a-amylase activity or carbohydrate consumption, 
it was evident that those in the “high” groups were able to taste 
MPSs even at the 5 sec time point. Interestingly, the ability to 
taste MPS was not further influenced by the method of  sample 
preparation and length of  tasting time that we tested. More 
extensive studies on the factors that dictate ability to taste MPS 
are being investigated. Acknowledgements: Formula Grant no. 
2013-31100-06041 from the USDA National Institute of  Food 
and Agriculture. FCOI Disclosure: None

#62 POSTER SESSION II 

Selective Temperature-Dependent Effects of Cold on  
Taste Sensitivity and Adaptation for Sugars and  
Artificial Sweeteners.   
Danielle J Nachtigal1, Barry G Green1,2 
1The John B Pierce Laboratory, New Haven, CT, USA,  
2Yale School of  Medicine, New Haven, CT, USA 
 
We recently found that mild cooling of  the tongue tip (21-
22°C) increased sweet taste adaptation for sucrose and that 
more extreme cold (≤ 10°C) also reduced its initial sweetness, 
suggesting that cold modulates sweet taste transduction via at 
least 2 different mechanisms. Here we investigated the hypothesis 
that mild cooling affects an early stage in transduction (e.g. 
ligand binding) that is related to adaptation and specific to 
certain sweeteners, whereas more extreme cold affects sweet 
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taste sensitivity at a later stage of  transduction (e.g., G-protein 
coupling, TRPM5) that is common to all sweet-tasting 
molecules. In exp. 1 27 Ss rated the sweetness of  3 saccharides 
(0.42M sucrose, 1.0M fructose, 1.4M glucose) after dipping 
the tongue tip into (1) these same solutions or (2) H2O-only at 
temperatures of  5°, 10°, 21°, 30°, 37°, or 41°C. The duration of  
pre-test exposure was 0, 3, or 10 sec and the post-test exposure 
was for 3 sec. Cooling to 21°C accelerated sweet taste adaptation 
about equally for all 3 stimuli, whereas exposure to 5° or 10°C 
solutions reduced initial sensitivity significantly more for 
sucrose than for glucose or fructose. In Exp. 2 we used the same 
procedure to determine how strong cooling affects perception of  
the artificial sweeteners saccharin (3.2mM), aspartame (5.6mM), 
and sucralose (1.5mM). The initial sweetness of  all 3 artificial 
sweeteners was also significantly reduced at 5° or 10°C in an 
amount similar to sucrose. The lesser effect of  cold on the initial 
sweetness of  fructose and glucose lends support to the hypothesis 
that the sweetness of  these monosaccharides is mediated in part 
through an additional transduction pathway, e.g. via the GLUT2 
transporter, metabolic sensors, or differential binding to T1R2-
T1R3 subunits. Acknowledgements: Supported in part by NIH 
grant RO1 DC05002. FCOI Disclosure: None

#63 POSTER SESSION II 

Effects of repeated exposure to sweetener on the sweetness 
acceptance and food attitude  
Ji-won Shim, Seo-jin Chung 
Nutritional science and food management, Ewha Womans University, 
Seoul, South Korea 
 
An ideal low-calorie sweetener should have sucrose-like sensory 
characteristics as well as minimal negative psychological effect 
when repeatedly consumed. The current study investigated 
the effect of  repeated exposure of  banana flavored sweetened 
milk on the sweetness acceptance and food/emotion related 
attitudes. A total of  73subjects completed the experiment. 
Subjects were asked whether they were currently on a diet and 
grouped into diet(n=32) and non-diet group(n=41). Subjects 
in each group were then randomly assigned to one of  the 3 
subgroups (i.e. sucrose, tagatose, sucralose+stevia group). 
Subjects in each subgroup drank 200ml of  banana flavored 
skimmed milk sweetened with either sucrose5%, tagatose5.9%, 
or sucralose0.03%+stevia0.3% throughout 16 sessions. Subjects 
were asked to visit 2-3 times per week and the overall experiment 
continued for 7 weeks. Additionally, all the participants rated 
the acceptance of  banana flavored milk samples sweetened 
with 6 different sweeteners eliciting equi-sweetness intensity 
at the start(prior to first exposure), middle(after 8th exposure), 
and end(after 16th exposure) of  the study and evaluated food/
emotion attitude scales. The results showed that the sweetness 
acceptance of  various sweeteners was affected by the type of  
sweeteners exposed to. Sucrose and tagatose exposed subgroups 
had strikingly similar acceptance behavior (sucrose or tagatose 
samples were rated high) whereas sucralose+stevia exposed 
group showed increasing acceptance for sucralose sample and 
showed the highest rating at the final taste test. The dieting 
status did not show significant influence on the acceptance of  

sweeteners. Concerning food/emotion attitude scales, drinking 
milk samples reduced emotional eating attitude among  
dieting subjects as the exposure sessions progressed. 
Acknowledgements: National Research Foundation of  Korea. 
FCOI Disclosure: None

#64 POSTER SESSION II 

Calcium intake influences sucrose taste detection 
Anna Voznesenskaya, Michael G Tordoff  
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Calcium insufficiency lowers rats’ preference for sweet-tasting 
solutions, implying that either perceptual qualities or sensitivity 
towards sweet depends on calcium status. To investigate whether 
the same occurs in humans, here we assessed peak-preferred 
concentrations of  sucrose and sucrose detection thresholds 
in human participants with inadequately low calcium intakes 
(<800 mg/d). Measurements were made before and after a 
4-week period of  1200 mg/d calcium supplementation (n 
= 14) or placebo treatment (n = 12). Calcium consumption 
influenced sucrose detection thresholds but not peak-preferred 
concentrations of  sucrose. Calcium supplementation tended 
to decrease sucrose detection thresholds (p<0.1), the effect 
on individual subjects depended on their baseline “habitual” 
calcium intakes (r=0.58, p<0.05): The lower the habitual 
calcium intake the larger the decrease in sucrose detection 
threshold elicited by calcium supplementation. No effect 
of  calcium supplementation was observed in participants 
already consuming over 750 mg calcium per day. Thus, the 
response to calcium supplementation likely plateaus after an 
“adequate” level of  consumption is reached. This is typical of  
a relationship between a nutrient intake and a physiological 
outcome. Our results suggest that calcium supplementation 
can directly decrease sucrose detection threshold in humans 
but only in those individuals with suboptimal levels of  calcium 
intake. Acknowledgements: Monell Institutional Funds. FCOI 
Disclosure: None

#65 POSTER SESSION II 

Identification of a Novel Alternatively-spliced mRNA  
Isoform of the Human Taste Receptor TAS1R3 
Stephan Vigues1, Blossom Tewelde1, Steven D. Munger1,2 
1University of  Maryland School of  Medicine/Department of  
Anatomy and Neurobiology, Baltimore, MD, USA, 2University of  
Maryland School of  Medicine/Department of  Medicine, Division of  
Endocrinology, Diabetes and Nutrition, Baltimore, MD, USA 
 
Members of  the TAS1R family of  G protein-coupled receptors 
(GPCRs) function in the gustatory system as receptors for 
sweet- and umami-tasting stimuli as well as in extroaoral tissues 
(e.g., intestine, pancreas) where they have been implicated in 
post-ingestive nutrient detection and responses. Each of  these 
Class C GPCRs contains a large extracellular venus-flytrap 
domain (VFTD) that is coupled to the seven-transmembrane 
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domain by a cysteine-rich linker region. The VFTDs contain 
binding sites for several TAS1R agonists including sugars, 
sweeteners and/or amino acids. To better understand the broad 
functions of  TAS1Rs, we used RT-PCR to assess the expression 
of  TAS1R3, the receptor subunit common to the sweet and 
umami taste receptors, in mouse and human tissues and in 
the NCI-H716 human enteroendocrine cell line. Two different 
TAS1R3 isoforms were amplified from human tongue and 
intestine cDNAs as well as from NCI-H716 cells: one encodes 
a full length TAS1R3 while the other lacks 120 bp encoded by 
exon 5. Only the full-length transcript could be amplified from 
mouse cDNAs. Expression of  both transcripts was confirmed 
by ribonuclease protection and quantified by real-time PCR, the 
latter which indicates that the shorter transcript is expressed at 
levels 2-to-6-fold lower than the full-length variant. The exclusion 
of  exon 5 and a resulting frame shift due to splicing of  exons 4 
and 6 in the short TAS1R3 transcript is predicted to encode for 
a truncated TAS1R3 protein that includes the full VFTD and 
a novel C-terminal tail but no seven-transmembrane domain. 
Such a protein could be secreted or membrane bound and could 
act as a co-receptor with other TAS1Rs or could help regulate 
extracellular ligand concentrations. Acknowledgements: NIDCD 
(DC010110 DC005786S1). BT is an HHMI Scholar, Meyerhof  
Scholar, pre-MARC Scholar and URCAD Scholar. FCOI 
Disclosure: None

#66 POSTER SESSION II 

Receptors and circuits for detection of aversive DEET  
and attractive sugar in the peripheral and central nervous  
system of Drosophila  
Pinky Kain, Anandasankar Ray, Anupama Dahanukar 
Department of  Entomology, University of  California, Riverside, 
Riverside, CA, USA 
 
Insects utilize sophisticated olfactory and gustatory systems to 
detect chemicals in the environment. These chemicals provide 
important attractive and aversive cues that are used to feed or 
avoid toxins. Insect repellent DEET is detected by both olfactory 
and gustatory system and has remained unimproved for more 
than 60 years because the target receptors and neurons were 
unknown. In a recent study, we identified olfactory DEET-
sensitive neurons in a pit-like structure in Drosophila antenna 
called the sacculus that express a highly conserved receptor, 
Ir40a. Flies in which these neurons are silenced or Ir40a is 
knocked down lose avoidance to DEET1. DEET also evokes 
contact repellency and we have identified that Gr33a+ and 
Gr89a+ bitter taste neurons of  the labellum and labral sense 
organ (LSO) of  the pharynx, are activated by DEET. We 
have extended our analysis to trace DEET-activated neurons 
that convey information from the first gustatory center called 
the suboesophageal ganglion (SOG) to higher brain centers. 
Additionally, we have also identified candidate projection 
neurons that make connections with primary sweet taste neurons 
in the SOG and project to higher brain areas. Behavioral 
analyses and calcium imaging experiments provide support 
for the idea that the identified neurons convey sweet taste 

information to higher brain centers. Current efforts are directed 
towards systematic neuroanatomical and functional analysis 
of  the identified neurons in aversive (DEET) and attractive 
(sucrose)-evoked chemosensory behaviors. An understanding 
of  the processing centers for repellency and ingestion may 
lead to novel tools for safe and affordable strategies for insect 
control. 1. Kain et al., Odour receptors and neurons for DEET 
and new insect repellents. Nature. 2013 Oct 24; 502(7472):507-
12. Acknowledgements: NIH grants RO1AI087785 and 
R56AI099778 to A.R. and Whitehall Foundation Grant to A.D. 
FCOI Disclosure: A.R. is a founding member and equity holder 
of  Olfactor Labs Inc.

#67 POSTER SESSION II 

Neurophysiological basis of metabolic state dependent  
feeding behavior in Drosophila: Electrophysiological  
studies of the Ellipsoid Body R4 neurons 
JIN-YONG PARK, Monica Dus, Jason S. Lai, Greg S. Suh 
Skirball Institute of  Biomolecular Medicine, Department of  Cell 
Biology, New York University School of  Medicine, New York, NY, USA 
 
Animals select calorie-rich foods independently of  taste. When 
taste-blind flies were given a choice between sugar agar versus 
plain agar, they can still develop the preference for the sugar 
agar following prolonged food deprivation. Consistently, in the 
two-choice assay with metabolizable D-glucose and equally 
palatable, yet nonmetabolizable L-glucose, wild type flies flies 
select D-glucose over L-glucose when starved, but show no 
sugar preference when sated. These suggest that postingestive 
mechanisms drive feeding behavior independently of  gustatory 
inputs when internal energy sources are depleted (1). Recently, 
we reported a Drosophila mutant that is incapable of  selecting 
caloric sugars when starved. The affected gene encodes a 
sodium/solute cotransporter-like protein (dSLC5A11 or cupcake) 
(2). dSLC5A11 is similar to the mammalian sodium/solute 
cotransporters that are known to transport sugar across the 
intestinal and renal lumen. However, dSLC5A11 is prominently 
expressed in approximately 13 pairs of  R4 neurons of  the 
ellipsoid body in the fly brain. Inactivation of  dSLC5A11 gene 
and dSLC5A11–expressing R4 neurons demonstrated that 
the gene and the neurons are required for appropriate food 
selection. Here, we perform whole-cell patch-clamp recordings 
from dissected fly brain to directly investigate if  metabolic state 
changes R4 neuronal activities and dSLC5A11 is required for 
these changes. We also test the molecular function of  dSLC5A11 
using two-electrode voltage-clamp recordings from Xenopus 
oocytes. These studies would give us further insight into the 
neurophysiological basis of  metabolic state dependent feeding 
behavior in Drosophila. 1. Dus M et al., (2011) Proc Natl Acad 
Sci USA 108:11644-11649. 2. Dus M et al., (2013) Nat Neurosci 
16:526-528. Acknowledgements: 26-D-10800-NYUPG-101688, 
NIDCD R01. FCOI Disclosure: None

Abstracts are printed as submitted by the author(s).



60

P
O

S
T

E
R

 P
R

E
S

E
N

T
A

T
IO

N
S

#68 POSTER SESSION II 

Synaptic Circuitry of the Mouse External Plexiform Layer  
Dianna L. Bartel1, Lorena Rela2, Lawrence Hsieh1, Charles A. Greer1,3 
1Yale University School of  Medicine, Department Neurosurgery,  
New Haven, CT, USA, 2University of  Buenos Aires, Department 
Physiology and Biophysics, Buenos Aires, Argentina, 3Yale University 
School of  Medicine, Department Neurobiology, New Haven, CT, USA 
 
Odor information is significantly processed within external 
plexiform layer (EPL) local circuits. These circuits were first 
conceived solely as reciprocal dendrodendritic (D:D) synapses 
between projection neurons and granule cells. Recently, there 
is recognition of  short axon cells that also shape odorant 
activity. To reassess EPL circuitry we focused on the location 
and synaptology of  EPL D:D synapses with the longterm goal 
of  a comprehensive analysis of  all EPL synapses. Electron 
micrographs (EMs) showed that the density of  symmetric 
excitatory synapses was 2X greater than asymmetric inhibitory 
synapses. Asymmetric synapses from mitral/tufted to granule 
cells were uniform in the EPL (9.3 synapses/100µm2) while 
symmetric synapses varied with higher density superficially 
versus deep in the EPL (5.5 vs 3.3 synapses/100µm2). Of  interest, 
our initial analyses suggest that structural detail of  individual 
pairs, including vesicle number, length of  specialized membrane, 
etc. were highly correlated supporting the notion of  dynamic 
equilibrium at D:D synapses. To pursue analyses at a molecular 
level and to begin subcellular localization of  D:D synapses on 
projection neuron dendrites, we quantified the distribution of  
gephyrin, a postsynaptic scaffolding molecule at granule to 
mitral/tufted cell synapses. Gephyrin puncta, measuring 0.4µm2, 
were evenly distributed in the EPL, consistent with our EM 
analyses of  symmetric synapses. We are now assessing spatial 
distribution of  D:D synapses on labeled mitral cell secondary 
dendrites. Initial results suggest the number of  D:D increases 
as dendrites taper toward their terminal end. Our data thus far 
imply that processing may vary based upon the number of  D:D 
synapses/unit area as well as individual synaptological features. 
Acknowledgements: Supported by NIH DC00210 and DC01244. 
FCOI Disclosure: None

#69 POSTER SESSION II 

Olfactory Bulb Current Source Density Analysis in  
Awake Behaving Rats: Beta and Gamma Oscillations 
Donald E Frederick1,3, Nisarg Mehta3, Austin Brown3, Cinar Doruk3, 
Leslie M Kay1,2,3 
1Department of  Psychology, University of  Chicago, Chicago, IL, USA, 
2Committee on Neurobiology, The University of  Chicago, Chicago, 
IL, USA, 3Institute for Mind & Biology, The University of  Chicago, 
Chicago, IL, USA 
 
Three prominent oscillatory bands dominate the olfactory bulb 
local field potential (theta: 2-12Hz; beta: 15-40Hz; and gamma 
60-90Hz). Past research suggests that each oscillation correlates 
with various perceptions and cognitions (e.g., odor sampling 
and discrimination). Research using anesthetized preparations 
have concluded that beta and gamma oscillations are both 
generated at the level of  the reciprocal synapse. However, given 

that anesthesia limits top-down processing and it is known 
that beta oscillations need a coupled olfactory bulb – pyriform 
network, the past research needs to be confirmed in awake 
behaving animals. Here, we present results from a series of  
experiments where linear probes (Alpha Omega) were implanted 
into the medial olfactory bulb. Rats were trained and tested 
while performing a go/no-go odor discrimination task. We 
show that in addition to a source-sink pair at the level of  the 
reciprocal synapse, there is an additional pair deep in the granule 
cell layer that is particularly prominent during beta oscillations. 
Acknowledgements: Institute for Mind and Biology Seed Grant. 
FCOI Disclosure: None

#70 POSTER SESSION II 

Plasticity of Stimulus Representation in the Olfactory  
Bulb of the Awake, Unrestrained Mouse 
Richard Gerkin, Ryan Brackney, Taleen Der-Ghazarian, Kael Dai, 
Brian Smith 
School of  Life Sciences, Arizona State University, Tempe, AZ, USA 
 
Neuronal populations encode olfactory stimuli in both the 
Antennal Lobe and Olfactory Bulb (OB) in invertebrates and 
vertebrates, respectively. In honeybees these ensemble neuronal 
representations change as an animal learns to associate a 
stimulus with reward. In particular, representations become 
separated in neuronal state space as a result of  learning, 
putatively facilitating odor discrimination. However, in mammals 
little is known about how these representations change beyond 
the effects on the responses of  single, or pairs of, neurons. 
We recorded from ensembles of  neurons in the mouse OB 
during olfactory learning to understand whether population-
level representations exhibited plasticity similar to that in the 
honeybee. Here we show the results of  these experiments. 
Acknowledgements: Arizona Alzheimer’s Foundation, National 
Institutes of  Health. FCOI Disclosure: None

#71 POSTER SESSION II 

A temporal channel for information in sparse olfactory coding 
Nitin Gupta, Mark Stopfer 
NICHD, National Institutes of  Health, Bethesda, MD, USA 
 
Brain circuits encode sensory information into a variety of  
neural representations ranging from dense, time-varying patterns 
of  spikes in overlapping sets of  neurons to sparse spikes in 
a few selective neurons. Sparse codes are used by nearly all 
sensory systems including vision, audition, somatosensation, 
and olfaction. In dense codes, the timing of  spikes has been 
shown to contain sensory information, but the role of  timing 
in the relatively few spikes in sparse sensory codes is unclear. 
Here we used the olfactory system of  awake locusts (Schistocerca 
americana) to test whether the timing of  spikes in Kenyon cells 
(KCs), a population of  neurons which responds sparsely to odors, 
carries sensory information to, and influences the responses 
of, follower neurons. We characterized two major classes of  
direct followers of  KCs. With paired intracellular and field 
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potential recordings made during odor presentations, we found 
these followers encode odor identity in the temporal patterns 
of  their spikes (>65% classification accuracy, 6 odors, n=15 
cells), but not in the spike rate, the spike phase or the identities 
of  active neurons (response rate=96.9%, n=262 cell-odor 
pairs). Finally, we found that subtly manipulating the relative 
timing of  KC spikes, with temporally and spatially structured 
microstimulation (for example, with 50-ms pulses routed to 
four sets of  KCs in different sequences), reliably altered the 
responses of  the followers (>80% classification accuracy). Our 
results show that even the remarkably sparse spiking responses 
of  KCs provide information through odor-specific variations in 
timing on the order of  tens to hundreds of  milliseconds, and that 
these variations determine responses downstream. These results 
establish the importance of  spike timing in a sparse sensory code. 
Acknowledgements: Intramural support from NICHD-NIH. 
FCOI Disclosure: None
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Precise detection of glomerular input duration by the  
olfactory system  
Anan Li1,3, Thomas Bozza2, Diego Restrepo1 
1Department of  Cell and Developmental Biology, Neuroscience Program 
and Rocky Mountain Taste and Smell Center, University of  Colorado 
Anschutz Medical Campus, Aurora, CO, USA, 2Department of  
Neurobiology, Northwestern University, Evanston, IL, USA,  
3Wuhan Institute of  Physics and Mathematics, The Chinese Academy 
of  Sciences/State Key Laboratory of  Magnetic Resonance and Atomic 
and Molecular Physics, Wuhan, China 
 
Duration is an important parameter of  stimulus and neural 
input, which has been extensively studied in both the visual 
and auditory systems. Compared with vision and audition, 
olfaction was considered to be a slow sense, but recent studies 
have shown precise temporal properties. For example, it has 
been reported that mice can discriminate between light-evoked 
inputs that are shifted in the sniff  cycle by as little as 10 ms 
(e.g. Smear at. al. Nature 479:397, 2011). However, because 
glomerular input duration is affected by sniffing and because 
of  complex interactions between odorants and the epithelium 
no study has explored how the olfactory system discriminates 
input duration. Here, we used optogenetic mice (OMP-ChR2), 
in which input duration can be precisely controlled by activation 
of  sensory neuron input with blue light. We found that the 
mice can discriminate the light duration within 10 msec when 
the controlled duration is 100 msec, which is similar to or 
even better than temporal precision of  sniff  phase perception. 
Electrophysiological recordings in the olfactory bulb of  both 
awake and anesthetized mice showed that M/T cells responded 
selectively to different input durations. Furthermore, compared 
with the anesthetized state, more short duration selective neurons 
were found in the awake state. Our study provides evidence that 
the duration of  the input to glomeruli is a potent cue for odor 
cognition in higher brain centers. Acknowledgements: DC004657 
(DR) and DC000566 (DR) and NSFC 31100799 (AL). FCOI 
Disclosure: None
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Nitric Oxide Controls Sensory Input In Mouse  
Olfactory Glomeruli 
Jie Ma, Graeme Lowe 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Nitric oxide (NO) is a signaling molecule with diverse functions 
in the brain. In the mouse olfactory bulb, tonic NO production 
has been detected electrochemically and optically (Lowe et 
al., 2008; McQuade & al, 2010), and olfactory glomeruli are 
strongly immunoreactive for nitric oxide synthase (NOS) 
(Kosaka & Kosaka, 2007). To study the role of  glomerular NO, 
we recorded olfactory nerve (ON) shock-evoked excitatory 
postsynaptic currents (EPSCs) from juxtaglomerular (JG) cells 
in mouse olfactory bulb slices. The NO scavenger cPTIO (100 
µM) strongly depressed EPSCs in JG cells. To test whether this 
effect was presynaptic, we measured shock-evoked ON terminal 
fluorescence signals in slices from OMP-spH mice. Fluorescence 
responses (ΔF/F

0
) were attenuated to 62 % ± 10 % (mean 

± SEM) of  control in cPTIO (n = 10, P = 0.004). The NOS 
inhibitors L-NO-Arg (2 mM) and TRIM (100 µM) also caused 
reductions in response. Attenuation by cPTIO persisted in both 
50 µM CGP55845 and 300 µM sulpiride, and therefore did not 
depend on presynaptic inhibition via GABA

B
 or dopamine D2 

receptors. Excess exogenous NO from the donor compound 
NOC7 (100 µM) strongly elevated basal spH fluorescence 
and blunted ΔF/F

0
 responses. Our results indicate a direct 

potentiation of  olfactory sensory input by NO signaling. The 
effect of  cPTIO was not recapitulated by the soluble guanylyl 
cyclase inhibitor ODQ, suggesting that NO may act directly 
on presynaptic terminals by covalent modification of  proteins. 
Acknowledgements: NIDCD 5R01DC004208-10. FCOI 
Disclosure: None

#74 POSTER SESSION II 

Temporal Processing of Odor Stimuli from Olfactory  
Receptor Neurons to Projection Neurons 
Carlotta Martelli1, Steven Zwick2, Thierry Emonet1,2 
1Yale University, Molecular Cellular and Developmental Biology,  
New Haven, CT, USA, 2Yale University, Physics, New Haven, CT, USA 
 
Olfactory Receptor Neurons (ORNs) respond to odor stimuli 
with temporal patterns of  activity that depend on odor 
identity, odor concentration and receptor type. We performed 
measurements of  the activity of  single ORNs in Drosophila and 
analyzed these temporal patterns taking in account a precise 
quantification of  the time dependent stimulus. We found that 
the dynamics of  the odor stimulus itself  depends on odor 
identity and concentration and that it strongly modulates the 
ORN response. Indeed we were able to assign a single response 
function to a single ORN and to predict the response of  this 
ORN to two different odors solely from measurements of  the 
stimulus. We also found that ORN adaptation capabilities 
maintain response dynamics remarkably similar across a large 
range of  stimulus and background intensities (Martelli, 2013). 
These results may suggest that ORN response properties enable 
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the olfactory system to capture information about stimulus 
dynamics independently from its intensity. In order to investigate 
this hypothesis we developed a computational model of  the 
Drosophila Antennal Lobe (AL), the first synaptic processing 
center of  olfactory information. Our simulation includes three 
neuron populations: ORNs, inhibitory Local Neurons (LN) and 
output Projection Neurons (PNs). The model reproduces known 
static properties of  the AL (the divisive normalization, Olsen 
2010) while providing temporal resolution on the activity of  the 
single neurons. ORN activity is used as input to the network 
and reproduces the observed dependency on odor identity 
and concentration. We investigate how properties of  the ORN 
response dynamics affect the encoding of  single odorants and 
odor mixtures in the population of  PNs. Acknowledgements: 
Whitehall Foundation. FCOI Disclosure: None

#75 POSTER SESSION II 

The effect of glomerular input patterns on mitral cell responses 
in the olfactory bulb 
Shaina M. Short1,2, Thomas S. McTavish1, Thomas M. Morse1,  
Gordon M. Shepherd1, Justus V. Verhagen1,2 
1The John B. Pierce Laboratory, New Haven, CT, USA,  
2Yale School of  Medicine, Dept. Neurobiology, New Haven, CT, USA 
 
Olfactory sensory neurons respond to different odors by 
activating different patterns of  olfactory glomeruli. The most 
strongly activated glomeruli function as the primary glomeruli 
for driving the mitral cells. The responses reaching the mitral 
cell somas backpropagate into the lateral dendrites, which is 
then balanced by feedback and lateral inhibition through granule 
cells. How the temporal and spatial aspects of  glomerular input 
patterns influence the firing of  a single mitral/tufted cell, the 
main output of  the olfactory bulb, is not currently understood, 
although distinct patterns of  lateral inhibition are hypothesized 
to shape mitral cell firing. Utilizing optogenetic stimulation 
techniques, we are systematically analyzing how specific 
patterns of  glomerular activity (primary versus non-primary 
glomeruli) influence mitral cell output. The spatial pattern, 
duration, and intensity of  glomerular stimuli are manipulated 
optically, in OMP-ChR2 mice, using a custom-built Digital 
Micro-mirror Device, while in vivo extracellular recordings from 
single mitral cells are obtained. Preliminary findings show that 
mitral/tufted cells have higher firing rates at shorter periods 
(100 ms) of  full glomerular layer stimulation, whereas longer 
stimulation periods (800-1600ms) result in lower firing rates, 
likely due an activation of  inhibitory networks. By varying the 
optical stimulation patterns, these experiments aim to determine 
the effects of  the olfactory sampling rate of  both primary and 
non-primary glomeruli, thereby shedding light on the neural 
interactions caused by patterned activation of  multiple glomeruli. 
Acknowledgements: NIH grants R01DC011286, R01DC009994, 
R01DC009977, T15LM007056, and T32NS007224. FCOI 
Disclosure: None
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Plasticity of Glomeruli and Olfactory-Mediated Behavior  
in Zebrafish Following Detergent Lesioning of the  
Olfactory Epithelium 
Evan J. White, Savannah K. Kounelis, Christine A. Byrd-Jacobs 
Western Michigan University/Biological Sciences, Kalamazoo,  
MI, USA 
 
The zebrafish olfactory system is a valuable model for examining 
the ability of  neurons to recover from damage. Previous 
experiments showed disruption of  glomeruli and olfactory-
mediated behavior when detergent is chronically applied to the 
olfactory organ, though both return with a recovery period. The 
aim of  the current study is to examine the effects of  a single 
detergent treatment. Olfactory organs were treated once with 
Triton X-100 bilaterally to study behavior or unilaterally to study 
glomerular innervation patterns. Fish were allowed to recover for 
4 or 7 days. Control fish were untreated. Axonal projections were 
analyzed with whole mount microscopy using an AlexaFlour-
conjugated anti-keyhole limpet hemocyanin. Some fish were 
placed in a behavior tank and exposed to water or a cocktail 
of  amino acids or bile salts; the number of  turns the fish made 
before and after odorant delivery was compared. Confocal 
imaging showed disruption of  glomerular innervation patterns 
in the olfactory bulb at 4 days, particularly of  ventral-medial 
and dorsal-lateral glomerular clusters. Lateral glomeruli appear 
largely unaffected. Innervation patterns returned to control 
levels at 7 days. In the behavior study, control fish turned more 
after exposure to both odorants. Fish 4 and 7 day post-treatment 
made more turns in response to amino acids, but did not 
respond to bile salts. Our results suggest that a single detergent 
treatment disrupts olfactory-mediated behavior and affects a 
subset of  glomeruli in the olfactory bulb. Affected glomeruli 
tend to contain ciliated OSN projections while those containing 
microvillar OSN projections tend to endure detergent exposure. 
These findings highlight the plasticity of  the zebrafish olfactory 
system, which can lose and recover entire clusters of  glomeruli in 
a week. Acknowledgements: NIH-NIDCD 011137 (CBJ), WMU 
Lee Honors College (EJW), NSF REU DBI-1062883 (SKK). 
FCOI Disclosure: None

#77 POSTER SESSION II 

Cellular Mechanisms Underlying Olfactory Signal-Filtering  
at Olfactory Bulb Glomeruli 
Joseph D. Zak1,2, Nathan E. Schoppa1,2 
1Neuroscience Program, Aurora, CO, USA, 2Department of  Physiology 
& Biophysics, Aurora, CO, USA 
 
The glomerular microcircuit in the olfactory bulb includes two 
types of  interneurons, GABAergic periglomerular (PG) cells 
and glutamatergic external tufted (ET) cells, that both receive 
direct input from olfactory sensory neurons (OSNs). Recent 
studies have postulated that through synapses on ET cells, PG 
cells could function as a high-pass filter on activity of  output 
mitral cells (MCs), selectively suppressing output derived from 
weak OSN inputs. This proposal is based on the very high 
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input resistance of  PG cells. The effectiveness of  this filtering 
mechanism will depend on several factors, including the number 
of  OSN inputs. In this study, we performed whole-cell patch-
clamp recordings in rat bulb slices to compare responses of  ET 
and PG cells to OSN input. Pair-cell recordings revealed first, 
that ET cells do in fact have a lower threshold for spiking than 
PG cells. The OSN stimulation intensity required for spiking 
in PG cells was 1.8±0.3-fold higher than in ET cells (n = 8 
pairs, p = 0.004). The ET cells’ higher spike activity appeared 
to reflect greater OSN input, since, at a given stimulus intensity, 
ET cells displayed much larger excitatory currents (181±76 pA 
in ET cells versus 45±32 pA in PG cells, n = 6 pairs, p = 0.028). 
While ET cells were quite excitable, PG cells did appear to 
be effective at suppressing ET cells at low input levels. Under 
stimulation conditions that resulted in spike failures in ET 
cells, the GABA(A) receptor blocker gabazine (50 µM) greatly 
increased ET cell spike probability (to 100%; n = 5). The fact 
that PG cells can suppress ET cells at low OSN input levels likely 
reflects a network-effect resulting from the high number of  PG 
cells. Our results support and reveal the underlying mechanisms 
for a high-pass olfactory signal filtering mechanism at glomeruli. 
Acknowledgements: JDZ supported by NIDCD grant F31 
DC013480, NES supported by NIDCD grant R01 DC006640. 
FCOI Disclosure: None
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Dendritic Analysis of Granule Cells in the BDNF-enriched 
Olfactory Bulb 
Brittnee McDole, Ceylan Isgor, Kathleen Guthrie 
College of  Medicine, Dept. of  Biomedical Science, Florida Atlantic 
University, Boca Raton, FL, USA 
 
The neurotrophin brain-derived neurotrophic factor (BDNF) 
plays a key role in the development, maturation, and plasticity 
of  dendritic spines on CNS neurons, both during development 
and in adulthood. In olfactory bulb, conditional knockout of  
full-length TrkB receptors within adult-born granule cells impairs 
their maturation-related spinogenesis. Using adult transgenic 
mice overexpressing BDNF in the granule cell layer, we tested 
the hypothesis that chronic increases in bulbar BDNF would 
promote spine morphogenesis and/or maintenance in the 
granule cell population as a whole. Significant increases in bulb 
BDNF mRNA and protein levels were confirmed by in situ 
hybridization and Western blot/ELISA, respectively, and Golgi-
Cox staining was used to visualize olfactory granule cells in their 
entirety. Computer-based image analysis was performed using 
Neurolucida (Microbrightfield Inc.) to reconstruct dendritic 
arbors and quantify dendritic lengths, number of  dendritic 
branches, and spine distribution and density. Comparison of  
measures from transgenic and wild-type mice at 6.5 months 
of  age showed that long-term increases in endogenous BDNF 
had no significant effect on total dendritic length or complexity 
of  granule cell branching. However total apical dendritic spine 
densities were significantly higher in the transgenic group 
(mean=0.34 spines/µm +/- 0.04, SEM) compared to control 
mice (0.22 spines/µm +/-0.02 SEM, p=0.012, unpaired t-test). 

This included an increased frequency of  “headed”, mushroom-
type spines with distinct and necks and heads (0.22 spines/µm 
+/- 0.02 SEM, vs 0.14 spines/µm +/- 0.01 SEM, transgenic 
vs control respectively; p=0.009, t-test). These results provide 
further evidence that BDNF shapes bulb circuit organization by 
regulating granule cell spine maturation/maintenance in vivo. 
Acknowledgements: Supported by NIDCD grant R15DC012425. 
FCOI Disclosure: None

#79 POSTER SESSION II 

Characterization of 5-HT
7
 receptor type expression in the 

antennal lobe of Drosophila melanogaster 
Lukas D Meadows, Andrew M Dacks 
West Virginia University/Biology, Morgantown, WV, USA 
 
The nervous system often relies on neuromodulators to 
alter sensory processing within the context of  a changing 
physiological state and environment. One matter that 
complicates this process is that for a given neuromodulator 
there is a diversity of  receptors with different cognate second 
messenger systems. For example, serotonin (5-HT) generally 
enhances the responses of  neurons in the insect olfactory system, 
but the functional identities of  the neurons expressing each of  
the five serotonin receptor types are unknown. To investigate 
the receptor basis for the effects of  serotonin, we determined the 
expression pattern of  the 5-HT

7
 receptor type in the antennal 

lobe of  Drosophila. Because 5-HT
7
 receptor activation increases 

cAMP and serotonin generally enhances odor-evoked responses, 
we hypothesized that the antennal lobe neurons expressing 
this receptor play an excitatory role in olfactory processing. 
Immunocytochemistry and Gal4 GFP expression were used to 
determine the morphological cell types expressing the 5-HT

7
 

receptor and their transmitter content. The 5-HT
7
 receptor 

expression was observed in a subset of  olfactory receptor 
neurons, 2-3 local interneurons, and a population of  cholinergic 
projection neurons. This data supports our hypothesis in part 
because olfactory receptor neurons and projection neurons serve 
an excitatory function for olfactory processing in the antennal 
lobe. Acknowledgements: This work was supported by start-
up funds from West Virginia University to AMD and a WVU 
Summer Undergraduate Research Experience fellowship and 
Henry Hurlbutt Award to LM. FCOI Disclosure: None
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Interneuron functional diversity in the mouse accessory 
olfactory bulb 
Julian P Meeks, Marina A Maksimova, Jennifer M Torres 
UT Southwestern Medical Center, Dept. of  Neuroscience,  
Dallas, TX, USA 
 
The accessory olfactory bulb (AOB) is a compact neural circuit 
that discriminates between conspecific and heterospecific 
odors and drives innate behaviors. AOB mitral cell (MC) 
projection neurons are strongly influenced by inhibition at 
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reciprocal synapses with granule cell (GC) interneurons. Recent 
anatomical studies identified substantial morphological diversity 
among GCs in the rodent AOB, suggesting that there are more 
functional interneuron types in the AOB than were previously 
recognized. Among these is a population of  external granule 
cells (EGCs) residing in the external cellular layer (ECL) 
alongside mitral cells. We screened through several transgenic 
mouse lines expressing cre recombinase and tdtomato in AOB 
GCs, and found 3 lines (Cort-cre, Gad2-cre, and Calb2-cre) that 
labeled largely non-overlapping AOB GC populations. Gad2-
cre- and Calb2-cre-driven tdtomato was mostly found in the 
internal cellular layer (ICL), where internal granule cell (IGC) 
somas reside. Cort-cre-driven tdtomato, in contrast, was nearly 
entirely restricted to EGCs. We performed targeted patch clamp 
experiments on interneurons of  each genetically-identified 
type in adult mouse AOB slices. We found that IGCs and 
EGCs of  any of  these three genetically-labeled types possessed 
characteristic features of  intrinsic excitability and spontaneous 
synaptic input. IGCs possessed a strong I

h
 conductance and weak 

Na+ action potentials, whereas EGCs lacked I
h
 and had stronger 

action potentials. EGCs also received dramatically higher rates 
of  spontaneous excitatory synaptic input than IGCs, suggesting 
more extensive mitral cell innervation. These results identify 
functional subdivisions among AOB interneurons, and suggest 
that EGCs and IGCs perform different computations in the AOB 
circuit. Acknowledgements: NIH R00DC011780 (NIDCD) UT 
Southwestern Startup Funds. FCOI Disclosure: None
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Sulfated Steroids are Chemosensory Stimuli of Both the  
Main and Accessory Olfactory System of an Amphibian 
Alfredo Sansone1, Thomas Hassenklöver1,2, Ivan Manzini1,2 
1University of  Göttingen, Institute of  Neurophysiology and Cellular 
Biophysics, Göttingen, Germany, 2University of  Göttingen, Center 
for Nanoscale Microscopy and Molecular Physiology of  the Brain 
(CNMPB), Göttingen, Germany 
 
Sulfated steroids are negatively charged molecules with low 
molecular weight and low volatility that have been shown to 
be present in mouse urine. They trigger responses in a large 
number of  sensory neurons in the mouse vomeronasal organ, 
where they may act as pheromones. Using functional calcium 
imaging in acute slices of  the olfactory organ, we found that 
some pregnanolone-derived (P-mix) and oestrogen-derived 
(E-mix) sulfated steroids elicit large Ca2+ responses in sensory 
neurons of  Xenopus laevis. Surprisingly, these compounds 
activate sensory neurons in both the main olfactory epithelium 
(MOE) and the vomeronasal organ (VNO). All steroid-induced 
responses were completely abolished in absence of  extracellular 
Ca2+. However, pregnanolone- and oestrogen-derived steroids 
showed a differential specificity in the two organs. Pregnanolone-
derived steroids activated sensory neurons in both the MOE and 
VNO, oestrogen-derived steroids only activated neurons of  the 
MOE. Individual sensory neurons in both organs specifically 
responded to only one of  the two steroid mixtures (P-mix or 
E-mix). Nonetheless, most individual sensory neurons generally 

responded to more than one steroid within a mixture, indicating 
that individual neurons are tuned to detect the class of  sulfated 
steroids (either P-mix or E-mix), rather than single steroids 
within the same class. The results of  the present study suggest 
that sulfated steroids might not be rodent-specific pheromones, 
but rather a group of  stimuli having a chemosensory function in 
different vertebrate groups. Our data provide the basis for further 
investigations of  the physiological meaning of  sulfated steroids 
as chemosensory stimuli in amphibians. Acknowledgements: 
Supported by DFG Schwerpunktprogramm 1392 (I.M) and 
Cluster of  Excellence and DFG Research Center Nanoscale 
Microscopy and Molecular Physiology of  the Brain (I.M). FCOI 
Disclosure: None
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When the nose must remain responsive: glutathione 
conjugation of the mammary pheromone in the newborn rabbit  
Philippe Faure1, Ariele Legendre1, Helene Tiesset1, Catherine Potin1, 
Ingrid Jacob1, Gilles Sicard2, Benoist Schaal1, Yves Artur1,  
Gerard Coureaud1, Jean-Marie Heydel1 
1Centre des Sciences du Goût et de l’Alimentation, UMR 6265 CNRS, 
UMR 1324 INRA, Université de Bourgogne, Agrosup-Dijon, Dijon, 
France, 2Neurobiologie des interactions cellulaires et pathologie, NICN 
UMR 7259, Université d’Aix Marseille, Marseille, France 
 
In insects, xenobiotic metabolizing enzymes were demonstrated 
to regulate pheromones inactivation, clearing them from the 
olfactory periphery and keeping receptors ready for stimulation 
renewal. Here, we investigate whether similar processes could 
occur in mammals, focusing on the pheromonal communication 
between female rabbits and their newborns. Lactating rabbits 
emit in their milk a volatile aldehyde, 2-methylbut-2-enal, that 
elicits searching-grasping in neonates; called the mammary 
pheromone (MP), it is critical for pups which are constrained 
to find nipples within the five minutes of  daily nursing. For 
newborns, it is thus essential to remain sensitive to this odorant 
during the whole nursing period to display several actions of  
sucking. Here, we show that the MP is enzymatically conjugated 
to glutathione in newborn olfactory epithelium (OE), in 
accordance with the high mRNA expression of  glutathione 
transferases evidenced by quantitative RT-PCR. This activity 
in the nose is higher than in the liver, and in OE of  newborns 
compared to weanlings (no more responsive to the pheromone). 
Therefore, the results pinpoint the existence of  a high level 
of  MP-glutathione conjugation activity in the OE of  young 
rabbits, especially in the developmental window where the 
perceptual sensitivity towards the mammary pheromone is 
crucial for survival. Acknowledgements: Supported by grants 
from the Agence Nationale de la Recherche (ANR-05-PNRA-1.
E7-Aromalim), FEDER (fonds européen de développement 
régional), Regional Council of  Burgundy (plan d’actions régional 
pour l’innovation) and by fellowships from the National Institute 
of  Agronomy. FCOI Disclosure: None
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Competitive enzymatic inhibition of the mammary pheromone 
olfactory catabolism: in-vitro and ex-vivo investigation  
Hassan-Ismail Hanser, Philippe Faure, Ariele Legendre,  
Benoist Schaal, Yves Artur, Gerard Coureaud, Jean-Marie Heydel 
Centre des Sciences du Goût et de l’Alimentation, UMR 6265 CNRS, 
UMR 1324 INRA, Université de Bourgogne, Agrosup-Dijon,  
Dijon, France 
 
The clearance of  odorants from the perireceptor olfactory 
environment, involving metabolizing enzymes, is increasingly 
believed to have a significant function in olfactory sensitivity 
maintenance and therefore in perception. We have previously 
shown that the mammary pheromone (MP) is enzymatically 
conjugated to glutathione in rabbit olfactory epithelium and 
that this activity is particularly high in newborns which are 
responsive to the pheromone. This might involved enzymatic 
olfactory catabolism, something never demonstrates to date in 
vertebrate pheromone perception. Here, our objective was to 
investigate the putative inhibition of  the MP olfactory catabolism 
when the pheromone is in mixture with a potential competitor 
aldehyde. Effect of  the binary mixture on the MP glutathione 
conjugation was measured in-vitro (liquid chromatography), 
while its global metabolism was measured ex vivo. The original 
ex-vivo method developed consists in measuring (headspace 
gas chromatography) the disappearance of  an odorant (or 
a mixture) injected in a sealed vial containing a fresh total 
explant of  newborn rabbit olfactory epithelium. In-vitro, several 
odorant aldehydes were identified as strong inhibitors of  the 
MP catabolism. This effect was confirmed ex-vivo attesting 
that glutathione conjugation is the major activity directed 
to the MP. Our results presents the first demonstration that 
odorants in mixture can metabolically compete leading to the 
inhibition of  the catabolism of  the odorant showing probably 
the less affinity for the enzyme. This suggests that odorants 
can accumulate in the perireceptor space and either activate 
more receptors or saturate them, and in anyway modulate the 
detection. We are currently investigating the effect of  odorant 
mixtures on the in-vivo perception of  the mammary pheromone. 
Acknowledgements: Supported by grants from the Agence 
Nationale de la Recherche (ANR-05-PNRA-1.E7-Aromalim), 
FEDER (fonds européen de développement régional), Regional 
Council of  Burgundy (plan d’actions régional pour l’innovation) 
and by fellowships from the National Institute of  Agronomy. 
FCOI Disclosure: None
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Major Urinay Proteins (MUPs) as a Key Component in  
Mouse Olfactory Coding: An Important Landmark  in 
Genetics of Social Behavior 
Sergey N Novikov1, Elena M Fedorova2, Irina I Ermakova3 
1I.P. Pavlov Institute of  Physiology, Russian Academy of  Sciences, 
St.-Petersburg, Russia, 2Institute of  Experimental Medicine, Russian 
Academy of  Medical Sciences, St.-Petersburg, Russia, 3Institute of  
Cytology, Russian Academy of  Sciences, St.-Petersburg, Russia 
 
Major urinary proteins (MUPs) of  the house mouse form a large 
group of  the highly polymorphic isoforms with molecular masses 
of  18-20 kDa. MUPs are encoded by the Mup gene cluster, which 
consists of  about 35 genes and pseudogenes and is mapped 
to chromosome 4. Currently MUPs are supposed to be a key 
component in formation of  the individual olfactory fingerprint 
in Mus musculus. (Churakov et al., 2013). However, until recently 
the molecular mechanisms and genetic basis of  the olfactory 
signature formation were poorly understood. In this study, 
after quantitative evaluation of  MUP fractions with different 
electrophoretic mobility in mice of  genealogically unrelated 
strains and their F1 hybrids we showed that strain specific 
combination and proportion (ratios) of  eight individual fractions 
(A-H) can encode age, sex, physiological state, and genotype 
of  the mouse. These sex and genotype specific ratios emerged 
in both sexes very soon after weaning, remain quite constant in 
adults and resemble an individual barcode. The obtained results 
suggest that the pattern of  differential Mup genes expression 
during mouse ontogenesis and under different androgenic state 
is regulated through a very stable genetic program. Based on 
outstanding investigation of  P. Chamero and co-workers in 2007 
(Nature, 450:890-902), these data provide valuable insights into 
fine molecular mechanisms of  decoding the MUP pheromone 
blends by sex-specific receptors, V2Rs (He et al., 2008) and 
highlight the advantage of  using Mup genes network for genetic 
dissection of  the aggressive phenotypes in this species (Fedorova 
et al., 2011; Novikov, 2013). Our study performs further 
significant step in development of  the pheromonally mediated 
aggression model which was introduced in genetics of  social 
behavior 40 years ago (Kessler et al., 1975). Acknowledgements: 
Supported by Russian Foundation for Basic Research (projects 
02-04-49273, 04-04-63050, 07-04-01762) and Russian State 
Science and Technology Program “Priority Frontiers in 
Genetics” (project 2.152). FCOI Disclosure: None
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#85 POSTER SESSION II 

Predicting odorant perception from odorant structure 
kobi snitz, lavi secundo, noam sobel 
weizmann institude of  science, neurobiology, rehovot, Israel 
 
A key question in olfaction remains predicting odorant 
perception from odorant structure. In a previous effort we built 
a computational model that allowed us to accurately predict 
perceived odorant similarity from odorant structure alone, a 
model that worked for both monomolecular odorants as well as 
multicomponent odorant mixtures (Snitz et al., PLoS Compu 
Biol 2013). Here we build on this model to now predict specific 
odorant perceptual attributes based on odor structure alone. 
We obtained perceptual data from the Dravnieks Atlas of  Odor 
Character Profiles (1985), and structural data for each molecule 
using the Dragon structural chemistry software package (Talete, 
Italy). To achieve our predictions we identified anchors in 
perceptual space. These anchors were selected such that if  mixed, 
they form the odor of  olfactory white (Weiss et al., PNAS 2012). 
We could then compute the similarity of  any odorant to each 
of  the anchors, and use these similarity values to predict the 
verbal labels (out of  the 146 possible Dravnieks labels) applied 
to that odor. Using this method to test ~50 molecules from 
the Dravnieks data that we did not use in model training, we 
obtained a correlation of  ~0.6 (p <0.0001) between predicted and 
actual perceptual ratings. In other words, we were able to predict 
a modest but significant portion of  the verbal descriptors that 
were applied to an odorant. Here we will present the continued 
testing of  this model, now applied to individuals and odors out 
of  the original Dravnieks data. TEST Acknowledgements: ERC. 
FCOI Disclosure: None

#86 POSTER SESSION II 

Individual Olfactory Fingerprints: From Mapping Odors in 
People-Space to Mapping People in Odor-Space 
Lavi Secundo, Kobi Snitz, Liron Pinchover, Dana Bar-Zvi, Noam Sobel 
Weizmann Institute of  Science, Rehovot, Israel 
 
A key step of  linking neuronal olfactory coding to odorants 
physicochemical properties is to account for individual variability 
in odor perception. Therefore, one would like to parameterize 
individuals in a space of  odor preferences to account for this 
variability, i.e. instead of  representing odors, representing people 
and quantify their individual olfactory percept. We collected 
perceptual ratings (using VASs) from 61 participants who rated 
32 odorants along 57 descriptors. Twenty seven of  the descriptors 
were taken from Dravnieks’ odor atlas and additional thirty two 
were selected through a semantic analysis process. Using only 
15 odorants and 30 descriptors we were able to characterize 
an ‘Olfactory fingerprint’ for an individual. This fingerprint 
allowed us to identify a given individual out of  the pool of  61 
individuals with 90% accuracy. The ‘Olfactory fingerprint’ was 
generated by normalizing answers per subject per odor and 
then averaging across odors, i.e. generating a specific descriptor 
usage profile which is independent of  the odors used (averaged 
across odors). To test if  this profile is not merely a reflection 

of  semantic usage of  descriptors, we created an odor similarity 
matrix for each subject that is independent of  the descriptors 
used. The subject’s similarity matrix was generated by correlating 
all odor ratings within a subject. Using a same method on the 
similarity matrix we showed again that we are able to identify 
individual participants with 90% accuracy, thus showing that 
the profile created was not specific to the descriptor usage. 
Acknowledgements: I do not have any competing financial 
interests. This work is supported by iCore and ERC grants.  
FCOI Disclosure: None

#87 POSTER SESSION II 

How many molecules have an odor? 
Chung Wen Yu, Lindsay A. Warrenburg, Katharine A. Prokop-Prigge, 
Joel D. Mainland 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
A common refrain in the olfactory literature is that humans can 
detect 10,000 different odorants, however both the source and 
quality of  this estimate is unclear. Here we set out to answer 
this question quantitatively. We developed a model that can 
distinguish between odorous and odorless molecules based on 
physicochemical properties. We then applied this model to a 
subset of  molecules from the Chemical Universe Database, 
a collection of  26 million molecules that are both chemically 
stable and synthetically feasible with up to 11 atoms of  carbon, 
nitrogen, oxygen, sulfur and halogens. Our model predicts that 
approximately 35% of  these molecules, over 9 million, will  
have an odor. Acknowledgements: R01-DC1339. FCOI 
Disclosure: None

#88 POSTER SESSION II 

Eavesdropping on Immunity  
Bruce A Kimball1, 2, Gary K Beauchamp2 
1USDA-APHIS-WS-NWRC, Philadelphia, PA, USA,  
2Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Chemical signals are the primary form of  social communication 
for many species. Volatile odorants may also communicate 
information about an animal’s health status. Odors associated 
with illness are often avoided by members of  the same species, 
presumably acting to reduce the probability of  disease spread. 
Conversely, it might be adaptive for the infective agent to induce 
chemosensory changes in the host that increase both inter- 
and intraspecific interactions, thereby increasing transmission 
rates. A potential pathway for diseases to alter body odor is via 
immune function – which is known to be intimately related to 
body odor composition. Based on this reasoning,  
we hypothesized that any elicitor of  an immune response, 
including vaccines, may induce a significant alteration 
of  body odor. In other words, the immunogen need not 
necessarily be a pathogen to invoke an odor change. Further, 
we hypothesized that immune-triggered body odors could 
be detected by both trained animal biosensors and chemical 
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instrumentation. Our results with mice demonstrated that 
volatile metabolites indicative of  innate immune activation are 
present in urine several days following i.p. administration of  a 
killed rabies vaccine, live-attenuated West Nile Virus vaccine, 
or lipopolysaccharide (potent inflammatory activator). Both 
trained biosensors and chemometric models derived from 
chromatographic analysis of  urine volatiles yielded excellent 
discrimination of  urine from treated mice versus urine from 
controls. Although further research is needed to examine 
pathogen specificity and identify potentially diagnostic 
odorants, these studies raise the possibility of  monitoring 
immune activation in human and animal populations. 
Acknowledgements: Portions of  this research were supported 
by U.S. Army Medical Research and Materiel Command 
(W81XWH-12-2-0081) and U.S. Department of  Agriculture  
(11-7100-0336-CA). FCOI Disclosure: None

#89 POSTER SESSION II 

Genetic and Ethnic Influences on Human Odorant Production 
Katharine A. Prokop-Prigge1, Kathryn L. Greene1, Charles J. Wysocki1,2, 
Erica R. Thaler3, George Preti1,4 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2Department of  Animal Biology, School of  Veterinary Medicine, 
University of  Pennsylvania, Philadelphia, PA, USA,  
3Department of  Otorhinolaryngology: Head and Neck Surgery, 
University of  Pennsylvania, Philadelphia, PA, USA, 4Department 
of  Dermatology, School of  Medicine, University of  Pennsylvania, 
Philadelphia, PA, USA 
 
Body odors emanating from the skin’s surface present a relatively 
untapped source for information regarding human health and 
disease. Genetics, diet, stress, and an individual’s microbiome 
influence the metabolic processes of  an individual, and hence 
the compounds emitted into the environment. Specifically, 
an individual’s genetics, culture and ancestry remain largely 
unexplored areas with regards to human odorant production. 
Marked ethnic diversity exists in ABCC11, the human ATP-
binding cassette transporter gene, which encodes an efflux 
pump protein found in the axillary apocrine sweat glands and 
is thought to regulate the secretion of  axillary (body) odor 
precursors. The A allele is seen frequently (80-95%) in East 
Asian populations but is quite rare (0-3%) among individuals of  
European and African descent. The influence of  ethnic diversity 
in ABCC11 on axillary odor production among subjects of  
East Asian, Caucasian, and African descent will be presented. 
In addition, ABCC11 has also been found to influence earwax 
(cerumen), a secretory product of  the ceruminous apocrine 
glands. A direct comparison of  the nature and abundance of  
volatile organic compounds (VOCs) in human axillary odors 
and cerumen will be discussed. Acknowledgements: NIH 
#2T32DC000014-32A1. FCOI Disclosure: None

#90 POSTER SESSION II 

TRPV1 and TAS2R Polymorphisms and Ethanol Perception 
Alissa L. Allen1, John E. McGeary2, John E. Hayes1 
1Department of  Food Science, Penn State, University Park, PA,  
USA, 2Providence VA Medical Center, Providence, MA, USA 
 
Ethanol mainly elicits bitter and burning sensations. Single 
nucleotide polymorphisms (SNPs) within the genes of  the 
proteins that transduce bitter (TAS2Rs) and burning (TRPV1) 
sensations have shown to be associated with function and 
differences in receptor activity. Here, we explore whether is 
any relationship between SNPs in TRPV1 and TAS2Rs and 
individual differences in burn and bitterness experienced from 
ethanol. Individuals (n=93) who were of  European-American 
ancestry provided DNA via saliva. Participants rated intensity 
on a generalized Labeled Magnitude Scale for bitterness, 
sweetness, sourness, saltiness, umami/savory and burning/
stinging. Single time point ratings were obtained for single time 
point whole mouth sip and spit stimuli. Time intensity ratings 
were collected every 30 seconds for 3 minutes, for both the left 
and right circumvallate papillae (CV). TRPV1 SNP rs4790521 
associated with the bitterness and rs224547 associated with both 
burning and bitterness of  AUC and time course intensity ratings 
of  ethanol. No TRPV1 SNPs associated with the perceived burn 
or bitter sensations of  whole mouth ethanol. Both TAS2R38 and 
TAS2R13 SNPs were associated with the perceived bitterness of  
ethanol. This has implications for alcohol intake, as we would 
expect that individuals who report lower bitterness or burning 
from ethanol may alcoholic beverages more often or that these 
genetic differences may drive differential beverage choice. 
Acknowledgements: Funded by Pennsylvania State University, 
NIDCD 10904, and by Grant #UL1 TR000127 and TL1 
TR000125 from the National Center for Advancing Translational 
Sciences (NCATS). FCOI Disclosure: None

#91 POSTER SESSION II 

(E)-2-alkenals and quinones from arthropod defensive 
secretion activate sensory TRP channels 
Nathaniel T Blair1,2, Yessenia Ibarra1,2, Benjamin I Philipson3,  
Julia F Doerner1,2, David E Clapham1,2 
1Howard Hughes Medical Institute, Department of  Cardiology,  
Boston Children’s Hospital, Boston, MA, USA, 2Department of  
Neurobiology, Harvard Medical School, Boston, MA, USA,  
3Harvard College, Cambridge, MA, USA 
 
Many diverse lineages of  arthropods are defended from 
predators by irritating chemicals, yet in many cases the targets 
are unknown. We have tested whether various (E)-2-alkenal 
and quinone compounds activate sensory ion channels in the 
transient receptor potential (TRP) superfamily. (E)-2-alkenals 
(unsaturated aldehydes) and quinones (dione aromatics) are 
widespread in arthropod defensive secretions, including those 
from heteropterans, millipedes, and beetles. We tested whether 
TRPA1, TRPV1-4, and TRPM8 were activated by (E)-2-alkenals 
and quinones using voltage clamp recordings. (E)-2-alkenals 
(with 6-12 carbons) activated TRPA1 most potently; potency 
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was greater for those with longer carbon chains (EC50s from 
1-100 µM). TRPV1 and TRPV3 were weakly activated by 
long chain (E)-2-alkenals, and TRPV2, TRPV4, and TRPM8 
were unresponsive. Quinones (1,4 benzoquinone, methyl 
1,4-benzoquinone and naphthoquione) potently activated TRPA1 
and TRPV1 (EC50s were 3 nM-10 µM), with weaker activation 
of  TRPV4; the rest were unresponsive. Although (E)-2-alkenals 
and quinones both strongly activated TRPA1, there were some 
differences: activation by quinones was faster than (E)-2-alkenals, 
but was also accompanied by profound desensitization (despite 
the absence of  extracellular calcium). In contrast, (E)-2-alkenal 
activation of  TRPA1 was persistent, with no desensitization 
or recovery. Both (E)-2-alkenals and quinones can modify free 
cysteine side chains, consistent with their activation of  TRPA1. 
However, a mutant TRPA1 channel, with 3 N-terminal cysteines 
at positions 621, 641, and 665 mutated to serine, still responded, 
suggesting other cysteines are involved. Our results show 
that chemosensory TRP ion channels are common targets of  
defensive chemicals used by many animals for protection against 
predation. Acknowledgements: This project was supported 
by the National Institutes of  Health National Institute of  
Neurological Disorders and Stroke [P01NS072040-02]. FCOI 
Disclosure: None

#92 POSTER SESSION II 

Topographic Representation of External Space in the  
Mouse Main Olfactory Epithelium 
Ningdong Kang, Timothy Holy 
Washington University in St Louis / Anantomy and Neurobiology,  
St Louis, MO, USA 
 
Spatial coding has been well-studied in sensory modalities 
such as vision,which preserves topographic representations of  
stimuli from the retina through cortex. In olfactory system, it 
has been reported that rodents utilize the bilateral symmetry of  
their nostrils to gain spatial information. However, beyond this 
bilateral sampling, no finer spatial discrimination is known. In 
this study we tested the hypothesis that air inhaled from different 
locations near a single nostril reach different parts of  the main 
olfactory epithelium. In order to trace the patterns of  inhaled air 
from outside to the main olfactory epithelium, we constructed a 
transparent three-dimensional physical model of  the mouse nasal 
cavity, based on high resolution X-ray computed tomography 
(CT) images of  living mice. The fluid-immersed model was 
matched in Reynolds number to normal inhalation, and calcium 
carbonate was used as a tracer to visualize the flow patterns 
during “inhalation.” We found that tracer released from the 
dorsal and ventral locations tend to reach the lateral and medial 
portion of  the main olfactory epithelium, respectively, whereas 
tracer released from the medial and lateral locations tend to reach 
the caudal and rostral portions of  the main olfactory epithelium, 
respectively. This topographic relationship of  the location of  
odor release and its final destination in the main olfactory 
epithelium may provide animals with the ability to make fine 
spatial discriminations for odor sources. Acknowledgements: 
NIH/NIDCD R01 DC005964 and Director’s Pioneer Award 
DP1 DA035081. FCOI Disclosure: None

#93 POSTER SESSION II 

Ion channels of the transient receptor family participate in 
the electrical membrane response of the tongue to chemical 
stimulation at different temperatures  
Alexandre Nikonov, Robert Contreras 
FSU, Tallahassee, FL, USA 
 
Taste receptors are exposed to chemical stimuli that vary across 
the temperature spectrum, but we know little how temperature 
affects taste at the receptor level. Thus, we recorded changes in 
electrical potential of  the rat tongue (electrogustogram; EGG) 
to chemical stimulation to determine the effect of  temperature 
on EGG response latency and the role of  ion channels of  the 
transient receptor potential (TRPV) family using the TRPV 
antagonist, ruthenium red (RR). In anesthetized male rats we 
measured the EGG responses to 3.5-s applications of  0.1 M 
NaCl, 0.01 M citric acid (CA), 0.02 M quinine hydrochloride, 
0.1 M MSG, 0.1 M KCl and deionized water (DIW) as a low-
osmolality stimulus. These stimuli were tested alone and mixed 
with 25µM RR. Artificial saliva (15 mM NaCl, 22 mM KCl, 
3 mM CaCl

2
, and 6 mM MgCl

2
; pH 5.8) served as the rinse 

solution and solvent for all stimuli except DIW. We recorded 
EGG responses to 3-5 random presentations of  each of  the 
six stimuli at seven different temperatures in 3-4°C intervals 
from 35-15°C. We found that response latency increased as 
temperature decreased, ranging between 70-170ms at 35°C and 
increasing to 1160-1840ms at 15°C for NaCl, KCl, MSG, DIW, 
and quinine, which were similar to each other. The response 
latency pattern to CA was similar but significantly longer at 
all temperatures ranging from 400ms at 35°C to 2430ms at 
15°C. Interestingly, RR increased response latency to NaCl, 
KCl, and DIW across all temperatures, but decreased response 
latency to CA across all temperatures except 25°C. In summary, 
cooling delays the lingual membrane’s response to chemical 
stimulation; the effect of  temperature on the lingual membrane 
is in part TRPV-dependent with contrasting directional effects 
between ionic (NaCl, KCl, DIW) and nonionic (CA) stimuli. 
Acknowledgements: NIH grant R01 DC004785. FCOI 
Disclosure: None

#94 POSTER SESSION II 

Novel Cooling Agents Derived from Nutmeg Neolignan with 
Original Interaction Sites on TRPM8 
Tomohiro Shirai1, Kentaro Kumihashi1, Hiroshi Kusuoku2,  
Mitsuyoshi Sakasai2, Yusuke Shibuya2, Junji Nakamura1 
1Kansei Science Research, Kao, Tochigi, Japan, 2Biological Science 
Research, Kao, Tochigi, Japan 
 
TRPM8 is a non-selective cation channel known as an innoxious 
cold receptor. TRPM8 is also activated by “cooling agents” 
such as menthol. It is widely used as an additive for food, drink, 
tobacco, cosmetics, medicinal products, and so on, to attach 
cooling sensation or briskness. To promote the fresh feeling, we 
started to explore menthol-enhancing materials. From screening 
of  hundreds of  botanical extracts, we found dried nutmeg 
(Myristica fragrans Houtt.) seed which is one of  the well-known 
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spices. The extract itself  also had weak TRPM8 activity, and the 
compound responsible for the TRPM8 activity was identified 
by bioassay-guided purification. The structure was classified in 
8-O-4’-neolignan and we named it 7-O-ethylmyrislignan (7-EM). 
It was likely to be produced in ethanol from myrislignan, major 
ingredient in nutmeg. 7-EM had much lower EC

50
 value than 

l-menthol on TRPM8 (EC
50

 value 309 nM) with weaker TRPA1 
activity. Sensory evaluation of  7-EM and l-menthol mixture in 
mouthwash gave stronger and longer cooling sensation than 
l-menthol only. 7-EM itself  in mouthwash gave late and long 
lasting cooling sensation. One possible reason for these effects 
of  7-EM is that the high molecular weight of  7-EM complicated 
its absorption. And the other is that interaction sites between 
7-EM and TRPM8 were different from these of  l-menthol. The 
speculation was supported by the fact 7-EM activated TRPM8-
Y745H mutant, whereas l-menthol didn’t. Our efforts to develop 
and elucidate this novel agonist including study of  structure 
activity correlations will be reported in this presentation. 
Acknowledgements: Kao Corporation. FCOI Disclosure: None

#95 POSTER SESSION II 

Both painless and dTRPA1, Drosophila TRPA Channels,  
Detect Chemical Irritants  
Wayne L Silver, Samantha J Mandel, Madison L Shoaf,  
Jason T Braco, Erik C Johnson 
Wake Forest University/ Biology, Winston Salem, NC, USA 
 
The ability to detect chemical irritants is important for the 
avoidance of  potentially life threatening compounds. In 
mammals, one target of  these irritants is the transient receptor 
potential channel A1 (TRPA1 channel). The fruit fly, Drosophila, 
has four homologs of  mammalian TRPA1, two of  which are 
painless and dTRPA1. We have been investigating the functional 
roles of  these two channels in the detection of  and aversion 
to the irritant allyl isothiocyanate (AITC). In three different 
behavioral assays (Proboscis Extension Reflex, Ovipoistion, and 
Capillary Feeding), both painless and dTRPA1 mutants fail to 
avoid AITC. The expression patterns of  these two genes are in 
separate peripheral and central neuronal populations, and are 
co-expressed with peptide transmitters that share homology with 
mammalian substance P and CGRP, indicating that the neural 
architecture of  nociception has been conserved. Both painless 
and dTRPA1 expressing neurons are activated by exogenous 
application of  AITC, as determined by live-cell calcium imaging. 
Furthermore, ectopic expression of  painless and dTRPA1 in 
non-neuronal cells conferred AITC evoked changes in calcium 
levels, indicating that both channels are direct receptors for 
AITC. Expression of  painless or dTRPA1 in gustatory neurons 
that are dedicated for perception of  sweet compounds, caused a 
preference for AITC in behavioral assays. These results suggest 
a model in which both channels are required in a convergent 
nociceptive circuit, and we will report results on experiments 
testing this model. Acknowledgements: Department of  Biology, 
Wake Forest University. FCOI Disclosure: None

#96 POSTER SESSION II 

Regeneration in the Human Olfactory Epithelium 
Elizabeth Gould1, Khoa Nguyen1, Wendy Macklin1, Diego Restrepo1, 
Vijay Ramakrishnan2 
1University of  Colorado, Anshutz Medical Campus/Department of  
Cellular and Developmental Biology, Aurora, CO, USA, 2University of  
Colorado, Anshutz Medical Campus/Department of  Otolaryngology, 
Aurora, CO, USA 
 
Olfactory sensory neurons (OSNs) are continually replaced 
every few months. Based on the high turnover rate of  OSNs it 
is thought the olfactory epithelium (OE) has a high capacity 
for regeneration, but this has not been tested directly in 
humans. Only 50% of  those with olfactory dysfunction show 
improvement over time; furthermore, age related olfactory 
decline is associated in humans with the loss of  OE and 
expansion of  respiratory epithelium (RE). This suggests aging 
and other insults result in replacement of  OE by RE. To test 
the hypothesis that damaged OE is replaced by RE, we are 
comparing the area of  OE versus RE on superior and middle 
turbinates from patients with OE disruption. We collected whole 
turbinates during endoscopic intranasal procedures which, unlike 
small biopsies, allows for quantification of  the area covered by 
RE versus OE on the entire turbinate. Preliminary data from 
bulbectomy (N=2) and traumatic brain injury with damage to the 
cribriform plate (N=2) patients suggests that there is a reduction 
in coverage of  OE on the superior turbinate and disorganization 
of  the OE that remains. In control patients we observe patches 
of  OE on superior turbinates (N=3), but not middle turbinate 
(N=2). These patches contain mature and immature neurons 
as determined by the presence of  olfactory marker protein 
(OMP) and neuronal class III b-tubulin (Tuj1), and can be easily 
distinguished from respiratory epithelium. RE was identified by 
the presence of  ciliated respiratory cells (acetylated tubulin+) 
and goblet cells (mucin5AC+). These results suggest reductions 
in OSN production occur following OE damage, and we 
are exploring the histopathological changes that are present. 
Acknowledgements: Supported by NIH/NIDCD T32 grant 
DC012280. FCOI Disclosure: None

#97 POSTER SESSION II 

Mutation in Wnt5 knocked out the ability of Drosophila to 
respond to Carbon Dioxide 
Huey Hing1, Christine Pham2, Anandasankar Ray2 
1State University of  New York at Brockport/Biology, Brockport,  
NY, USA, 2University of  California at Riverside/Entomology, 
Riverside, CA, USA 
 
Blood-feeding insects act as vectors in the transmission of  
diseases such as malaria, dengue, and West Nile fever. The ability 
of  these insects to home in on their hosts critically depends on 
their acute senses of  smell. For example, mosquitoes target their 
hosts by tracking plumes of  carbon dioxide (CO

2
) released by 

host animals into the air. Despite the importance of  olfaction in 
the host-seeking behaviors of  insect vectors, the mechanisms by 
which genes specify the wiring of  these olfactory circuits have 
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remained essentially unexplored. Here we report that mutation 
in the wnt5 gene completely abolished the ability of  Drosophila 
melanogaster to discriminate between air and CO

2
. We previously 

showed that loss of  the wnt5 gene severely disrupted the pattern 
of  glomeruli in the fly antennal lobe. Our developmental studies 
further revealed that wnt5 functions during pupal development 
to direct the targeting of  the Projection Neuron dendrites in the 
antennal lobe. These studies suggest that wnt5 functions in the 
proper wiring of  the CO

2
-sensing circuit. We are in the process 

of  examining the components of  the CO
2
-sensing neural circuit 

to elucidate how mutation in wnt5 disrupts CO
2
 response in 

Drosophila. Acknowledgements: 1R15DC010916-01. FCOI 
Disclosure: None

#98 POSTER SESSION II 

AMIGO-1 regulates the targeting of olfactory sensory  
neuron axons to the olfactory bulb 
Reesha Raja1,2, Emilie Dumontier1,2, Jean-Francois Cloutier1,2 
1McGill Univeristy, Department of  Neurology and Neurosurgery, 
Montreal, QC, Canada, 2Montreal Neurological Institute, Montreal, 
QC, Canada 
 
The proper functioning of  sensory systems relies on the 
development of  precise connections between sensory neurons 
and second order neurons in a topographic manner. The process 
whereby axons grow towards their correct synaptic partners is 
aided by a variety of  axon guidance and cell adhesion molecules. 
Olfactory sensory neurons (OSNs) expressing the same olfactory 
receptor (OR) innervate stereotypically located glomeruli in the 
olfactory bulb (OB). While several axon guidance molecules have 
been implicated in segregating OSN axons within broad regions 
of  the OB, less is known about the molecules that regulate 
the accurate coalescence of  populations of  axons into specific 
glomeruli. A few families of  cell adhesion molecules have been 
shown to aid in local axon sorting but it is unlikely that they 
are sufficient to coordinate the coalescence of  axons expressing 
over 1000 different OR types into their appropriate glomeruli. 
We have therefore examined the role of  additional families of  
cell adhesion molecules in this process and have identified one 
member of  the ‘amphoterin-induced gene and ORF’ (AMIGO) 
family of  transmembrane proteins as a regulator of  axonal 
coalescence in the OB. We find that AMIGO-1 expression is 
restricted to the ventro-lateral regions of  the olfactory epithelium 
(OE) and AMIGO-1-expressing OSNs project their axons to the 
most ventral region of  the OB. Ablation of  AMIGO-1 expression 
in mice leads to improper targeting of  MOR28-positive OSN 
axons within the ventral region of  the OB but does not affect 
the targeting of  MOR174-9-positive axons in the dorsal region 
of  the OB. Furthermore, the size of  MOR28 glomeruli formed 
in the ventral region of  the OB in these mice is significantly 
reduced. These findings identify Amigo-1 as a key regulator of  
OSN axonal targeting in the mouse OB. Acknowledgements: 
Supported by the Canadian Institutes of  Health Research 
(CIHR) and the Natural Sciences and Engineering Research 
Council of  Canada (NSERC). FCOI Disclosure: None

#99 POSTER SESSION II 

The maintenance of olfactory sensory axon terminal arbors  
is dependent upon Mecp2 in adult mice 
Ying Ren1, Freshta Obaidi2, Huaiyang Chen1, Qizhi Gong1 
1Department of  Cell Biology and Human Anatomy, University of  
California School of  Medicine, Davis, CA, USA, 2Rosalind Franklin 
University of  Medicine and Science, North Chicago, IL, USA 
 
Mutations in MECP2 cause Rett syndrome, an X-linked 
neurodevelopmental disorder. Mecp2 deficient mice show 
neurological symptoms reminiscent of  Rett syndrome and 
have been widely used as model to study mechanisms of  
Mecp2 mediated circuitry plasticity and maintenance. Here 
we employed a viral mediated approach to label and visualize 
individual olfactory sensory neuron (OSN) axon terminals 
within the olfactory bulb glomeruli. The aim of  the study 
is to determine whether Mecp2 regulates the development 
and the maintenance of  OSN axon terminal arbors. In adult 
wildtype littermate mice, single OSN axon terminals branch 
within the glomerulus to form an arbor with a few branching 
points (3.33±2.08, n=46) and on average occupies twenty-five 
percent of  the glomerular area (0.25±0.12). In adult Mecp2 
deficient mice (tm1.1Bird), OSN axon terminals exhibit a 
significantly reduced arborization including the number of  
branching points (1.70±1.62, n=31, p<5.0E-6) and glomerular 
coverage (0.03±0.06, n=31, p<5.5E-25). OSN axons growth and 
guidance appears to be normal overall as shown by M72-IRES-
tauLacZ labeling in Mecp2 deficient mice. Supernumerary M72 
glomeruli were observed in Mecp2 deficient olfactory bulb which 
persists into adult stages. OSN axon terminal morphologies 
were not significantly different during early postnatal stages. 
The regression of  OSN axon terminal arbors indicates a role 
of  Mecp2 in the maintenance of  the olfactory connectivity. 
Acknowledgements: DC011346. FCOI Disclosure: None

#100 POSTER SESSION II 

A novel transcription regulatory mechanism for  
tyrosine hydroxylase mediated by hnRNP K and DNA  
secondary structure  
Meng Wang1,2, Kasturi Banerjee1, Elizabeth Cai1, Nana Fujiwara1, 
Harriet Baker1,2, John Cave1,2 
1Burke Medical Research Institute, White Plains, NY, USA,  
2Weill Cornell Medical College, New York, NY, USA 
 
Regulation of  Tyrosine hydroxylase (Th) transcription is critical for 
the specification and maintenance of  the dopaminergic neuronal 
phenotype in olfactory bulb (OB) and other brain regions, but 
the molecular mechanisms controlling Th transcription are not 
well understood. To better understand the role of  the proximal 
promoter, we aligned genomic DNA sequences from all 5 
vertebrate orders and identified two novel and highly conserved 
G:C-rich regions. Transcription assays in Th-expressing OB 
cell lines show that these regions enhance Th promoter activity. 
A combination of  mass spectrometry and protein pull-down 
assays with nuclear lysate from a cultured Th-expressing OB cell 
line revealed that these regions are targeted by heterogeneous 
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nuclear ribonucleoprotein (hnRNP) K. Immunohistology with 
human and mouse OBs confirmed that hnRNP K and TH are 
extensively co-expressed. Chromatin immunoprecipitation assays 
demonstrate that hnRNP K directly binds the G:C-rich regions in 
the Th proximal promoter. Further analysis reveals that hnRNP 
K preferentially binds C-rich single DNA strands within these 
conserved regions, whereas binding to the double stranded 
sequences requires the presence of  CREB on an adjacent cis-
regulatory element. Additional studies reveal that the single 
DNA strands within the conserved G:C-rich regions adopt 
either G-quadruplex or i-motif  secondary structures. We show 
that small molecule-mediated stabilization of  these secondary 
structures represses Th promoter activity, suggesting that these 
secondary structures are novel targets for pharmacological 
modulation of  the dopaminergic phenotype. Together, our 
studies established a novel molecular regulatory mechanism 
for Th transcription in the OB and other brain regions that is 
conserved in most vertebrates. Acknowledgements:  
NIH DC008955 Burke Medical Research Institute. FCOI 
Disclosure: None

#101 POSTER SESSION II 

Functional Characterization of lgr5 Expressing Cells  
in the Olfactory Bulb 
Andrew H Moberly, Yiqun Yu, Minghong Ma 
University of  Pennsylvania, Philadelphia, PA, USA 
 
LGR5 is a G-protein coupled receptor characterized by leucine-
rich repeats in the extracellular domain. It has recently been 
identified as a bona fide marker for adult stem cells in multiple 
organs including the small intestine, colon, stomach, and tongue. 
Lgr5 is also expressed in the brain, but its role here remains 
elusive. Using a gene-targeted lgr5 reporter mouse line (Lgr5-
EGFP-IRES-creERT2), we find that lgr5 is highly expressed 
in the olfactory bulb (OB), especially in the glomerular layer. 
Double staining with other stem cell and neuronal markers 
reveals that lgr5+ cells in the OB are fully differentiated neurons 
instead of  stem cells. Interestingly, lgr5 expression does not 
completely coincide with any existing marker for specific 
subtypes of  OB cells. To functionally characterize these cells we 
used targeted whole cell patch clamp recordings in OB slices. 
The lgr5+ cells in the glomerular layer fire action potentials 
in response to depolarizing current injection and display 
spontaneous miniature excitatory postsynaptic potentials 
(mEPSCs), suggesting that these neurons are integrated in OB 
neural circuits. We are currently investigating the functional 
significance of  LGR5 and lgr5 expressing neurons in the early 
stages of  olfactory processing. Acknowledgements:  
NIH, NIDCD. FCOI Disclosure: None

#102 POSTER SESSION II 

Effects of Buttered Popcorn Scent Administration on  
Ratings of Movie Quality and Enjoyment in a Theater Setting  
Allison Burke, Patrick Dwyer, Killeen Schlegel, Bryan Raudenbush, 
Rebecca Brown 
Wheeling Jesuit University Department of  Psychology,  
Wheeling, WV, USA 
 
The present study investigated the effects of  buttered popcorn 
scent administration on ratings of  movie quality, movie 
enjoyment and mood. Sixty participants were randomly divided 
into two groups (no scent and buttered popcorn scent) and 
watched an independent film that none of  the participants had 
previously viewed. 2 (no scent vs. scent) x 2 (male vs. female) x 2 
(participant liked vs. disliked popcorn) ANOVAs were performed 
on dependent measures of  dramatic elements, literary elements, 
cinematic elements, psychological elements, overall rating, 
and the five sub-scales of  the Profile of  Mood States (POMS) 
questionnaire. Results indicated significant 3-way interactions for 
dramatic elements, cinematic elements, overall rating, and mood. 
Females in the popcorn scent condition who did not like popcorn 
gave the film a significantly lower rating on dramatic elements; 
whereas, males in the popcorn scent condition who did not like 
popcorn gave the film a significantly higher rating on dramatic 
elements. Results for cinematic elements mirrored these results. 
Males in the popcorn scent condition who did not like popcorn 
gave the film a much higher overall score. It is hypothesized 
that males in the popcorn scent condition who liked popcorn 
showed increasedå anxiety and decreased film ratings due to 
the violation of  expectations of  being exposed to a popcorn 
scent in the absence of  being able to consume such popcorn. 
These results present an interesting dilemma to, and a word of  
caution concerning, the standard practice of  movie theaters to 
indiscriminately augment theater air flow with product-related 
scents. Acknowledgements: The present study was funded by the 
Wheeling Jesuit University Department of  Psychology. FCOI 
Disclosure: None

#103 POSTER SESSION II 

Taste Detection and Recognition:  
A Decision-Theoretic Framework  
Lawrence E. Marks1,2,3 
1John B. Pierce Laboratory, New Haven, CT, USA, 2Department of  
Environmental Health Sciences, Yale School of  Public Helth, New 
Haven, CT, USA, 3Department of  Psychology, Yale University,  
New Haven, CT, USA 
 
Detecting a taste stimulus is easier than recognizing it: In taste, 
as in other sensory systems, recognition thresholds typically 
exceed detection thresholds. Unfortunately, thresholds for taste 
recognition and detection are rarely if  ever measured using 
methods that control or assess decisional processes (response 
criteria) in ways that permit meaningful quantitative comparison. 
Indeed, few if  any studies of  taste recognition thresholds have 
thoroughly addressed the critical role of  decisional processes. 

Abstracts are printed as submitted by the author(s).



72

P
O

S
T

E
R

 P
R

E
S

E
N

T
A

T
IO

N
S

The selection of  appropriate behavioral and analytic methods 
should emerge from a cogent conceptual-theoretical framework 
embracing both recognition and detection. The present 
framework extrapolates from a statistical decision theory of  
sensory recognition applied more than half  a century ago 
to the recognition of  weak auditory signals (WP Tanner, Jr. 
1956. Theory of  recognition. J. Acoust. Soc. Am. 28: 882-888). 
In the present formulation, effects of  weak taste stimuli are 
represented as overlapping distributions of  sensory events in 
an internal multidimensional space, which perceivers subdivide 
into regions associated with the possible recognition responses. 
Rather than focus on discrete, arbitrarily defined thresholds, the 
theory treats continuous measures of  detection and recognition 
sensitivity. Data from seven experiments on the detection and 
recognition of  sucrose, citric acid, and their mixture versus 
water illustrate the continuous and overlapping nature of  the 
processes underlying taste detection and recognition, while 
pointing to possible constraints on the theory. Importantly, the 
theory has potentially broad application to multisensory flavor 
discrimination and recognition, as indicated in a recent study 
of  flavor identification (JM Brewer et al. 2013, Chem. Sens. 38: 
305-313). Acknowledgements: Supported by NIH grant R01 
DC011823. FCOI Disclosure: None

#104 POSTER SESSION II 

Extension of the „Taste Strips” Test for the Assessment  
of Supertaster 
Christian A. Mueller1, Axel Wolf1, Bertold Renner2 
1Medical University Vienna/Otorhinolaryngology, Vienna, Austria, 
2University Erlangen-Nürnberg/Pharmacology, Erlangen, Germany 
 
Assessment of  gustatory function in human subjects using the 
„taste strips” test is an easy and validated procedure. The aim 
of  the study was to extend this test in order to detect subjects 
with enhanced gustatory sensitivity (e.g., „supertaster”). The 
investigation included 93 subjects (57m, 36f, mean age 30, range 
18-84 years) with normal gustatory function. Four concentrations 
of  sweet, sour, salty, and bitter taste were amended by two 
additional low concentrations (sweet: 0.025/0.0125 g/ml 
sucrose; sour: 0.027/0.015 g/ml citric acid; salty: 0.0064/0.0026 
g/ml sodium chloride, bitter: 0.00015/0.00006 g/ml quinine 
hydrochloride), resulting in a maximum score of  24 (6 
concentrations of  4 taste qualities). The number of  fungiform 
papillae was assessed by photo-documentation. The mean taste 
score (with SD) was 4.5 (1.3) for sweet, 3.0 (1.0) for sour, 4.0 
(1.3) for salty, 3.1 (1.2) for bitter taste, and 14.7 (3.3) for all taste 
qualities. There was a significant positive correlation (r75=0.41, 
p<0.001) of  the number of  fungiform papillae and the taste 
score. In contrast to the original version of  the “taste strips” test, 
no ceiling effect could be observed. The extended “taste strips” 
test seems to be an adequate and useful tool for the detection 
of  patients with low gustatory thresholds for sweet, sour, salty, 
and bitter taste. Acknowledgements: Medical University Vienna. 
FCOI Disclosure: None

#105 POSTER SESSION II 

A Designated Odor-language System in the Human Brain 
Jonas K Olofsson1, Robert Hurley2, Nicholas E Bowman3, Marsel 
Mesulam4, Jay A Gottfried5 
1Stockholm University/Psychology, Stockholm, Sweden,  
2Northwestern University/Neurology, Chicago, IL, USA, 3Northwestern 
University/Neurology, Chicago, IL, USA, 4Northwestern University/
Neurology, Chicago, IL, USA, 5Northwestern University/Neurology, 
Chicago, IL, USA 
 
Odors are surprisingly difficult to identify and name, and the 
mechanisms underlying olfactory-language interactions are 
poorly understood. In two experiments, we investigated how 
odors and words are integrated using a semantic priming 
paradigm. We measured neural responses with high temporal 
(event-related potentials [ERPs], experiment 1) and spatial 
(functional magnetic resonance imaging [fMRI], experiment 
2) resolution for words that were preceded by odor or picture 
object cues. The ERP index of  semantic integration (N400 
response to incongruent versus congruent words) had a different 
topography on the scalp and lasted for 50 ms longer when target 
words were cued by odors as compared to pictures. The fMRI 
results from experiment 2 revealed olfactory-specific cross-
adaptation in the right orbitofrontal cortex (OFC) and left-medial 
temporal pole (TP). We propose that the OFC, while likely 
evolved to support transmodal processing of  flavor, is critically 
involved in odor naming. Whereas OFC may be uniquely 
involved in the identification and naming of  odors, different 
subregions of  the TP processes information from multiple 
senses. Lexical integration as early as the third synapse is unique 
to olfaction and might limit the integrity of  lexical mapping 
of  odors compared to other object modalities. In providing 
complementary ERP and fMRI evidence for a distinct olfactory-
lexical integration system, these findings aid the understanding 
of  the elusive, and uniquely human, neurocognitive ability to 
name odors. Acknowledgements: This study was supported by 
grants DC008552 (Alzheimer’s Disease Center), 1R01DC010014 
and K08DC007653 (J.A.G) from the National Institute on 
Deafness and Other Communication Disorders, grant AG13854 
(Alzheimer’s Disease Center) from the National Institute on 
Aging, grant 1501801 from The Swedish Research Council and a 
Pro Futura Scientia VII fellowship (J.K.O), and grant AG20506 
(Mechanisms of  Aging and Dementia Training Grant) from  
NIH NIA (R.H.). FCOI Disclosure: None
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#106 POSTER SESSION II 

The Relationship Between PTC Taster Status and Personality 
Characteristics While Undergoing a Frustrating Task  
Amy Pinkerton, Sierra Moore, Erin Sheplavy, Jessica Florian,  
Bryan Raudenbush 
Wheeling Jesuit University Department of  Psychology,  
Wheeling, WV, USA 
 
Previous research indicates a relationship between PTC taster 
status and a variety of  traits, such as anger, depression, and 
anxiety. Further, a positive correlation has been observed 
between frustration and neuroticism. The present study predicted 
PTC super-tasters, individuals who possess the PTC-tasting gene 
with a high level of  taste sensitivity, will become more frustrated 
in response to a frustrating task than tasters and non-tasters. 
Participants were divided into three groups based on PTC taster 
status (non-taster, taster, super-taster). Personality characteristics 
were measured via the Big Five Personality Inventory. The 
frustrating task consisted of  what is known as the Impossible 
Maze and participant’s self-evaluated task workload and 
performance was measured using the NASA-Task Load Index 
(NASA-TLX). The data were analyzed using a Between-Factors 
ANOVA with PTC as the fixed factor and level of  frustration as 
measured on the NASA_TLX as the dependent variable. PTC 
super-tasters were significantly more frustrated than tasters, but 
no significant difference was found for non-tasters (p= 0.049). 
In addition, a positive correlation between PTC intensity rating 
and extraversion score (r= 0.402, p= 0.017). Implications of  this 
study may include a better understanding of  the relationship 
between genetic predispositions and other physiological 
influences on emotions. Genetically-based biological factors 
may be predispositions for certain emotional responses, such as 
frustration. Acknowledgements: This project was funded by the 
Wheeling Jesuit University Department of  Psychology. FCOI 
Disclosure: None

#107 POSTER SESSION II 

Effects of Peppermint Scented Pencils on  
Academic Performance  
Bryan Raudenbush 
Wheeling Jesuit University Department of  Psychology,  
Wheeling, WV, USA 
 
The effects of  peppermint scent on human performance have 
been well documented. However, little is known how this scent 
will affect cognitive performance outside of  a laboratory setting. 
In the present study, freshman college students were provided 
a peppermint scented pencil during their freshman orientation 
course. At mid-term of  the semester, these students completed 
a questionnaire related to their use and evaluation of  the pencil. 
Questionnaires were returned from 180 students (115 males, 
65 females, average age 18.31 years, SD = 0.63 years). Between 
subjects ANOVAs were performed on a variety of  evaluation 
questions based on the frequency of  pencil use (daily, a few times 
a week, once a week, once every few weeks, once a month, or 

less than once a month). In general, as use increased, ratings 
of  the scented pencil’s effectiveness increased for the following 
dimensions: 1) Motivate to perform academically, 2) Energize,  
3) Positively impact self-evaluated academic performance,  
4) Provide a competitive edge academically, 5) Decrease level 
of  fatigue, 6) Recommend use to others, and 7) Belief  it was 
valuable to academic experience. In addition, participants were 
asked to indicate their student identification number if  they were 
willing to allow the researchers access to their mid-term grades 
(as provided by the University Registrar). A significant effect was 
found, F(5,60)=3.73, p=.005. As use increased, midterm GPA 
increased. These findings are an indication that peppermint scent 
can have a marked impact on actual academic performance. 
Acknowledgements: The present study was funded by the 
Wheeling Jesuit University Department of  Psychology. Stimuli 
were provided by smencils.com. FCOI Disclosure: None

#108 POSTER SESSION II 

Exogenous Attentional Demands from Olfactory Stimuli  
in Hungry and Satiated Individuals 
Timothy S. Schreiber, Theresa L. White 
Le Moyne College, Syracuse, NY, USA 
 
Two experiments tested the exogenous influences of  food 
salience, a biologically relevant aspect of  odorants, on the 
human ability to successfully complete a visual search task in 
the presence of  an odorant (popcorn, jasmine, or no odor). 
After the search task, participants evaluated their hunger level, 
as well as odor detection, identification, edibility, intensity, 
and pleasantness. In the first experiment, all 100 participants 
indicated that they had fasted prior to the study. Despite 
significantly higher intensity ratings for popcorn and some 
interesting trends, no significant effect of  odor was observed 
in the results of  the first study. In the second study, all 70 
participants fasted prior to arrival, then were provided with 
a meal; 35 were fed prior to the start of  the study, while the 
other 35 were fed at the study’s end. Results again showed that 
popcorn seemed more intense to hungry participants.  
As in the first experiment, reaction time results from the visual 
search task were generally as expected in terms of  complexity 
and distracter field size; however, odor and hunger level also 
influenced reaction times, as satiated participants in the popcorn 
condition were faster in low perceptual load conditions than 
hungry participants. Results suggest that olfactory attention 
uses resources from a shared pool and is in a constant state of  
environmental monitoring for salient odors. Fewer resources 
seem to be used when an odor with decreased saliency is 
detected, resulting in attentional benefits for information coming 
in from the visual system. These results support a theory of  
cross-modal attention in which available shared resources  
can be used to inhibit distracters from other sensory modalities  
to a visual task (Tellinghuisen & Nowak, 2003). 
Acknowledgements: The Le Moyne College Student Research 
Fund and the Le Moyne College Department of  Psychology. 
FCOI Disclosure: None
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#109 POSTER SESSION III 

Stronger Preferences for Trisodium Pyrophosphate in  
T1R3 Knockout than Wild-Type Mice 
Shannon L. Urena, Tiffany Aleman, Sitaram Valmeki,  
Peihua Jiang, Michael G. Tordoff  
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Trisodium pyrophosphate (Na

3
HP

2
O

7
) and other pyrophosphates 

are ubiquitous feline palatability enhancers. It is unknown 
why cats like them. Rats and mice have moderate preferences 
for Na

3
HP

2
O

7
. We recently found that Na

3
HP

2
O

7
 preferences 

were absent in mice lacking ITPR3 or CALHM1, which argues 
that pyrophosphate detection requires the GPCR→CALHM1 
transduction cascade found in Type 2 taste cells. Here, we 
assessed whether T1R3 is involved. We found that Na

3
HP

2
O

7
 

and other pyrophosphates elicited vigorous calcium responses 
in HEK 293 cells transfected with C57BL/6J T1R3 or T1R2+3 
(and Ga44). We also compared the Na

3
HP

2
O

7
 preferences of  

T1R3 wild-type (WT) and knockout (KO) mice. In an ascending 
Na

3
HP

2
O

7
 concentration series of  48-h two-bottle choice tests, 

7 WT mice preferred 5.6 – 32 mM Na
3
HP

2
O

7
 to water with a 

peak preference of  68% at 32 mM Na
3
HP

2
O

7
; 8 KO mice had 

significantly stronger preferences for these concentrations, with 
the peak preference being 81% at 17.8 mM. This unexpected 
finding was independently replicated twice in a total of  26 WT 
and 27 KO mice. The differential preferences were unlikely to 
be due to the sodium component of  Na

3
HP

2
O

7
 because T1R3 

WT and KO mice had identical NaCl concentration-preference 
functions. We did not observe differences between T1R3 WT and 
KO mice in lick rates to Na

3
HP

2
O

7
 in brief-access gustometer 

tests. We note that mice lacking T1R3 and cats share the inability 
to detect sweetness and also a strong avidity for pyrophosphates. 
We hypothesize that pyrophosphate taste transduction involves 
two receptors: T1R3 and an as yet unknown GPCR. T1R3 
provides a negative hedonic signal whereas the unknown GPCR 
provides a positive hedonic signal. This is the only example 
we know of  a receptor knockout increasing the preference of  a 
normally palatable taste Acknowledgements: DC-10393 and DC-
10149. FCOI Disclosure: None

#110 POSTER SESSION III 

Effect of NaCl on taste preferences for L-Arginine (Arg)  
in C57BL/6 mice 
Yuko Murata1, Tomomi Kato1, Alexander A. Bachmanov2 
1National Research Institute of  Fisheries Science, Fisheries Research 
Agency, Yokohama, Japan, 2Monell Chemical Senses Center, 
Philadelphia, PA, USA 
 
NaCl is an important seasoning widely used in various foods. 
In addition to contributing saltiness, NaCl also enhances or 
suppresses taste of  amino acids, e.g., NaCl was reported to 
enhance sweet taste of  Gly, Ala and Ser (Ugawa et al., 1992), 
and to suppress bitterness of  Phe and Ile (Ogawa et al., 2004). 
However many amino acids have complex taste and their 
characteristics depend on concentration, pH etc. E.g., humans 
perceive complex taste of  Arg, which includes sweetness and 

bitterness (Kawai et al., 2012; Schiffman et al., 1981). To analyze 
the effects of  NaCl on the taste of  Arg, we measured preferences 
for 0-50mM Arg mixed with 0-200mM NaCl in C57BL/6J mice 
using 48-hr 2-bottle tests (with water as second choice). Mice 
showed concentration-dependent avoidance of  water solutions 
of  3-50mM Arg. Addition of  NaCl at certain concentrations 
converted Arg avoidance to indifference, and in some cases 
to preference. These results show that NaCl influences the 
palatability of  Arg, but this effect depends on the concentration 
of  both Arg and NaCl. Acknowledgements: Supported by 
Fisheries Research Agency (Yokohama, Japan) research grant 
(YM) and NIH grant DC 00882 (AAB). FCOI Disclosure: None

#111 POSTER SESSION III 

The sweet-salty-bitter taste of saccharin in 2 strains of mice  
David A. Blizard1, Marion E. Frank2, Thomas P. Hettinger2 
1Pennsylvania State University, University Park, PA, USA,  
2University of  Connecticut Health Center, Farmington, CT, USA 
 
Innate strain differences in tasting by C57BL6 (B6) and DBA2 
(D2) mice are well known. Conditioned taste aversions (CTA) 
to Na saccharin (NaSac) were established in 36 B6 and 36 D2 
mice to see how making NaSac aversive affects 48-hr 2-bottle 
taste preferences (alpha=0.05). A CTA to 0.01 or 0.1 M NaSac 
was created with LiCl-paired injections; controls received 
NaCl-paired injections. Aversion generalization, tested with 
sucrose, NaCl and quinine·HCl, was expressed as % [stimulus/
total intake] v H

2
O. Results: 1) Control preference was usually 

lower for D2 than B6 for all stimuli. 2) CTA generalization was 
independent of  CS NaSac concentration. 3) After CTA, both 
strains curbed drinking of  weak (0.003, 0.01 M) and strong (0.03, 
0.1 M) sucrose, 30 mM NaCl and strain-specific, equally aversive 
quinine concentrations: 0.04 mM for B6 and 0.8 mM for D2. 
Conclusions: 1) Control B6 highly preferred (86±6%) while D2 
showed little preference (54±7%) for strong sucrose. Neither 
strain preferred weak sucrose (49±2%), suggesting it had little 
taste. However, 2) with NaSac CTA, both strains’ choice of  weak 
sucrose declined below neutrality (36±2%), B6 preference for 
strong sucrose fell to neutrality (54±7%) and D2 rarely chose to 
drink strong sucrose (14±3%). Thus, the NaSac CTA generalized 
to sucrose in both strains but the end result depended on innate 
strain set-points. Strain-specific effects were also seen for NaCl 
and quinine, with set-points for NaCl 81±6% in B6, 39±6% in 
D2 and quinine averaging 28±4%. 3) Preference decline with 
NaSac CTA for mixtures of  NaCl and/or quinine plus sucrose 
were consistent with NaSac evoking multiple taste qualities. 
NaSac likely activates diverse taste systems that depend on  
Tas1, Tas2 and ENaC genes and cause complex perceptual 
differences in B6 and D2 strains. Acknowledgements:  
Supported by the University of  Connecticut Foundation.  
FCOI Disclosure: None
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#112 POSTER SESSION III 

Adiponectin influences fat taste perception 
Jakob Dobrowolski1, Robin Dando2 
1Biology, College of  Agriculture and Life Sciences, Cornell University, 
Ithaca, NY, USA, 2Food Science, College of  Agriculture and Life 
Sciences, Cornell University, Ithaca, NY, USA 
 
Our sense of  taste is vital in determining food choice and 
preference. Obesity, characterized by excess caloric consumption, 
diabetes, characterized by excess blood sugars, and hypertension, 
exacerbated by increased sodium intake, are all diseases 
vulnerable to dysregulation in food intake. Circulating peptides 
and hormones can influence our sense of  taste, and therefore, 
our dietary intake. An important molecule, levels of  which are 
profoundly altered in metabolic disorders such as obesity, is 
adiponectin. Adiponectin is involved in the control of  feeding 
behavior, and in the breakdown, and subsequent utilization 
of  fatty acids. We investigated the effects of  adiponectin on 
taste perception and preference. Behavioral studies using 
adiponectin KO mice show drastically modified taste responses 
to linoleic acid, the most common free fatty acid in our diet, 
when compared to wild-type (C57) controls. Davis Lickometer 
assays and two-bottle preference tests show C57 mice have a 
preference for fatty taste, a well-published phenomenon similar 
to that seen in humans. Adiponectin KO mice meanwhile, 
show no preference for any concentration of  linoleic acid, 
also confirmed with 2-bottle preference testing. mRNA from 
adiponectin KO mouse taste tissues reveal a lack of  adiponectin 
leads to expression regulation of  adiponectin receptors and 
CD36, when compared to control tissues. This could yield a 
molecular basis for the diminished preference or perception of  
fatty acids in mice lacking adiponectin. Metabolic disorders 
are caused by overconsumption, directed by our sense of  taste. 
An imbalance in hormones can promote obesity, and can 
influence both our taste perception and dietary consumption. 
Hormonal supplementation may offer new approaches and 
targets for therapeutic intervention in the treatment of  obesity. 
Acknowledgements: Cornell University College of  Agriculture 
and Life Sciences Startup Funds, Jane E. Brody Undergraduate 
Research Award, Ann S. and Robert R. Morley Research Fund. 
FCOI Disclosure: None

#113 POSTER SESSION III 

Pyrophosphates and cat food palatability  
Aurélie De Ratuld1, Cécile Niceron1, Anne Levesque1, Joseph Brand2, 
Bruce Bryant2, Joseph Araujo3 
1SPF-DIANA, Elven, France, 2Monell Chemical Senses Center, 
Philadelphia, PA, USA, 3CanCog Technologies, Toronto, Canada 
 
Because domestic cats are extremely sensitive to the 
palatability of  their foods, it is necessary to understand the 
mechanisms underlying cat preferences. Food preferences may 
be influenced by several factors including nutritional needs, 
sensorial characteristics, as well as previous feeding experience. 
Pyrophosphate salts are well known ingredients used in cat food. 
We sought to understand their mode of  action by two different 

approaches: the effect of  previous feeding experience and the 
search for specific taste receptors. In order to investigate the 
influence of  cats’ exposure to pyrophosphate in terms of  taste 
preference, we bred 3 groups of  cats on 3 different diets. Queens 
of  the first group were fed with a control diet, containing no 
pyrophosphate; queens of  the second group were fed with a 
diet containing pyrophosphate, and queens of  the third group 
were fed on a diet containing monosodium glutamate. Cats bred 
for this study were raised on their specific diets, and trained to 
perform two-pan palatability tests. After a qualification phase for 
palatability testing, we evaluated the initial preference of  the cats 
for the 3 different diets, as well as the persistence or modification 
of  this preference over time. We also studied the role of  the 
palatability enhancer associated with the pyrophosphate in its 
recognition by the animals. This study allowed us to establish the 
unique and robust preference of  cats for pyrophosphate. Other 
studies have led us to believe that the taste system is involved in 
cats’ perception of  pyrophosphate. Therefore, a complementary 
approach based on the search for a taste receptor responding 
to pyrophosphate was initiated. This still ongoing research has 
allowed us to identify a family of  cat taste receptors potentially 
involved in pyrophosphate perception. Acknowledgements: 
These studies were funded by SPF-DIANA. FCOI  
Disclosure: None

#114 POSTER SESSION III 

Selective Stimulation of GABA
Aa2/3

 Receptors Increases Intake 
and Motivation to Consume Sucrose Solutions in Rats  
John-Paul Baird1, Jennifer C. Swick1, Tyler S. Nelson2,  
Sarah E. Holstein2, David W. Pittman2 
1Amherst College, Dept. of  Psychology, Amherst, MA, USA,  
2Wofford College, Dept. of  Psychology, Spartanburg, SC, USA 
 
Benzodiazepines are well known for anxiolytic and sedative 
effects, and they increase taste reactivity and food intake. The 
sedative effects may be due to GABA

A
 receptors with a

1 
subunits, 

whereas the hyperphagic effects have been proposed to be 
mediated through GABA

A
a

2/3 
receptors. We tested the effects of  

centrally applied L-838,417, a partial agonist of  GABA
A
a

2/3/5 

receptors and a partial antagonist of  GABA
A
a

1 
receptors. Rats 

with third-ventricle cannulas (n=13) consumed 0.3M sucrose 
solution in a lickometer. Every third day rats were injected with 
1, 10, or 100nM/2µl L-838,417, or vehicle (DMSO), prior to 
90 min sucrose access, in counterbalanced order. L-838,417 
significantly increased 90-min intake and meal size (ps<0.05). 
Meal size increased significantly with dose (p<0.02; 64% > 
vehicle at 100nM), but the increases were not matched by 
changes in measures associated with taste evaluation: neither 
the initial lick rate nor the mean lick-burst size were significantly 
increased. Measures associated with reduced post-ingestive 
feedback, meal duration and mean ingestion rate, were modestly 
increased but not significantly. The hyperphagia was mainly 
due to a significant increase in the number of  lick bursts per 
meal (p<0.04). Coupled with a non-significant 25% reduction 
in the mean pause duration, the results suggest that L-838,417 
increases motivation to approach the spout. To our knowledge, 
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this is the first report of  hyperphagia after central application of  
a GABA

A
a

2/3 
-selective compound. It was previously established 

that broad-spectrum benzodiazepine agonists increase both 
ingestive taste reactivity and appetitive motivation. Although 
more research is needed, the current results suggest that these 
two effects may be partially dissociable on the basis of  specific 
GABA

A
 receptor composition. Acknowledgements: DC-012195, 

Amherst College, and Wofford College. FCOI Disclosure: None

#115 POSTER SESSION III 

Neural and Behavioral Responses to Nicotine and Ethanol in 
Alcohol Preferring (P) and alcohol Non-preferring (NP) Rats 
Jie Qian, Shobha Mummalaneni, Vijay Lyall 
VCU/Physiology & Biophysics, Richmond, VA, USA 
 
P rats demonstrate Preference for 5% ethanol and 10 µg/
ml nicotine relative to NP rats. We investigated if  behavioral 
differences between naïve P and NP rats are related to 
differences in their chorda tympani (CT) taste nerve responses 
to nicotine and ethanol and to differential expression of  
nicotinic acetylcholine receptors (nAChRs) in taste cells. P 
and NP rats responded with a dose-dependent increase in CT 
response to increasing ethanol and (-) nicotine free base (NFB) 
concentrations. The maximum normalized tonic CT response 
to ethanol (CT

max
) in P rats (0.073) was higher than in NP rats 

(0.037). In P rats the relationship between NFB concentration 
and the normalized tonic CT response was shifted to the left 
with a K

0.5
 of  4 mM relative to 9 mM in NP rats. CT responses 

were monitored in P rats while stimulating their tongue with 
varying ethanol concentrations (5-40%) at a fixed nicotine 
concentration (5 mM) or with varying nicotine concentrations 
(1-20 mM) at a fixed ethanol concentration (30%). Increasing 
ethanol concentration at 5 mM nicotine or increasing nicotine 
concentration at 30% ethanol, produced biphasic effects on the 
CT response relative to the H

2
O rinse. At 5 mM nicotine, ethanol 

increased the CT response at 20% and 30% and inhibited the 
response at 40%. AT 30% ethanol, the CT response reached 
the peak at 2.5 and 5 mM nicotine then decreased at 10 mM. 
Depending upon their relative concentrations, ethanol and 
nicotine produce additive, super-additive or less than additive 
effects on the CT response in P rats. Following real time PCR, 
2% agarose gel electrophoresis showed the product of  Chrna7 
in P rats but not in NP rats. We conclude that the expression 
level of  nAChRs in taste cells can influence neural and 
behavioral responses to nicotine and ethanol in P and NP rats. 
Acknowledgements: Supported by NIDCD grant DC-011569. 
FCOI Disclosure: None

#116 POSTER SESSION III 

Oral sensitivity to non-esterified fatty acids increases with 
decreasing chain length and increasing degree of unsaturation 
Cordelia A Running, James R Daniel, Richard D Mattes 
Purdue University, West Lafayette, IN, USA 
 
As structural features of  fatty acids influence their physiological 
roles in multiple tissues, the concept that non-esterified fatty 
acid (NEFA) structure may alter taste sensation seems probable. 
Earlier data from our lab indicated that humans may be more 
sensitive to shorter chain, less saturated fatty acids, and a 
relationship has been observed between oral taste thresholds for 
NEFA and a structural index. The first order valance molecular 
connectivity index (1χv), reflects features of  NEFA alkyl chains, 
with higher values for 1χv indicative of  longer alkyl chains 
and greater saturation, which we hypothesize reduce NEFA 
“taste” activity. These experiments test the hypothesis that 
higher values for 1χv are associated with lower oral sensitivity 
to NEFA. Participants were assigned 3 different NEFA to test, 
and each participant tested each NEFA 7 times for a total of  21 
threshold testing visits. In the first experiment, participants tasted 
caproic (1χv = 2.99), lauric (1χv = 5.99), and oleic (1χv = 8.64) 
acids. In the next experiment, participants tasted oleic, linoleic 
(1χv = 8.29), and linolenic (1χv = 7.94) acids. Textural cues were 
masked with carbohydrate gums while visual and odor cues 
were minimized by using blindfolds and nose clips. Threshold 
tests were conducted using the 3-alternative, forced-choice, 
ascending method. Results indicate that thresholds are lower 
for NEFA with shorter chain lengths and more double bonds, 
but the effect of  unsaturation is greater than predicted by the 
1χv index. The patterns of  sensitivity to oral NEFA may reflect 
whether NEFA with different chain lengths and saturation states 
preferentially interact with taste cells through different receptors 
or mechanisms. Acknowledgements: USDA Hatch Grant 
Accession Number 208684. FCOI Disclosure: None

#117 POSTER SESSION III 

Olfactory navigation in humans: spatial orientation within 
“an odor landscape  
Lucia F Jacobs, Jennifer Arter, Amy Cook 
Dept Psychol, Univ Calif, Berkeley, CA, USA 
 
The olfactory spatial hypothesis (Jacobs, 2012) proposes that 
the ability to navigate within landscapes of  odors should be 
commonplace in vertebrate species. Here we test this prediction 
in a spatial delayed-match-to-sample task in humans orienting 
to a location within a closed interior room (6.4 x 8.3 m). The 
room contained a diffuse concentration of  two odors, birch and 
anise, that emanated from two containers located in randomized 
locations in the room, amidst 30 decoy containers. Subjects were 
disoriented (led in a tortuous path), with specific sensory inputs 
blocked, and led to a location in the room. They were then 
allowed to sample the sensory stimuli at that single location for 
one minute. They were then again disoriented and finally asked 
to return to the location of  the previous sample. Each subject 
was tested in a series of  three conditions: olfaction only but not 
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vision or audition, vision but not olfaction or audition and finally 
a control condition where the subject sampled with no olfactory, 
visual or auditory input. Subjects were significantly more 
accurate in their re-orientation to the sampled location in the 
olfaction-only condition than in the control condition, though 
of  course they were more accurate in the vision-only condition 
than in the olfaction-only condition. Our results demonstrate 
that humans can navigate using only olfactory information to 
a spatial location defined by the ratio of  mixed odors at that 
location, as has been proposed for true navigation in homing 
pigeons. Jacobs LF: From chemotaxis to the cognitive map: the 
function of olfaction. Proc Natl Acad Sci USA 2012, 109:10693–
10700. Acknowledgements: NSF Electrical, Communications 
and Cyber Systems Grant 1028319. FCOI Disclosure: None

#118 POSTER SESSION III 

Stability of Olfactory Sensitivity: Don’t Chase Ghosts  
William S. Cain1, Roland Schmidt1, J. Enrique Cometto-Muñiz1,  
Craig B. Warren1, Matthias H. Tabert2 
1Chemosensory Perception Lab (CPL), La Jolla, CA, USA, 
2International Flavors and Fragrances, Inc., Union Beach, NJ, USA 
 
The reputation of  olfaction as especially noisy blames the victim. 
The literature abounds with data that imply up to 5 orders of  
magnitude variation from person to person. Results now show 
that with good control of  the vapor stimulus, the variation 
equals little more than an order of  magnitude. This study, with 
collection of  data on detection of  15 materials from subsets 
of  17 Ss, reinforces the conclusion and extends it to show that 
within this modest band of  variation Ss may show significantly 
better or worse sensitivity than the mean. The set of  stimuli 
consisted primarily of  fragrance materials, such as velvione, 
with thresholds below 1 ppb v/v presented via a continuously 
running device, the VDD8, of  considerable stability of  delivery. 
Subjects sniffed from glass cones that delivered stimuli and 
blanks at 40 L/min yet low linear velocity. Each subject yielded 
a psychometric function from about 120 judgments (format: 3 
AFC) distributed over ca. 4 hrs. Calculated across materials, the 
span of  plus or minus 2 SDs equaled 9.6, an order of  magnitude. 
With thresholds normalized to eliminate material as a variable, 
9 Ss yielded average thresholds significantly above or below the 
mean as assessed by the t-distribution. These data from young 
normal Ss with no training paint a completely different picture 
from those studies that pay little attention to control of  the 
stimulus. Olfaction exhibits no more variability than hearing, a 
modality hardly portrayed as especially unreliable. The outcome 
has special relevance for research into olfactory epidemiology. 
Without knowledge that a poorly controlled stimulus accounts 
for variation among Ss, investigators will chase ghosts in the 
name of  genetic and environmental influences on olfaction. 
Acknowledgements: Supported by International Flavors and 
Fragrances, Inc. FCOI Disclosure: None

#119 POSTER SESSION III 

Is identifying odors useful?  The accuracy, consistency and 
speed of odor and picture naming 
E. Leslie Cameron1, Matthew R. Anderson1, Per Møller2 
1Carthage College, Department of  Psychological Science, Kenosha, 
WI, USA, 2University of  Copenhagen, Department of  Food Science, 
Copenhagen, Denmark 
 
It is well known that it is difficult to label odors in the absence 
of  contextual cues. Relatively less is known about the latency 
of  naming odors and the consistency with which people can 
do such a task. Moreover, it is not known the extent to which 
people attempt to name odors, even when they are unfamiliar or 
uncommon. This is important because such verbal information 
probably affects the way in which odors are encoded, stored 
and retrieved from memory. The current study measures 
people’s ability to name common and uncommon odors and, 
for comparison, pictures, as well as the speed and consistency 
of  their responses. Method: Twenty-four college students 
(12 male) produced verbal labels for 50 images and 50 odors. 
Half  of  the odors and pictures were common and half  were 
uncommon. Sixty percent of  the stimuli were shown twice. 
Results: Participants provided fewer labels for odors (<40%) 
than for pictures (100%). Common pictures were labeled nearly 
perfectly, consistently and very quickly (~1000 msec), but 
uncommon pictures and common and uncommon odors were 
not consistent (~50%, <40% and <20%, respectively) and were 
relatively slow (3000-6000 msec). Accuracy was <40% correct 
for odors, but even accurately labeled odors were named slowly. 
Discussion: The results confirm and extend our understanding 
of  the difficulty of  naming odors, particularly relative to the ease 
of  naming pictures. These results suggest that odor naming is a 
laborious process that may serve little ecological value. Future 
studies will examine the extent to which labeling odors can 
enhance people’s ability to remember them. Acknowledgements: 
Department of  Psychological Science and Social Science 
Division, Carthage College. FCOI Disclosure: None

#120 POSTER SESSION III 

Humans Can Discriminate More than One Trillion  
Olfactory Stimuli 
Andreas Keller1, Caroline Bushdid1, Marcelo O. Magnasco2,  
Leslie B. Vosshall1,3 
1Laboratory of  Neurogenetics and Behavior, The Rockefeller University, 
New York, NY, USA, 2Laboratory of  Mathematical Physics,  
The Rockefeller University, New York, NY, USA, 3Howard Hughes 
Medical Institute, New York, NY, USA 
 
Humans can discriminate several million different colors 
and almost half  a million different tones, but the number of  
discriminable olfactory stimuli remains unknown. The lay 
and scientific literature typically claims that humans can 
discriminate 10,000 odors, but this number has never been 
empirically validated. Here, we used triangle discrimination 
tests to determine the capacity of  humans to discriminate odor 
mixtures with varying numbers of  shared components. The 
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psychophysical testing revealed that humans can generally 
discriminate mixtures of  10, 20, and 30 components when  
they differ by at least half  their components. Using this measure 
of  the resolution of  the human olfactory system we then 
calculated the size of  the set of  mixtures of  30 components  
(out of  the collection of  128 odorous molecules that we used) 
that differ by at least half  their components. Mathematically,  
this presents a coding problem that can be formulated in 
information theory as a problem of  packing spheres in 
multidimensional space. This calculation revealed that humans 
can discriminate at least one trillion olfactory stimuli. This is 
far more than previous estimates of  distinguishable olfactory 
stimuli and demonstrates that the human olfactory system, with 
its hundreds of  different olfactory receptors, far outperforms the 
other senses in the number of  physically different stimuli it can 
discriminate. Acknowledgements: This study was supported in 
part by grant # UL1 TR000043 from the National Center for 
Advancing Translational Sciences [NCATS, National Institutes 
of  Health (NIH)] Clinical and Translational Science Award 
(CTSA) program. FCOI Disclosure: None

#121 POSTER SESSION III 

Elemental perceptions of binary and tertiary odorant mixtures 
Terry E Acree1, Pauline Riehling2, Edward H Lavin1 
1Cornell University, Geneva, NY, USA, 2AGRASUP, Dijon, France, 
3Cornell University, Geneva, NY, USA 
 
Olfactory perception encompasses both elemental and configural 
properties: we can recognize components in a mixture (“It 
contains ethyl isobutyrate”) as well as identify a mixture as a 
unique odor image (“it’s pineapple”). In two studies we tested 
the hypothesis that a specific combination of  three odorants 
are perceived as pineapple, as reported by Le Berre 2008, and 
not like the component odorants. In one study, 15 subjects 
were trained to associate the words strawberry, violet, and 
caramel with ethyl isobutyrate, allyl a-ionone, and ethyl maltol 
respectively. Using an olfactometer in an olfactorium 15 subjects 
experienced 10 ml odorant puffs lasting 70 msec. after an 
auditory and a visual cue to inhale. They repeated this task 30 
times and when tested they chose the word they were trained 
to associate with the odorants: (ethyl isobutyrate 84 ± 2%, allyl 
a-ionone 91± 1%, and ethyl maltol 77 ± 2% of  the time). Three 
binary mixtures (n=8) of  the odorants were tested on 8 subjects 
with “pineapple” added as an additional word. Pineapple was 
chosen less than 7 ±2% of  the time, significantly less than the 
words associated with the components (p = .01). A tertiary 
mixture yielded the same result, 7 ± 2% (p = .01). Repeating the 
entire experiment using “other” instead of  “pineapple” yielded a 
result consistent with the hypothesis that these tertiary mixtures 
do not produce emergent perceptions. These results demonstrate 
that after a brief  odor stimulus trained subjects associate their 
experience most frequently with words for the components 
rather than identifying the olfactory perception as an odor image. 
Acknowledgements: USDA. FCOI Disclosure: None

#122 POSTER SESSION III 

Perceptual and neural effects of timing for binary  
odor mixtures 
Tyler S. Lorig1, Emily A. Warner1, Shannon E. Cusack1,  
Leslie M. Kay2, Joel D. Mainland3 
1Washington and Lee University, Lexington, VA, USA, 2Univrsity 
of  Chicago, Chicago, IL, USA, 3Monell Chemical Senses Center, 
Philadelphia, PA, USA 
 
One important, but often neglected, aspect of  the perception 
an odor mixture is the temporal relationship between 
monomolecular components. We varied the onset time of  each 
of  the components of  a binary mixture during single inhalations. 
Ten subjects who provided informed consent participated in 
a study in which two odorants (A=elthyl maltol and B=ethyl 
isobutyrate) were presented with lags of  0, 100 or 200 msec 
relative to the offset of  the first odor. These temporal mixtures 
were presented in random order by olfactometer during nasal 
inhalation such as AB, A.B, and A.B or BA, B.A, or B.A where 
each odor in the pair was presented for 200 msec. In addition, 
fully and partially overlapping mixtures also occurred during the 
testing session. The mixture of  these two odors smells much like 
pineapple but individually each is recognizable as caramel and 
strawberry, respectively. Subjects rated the intensity, pleasantness 
and similarity of  the odors that were presented compared to a 
standard mixture of  A and B. EEG activity was recorded from 
78 scalp sites during testing. Results indicated that EEG gamma 
band power, normally associated with perceptual recognition, 
significantly diminished as a function of  the time lag between the 
individual components of  the mixture (F(2,18)=5.81,p=.011). 
Reports of  similarity and pleasantness did not differ as a 
function of  temporal lag. Self-reported intensity, however, did 
change such that odor order and lag had an effect (F(2,18)=4.19, 
p=.035) and this change was significantly correlated with EEG 
theta power (r=-0.3, 019). These findings suggest that mixture 
perception is far more than just combining activity in a group of  
receptors. Timing plays a key role in the combinatorial process. 
Acknowledgements: Intramural funds from Washington and Lee 
University. FCOI Disclosure: None

#123 POSTER SESSION III 

Both the number and perceptual quality of odorants control 
configural processing of odor mixture in human adults 
Thierry Thomas-Danguin1, Sébastien Romagny1,2, Gérard Coureaud2 
1Centre des Sciences du Goût et de l’Alimentation (CSGA), UMR 
6265 CNRS, UMR 1324 INRA, Université de Bourgogne, Molecular 
Interactions, in-mouth Breakdown and Flavour Perception Team, 
DIJON, France, 2Centre des Sciences du Goût et de l’Alimentation 
(CSGA), UMR 6265 CNRS, UMR 1324 INRA, Université de 
Bourgogne, Developmental Ethology and Cognitive Psychology Team, 
DIJON, France 
 
Natural olfactory stimuli, namely mixtures of  odorants, can 
be perceived either as the sum of  a few odorants’ quality 
or as a new percept. However, the rules that govern such 
elemental vs. configural processing remain poorly understood. 
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Configural perception was observed for blending mixtures such 
as a 6-odorant mixture (RC) which elicits a Red Cordial odor 
while none of  its components does. Using this model mixture, 
we assessed here the influence of  each odorant and of  their 
association on the red cordial odor typicality by comparing RC 
from its sub-mixtures of  increasing complexity (2 to 5 odorants). 
Our aim was to evaluate the respective role of  the number of  
odorants and of  their perceptual quality on the emergence 
of  the odor configuration. Starting form preliminary results 
suggesting a critical role of  Isoamyl acetate (IA) in the configural 
perception, we used a total of  30 stimuli, corresponding to the 
RC mixture and all the sub-mixtures including IA. These stimuli 
were rated for their Red Cordial odor typicality by a panel of  59 
human adults (age range: 23-60). The results have shown that 
(1) the higher the number of  odorants in the sub-mixture the 
higher the typicality and (2) some odorants, such as Vanilin (V) 
or Frambinone (F), are better contributor to the Red Cordial 
configural odor. However, the binary only associations IA+V or 
IA+F did not lead to a Red Cordial odor as typical as the whole 
RC mixture, while most of  the quaternary sub-mixtures did. 
Interestingly, these findings are partly in line with data obtained 
in the newborn rabbit with the same RC blending mixture: the 
number of  odorants included in the mixture is determinant to 
configural perception. Nevertheless, in humans, the perceptual 
quality of  some odorants is also critical to the configural odor 
perception. Acknowledgements: This work was supported by the 
ANR MEMOLAP, the Burgundy Region and the FEDER.  
SR was founded by the French Ministry for Higher Education 
and Research. FCOI Disclosure: None

#124 WITHDRAWN

#125 POSTER SESSION III 

The “Sniffin’ Kids” test ~A 12-item odor identification test 
for children~ 
Eri Mori1,2, Valentin A. Schriever2, Wenke Petters2, Carolin Boerner2, 
Martin Smitka3, Thomas Hummel2 
1Department of  Otorhinolaryngology, Jikei University, School of  
Medicine, Tokyo, Japan, 2Smell & Taste Clinic, Department of  
Otorhinolaryngology, University of  Dresden Medical School, Dresden, 
Germany, 3Department of  Neuropediatrics, University of  Dresden 
Medical School, Dresden, Germany 
 
Olfactory identification develops with age in children. 
Developmental or environmental factors may alter the  
olfactory status especially in childhood. There are several nasal 
diseases of  children causing olfactory dysfunction, and head 
trauma also reduces their sense of  smell. The purpose of  this 
study was to develop a short “Sniffin’ Sticks” odor identification 
test, the “Sniffin’ Kids” test for the use in children. Five 
hundred and thirty-seven children between 6-17 years of  age 
were included in this study. From the “Sniffin’ Sticks” 16-item 
odor identification test, twelve odors were selected which are 

identified at a high rate by children. Normative data of  the 12-
item odor identification test was obtained. The test was validated 
by including a group of  congenital anosmic children. Results 
show that the “Sniffin’ Kids” test is able to discriminate between 
normosmia and impaired olfactory function (t=18.3, p<0.001). 
In addition the reliability was tested in a group of  29 children. 
Results from first and second testing did not differ significantly 
(t=1.83, p=0.08). With the 12-item odor identification test, 
the “Sniffin’ Kids” test, we present a valid and reliable test for 
measuring olfactory function in children between age 6-17 years. 
Acknowledgements: Intramural funding through the University 
of  Dresden Medical School. FCOI Disclosure: None

#126 POSTER SESSION III 

Contextual effects might influence the pleasantness of odors 
Shiori Nakano, Saho Ayabe-Kanamura 
University of  Tsukuba, TSUKUBA, Japan 
 
The present study conducted with the two experiments suggests 
that odor pleasantness can be influenced by context within 
which the stimulus is presented. 1. Sequential effects. When 
characteristics of  multiple odors are sequentially rated, rating 
of  the stimuli can be influenced by what precedes them. 
Hedonic contrast is one of  these phenomena. When a stimulus 
is preceded by a more pleasant stimulus, it is rated less pleasant 
(negative contrast), whereas when a stimulus is preceded by a 
more unpleasant stimulus, it is rated more pleasant (positive 
contrast). In this experiment, both positive (P) and negative 
odor (N) sets were used. Group A sequentially rated P, N, then 
P sets, whereas group B sequentially rated N, P then N sets. 
Although positive contrast did not occur, negative contrast was 
found in group A and even in group B (the second N set was 
rated lower than the first). This suggests that the influence of  the 
positive context stimuli on the following negative odors might 
be more robust. 2. The effects of other stimuli presented in the 
test session. In the present experiment, participants rated the 
pleasantness of  jasmine tea (target odor) which was included in 
sets with eight daily odors, eight flavored teas, and eight different 
brands of  jasmine teas. The target odor was rated more pleasant 
in the daily odor set, which had large variation in pleasantness 
between members, rather than the other two sets. The observer’s 
perceptual frame was constructed through the evaluation of  
presented odors. Thus, the odor pleasantness depends on the 
stimulus context. Acknowledgements: University of  Tsukuba. 
FCOI Disclosure: None
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#127 POSTER SESSION III 

Brain processing of attractive odorants added to an initially 
neutral mixture 
Charlotte Sinding, Viola Bojanoswky, Marcus Münch,  
Cornelia Hummel, Thomas Hummel 
ENT dept., TU Dresden, Dresden, Germany 
 
Some fragrance and perfume even if  they are pleasant can 
contain an unpleasant odor as musk, feces or root beer. Why 
these components are empirically used in perfumes and more 
generally why naturally plants or animals incorporate these 
odorants in a fragrance? We suggested here to test three of  
these odorants that are often used in perfumery ambroxan 
(amber like), bacdanol (sandalwood like) and indol (feces like). 
Each of  these odorants was included in a base mixture of  6 
components with a neutral pleasantness. 27 subjects had to 
evaluate edibility, hedonicity, intensity of  each single odorant 
and each mixture. They also had to discriminate the mixture 
added of  a component from the base mixture. Then they were 
scanned (fMRI) while smelling the odorants and mixtures. As 
a major result the indol seemed to entail a specific processing. 
It involves putamen, amygdala, insula and frontal operculum. 
Although the psychophysical results showed a strong trend for a 
higher pleasantness of  the mixture added of  indol than the base 
mixture the specific network was supposed to process negative 
affects as disgust. The hypothesis is that as indol was the only 
odorant linked to a body odor concept (feces) and that could 
involve a specific network due to a cognitive or an evolutionary 
process. As a consequence, we can suggest that indol increases 
the attractiveness of  the mixture which could, in our conditions, 
result in a higher pleasantness. Acknowledgements: This study 
was supported by Henkel, Germany, who provided the odours 
and by a grant from the Deutsche Forschungsgemeinschaft to 
TH (DFG HU 441/10-1). We also would like to thank Johannes 
Gerber for his help in the setup of  the MR scanner. FCOI 
Disclosure: None
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Implicit versus explicit localization capacities across two 
intranasal chemosensory systems in humans 
Olga A. Wudarczyk1, Carolin Moessnang2, Raquel Gur3,  
Frank Schneider1, Ute Habel1 
1RWTH Aachen University, Aachen, Germany, 2Central Institute for 
Mental Health, Mannheim, Germany, 3University of  Pennsylvania, 
Philadelphia, PA, USA 
 
The question of  whether humans can process spatial 
information within the olfactory system has long been a source 
of  contention in the field of  olfaction. Although most reports 
conclude that humans can only localize odors if  they activate 
the trigeminal system, it has recently been shown that left-
right directionality might be demonstrable within the olfactory 
system when assessed implicitly. The current study implemented 
both: implicit and explicit measures to further address this 
notion, and examined localization capacities across the two 
chemosensory systems. Sixty participants were stimulated with 

a pure odorant (phenyl ethyl alcohol, Experiment 1) and an 
exclusively trigeminal stimulus (carbon dioxide, Experiment 2) 
while completing the implicit spatial cueing task and explicit 
odor localization task. In the olfactory experiment, congruent 
cues led to slower responses at the beginning of  the spatial 
cueing task, suggesting a dynamic modulation of  spatial 
attention by olfactory cues. In contrast, subjects were not able 
to reliably localize the odor in the explicit localization task. In 
the trigeminal experiment, a time-dependent cueing effect could 
also be observed, with significantly enhanced target detection 
accuracy in the second half  of  the spatial cueing task. Explicit 
localization of  trigeminal stimuli was well above chance level, 
which replicates previous findings. These results imply that 
spatial information processing within the human chemosensory 
systems is possible, and that it differs between the two modalities. 
While the results give strong evidence that humans possess 
capacity to localize a trigeminal stimulus as measured via 
both explicit and implicit paradigms, a similar capacity for 
localization of  olfactory stimuli has been found to be possible 
at the implicit level. Acknowledgements: German Research 
Foundation. FCOI Disclosure: None

#129 POSTER SESSION III 

Co-opting the Unfolded Protein Response for Olfactory 
Receptor Feedback 
Ryan M Dalton, David Lyons, Stavros Lomvardas 
University of  California, San Francisco/Department of  Anatomy,  
San Francisco, CA, USA 
 
Monogenic olfactory receptor (OR) expression by olfactory 
sensory neurons (OSNs) requires OR choice, followed by an 
OR-elicited feedback process that acts to stabilize OR expression, 
prevent further OR choice, and promote maturation of  the OSN. 
Canonical OR signaling is dispensable for OR feedback. We 
hypothesized that ORs could elicit feedback by activating the 
unfolded protein response (UPR), a ubiquitous stress-activated 
signaling pathway that tunes gene expression to conditions 
in the endoplasmic reticulum (ER). Using a series of  mutant 
mice, we demonstrated that ORs activate an ER-resident UPR 
sensor known as Perk. Perk activation results in phosphorylation 
of  translation initiation factor eif2A, which causes a global 
reduction in protein translation initiation, as well as a selective 
induction of  translation of  activating transcription factor 5 
(Atf5). Atf5 is required and sufficient for the execution of  the OR 
feedback program. Thus, OR expression controls translation of  
a transcription factor required for OR feedback. In subsequent 
studies, we have demonstrated a role for this signaling pathway 
in receptor-mediated maturation or feedback in several other 
chemosensory tissues. Together, these results indicate that 
ORs and other chemoreceptors, through the activation of  a 
ubiquitous stress pathway, allow cells to tie fate acquisition to 
the appearance of  a single molecular species. This discovery 
therefore provides a generalizable model by which the expansion 
of  receptor gene families is coupled to the expansion of  neuronal 
cell fates. Acknowledgements: R01 DA030320-01 Genentech 
Predoctoral Fellowship. FCOI Disclosure: None
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Mutually exclusive olfactory receptor expression does not 
depend on nuclear sequestration in immature cell types  
derived from the OSN lineage 
Robert P. Lane, Seda Kilinc, Diane Meredith 
Department of  Molecular Biology and Biochemistry,  
Wesleyan University, Middletown, CT, USA 
 
Mouse olfaction depends on specialized olfactory sensory 
neurons (OSNs) that each express only one olfactory receptor 
protein from among >1000 olfactory receptor (OR) genes 
encoded in the genome. An epigenetic mechanism underlying 
mutually exclusive OR expression has been recently proposed 
whereby all but the transcriptionally active OR locus is 
tightly aggregated within repressive chromocenters of  mature 
OSN nuclei. Consistent with this model, disruption of  
this organization results in additional OR genes becoming 
transcriptionally active in these cells. We investigated nuclear 
organization and OR expression in OP6 cells derived from 
earlier stages in the OSN lineage. OP6 cells transcribe OR 
genes in a mutually exclusive manner, albeit at lower levels 
than in mature OSNs. Although OR genes are enriched at 
nuclear chromocenters, neither the chromocenters or OR genes 
are tightly aggregated as has been observed in mature OSNs; 
we commonly find silenced OR gene loci positioned outside 
chromocenters. The lamin-B-receptor (LBR), whose down 
regulation was shown to be required for chromocenter/OR 
aggregation in mature OSNs, is still expressed in OP6 cells, 
albeit in an unusual non-peripheral pattern. Our results suggest 
that establishment of  mutually exclusive OR expression occurs 
in pre-committed cells of  the OSN lineage by some other, as 
yet identified selection mechanism prior to a sequestration 
requirement later in the lineage. During commitment, LBR 
down-regulation, and subsequent aggregation of  chromocenters/
OR genes, might enable potent up-regulation of  the selected OR; 
we speculate that in the presence of  this putative OR enhancer, 
chromocenter aggregation is now required to maintain silencing 
of  competing ORs. Acknowledgements: National Institutes of  
Health Grant R01-DC006267. FCOI Disclosure: None

#131 POSTER SESSION III 

Role of c-Kit Expressing Progenitor Cells in  
Olfactory Neurogenesis  
Bradley J. Goldstein1, Garrett Goss1, Konstantinos E. Chatzistergos1, 
Erika B. Rangel1, Barbara Seidler2, Dieter Saur2, Joshua M. Hare1 
1University of  Miami Miller School of  Medicine, Miami, FL, USA, 
2Technische Universität München, Munchen, Germany 
 
The olfactory epithelium (OE) in adult mammals is a robust 
neuroproliferative zone, with an ability to replenish neurons due 
to the presence of  basal stem and progenitor cells. However, the 
regulatory mechanisms involved in OE maintenance remain 
incompletely understood. In the developing OE, expression 
of  both the receptor tyrosine kinase c-Kit and its ligand have 
been reported, but no functional role has been provided. Here, 
we focused on defining the role of  OE cells expressing c-Kit, 

utilizing cre/loxP genetic fate mapping. Mice bearing the 
CreERT2 allele as a knock-in at the endogenous c-Kit locus were 
crossed with Cre reporters, to obtain strains in which b-gal can be 
visualized in progeny of  c-kit (+) cells after tamoxifen induction. 
In this model, embryonic and postnatal c-Kit (+) progenitors 
were found to produce OE neurons. In un-lesioned adults, we 
identified sparse c-Kit (+) progenitor activity (41±12 cells/0.5 
mm, n=3 mice) 7 days after induction. However, combining 
temporally controlled lineage tracing with experimental olfactory 
lesion in adults, we found that c-Kit (+) progenitors are activated 
to reconstitute the neuronal population. At 14 days following 
methimazole-induced lesion and induction, there is widespread 
reporter label in new olfactory neurons across the OE, indicating 
that they emerged from c-Kit (+) progenitors (285±77 cells/0.5 
mm, n=4 mice). Immunohistochemically, the c-Kit receptor 
protein localizes to globose basal cells; many co-labeled by 
proliferation markers. Kit ligand (also called Stem Cell Factor) 
protein appears to localize largely to the sustentacular cell 
layer. In summary, we conclude that c-Kit (+) cells function as 
OE neuronal precursors, are activated by lesion, and that c-Kit 
signaling may be an important regulatory pathway in adult OE 
maintenance. Acknowledgements: Supported in part by NIH 
grant RO1HL110737-01 to JH. FCOI Disclosure: None

#132 POSTER SESSION III 

Spatial organization of odorant receptor gene alleles within 
the nucleus of olfactory neurons 
Bettina Malnic, Lúcia Maria Armelin-Correa, Luciana Gutiyama, 
Débora Brandt  
University of  São Paulo, São Paulo, Brazil 
 
Mammals discriminate important environmental cues by 
means of  odorant receptors expressed by olfactory sensory 
neurons located in the nose. Each olfactory sensory neuron 
expresses only one allele from one gene chosen from a large 
gene family of  odorant receptors. The mechanisms involved in 
this monoallelic and monogenic expression remain elusive. We 
have asked whether the position of  the two alleles of  a given 
odorant receptor gene within the nucleus correlates with their 
transcriptional activity in olfactory neurons expressing this 
receptor. We performed immuno-DNA FISH experiments in 
order to analyse the positions of  odorant receptor gene alleles 
in relation to different nuclear compartments. Our results show 
that olfactory neurons have a characteristic nuclear organization 
and that odorant receptor genes that are located on different 
chromosomes are frequently associated to large and common 
heterochromatin blocks which are located in the central region 
of  the nucleus. We found that olfactory nuclei have prominent 
facultative heterochromatin domains that are localized around 
these constitutive heterochromatin blocks, and that a significant 
fraction of  OR gene alleles are colocalized with these domains. 
Our findings suggest that this nuclear compartmentalization may 
play a critical role in the expression of  odorant receptor genes. 
Acknowledgements: Supported by FAPESP/CAPES. FCOI 
Disclosure: None
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Olfactory stem cells do not retain spatial memory 
Julie C Hewitt1,2, James E Schwob3 
1Sackler School of  Biomedical Sciences, Tufts University, Boston,  
MA, USA, 2Department of  Neuroscience, Tufts University School  
of  Medicine, Boston, MA, USA, 3Department of  Developmental  
and Cellular Biology, Tufts University School of  Medicine,  
Boston, MA, USA 
 
Mature olfactory sensory neurons (OSNs) express olfactory 
receptors (ORs) in specific zones along the dorsal/ventral axis 
of  the olfactory epithelium (OE). In addition to OR spatial 
patterning, dorsomedial OSNs express the enzyme NQO1 
exclusively while ventrolateral OSNs express the mammalian 
homologue of  fasciclin II (mamFasII, or OCAM) exclusively. 
The regeneration of  the OSNs following injury re-establishes the 
spatial patterning of  the OE with respect to OR expression and 
the position and strict complementarity of  the NQO1/mamFasII 
boundary. The re-establishment of  spatial organization may 
reflect positional “memory” in the spared, residual stem cells, 
or, alternatively, cues from surrounding tissues that do not 
suffer direct injury. As a test of  these two alternatives, we asked 
whether neurons derived from transplanted stem/progenitor 
cells would retain the marker that characterizes the region from 
which they were harvested, or adopt the phenotype of  neurons 
that typifies where they engrafted. Specifically, we harvested 
progenitors from both the dorsal and ventral OE of  CAG-
TdTomato genetic mice and transplanted the cells separately  
into regenerating epithelium of  host male mice. We allowed  
the host animals to recover for three weeks, which provides 
adequate time for OSN regeneration. After harvesting the nose, 
we stained neuronal clones for both NQO1 and mamFasII/
OCAM. We found that progenitors derived from the dorsal 
OE and engrafted into the ventral OE (D>V), express ventral 
markers and not dorsal markers (animals n=2; OSNs n=92).  
As a control, the V>V cells express ventral markers (animals 
n=2; OSNs n=62). Our data suggests that the stem cell 
populations of  the OE do not retain spatial memory but 
rather are regulated by cues that come from the surrounding 
environment. Acknowledgements: Supported by NIH grant RO1 
DC002167. FCOI Disclosure: None

#134 POSTER SESSION III 

Neuroepithelium reduces with age in human olfactory mucosa  
Eric H Holbrook1, Peter Solomon2, James E Schwob2 
1Massachusetts Eye and Ear Infirmary/Harvard Medical School, 
Boston, MA, USA, 2Tufts University School of  Medicine,  
Boston, MA, USA 
 
Age related smell loss is thought to correspond with a 
reduction in olfactory neurons. A complete analysis of  the 
neuroepithelial regression as a function of  age is currently 
lacking in humans. We provide a whole surface view of  the 
human olfactory mucosa and demonstrate a decline in whole 
area neuroepithelium with progression of  age. Using antibodies 

against neuronal markers PGP9.5 and beta tubulin III, whole 
mount immunohistochemical staining was performed on sheets 
of  human mucosa stripped from the septum and lateral wall 
of  the nasal cavity obtained from human autopsy specimens 
(embryonic to 96 years). Slide mounted specimens were imaged 
using a microscope with 1X objective and a motorized stage. 
Separate photos were stitched together to create the entire mosaic 
image using Autopano Pro software (Kolor). The area olfactory 
mucosa and percent loss of  neuroepithelium within those areas 
were calculated using Photoshop (Adobe v12.0). Distance 
measurements were also made from the margins of  the olfactory 
neuroepithelium to normal nasal anatomic structures after 
superimposing the whole mount images back on the original 
autopsy tissue block to provide a sense of  the typical olfactory 
mucosal region in humans. The general location of  the olfactory 
mucosa is relatively preserved from embryonic stages to older 
adults. We found a correlation in percent loss of  neuroepithelium 
with a function of  age with losses occuring at the margins as well 
as within the olfactory mucosal region. These findings provide a 
clearer picture of  the effects of  aging on olfactory mucosal area 
in humans and provide a generalized map for locating olfactory 
epithelium within the nasal cavity. Acknowledgements: NIDCD 
grant R01DC010242. FCOI Disclosure: None

#135 POSTER SESSION III 

The Role of Cilia in the Regulation of Olfactory  
Horizontal Basal Cells
Ariell M. Joiner1, Jeremy C. McIntyre2, Jeffrey R. Martens2 
1University of  Michigan/ Department of  Pharmacology,  
Ann Arbor, MI, USA, 2University of  Florida/ Department of  
Pharmacology & Therapeutics, Gainesville, FL, USA 
 
The olfactory epithelium (OE) is one of  the few tissues to 
undergo constitutive neurogenesis throughout the lifespan 
of  an organism. The OE is comprised of  various cell types 
including differentiated olfactory sensory neurons (OSNs) and 
two populations of  basal stem cells, globose basal cells (GBCs) 
and horizontal basal cells (HBCs). While GBCs frequently 
divide to restore the OE, HBCs are more quiescent yet able 
to restore the OE following severe insult. In the mouse OE, 
immunohistochemical (IHC) analysis of  Arl13b (a cilia-localized 
protein) revealed that HBCs possess primary cilia. Due to the 
growing evidence that cilia play a role in stem cell function, 
we hypothesized that cilia on HBCs regulate their stem cell 
properties. To test this hypothesis, we generated an inducible, 
cell-type specific knockout mouse (K5rtTA;tetOCre;Ift88fl/fl). Using 
a tet-on system driven by the K5 promoter, Cre expression in 
K5 expressing cells such as HBCs results in the excision of  Ift88, 
leading to the loss of  cilia specifically in these cells. We first 
established a time course for the loss of  cilia on HBCs. Postnatal 
day 21 conditional null mice administered doxycycline (dox) 
for four weeks showed a significant ~85% loss of  ciliated HBCs 
with no change in cellular composition. We then tested if  the 
loss of  cilia affected regeneration of  the OE following severe 
insult. After four weeks of  dox treatment, conditional null mice 
were injected with methimazole to ablate the OE. Three weeks 
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post-ablation, IHC analysis of  the OE showed a reduction in 
the number of  mature OSNs and mice showed reductions in 
olfactory-guided behaviors. These data suggest that cilia are 
critical for HBC differentiation and cell fate determination during 
the restoration of  the OE, making HBC cilia important for 
olfactory tissue maintenance. Acknowledgements: T32DC00011 
and F31DC013496 (to A.M.J.), F32DC011990 (to J.C.M.), and 
R01DC009606 (to J.R.M.). FCOI Disclosure: None

#136 POSTER SESSION III 

Trpm5-expressing microvillous cells play a role in adaptive 
functional plasticity after irritant exposure in mice 
Imad Aoudé1, Tatsuya Ogura1, Justin Chang1, Wangmei Luo1,  
Ichiro Matsumoto2, Weihong Lin1 
1University of  Maryland Baltimore County, Department of  Biological 
Sciences, Baltimore, MD, USA, 2Monell Chemical Senses Center, 
Philadelphia, PA, USA 
 
The main olfactory epithelium (MOE) lines a significant 
portion of  the nasal cavity. Its ability to modify sensory 
activity in response to changes in chemical environment is 
essential for olfaction. We previously reported a population of  
microvillous cells that express transient receptor potential M5 
(trpm5-MCs) in the MOE and are capable of  responding to 
odorous irritants and releasing acetylcholine (Lin et al 2008, 
Ogura et al 2011). Here we investigate the role of  trpm5-MCs 
in MOE functional modification following 2 or 4-week irritant 
exposure using wild type and knockout mice lack of  olfactory 
trpm5-MCs. Transcription factor Skn1a knockout diminishes 
trpm5-expressing taste receptor cells (Matsumoto et al 2011). 
To determine whether Skn1a-/- mice lack trpm5-MCs, we 
counted superficially located cells in the MOE of  Skn1a-/- and 
control mice with trpm5-MCs marked with GFP. Skn1a-/- 
mice showed drastic reduction in the superficial cell density 
correlated to the loss of  trpm5-MCs. We then exposed Skn1a-/- 
and control mice to odorous irritants and monitored changes 
in olfactory responses and behavior. In electro-olfactogram 
(EOG) recordings, we found that after 2-week exposure, wild 
type mice exhibited significant, odor-dependent changes in 
EOG response amplitudes, recovery times and dose responses. 
Remarkably, these functional changes were lacking in Skn1a-/- 
mice after 2-week irritant exposure and only mild changes were 
observed after 4-week exposure. Further, when given a choice 
between urine from the opposite gender and water, Skn1a-/- mice 
exposed to irritants for 2-4 weeks showed reduced preference to 
urine as compared to Skn1a-/- control mice. Our data therefore 
demonstrate that trpm5-MCs are important for MOE functional 
plasticity in response to changing chemical environment. 
Acknowledgements: This work was supported by research  
grants NIH/NIDCD 009269 and 012831 to W. Lin. FCOI 
Disclosure: None

#137 POSTER SESSION III 

Skn-1a/Pou2f3 is required for the generation of  
Trpm5-expressing microvillous cells in the mouse main 
olfactory epithelium 
Makoto Ohmoto1, Junpei Yamashita2, Tatsuya Yamaguchi2,  
Alexander A Bachmanov1, Ichiro Matsumoto1, Junji Hirota2 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2Tokyo Institute of  Technology, Department of  Bioengineering, 
Yokohama, Japan 
 
A vast majority of  cells in the main olfactory epithelium (MOE) 
are olfactory sensory neurons (OSNs), supporting cells, and their 
progenitors in the basal region. In addition, MOE has several 
minor subsets of  cells, including microvillous cells (MVCs). The 
MVCs express transient receptor potential channel M5 (Trpm5), 
Villin, and choline acetyltransferase (ChAT), however, little is 
known about the MVCs. A POU homeodomain protein Skn-1a/
Pou2f3 is expressed in the Trpm5-expressing taste cells in taste 
buds of  oropharyngeal epithelia and in solitary chemosensory 
cells in the anterior nasal cavity and is necessary for their 
generation. We found that Skn-1a was expressed in a small subset 
of  cells in the basal and apical regions in the MOE. Double in 
situ hybridization analysis revealed that Skn-1a was expressed 
in a small subset of  Mash1-expressing OSN progenitor cells and 
a large subset of  Trpm5-expressing MVCs. Skn-1a knockout 
mice exhibited the normal differentiation of  majority of  OSNs, 
with the exception of  a partial and limited defect of  the terminal 
differentiation of  OSNs in the ecto-turbinate 2 observed in some 
mice. In contrast, Skn-1a deficiency caused complete loss of  the 
expression of  Trpm5, Villin, and ChAT in the MVCs, which 
express these genes in wild-type mice. These results suggest that 
Skn-1a is necessary for the generation of  Trpm5-expressing 
MVCs in the MOE. Acknowledgements: Supported by NIH 
grants DC00882 (AAB), DC011143 (IM), and P30DC011735 
(Robert F Margolskee) and JSPS KAKENHI 20570208 (JH). 
MO was a JSPS Postdoctoral Fellow for Research Abroad. FCOI 
Disclosure: None
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RGM-b-Neogenin signaling controls cell specification  
in the olfactory epithelium  
Joseph W.K. Kam1, Emilie Dumontier2, Alexandra Brignall3,  
David Mendes de Silva4, Mitra Cowan5, Jean-Francois Cloutier6 
1McGill University, Montreal, QC, Canada, 2McGill University, 
Montreal, QC, Canada, 3McGill University, Montreal, QC, Canada, 
4McGill University, Montreal, QC, Canada, 5Université de Montréal, 
Montreal, QC, Canada, 6McGill University, Montreal, QC, Canada 
 
The ability to detect and decode odorant information from the 
environment relies on the continuous birth and differentiation 
of  olfactory sensory neurons (OSNs). Progenitor cells located 
in the basal region of  the OE give rise to immature OSNs 
that then mature and populate the apical region of  the OE. In 
addition, progenitor cells give rise to sustentacular cells (SUS) 
that provide structural integrity to the OE. It is therefore essential 
that mechanisms be in place to regulate cell differentiation and 
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specification for proper development and maintenance of  the 
OE. Aiming to identify novel mechanisms regulating OE cellular 
differentiation, we found the transmembrane receptor, Neogenin, 
to be a candidate regulator based on its high expression in basal 
progenitors and in mature OSNs of  the OE. Interestingly, the 
Neogenin ligand, RGM-b, is expressed in immature OSNs of  the 
developing OE suggesting that RGM-b-Neogenin interactions 
may control cell differentiation in the OE. We have shown 
that treatment of  olfactory explants with RGM-b blocks the 
differentiation of  progenitor cells into SUS cells and promotes 
the formation of  OSNs. Ablation of  Neogenin expression in 
mice leads to a decrease in the number of  mature OSNs and 
to an increase in the number of  SUS cells. In contrast, the 
specific ablation of  Neogenin expression in mature OSNs 
(neogeninlox/lox; OMP-Cre) did not affect the number of  mature 
OSNs and SUS cells generated indicating that Neogenin 
regulates cell fate decisions in progenitor cells. Furthermore, 
ablation of  RGM-b expression also results in increased SUS cell 
numbers further supporting the notion that RGM-b-Neogenin 
interactions regulate cell fate decisions in the OE. Our findings 
therefore define a new molecular mechanism through which 
cell differentiation is controlled in the OE. Acknowledgements: 
Fonds de la recherché en santé du Quebec, Canadian Institues 
for Health Research, Natural Sciences and Engineering  
Research Council. FCOI Disclosure: None

#139 POSTER SESSION III 

Neurog1+ progenitors are plastic and can give rise to  
non-neuronal lineages in the olfactory epithelium 
Brian Lin1, Julie Hewitt1,2, James E. Schwob3 
1Sackler School of  Biomedical Sciences, Tufts University, Boston, 
MA, USA, 2Department of  Neuroscience, Tufts University School 
of  Medicine, Boston, MA, USA, 3Department of  Developmental, 
Molecular, and Cell Biology, Tufts University School of  Medicine, 
Boston, MA, USA 
 
The mammalian olfactory epithelium (OE) is a powerful 
model for studying neural regeneration. Two broadly defined 
basal populations, globose basal cells (GBCs) and horizontal 
basal cells (HBCs), participate in regeneration after injury. 
HBCs are quiescent and appear to play the role of  a reserve 
population—requiring activation through injury prior to 
acquiring multipotency. GBCs are a heterogeneous population 
that encompasses Sox2/Pax6(+) multipotent cells, neuron-fated 
Ascl1(+) that are transit-amplifying elements, and neuron-
producing Neurogenin1/NeuroD1(+) variants. This hierarchical 
model of  GBC fate is based on the epistatic consequences 
of  gene knockout and temporal correlation during recovery 
after epithelial injury. A more stringent test of  capacity/
commitment requires isolation of  each subtype and challenge 
by transplantation into MeBr-lesioned OE where multipotency 
is called for. Thus, we tested the differentiative potential of  
different GBC variants by breeding the double transgenic 
mice Neurog1-eGFP::CAG-TdTomato and Sox2+/eGFP::CAG-
TdTomato and used them as the source of  donor cells in our 
transplant assay. Transplantation of  FACS-purified Sox2+ GBCs 

confirms that they are pluripotent and form all cell types of  the 
OE. Surprisingly, transplantation of  Neurog1+ GBCs reveals 
a previously unanticipated plasticity, as they generated clones 
containing neurons and sustentacular cells, as well as HBCs. 
Consequently, we performed a short term lineage trace using 
the monogenic Neurog1-eGFP animal after both bulbectomy 
as well as MeBr lesion, showing the presence of  eGFP in cells 
expressing Sox2 after injury suggesting a dedifferentiative 
pathway for Neurog1+ GBCs. These and other results  
provide an indication that the apparent hierarchy merely  
implies differentiative fate and not commitment. 
Acknowledgements: Supported by NIH grant R01 DC002167. 
FCOI Disclosure: None

#140 POSTER SESSION III 

Compensatory plasticity in the olfactory periphery:  
timing and reversibility 
Casey N. Barber, David M. Coppola 
Biology Department, Randolph Macon College, Ashland, VA, USA 
 
Like other biological systems, olfaction responds homeostatically 
to perturbations, including chronic fluctuations in stimulus 
milieu. This phenomenon, referred to as compensatory plasticity 
(OCP), appears to be implemented at multiple levels of  the 
olfactory system; however, it has been most thoroughly studied 
at the periphery. In the olfactory epithelium (OE), chronic 
stimulus deprivation or enrichment trigger opposite changes 
in the transcription/translation of  proteins involved in odor 
transduction. These molecular responses to odor environment 
manipulation are thought to underlie the modulation of  receptor 
neuron gain observed physiologically and, at least in part, odor 
threshold modulation observed behaviorally. Until now, OCP 
has been studied, almost exclusively, in developing animals. It 
is unknown whether, like in other sensory systems, OCP has a 
‘critical’ period and is irreversible. Here we study unilateral odor 
deprivation in adult mice using nasal plugs, which were placed in 
one nostril for 2 - 6 weeks after which EOGs were recorded from 
the OE of  the occluded and open sides of  the nasal cavity (NC). 
The stimuli were purified odorants delivered at 1 PPT. Mean 
EOG amplitudes from plugged mice were significantly greater 
on the occluded side than the open side of  the NC. The duration 
of  plugging did not affect the results, suggesting that plasticity 
occurs within 2 weeks. Moreover, EOG differences between the 
open and occluded sides of  the NC in plugged animals were 
comparable to those seen in positive controls. In another group 
of  adult mice, plugs were allowed to stay in place for 4 weeks 
and then were removed for two weeks. EOG mean amplitudes 
were not significantly different between the always-open and 
previously-plugged sides of  the NC suggesting that OCP in 
the OE is reversible. Acknowledgements: National Science 
Foundation IOS-0641433, Chenery Endowment, and Rashkind 
Endowment to DMC. FCOI Disclosure: None
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Sequential Spatio-temporal Molecular Differentiation of 
Olfactory Sensory Neurons  
Diego Rodriguez Gil1, Dianna Bartel1, Austin Jaspers1, Arie Mobley1, 
Courtney Rubin1, Fumiaki Imamura1, Charles Greer1,2 
1Yale University, School of  Medicine, Department of  Neurosurgery, 
New Haven, CT, USA, 2Yale University, School of  Medicine, 
Department of  2Neurobiology, New Haven, CT, USA 
 
Odorant receptors (ORs) and their downstream signaling through 
adenylyl cyclase 3 (AC3) and cAMP are widely believed to have 
an instructive role in the glomerular convergence of  olfactory 
sensory neuron (OSN) axons. Basal cells, deep in the olfactory 
epithelium (OE), give rise to OSNs through asymmetrical 
divisions. However, the timing of  OR and AC3 expression 
relative to basal cell division and the appearance of  individual 
OSNs is not known. Here, we analyzed the migration of  OSNs 
in the olfactory epithelium (OE) following basal cell division. We 
then assessed the spatio-temporal expression of  classical OSN 
molecular markers relative to the time of  cell division. To assess 
migration in the OE, OSNs were labeled with BrdU at the time 
of  basal cell division and examined at 24 hr intervals over 10 
days. Migration was fairly constant at <4% of  the OE width/day. 
Immature GAP-43+ OSNs were restricted to the lower half  of  
the OE while OMP+ OSNs, canonically defined as mature, were 
in the upper half  of  the OE. Of  importance, the spatio-temporal 
distribution profile of  AC3+ OSNs was the same as that of  
OMP. In-situ hybridization was employed to profile the spatio-
temporal expression of  ORs in individual OSNs. Our analyses 
established that GAP-43 expression occurs prior to the earliest 
onset of  OR expression. The results suggest that the molecular 
fate of  OSNs OR expression may not yet be established at the 
time of  cell division. Finally, OR expression occurs prior to both 
OMP and AC3 expression, consistent with the prevailing model 
that OR-induced activity mediated by AC3 can influence axon 
extension and subsequent coalescence of  OMP expressing OSNs. 
Acknowledgements: This work was supported by NIH DC00210 
and DC01244 to C.A.G. and DC010894 to D.R-G. FCOI 
Disclosure: None

#142 POSTER SESSION III 

RTP1 and RTP2 Play an Essential Role in the Development 
and Functioning of the Olfactory System 
Ruchira Sharma1, Yoshiro Ishimaru2, Ian Davison3,  
Hiroaki Matsunami1 
1Duke University Medical Center, Durham, NC, USA,  
2University of  Tokyo, Tokyo, Japan, 3Boston University,  
Boston, MA, USA 
 
Receptor transporting proteins (RTP1 and RTP2), specifically 
expressed in the olfactory sensory neurons (OSNs), have been 
shown to greatly increase the cell surface expression of  olfactory 
receptors (ORs) when expressed in heterologous cells. We have 
generated RTP1 and RTP2 double knockout mice (RTP1,2-/-) to 
test the function of  RTP1 and RTP2 in vivo. RTP1,2-/- mice are 

viable and show no gross morphological defects. Consistent with 
the role of  RTP1 and RTP2 in OR trafficking, cilia localization 
of  a specific OR M71 is lost in RTP1,2-/- mice. OMP and ACIII 
expression indicate a thinner mature OSN layer in the RTP1,2-

/- olfactory epithelium. Increased caspase 3 staining of  the 
olfactory epithelium in these mice suggests that RTP1,2-/- have 
four times the number of  OSNs undergoing apoptosis compared 
to their wild type littermates, resulting in fewer mature OSNs. 
Electroolfactogram recordings suggest that RTP1,2-/- mice show 
dramatically diminished responses to odors and these mice show 
a lack of  c-Fos induction in the olfactory bulb in response to 1% 
acetophenone. Mice that have tau-GFP knocked into M71 show 
OSN axons reaching their olfactory bulb, but in RTP1,2-/- no 
convergence of  M71 axons in the olfactory bulb is observed, 
indicating that the axons are unable to target specific glomeruli. 
Together, these results show that RTP1 and RTP2  
are required for development and function of  the olfactory 
system. Acknowledgements: NIH R01: DC005782. FCOI 
Disclosure: None

#143 POSTER SESSION III 

Olfactory Epithelium of GAD65-GFP mice: A New Model  
for Studying Olfactory Sensory Neuron Maturation?  
W. Devin Owens1, Brian McRae2, M. Payton Weidner2,  
Kathryn A. Hamilton1 
1LSU Health Sciences Center, Dept. of  Cellular Biology & Anatomy, 
Shreveport, LA, USA, 2Centenary College, Dept. of  Neuroscience, 
Shreveport, LA, USA 
 
Olfactory sensory neurons (OSNs) are unique bipolar neurons; 
a dendrite terminates in receptor-bearing cilia at the surface 
of  the main olfactory epithelium (MOE) and an axon projects 
to the ipsilateral main olfactory bulb (MOB). Importantly, 
OSNs undergo turnover, even in adults. How olfactory acuity is 
maintained in the face of  this plasticity is not understood. Thus, 
identifying regulatory elements is important to understanding 
the OSN cycle and could also inform understanding of  neuronal 
development in other systems. We are using transgenic GAD65-
GFP mice to study the OSN cycle. In these mice, the promoter 
for the 65 kDa isoform of  the glutamic acid decarboxylase 
(GAD) gene drives expression of  enhanced GFP. These 
mice have been used to study functions of  GFP+ inhibitory 
interneurons in the MOB, other brain regions and spinal cord. 
However, the MOE has not been examined, most likely because 
in adults it is not known to express GAD. We have found that 
the MOE of  adult GAD65-GFP mice contains GFP+ cells 
resembling mature OSNs; an oval cell body occurs deep in the 
epithelium and gives rise to a dendrite and an axon. The axon 
projects to the MOB, as is typical for mature OSNs. However, 
the dendrite terminates just below the epithelial surface, 
suggesting the GFP+ cells are neither mature nor functional. 
This was confirmed by negative immunostaining for olfactory 
marker protein (OMP) and components of  the transduction 
cascade (Ga

olf
 and adenylyl cyclase III); neighboring GFP- 

cells resembling mature OSNs express all three markers. We 
postulate that the GFP+ cells are OSNs that express GFP 
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until they are nearly mature or begin to undergo apoptosis. We 
are currently examining these possibilities in order to identify 
elements that might regulate the final stages of  the OSN cycle. 
Acknowledgements: NIH grant DC007876. The first three 
authors contributed equally. FCOI Disclosure: None

#144 POSTER SESSION III 

Regenerative capacity of olfactory mucosa in Niemann-Pick 
disease type C1 
Anja Meyer1, Rene Günther1, Jan Lukas2, Arndt Rolfs2,  
Andreas Wree1, Martin Witt1 
1Rostock University Medical Center, Dept. of  Anatomy,  
Rostock, Germany, 2Rostock University Medical Center,  
Albrecht Kossel Institute for Neuroregeneration, Rostock, Germany 
 
Niemann-Pick disease type C1 (NPC1) is a rare autosomal 
recessive neurovisceral lipid storage disorder. One of  the often 
neglected defects accompanying neurodegenerative diseases is 
olfactory impairment. Previous findings (Hovakimyan et al., 
2014) in a transgenic mouse model (NPC1 -/-) showed severe 
morphological, immunohistochemical and electrophysiological 
alterations of  the olfactory epithelium (OE) and the olfactory 
bulb, compared with healthy controls and a group treated 
with a combination of  cyclodextran/allopregnanolone and 
miglustat. In order to investigate the replacement capacity of  
both the olfactory and the vomeronasal mucosa, we examined 
the neuroregeneration of  the OE and the vomeronasal organ 
(VNO) in adult untreated NPC1 -/-, treated NPC1 -/- and in a 
NPC +/+ control group. Using BrdU to label dividing basal and 
supporting cells, we detected a 67% (SD ± 19.5%) proliferation 
increase in untreated NPC1 -/- olfactory mucosa, and a 236% 
(SD ± 18.5%) increase in treated NPC1 -/- mice, compared to 
the untreated NPC +/+ control group. First findings of  the VNO 
showed similar results. Our data indicate the high regenerative 
potential of  olfactory basal cells in NPC1. However, the 
explosive proliferation rate in animals treated with a combined 
medication needs further investigation. Ref.: Hovakimyan M et 
al. (2014) Olfactory deficits in Niemann-Pick type C1 (NPC1) 
disease. PlosOne (accepted) Acknowledgements: Internal Grant 
of  the Rostock University Medical Center (889014). FCOI 
Disclosure: None

#145 POSTER SESSION III 

Cholinergic modulation of olfactory bulb glomerular  
odor responses 
Max L. Fletcher, Cameron Ogg, Mounir Bendahmane 
University of  Tennessee Health Sciences Center, Memphis, TN, USA 
 
The olfactory bulb receives cholinergic input from the horizontal 
limb of  the diagonal band of  Broca (HDB) and expresses both 
muscarinic and nicotinic acetylcholine receptors (AChRs). 
Acetylcholine (ACh) has been shown to modulate olfactory 
learning as well as odor discrimination and generalization. 
In spite of  the established cholinergic effects on olfactory 
performance, the effects of  ACh on in vivo OB odor coding 
still remain unclear. Several questions remain regarding the 
function of  ACh modulation of  OB odor processing, especially 
in terms of  glomerular odor representation. To explore the 
effects of  cholinergic modulation on odor processing, we used 
transgenic mice expressing the calcium indicators in defined 
OB cell populations to investigate cholinergic modulation of  
the glomerular circuit in vivo. Overall, we find that increased 
OB acetylcholine via HDB stimulation or pharmacological 
activation leads to dynamic, activity-dependent modulation of  
glomerular odor response, resulting in increased individual M/T 
cell glomerular responses to weaker odor input and decreased 
responses to stronger odor input. We are currently exploring 
the neuronal mechanisms of  this plasticity by imaging odor 
responses before and after OB cholinergic receptor manipulation 
in mice expressing GCaMP3 in defined OB cell types using both 
in vivo and in vitro 2-photon imaging. Overall, these studies 
will allow us to dissect the effects of  OB cholinergic receptor 
activation at the level of  glomerular layer circuit and further our 
understanding of  how the neuromodulation shapes neuronal 
processing of  sensory stimuli at the earliest stages of  sensory 
input into the central nervous system. Acknowledgements: This 
work was funded by NIH R03 DC009853 and the Pew Scholars 
Program in the Biomedical Sciences. FCOI Disclosure: None

#146 POSTER SESSION III 

Regulation of bulbar and cortical cholinergic modulation by 
olfactory cortex  
Christiane Linster, Licurgo deAlmeida, Sasha Devore, Owen Dean 
Cornell University, Ithaca, NY, USA 
 
The olfactory bulb (OB) and cortex (PC) receive cholinergic 
inputs from a common structure, the horizontal limb of  
the diagonal band of  Broca (HDB). Acetylcholine (ACh) 
modulates neural and synaptic properties in both areas, as well 
as network activity. Behaviorally, cholinergic modulation in 
the OB has been shown to modulate olfactory discrimination 
as well as acquisition of  an odor discrimination task. Cortical 
modulation has been shown to influence the specificity of  odor 
habituation and has been theoretically proposed to be involved 
in attractor memory formation. We have previously shown in 
a computational model that bulbar modulation strongly affects 
cortical processing, and that cortical memory formation is also 
modulated by ACh. Briefly, cholinergic modulation would 
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be crucial in both structures during the learning of  a novel 
odor stimulus or odor discrimination, but not necessary for 
recall after learning has been achieved. We here ask how the 
coordination of  learning and cholinergic modulation can be 
achieved. We have previously shown experimentally that neural 
activity in the HDB can be modified by stimulating the olfactory 
cortex. We here propose that cortical activity in response to an 
odor stimulus, which directly reflects the strength of  memory 
formed, directly regulates the degree of  cholinergic input to both 
structures. As a result, the presentation of  a novel odor would 
increase cholinergic inputs to both structures, enhancing contrast 
and synchrony in the OB and allowing for learning to occur 
in the PC. Preliminary data shows that HDB neuron in awake 
behaving animals fire strongly in response to novel odorants 
and that this response decreases as the odor becomes familiar. 
Acknowledgements: This work has been supported by  
NIH/NIDCD RO1DC009948 NIH/NIDCD RO1DC008701 
NIH/NIDCD F32DC011974 l’Oreal USA fellowship for  
women in science. FCOI Disclosure: None

#147 POSTER SESSION III 

Cholinergic modulation of glomerular circuits sculpts 
olfactory bulb output  
Shaolin Liu1, Zuoyi Shao1, Adam Puche1, Matt Wachowiak2,  
Markus Rothermel2, Michael Shipley1 
1University of  Maryland School of  Medicine/Anatomy and 
Neurobiology, Baltimore, MD, USA, 2University of  Utah/Neurobiology 
and Anatomy, Salt Lake, UT, USA 
 
Cholinergic inputs from the basal forebrain heavily target 
olfactory bulb glomeruli, the initial site of  synaptic integration 
in the olfactory system. Both nicotinic (nAChRs) and muscarinic 
(mAChRs) acetylcholine receptors are highly expressed in 
glomeruli. Activation of  nAChRs directly excites both mitral/
tufted cells (MTCs) and external tufted cells (ETCs), the two 
major excitatory neuron types that drive glomerular circuits. 
However, the functional roles of  mAChRs in glomerular circuits 
are unknown. We show that restricted glomerular application 
of  ACh causes, rapid, brief  nAChR-mediated excitation of  
both MTCs and ETCs. This excitation is followed by mAChRs-
mediated inhibition, which is blocked by GABAA receptor 
antagonists suggesting engagement of  periglomerular cells 
(PGCs) and short axon cells (SACs), the two major glomerular 
inhibitory neurons. Indeed, selective activation of  glomerular 
mAChRs, with iGluRs and nAChRs blocked, enhances sIPSCs 
in MTCs and ETCs. This suggests that mAChRs recruit 
glomerular inhibitory circuits. Surprisingly, selective activation 
of  mAChR hyperpolarizes the somas of  both PGCs and SACs, 
but increases mIPSCs in all glomerular neurons suggesting 
that mAChRs enhance GABA release from PGC and/or 
SAC dendrites. Together, our results indicate that, cholinergic 
modulation of  glomerular circuits causes initial brief  excitation 
of  MC/ETCs, mediated by nAChRs followed by an epoch 
of  inhibition mediated directly by mAChRs on PGCs/SACs 
and indirectly by MC/ETC excitation of  PGCs/SACs. Such 

circuit-level modulation could phasically enhance the sensitivity 
of  glomerular outputs to odorants when ACh is released from 
centrifugal afferents, an effect consistent with our in vivo 
findings. Acknowledgements: NIH DC010915, DC005676. 
FCOI Disclosure: None

#148 POSTER SESSION III 

Cholinergic modulation in the accessory olfactory bulb 
Richard Smith, Andre DeSouza, Wilson Chan, Robert Mauer,  
Ricardo Araneda 
University of  Maryland, Department of  Biology,  
College Park, MD, USA 
 
Acetylcholine (ACh) released from basal forebrain afferent fibers 
is an important regulator of  olfactory bulb function, affecting 
odor discrimination and olfactory behavior, in a state dependent 
manner. Despite considerable advances in the understanding 
of  cholinergic modulation in the main olfactory bulb (MOB), 
the impact of  the cholinergic modulation in the accessory 
olfactory bulb (AOB), remains unclear. One important question 
is how acetylcholine released from cholinergic fibers, regulate 
the output of  projection neurons from the AOB to other brain 
regions and how this regulation effects behavior mediated 
by the Vomeronasal system. Here we highlight, the distinct 
modulatory role of  ACh in the AOB. Surprisingly, although 
juxtaposed and consisting of  conserved neural circuits, we found 
striking differences in the regulation of  the AOB compared to 
the MOB. Immnostaining against ChAT revealed the absence of  
cholinergic afferent fibers in the glomerular layer of  the AOB, 
in contrast to the robust expression observed in the glomerular 
layers of  the MOB. Further, a combination of  optogenetics, 
electrophysiological, and Ca2+ imaging recordings indicate 
that ACh facilitates inhibition of  output neurons in the MOB, 
while in the AOB an excitation is observed. Further, we have 
previously shown that activation of  M1 muscarinic receptors 
increases excitability of  granule cells, enhancing inhibition of  
the output neurons. Disruption of  this receptor, reduced urine 
marking by male mice post aggressive encounters, suggesting 
that cholinergic modulation in the AOB also plays a role on 
Vomeronasal mediated behaviors. Together, these results reveal 
that despite the similarities in the circuitry of  these processing 
pathways (i.e. AOB and MOB), ACh plays distinct roles in 
shaping information flow in these regions. Acknowledgements: 
NIDCD R01-DC-009817 NSF GRFP to R.S.S. FCOI 
Disclosure: None
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#149 POSTER SESSION III 

Modulation of Mitral Cell Activity by Glucagon-like  
Peptide-1 is Conveyed by the Potassium Channel Kv1.3.  
Nicolas Thiebaud1, Ida Llewellyn-Smith2, Fiona Gribble3,  
Frank Reimann3, Stefan Trapp4, Debra Ann Fadool1,5 
1Department of  Biological Science, The Florida State University, 
Tallahassee, FL, USA, 2Centre for Neurosciences, Flinders University, 
Bedford Park SA, Australia, 3Cambridge Institute for Medical Research, 
Addenbrooke’s Hospital, Cambridge, United Kingdom, 4Department 
of  Neuroscience, Physiology and Pharmacology, University College 
London, London, United Kingdom, 5Program in Neuroscience  
and Molecular Biophysics, The Florida State University,  
Tallahassee, FL, USA 
 
Olfactory sensitivity has long been known to correlate with 
appetite. Nutrients and hormones have the capacity to 
modulate the activity of  neurons involved in the transmission 
of  olfactory information, particularly mitral cells (MC) of  the 
olfactory bulb (OB), suggesting an intimate link between the 
endocrine system and olfactory processing. Previous studies 
performed by our group have shown that the voltage-gated 
potassium channel, Kv1.3, can be a downstream target for MC 
modulation by metabolic cues such as insulin or glucose. Here, 
we investigated the role of  glucagon-like peptide-1 (GLP-1), an 
incretin peptide that has several roles, including the suppression 
of  food intake, increase in heart rate, and neuroprotection. 
Using transgenic mice expressing YFP under the control of  the 
preproglucagon promoter, we have identified a population of  
GLP-1-producing neurons in the granule cell layer, as well as 
a strong immunoreactivity for the GLP-1 receptor in the MCs, 
suggesting a paracrine effect of  GLP-1 in the OB. Whole-cell 
patch-clamp recordings in acute OB slices showed that bath 
perfusion of  GLP-1 or its stable analogue, exendin-4, resulted 
in a significant increase in the evoked action potential frequency 
and a concomitant decrease in the interburst interval in MCs. 
Interestingly, such modulation was absent in OB slices from 
mice with targeted deletion of  Kv1.3 (Kv1.3-/-) or from wildtype 
(WT) mice when preincubated with margatoxin, a selective 
Kv1.3 pore blocker. In voltage-clamp experiments, there is a 
reduced K conductance in MCs following the application of  
GLP-1 in slices from WT but not Kv1.3-/- mice. These results 
demonstrate that Kv1.3 is important for GLP-1 signaling in the 
OB, making both the receptor and the channel relevant activity-
dependent targets to modulate olfaction. Acknowledgements: 
This work was supported by R01 DC003387 from the NIH/
NIDCD, a Creative Research Council (CRC) award from  
FSU, a Project Grant 1025031 from NHMRC Australia, and 
MR/J013293/1 from the MRC United Kingdom. FCOI 
Disclosure: None

#150 POSTER SESSION III 

The Neural Source of Olfactory Plasticity in Young Adults 
Johan N Lundström1,2,3, Beverly J Cowart2, Dominik Koller4,  
Marcia L Pelchat2, Kathrin Ohla2,4 
1Karolinska Institutet/Clinical Neuroscience, Stockholm, Sweden, 
2Monell Chemical Senses Center, Philadelphia, PA, USA, 3University of  
Pennsylvania/Psychology, Philadelphia, PA, USA, 4German Institute 
of  Human Nutrition Potsdam-Rehbrücke, Nuthetal, Germany 
 
There is evidence that olfactory acuity can be augmented by 
exposure, a phenomenon that may have both peripheral and 
central origins. We recently demonstrated (n=40; young adults) 
that a 12-week long odor exposure regimen using odor mixtures 
increases threshold sensitivity and that cognitive engagement 
training may enhance central processing changes in response to 
exposed odorants. Olfactory event-related potentials (OERP) 
obtained pre- and post-training suggested that these learning-
dependent effects were predominantly mediated by amplitude 
changes in the late positive component (LPC), a component 
mostly associated with cognitive processing. We now present 
signal-source analyses of  the previously reported OERPs. 
Topographical cluster analyses defined stable brain states 
and identified two major ERP deflections corresponding to 
the olfactory N1 and LPC. Neural origins were estimated for 
the two components using a Local Autoregressive Average 
(LAURA) source algorithm. A neural source related to the 
interaction between odor type (exposed vs unexposed) and time 
(pre- vs post-training) was localized to the posterior portion of  
the left superior temporal lobe for the N1 time period and to 
the right middle temporal gyrus for the LPC time period, with 
increased signal strength over time for trained odors whereas 
untrained odors demonstrated a reduction of  signal over time. 
Enhancement by predominantly cognitive training of  neural 
processing within these temporal areas has previously been 
demonstrated. In conclusion, although the signal source of  the 
N1 component suggests some primary perceptual involvement, 
these data provide further support for the notion that training-
based increases in olfactory sensitivity are to a significant 
degree mediated by cognitive mechanisms. Acknowledgements: 
Supported by the U.S. Army Research Office, grant 
#W911NF-11-1-0087. FCOI Disclosure: None

#151 POSTER SESSION III 

Serotonergic modulation of pheromone and amino acid 
responses in the olfactory bulb of the sea lamprey  
(Petromyzon marinus)   
Karl C. Boyes1, Warren W. Green1, Zeenat Aurangzeb1,  
Réjean Dubuc2, 3, Barbara Zielinski1 
1University of  Windsor Department of  Biological Sciences, Windsor, 
ON, Canada, 2Université du Québec à Montréal Groupe de Recherche 
en Activité Physique Adaptée, Montreal, QC, Canada, 3Université de 
Montréal Department of  Neuroscience, Montreal, QC, Canada 
 
Responses to pheromones and food odors vary tremendously at 
the behavioural level. The generation of  locomotor responses 
to olfactory signals in lampreys is one example of  variability in 
behavioural responses. Modulatory mechanisms in the olfactory 
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bulb will likely affect the magnitude of  these responses. The 
dorsal and lateral bulbar regions in lampreys receive sensory 
inputs from the main olfactory epithelium and bulbar projection 
neurons extend their axons to the lateral pallium. The dorsal 
bulbar region responds predominantly to pheromones and bile 
acids, and the lateral region responds to amino acids. While 
serotonergic (5-hydroxytryptamine, 5-HT) fibers are abundant in 
the lamprey olfactory bulb (Frontini et al., 2003 JCN 465: 27-37), 
it is unknown if  5HT modulates odor responses. In this study, 
we observed that upon local bulbar injection of  the 5-HT1a and 
5-HT2 receptor antagonist, spiperone, and of  the specific blocker 
of  the 5-HT1a receptor, s(-)-uh-301, the amplitude of  local 
field potential responses to pheromones, bile acid and amino 
acids increased in the dorsal and lateral bulbar regions. This 
modulation did not take place when 5-HT was applied along 
with the antagonists. Based on these findings, we conclude that 
5-HT modulates responses in the olfactory bulb largely  
by attenuating the amplitude of  pheromone, bile acid, and  
amino acid odor responses, and we propose that 
endogenous 5-HT modulates olfactory-mediated behaviours. 
Acknowledgements: Great Lakes Fishery Commission,  
Natural Sciences and Engineering Research Council of  Canada. 
FCOI Disclosure: None

#152 POSTER SESSION III 

The receptor basis of serotonergic modulation in the  
antennal lobe of Drosophila 
Andrew M Dacks, Rachel Montgomery, Lukas Meadows 
West Virginia University, Morgantown, WV, USA 
 
Every sensory system is subject to neuromodulation. 
Neuromodulation allows the response properties of  individual 
neurons within a sensory network to be flexibly altered based 
on the current state of  the network or individual animal. 
However, the mechanistic bases underlying the consequences 
of  neuromodulation for sensory processing can be difficult 
to understand because of  the diversity of  neuromodulatory 
receptors expressed within a given circuit. For instance, 
serotonin (5-HT) enhances odor-evoked responses from antennal 
lobe neurons in a variety of  insect species. However, without 
knowing the functional identity of  the neurons expressing 
each receptor, it is impossible to determine which effects 
are direct and which are indirectly exerted via intermediary 
neurons. To elucidate principles by which patterns of  receptor 
expression dictate the effects of  neuromodulation on sensory 
processing, we sought to determine the functional identity of  
antennal lobe neurons expressing each of  the 5-HT receptors in 
Drosophila melanogaster. Using a combination of  Gal4 driven 
GFP expression and immunocytochemistry we found that the 
inhibitory 5-HT1 receptor types were expressed in neurons 
projecting widely throughout the AL, whereas the 5-HT2 and 7 
receptor types were expressed in glomerulus specific populations 
of  olfactory receptor neurons or projection neurons. These 
data suggest that the enhancement of  odor evoked responses 
induced by 5-HT in the AL is produced by a combination of  
widespread disinhibition and glomerulus specific enhancement. 

Acknowledgements: This work was supported by WVU start-up 
funds to AMD and a WVU Hurlbutt Undergraduate Research 
award and a WVU SURE fellowship award to LM. FCOI 
Disclosure: None

#153 POSTER SESSION III 

Histamine projections from flight motor to primary olfactory 
centers enhance odor representations to high frequency  
stimuli encountered during odor-guided flight  
Samual P Bradley1, Rex Burkland1, Benjamin Houot1,2,  
Anna K Snyder1, Rita V M Rio1, Andrew M Dacks1, Kevin C Daly1 
1West Virginia University, Morgantown, WV, USA, 2Centre des Sciences 
du Gout et de l’Alimentation Universite de Bourgogne, Dijon, France 
 
Active sampling often imposes a periodic structure on sensory 
stimuli. In olfaction, sniffing antennal flicking and wing beating 
are examples of  behaviors that cause oscillatory airflow over 
their sensory array. This periodicity is preserved in the responses 
of  the olfactory system and is behaviorally advantageous. 
However, the mechanistic basis for preserving this periodicity 
in the CNS is unknown. We sought to determine if  input 
from motor systems that drive this active sampling behavior 
can modulate the capacity of  the primary olfactory network 
to encode a high-frequency stimulus structure. In Manduca 
sexta, the only known connection between flight sensory motor 
centers and the antennal lobe (AL) is a single pair of  histamine 
immunoreactive (HA-ir) neurons. Immuno-labeling revealed fine 
HA-ir processes entering a subset of  ventral glomeruli, the AL 
isthmus, and the coarse neuropil. Next, arthropod HA receptor 
hclB expression was verified in AL tissue using RT-PCR. 
Multi-unit recordings were used to determine the role of  HA in 
modulating the AL’s ability to track stimuli that simulated wing 
beating-induced periodicity (20 Hz). These measures were made 
before, during and after cimetidine (HA antagonist) or HA bath 
application. Cimetidine application reversibly lowered power 
at the wing beat frequency and decreased Euclidean Distance 
measures of  odor discrimination whereas HA application had 
the reverse effects. Finally, consistent with physiological results, 
psychopharmacological assays of  odor detection indicate that 
cimetidine decreases sensitivity to odors, while HA lowers 
false positive responses. These results suggest that input from 
motor systems augment the olfactory system’s ability to 
process behavior-induced, intermittent stimuli by increasing 
the reliability of  AL responses. Acknowledgements: NIH RO1 
DC009417 to KCD. FCOI Disclosure: None
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#154 POSTER SESSION III 

Mapping Properties of Fungiform Papillae on the  
Mouse Tongue 
Stuart A McCaughey 
IUSM-Muncie at Ball State University, Muncie, IN, USA 
 
Each taste bud, regardless of  its exact location, is responsive 
to stimuli representing all of  the basic taste qualities. However, 
there can also be variation between parts of  the oral cavity 
in sensitivity to a specific taste compound and in the full 
transduction sequence that it activates. There are a few reports 
that properties of  fungiform papillae differ between the tip of  
the tongue and more posterior areas, but it is rare for researchers 
to treat the exact location of  a fungiform papilla as important 
information. Taste-evoked chorda tympani (CT) responses 
were measured in mice while flowing solutions over anterior 
or posterior fungiform regions separately, in order to further 
evaluate the relationship between location and function for 
fungiform papillae. Subjects were C57BL/6J mice, which 
were anesthetized prior to surgery to expose the CT. Taste 
solutions and rinse were flowed selectively over the anterior tip 
or middle of  the tongue, in order to stimulate the anterior or 
posterior fungiform regions, respectively. Responses to NaCl 
and sucrose were larger, but responses to HCl were smaller, 
when stimulating the anterior relative to the posterior fungiform 
region. There was also a greater suppressive effect of  amiloride 
on NaCl responses for the anterior as compared to posterior 
region. The results indicate that a fungiform papilla’s distance 
from the tip of  the tongue provides valuable information about 
its gustatory properties. Specifically, the data suggest that the 
anterior fungiform papillae are innervated primarily by NaCl- 
and sucrose-responsive fibers that receive input from taste 
receptor cells that express epithelial sodium channels (ENaCs). 
In contrast, the posterior fungiform papillae are innervated 
by broadly-tuned fibers that depend on non-ENaC sodium 
transduction. Acknowledgements: Funding provided by an 
Advance award from Ball State University. FCOI  
Disclosure: None

#155 POSTER SESSION III 

Mining deep sequencing data from individual taste cells 
Sunil K Sukumaran, Brian C Lewandowski, Yumei Qin,  
Liquan Huang, Alexander Bachmanov, Robert F Margolskee 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Knowledge of  signaling pathways in the peripheral taste system 
can lead to strategies that promote healthy eating and enable 
subjects to avoid diseases of  overconsumption. Although many 
genes and pathways important for taste cell development, 
differentiation and function are known, many more await 
discovery. We have combined sensitive and robust methods for 
selectively amplifying the mRNA populations of  individual 
cells with Illumina deep sequencing to generate gene expression 
profiles from fifty individual mouse type II and type III taste 
cells. We identified many genes that were expressed several 
hundred- to several thousand-fold more highly in type II than in 

type III taste cells (e.g. Tas1r2, Tas1r3, Trpm5, Gna14, Gng13, 
Plcb2, P2rx7). Other genes were much more highly expressed 
in type III than in type II cells (e.g. Ncam1, Chga, Chgb, Gad1, 
Car4, Pkd2l1, Snap25). Using pathway analysis programs we 
found that many components of  the semaphorin signaling 
pathway (eg. Fes, Crmp1, Crmp2, plxnb1, sema4a) and, the 
synaptic vesicle and neurotransmitter synthesis/degradation 
machinery (eg. cplx2, pclo, Tmem163) were selectively expressed 
in type III cells Selective expression in taste cell subtypes 
of  several of  these genes was confirmed by RT-PCR and 
immunohistochemistry, validating our data mining method. 
Acknowledgements: This work was supported by institutional 
funds from the Monell Chemical Senses Center and by NIH 
Grants to RFM (R01 DC003055, R01 DC003155,  
R01 DK081421 and P30 DC011735), to LH (R21 DC013177) 
and to BCL (T32 DC000014 and F32 DC012980). FCOI 
Disclosure: None

#156 POSTER SESSION III 

An Optogenetic Approach to Experimentally Manipulate 
Peripheral Nerve Taste Responses  
Chengsan Sun1, Dustin M. Graham2, Rolf  J. Skyberg1,  
Victoria E. Soler1, David L. Hill1 
1University of  Virginia/Psychology, Charlottesville, VA, USA, 2Stony 
Brook University/Neurobiology and Behavior, Stony Brook, NY, USA 
 
The experimental use of  optogenetics in neural systems, 
including the chemical senses, has provided new breakthroughs 
in the characterization of  circuit function and organization. 
In particular, the role of  activity in the development and 
plasticity of  neural circuits can be examined while having 
close experimental control on afferent neural activity. It is our 
goal to use optogenetic techniques in addressing long-standing 
questions about how gustatory brainstem circuits are formed and 
modifiable during postnatal development. To begin these studies, 
we used mice where a tdTomato reporter and channelrhodopsin 
(hChR2) were knocked in mature taste bud cells. This was done 
by crossing floxed hChR2 conditional mice (Jax, #012567) with 
a cytokeratin 19 driven Cre-recombinase mouse (kind gift from 
Dr. C. Zuker). We first recorded whole nerve responses from the 
chorda tympani nerve (CT) to a concentration series of  NaCl, 
citric acid, sucrose, and quinine. Taste responses to all stimuli 
were similar to that seen in littermates without the transgene. 
Importantly, a blue LED or laser (470nm) directed at the anterior 
tongue and delivered with parameters derived from mouse 
lick patterns resulted in CT response magnitudes and shapes 
similar to NaCl-driven taste responses. Increasing the power of  
the light increased CT responses. This model system opens the 
opportunity for us to activate taste bud receptor cells at an age in 
early postnatal development before taste transduction processes 
mature as well as precisely stimulate the peripheral gustatory 
system during regeneration of  the nerve. We are currently 
examining the morphological organization of  taste buds and 
the terminal field organization in the brainstem in unstimulated 
mice to establish that the transgene did not have global effects on 
the system. Acknowledgements: Supported by NIH grants R01 
DC00407 and R01 DC006938. FCOI Disclosure: None
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#157 POSTER SESSION III 

GLP-1 involvement in sweet specific taste transmission  
from taste cells to gustatory nerve fibers  
Shingo Takai1, Keiko Yasumatsu1, Mayuko Inoue1, Shusuke Iwata1, 
Ryusuke Yoshida1, Noriatsu Shigemura1, Daniel J. Drucker2,  
Robert F. Margolskee3, Yuzo Ninomiya1 
1Section of  Oral Neuroscience, Graduate School of  Dental Science, 
Kyushu University, Fukuoka, Japan, 2Lunenfeld Tanenbaum Research 
Institute, Mt.Sinai Hospital, University of  Toronto, Toronto, ON, 
Canada, 3Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Recent studies have demonstrated that taste bud cells express 
several gut peptides, including GLP-1 (glucagon like peptide-1), 
NPY (neuropeptide Y), and glucagon, and secrete these peptides 
in response to various taste stimuli. Interestingly, the patterns 
of  secretion of  peptides are correlated with taste qualities, 
suggesting that these gut peptides may contribute to taste quality 
coding. In this study, we report that mice genetically lacking 
the GLP-1 receptor showed decreased behavioral responses to 
sweet compounds in short-time lick tests and reduced responses 
to sweet compounds in chorda tympani recordings. Using the 
ELISA method, we measured GLP-1 concentrations released 
from single taste buds, and taste cells in response to various taste 
stimuli, finding that GLP-1 is secreted from a subset of  sweet 
responsive taste cells by sweet taste stimuli in a concentration 
dependent manner. Furthermore, we found that i.v. injection 
of  GLP-1 produced transiently increased of  neural activities in 
a subset of  sweet specific single nerve fibers without affecting 
responses of  other taste fibers. Altogether our findings suggest 
that GLP-1 is involved in normal sweet taste signal transmission. 
Acknowledgements: KAKENHI 18077004, 18109013, 23249081 
(Y.N.), 20689034 (N.S.), 23689076 (R.Y.) for Scientific Research 
from Japan Society for the promotion of  science. FCOI 
Disclosure: None

#158 POSTER SESSION III 

Neurochemical subgroups of the geniculate ganglion 
Min Wang, Robert M Bradley 
University of  Michigan/Department of  Biological and Materials 
Sciences, Ann Arbor, MI, USA 
 
The geniculate ganglion (GG) conveys sensory information 
via the chorda tympani and greater superficial petrosal (GSP) 
nerves to the first central gustatory relay. Most investigations of  
the properties of  GG neurons have been limited to extracellular 
recordings of  the responses of  these neurons to chemical stimuli 
applied to oral chemoreceptors. Compared with other sensory 
ganglia little is known about the neurobiology of  single GG 
ganglion neurons but using dissociated neurons, we have shown 
that GG neurons have heterogeneous properties based on their 
calcium and sodium channel properties, and their expression 
of  the isolectin IB4 (Nakamura and Bradley 2011). We have 
now explored neuropeptide and protein marker expression in 
GG neurons. Anterograde tracing with fluorescent Alexa-Fluor 
dyes on the CT nerve was used to label cell bodies in the rat GG 
and then immunoreacted with a number of  antibody markers. 

Currently we have found that subsets of  CT neurons express 
serotonin 5-HT6, P2X2, and P2X3 receptors, TRPV1, Nav1.8 
ion channels, and neurofilament markers (light, medium and 
heavy chain). Not all CT labelled neurons express all of  the 
markers. The extent of  co-localization with various markers can 
range from 60-90%. Thus, based on neurochemical expression 
and degree of  co-localization, GG neurons are heterogeneous 
in neurochemical expression. The range of  neurochemical 
signatures we have demonstrated may relate to the different 
sensory information processed by GG CT neurons. We now plan 
to label GSP GG neurons and characterize their neurochemical 
properties. Acknowledgements: NIH NIDCD 000288 and 
DC0009982 to RMB. FCOI Disclosure: None

#159 POSTER SESSION III 

Pkd2l1 Drives Cre Recombinase Expression in Type III  
Taste Cells 
Courtney E. Wilson1,2,3, Wallace S. Chick1,4, Sue C. Kinnamon1,2,3 
1University of  Colorado School of  Medicine, Neuroscience Program, 
Aurora, CO, USA, 2University of  Colorado School of  Medicine, 
Department of  Otolaryngology, Aurora, CO, USA, 3Rocky Mountain 
Taste and Smell Center, Aurora, CO, USA, 4University of  Colorado 
School of  Medicine, Department of  Cell and Developmental Biology, 
Aurora, CO, USA 
 
Type III taste cells respond to sour and salty stimuli, and unlike 
Type II cells, form distinct synapses with afferent nerves. 
While aspects of  sour transduction are known, many details 
of  transduction and afferent signaling by Type III cells remain 
obscure. To further elucidate the role of  these cells, we have 
created a knock-in mouse that contains a bicistronic IRES Cre 
recombinase construct directly following the Polycycstic Kidney 
Disease 2-Like 1 (Pkd2l1) stop codon. As Pkd2l1 is exclusively 
expressed in Type III taste cells, this mouse will allow us to 
genetically manipulate Type III cells specifically. To evaluate the 
expression phenotype of  our Pkd2l1-Cre mouse, we performed 
multiple crosses to yield mice expressing tdTomato fluorescent 
protein in Cre positive cells, as well as GFP in either TrpM5 
positive cells or Gad67 positive cells. These mice allowed us to 
compare Cre-mediated Tomato fluorescence with established 
Type II and Type III taste cell markers. In addition, we employed 
immunohistochemistry to compare Cre reporter expression with 
a variety of  Type III cell markers. Initial findings indicate that 
the Pkd2l1-Cre Tomato reporter signal 1) appears in all taste 
fields: circumvallate, foliate, fungiform, and palatal; 2) does not 
co-localize with TrpM5-GFP; 3) is generally co-localized with 
Gad67-GFP, but Gad67-GFP cells that lack Tomato signal exist; 
and 4) exists in a majority of  5HT-like immunoreactive cells. 
Though more robust examination of  Type III cell markers is 
necessary to solidify these findings, the data suggest that Pkd2l1-
Cre mice will provide a useful tool to manipulate gene expression 
in Type III cells. Also, our findings suggest a more nuanced 
expression profile of  various Type III cell markers, and thus a 
more heterogeneous cell population, than previously thought. 
Acknowledgements: This work was supported by the following 
grants: R01 DC012555, T32 HD041697-13, P30 NS048154, 
5P30 DC004657. FCOI Disclosure: None
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#160 POSTER SESSION IV 

A role for cortex in the generation of taste behavior  
Donald B Katz1,2,3, Jennifer X Li2, Joost X Maier3, Emily E Reid2 
1Brandeis University/Biology, Waltham, MA, USA,  
2Brandeis University/Psychology, Waltham, MA, USA,  
3Brandeis University/Volen Center, Waltham, MA, USA 
 
It is commonly believed that cortex plays no role in the 
production of  rat consumption behaviors—primarily because 
these stimulus-specific rhythmic behaviors survive large forebrain 
lesions unchanged. There are several reasons to treat this result 
as non–definitive, however: 1) substantial recovery of  function 
can occur between the creation of  large lesions and testing of  
behavior, such that lesions only appear to have had no impact; 
2) behavior will also not appear to be affected if  the command 
signals removed by lesion do not purely consist of  firing rate 
increases—e.g., inhibitory signals; 3) cortex, which projects to 
the brainstem central pattern generator (CPG) for taste, does 
in fact produce complex behavior-related signals; and 4) in 
several other invertebrate and vertebrate sensorimotor systems, 
“top-down modulatory” input selects the pattern produced by 
otherwise-isolatable CPGs in the intact organism. Here, we 
suggest that cortical responses are involved in the selection of  
consumption-related behaviors (specifically gapes), showing that: 
1) taste behavior is in fact changed by acute cortical inactivation; 
2) behavior-related cortical responses precede the onset of  
gaping, both in the naïve rat and when the latency to gaping is 
reduced by expectation; 3) single-neuron firing is modulated 
before the first gape in a rhythmic bout, but not before later 
gapes; 4) ensemble analysis allows us to identify cortical states 
that emerge suddenly just before the onset of  gaping, such that 
the trial-to-trial variability in gape latency can be accurately 
predicted by cortical activity; and 5) cortical states can also 
be identified that inhibit ongoing gaping. Together, these data 
suggest that gustatory cortex aids in the selection of  the response 
produced by the brainstem taste CPG. Acknowledgements: RO1 
DC006666-00, RO1 DC007703-06. FCOI Disclosure: None

#161 POSTER SESSION IV 

Population dynamics track behavior across learning and 
extinction, but single neuron responses do not  
Anan Moran, Donald B Katz 
Psychology Department and Volen Center for Complex Systems, 
Brandeis University, Waltham, MA, USA 
 
Neural responses in many cortical regions encode information 
relevant to behavior—information that necessarily changes as 
that behavior changes with learning. While such responses are 
reasonably theorized to be related to behavior causation, the 
true nature of  that relationship cannot be clarified by simple 
learning studies, which show primarily that responses change 
with experience. Neural activity that truly tracks behavior (as 
opposed to simply changing with experience) will not only 
change with learning but also change back when that learning is 
extinguished. Here, we directly probed for this pattern, recording 

the activity of  ensembles of  cortical single neurons as rats that 
normally consumed sucrose avidly were trained first to reject it 
(i.e., conditioned taste aversion learning) and then to enjoy it 
again (i.e., extinction), all within 49 hours. Both learning and 
extinction proved to alter cortical responses. Consistent with 
the suggestion (based on indirect evidence) that extinction is a 
novel form of  learning (as opposed to un-learning), single-neuron 
responses failed to follow behavior, instead changing anew with 
each new experience. Ensemble response dynamics, in contrast, 
changed with learning and reverted with extinction—both 
the speed of  stimulus processing and the relationships among 
ensemble responses to the different stimuli tracked behavioral 
relevance. These data suggest that population coding is linked 
to behavior with a fidelity that single-neuron coding is not. 
Acknowledgements: NIH grant DC006666 (DBK), and the 
Swartz Foundation (AM). FCOI Disclosure: None

#162 POSTER SESSION IV 

Mapping Taste-Responsive Neurons in the Gustatory  
Cortex using Fos-Immunohistochemistry 
Michael S King1, Matthew J Fremming1, Thea C Kelsey2 
1Stetson University/Biology, DeLand, FL, USA, 2Daytona State 
College/Biological Sciences, Datyona Beach, FL, USA 
 
In adult rats, the gustatory cortex (GC) spans about 3.0mm 
of  the insular cortex in the anterior-posterior plane. Dorsal-
ventrally the GC includes the granular (GI), dysgranular 
(DI), and dorsal and ventral agranular (AID and AIV) insular 
cortices. To determine if  taste-responsive neurons are distributed 
topographically within the GC, immunohistochemistry for 
the Fos protein was used to map neurons that responded to 
taste solutions presented to conscious rats via an intra-oral 
cannula. Twenty male Wistar rats received an intra-oral infusion 
(0.233ml/min for 5min) of  either 0.1M NaCl, 0.1M sucrose, 
0.01M HCl, 0.16M MSG, or 0.003M QHCl (n’s=4). Eight 
control rats received either dH2O or no solution. During the test 
period, taste reactivity (TR) behaviors were videotaped. Then, 
rats were sacrificed, perfused, and brains processed for the Fos 
protein. Fos-immunoreactive (Fos-IR) neurons were counted in 
GC subareas in 8 sections along GC’s anterior-posterior axis. 
QHCl most reliably increased the number of  Fos-IR neurons 
over dH2O throughout the GC. This increase in Fos-IR neurons 
primarily occurred in GI and DI within the anterior GC and 
moved ventrally into AID and AIV posteriorly. HCl also 
increased the number of  Fos-IR neurons over dH2O but this 
effect was confined to the middle of  GC in the lateral parts of  DI 
and AID. The best correlations between TR behaviors and the 
number of  activated neurons were between aversive behaviors 
and Fos-IR neurons in the lateral GI in the anterior GC (r=0.75, 
p<2x10-4) and the medial AID in the posterior GC (r=0.93, 
p<1x10-9). These data suggest that QHCl and HCl activate 
neurons in specific parts of  the GC and that these neurons may 
be involved in TR responses to these tastants. Future studies will 
further map the behavioral role of  different subareas of  the GC. 
Acknowledgements: NSF IOS-1145132. FCOI Disclosure: None
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Ensemble dynamics in the rat gustatory cortex can precisely 
predict taste ingestion-rejection decisions  
Narendra Mukherjee1,3, Jennifer X Li2,3,4, Donald B Katz1,2,3,4 
1Dept of  Biology, Brandeis University, Waltham, MA, USA, 2Dept of  
Psychology, Brandeis University, Waltham, MA, USA, 3Program in 
Neuroscience, Brandeis University, Waltham, MA, USA, 4Volen Center 
for Complex Systems, Brandeis University, Waltham, MA, USA 
 
Taste processing in the rat gustatory cortex has been described 
to evolve through a series of  distinct single neuron firing rate 
‘epochs’. The last such epoch, marked by firing rate modulations 
which correlate with stimulus palatability, is seen to gradually 
emerge in the period leading up to ~1.2 s after taste delivery 
to the tongue. Our recent data suggest, however, that this 
information might actually appear in a much more sudden and 
coherent ensemble firing rate transition preceding the initiation 
of  ingestion-rejection mouth movements. In this study, we test 
the hypothesis that the timing of  palatability-related orofacial 
behaviors can be accurately predicted by the timing of  sudden 
transitions in neural ensemble firing rates. Using Hidden Markov 
Model (HMM) analysis of  5 gustatory cortex neural ensembles 
(5-25 simultaneously-recorded neurons each, 64 neurons in 
all from 4 rats), we find that ensemble state transitions times 
correlate significantly with the initiation of  orofacial behaviors 
recorded through electromyography (EMG) from the rat jaw. 
These results add credence to a model of  top-down modulation 
of  brainstem generated rhythmic ingestion-rejection behaviors 
by the gustatory cortex, and support the idea that trial-to-trial 
variability seen in neural ensemble responses, often dismissed as 
noise, might possibly code for the initiation of  palatability-related 
behavior on a trial-by-trial basis. Acknowledgements: NIH grant 
DC007702 NIH training grant R90DA033463. FCOI  
Disclosure: None

#164 POSTER SESSION IV 

Peptide Co-localization in Forebrain Neurons that Project to 
the Parabrachial Nucleus in Transgenic Mice  
Robert Lundy, Ali Magableh 
University of  Louisville School of  Medicine/Anatomical Sciences and 
Neurobiology, Louisville, KY, USA 
 
The pontine parabrachial nucleus (PBN) functions as a hub for 
the integration of  ascending signals from several brain regions 
to bidirectionally influence feeding. The PBN also receives 
substantial descending input from ventral forebrain regions that 
influence neural processing of  these feeding related signals. 
One of  the feeding related signals processed in the PBN and 
modulated by centrifugal inputs is gustatory information 
from the oral cavity. A major descending pathway that exerts 
inhibitory and excitatory influences on taste processing originates 
from the central nucleus of  amygdala (CeA). The present 
study begins to investigate the neurochemicals responsible for 
mediating the neurophysiological effects of  CeA input on taste 
processing in the PBN. Somatostatin (Sst) reporter mice (i.e. Sst 
cells express TdTomato fluorescence) were used in conjunction 
with injection of  the retrograde tracer CTb-488 into the PBN 

to determine the extent to which Sst cell types contribute to the 
descending pathway from the amygdala to the PBN. Five to 
seven days after CTb-488 injection, animals were euthanized 
and tissue sections containing the CeA were processed for 
confocal microscopy. Across the rostrocaudal extent of  the 
CeA (8 sections per animal), the incidence of  double labeled 
cells was 49% (i.e. PBN projecting cells positive for CTb and 
Sst cells positive for TdTomato). Although the number of  CTb 
and TdTomato positive cells was comparable among individual 
sections of  the CeA, the percentage of  CTb labeled cells that 
co-expressed TdTomato differed as a function of  rostrocaudal 
location. The present results suggest that Sst cell types form a 
large component of  the descending pathway from the amygdala 
to the PBN, and are positioned to exert modulatory effects on 
taste processing. Acknowledgements: This work was supported 
in part by a grant from the University of  Louisville School of  
Medicine and Kentucky Science and Engineering Foundation as 
per Grant Agreement #KSEF-148-502-11-277 with the Kentucky 
Science and Technology Corporation. FCOI Disclosure: None

#165 POSTER SESSION IV 

Taste cortex influences olfactory processing 
Joost X. Maier1,2, Donald B. Katz1,2 
1Brandeis University/Department of  Psychology, Waltham, MA, USA, 
2Brandeis University/Volen National Center for Complex Systems, 
Waltham, MA, USA 
 
The chemical senses are typically studied in isolation, yet 
rarely act alone. Taste-smell interactions are often thought of  
as smell influencing taste, but the opposite interaction also 
exists. We have previously identified a possible neural substrate 
for influences of  taste on smell in primary olfactory cortex 
(OC) of  rats [Maier et al., 2012 J.Neurosci.]. Here, we provide 
conclusive evidence that OC is a locus for mediating gustatory 
influences on olfaction by: 1) Identifying gustatory cortex (GC) 
as a source of  taste input to OC; and 2) Demonstrating that 
GC input influences odor processing in OC. First, we recorded 
spiking activity simultaneously from OC and GC neurons in 
awake rats in response to taste stimuli. Pairs of  taste-selective 
neurons exhibited trial-by-trial correlations in firing rate, and 
taste-selective activity in GC preceded taste-selective activity in 
OC, suggesting that taste-related input to OC arrives via GC. 
When we then suppressed neural activity in GC (GCx) in a 
subset of  trials (through optogenetic stimulation of  the inhibitory 
channel ArchT), taste-selectivity of  OC neurons was significantly 
decreased, confirming that GC provides a major source of  
taste-related input to OC. Finally, we tested responses to odor 
stimuli within the same paradigm. OC responses to odors were 
also changed by GCx, but these changes differed from those to 
taste stimuli: odor responsiveness was increased in as many OC 
neurons (and to a similar degree) as it was decreased, suggesting 
that GCx modulates (rather than impairing) odor processing 
in OC, demonstrating that GC not only provides taste-related 
input, but plays an integral role in olfactory processing, even in 
the absence of  taste stimuli. Ongoing work will determine how 
such intrinsic multimodal connectivity affects odor perception. 
Acknowledgements: NIH DC 7703. FCOI Disclosure: None
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Coding of gustatory and anticipatory signals in the gustatory 
thalamus (VPMpc) of behaving rats 
Haixin Liu1,2, Alfredo Fontanini1,2 
1Department of  Neurobiology and Behavior, SUNY Stony Brook,  
Stony Brook, NY, USA, 2Program in Neuroscience, SUNY Stony Brook, 
Stony Brook, NY, USA 
 
Information about taste reaches the gustatory cortex via two 
main routes. While the amygdalar pathway is thought to carry 
hedonic, attentional and anticipatory signals; the thalamic 
route, the parvicellular portion of  the ventral posteromedial 
nucleus of  the thalamus (VPMpc), has been hypothesized to 
relay chemosensory information. Such a simplistic view of  the 
VPMpc is at odds with lesion and behavioral studies that show 
an involvement of  VPMpc in anticipation and attention. Here 
we investigated the role of  VPMpc in processing chemosensory 
and anticipatory information by recording neural activity in rats 
engaged in a task involving cued self-administrations and passive 
unexpected deliveries of  taste solutions. 103 single units were 
recorded from 9 rats. Almost half  of  the neurons (48%, 49/103) 
had significantly different responses across tastants with fast 
onsets and rich temporal dynamics. Decoding analyses revealed 
encoding of  both taste quality and palatability. Comparison of  
responses to expected and unexpected tastes showed a strong 
state-dependency, with faster and better coding in the case of  
cued self-administered taste. Improvement in coding was related 
to a reduction of  neural response variability and a increase of  
encoded-taste number. Surprisingly, we found a considerable 
proportion of  thalamic neurons (62%, 64/103) responding to 
the anticipatory cue and whose activity was correlated with 
the animal’s decision to self-administer. Altogether our data 
provide the first description of  how the VPMpc of  behaving rats 
encodes gustatory and anticipatory information according to the 
state of  the animal. The results suggest that the role of  VPMpc 
goes beyond encoding the physiochemical properties of  taste 
stimuli and extends to the coding of  palatability and expectation. 
Acknowledgements: NIDCD R01DC012543 R01DC010389. 
FCOI Disclosure: None

#167 POSTER SESSION IV 

Amygdalar activation of excitatory and inhibitory circuits  
in gustatory cortex  
Melissa Haley, Alfredo Fontanini, Arianna Maffei 
SUNY - Stony Brook Dept. Neurobiology and Behavior,  
Stony Brook, NY, USA 
 
Recent work emphasized the role of  basolateral amygdala 
(BLA) in gustatory cortical (GC) function. BLA is thought to 
send hedonic and anticipatory signals to GC; and amygdalo-
GC inputs are implicated in aversive learning. Despite well-
documented functional significance, virtually nothing is known 
about synaptic mechanisms for BLA and GC communication. 
Here we use an acute slice preparation developed to study the 
BLA-GC connection to assess whether: 1) BLA targets excitatory 
(EXC) and inhibitory (INH) GC neurons; 2) BLA inputs 

differentially engage GC circuits in layer (L) 2/3 and L5/6. 
We demonstrate that BLA targets EXC and INH neurons in all 
GC layers. Fast spiking (FS) and low threshold spiking (LTS) 
inhibitory neurons receive direct BLA input. BLA projections 
drive similar proportions of  EXC and LTSs in L2/3 and L5/6 
(~70%), but fewer FSs in L5/6 (25% vs 72% in L2/3). BLA-
evoked EPSCs onto EXC are significantly larger in L2/3. 
Thus, BLA can drive feedforward excitation more strongly in 
superficial layers. Furthermore, LTSs contribute more than FSs 
to regulating L5/6 excitability; but they are equally engaged in 
L2/3. Given laminar differences, we expected that sustained 
BLA drive may result in layer-specific circuit dynamics. To 
test this we used ramp stimuli, in which stimulus intensity 
progressively increases over 6s, and recorded BLA-evoked 
spontaneous EPSCs from EXC. Activation of  BLA increased 
spontaneous EPSC frequency beyond ramp duration, indicating 
that BLA activates GC with dynamics that outlast the evoked 
stimulus. This network effect differs across laminae, with L2/3 
being activated more robustly, and longer than L5/6. Altogether 
our data show that BLA can persistently change the excitability 
of  GC by driving feedforward excitatory and inhibitory circuits 
in a layer-specific manner. Acknowledgements: EY019885 to 
AM DC010389 to AF. FCOI Disclosure: None

#168 POSTER SESSION IV 

Decoding neural taste quality processing with multivariate 
pattern analyses (MVPA) of human brain electrical activity  
Kathrin Ohla1, Niko A. Busch2,3, Sébastien Crouzet2 
1German Institute of  Human Nutrition Potsdam-Rehbruecke, Dept. of  
Molecular Genetics, Nuthetal, Germany, 2Charité University Medicine, 
Institute of  Medical Psychology, Berlin, Germany, 3Humboldt-
University, Berlin School of  Mind and Brain, Berlin, Germany 
 
The repertoire of  taste percepts that humans can reliably 
discriminate consists of  at least five basic qualities: salty, sweet, 
sour, bitter, and umami. Specific receptors on the tongue are 
activated by chemicals signifying a taste quality before the 
signal is conveyed to the brain. How this peripheral signal is 
used by the central nervous system to encode taste quality is 
largely unknown. To gain insights into the neural mechanisms 
of  taste quality coding, we studied spatiotemporal patterns in 
electroencephalography (EEG) data using multivariate pattern 
analysis (MVPA). We recorded the EEG of  16 participants 
from 64 channels while they received liquid tastants inducing 
salty, sweet, sour, or bitter sensations and identified the tastes 
by button press. MVPA showed that single-trial EEG data 
yielded information about taste qualities as early as 100 ms after 
stimulus onset corresponding to the rise of  the first component 
of  the event-related potential (P1). Source localization of  the 
P1 revealed that this information was represented in a network 
comprising the bilateral insula, adjacent opercula, and cingulate 
gyrus. While salty, sweet and bitter tastes could be reliably 
differentiated by the classifier, classification accuracy was less 
precise for sour. Specifically, sour-evoked brain activity could 
not be differentiated well from salt-evoked activity. Interestingly, 
this pattern was mirrored in participants’ behavioral responses 
who also often confused salty and sour tastants. Our results 
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suggest that taste quality is neurally encoded by a network 
comprising the insula and adjacent opercula and that this 
process occurs within the initial sweep of  stimulus processing. 
Acknowledgements: Support: Start-up funds of  the German 
Institute of  Human Nutrition Potsdam-Rehbruecke (KO). FCOI 
Disclosure: None

#169 POSTER SESSION IV 

Immunohistochemical characterization of the mouse  
gustatory cortex 
Vivian de Alvarenga Guedes, Lianyi Lu, Max Fletcher,  
John Boughter 
University of  Tennessee Health Science Center/Anatomy & 
Neurobiology, Memphis, TN, USA 
 
Insular cortex consists of  three areas: granular (GI), dysgranular 
(DI) and agranular (AI). In previous studies, gustatory cortex 
has been shown to lie predominantly in GI and DI. Despite 
its functional importance, the GC local circuitry has not 
been extensively studied in the mouse. In these studies we 
used immunohistochemistry to further characterize GC in 
adult C57BL/6J mice. We evaluated the distribution of  the 
neurochemical markers parvalbumin (PV), calbindin (CB) and 
calretinin (CR) in the GC. We also analyzed immunoreactivity 
of  muscarinic acetylcholine (Ach) receptors M1 and M2, as 
Ach has been shown to play a role in taste learning. Double-
labeling experiments with PV, CB or CR and either M1, M2 or 
taste-elicited (QHCl) c-Fos were performed. To delineate the 
gustatory cortex we used cresyl violet staining and thalamic 
microinjections of  the tracer micro-ruby. Cell bodies and/
or processes labeled by PV, CB and CR were observed in all 
GC areas. We found relatively stronger immunoreactivity 
in superficial cortical layers for CB and weaker staining in 
cortical layers II/III for CR. PV labeling formed strips of  strong 
immunoreactivity that alternated with weakly stained areas. We 
found few CB, CR or PV-positive cell bodies that were also taste-
activated as indicated by c-Fos. Numerous cell bodies outlined 
by M1 immunoreactivity were seen in GI and DI, but not in AI. 
We found M1-positive cell bodies colocalized with PV, CB and 
CR. We observed M2 immunostaining predominantly in the 
deep and intermediate layers of  GC, and colocalization of  M2 
immunoreactivity in processes labeled by PV, CB or CR. PV, 
CB and CR present specific distribution patterns in the GC. The 
conspicuous labeling for M1 and M2 receptors supports a role 
for muscarinic receptors in gustatory information processing. 
Acknowledgements: NIH DC000353. FCOI Disclosure: None

#170 POSTER SESSION IV 

Cortical thickness in patients with burning mouth syndrome, 
dysgeusia and healthy subjects 
Ann M. Gransjøen1,2, Thomas Hummel2, Gina Schlumberger2,  
Charlotte Sinding2, Preet B. Singh1,2,3 
1Oslo and Akershus University College of  Applied Sciences,  
Oslo, Norway, 2Smell & Taste Clinic, Department of  
Otorhinolaryngology, University of  Dresden Medical School  
Dresden, Germany, 3Department of  Oral Biology, Faculty of   
Dentistry, University of  Oslo, Oslo, Norway 
 
Background: The etiology and pathophysiology of  Burning 
Mouth Syndrome (BMS) is not yet well elucidated, however 
evidence suggests a neuropathic pain condition. This neuropathic 
disorder might be associated with damage to the taste system, 
according to recent considerations. Aim: In this study we set 
out to investigate the neurocortical correlation among patients 
with taste dysfunction and BMS by measuring cortical thickness. 
Method: Eleven subjects with BMS (4 men, 7 women), eighteen 
subjects with dysgeusia (7 men, 11 women) and thirteen healthy 
volunteers (2 men, 11 women) participated in this study. All 
participants underwent olfactory (sniffin’ sticks) and gustatory 
assessment (taste strips test). Structural MRI scans were collected 
from these participants using a 1.5 T scanner. CBrain Civet was 
used for the preprocessing of  the MRI scans, and the Matlab 
toolbox SurfStat was used for the statistical analysis of  the 
thickness of  the cerebral cortex. Results: In the BMS group the 
superior frontal gyrus and the cingulated gyrus were found to 
have significantly thicker cortex. Whereas, in the dysgeusia group 
only the superior frontal gyrus was seen as significantly thicker. 
In healthy volunteers no such change in cortical thickness was 
observed. Conclusion: These results suggest that the superior 
frontal gyrus and the cingulated gyrus are involved in the 
processes linked to BMS, and that the superior frontal gyrus 
also could be involved in the processes linked to dysgeusia. 
Acknowledgements: Funds from the Univärsitetsklinikum Carl 
Gustav Carus. FCOI Disclosure: None

#171 POSTER SESSION IV 

Effects of Taste Experience on Conditioned Taste Aversion 
Veronica L. Flores1,2,3, Anan Moran1,2,3, Donald B. Katz1,2,3 
1Brandeis University, Waltham, MA, USA, 2Psychology Department, 
Waltham, MA, USA, 3Volen National Center for Complex Systems, 
Waltham, MA, USA 
 
In conditioned taste aversion (CTA), an animal learns to avoid a 
particular taste that has been paired with malaise. Many factors 
influence the strength of  aversion learning; notable among 
these is taste novelty – the animal’s familiarity (or lack thereof) 
with the taste used as a conditioned stimulus (CS). The effect 
of  familiarization with tastes other than the CS has received 
less investigation, however. The present studies examine the 
impact that exposure to a range of  fluid stimuli (including 
distilled water, sodium chloride and citric acid) before or during 
conditioning has on an aversion learned to novel sucrose. Rats 
were exposed to tastes via both a bottle and intra oral cannula 
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(the latter method facilitated exposure of  diverse tastants, while 
the former ensured strong conditioning). Presentation of  the 
entire taste array within the conditioning session reduced the 
resultant sucrose aversion, as expected. Pre-exposure to a taste 
array that excluded sucrose, however, strengthened CTA, an 
effect that scaled with the number of  tastes in the pre-exposure 
array and with the amount of  pre-exposure; this phenomenon 
was observable regardless of  the diversity of  tastes presented 
during the conditioning session. These results reveal that 
experience with the realm of  tastes changes an animal’s future 
handling of  even novel tastes. Since CTA protocols using animals 
often lack stimulus exposure prior to conditioning training, these 
results have implications for the interpretation and development 
of  CTA protocols investigating the complex underpinnings of  
learning and behavior. Acknowledgements: NIDCD DC006666. 
FCOI Disclosure: None

#172 POSTER SESSION IV 

Eugenol and carvacrol enhance warmth and heat pain via 
effects on primary sensory neurons in rats 
E. Carstens1, Amanda H. Klein2, Christopher L. Joe1, Auva Davoodi1, 
Mirela Iodi Carstens1, Kenichi Takechi3 
1Univ. of  California, Davis, Dept. of  Neurobiology, Physiology and 
Behavior, Davis, CA, USA, 2The Johns Hopkins University,  
Dept. of  Anesthesiology, Baltimore, MD, USA, 3Ehime Medical  
School, Dept. of  Anesthesiology, Matsuyama, Japan 
 
Eugenol and carvacrol elicit oral irritation and enhance the 
perceived magnitude of  innocuous warmth and heat pain on 
the tongue. Given their action at warmth-sensitive TRPV3, 
we investigated if  eugenol and carvacrol affect warmth- and 
heat-evoked responses of  cultured trigeminal (TG) and dorsal 
root ganglion (DRG) neurons using calcium imaging. We also 
examined their effects on responses to noxious tongue heating of  
neurons in trigeminal subnucleus caudalis (Vc), and sensitivity 
to warmth using a thermal preference assay. For calcium 
imaging, eugenol (200 µM), carvacrol (100 µM), or heated 
Ringers solution were applied via separate perfusion ports to 
cultured TG and DRG cells loaded with Fura-2. A thermocouple 
monitored bath temperature near the cells. Overall, 22.5% of  
TG and DRG cells responded to 39°C warming and 48.6% 
responded to the 42°C heat stimulus. Responses to repeated 
thermal stimuli were stable. When preceded by application of  
eugenol or carvacrol, responses to the second 39°C or 42°C 
stimulus were enhanced. In pentobarbital-anesthetized rats we 
isolated lingual heat-sensitive Vc neurons. Both eugenol and 
carvacrol briefly enhanced noxious heat-evoked responses. Using 
a two-temperature preference paradigm (30 vs 40°C), bilateral 
topical hindpaw application of  1% eugenol or 10% carvacrol 
resulted in a significant avoidance of  the warmer surface. These 
results indicate that eugenol and carvacrol peripherally enhance 
responses of  trigeminal and spinal sensory nerve endings to 
innocuous warming and noxious heat, thus accounting for the 
effects of  these agents to enhance heat-evoked responses of  
Vc neurons and to enhance warmth discrimination in rats and 
perceived warmth and heat pain in humans. Acknowledgements: 
NIH (DE013685 and AR057194). FCOI Disclosure: None

#173 POSTER SESSION IV 

Perception of Chemesthetic Stimuli in Groups who  
Differ in Culinary Expertise   
Nadia K. Byrnes, John E. Hayes 
Department of  Food Science, Penn State, University Park, PA, USA 
 
A variety of  foods may be called ‘spicy’, and individuals readily 
distinguish between different chemesthetic stimuli. However, 
colloquial English lacks concise terms to differentiate between 
them. Utilizing free sorting, where participants categorize 
stimuli by similarity without using semantic labels, we explored 
chemesthetic qualities across stimuli. Similar techniques have 
been used in real foods (e.g. apples, cheeses), and we have 
recently shown sorting can be used with chemesthetic stimuli. 
Here, we gave participants allyl isothiocyanate, capsaicin, 
carvacrol, eugenol, cinnamaldehyde, eucalyptol, Hua Jiao, 
menthol, zingerone, citric acid, and quinine on impregnated 
swabs. To explore the influence of  culinary training and 
exposure, we recruited participants based on culinary expertise 
and scores on the Food Involvement Scale (FIS): experts, 
highFIS nonexperts, and lowFIS nonexperts (n=25-30 per 
cohort). In MDS, 2D solutions were appropriate for all cohorts. 
The expert map was significantly different from the high and 
lowFIS maps, which did not differ from each other. In cluster 
analysis, the expert and highFIS cohorts generated 3 groups 
while the lowFIS cohort generated 2. On average, experts used 
significantly more attributes (11.8) than the highFIS (9.0) and 
lowFIS individuals (7.7). Also, we observed experts typically 
identified the stimulus rather than describing the sensation 
(i.e. ginger v. burning), suggesting they attended to the task 
differently. Collectively, our work suggests culinary experts may 
perceive chemesthetic stimuli differently; they also use terms 
differently than non-experts. Conversely, food involvement does 
not alter perception of  the stimuli but highly food involved 
non-experts have a larger vocabulary to describe ‘spicy’ stimuli 
than lower food involvement individuals. Acknowledgements: 
Supported by funds from the Pennsylvania State University and 
NIH grant DC0010904. FCOI Disclosure: None

#174 POSTER SESSION IV 

Exploring astringent sub-qualities using Check-All- 
That-Apply (CATA) and Multidimensional Scaling (MDS) 
Erin E. Fleming, Nadia K. Byrnes, John E. Hayes 
Department of  Food Science, The Pennsylvania State University, 
University Park, PA, USA 
 
Astringency is a collection of  sensations that include drying, 
puckering, velvety, and roughing, classically elicited by stimuli 
like tannins, salts (e.g. alum) or acids. The dominant mechanism 
used to explain these sensations is based on the delubrication 
hypothesis: tannins bind to salivary proteins and precipitate 
them, resulting in a loss of  lubrication in the mouth. However, 
dark chocolate – a high fat food with high lubricity – is often 
described as astringent, which suggests other mechanisms may 
be involved. The existence of  multiple mechanisms is further 
supported by data showing epicatechin evokes astringency 
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without altering the lubricating properties of  saliva. Astringency 
has multiple sub-qualities, so we reasoned exploring distinct 
sub-qualities evoked by different classes of  stimuli may provide 
additional insight into alternative mechanisms. In experiment 1, 
3 groups of  participants (n=132 total) rated the overall intensity 
of  astringents (salts: alum, ZnCl2; acids: malic, lactic, tannic 
and tartaric; polyphenols: EGCG, cranberry, CocoVia, Biotan). 
Participants also endorsed descriptors using a check-all-that-
apply (CATA) task. In experiment 2, participants (n=30) sorted 
intensity matched stimuli and a perceptual map was generated 
by multidimensional scaling (MDS) from the group similarity 
matrix. In the CATA task, drying was the most endorsed 
descriptor for the salts; the organic acids were puckering and 
sour, and polyphenols were bitter and drying. Among the 
four astringent terms, roughing and velvety were endorsed 
less often. In the MDS plot, we observed 3 main clusters that 
roughly corresponded to the class of  stimuli. Additional work 
is needed to determine if  these clusters are driven by differences 
in astringent sub-qualities, or other side tastes such as bitterness 
or sourness. Acknowledgements: Supported by funds from the 
Pennsylvania State University, the Pennsylvania Manufacturing 
Confectioners’ Association (PMCA) and NIH grant DC0010904. 
FCOI Disclosure: None

#175 POSTER SESSION IV 

Right nostril advantages in trigeminal perception 
Johannes Frasnelli1,2, Renée-Pier Filiou1, Bruce Bryant3,  
Johan Lundstrom3,4, Franco Lepore1 
1University of  Montreal, Psychology, Montréal, QC, Canada,  
2Research Centre, Sacré Coeur Hospital, Montréal, QC, Canada, 
3Monell Chemical Senses Center, Philadelphia, PA, USA,  
4Karolinska Institute, Stockholm, Sweden 
 
Several studies have demonstrated an advantage of  the right 
nostril in trigeminal perception, but mostly as a secondary 
finding. Here we set out to investigate this phenomenon in 
more detail. We first determined the dimensions underlying 
trigeminal perception in 33 participants. From their descriptions 
of  4 single odors and 18 binary mixtures we could derive four 
principle components, namely 1) somatosensory, 2) cooling, 
3) warm, and 4) intensity perception. These components were 
used in a second experiment in which we used cinnamaldehyde 
(CA) and eucalyptol (EU) at iso-intense concentrations. 50 
new participants evaluated monorhinal stimuli presented to 
either the left or the right nostril. CA and EU were perceived as 
warm/intense and cooling/intense, respectively. Importantly, 
consistently higher ratings were obtained for stimuli presented 
to the right nostril than stimuli presented to the left nostril. We 
further simultaneously administered isointense monorhinal 
EU and CA stimuli and asked participants to estimate the 
mixture-ratio of  the odors. When EU was presented to the right 
nostril and CA to the left nostril, participants rated the percept 
to be significantly more as EU than the other way round. We 
further asked participants to decide whether the perceived odor 
resembled EU or CA. When EU was presented to the right 

nostril and CA was presented to the left nostril, significantly 
more participants judged the odor as EU-like than CA-like. 
In the reversed condition, significantly more participants 
rated the percept as CA-like than EU-like. These results lend 
further support to the notion of  a right nostril advantage in 
chemosensory processing and more specifically, in trigeminal 
perception. Acknowledgements: NSERC, CIHR, Hopital du 
Sacré Coeur de Montréal. FCOI Disclosure: None

#176 POSTER SESSION IV 

Activation of Trigeminal Nerve Fibers and Macrophages  
in Response to Irritants of the Olfactory Epithelium 
Tania R Iqbal, Colleen C Hegg 
Michigan State University/Neuroscience Program,  
East Lansing, MI, USA 
 
Inflammation occurs following injury to help remove damaged 
tissue and initiate recovery. In the olfactory epithelium (OE), 
the acute inflammatory response, progenitor cells, and growth 
factors are important for neuronal regeneration. However, 
chronic inflammation caused by elevated pollution is associated 
with olfactory dysfunction. Olfactory dysfunction commonly 
manifests before cognitive or gross motor abnormalities in 
neurodegenerative diseases. Thus, a thorough understanding 
of  the inflammatory processes of  the OE is important. As a 
precursor to understanding chronic inflammation, we studied 
modulation of  acute inflammation in the mouse OE. Here, 
I test the hypothesis that trigeminal nerve activation releases 
neuropeptide substance P (subP) which induces cytokine release 
to initiate the inflammatory response in the OE. I demonstrated 
mRNA expression of  irritant-sensing channels TRPA1 and 
TRPV1 in OE tissue. TRPV1 and TRPA1 immunoreactivity 
and co-localization of  TRPA1 with trigeminal marker calcitonin 
gene-related peptide was also observed. Live cell imaging of  
intracellular calcium responses to TRPA1 and TRPV1 agonists 
demonstrated that these receptors were functional. TRPV1 
agonist treatment significantly increased the release of  subP 
from mouse OE slices compared to vehicle (p <0.05). In the 
OE, subP receptor NK-1 co-localized with macrophage marker 
CD-68. SubP treatment of  OE tissue induced the release of  
inflammatory cytokine TNF-a. It is important to understand 
acute inflammation before studying chronic inflammation. 
This study suggests that low level “environmental” irritation 
may initiate acute inflammation in the OE and identified 
the trigeminal nerve and TRP channels as key factors in the 
initiation of  the inflammatory response, i.e., the release of  
pro-inflammatory cytokine TNF-a. Acknowledgements: MSU 
Institutional funds. FCOI Disclosure: None
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#177 POSTER SESSION IV 

Investigating the Trigeminal Network using fMRI and 
Somatosensory Stimulation 
Prasanna Karunanayaka1, Robert Mchugh1, Megha Vasavada1,  
Jianli Wang1, Qing Yang1 
1Radiology, Penn State University College of  Medicine, Hershey, PA, 
USA, 2Neurosurgery, Penn State University College of  Medicine, 
Hershey, PA, USA 
 
Introduction: The two sensory portions of  the trigeminal 
nerve (i.e., chemosensory and somatosensory) are considered 
to be relatively independent. Previous research suggests a 
close interaction between trigeminal and olfactory networks, 
mediated only by the chemosensory portion of  the trigeminal 
nerve. The goal of  this fMRI study is to further characterize 
this interaction using fresh air puffs as somatosensory stimuli. 
Method: Human Subjects: Eleven subjects (mean age 23 ± 2 
years, 7 females) with normal smell function completed the 
“triple fresh air puff ” fMRI paradigm at 3.0T. Stimulation 
Paradigm: Three discrete fresh air puffs of  duration 0.5 sec each 
were sequentially delivered to either the right, left, or bilateral 
nostrils, with an inter stimulus interval of  ~20 sec, and for a total 
duration of  ~10 min. No visual or other cues were provided and 
a constant flow of  fresh air was delivered bilaterally at 1 L/min. 
Results: An out of  magnet experiment reported a success rate 
of  more than 85% to localize air puffs. Robust fMRI activation 
was detected in the insular cortex, particularly for the bilateral 
intranasal stimulation condition. This is in addition to detecting 
activation in cingulate, thalamus and somatosensory cortex. 
Conclusion: It has been reported previously that insular (and 
other primary olfactory areas) activation is not usually observed 
after somatosensory stimulation. The involvement of  insula in 
the olfactory network is considered to be secondary. Our novel 
trigeminal fMRI paradigm presented can detect robust activation 
in the insular cortex, which possibly highlights its importance in 
mediating somatosensory information in the trigeminal network. 
Therefore, our results further support the notion of  an intimate 
connection between the trigeminal and olfactory networks. 
Acknowledgements: The Leader Family Foundation Laboratory 
for Alzheimer’s Disease Research and NIH R01 AG 027771. 
FCOI Disclosure: None

#178 POSTER SESSION IV 

Fetal Ethanol Exposure Diminishes Chorda Tympani  
Nerve Responses To Some But Not All Taste Stimuli  
In The Adolescent Rat 
Ana Paula Morales-Allende 1, Katherine Bedard1, Lisa Youngentob2,3, 
Steven L Youngentob2,3, John I Glendinning1,3 
1Department of  Biology, Barnard College, Columbia University,  
New York, NY, USA, 2Department of  Psychiatry, Syracuse, NY,  
USA, 3SUNY Developmental Exposure Alcohol Research Center, 
Binghamton, NY, USA 
 
Fetal ethanol exposure leads to increased intake of  ethanol in 
adolescent humans and rats. Recent rats studies indicate that the 

elevated intake stems in part from fetal ethanol exposure making 
ethanol and its flavor components taste better. Here we asked 
whether the enhanced palatability was associated with changes 
in peripheral taste responsiveness. To this end, we recorded 
excitatory responses of  the chorda tympani (CT) nerve as we 
stimulated the anterior tongue with ascending concentrations 
of  ethanol, quinine (a surrogate for ethanol’s bitter taste), 
sucrose (a surrogate for ethanol’s sweet taste) or NaCl (a control 
stimulus). We exposed the experimental rats to ethanol in utero 
by administering ethanol to dams through a liquid diet. We 
exposed the control rats to an iso-caloric iso-nutritive liquid diet. 
As compared with control rats, the experimental rats exhibited 
significantly diminished CT nerve responses to ethanol, quinine 
and sucrose; but those to NaCl were unaffected. The lack of  
change in NaCl responsiveness indicates that fetal ethanol 
exposure selectively altered development of  specific response 
pathways within the peripheral taste system. These findings 
reveal an epigenetic gustatory mechanism by which maternal 
patterns of  ethanol consumption can be transmitted to offspring. 
Acknowledgements: NIH-NIAAA grant AA017823. FCOI 
Disclosure: None

#179 POSTER SESSION IV 

Modulation of Chemosensory Properties of Capsaicin  
in the Human Oral Cavity  
Gregory S. Smutzer1, Jeswin C. Jacob1, Darshan I. Shah1,  
Joseph T. Tran1, Judith C. Stull2 
1Department of  Biology, Temple University, Philadelphia, PA, USA, 
2Department of  Sociology, La Salle University, Philadelphia, PA, USA 
 
Capsaicin is a membrane-permeable vanilloid agonist that binds 
to TRPV1 receptors within trigeminal nerve fibers, and produces 
a burning sensation in the mouth. Capsaicin can be used as an 
analgesic to relieve pain, and is a promising therapeutic agent 
for the treatment of  chronic pain. Studies that decrease the 
burning sensation of  capsaicin without affecting its analgesic 
properties could enhance its therapeutic properties. Capsaicin is 
a hydrophobic molecule that is difficult to administer to the oral 
cavity for chemosensory studies. To overcome this limitation, 
capsaicin was incorporated into edible strips that rapidly 
dissolve in the oral cavity. Using edible strips, we found median 
recognition thresholds for capsaicin to be near one nanomole, 
and recognition thresholds were very similar across subjects. 
These capsaicin strips caused burning/spicy sensations, and 
did not produce a bitter taste response at the suprathreshold 
amounts we investigated. Maximal response times for capsaicin 
were near 20 seconds. When nasal airflow was completely 
blocked, the maximal intensity response of  capsaicin in the 
oral cavity decreased by ~50%. Also, the intensity of  capsaicin 
was reduced ~75% following two 15-second oral rinses with 
vanillin-linoleic acid emulsions. Two 10-second rinses with 
sucrose also decreased the subsequent intensity response of  
capsaicin by ~50%. Similar reductions in capsaicin intensity 
were obtained after oral rinses with an isointense solution of  
sucralose. Our study suggests that edible strips are a promising 
method for examining the chemosensory properties of  capsaicin 
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in the oral cavity, that interactions exist between gustatory and 
olfactory processing of  responses to capsaicin within the oral 
cavity, and multiple chemosensory pathways may exist within 
trigeminal neurons. Acknowledgements: Supported by NIDCD 
R44 DC007291, a Temple University Faculty Senate Seed Grant, 
and the Undergraduate Research Program at Temple University. 
FCOI Disclosure: None

#180 POSTER SESSION IV 

Key role for Solitary Chemosensory Cells in the aversive 
behavior to inhaled irritants in mice 
Marco Tizzano1,2 
1Rocky Mtn Taste & Smell Ctr, Aurora, CO, USA,  
2Dept, Cell Developmental Biology/ Univ. of  Colorado School  
of  Medicine, Aurora, CO, USA 
 
The nasal epithelium houses a population of  solitary 
chemosensory cells (SCCs) that express T2R (bitter) taste 
receptors along with their downstream signaling components 
including TrpM5. These cells are heavily innervated by 
peptidergic (subP) trigeminal polymodal nociceptive nerve  
fibers. Nasal SCCs respond to bitter compounds including 
bacterially-produced molecules, to evoke protective respiratory 
reflexes and early inflammatory responses (Gulbransen 2008, 
Tizzano 2010, AChemS 2012-13). Here we test whether SCCs 
are implicated in aversive behavior to specific inhaled irritants. 
To test this, we used an apparatus consisting of  two connected 
chambers filled with a nebulized irritant or a water mist. Mice 
behavior was recorded and the time spent in the irritant mist 
chamber vs the time in the water mist chamber was analyzed. 
When denatonium (10mM), cycloheximide (10mM) and other 
irritants are nebulized in the two chambers, mice exhibit an 
aversion for the irritant mist chamber and spend most of  the 
time in the control chamber. TrpM5 knockout mice show no 
aversion for the irritant mist chamber and spend equal time in 
the 2 chambers. To show that mice aren’t using a taste clue to 
avoid the chamber with the irritant mist, we used the P2X2/
P2X3 knockout mice lacking ATP receptors involved in taste 
transduction. Similarly to wild type mice, P2X double KO mice 
show aversion for the tested irritating compounds, reinforcing 
the finding that SCCs and not taste buds are triggering the 
aversive behavior to these irritants. Our results demonstrate 
that activation of  the SCCs leads to a rapid aversive response to 
certain classes of  irritants. This avoidance behavior, triggered by 
trigeminally innervated SCCs, represents an important defense 
mechanism against respiratory epithelial assault by noxious 
chemicals. Acknowledgements: Grant Support: Supported by 
NIDCD R03 DC012413 (M.T.), R01 DC009820 (to T.E. Finger), 
and P30 DC04657 (to D. Restrepo). FCOI Disclosure: None

#181 POSTER SESSION IV 

Cough thresholds for inhalation of single irritants and  
binary mixtures 
Paul M Wise 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Cough is a vital airway protective reflex that helps clear the 
delicate airways of  accumulated secretions and foreign threats 
like particles, bacteria, and irritant chemicals. There is a growing 
literature on chemically triggered coughing in humans, but most 
studies have focused on unmixed irritants (usually capsaicin or 
citric acid). Since natural stimuli are often chemical mixtures, 
the current experiment was conducted as a first step toward 
understanding mixture interactions in chemosensory cough. 
Cough sensitivity was measured in young, healthy non-smokers 
(n = 13). Sensitivity was measured using a single-inhalation 
challenge, a test that determines the minimum concentration 
of  aerosolized irritant solutions needed to elicit at least five 
coughs (defined as cough threshold, or C

5
). C

5
 was measured 

for solutions of  capsaicin (CAP), citric acid (CA), and for a 
binary mixture of  the two compounds. C

5
 for binary mixtures 

revealed considerable mixture cooperation, approximating 
simple dose addition: in threshold-level mixtures, both CAP 
and CA were present at about half  their individual threshold 
concentrations. Animal work suggests that capsaicin and citric 
acid trigger coughing through largely separate classes of  vagal 
airway afferents. If  this is true in humans as well, the results 
have potentially interesting implications regarding interactions 
between signals from the two afferent subtypes. Regardless, 
the finding that mixtures of  environmental irritants can trigger 
coughing, even when none of  the individual mixture-components 
can, has clear implications for environmental and occupational 
health. Acknowledgements: Monell Chemical Senses Center 
institutional funds. FCOI Disclosure: None

#182 POSTER SESSION IV 

Spilanthol activates multiple classes of trigeminal neurons  
and modulates sensitivity to some compounds 
Jiang Xu1, Howard Brent2, Bruce P. Bryant1 
1Monell Chemcial Senses Center, Philadelphia, PA, USA, 2American 
University of  the Carribean School of  Medicine, Saint Maarten, 
Netherlands Antilles 
 
Several unsaturated alkylamides induce tingling and cooling 
sensations (Sugai et al, 2005; Albin and Simons, 2010) in the 
mouth, with one, hydroxyl alpha sanshool, having been shown 
to produce the effect by inhibiting potassium leak currents in 
mechanically sensitive trigeminal neurons (Bautista et al., 2008; 
Lennertz et al., 2010). Using fluorescence microfluorimetry we 
show that spilanthol, a related alkylamide, acts on more types 
of  trigeminal neurons than mechanically sensitive neurons 
alone. Several classes of  nociceptors as well as neurons sensitive 
to menthol and innocuous cooling respond to micromolar 
concentrations of  spilanthol. Trigeminal neural responses 
to menthol but not capsaicin or protons are enhanced by 
subthreshold concentrations of  spilanthol suggesting that 
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spilanthol targets potassium leak currents present on some  
but not all trigeminal neurons. Acknowledgements: This  
research was supported in part by Ogawa Company. FCOI 
Disclosure: None

#183 POSTER SESSION IV 

Effects of analgesics on the intranasal trigeminal system 
Lars Mizera, Antje Hähner 
University of  Dresden Medical School, Dresden, Germany 
 
Analgesics are known to affect the trigeminal nerve especially 
in neuralgias. Intranasally, the olfactory and trigeminal system 
interact with each other in many ways. It has been shown that 
drugs interfere with the nasal chemosensory system, but the 
effects on the trigeminal system are poorly investigated. The 
aim of  this study was to investigate the influence of  non-opioid 
drugs and weak or strong opioids on the intranasal olfactory 
and trigeminal system. One hundred patients suffering from 
chronic pain with a long- term use of  analgesics were assigned 
to three groups depending on their treatment based on the 
World Health Organizations’ guidelines for pain relief. A control 
group consisted of  95 persons without chronic use of  analgesics. 
Olfactory function was tested using the ‘Sniffin’ Sticks’ – a 
comprehensive method including test for odor threshold, 
discrimination and identification. For trigeminal stimulation, 
four odors (isoamyl acetate, cineole, eucalyptus and peppermint) 
were presented alternately in sniff  bottles to the participants 
who rated their intensity using a visual analogue scale. Olfactory 
function was not found to be different between the three groups. 
However, odor discrimination and odor identification were 
found statistically significant reduced when compared to the 
control group. Trigeminal function in pain patients also differed 
significantly compared to controls. Intensities of  the stimuli were 
rated significantly lower than in controls. Lowest results were 
seen in patients with non-opioid drugs. In this study, we have 
shown evidence that the intranasal trigeminal system may be 
influenced by analgesic drugs. Additionally, the olfactory system 
is affected which might however, partly be due to the co-existing 
depression of  this patients. Acknowledgements: Intramural funds 
from Technical University of  Dresden. FCOI Disclosure: None

#184 POSTER SESSION IV 

Electrophysiological Responses of the Chorda Tympani 
Following Chronic Capsaicin Exposure in Adult Rats 
Jacquelyn M. Omelian, Louis J. Martin, Suzanne I. Sollars 
University of  Nebraska at Omaha, Omaha, NE, USA 
 
Capsaicin is a neurotoxin which depletes substance P containing 
fibers in the lingual nerve following repeated exposure. 
Capsaicin’s interactions with the taste system are currently 
debated. Human studies have found evidence for longitudinal 
capsaicin desensitization, with frequent consumers consistently 
reporting lower burn ratings than novel consumers. Acute 
capsaicin exposure has also been linked to a transient decrease 

in sensitivity to primary tastants. However, chronic exposure to 
capsaicin does not appear to influence acute capsaicin-related 
taste suppression, with frequent and infrequent consumers 
reporting equal levels of  taste suppression. In an effort to further 
quantify the effects of  repeated capsaicin exposure on the taste 
system, whole nerve electrophysiology was performed on the 
chorda tympani (CT) of  adult, Sprague-Dawley rats after chronic 
capsaicin or sham treatment. Adult rats were presented daily 
with a 30% sucrose/distilled water solution containing either 
increasing concentrations of  capsaicin or sham treatment for 
two weeks. CT responses were recorded two days after treatment 
cessation to assess capsaicin-related taste suppression. Behavioral 
observations support long-term capsaicin desensitization; 
animals initially rejected concentrations higher than 5 ppm, 
but willingly increased consumption to 25 ppm when exposure 
was increased incrementally over 14 days. Despite this apparent 
desensitization, chronic exposure did not result in significant 
differences in CT response between capsaicin and sham treated 
animals. Thus, the current findings corroborate those of  
human studies and suggest the mechanisms behind long-term 
capsaicin tolerance and taste suppression are distinctly different. 
Acknowledgements: Graduate Research and Creative  
Activities Grant, University of  Nebraska at Omaha. FCOI 
Disclosure: None

#185 POSTER SESSION IV 

Amygdalar circuitry of chemosensory signal processing 
Lindsey Biggs, Ariel Simonton, Michael Meredith 
Program of  Neuroscience, Department of  Biological Science, Florida 
State University, Tallahassee, FL, USA 
 
Most mammalian species use chemosensory signals to convey 
social information and many such signals in rodents are detected 
by the vomeronasal organ (VNO). The medial amygdala (Me), 
principal analyzer of  VNO input, responds differentially to 
conspecific and heterospecific chemosensory signals that convey 
different meanings and evoke different behavioral responses. Me 
outputs target hypothalamic and preoptic circuits involved in 
producing appropriate responses. GABA-ergic neurons of  the 
caudal main intercalated nucleus (m-ICN), located just lateral to 
posterior medial amygdala (MeP), also respond differentially to 
chemosensory signals and appear to be involved in categorizing 
chemosensory responses in Me. Their role may be similar to that 
of  the paracapsular ICN cell groups in regulating central and 
basolateral amygdala activity in the fear conditioning circuit. 
Using immediate-early gene expression, we previously showed 
that in response to heterospecific chemosignals, GABA-receptor-
ir cells in MeP are suppressed, while GABA-ir cells in m-ICN are 
activated. Whole cell patch-clamp electrophysiology in hamster 
brain slices now shows hyperpolarization of  MeP cells by field 
and chemical stimulation of  local m-ICN. Further, bath applied 
dopamine (DA) hyperpolarizes m-ICN cells and significantly 
decreases the amplitude of  m-ICN induced hyperpolarization 
of  MeP neurons, similar to DA action on paracapsular ICN 
cells in fear conditioning circuits. DA agonist, systemically 
delivered In vivo, appears to have a net excitatory action on 
m-ICN activity but multiple DA actions within the amygdala, 
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make interpretation difficult. Ongoing targeted-infusion of  DA 
agents into m-ICN, in vivo, will help to highlight the role of  DA 
in Me chemosensory processing. Acknowledgements: Supported 
by NIDCD grants R01-DC005813, T32-DC000044 and funding 
from Florida State University. FCOI Disclosure: None

#186 POSTER SESSION IV 

A first step toward the understanding of the role of the 
thalamus in olfaction: Characterizing odor processing  
in the mediodorsal thalamus of the rat  
Emmanuelle Courtiol1,2, Donald A. Wilson1,2 
1The Emotional Brain Institute, Nathan Kline Institute for Psychiatric 
Research, Orangeburg, NY, USA, 2Department of  Child and Adolescent 
Psychiatry New York University Langone Medical Center, New York, 
NY, USA 
 
In all senses, except olfaction, the thalamus is known to be 
involved in processing ranging from basic sensory information 
to attention modulation. Due to the absence of  direct thalamic 
relay between olfactory sensory neurons and primary olfactory 
cortex, the thalamus was often ignored in understanding 
olfactory function. However, an olfactory thalamus exists: the 
mediodorsal nucleus of  the thalamus (MDT) receives input from 
different olfactory structures including the piriform cortex, and 
in turn projects to the orbitofrontal cortex. What the function 
of  the MDT is in olfactory processing is not clear. As a first step 
to gain insight into this question, spontaneous and odor-evoked 
activities were recorded in both the MDT (single unit and local 
field potential) and the piriform cortex (local field potential) 
of  urethane-anesthetized rats. We show that single-units in the 
MDT are responsive to a broad variety of  odorants, including 
monomolecular, mixture and biological stimuli. Individual MDT 
neurons however are narrowly tuned, with most cells responding 
to a single stimulus within our odorant set. We also demonstrate 
that the MDT neural activity is shaped by both respiration and 
beta frequency oscillations. Importantly some MDT neurons 
can fire in phase with beta oscillatory activity recorded within 
the MDT’s primary olfactory input, the piriform cortex. 
Finally, MDT-piriform cortex coherence is state-dependent 
and enhanced during slow-wave activity. These results extend 
previous work on the olfactory characteristics of  MDT neurons 
and form a basis for understanding the contribution of  the 
MDT in olfactory processing in awake animals. We also present 
here our first preliminary results obtained in awake animals. 
Acknowledgements: This work was supported by a grant 
DC003906 from the NIDCD to D.A.W. FCOI Disclosure: None

#187 POSTER SESSION IV 

Odor- and State-dependent Olfactory Tubercle Local Field 
Potential Dynamics in Awake Rats 
Kaitlin S. Carlson1, Maggie R. Dillione1, Daniel W. Wesson1,2 
1Department of  Neurosciences, Case Western Reserve University, 
Cleveland, OH, USA, 2Department of  Biology, Case Western  
Reserve University, Cleveland, OH, USA 
 
The olfactory tubercle (OT), a trilaminar structure located in the 
basal forebrain, is thought to play an important role in olfaction. 
While evidence has accumulated regarding the contributions 
of  the OT to odor information processing, studies exploring 
the role of  the OT in odor processing in awake animals remain 
unavailable. In the present study, we begin to address this void 
through multi-day recordings of  local field potential (LFP) 
activity within the OT of  awake, freely exploring Long-Evans 
rats. We observed spontaneous OT LFP activity consisting 
of  theta- (2-12Hz), beta- (15-35Hz) and gamma- (40-80Hz) 
band activity – characteristic of  previous reports of  LFPs in 
other principle olfactory structures. Beta- and gamma-band 
powers were enhanced upon odor presentation. Simultaneous 
recordings of  OT and upstream olfactory bulb (OB) LFPs 
revealed odor-evoked LFP power at statistically similar levels 
in both structures. Respiratory-coupled theta cycles in the OT 
were broadly distributed in time and occurred 75-100msec 
following precisely occurring theta cycles in the OB. In addition, 
we found strong spectral coherence between the structures 
during both spontaneous and odor-evoked states. Finally, we 
found that the animal’s internal state modulated LFP activity 
in the OT. Together, these data provide initial insights into 
the network activity of  the OT in the awake rat, including 
spontaneous rhythmicity, odor-evoked modulation, connectivity 
with upstream sensory input, and state-dependent modulation. 
Acknowledgements: Work supported by NSF grant IOS-1121471 
to D.W.W. FCOI Disclosure: None

#188 POSTER SESSION IV 

Functional Dynamic of Cortical Lateralization During 
Olfactory Discrimination Learning 
Yaniv Cohen1,2, David Putrino1, Donald A Wilson1,2 
1New York University School of  Medicine/Child & Adolescent 
Psychiatry, New York, NY, USA, 2Nathan Kline Institute for 
Psychiatric Research/EBI, New York, NY, USA 
 
The significance of  cerebral lateralization is unclear. This is 
most true in rodents. To address this question, we recorded 
local field potential (LFP) activity from right anterior piriform 
cortex (aPC) and left aPC simultaneously from behaving rats 
during a two-alternative forced choice odor discrimination task, 
and assessed both lateralized differences in learned changes 
in LFP oscillations, as well as learning associated changes in 
inter-hemispheric coherence. Following initial training in the 
discrimination task, rats (n=5) were implanted with bilateral, 
bipolar electrodes located in layer III of  the anterior piriform 
cortex. Following recovery, the animals were trained with a 
new pair of  odors while being recorded. We found a significant 
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increase in the power of  odor-evoked beta frequency oscillations 
(15-35Hz) in the left and the right aPC during acquisition, 
consistent with previous work. A nearly significant difference 
between hemispheres (p=0.05) was found in the theta band 
(5-15Hz), with the right hemisphere showing the greatest 
change. Coherence between hemispheres also increased over the 
course of  conditioning in the beta band (p=0.06). Over-training 
resulted in reduction in the beta band changes toward baseline. 
In summary, during acquisition phase there was enhancement 
of  both power and inter-hemispheric coherence in PC beta 
frequency . These modifications may be related more to the 
acquisition of  the information and less to the long-term olfactory 
memory. It is important to distinguish between neural processes 
necessary for acquisition from those that reflect actual memory 
representation, and note that the two hemispheres may play 
differing roles in these processes. Acknowledgements: R01-
DC003906 from NIDCD to D.A.W. FCOI Disclosure: None

#189 POSTER SESSION IV 

Characterization of  Bitter Masking Compounds via 
Modulation of Induced Proton Secretion in a Human  
Gastric Cell Line  
Jakob P. Ley2, Kathrin I. Liszt1, Elke Köck1, Verena Stöger1,  
Sabine Widder2, Veronika Somoza1 
1University of  Vienna, Vienna, Austria, 2Symrise AG,  
Holzminden, Germany 
 
Due to the complex nature of  bitter reception in men via 
25 different bitter receptors, the identification of  antagonist 
remains a complex challenge. Bitter modulators can be identified 
using sensory screening (1), heterologous cell assays (2) or 
via native or immortalized taste cells (3, 4). It was shown that 
certain bitter tasting compounds such as bitter acids from hop 
(5) and caffeine (6) can induce acid secretion in the stomach 
in vivo and also in the human gastric tumor cell line HGT-1 
(7). Therefore the question arise whether the cell model can 
be used for the identification of  bitter and bitter modulating 
compounds. The HGT-1 cell line was challenged with 
caffeine and other bitter compounds and several known bitter 
taste modulating compounds including the known masking 
compound homoeriodictyol (1). In fact, the taste of  several bitter 
molecules as well as the taste masking activity highly correlates 
with the ability to modulate proton secretion. These results are 
supported by RT-qPCR analysis of  HGT-1 cells which shows 
the expression of  various hTAS2R bitter receptor subtypes. In 
addition, a knock-down experiment to reduce the expression of  
hTAS2R10 showed a decreased sensitivity of  the HGT-1 cells 
towards bitter and bitter modifying compounds. References: (1) 
Reichelt, K. V. et al. J. Agric Food Chem. 2010, 58, 458-464; (2) 
Slack, J. P. et al. Current Biol. 2010, 20, 1104-1109; (3) Ozdener, 
M. H. et al. Chem. Sens. 2011, 36, 601-612; (4) Hochheimer, A. 
and Krohn, M. WO 2013 160,415 A1, 2013; (5) Walker, J. et al. 
J. Agric Food Chem. 2012, 60, 1405-1412; (6) Rubach, M. et al. 
Mol. Nutr. Food Res. 2012, 56, 325-335; (7) provided by Dr. C. 
Laboisse (Laboratory of  Pathological Anatomy, Nantes, France); 

(8) Behrens, M. and Meyerhof, W. Physiology & Behavior 2011, 
105, 4-13. Acknowledgements: The financial support by the 
Austrian Federal Ministry of  Economy, Family and Youth and 
the Austrian National Foundation for Research, Technology and 
Development and by Symrise AG is gratefully acknowledged. 
FCOI Disclosure: JL and SW are employees of  Symrise AG; the 
Christian Doppler Laboratory for Bioactive Aroma Compounds 
is supported by Symrise AG.

#190 POSTER SESSION IV 

Representation of perceived and actual odor category in the 
olfactory cortical hierarchy 
Jaryd Hiser1, Takuya Sato2, Wen Li1,3 
1Psychology Department, University of  Wisconsin-Madison, Madison, 
WI, USA, 2Kikkoman USA R&D Laboratory, Inc, Madison, WI, 
USA, 3Waisman Center, University of  Wisconsin-Madison, Madison, 
WI, USA 
 
It is widely accepted that perception transforms sensory inputs 
into psychological experiences. It yet remains unclear how 
this transformative process occurs in the brain. Using pattern 
correlation and classification, this study examined representation 
of  actual and perceived odor category in neuronal ensemble 
activity at different levels of  the olfactory cortical hierarchy, 
including anterior/posterior piriform cortex (APC/PPC), 
orbitofrontal cortex, and amygdala. Participants (N=20) smelled 
an odor at a merely detectable level from one of  three categories 
(food/floral/wood) while viewing a picture congruent or 
incongruent to the odor, and then made a category decision on 
the odor. Based on support vector machine (SVM) analysis, fMRI 
response patterns in all levels of  the cortical hierarchy could be 
separated by perceived odor category. However, only in APC 
was actual odor classification supported. These findings suggest 
that perceptual experience rather than sensory input dominates 
response patterns in the olfactory cortex, although APC, a low-
level area of  the hierarchy, still preserves considerable sensory 
fidelity. Pattern correlation analysis showed greater pattern 
relatedness for within- than between-category trials in all areas 
except the APC. Again, this pattern was based on perceived (vs. 
actual) categories. Notably, this effect was primarily observed 
in the food category, suggesting that response convergence is 
facilitated by the incentive value of  the percept. Taken together, 
these effects suggest that odor category perception is subserved 
primarily by higher levels of  the olfactory cortical hierarchy, 
while APC seems to be an intermediate step linking sensory and 
perceptual analysis performed, respectively, in the subcortical 
and cortical layers of  the olfactory system. Acknowledgements: 
Funding supported by R01MH093413 (W.L.), & Kikkoman 
USA R&D Laboratory, Inc. FCOI Disclosure: None
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#191 POSTER SESSION IV 

Functional imaging of cortical feedback projections from the 
anterior olfactory nucleus to the mouse olfactory bulb  
Markus Rothermel, Matt Wachowiak 
University of  Utah, Brain Institute and Department of  Neurobiology 
and Anatomy, Salt Lake City, UT, USA 
 
Processing of  sensory information is substantially shaped by 
centrifugal, or feedback, projections from higher cortical areas. 
However, the functional properties of  these projections are 
poorly characterized in vivo. Here, we used genetically-encoded 
probes to functionally image centrifugal projections targeting the 
olfactory bulb (OB). We focused on projections to the OB from 
the anterior olfactory nucleus (AON), which constitutes a major 
source of  cortical feedback to the OB. We expressed GCaMP3 
selectively in AON projection neurons using cre-dependent AAV 
vectors and a mouse line expressing Cre in a large fraction of  
principal AON neurons. Virus injection into AON or the OB 
lead to GCaMP expression throughout AON projection neurons, 
including their axon terminals in the OB. Electrical stimulation 
of  AON evoked large, transient optical signals at the level of  
the OB. Surprisingly, odorants also evoked large fluorescence 
changes that were transient and coupled to odorant inhalation, 
suggesting that even in the anesthetized animal sensory input 
evokes robust feedback from the AON to the OB. We also 
imaged activity in AON terminals innervating the OB in the 
awake, head-fixed mouse. In the waking state, AON inputs 
to the OB were also odorant-evoked and linked to inhalation. 
Interestingly, the strength of  these inputs was attenuated by 
brief  isoflurane anesthesia, consistent with a state-dependent 
modulation of  OB processing. Finally, we demonstrated that 
AON feedback projections were also activated when stimulating 
other neuromodulatory centers – for example, the horizontal 
limb of  the diagonal band of  broca. Our results point to the 
AON as a critical modulatory center that provides robust and 
ongoing feedback to the OB and also serves as a relay for other 
neuromodulatory systems. Acknowledgements: Supported by 
DFG and NIDCD. FCOI Disclosure: None

#192 POSTER SESSION IV 

Modulation of activity in the piriform cortex by  
optogenetic stimulation of descending inputs  
Benjamin Sadrian1,2, Donald Wilson1,2 
1Nathan Kline Institute, Orangeburg, NY, USA,  
2NYU School of  Medicine, New York, NY, USA 
 
The rodent piriform cortex (PCX) is a paleocortical structure 
known to support olfactory perception toward learned 
behavior. While the anterior PCX is used in associative odor 
object information decoding, the posterior PCX receives more 
descending input fibers from brain structures such as the 
amygdala that are thought to provide a qualitative relevance to 
raw odor percepts. Here we investigate the influence of  top-
down influence of  specific brain regions on spontaneous and 
odor-induced activity in the posterior PCX at the single unit 
level. Using optogenetic techniques, we artificially stimulated 

descending fibers in the posterior PCX that were virally 
transduced from one of  three interconnected brain regions. 
Specifically, the lateral and basolateral amygdala (LA/BLA), 
the lateral entorhinal cortex (LEC) and the endopiriform 
nuclelus (EPN) were independently targeted to express 
Channelrhodopsin in pyramidal neurons that also express 
CaMKII. Photostimulation at 473nm and 0.5mW near infected 
axon terminals in the posterior piriform was sufficient to drive 
temporally coincident responses of  unit activity and local field 
potential, as recorded in anaesthetized animals injected at any 
one of  the three target regions. Odor-paired photostimulation of  
descending fibers at the posterior PCX modulated local single 
unit response patterns compared to odor only. Photo-induced 
effects on unit odor responses ranged from suppressive to 
stimulatory, which often varied depending on the combinatorial 
timing of  odor and laser stimulation. Our results demonstrate 
the role of  top-down inputs to piriform cortex in odor coding. 
Acknowledgements: T32-MH067763 from the NIMH to  
B.A.S. R01-DC003906 from the NIDCD to D.A.W. FCOI 
Disclosure: None

#193 POSTER SESSION IV 

Olfactory Event-Related Potentials in Infants 
Valentin A Schriever1, Maria Góis-Eanes2, Benno Schuster1,  
Caroline Huart3,4, Thomas Hummel1 
1Smell & Taste Clinic Department of  Otorhinolaryngology, TU Dresden, 
Dresden, Germany, 2Women’s, Children’s and Adolecents’ Department, 
Hospital Pedro Hispano, Matosinhos, Portugal, 3Department of  
Otorhinolaryngology, Cliniques universitaires Saint-Luc, Brussels, 
Belgium, 4Institute of  Neuroscience, Université catholique de Louvai, 
Brussels, Belgium 
 
Objectives: To objectively measure olfactory function in adults, 
olfactory event-related potentials (OERP) are widely used in 
clinical and scientific settings. So far this method has not been 
applied to infants. Previous studies relied on observations 
like grimacing or head turning to assess olfactory function 
of  infants. Aim of  this study was to evaluate olfactory event-
related potentials as an objective measurement of  olfactory 
function in infants. Materials & methods: Thirteen infants, 
between 23-41 days of  age, were included in the study. OERP 
to phenylethylalcohol were measured. The odor was delivered 
with a computer-controlled olfactometer. Recording electrodes 
were applied using the 10-20 system. Data from electrodes 
Fz, Cz, Pz, C3 and C4 was analyzed by Matlab’s “Letswave” 
toolbox using the canonical time-domain averaging as well as 
the time-frequency analyzing method. Results: Ten out of  13 
infants finished the recording session. In seven out of  these ten 
infants we were able to observe OERP. Recordings were best 
in electrodes Fz and Cz. The N1 peak was visible at 328 ms 
followed by P2 at 505 ms. In addition the time-frequency analysis 
revealed an increase in low frequencies (4-7 Hz) around 550 ms 
after odor presentation. Conclusions: In this study we were able 
to record OERP in infants. For data analysis both methods, the 
time-domain averaging as well as the time-frequency analysis 
proofed to be of  value. Acknowledgements: university funds
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#194 POSTER SESSION IV 

Piriform cortical single-unit odor coding and behavioral  
odor perception in an Alzheimer’s Disease mouse model  
is affected by the presence of APP metabolites 
WenJin Xu1,2,3, Ralph A Nixon3,4,5,6, Efrat Levy3,4,5,7,  
Donald A Wilson1,2,3,8 
1Nathan Kline Institute/Emotional Brain Institute, Orangeburg, 
NY, USA, 2NYU/Dept. of  Child and Adolescent Psychiatry, New 
York, NY, USA, 3NYU/Center for Excellence on Brain Aging, New 
York, NY, USA, 4Nathan Kline Institute/Center for Dementia 
Research, Orangeburg, NY, USA, 5NYU/Psychiatry, New York, NY, 
USA, 6NYU/Cell Biology, New York, NY, USA, 7NYU/Molecular 
Pharmacology, New York, NY, USA, 8NYU/Neuroscience and 
Physiology, New York, NY, USA 
 
Alzheimer’s disease (AD) is a neurodegenerative disorder that 
is the most common cause of  dementia in the elderly today. 
One of  the earliest symptoms of  AD is olfactory dysfunction. 
The present study sought to address this issue by investigating 
the effects of  amyloid precursor protein (APP) metabolites, 
including amyloid-beta and APP c-terminal fragments (CTF), 
on olfactory processing in the anterior piriform cortex (aPCX) 
using the Tg2576 mouse model of  human APP over-expression. 
Cohorts of  transgenic and age-matched wild-types (WT) at 3, 6, 
12 and 20+ months of  age (MO) were anesthetized and acute, 
single-unit electrophysiology was performed in the aPCX. In 
addition, in a separate group of  age-matched Tg2576 and WT 
mice, we performed a longitudinal odor discrimination (OD) 
task from 3-13 MO. Results showed that, similar to previous 
reports, Tg2576 exhibited early aPCX hyperactivity at 3 and 6 
MO compared to WT. This hyperactivity decreased to WT levels 
by 12 and 20 months. aPCX single-unit spontaneous activity 
in Tg2576 was also elevated compared to WT. However, aPCX 
single-unit odor responses and odor receptive fields showed no 
detectable difference compared to WT at any age. Furthermore, 
OD task performance mirrored findings in aPCX single-unit 
activity, with no significant difference between WT and Tg2576 
through 12MO. Finally, early emergence of  olfactory system 
hyper-excitability corresponded not to amyloid-beta deposition, 
but rather to high levels of  CTF deposition in the 3 and 6 month 
age groups. The present results suggest that elevated CTFs may 
be correlated with LFP hyperactivity. However, despite this 
network hyper-excitability, simple cortical odor coding and 
odor discrimination are robust in the face of  APP pathology. 
Acknowledgements: R01-AG037693. FCOI Disclosure: None

#195 POSTER SESSION IV 

Respiratory phase influences neural oscillatory power across 
a broad range of frequencies both within and beyond the 
canonical olfactory circuit  
Christina Zelano, Sydni Cole, Stephan Schuele, Joshua Rosenow,  
Jay Gottfried 
Northwestern University/Department of  Neurology, Chicago, IL, USA 
 
The olfactory system is inherently tied to the respiratory cycle; 
air samples always arrive in phase with inspiration, producing an 
inherent rhythm of  stimulus sampling in the olfactory system. 
Using intracranial EEG techniques, we have recently found that 
in the absence of  odor, natural breathing during both sleep and 
wake states results in inspiratory-locked increases in spectral 
power in human piriform cortex. Furthermore, respiration 
entrains a network of  oscillatory activity that extends beyond 
the canonical olfactory circuit, including limbic structures such 
as the amygdala and hippocampus, and some orbitofrontal and 
parietal areas as well. Across the phase of  a breathing cycle, 
there are distinct, phase-locked increases in power across a range 
of  oscillatory frequencies. By computing the entropy of  phase-
amplitude plots of  the respiratory phase against the magnitude 
envelope of  neural data filtered over a range of  frequencies, we 
were able to examine the modulation index of  coupling between 
respiration and neural oscillations. Preliminary data revealed that 
in piriform cortex, statistically significant coupling was present 
in delta, theta and alpha bands (P <0.001), with differences in 
coupling between sleep and wake states. In amygdala, neuro-
respiratory coupling was observed across a wide frequency 
range, including beta, alpha, and theta (P <0.001), whereas 
in hippocampus, coupling was observed in the beta and delta 
bands (P <0.001). In both regions, neuro-respiratory coupling 
was stronger during wake compared to sleep. Given the 
observed changes in coupling between respiratory phase and 
neural spectral power across behavioral state (sleep versus 
wake), our data provide direct electrophysiological evidence 
for state-dependent gating of  information transmission in the 
human olfactory brain. Acknowledgements: 1K99DC012803 
1R01DC013243. FCOI Disclosure: None

#196 POSTER SESSION IV 

Specific and general predictive value codes in the human 
orbitofrontal cortex 
Thorsten Kahnt1, James D. Howard2, Jay A. Gottfried2,  
Philippe N. Tobler1 
1University of  Zurich, Department of  Economics, Zurich,  
Switzerland, 2Northwestern University Feinberg School of  Medicine, 
Department of  Neurology, Chicago, IL, USA 
 
Adaptive behavior requires reliable representations of  the 
expected outcome of  alternative behavioral options. Neurons 
in the orbitofrontal cortex (OFC) have been shown to encode 
the value associated with sensory cues. However, it is unclear 
whether predictive outcome representations in the OFC are 
in the form of  a general value currency, or whether they are 
specific for the sensory identity of  the predicted outcome. 
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Here we addressed this question in humans (n=15) using fMRI 
and a classical conditioning task in which abstract visual cues 
(conditioned stimuli; CS) that were predictive of  pleasant food 
odors (sweet and savory) in different intensities (unconditioned 
stimuli; US, 2 identity x 2 intensity). Pleasantness ratings of  US 
and CS indicated significant main effects of  intensity (p<0.001), 
but not of  identity (p>0.56), and no interactions (p>0.91), 
suggesting values were matched between odor types. During 
fMRI data acquisition, subjects saw different CSs, followed by 
the corresponding US delivered to their nose. Using pattern-
based analyses (multivoxel searchlight analyses), we show that 
multivoxel activity patterns in the lateral OFC coding for the 
predicted value of  the cues are identity-specific. In contrast, a 
common value code was observed in the medial OFC. These 
findings suggest that predictive value codes in the lateral OFC 
are specific for the sensory identity of  the expected outcome. 
Moreover, they show that the medial OFC contains a value 
signal that is independent of  the specific identity of  the predicted 
outcome. By demonstrating concurrent identity-specific and 
general signaling of  expected outcome value, these findings 
have important implications for how the brain facilitates 
adaptive behavior. Acknowledgements: Swiss National Science 
Foundation Grant PP00P1_128574 and CRSII3_141965 NIH 
Grant 1F31DC013500-01 NIH Grant R01DC010014. FCOI 
Disclosure: None

#197 POSTER SESSION IV 

Overshoot Phenomena in Olfactory Bulb Layers in the  
Female American Mink (Neovison vison var. atratus)  
Willi Bennegger1,2, Elke Weiler1,2 
1Faculty of  Natural Sciences, Institute for Neurobiology,  
University of  Ulm, Ulm, Germany, 2Maria-von-Linden-Schule, 
Heidenheim, Germany3

 
The olfactory bulb increases in size continuously until adulthood 
in the female American Mink (Neovison vison var. atratus), despite 
that the brain shows an overshoot development during juvenile 
age. Because the olfactory bulb receives nerve fibers from higher 
brain areas and cells from the rostral migratory stream, we 
were interested, if  all olfactory bulb layers show continuous 
growth or if  some layers follow the brain developmental pattern, 
exhibiting a phase of  overshoot with subsequent reduction in 
volume. Therefore we analyzed the absolute volume of  each 
olfactory bulb layer in a total of  36 female minks at different 
postnatal ages (newborns, postnatal day 0 (P0) up to 7 months) 
using histological sections and a morphometric system. A 
continuous increase in volume was observed in the external 
plexiform layer (P0: 0.04±0.01 mm3; P60: 13.62±0.38 mm3; 
P210: 24.42±1.56 mm3) and granule cell layer (P0: 0.30±0.02 
mm3; P60: 12.98±0.47 mm3; P210: 30.85±1.43 mm3) following 
the continuous increase of  the whole olfactory bulb volume. In 
contrast, volume maxima at P60 with subsequent significant 
reduction (p<0.01) were reached in the internal plexiform layer 
(P60: 3.70±0.30 mm3; P90-120: 2.02±0.47 mm3), the internal 
medullar layer (stratum album: P60: 13.95±0.54 mm3; P90-120: 
11.32±0.79 mm3; P210: 9.71±2.27 mm3), and the subependymal 

layer (P60: 4.69±0.13 mm3; P90-120: 2.64±0.14 mm3; P210: 
1.12±0.34 mm3). The mitral cell layer showed a significant 
maximum at P90-150 (4.50±0.27 mm3; P210: 3.78±0.37 mm3). 
These results indicate that layer specific overshoot phenomena 
exist in the olfactory bulb, not reported before. Layer reduction 
might be related to retraction of  centrifugal fibers during juvenile 
brain reduction, whereas layers with migratory stream input 
continue to increase volume. Acknowledgements: Supported by 
FORUM 208/00M122/13 (2000). FCOI Disclosure: None

#198 POSTER SESSION IV 

Expression of Kirrels in vomeronasal sensory neuron axons 
controls their coalescence into glomeruli of the AOB  
Alexandra C. Brignall1,2, Janet E.A. Prince1,2, Jean-François Cloutier1,2 
1McGill University Dept. Neurology and Neurosurgery, Montréal, QC, 
Canada, 2Montreal Neurological Institute, Montréal, QC, Canada 
 
The accessory olfactory system controls social behaviour and 
sexual interactions, both of  which are critical for survival in 
mice. Vomeronasal sensory neuron (VSN) axons form synapses 
with dendrites of  second order neurons in glomeruli of  the 
accessory olfactory bulb (AOB). Axon guidance molecules 
control the anterior-posterior segregation of  VSN axons in the 
AOB, however less is known about the mechanisms regulating 
the coalescence of  axons expressing a specific receptor into 
glomeruli. We have previously shown that two members of  the 
Kirrel family of  cell adhesion molecules, Kirrel-2 and Kirrel-3, 
are differentially expressed in subpopulations of  VSNs, thereby 
defining a molecular code of  axonal recognition. Furthermore, 
germline ablation of  Kirrel-3 expression led to a loss of  male-
male aggression in mice. Here, we show that germline ablation 
of  either Kirrel-2 or Kirrel-3 expression in the mouse results 
in the formation of  fewer yet larger glomeruli in the posterior 
AOB while removal of  both proteins prevents the formation 
of  distinguishable glomeruli throughout the AOB. In addition, 
the coalescence of  specific tau-lacZ-labeled populations of  
VSN axons is severely disrupted in kirrel-2-/-; kirrel-3-/- mice. 
More precisely, Kirrel function is required in VSN axons as its 
specific ablation in olfactory and vomeronasal sensory neurons 
(kirrel-2lox/lox; OMP-Cre) leads to defects in glomeruli formation 
that phenocopy alterations observed in kirrel-2-/- mice. We are 
currently assessing whether the wiring defects observed in kirrel-
2lox/lox; OMP-Cre mice cause changes in VNO-mediated behavior 
in these mice. Taken together, our results show that differential 
expression of  Kirrels on vomeronasal axons dictates their proper 
coalescence into glomeruli within the AOB. Acknowledgements: 
Canadian Institutes of  Health Research and Natural Sciences 
and Engineering Council of  Canada. FCOI Disclosure: None
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#199 POSTER SESSION IV 

The Postnatal Development of the Mouse Olfactory Peduncle 
Peter Brunjes, Lindsay Collins, Stephen Osterberg, Adriana Phillips 
University of  Virginia, Charlottesville, VA, USA 
 
The area behind the olfactory bulb, the olfactory peduncle, 
contains the rostral-most portion of  the olfactory cortex  
(a region often referred to as the anterior olfactory nucleus, 
AON) as well as two smaller areas. The present study examines 
the development of  the region in mice. Normal pups at 10, 
20, and 30 postnatal (P) days and mice with a single external 
naris closed (NOSX) from P1 to P30 were examined. An 
approximate 200% increase in the size of  the AON in normal 
pups occurred between P10 and P30. The greatest increase 
occurred in pars dorsalis with negligible changes in the volumes 
of  pars medialis and ventroposterior. NOSX for 30 days 
resulted in an approximate 35% decrease in volume of  the 
ipsilateral pars principalis, a slight increase in the size of  the 
ipsilateral AON pars externa, and no effect on the volume of  
the contralateral AON. Substantial differences were observed in 
glial populations during the first 30 postnatal days. For example, 
little oligodendrocyte (MBP) immunostaining was observed at 
P10, a time when large numbers of  both astrocytes (GFAP) and 
microglia (IBA1) were apparent. Numbers of  GAD-67+ cells 
decreased by 50% between P10 and P30, although the reduction 
was not as large in NOSX pups. Developmental differences 
in overall numbers and subspecies (calretinin, calbindin, 
parvalbumin, NPY, VIP, CCK and SOM) of  GABAergic 
interneurons were also observed. For example, each subregion 
of  the AON exhibited unique developmental patterns of  
both calretinin- and NPY- containing interneurons. Together 
the results indicate that substantial and regionally different 
postnatal development occurs in the region in the mouse. Further 
examination and comparison of  these regional variations may 
provide a key to understanding functional specializations within 
the peduncle. Acknowledgements: Supported by Grant DC-
000338 from NIDCD/NIH. FCOI Disclosure: None

#200 POSTER SESSION IV 

Differential transcription factor expression patterns in mouse 
and human olfactory bulb interneuron phenotypes   
John W. Cave1,2, Nana Fujiwara1 
1Burke Medical Research Institute, White Plains, NY, USA,  
2Weill Cornell Medical College, New York, NY, USA 
 
Hidden formatting deleted. Delete this text! line-
height:150%”>Elucidating molecular mechanisms that control 
development of  specific neuronal phenotypes is a fundamental 
challenge in developmental neurobiology. The large number 
of  interneuron phenotypes in the mammalian olfactory bulb 
provides an ideal system to investigate regulatory mechanisms 
responsible for establishing neuronal phenotypic diversity. 
This study invetigated whether combinational patterns of  
transcription factors associated with distinct olfactory bulb 
interneuron phenotypes are conserved between humans and 

mice. Immunohistochemical studies analyzed the co-expression 
of  Tyrosine Hydroxylase, Calretinin and Calbindin with the 
transcription factors ER81, PAX6, FOXP2, SP8 and MEIS2. 
The findings show that Tyrosine Hydroxylase co-expression 
with both MEIS2 and PAX6 was conserved, but overlap with 
ER81 was only found in mice. Co-expression of  Calbindin and 
FOXP2 was conserved, but mutual expression of  both Calbindin 
and MEIS2 was only observed in the human olfactory bulb. 
Significant co-expression of  MEIS2 and SP8 with Calretinin was 
also conserved, but ER81 was largely absent from Calretinin-
containing cells in the human olfactory bulb. A surprising 
difference between the mouse and human olfactory bulbs was 
that ER81 is not substantially co-expressed with any of  the 
interneuron human phenotypes studied. Together, conserved 
co-expression of  individual transcription factors with Tyrosine 
Hydroxylase, Calretinin or Calbindin suggests that those 
transcription factors are required for interneuron phenotype 
specification. By contrast, transcription factor co-expression 
patterns that are not conserved between humans and mice 
suggest that those transcription factors control genetic programs 
that are independent of  the phenotype. Acknowledgements: NIH 
DC008955, NIH MH068855, Burke Medical Research Institute. 
FCOI Disclosure: None

#201 POSTER SESSION IV 

Proinflammatory cytokines modulate sodium transport  
in polarized taste buds  
Devaki Kumarhia, Lynnette McCluskey 
Georgia Regents University, Augusta, GA, USA 
 
Sodium ions pass through apical epithelial sodium channels 
(ENaC) in taste cells, depolarizing them and transmitting 
information about sodium taste to the brain. Salt taste 
transduction is among the least understood of  the taste 
transduction pathways. Moreover, few ENaC modulators 
have been identified in taste receptor cells compared to other 
sodium-transporting epithelia. Additional sodium transport 
pathways, such as the transient receptor potential cation channel 
subfamily V member 1 (TRPV1) may also be targets of  cytokines 
in the peripheral taste system. Interleukin (IL)-1b and tumor 
necrosis factor (TNF)-a are classic proinflammatory cytokines 
produced by activated leukocytes. IL-1b and its receptor are 
also strongly expressed in taste cells. This cytokine promotes the 
maintenance of  normal sodium taste function after contralateral 
chorda tympani injury, but the direct effects of  IL-1b on sodium 
transport in taste buds are unknown. We loaded rat lingual 
epithelia containing polarized fungiform taste buds with the 
sodium indicator dye CoroNa Green and measured changes in 
fluorescence (F

490
). Apical administration of  the ENaC blocker 

amiloride (50 µM in control Ringer’s) decreased F
490

 by 10-15%. 
Basolateral IL-1b (0.05 ng/ml – 5 ng/ml in control Ringer’s 
solution) caused an amiloride-sensitive oscillating increase 
in F

490
 of  2-10% that occurred within seconds. These results 

indicate that IL-1b rapidly augments ENaC function, in contrast 
to its effects in other ENaC-containing epithelia. In contrast, 
basolateral TNF-a (10 ng/ml in control Ringer’s solution) causes 
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a dramatic 60% decrease in F
490

. TNF-a inhibited sodium flux 
even after infusion of  apical amiloride and TRPV1 antagonists. 
This suggests that TNF-a modulates a novel sodium-transporting 
pathway in taste buds. Acknowledgements: NIDCD 00006. 
FCOI Disclosure: None

#202 POSTER SESSION IV 

Nicotinic Acetylcholine Receptor (nAChR)-dependent Chorda 
Tympani (CT) Taste Nerve Responses to Nicotine and Ethanol 
Vijay Lyall1, Jie Qian1, Shobha Mummalaneni1, Karnam S. Murthy1, 
Imad M. Damaj2, Ivan E de Araujo3, Robert Margolskee4 
1VCU/Physiology & Biophysics, Richmond, VA, USA,  
2VCU/Toxicology & Pharmacology, Richmond, VA, USA,  
3Yale Univ/The John B Pierce Laboratory, New Haven, CT, USA, 
4Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Chorda tympani (CT) taste nerve responses to nicotine and 
ethanol demonstrate both TRPM5-dependent and TRPM5-
independent transduction pathways (Oliveira-Maia et al. 
PNAS 106(5):1596-1601, 2009). We investigated if  TRPM5-
independent CT responses to nicotine and ethanol show 
dependence upon nAChRs expressed in taste cells. CT responses 
to nicotine and ethanol were inhibited when rat tongue was 
stimulated with mixtures containing nAChR antagonists 
mecamylamine, dihydro-b-erythroidine and partial agonists of  
the a3b4* nAChR, CP-601932 and PF-4575180. CP-601932 
inhibited the CT response to 40% ethanol and 40 mM nicotine 
in a dose-dependent manner with a K

i
 of  42.9 nM and 32.8 

nM, respectively. CP-601932 also blocked CT responses to 
nicotine and ethanol when injected subcutaneously (10 mg/
Kg body weight in saline). Topical lingual application of  15 
mM 8-chlorophenylthio (CPT)-cAMP for 20 min inhibited the 
rat CT responses to ethanol and nicotine. Pre-treating the rat 
tongue with 100 µM H89 (a protein kinase A blocker) for 20 
min inhibited the effect of  8-CPT-cAMP. Loading taste cells in 
vivo with Ca2+ by topical application of  150 µM ionomycin+10 
mM CaCl

2
 for 20 min inhibited the CT response to ethanol and 

nicotine. In contrast, topical application of  33 mM BAPTA-
AM for 30 min increased CT response to 40 mM nicotine. 
These results suggest that cAMP-PKA or Ca2+-PKC mediated 
phosphorylation inhibits the activity of  nAChRs resulting in a 
decrease in the CT response to nicotine and ethanol. By using 
immunohistochemical and in situ hybridization techniques 
in TRPM5-GFP mice, nAChR subunits a3, a4, b2 and b4 
were localized in TRPM5 and T2R38 positive fungiform and 
circumvallate taste cells and also in STC-1 cell line. We conclude 
that nAChRs function as bitter taste receptors for nicotine  
and ethanol. Acknowledgements: Supported by NIDCD grant 
DC-011569. FCOI Disclosure: None

#203 POSTER SESSION IV 

Neonatal Chorda Tympani Transection Reduces Adult 
Glossopharyngeal Nerve Responses to NaCl in Rats 
Louis J Martin, Suzanne I Sollars 
University of  Nebraska at Omaha, Psychology Department,  
Omaha, NE, USA 
 
Sectioning of  the rat chorda tympani (CT) nerve produces 
more severe morphological and behavioral changes when this 
surgery occurs during development. Neonatal but not adult 
CT transection (CTX) results in an abnormal adult preference 
for ammonium chloride (NH

4
Cl) – a salt which intact rats 

find aversive. To determine if  neonatal CTX alters the typical 
development of  glossopharyngeal (GL) nerve responses 
to NH

4
Cl and other tastants, whole-nerve recordings were 

performed in adults following neonatal CTX. Postnatal day five 
(P5) rats received either unilateral CTX or a SHAM surgery, 
and P10 rats underwent bilateral CTX, unilateral CTX, or a 
SHAM procedure. At least 50 days post-surgery, GL responses 
to various stimuli were recorded and compared with responses 
to two standards: 0.5 M NH

4
Cl and 0.5 M KCl. NaCl responses 

differed between P10 groups with NH
4
Cl as the standard 

(F=8.713, p<.01) and there was a trend for differences with KCl 
as the standard (F=3.403, p=.07). NaCl responses were lower 
after neonatal CTX at P10, with bilateral CTX rats having the 
lowest response. Since sodium salt responses in the GL are not 
attenuated by amiloride, it appears that neonatal CTX alters 
amiloride-insensitve sodium salt transduction on the posterior 
tongue. Given that NaCl responses were analyzed relative to 
NH

4
Cl and KCl responses, this result suggests that K+, NH

4
+, 

and Na+ salts are transduced, at least partially, through different 
mechanisms. No differences were found for GL responses to 
NH

4
Cl, indicating that altered GL activity after neonatal CTX is 

not responsible for NH
4
Cl preference. There were no differences 

in tastant-elicited nerve activity between P5 CTX rats and 
controls. These results suggest that nerve responses are more 
greatly affected following bilateral CTX compared to unilateral 
CTX. Acknowledgements: The Office of  Research and Creative 
Activity (University of  Nebraska at Omaha) provided funding  
for this work. FCOI Disclosure: None

#204 POSTER SESSION IV 

Individual differences in salt taste thresholds among  
children: Role of SCNN1D gene 
Nuala K. Bobowski, Loma B. Inamdar, Susana Finkbeiner,  
Corrine Mansfield, Danielle R. Reed, Julie A. Mennella 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Recent times have witnessed an increasing prevalence of   
high blood pressure in American children linked to their 
increasing obesity rates and high sodium intake levels. Recently, 
we and others found a relationship among anthropometric 
measures, blood pressure, and salty taste thresholds in 5- to 
10-year-old children. While obese children had higher systolic 
blood pressure than those who were normal weight, salty taste 
detection thresholds were positively correlated with systolic 
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blood pressure only in the normal weight children. To further 
understand this link between taste and blood pressure prior to  
the onset of  clinical hypertension, each of  the 83 children  
(48% Black, 19% White, 33% Other) was genotyped for a  
gene encoding a subunit of  the epithelial sodium channel 
(SCNN1D) previously implicated in salty taste perception in 
humans. Preliminary analysis revealed a significant interaction 
between genotype and body weight category for salty taste 
thresholds. Acknowledgements: This project was funded by an 
investigator-initiated grant from Ajinomoto, Inc. and Monell 
Institutional Funds. FCOI Disclosure: None

#205 POSTER SESSION IV 

Salty Taste Deficits in CALHM1 Knockout Mice 
Rachel M Dana1, Stuart A McCaughey1, Tiffany Aleman2,  
Phillipe Marambaud3, J. Kevin Foskett4, Michael G Tordoff2 
1IUSM-MUncie at Ball State University, Muncie, IN, USA,  
2Monell Chemical Senses Center, Philadelphia, PA, USA,  
3Feinstein Institute for Medical Research, Manhasset, NY, USA, 
4University of  Pennsylvania, Philadelphia, PA, USA 
 
Genetic ablation of  calcium homeostasis modulator 1 
(CALHM1), which releases ATP from Type 2 taste cells, severely 
compromises the behavioral and electrophysiological responses 
to taste qualities detected by G protein-coupled receptors, such 
as sweet and bitter. However, the contribution of  CALHM1 to 
salty taste perception is less clear. Here, we evaluated several 
salty taste-related phenotypes of  CALHM1 knockout (KO) mice 
and their wild-type (WT) controls: (a) In a conditioned aversion 
test, CALHM1 WT and KO mice had similar thresholds for 
salty taste. (b) In brief-access tests,CALHM1 KO mice showed 
less avoidance than did WT mice of  high concentrations of  
NaCl, KCl, NH

4
Cl and sodium lactate (NaLac). Amiloride 

further ameliorated the NaCl avoidance of  CALHM1 KO 
mice so that lick rates to a mixture of  1000 mM NaCl + 10 
µM amiloride were statistically indistinguishable from those to 
water. (c) Relative to WT mice, CALHM1 KO mice had smaller 
taste-evoked responses in the chorda tympani nerve elicited by 
oral application of  NaCl, especially for high concentrations. 
Response sizes were also smaller in the KO group to NaLac and 
sucrose, but not to HCl and NH

4
Cl.Chorda tympani responses 

to NaCl and NaLac were amiloride-sensitive in WT but not 
KO mice. These results reinforce others demonstrating that 
multiple transduction pathways make complex, concentration-
dependent contributions to salty taste perception. One of  these 
pathways depends on CALHM1 to detect hypertonic NaCl in 
the mouth and signal the aversive taste of  concentrated salt. 
Acknowledgements: Supported by NIH grant DC-010393 to 
MGT and DC-012538 to JKF. FCOI Disclosure: None

#206 POSTER SESSION IV 

Serotonin signaling to 5-HT
3A

 on taste sensory nerve  
fibers is not required for sour taste 
Eric D. Larson1,3, Aurelie Vandenbeuch1,3, Sue C. Kinnamon1,2,  
Thomas E. Finger2,3 
1University of  Colorado School of  Medicine, Otolaryngology, Aurora, 
CO, USA, 2University of  Colorado School of  Medicine, Cell and 
Developmental Biology, Aurora, CO, USA, 3Rocky Mountain Taste and 
Smell Center, Aurora, CO, USA 
 
While ATP is necessary for activation of  taste sensory nerve 
fibers, little is known about other neurotransmitters in activating 
taste nerves. One candidate, serotonin or 5-hydroxytryptamine 
(5-HT), is released from Type III cells upon membrane 
depolarization or by low pH (sour). The released 5-HT may both 
inhibit adjacent taste cells (via the 5-HT

1A
 receptor) and signal 

to gustatory nerve fibers. In the present study, we investigated 
the role of  the 5-HT

3A
 suggested to be present on the gustatory 

nerves. Using a mouse expressing GFP under the control of  
the 5-HT

3A
 receptor promoter (GENSAT: 5-HT

3A
-GFP mice), 

we observed GFP-positive nerve fibers in taste buds in all oral 
taste fields, indicating the likelihood of  the 5-HT

3A
 receptor in 

a subset of  gustatory nerve fibers. In the geniculate ganglion, 
less than half  of  the ganglion cells display GFP and all of  these 
cells also exhibit immunoreactivity for either P2X receptor 
subunits. To determine if  5-HT can activate 5-HT

3A
 positive 

cells, we measured the response to ATP and 5-HT after loading 
acutely isolated geniculate ganglion neurons with Fura-2-
AM. Both 10 µM ATP and 10 µM 5-HT evoked an increase 
in intracellular calcium. Further, the response to 5-HT was 
blocked by application of  1 µM Ondansetron, a specific 5-HT

3A
 

antagonist. To test whether signaling via 5-HT
3A

 receptors was 
necessary for sour taste detection, chorda tympani recordings 
were performed on anesthetized 5-HT

3A
 knockout and wildtype 

mice. These recordings revealed no statistically significant 
differences in response to sour stimuli applied to the tongue. Our 
results suggest that while 5-HT released from Type III cells might 
act on gustatory nerve fibers via the 5-HT

3A
 receptor, activation 

of  5-HT
3A

 receptors is not required for the transmission of  sour 
taste information Acknowledgements: This work was supported 
in part by grants from NIH R01 DC012555, R01DC012931, 
P30DC004657. FCOI Disclosure: None

#207 POSTER SESSION IV 

Efficient odor-guided navigation by mice using  
airborne plumes  
David H Gire1,2, Vikrant Kapoor1,2, Annie Arrighi-Allisan1,2,  
Agnese Seminara3, Venkatesh N Murthy1,2 
1Department of  Molecular and Cellular Biology, Harvard University, 
Cambridge, MA, USA, 2Center for Brain Science, Harvard University, 
Cambridge, MA, USA, 3Laboratoire de physique de la matiere 
condensee, CNRS, Nice, France 
 
Olfaction is used as a distal sense by mammalian species to 
locate food, evade predators, and interact with conspecifics. 
However, little is known regarding how mammals use naturally 
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occurring odor plumes to acquire olfactory information and 
perform these vital behaviors. In the present study, we sought to 
determine the strategies used by mice to navigate to odor sources 
using naturally occurring airborne odor plumes. All experiments 
were performed under far red light in a square arena measuring 
0.6 m on each side. We trained water-restricted, freely moving 
mice to navigate to one of  three possible sources of  an odor 
(chosen randomly for each trial) to receive a water reward, and 
monitored both mouse location and odor sampling (sniffing) 
during the task. Mice rapidly learned this task, correctly finding 
the odor source on >80% of  trials within 5 sessions of  training. 
To understand the distribution of  odors, we used a photo-
ionization detector (PID) to measure odor concentration at 
numerous points within the arena following odor release. Based 
upon our PID measurements and fluid dynamic simulations, 
we found that odors were dispersed in highly fluctuating plumes 
within the arena. Despite the complexity of  these airborne odor 
cues, mice were able to efficiently navigate to odor sources. To 
understand the ease with which mice used these airborne cues, 
we analyzed single point PID data and found that the correct 
odor source could be identified using a simple classifier with a 
high degree of  certainty (>80% correct) after briefly sampling 
an odor plume (2 sec). These results suggest that when an odor 
source is relatively close to a searcher, airborne cues are highly 
informative regarding odor source location and that mice can 
efficiently use these cues to perform odor-guided navigation. 
Acknowledgements: NIDCD K99DC013305 (DHG) and 
R01DC011291 (VNM). FCOI Disclosure: None

#208 POSTER SESSION IV 

Validation of Olfactory Threshold Testing Methods 
Alan R Hirsch1, Alexander Roussos1, Sally Freels2 
1Smell & Taste Treatment and Research Foundation, Chicago, IL, USA, 
2University of  Illinois at Chicago, Chicago, IL, USA 
 
Objectives:In those with chemosensory complaints, head to 
head comparison of  unilateral olfaction threshold testing with 
the Smell Threshold Test and the OLFACT-RL threshold test 
was undertaken. Methods: Charts of  23 consecutive patients 
presenting with chemosensory complaints seen at the Smell & 
Taste Treatment and Research Foundation were reviewed and 
information extracted as per IRB guidelines. In accordance 
with the published administration manual, all had undergone 
olfactory testing with the PEAand the OLFACT-RL Threshold. 
Results: Using Spearman correlation coefficients to measure 
the statistical correlation between tests, there is evidence of  
correlation between PEA and OLFACT-RL values on the left 
side only, overall (r=.49, p=.0184); within those who have 
hyposmia and do not have anosmia (r=.42, p=.0668); within 
those who do not have BMS (r=.46, p=.0304); and within 
those who do not have dysosmia (r=.47, p=.0553). There is no 
evidence of  correlation on the right side. Conclusion: Olfactory 
threshold correlation was expected since these test the sane 
physiological function. Cause of  the discrepancy in the right 
nostril test results may be due to subject’s inattention. In both 
techniques the left nostril is tested first. By the time the second 
nostril is tested, inattention may lead to more variable results. 

It is unknown which testing is more accurate in accessing the 
right nostril, this may be ascertained using other olfactory tests 
for validation. Switching protocol such that the right nostril 
is tested first may reveal if  the discrepancy is due to mental 
fatigue. While the left nostril correlation suggests that the tests 
are interchangeable, the lack of  correlation in the right nostril 
requires further investigation. Acknowledgements: Smell & Taste 
Treatment and Research Foundation. FCOI Disclosure: Alan 
R. Hirsch is the owner and neurologic director of  the Smell & 
Taste Treatment and Research Foundation; holds equity in Sensa 
LLC, and is a consultant for numerous companies in the flavor, 
fragrance, food, and related industries.

#209 POSTER SESSION IV 

Characterizing olfactory generalization in Fischer 344 rats 
using behavioral reaction times    
Michelle Lyman1, Wendy M Yoder2, Olivia Munizza1, Leslie Gaynor1, 
Barry Setlow2, 3, 4, Jennifer Bizon2, 3, 5, David W Smith1, 2, 5 
1Interdisciplinary Studies Major in Neurobiological Sciences, University 
of  Florida, Gainesville, FL, USA, 2Program in Behavioral and 
Cognitive Neuroscience, Department of  Psychology, University of  
Florida, Gainesville, FL, USA, 3Department of  Psychiatry, Univsersity 
of  Florida, Gainesville, FL, USA, 4Department of  Neuroscience, 
University of  Florida, Gainesville, FL, USA, 5Center for Smell and 
Taste, University of  Florida, Gainesville, FL, USA 
 
To investigate whether olfactory generalization gradients could 
be obtained using non-reinforced probe trials, we measured 
reaction times across a series of  complimentary binary mixture 
ratios. We employed an automated, liquid-dilution olfactometer 
to train Fischer 344 rats (N=8) on an odor identification 
task using non-reinforced probe trials. Binary mixture ratios 
composed of  aliphatic odorants (citral and 1-octanol) were 
arranged such that relative contributions of  the two components 
varied systematically by a factor of  1% (v/v). Relative 
concentrations for the target, control and mixture odorants were 
presented at predetermined levels relative to threshold for each 
animal. Ten probe trials were tested for each mixture ratio and 
recorded as either S+ (the animal licked in the presence of  the 
mixture) or S- (the animal refrained from licking). To determine 
the perceived salience for each ratio, reaction times (latency 
from odor onset to lick response) were recorded for each trial. 
Consistent with previous studies, results show that for both citral 
and octanol, reaction times were rapid (~150-200 ms) when the 
probe trials consisted of  a single, monomolecular component. 
Binary mixtures that differed from the target odorant by as 
little as 1% however were different enough to increase reaction 
times (i.e. the animal hesitated longer before responding). 
Asymmetrical response times were indicated, such that less citral 
was required to suppress the presence of  octanol than vice versa. 
On average, animals ceased responding to the probe trials as the 
target at the ratio 94:6 for octanol and 85:15 for citral. Reaction 
times changed systematically as a function of  task difficulty for 
both odorants, but the steepness of  the generalization gradients 
depended on the target odorant presented. Acknowledgements: 
NIH R01 AG024671 and the McKnight Brain Research 
Foundation, University of  Florida. FCOI Disclosure: None
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#210 POSTER SESSION IV 

Building a better rat trap: olfactory preferences of Rattus 
Norvegicus for foods and a pheromone  
Matthew D May, John J McGlone 
Laboratory of  Animal Behavior, Physiology and Welfare,  
Department of  Animal and Food Sciences, Lubbock, TX, USA 
 
One way to improve vermin bait effectiveness is to introduce 
odors that would capitalize on any innate preferences in a 
way that makes material more preferential than foods in 
the environment. Our hypothesis was that pheromones in 
some species may be attractive to members of  other species. 
Pheromones may be conserved across species and cause 
unpredictable effects – such a pheromone in one species would 
be called an interomone in another. For example, we recently 
reported that the pig sexual/social pheromone androstenone 
stopped dogs from barking. The objective of  this study was to 
determine by Y-maze preference tests if  interomones might 
be preferred or avoided relative to food found in commercial 
settings. Preference Indexes (PI; if  % listed, p <0.05) were 
calculated after evaluation of  paired odors or substances using 10 
male and 10 female rats per evaluation. Compared with saline, 
rats had significant preferences for ground corn (18.2%), or 
ground soybean (22.8%). Rats preferred 1 µg/mL androstenone 
compared with isopropyl alcohol (vehicle). Androstenone was 
preferred over corn (12.5%) and soy (12.7%). Androstenone 
mixed with soy (13.8%) was preferred compared with soy 
(13.8%) and androstenone mixed with corn was preferred 
compared to corn (13.1%). Rats did not prefer cat, hamster, 
gerbil or rabbit known pheromones compared with their vehicle. 
The pig sexual/social pheromone, acting as an interomone, was 
preferred by rats either alone or in combination with corn or 
soy compared either vehicle or corn or soy. The evolutionary 
significance of  why androstenone might reduce dog barking or 
be attractive to rats remains unknown. Clearly androstenone had 
diverse behavioral effects on several species. Acknowledgements: 
Control Systems, Inc., Pasadena, Texas. FCOI Disclosure: The 
authors receive funding from Control Systems, Inc. which is 
developing products related to research described in this poster. 
The terms of  these arrangements have been reviewed and 
approved by Texas Tech University in accordance with its policy 
on objectivity and conflicts of  interest in research. 

#211 POSTER SESSION IV 

A Technique for Characterizing the Time Course of  
Odor Adaptation in Mice 
Olivia N Munizza1, Wendy M Yoder2, Michelle E Lyman1,  
Leslie Gaynor1, Barry Setlow2,3,4, Jennifer L Bizon2,3,5,  
David W Smith1,2,5 
1Interdisciplinary Studies Major in Neurobiological Sciences, 
Gainesville, FL, USA, 2Program in Behavioral and Cognitive 
Neuroscience, Department of  Psychology, Gainesville, FL, USA, 
3Department of  Psychiatry, Gainesville, FL, USA, 4Department of  
Neuroscience, Gainesville, FL, USA, 5Center for Smell and Taste, 
Gainesville, FL, USA 
 
Although numerous studies have analyzed the temporal 
characteristics underlying olfactory adaptation at the level of  
the olfactory receptor neuron (ORN), to date there have been no 
comparable behavioral measures in animal models. In this study, 
odor adaptation was estimated in a group of  mice employing a 
psychophysical technique recently developed for use in humans. 
Adaptation was estimated as the increase in threshold for a 
relatively brief  target odorant presented simultaneously with an 
adapting odorant, across varying adapting-to-target onset delays. 
The premise of  this technique is that extended presentation 
of  an odorant will produce odor adaptation, decreasing the 
sensitivity of  the receptors and increasing thresholds for the 
brief, simultaneous target odorant presented at different time 
points on the adaptation contour. Previous research from our 
laboratory suggests this method provides a reliable temporal 
estimate of  rapid adaptation in human subjects. Consistent 
with physiological and behavioral data from human subjects, 
the present findings demonstrate that measurable olfactory 
adaptive effects can be evoked by pulses as brief  as 50-100 ms, 
with asymptotic levels of  adaptation evident by 400-600 ms. 
These data not only establish a critical temporal link between 
perceptual adaptation and peripheral ORN mechanisms, but 
also demonstrate that this psychophysical technique can be 
adapted for use in animal models. Acknowledgements: NIH 
R01 AG024671 and the McKnight Brain Research Foundation, 
University of  Florida FCOI Disclosure: None

#212 POSTER SESSION IV 

A simple low-cost, reliable and objective method to assess 
mouse odor detection and discrimination 
Burton Slotnick1, David Coppola2 
1American University, Washington, DC, USA, 2Randolph Macon 
College, Ashland, VA, USA 
 
We discuss serious shortcomings of  commonly used sniff, 
habituation and similar methods that depend upon spontaneous, 
untrained responses to assess olfaction in mice and describe an 
alternative method that uses a simple learning task . In odor 
cued taste avoidance (OCTA) thirsty mice are presented with 
an odorized solution of  a bitter tastant (the S- stimulus) and, in 
subsequent trials, tested with that tastant, water, or a different 
odorized tastant. Trial procedures are computer controlled, 
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physical contact with fluid is monitored with a lickometer circuit, 
and response latency and contact time are measured in separate 
30 sec trials. In a series of  studies we have assessed the efficacy 
of  different bitter substances and a variety of  trial parameters 
for promoting rapid acquisition of  both odor detection and odor 
discrimination. Our results demonstrate that OCTA learning 
is robust under a variety of  conditions, that acquisition occurs 
often after only one or two exposures to the S-, and that the 
same mouse can be trained over repeated trials in daily sessions 
on multiple detection and discrimination tasks (including odor 
mixture discrimination). Trained mice sniff  at the proffered 
fluid, respond with long latencies (or not respond) to the 
detected S- but quickly ingest the S+ stimulus. The method is 
easily instrumented, lends itself  well to measures of  short- and 
long-term memory, effects of  genetic manipulations and other 
interventions. Acknowledgements: This study was supported 
by grants from the National Science Foundation [#0641433 
to DC], Chenery Endowment, and Rashkind Endowment. 
FCOI Disclosure: Burton Slotnick is President of  Knosys 
Olfactometers, Inc.

#213 POSTER SESSION V 

Intrinsic oscillatory discharge patterns in mitral cells  
of the mouse accessory olfactory bulb 
Monika Gorin, Marc Spehr 
RWTH Aachen University, Institute of  Biology II, Dept. of  
Chemosensation, Aachen, Germany 
 
The accessory olfactory bulb (AOB) represents the first stage 
of  central information processing in the rodent accessory 
olfactory system. Social chemosignals activate sensory neurons 
in the vomeronasal organ, which project to the AOB and form 
synaptic connections with apical dendrites of  mitral cells (MCs). 
As the main excitatory AOB projection neurons, MCs bypass 
the thalamo-cortical axis and project directly to the amygdala 
and hypothalamus. Despite their physiological significance, the 
intrinsic properties of  MCs and their role in social information 
coding are not fully understood. Here, we investigate the 
biophysical properties of  AOB mitral cells using both voltage- 
and current-clamp recordings from optically identified neurons 
in acute mouse AOB tissue slices. We identify a population of  
MCs that display slow oscillatory discharge which persist after 
pharmacological inhibition of  fast synaptic transmission (AP5, 
NBQX and gabazine). The underlying subthreshold membrane 
potential fluctuations display a high degree of  periodicity 
and are mainly driven by a TTX-sensitive persistent sodium 
current. Moreover, our data demonstrate a complex interplay 
of  multiple voltage-gated ion channels, such as TTX-sensitive 
sodium channels, SNX-sensitive calcium channels, and calcium-
dependent potassium channels, that maintain and modulate 
rhythmicity. Together, the oscillatory discharge patterns observed 
in AOB mitral cells could play an important role in both sensory 
coding and gain control along the accessory olfactory pathway. 
Acknowledgements: The work is supported by the SPP 1392. 
FCOI Disclosure: None

#214 POSTER SESSION V 

Network-driven Oscillatory Activity in Mitral Cells  
of the Mouse Accessory Olfactory Bulb 
Chryssanthi Tsitoura, Monika Gorin, Marc Spehr 
Department of  Chemosensation, Institute for Biology II,  
RWTH Aachen University, Aachen, Germany 
 
The accessory olfactory bulb (AOB) is the first stage of  
information processing in the mouse vomeronasal pathway. 
As the main AOB projection neurons, mitral cells (MCs) 
receive sensory input from peripheral vomeronasal neurons 
and relay this information to the vomeronasal amygdala 
and the hypothalamus. In a parallel study, we show that a 
subpopulation of  MCs exhibits slow oscillatory discharge 
that persists upon pharmacological inhibition of  fast synaptic 
transmission. Here, we investigate local effects that these 
highly periodic, yet diverse oscillation patterns exert within the 
AOB network. By using patch clamp recordings from MCs in 
acute mouse AOB tissue slices, we identify several groups of  
entrained MCs that exhibit network-dependent slow oscillatory 
discharge. Block of  fast GABAergic and glutamatergic 
synaptic transmission, respectively, reveals that (a) neural 
entrainment depends on an intact glutamatergic network, and 
that (b) tonic GABAergic MC inhibition frequently masks 
non-intrinsic slow oscillations. On-going experiments aim to 
unravel the network mechanisms underlying MC entrainment 
and the role of  slow rhythmic burst activity in AOB sensory 
information processing. Acknowledgements: This work was 
funded by the VolkswagenFoundation (83533) and the Deutsche 
Forschungsgemeinschaft (SP724/9-1). FCOI Disclosure: None

#215 POSTER SESSION V 

Mapping functional circuitry in the main olfactory bulb 
using flavoprotein fluorescence imaging 
Cedric R Uytingco1,2,4, Adam C Puche1,2,4, Steven D Munger1,2,3,4 
1Department of  Anatomy and Neurobiology, Baltimore, MD, USA, 
2Program in Neuroscience, Baltimore, MD, USA, 3Department 
of  Medicine, Division of  Endocrinology, Diabetes and Nutrition, 
Baltimore, MD, USA, 4University of  Maryland School of  Medicine, 
Baltimore, MD, USA 
 
The main olfactory system has distinct subsystems that differ in 
the chemosensory receptors they express, the stimuli to which 
they respond, and the connections they make in the brain. 
However, it is unclear whether specialized olfactory subsystems 
of  the main olfactory subsystem use similar or distinct strategies 
to process olfactory information in the main olfactory bulb 
(MOB). By imaging changes in the endogenous fluorescence 
of  mitochondrial flavoproteins that accompanies the increased 
metabolic load associated with neuronal activity, we can begin to 
map functional circuitry associated with individual glomeruli in 
MOB slices. Horizontal MOB slices from 3-5 w.o. mice exhibit 
robust flavoprotein signal spread from the glomerular layer 
(GL) to the external plexiform layer (EPL) following electrical 
stimulation (0.5-4s, 10-50Hz, 10-100uA) of  individual canonical 
glomeruli. Flavoprotein signal profiles in the GL and EPL differ 
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in signal amplitude, duration, and kinetics. Low magnification 
(4x) flavoprotein recordings show a large bilateral signal spread 
from the stimulated glomerular unit in both the GL (150µm) and 
EPL (300µm). Bath application of  10mM gabazine increased 
the lateral spread by 2-fold in the GL/EPL, indicating a strong 
influence of  GABAergic interneurons on limiting the lateral 
spread. Surgical microcuts of  the GL and/or EPL differentially 
impacted the unilateral spread of  flavoprotein fluorescence, 
suggesting that both the interglomerular-interneuron and mitral-
granule-mitral pathways contribute to lateral communication in 
these slices. Comparative studies between canonical and necklace 
glomeruli, the latter targeted by GC-D neurons, are ongoing. 
Flavoprotein fluorescence imaging should help reveal basic 
strategies of  information processing in and between the MOB 
and its subsystems. Acknowledgements: NIDCD (DC005633), 
NIGMS (GM008181), NINDS (NS063391), CJRU is a 
Meyerhoff  Graduate Fellow. FCOI Disclosure: None

#216 POSTER SESSION V 

In vivo imaging mitral/tufted cell activity in the mouse 
olfactory bulb using the fluorescent protein voltage  
sensor ArcLight 
Douglas A Storace1,3, Oliver R Braubach2,3, Lawrence B Cohen1,2,3,  
Uhna Sung2 
1Department of  Cellular and Molecular Physiology, Yale University 
School of  Medicine, New Haven, CT, USA, 2Center for Functional 
Connectomics, Korea Institute of  Science and Technology, Seoul, South 
Korea, 3NeuroImaging Cluster, Marine Biological Laboratory, Woods 
Hole, MA, USA 
 
Genetically encoded voltage indicators can be used to optically 
monitor electrical activity from genetically distinct populations 
of  neurons. The FP voltage sensor ArcLight has been used to 
study intact neural circuits in Drosophila and C. elegans. Most 
recently, an ArcLight AAV1 vector was developed that allowed 
successful monitoring of  odorant-evoked electrical activity in 
the mouse olfactory bulb. The goal of  the present study was to 
genetically target ArcLight to mitral/tufted cells in the mouse 
olfactory bulb, and measure their population response to odorant 
presentation. A floxed version of  the ArcLight AAV1 vector was 
developed, and was injected into Pcdh21-Cre transgenic mice, 
which resulted in expression restricted to mitral/tufted cells. 
ArcLight signals were measured using widefield epifluorescence 
imaging in anesthetized mice in response to odorants. ArcLight 
had sufficient signal size and temporal resolution to resolve the 
activity elicited by individual consecutive sniffs of  an odorant 
in single trials. ArcLight can be genetically targeted to specific 
cell types using Cre/LoxP recombination and can report 
population activity elicited by individual sniffs of  an odorant. 
Acknowledgements: US NIH Grants DC005259, Grant WCI 
2009-003 from the National Research Foundation of  Korea, a 
James Hudson Brown – Alexander Brown Coxe Fellowship from 
Yale University, and a Ruth L. Kirschstein National Research 
Service Award F32DC012981-01A1. FCOI Disclosure: None

#217 POSTER SESSION V 

Biogenic Amines: Tyramine, Octopamine, Dopamine and 
Serotonin in the antennal lobe glomerulus in honey bee  
Irina Sinakevitch 1, Jen-Yung Chen2, Maxim Bazhenov2,  
Brian H. Smith1 
1ASU School of  Life Sciences, Tempe, AZ, USA, 2UCR Department  
of  Cell Biology and Neuroscience, Riverside, CA, USA 
 
We used the honey bee as a model system to reveal the 
distribution of  the biogenic amines in the olfactory network 
participating in odor processing. The antennal lobe (AL) of  
honey bee is the anatomical and functional analog of  the 
vertebrate olfactory bulb. The AL consists of  an aglomerular 
neuropil that is surrounded by 160 glomeruli, each glomerulus 
participates in coding of  a subset of  odors. In our previous 
studies we demonstrated that each glomerulus is divided into two 
major areas. The cortex receives inputs from Olfactory Receptor 
Neurons (ORNs) and contains dendrites of  Projection Neurons 
(PNs), which connects the AL to higher order processing 
centers. The core receives inputs from local neurons (LNs) that 
synapse onto PNs (Sinakevitch et al., 2013). The present study is 
therefore aimed at studying the distribution of  biogenic amines 
in the AL by using antibodies against octopamine, dopamine, 
serotonin and tyramine with combination of  the neurobiotin 
tracing of  AL neurons. We found that neurons that express 
biogenic amines have particular varicose-like fibers and have 
significant differences in branching pattern within a glomerulus. 
Serotoninergic fibers from cell bodies located in subesophageal 
ganglion (SEG) invade the core and cortex of  all glomeruli. 
Octopaminergic and tyraminergic fibers from VUM neurons 
are mostly located in the cortex area. Dopaminergic fibers from 
neurons with cell bodies located in SEG are exclusively in the 
aglomerular neuropil with single branches between glomeruli. 
The distribution of  biogenic amines suggests that each amine 
targets different components of  the network (ORNs, PNs or 
LNs). The data could be used to unravel the neuroanatomical 
mechanisms of  reward learning in early sensory processing. 
Acknowledgements: NIH-NCRR RR014166 and NIH grants 
R01 DC011422 and R01 DC012943. FCOI Disclosure: None

#218 POSTER SESSION V 

Functional Operations of MOB CCKergic Circuitry 
Shaolin Liu, Adam Puche, Michael Shipley 
University of  Maryland School of  Medicine/Anatomy and 
Neurobiology, Program in Neuroscience, Baltimore, MD, USA 
 
The intra-bulbar associational circuit (IAC) interconnects two 
mirror glomeruli, which receive axons from olfactory sensory 
neurons expressing the same odorant receptor but are located 
on opposite sides of  each main olfactory bulb (MOB). IAC 
predominantly arises from cholecystokinin (CCK) expressing 
superficial and middle tufted cells in the external plexiform layer. 
These IA cells are topographically organized such that their 
primary dendrites extend into one glomerulus and their axons 
project to the contralateral internal plexiform layer to synapse 
onto the dendrites of  local granule cells (GCs) beneath the mirror 
glomerulus. Thus, IAS is well suited to target the glomerular 
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inhibitory circuits engaged by GABAergic juxtaglomerular cells 
via dendrodendritic synapses and the infraglomerular circuit 
involving mitral cells (MCs) and GCs through axodendritic 
synapses. The functional operation of  IAC remains unclear, 
however. By specifically expressing channelrhodopsin 2 or 
halorhodopsin in CCKergic IA cells, we can optically activate or 
inactivate the IAC to address this important question. Optical 
activation of  IA cells evokes both ionotropic glutamate receptor 
(iGluR)-mediated excitation and CCK receptor (CCK-R)-
mediated enhancement of  IPSCs in external tufted cells and 
MCs. This suggests that glutamate and CCK are coreleased 
from IA cells to recruit glomerular inhibitory circuits. CCK-
R-mediated enhancement of  IPSCs in MCs may also be due 
to engagement of  the infraglomerular inhibitory circuit. These 
possibilities and the impact of  selective activation/inactivation 
of  IAC on other MOB cell types are under investigation. 
Our findings support the hypothesis that the CCKergic IAC 
regulates the MOB output by modulating the glomerular and 
infraglomerular inhibitory circuits. Acknowledgements: NIH 
NIDCD DC005676 and DC010915. FCOI Disclosure: None

#219 POSTER SESSION V 

A Three Dimensional Model for Investigating the Functions  
of Brain Microcircuits: The Olfactory Bulb 
Michele Migliore1,2, Francesco Cavarretta1,2, Michael L. Hines1,  
Gordon M. Shepherd1 
1Department of  Neurobiology, Yale University, New Haven, CT, USA, 
2National Research Council, Institute of  Biophysics, Palermo, Italy 
 
The functional consequences of  the laminar organization of  
many brain systems, and the properties of  the wide and yet 
extremely selective dendritic fields of  neurons, are poorly 
understood. Computational models are increasingly essential, 
but dendritic functional properties cannot be studied effectively 
using abstract representations or dimensionally reduced 
models built ex novo. Implementing and studying a system in 
its natural three dimensional (3D) form is an essential step for 
discovering constraints that can be critical for guiding reduction 
of  its complexity and abstraction into more general theoretical 
representations. To deal with this problem, we are constructing 
a full implementation of  an olfactory bulb microcircuit using 
realistic 3D inputs, cell morphologies, and network connectivity. 
Several 3D full reconstructions of  mitral cells were analyzed, 
to generate a population of  some 700 synthetic 3D cells. They 
were connected with approximately 70,000 granule cells using 
a collision detection algorithm. Intrinsic optical imaging data 
of  the responses of  127 glomeruli in the dorsal olfactory bulb 
during presentation of  19 natural odors was used to drive self-
organization of  the network. This has allowed us to begin the 
investigation of  synaptic interactions and impulse propagation 
within a realistic network of  interacting granule cells and mitral 
cell lateral dendrites. The model makes experimentally testable 
predictions regarding differential backpropagation of  somatic 
action potentials in each lateral dendrite following odor learning. 
The computational approach is based on a novel NEURON + 
Python parallel environment that can be applied to other regions 
as well. The initial results thus provide a new three dimensional 

framework for investigating the functions of  brain microcircuits. 
Acknowledgements: Supported by the SenseLab Project 
(National Institute of  Deafness and Other Communication 
Disorders), grant NS11613 from NINDS which supports 
NEURON development, and the PRACE Initiative which 
granted access to the CINECA (Bologna, Italy) IBM BG/Q 
system. FCOI Disclosure: None

#220 POSTER SESSION V 

Figure-Background processing in a seemingly low-level 
olfactory station 
Amit Vinograd1,2, Yoav Livneh1,2, Yoav Adam1,2, Adi Mizrahi1,2 
1Department of  Neurobiology, Hebrew University, Jerusalem, Israel, 
2The Edmond & Lily Safra Center for Brain Sciences Hebrew  
University, Jerusalem, Israel 
 
One of  the most basic computations of  the olfactory system 
is odor discrimination. Discrimination is fundamental for a 
wide range of  behaviors like locating food, and identifying 
predators vs. prey. Under natural conditions, odor detection and 
discrimination can be challenging because odors appear against 
other odorous backgrounds. Thus, odors must be separated 
from their background – a process called Figure Background 
Separation (FBS). Little is known about where and how FBS is 
computed in the olfactory system. However, according to the 
current dogma, this computation is performed at the level of  the 
olfactory cortex. We reevaluated this issue by testing whether 
computations associated with FBS occur already at the level of  
the olfactory bulb (OB), which is the first station of  olfactory 
processing in the brain. To do so, we imaged calcium activity of  
mitral cells (MCs) in response to a FBS protocol (combinations 
of  ‘figure’, ‘background’ and ‘figure over background’). Imaging 
was carried out using in vivo two photon microscopy which 
allowed us to screen hundreds of  MCs. We imaged ~600 
neurons from 6 mice and our initial analyses reveal that ~60% 
of  responsive MCs show adaptation, and at least 15% show 
responses akin to FBS computation (e.g. different response to 
figure over background as compared to a binary mixture). Thus, 
we argue that FBS is computed already at the level of  the OB. 
Furthermore, these results suggest that the OB can perform a 
higher-level computation and not only low-level computations. 
Acknowledgements: The Hebrew University Jerusalem. FCOI 
Disclosure: None
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#221 POSTER SESSION V 

Roux-en-Y Gastric Bypass Surgery Does Not Reduce 
Orosensory-Based Appetitive Behavior for Fat-Containing 
Solutions Even When Preference is Decreased  
Ryan A Bohnenkamp1, Clare M Mathes1, Caroline Corteville2,  
Marco Bueter3, Thomas A Lutz2, Carel W le Roux4, Alan C Spector1 
1Department of  Psychology and Program in Neuroscience, Tallahassee, 
FL, USA, 2Institute of  Veterinary Physiology, Vetsuisse Faculty 
University of  Zurich, Zurich, Switzerland, 3University Hospital Zurich, 
Department of  Surgery, Zurich, Switzerland, 4Diabetes Complications 
Research Centre, School of  Medicine and Medical Science,  
Dublin, Ireland 
 
Roux-en-Y gastric bypass surgery (RYGB), one of  the most 
effective obesity interventions, reportedly shifts preferences away 
from sweet and fatty foods, potentially indicating changes in 
taste function. We investigated whether RYGB would lower the 
amount of  work in which rats would engage to obtain access to 
the sweet high-fat beverage Ensure (ENS) and the fat emulsion 
Intralipid (IL, 5%) in a progressive ratio task (PR). The PR task, 
in which the dry lick operant requirement increases after each 
~75µl reinforcer, measures the pure orosensory-based appetitive 
value of  the stimulus. Rats were maintained on a lab chow 
diet (CHOW) or had a choice of  chow or high-fat diet (HFD; 
60% fat). Rats were tested nondeprived in the PR task with 
ENS presurgically, during which no differences (p=.41) were 
seen between diet groups, and postsurgically with ENS and IL. 
RYGB (n=15) breakpoints (BP, operant lick number in the last 
completed trial) to ENS or IL were not lower than sham-operated 
controls (SHAM, n=15) regardless of  diet. In subsequent 
postsurgical 4-day 2-bottle preference tests (ENS vs H2O; IL vs 
H2O), a) all groups displayed high ENS preferences, though the 
SHAM-CHOW group had a higher (p≤.05) preference (~95%) 
than SHAM-HFD, RYGB-CHOW, or RYGB-HFD (all ~80%), 
and b) both RYGB, but not SHAM, groups decreased (p≤.05) 
IL preference across days, which was not reflected in a BP drop 
in a follow-up PR test. Collectively, these results suggest that: 
a) maintenance diet does not affect the appetitive value of  a 
sweetened high-fat beverage and b) RYGB does not lower the 
appetitive value of  a sweet high-fat beverage or a fat emulsion 
even when preference for such stimuli is decreased;  
the latter may be learned behavior such as conditioned avoidance 
aimed at minimizing postingestive consequences after surgery. 
Acknowledgements: NIH R21-DC012751 (ACS). FCOI 
Disclosure: None

#222 POSTER SESSION V 

Effects of bariatric interventions on sweet taste seeking and 
striatal function 
Wenfei Han1,2, Gary J Schwartz 3, Ivan E De Araujo1,2 
1The J.B. Píerce Laboratory, New Haven, CT, USA, 2Dept Psychiatry 
Yale university, New Haven, CT, USA, 3Albert Einstein College of  
Medicine, Bronx, NY, USA 
 
We show in mice that daily exposure to intake of  sugar, but 
not to artificial sweeteners, leads to habit formation, that is 
insensitivity to reward devaluation. Devaluation of  sweet 
reward was achieved via either satiation, taste adulteration or 
conditioned aversion. Mice sustaining a procedure resulting in a 
bypass of  the duodenum, however, did not develop sugar habits 
after exposure to daily sugar. These mice also displayed altered 
sugar-stimulated dopamine responses in dorsal striatum. In 
fact optogenetic activation of  dopamine-responsive neurons of  
dorsal striatum was sufficient to restore sugar habits in bypassed 
mice. We conclude that striatal dopamine signaling is critical 
for changes in sugar preferences that follow malabsorptive 
procedures. Acknowledgements: DC009997 Ajinomoto USA. 
FCOI Disclosure: None

#223 POSTER SESSION V 

Roux-en-Y Gastric Bypass in Rats Decreases the Intake 
of Sweet and Fatty Liquids in a Manner Inconsistent with 
Alterations of Orosensory-Based Palatability  
Clare M. Mathes1, Ryan A. Bohnenkamp1, Carel W. le Roux2,  
Alan C. Spector1 
1Department of  Psychology and Program in Neuroscience,  
Florida State University, Tallahassee, FL, USA, 2Diabetes 
Complications Research Centre, School of  Medicine and Medical 
Science, University College Dublin, Dublin, Ireland 
 
Under some conditions obesity-reducing Roux-en-Y gastric 
bypass surgery (RYGB) decreases the amount of  sweet and fatty 
foods and fluids consumed. We examined how these intake 
outcomes are achieved by measuring the lick-by-lick manner  
in which rats consumed 1.0 M sucrose, 5% Intralipid, and  
Ensure in 60-min sessions across 5 days each after RYGB or 
sham surgery (SHAM). Chow-fed male Sprague-Dawley rats 
were trained to lick from a spout equipped with a lickometer  
and then given RYGB (n=8-11) or SHAM (n=12) surgery.  
At 3 weeks post-surgery, the RYGB rats weighed, on average, 
14% less than presurgically whereas the SHAM rats weighed 8% 
more. During sucrose testing, half  the animals in each surgical 
group were tested after 23h of  food-deprivation and half  while 
nondeprived for 3 days and then tested with the conditions 
switched for the last 2 days; for the other taste stimuli, all animals 
were tested while nondeprived. On the 1st day of  sucrose access, 
RYGB and SHAM rats drank similar amounts regardless of  
deprivation state, but RYGB rats drank less (p≤.05) on days 2-5. 
Similarly, the two groups drank similar amounts of  Intralipid 
on the first 2 days of  access, but RYGB rats drank less (p≤.05) 
on days 3-5. From the first day of  access, RYGB rats drank less 
(p≤.05) Ensure than SHAM rats. Despite the changes in intake 
of  these stimuli across days, no differences between RYGB and 
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SHAM rats were seen in the size of  the 1st burst (lick series with 
pauses<1s) or lick rate in the first minute following the first lick, 
which are measures reflecting orosensory-related motivation. 
Thus, the intake of  sweet and fatty liquids by rats after RYGB 
decreases with experience. This change does not appear to be 
related to alterations in orosensory-based palatability, but likely 
reflects a form of  conditioned avoidance. Acknowledgements: 
NIH R21-DC012751 to ACS. FCOI Disclosure: None

#224 POSTER SESSION V 

Diet-induced Obesity Alters Vagally Mediated Satiety Signals  
Alexander Denman-Brice1, Krzysztof  Czaja2, Patricia M. Di Lorenzo1 
1Binghamton University / Psychology, Binghamton, NY, USA, 
2Washington State University / Integrative Physiology and 
Neuroscience, Pullman, WA, USA 
 
It has been established that truncal vagotomy eliminates the 
satiating effect of  CCK following food deprivation in normal, 
lean rats. However, the effect of  CCK in diet-induced obese 
(DIO) rats is severely attenuated. Here, we studied the effect 
of  CCK on food-deprived DIO rats following selective gastric 
vagotomy. Adult male Sprague-Dawley rats, 6 wks old at the 
beginning of  the study, were used in the study. Lean rats, fed 
a regular rodent chow (Purina Lab Diet 5001), were divided 
into those with selective gastric vagotomy (CONVx) and those 
undergoing sham surgery (CONTSh). Additional cohorts of  
rats were fed a high fat diet (Research Diets D12451) for four 
weeks prior to either gastric vagotomy (DIOVx) or sham surgery 
(DIOSh). Percentage of  body fat was measured for all rats using 
a dual-energy x-ray absorpitometer prior to surgery to verify 
that the DIO rats increased body fat content with compare to 
lean counterparts. All surgeries were conducted under isoflurane 
anesthesia. For gastric vagotomy, a few mm long segments of  
both the dorsal and ventral gastric branches of  the vagus nerve 
were removed. For sham surgeries, rats went through identical 
surgical procedures except that the vagus nerve was undisturbed. 
Following 10 days of  recovery all rats were food deprived 
overnight. Immediately following an injection of  CCK (4 ug/
kg, ip) food was made available and intake was recorded at 30 
and 60 min. Our results revealed that selective gastric vagotomy 
abolishes the satiety effect of  CCK. DIOSh rats consumed 
significantly more than any other group, including the DIOVx 
rats. These results show that selective gastric vagotomy can have 
very different effects on CCK-induced satiety in lean vs. DIO 
rats. Acknowledgements: NIDCD Grant RO1-DC006914. FCOI 
Disclosure: None

#225 POSTER SESSION V 

fMRI of Brain Response to Chemosensory Stimuli in 
Metabolic Syndrome 
Claire Murphy1,2, Erin Green1, Aaron Jacobson1,2, Lori Haase1,  
Elissa McIntosh2, Anna Buncic2 
1San Diego State University/University of  California Joint Doctoral 
Program, San Diego, CA, USA, 2San Diego State University,  
San Diego, CA, USA 
 
Metabolic syndrome involves a constellation of  risk factors 
for cardiac and vascular disease that are also associated with 
obesity, diabetes and dementia in later life. Obesity has increased 
to epidemic proportions, with significant health consequences. 
The abundance of  highly palatable food may contribute to 
obesity, yet not everyone becomes obese. Physiological state 
(i.e., hunger and satiety) has been shown to affect the processing 
of  appetitive stimuli and age differences in hormones that 
influence hunger and satiety suggest differences in brain response 
to nutrients. We investigated brain activation, using fMRI, 
in middle aged, and older adults with and without metabolic 
syndrome while they rated the pleasantness of  sweet and bitter 
taste, under the conditions of  hunger and satiety. During image 
acquisition, taste stimuli were administered orally for a total of  
16 repetitions in an event-related fMRI paradigm. Data were 
processed using Analysis of  Functional NeuroImages (AFNI) 
and beta coefficients were extracted from a priori regions of  
interest (ROIs). Image analysis revealed differences in the effects 
of  metabolic syndrome on brain activation across groups. 
Overall, middle aged adults showed more consistent effects of  
metabolic syndrome than older adults, with group differences 
observed in brain regions related to taste and hedonic response 
in the hunger condition. Further research with neuroimaging of  
human response and experiments in animal models is needed to 
understand the mechanisms that drive brain response in those 
with metabolic syndrome. We hypothesize that altered brain 
response to chemosensory stimuli is one underlying mechanism 
that contributes to the development and maintenance of  obesity 
in metabolic syndrome. Acknowledgements: Supported by  
NIH grant # AG004085-26 from the National Institute on  
Aging to CM. We thank the members of  the SDSU Lifespan 
Human Senses Lab and the UCSD Center for fMRI. FCOI 
Disclosure: None

#226 POSTER SESSION V 

Reduced sweet perception may contribute to anhedonia,  
but not anorexia  
Doyun Kim1,2, Jin Young Kim1, Sung Ho Lee1, Jong-Ho Lee1, 
JaeHyung Koo2, Jeong Won Jahng1 
1Dental Research Institute, Dept Oral & Maxillofacial Surgery,  
Seoul National University School of  Dentistry, Seoul, Korea, 
2Department of  Brain Science, DGIST, Dae Gu, Korea 
 
Prolonged or repeated exposure to stressful events produces 
depression-like behaviors in rodent models with reductions in 
food intake and weight gain. Anhedonia, a core symptom of  
depression, refers to a reduction of  the ability to experience 
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pleasure, which can be detected by decreased response to 
palatable reward in rats. This study was conducted to examine 
if  reduced response to palatable reward is associated with 
anorexia in the animal model of  stress. Rats received daily 1h 
of  restraint stress and had free choices of  cookie and chow for 
1 h immediately after each restraint session. Daily food intake 
and weight gain were recorded. Anxiety- and depression-like 
behaviors were assessed with ambulatory activity and forced 
swim tests, and the taste genes expression in the circumvallate 
papillae with real-time PCR, after 4 weeks of  daily restraint 
sessions. Daily restraint session did not affect chow intake 
and weight gain during the whole experimental period, but 
suppressed cookie intake from day 2. Interestingly, expression 
not only of  the sweet receptors, T1R2 and T1R3, but also of  
a-gustiducin and PLCb2 was decreased in the circumvallate 
papillae of  restraint rats, compared to control rats. Total 
ambulatory counts, the center zone activities and rearing 
behavior were decreased, and rostral grooming increased, 
during the activity test, and immobility during the swim test 
increased, in the restraint group. These results reveal that 1 
h of  daily restraint stress induces anxiety- and depression-
like behaviors with symptoms of  anhedonia which is not 
associated with anorexia, and suggest that reduced sweet 
perception may contribute to sweet anhedonia, but not anorexia. 
Acknowledgements: The Oromaxillofacial Dysfunction  
Research Center for the Elderly at Seoul National University in 
Korea (2013070465) funded by the Ministry of  Science, ICT 
and future Planning. FCOI Disclosure: None

#227 POSTER SESSION V 

Bariatric surgery-induced weight loss causes remission of  
food addiction in extreme obesity 
M. Yanina Pepino, Rick Stein, Christopher Eagon, Samuel Klein 
Center for Human Nutrition and Atkins Center of  Excellence in  
Obesity Medicine. Washington University, School of  Medicine,  
St. Louis, MO, USA 
 
Objective: To test the hypotheses that bariatric surgery-induced 
weight loss: 1) causes remission of  food addiction (FA), and  
2) normalizes eating behaviors associated with FA. Design 
and Methods: Forty five obese subjects (BMI= 48±1 kg/
m2) were studied before and after 20% weight loss induced by 
bariatric surgery (25 Roux-en-Y gastric bypass, 12 laparoscopic 
adjustable gastric banding, and 8 sleeve gastrectomy). We 
assessed; 1) FA (Yale Food Addiction Scale), 2) restrictive, 
emotional and external eating behaviors (Dutch Eating 
Behavioral Questionnaire), and 3) food cravings (Food Craving 
Inventory) Results: FA was identified in 31% of  subjects before 
surgery. Compared with non-FA, FA subjects craved foods more 
frequently, and had higher scores for emotional and external 
eating behaviors (All Cohen’s d >0.8; all P-values <0.01). 
Surgery-induced weight loss resulted in remission of  FA in 93% 
of  FA subjects; no new cases of  FA developed after surgery. 
Surgery-induced weight loss decreased food cravings, emotional 
and external eating behaviors in both groups (Cohen’s d>0.8; all 
P-values <0.001). However, restrictive eating behavior increased 
in FA subjects and did not change in non-FA subjects (Cohen’s 

d>1.1; P<0.01). Conclusion: Bariatric surgery-induced weight 
loss leads to remission of  FA in obese people, and improves 
many eating behaviors associated with FA. Acknowledgements: 
This project was supported by the National Institutes of  Health 
(NIH) grants DK 37948, DK 56341 (Nutrition and Obesity 
Research Center) and AA 020018. FCOI Disclosure: None

#228 POSTER SESSION V 

Effects of Weight Feedback and Disordered Eating on  
Food Choice in a Mock Cafeteria Buffet  
Lucas Lemasters, Bryan Raudenbush, Patrick Dwyer, Stephen Saldanha 
Wheeling Jesuit University Department of  Psychology, Wheeling,  
WV, USA 
 
The purpose of  this study was to investigate the effects of  being 
weighed vs. not weighed prior to making food choices. In 
addition, potential interaction effects brought about by level of  
disordered eating was determined using a variety of  assessment 
inventories, such as the Food Neophobia Scale (FNS), Eating 
Attitudes Test (EAT), Eating Disorder Inventory (EDI) and 
Revised Restraint Scale (RRS). Fifty-six participants were either 
weighed or not weighed prior to being presented with a mock 
cafeteria buffet and asked to choose those items which would 
comprise a typical meal for them. The buffet contained 75 food 
and beverage products from which to choose in each of  the RDA 
food groups. A series of  multivariate analyses of  co-variance 
(MANCOVAs) were performed, with level of  hunger as a 
covariate. Male participants who were weighed prior to choosing 
their foods showed a increase in food choice weight and calories. 
Female participants who were weighed prior to choosing their 
foods showed a decrease in food choice weight, calories and 
calories from fat; this effect was even more pronounced in 
those who were classified as food neophobics (those individuals 
unwilling to try new foods). The implications of  this study could 
be impactful, taking into account the growing issue of  overweight 
citizens in the United States. Dieticians could apply these results 
to their own practice, potentially instructing their clients to 
weigh themselves before every meal so as to encourage more 
healthy and moderate food consumption. Acknowledgements: 
The present study was funded by the Wheeling Jesuit University 
Department of  Psychology. FCOI Disclosure: None

#229 POSTER SESSION V 

The TRPA1 Agonist, Methyl Syringate Delays Gastric 
Emptying with Elevation of Peptide YY Level  
Min Jung Kim, Hee Jin Son, Yiseul Kim, Mee-Ra Rhyu 
Division of  Metabolism and Functionality Research, Korea Food 
Research Institute, Seoul, South Korea 
 
Transient receptor potential channel ankryn 1 (TRPA1), 
usually expressed in sensory neurons, is highly expressed 
in enteroendocrine cells in the Gastrointestinal (GI) tract 
and regulates gastric motility and gastric emptying. Gastric 
emptying, the evacuation of  food from the stomach to the 
small intestine, is involved in gastroparesis as well as appetite, 
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food intake, and body weight. In addition to TRPA1 agonist, 
GI tract hormones including peptide YY (PYY) and glucagon-
like peptide 1 (GLP-1) are important factors to control food 
intake and gastric emptying. In previous report, we have shown 
that methyl syringate, a low-molecular-weight phenolic ester 
and one of  the pungent ingredients in Kalopanax pictus Nakai 
(K. pictus), activated TRPA1 and increased intracellular [Ca2+] 
in hTRPA1-expressing cells. In this study we examined the 
effects of  methyl syringate on food intake, gut hormone levels, 
and gastric emptying in imprinting control region (ICR) mice. 
Methyl syringate (10 mg/kg) significantly suppressed cumulative 
food intake and gastric emptying in ICR mice at 24 h after 
administration. These phenomena were effectively inhibited 
by ruthenium red (RR, 0.33 mg/kg), a general cation channel 
blocker, and HC-030031 (0.15 mg/kg), a selective TRPA1 
antagonist. In addition, plasma PYY level was increased at 24 
h after administration of  methyl syringate (6.5 and 10 mg/kg), 
but maintained by treatment with RR (0.33 mg/kg) and HC-
030031 (0.15 mg/kg). GLP-1 level was not changed by methyl 
syringate (0.1 – 10 mg/kg). These data suggest that methyl 
syringate, a TRPA1 agonist can contribute to weight suppression. 
Acknowledgements: Supported by a Korea Food Research 
Institute (KFRI) grant E0131201. FCOI Disclosure: None

#230 POSTER SESSION V 

Loss of Gastrointestinal Brush Cells in Skn-1-deficient  
Mice Reduces Insulin Secretion  
Yoshiro Ishimaru, Misako Yoshioka, Tomiko Asakura, Keiko Abe 
Department of  Applied Biological Chemistry, Graduate School of  
Agricultural and Life Sciences, The University of  Tokyo, Tokyo, Japan 
 
Genes encoding molecules involved in taste signal transduction, 
including Ga-gust, transient receptor potential melastatin 5 
(Trpm5), and phospholipase C-b2 (PLC-b2), are expressed not 
only in type II taste cells, which detect sweet, bitter, and umami 
(savory) compounds, but also in brush cells, enteroendocrine 
cells, and other types of  cells in the gastrointestinal tract. 
Skn-1a is a crucial transcription factor for generation of  type 
II taste cells. However, the mechanism of  differentiation 
and physiological role of  gastrointestinal brush cells are 
unknown. Here we show that brush cells are eliminated in the 
gastrointestinal tract of  Skn-1 (-/-) mice, which exhibit a reduced 
rise in plasma insulin levels after oral glucose administration.  
RT-PCR and immunohistochemical analyses revealed that 
Skn-1a is expressed in stomach and small intestine. In the 
gastrointestinal tract of  Skn-1 (-/-) mice, signals of  Trpm5 and 
Doublecortin-like kinase 1 (Dclk1), a marker for brush cells, were 
not detected, whereas signals of  Ga-gust, PLC-b2, chromogranin 
A (ChgA), a marker for enteroendocrine cells, and glucagon-like 
peptide (GLP)-1 secreted from L cells were observed. When 
glucose was orally administered, Skn-1 (-/-) mice showed a 
reduced rise in plasma insulin levels compared with wild-type 
littermates. Collectively, these results demonstrate that Skn-1a is 
responsible for generating brush cells in the gastrointestinal tract 
and that brush cells may function as glucose sensors to potentiate 
insulin secretion. Acknowledgements: This work was supported 
in part by a Grants-in-Aid for Scientific Research (B) 25292068 

from the Ministry of  Education, Culture, Sports, Science, and 
Technology of  Japan. FCOI Disclosure: None
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Metabolic Influences on Odor Sensitivity 
Sanne Boesveldt1, Marielle G Ramaekers2, Alard Verhoef1,  
Pieternel A Luning2 
1Wageningen University, Division of  Human Nutrition, Wageningen, 
Netherlands, 2Wageningen University, Food Quality and Design, 
Wageningen, Netherlands 
 
Our olfactory sense plays an important role in eating behavior 
by modulating our food preferences and intake. However, the 
olfactory system may in turn, be affected by energy homeostasis; 
that is, hunger or satiety may influence how we perceive odors. 
When hungry, it may be beneficial to be better able to detect 
cues (odors) that signal food. 78 participants (28 male; 18-40yrs) 
came in for four sessions; they were hungry upon arrival, but 
received a sweet or savory lunch prior to testing in two of  the 
four sessions. In each session, half  of  the participants had their 
detection thresholds measured for a sweet (vanillin) odor, and 
for the other half  of  participants, sensitivity to a savory (meat 
broth) odor was measured, by means of  a 32-step (dilution ration 
1:1.6) 3-alternative forced choice staircase procedure. Differences 
in olfactory sensitivity between hunger and satiety, as well as 
between sweet and savory lunch, and between congruent and 
incongruent lunch were analyzed using linear mixed models. 
Participants had higher scores on the odor sensitivity task in a 
hungry vs satiated state (p<0.001), however, this effect was only 
present for the meat odor (p<0.001) and not for the vanillin 
(p=0.29). Within the satiated condition, there was no effect of  
type of  lunch (sweet vs savory; congruent vs incongruent) on 
odor sensitivity (respectively p=0.98; p=0.16), suggesting there is 
no sensory-specific satiety effect. In conclusion, hunger appears 
to enhance sensitivity to food odors, regardless of  the type of  
food participants ate. However, this effect only seems to hold 
true for the savory (meat broth), but not the sweet (vanillin) 
odor. Acknowledgements: This work was financially supported 
by the Dutch Technology Foundation STW (grant 07438) with 
co-financers: Unilever, CSM, Danone Netherland, and Royal 
Friesland Campina. The odors were provided by Givaudan. 
FCOI Disclosure: None
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The Effects of Eating Attitudes and Behaviors on  
Nutritional Intake and Activity Level  
Sierra Moore, Bryan Raudenbush 
Wheeling Jesuit University Department of  Psychology,  
Wheeling, WV, USA 
 
Disordered eating has become a much more prevalent concern 
in today’s society. The current study examined the effects that 
eating attitudes and behaviors have on an individual’s overall 
nutritional intake. It was hypothesized that the more negative 
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a person’s attitudes about food and body image, the lower their 
nutritional intake will be. One hundred and eight participants 
(70 females and 38 males, aged 18-66 years) completed a variety 
of  assessment questionnaires including 1) the Eating Disorder 
Inventory, a multi-scale measure designed for the assessment of  
psychological and behavioral traits common in anorexia nervosa 
and bulimia; 2) the Eating Habits Questionnaire, measuring 
normal and disordered eating; and 3) the Eating Attitudes Test, 
which lists 40 eating related behaviors to which participants 
respond by indicating how often each item applies to them. 
Participants also recorded their daily nutritional intake and 
exercise activity on three randomly assigned days via an online 
food diary. The food diary measured calories as well as 16 
additional macronutrients and micronutrients. Those individuals 
indicating the greatest disordered eating had significantly lower 
nutritional intake. Participants were sorted into four groups 
based on their daily activity level: sedentary, lightly active, 
active, and very active. The sedentary group ate significantly 
more calories than the active groups. Females were found to 
have significantly greater disordered eating patterns then men, 
and age was positively correlated with BMI, calories and fat 
consumption. Results support the potential of  women having 
more disordered eating patterns due to the societal pressures they 
face to conform to a particular size to be considered attractive. 
Acknowledgements: The present experiment was funded by the 
Wheeling Jesuit University Department of  Psychology. FCOI 
Disclosure: None
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P0-Cre Labeled Neural Crest Derived Cell Origins and 
Distribution in Mature Taste Buds  
Suresh Amtati1, Cornelis F.S. Lichtveld1, Steven Stice1,  
Charlotte M. Mistretta2, Yuji Mishina2, Hong-Xiang Liu1 
1Regenerative Bioscience Center, Department of  Animal and  
Dairy Science, College of  Agricultural and Environmental Sciences, 
University of  Georgia, Athens, GA, USA, 2Department of  Biologic and 
Materials Sciences, School of  Dentistry, University of  Michigan,  
Ann Arbor, MI, USA 
 
We demonstrated that P0-Cre labeled neural crest (NC) derived 
cells are within the taste papilla epithelium and early immature 
taste buds of  embryonic and neonatal mouse tongue. Intensely 
labeled cells are seen in over 90% of  the fungiform taste buds 
in neonatal P0-Cre/R26R mice. Now we have (1) identified the 
distribution of  P0-Cre labeled NC derived cells in fungiform 
taste bud cells at 4 weeks postnatal, when the taste buds are 
mature; and, (2) examined, at very early embryonic stages, 
the specificity of  P0-Cre transgene expression in midbrain and 
hindbrain NC cells that contribute to tongue formation. Our data 
demonstrate that P0-Cre transgene expression emerges in the 
cranial NC region at E8.5 (6-somite stage) and is more extensive 
in hindbrain than midbrain. The P0-Cre labeled cells largely 
co-express NC cell markers Sox 9 and p75 demonstrating the 
specificity of  P0-Cre transgene to label NC derived cells in taste 
organs. In the 4 week mouse tongue, P0-Cre labeled NC derived 
cells are extensively distributed in the mesenchyme core of  taste 

papillae and the mesenchymal cell zone underneath the tongue 
epithelium. P0-Cre labeled NC derived cells are in the majority 
of  fungiform taste buds that were labeled with the pan taste cell 
marker K8. A significant population of  the P0-Cre labeled taste 
bud cells co-localize with type II taste cell marker PLCbeta2. 
With the exception of  taste buds, P0-Cre labeled NC derived 
cells are not observed in the papilla epithelial wall or other 
regions of  tongue epithelium. Together, the specific expression of  
P0-Cre transgene in cranial NC cells and distribution of  P0-Cre 
labeled NC derived cells in mature taste buds demonstrate a 
significant contribution of  neural crest to the development and 
maintenance of  taste buds. Acknowledgements: NIDCD, NIH 
Grant R01DC012308 to HXL. FCOI Disclosure: None
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Morphological differences of the circumvallate papillae  
and their taste buds following perinatal undernutrition  
in the developing rat  
Mitzi G. Carreon, Lorena Rubio, Mirelta Regalado, Carmen  
Torrero, Manuel Salas 
Institute of  Neurobiology, Developmental Neurobiology and 
Neurophysiology Department, Juriquilla, Qro, Mexico 
 
In the neonatal rat the circumvallate papillae (CP) plays a 
fundamental role in the milk flavor recognition, and to avoid 
the ingestion of  toxic or aversive stimuli for surviving in the 
nest environment among others. The current study analyzed 
the effects of  perinatal undernutrition on the CP and taste buds 
development in male Wistar rats, as defined by the height, 
width, cross-sectional total, and cross-sectional slit area. The 
undernourished group (UG) (n=30) came from pregnant mothers 
receiving different percentages of  a balanced diet from G6 to 
G18. After parturition (PDs 1–24) pups remained 12 h with a 
normal and 12 h with a nipple-ligated dam. The control subjects 
(CG) (n=30) came from normally fed pregnant dams, and after 
birth by rotating two lactating mothers between the litters. 
Weaning was made at PD 25. After this, the pups had free access 
to a balanced solid diet (Purina chow) until sacrifice at PDs 1, 
5, 12, 20, 30, and 50, when the tongues were sectioned at 8 µm, 
mounted serially and stained by the hematoxylin-eosine method. 
The results showed that in the UG rats the height, width, 
cross-sectional total area of  the CP were reduced (p <0.05). 
The cross-sectional slit area was increased (p <0.05) in the UG 
subjects. The taste buds density per 200 µm were also reduced 
(p <0.05) in the UG rats. The alterations in the CP morphology 
and the taste buds density of  the UG animals suggest a possible 
interference with the CP initial bitter gustatory activation for 
taste discrimination and food palatability. Acknowledgements:  
Partly supported by DGAPA / UNAM. IN200413 and 
CONACYT, scholarship holder 277866. The authors thank  
E. Nydia Hernandez for technical assistance. FCOI  
Disclosure: None
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Pregnancy Alters Hormone Receptor mRNA Levels in  
Mouse Taste Buds 
Ezen Choo1, Robin Dando2 
1Molecular Medicine, College of  Veterinary Medicine, Cornell 
University, Ithaca, NY, USA, 2Food Science, College of  Agriculture  
and Life Sciences, Cornell University, Ithaca, NY, USA 
 
An alteration in maternal intake during pregnancy permanently 
affects the metabolism, growth, and feeding behavior of  the 
progeny, in both mice and humans. While much is known about 
maternal under or over consumption of  certain foods and the 
resulting effects on offspring fitness, less is known about how 
gustation is involved in guiding and promoting food intake 
during this crucial period. The modulation of  taste is essential in 
parturition, inducing the mother to consume an altered balance 
of  sugars, salt, and protein, due to the demands of  the fetus. In 
addition, the mother must provide enhanced protection from 
the consumption of  toxins, via hypersensitivity to bitter taste. 
It is commonly acknowledged that women have intense food 
cravings and exhibit altered taste preferences during pregnancy. 
However, the mechanistic details underlying these changes 
during pregnancy are presently unclear. To examine this more 
closely, we investigated the expression of  hormone receptors in 
taste, a potential pathway for the modulation of  taste signaling. 
We hypothesize that altered taste preference in parturition 
results from changes in the expression profile of  the taste buds 
of  the mother, and from circulating hormones acting on cognate 
receptors in taste. To test our hypothesis, we assayed the taste 
bud expression profiles of  non-pregnant and pregnant female 
mice. Real-time PCR analyses reveal that pregnancy modulates 
mRNA expression for NTPDase2, T1R1, oxytocin receptor, and 
androgen receptor. We also assayed expression levels of  other 
taste cell specific candidate receptor genes. The results indicate 
that the physiological changes induced by pregnancy influence 
the taste transcriptome, suggesting that taste modulation may be 
a useful strategy to enhance offspring fitness through maternal 
intake. Acknowledgements: Cornell University College of  
Agriculture and Life Sciences Startup Funds. FCOI  
Disclosure: None
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Involvement of the GFL/Ret pathway in the development  
of the peripheral taste system 
Christopher R. Donnelly, Charlotte M. Mistretta, Brian A. Pierchala 
University of  Michigan/Department of  Biologic and Materials  
Sciences, Ann Arbor, MI, USA 
 
During development of  the peripheral nervous system (PNS), 
target-derived neurotrophic factors such as the glial cell-line 
derived neurotrophic factor (GDNF) family ligands (GFLs), are 
critical for the proper innervation of  targets. The four GFLs, 
GDNF, neurturin, artemin and persephin, are potent growth, 
guidance and survival factors for autonomic, somatosensory 
and motor neurons. The GFLs activate their common signal-
transducing receptor tyrosine kinase, Ret. To determine to 

what extent the GFL/Ret signaling pathway is required for 
chemosensory innervation of  taste buds, we utilized a recently 
developed Ret reporter line to determine which cell types of  
the peripheral taste system express Ret. Interestingly, a subset 
of  chemosensory axons that innervate fungiform taste buds 
express Ret. In addition, a subset of  taste receptor cells also 
express Ret, but only in a subset of  fungiform taste buds (52%). 
In contrast, chemosensory axons from the petrosal ganglion that 
innervate circumvallate taste buds do not express Ret. Using 
both germline and conditional deletion of  Ret, we observed 
a loss of  fungiform taste buds, but not a loss of  fungiform 
papillae. The deletion of  Ret specifically in neurons using the 
Synapsin-Cre driver also resulted in the loss of  fungiform taste 
buds, suggesting an impairment of  chemosensory innervation 
that is necessary to maintain taste buds. We are currently in the 
process of  examining chemosensory innervation patterns in 
Ret-/- mice as well as whether there is a loss of  Ret+ neurons in 
the geniculate ganglia. In conclusion, Ret is expressed in a subset 
of  chemosensory geniculate neurons that innervate fungiform 
taste buds and are likely to be critical for the development of  
these neurons. Acknowledgements: NIH R01 NS058510. FCOI 
Disclosure: None
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Keratin 14+ progenitors for fungiform and palatal taste buds 
examined with multi-color lineage tracing 
Gennady Dvoryanchikov1, Isabel Perea-Martinez1, Nirupa Chaudhari1,2 
1Department of  Physiology and Biophysics, University of  Miami Miller 
School of  Medicine, Miami, FL, USA, 2Program in Neurosciences, 
University of  Miami Miller School of  Medicine, Miami, FL, USA 
 
Taste cells and keratinocytes are reported to arise from 
multipotent progenitors that reside in the basal layer of  the 
local epithelium. Such progenitors express the intermediate 
filament protein, Keratin 14 (K14). Recently, we showed that 
K14+ progenitors give rise to Glial-like (Type I) and Receptor 
(Type II) cells in fungiform and palatal taste buds, whereas 
Presynaptic (Type III) cells may originate from other progenitors. 
The dynamics of  the appearance of  new Glial-like and Receptor 
cells in taste buds suggested that they are derived from separate 
progenitor pools. We elaborated our previous lineage tracing 
studies by crossing K14-CreERT driver mice with R26R-YFP 
or R26R-Confetti mice. First, we assessed the time-course over 
which post-mitotic K14+ progeny cells enter into taste buds 
using EdU-birthdating. Our results indicate that YFP+ K14-
derived cells are juxtaposed to the taste bud periphery within 
1 day after the terminal mitosis. However, these precursors of  
Glial-like taste cells only enter the bud  6 days after mitosis. 
Second, we examined how many cells may arise from individual 
progenitors, and whether Glial-like and Receptor cells can 
both be derived from a single progenitor cell. For this, we used 
multi-color Confetti indicator mice, induced with tamoxifen to 
generate a sparse distribution of  K14-derived clones. 30 days 
post-induction, single-color clones had a median population of  
14 cells; typically, only 4-6 cells of  any given clone entered the 
taste bud. In several instances, 100% of  the taste bud-resident 
cells of  a clone were found to be NTPDase2+ (i.e. all had 
differentiated into Glial-like cells). Our preliminary data suggest 

Abstracts are printed as submitted by the author(s).



120

P
O

S
T

E
R

 P
R

E
S

E
N

T
A

T
IO

N
S

that K14+ taste cell progenitors may be lineage restricted for 
taste cell type. Acknowledgements: Supported by NIH/NIDCD 
R01DC6308. FCOI Disclosure: None
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WT1 regulates the development of the posterior taste field 
Yankun Gao, Eneda Toska, Dane Denmon, Stefan G.E. Roberts, 
Kathryn F. Medler 
Dept of  Biological Sciences, University at Buffalo, Buffalo, NY, USA 
 
Our current understanding of  the processes that control 
papillae and taste bud development is still lacking. Several 
early regulators of  taste development have been identified 
including Sonic-Hedgehog (Shh), Bone Morphogenetic Protein 
4 (BMP4) and multiple members of  the Wnt/b-catenin signaling 
pathway. However, the regulation of  these factors, including 
their induction, is still poorly understood. In this study, we 
identify a critical role for the Wilms’ tumor 1 protein (WT1) in 
circumvallate papillae (CV) development. WT1 is a transcription 
factor which is important in the normal development of  multiple 
tissues, including the olfactory and visual systems. In mice, 
WT1 expression is detectable by day E12.5 as the circumvallate 
taste placode begins to form and when WT1 is missing, the 
CV fails to develop normally. Immunohistochemical analysis 
revealed that markers of  early taste development are dysregulated 
in WT1 knock out (KO) mice compared to wild type. Using 
Chromatin Immunoprecipitation (ChIP) in isolated taste cells, 
we found that WT1 is bound to the promoter regions of  Lef1, 
Ptch1 and BMP4, which all play critical roles in taste papillae 
formation and are known WT1 target genes in other systems. 
Further analysis using qRT-PCR revealed that the expression 
of  Lef1, Ptch1 and BMP4 is significantly reduced in the WT1-
KO embryonic tongue. Our data identify WT1 as a critical 
transcription factor in the development of  the CV through the 
regulation of  multiple signaling pathways that have established 
roles in the formation and patterning of  taste placodes. 
Acknowledgements: This work was funded by the National 
Science Foundation (NSF0917893, 1256950 to K.F.M.) and the 
National Institute of  General Medical Sciences (1R01GM098609 
to K.F.M and S.G.E.R.). FCOI Disclosure: None

#239 POSTER SESSION V 

Immunohistochemical study of human vallate gustatory  
and laryngeal cell morphology and innervation 
Laura Grigereit1, Marco Tizzano2,3, Matthew S. Clary4,  
Thomas E. Finger2,3 
1University of  Colorado Medical School, Aurora, CO, USA, 2Rocky 
Mtn Taste & Smell Ctr, Aurora, CO, USA, 3Cell and Developmental 
Biology/Univ. of  Colorado School of  Medicine, Aurora, CO, USA, 
4Dept. of  Otolaryngology, Aurora, CO, USA 
 
Human taste buds, like those of  other mammals are groups of  
special sensory cells lying within distinct lingual papillae. In 
the present study, human cadaveric tissue (3 samples: age range 

65-91) was analyzed using fluorescence immunohistochemistry 
to describe the composition and location of  taste buds in human 
circumvallate papillae (CV) and laryngeal tissues. PLCb2 and 
gustducin antibodies, both characteristic of  type II taste cells 
in rodents, effectively revealed taste buds in cadaveric tissues. 
Replicating previous studies conducted in rodents, all gustducin 
immunoreactive cells were also positive for PLCb2 but a 
minority of  the human lingual taste cells were solely PLCb2 
immunoreactive. Nerve fibers were positive for PGP 9.5 with 
a subset being reactive for Substance P. Antibodies to P2X3, 
characteristic of  gustatory nerve fibers in rodents, revealed the 
gustatory innervation. According to current literature, taste 
buds of  the human CV occur only on the central wall of  each 
CV. In contrast to this literature, our cadaveric samples showed 
taste buds in both the central wall and the outer wall that 
encircles the CV. Although taste buds are reported to be present 
in the human laryngeal epithelium of  perinates, to date none 
of  our cadaveric samples from older adults show evidence of  
taste bud-like immunostaining. Additional samples are being 
examined to test whether taste buds are present but scarce in 
these tissues. In addition, we note that the laryngeal epithelium 
contains PGP 9.5 immunoreactive elongate cells negative for 
gustducin. These results warrant a re-evaluation of  the traditional 
idea of  human taste bud location and papillary morphology. 
Acknowledgements: NIH NRSA T32DC012280-01, 
P30DC004657 (Rocky Mountain Taste & Smell Center). FCOI 
Disclosure: None
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Diet induced obesity modulates turnover and receptor 
expression of murine taste buds 
Andrew M Kaufman, Robin Dando 
Cornell University, Department of  Food Science, Ithaca, NY, USA 
 
An ever-growing epidemic, over two-thirds of  adult Americans 
are overweight, with more than one-third classified as obese. 
Obesity is associated with an increased risk of  diabetes, heart 
disease, and high blood pressure, among other serious health 
problems. Psychophysical research on obese humans and 
behavioral recordings of  obese animal models, have shown that 
obesity promotes an alteration in taste sensitivity and preference, 
when compared to lean individuals. These effects are reversible 
with weight loss, suggesting that taste is modulated continuously 
by the host’s state of  obesity. The mechanism by which obesity 
modulates the sense of  taste is still a subject of  much debate. 
To investigate this phenomenon, we exposed a cohort of  mice 
to a 35% fat diet for a period of  five weeks, enough to induce 
a state of  obesity. We enzymatically collected taste buds and 
non-taste tissue from lean and obese mice, and measured 
relative gene expression between the populations using qRT-
PCR. Analysis revealed decreased expression of  many cellular 
markers of  gustatory tissue in the obese cohort, including 
several taste receptors and downstream effectors, signifying a 
decrease in sensitivity to stimuli. Immunohistochemical analysis 
of  sectioned taste tissue revealed that obese mice display fewer 
overall numbers of  taste buds, suggesting a dysfunction in taste 
bud turnover. Confirming our hypothesis, we found expression 
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of  a number of  markers of  cellular proliferation and taste bud 
differentiation to be down-regulated in obesity. These results 
suggest a possible mechanism for how chronic exposure to a 
high fat diet can alter the cellular makeup of  taste tissue, and 
sheds light on how obesity leads to the modification of  taste 
sensitivity, and feeding preference in human populations. 
Acknowledgements: Cornell University College of  Agriculture 
and Life Sciences Startup Fund. FCOI Disclosure: None
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Taste System Disruptions during Hedgehog Pathway Blockade 
using the Anti-Neoplastic Drug LDE225 
Archana Kumari1, Alexandre N. Ermilov 2, Robert M. Bradley1,  
Ben L. Allen3, Andrzej A. Dlugosz 2, Charlotte M. Mistretta1 
1Department of  Biologic and Materials Sciences, School of  Dentistry, 
University of  Michigan, Ann Arbor, MI, USA, 2Department of  
Dermatology, Medical School, University of  Michigan, Ann Arbor, MI, 
USA, 3Department of  Cell and Developmental Biology, Medical School, 
University of  Michigan, Ann Arbor, MI, USA 
 
Hedgehog (HH) signaling is vital to maintain tissues including 
taste papillae and taste buds, but deregulated HH function 
contributes to tumorogenesis. HH driven cancers are treated 
with inhibitors such as LDE225, to block Smoothened, a core 
HH pathway component. However, most patients taking these 
drugs report severe taste disturbance that can result in treatment 
cessation, implicating HH signaling in human taste perception. 
To understand the taste biology of  such results, we are testing 
effects of  LDE225 on fungiform papillae, taste buds and nerve 
responses, using Gli1-LacZ reporter mice to monitor HH pathway 
activity. Mice receive LDE225 (20 mg/kg) or vehicle gavage for 
5 to 16 days, before recording from the chorda tympani nerve 
and analyzing tongue tissue. X-Gal staining, to identify HH-
responsive cells, is reduced in LDE225- versus vehicle-treated 
mice. Papilla morphology is normal with vehicle treatment, but 
by 16 days of  LDE225 gavage 80-95% of  fungiform papillae 
have a conical apex with thick layers of  keratin. Taste buds are 
lost in about 30% of  these aberrant papillae or are very thin 
with disoriented cells in about 60% of  the papilla remnants. 
Remaining taste bud cells express the taste cell marker K8. Loss 
of  taste bud cells is accompanied by reductions in innervation 
to papillae and taste buds, seen with neurofilament and P2X3 
antibodies. Chorda tympani nerve responses to a range of  
chemicals indicate extreme reductions in taste sensation in 
LDE225 treated mice, with weak remaining responses to NH4Cl 
and acids and robust responses to touch and cold stimuli. We 
propose that taste disturbances in LDE225 treated patients derive 
from HH-dependent loss of  taste papilla integrity and taste buds, 
and concomitant reduced peripheral nerve taste responses that 
transit taste sensation centrally. Acknowledgements: NIH Grants 
NIDCD DC000456 (CMM), NIAMS AR045973 (AAD) U-M 
Organogenesis Project Grant (RMB, BLA, AAD, CMM). FCOI 
Disclosure: None
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Structural integrity of taste organs is strictly dependent on 
continuous Hh/Gli signaling activity  
Charlotte M. Mistretta1, Libo Li1, Alexandre N. Ermilov 2,  
Marina A. Grachtchouk 2, Andrzej A. Dlugosz 2 
1Department of  Biologic and Materials Sciences, School of  Dentistry, 
University of  Michigan, Ann Arbor, MI, USA, 2Department of  
Dermatology, Medical School, University of  Michigan,  
Ann Arbor, MI, USA 
 
We have shown that deregulated Hedgehog (Hh) signaling, 
which acts through the Gli family of  transcription factors, alters 
papilla and taste bud maintenance. However, the role of  Hh/
Gli signaling in the adult taste system is not well studied. To 
learn whether acute loss of  Gli function can affect fungiform 
papilla and taste bud integrity, we generated mice that express 
a doxycycline-inducible Gli2 mutant, Gli2deltaC4, which is 
missing the transcriptional activation domain and functions as 
a dominant-negative to block all Gli function. A K5 promoter 
was used to target lingual basal cells in fungiform papilla and 
interpapilla epithelium, and tissue was collected at 1-2 and 
5 days after expressing the Gli2deltaC4 transgene. By 5 days 
the effects of  blocking Gli function were profound. Hh/Gli 
signaling was reduced in fungiform papillae, assessed by analysis 
of  Hh target gene expression, and the lingual epithelium was 
thinned compared to control mice. About 50% of  papillae had 
an atypical shape with a heavily keratinized apex. Of  these 
atypical papillae, 40% did not have intact taste buds. Some 
remnants of  taste buds were thin with disoriented, keratin 8 
positive cells. Immunoreactions showed intact neurofilaments, 
suggesting that the effect on taste buds reflects a requirement for 
Gli function in epithelium and not an indirect effect due to nerve 
disruption and consequent taste bud loss. Qualitatively similar 
changes were detected in the circumvallate papilla on posterior 
tongue, which contains a few hundred taste buds. The rapid 
alterations brought about by disruption of  Gli function in adult 
tongue epithelium point to a previously unappreciated, strict 
requirement for continuous Hh/Gli signaling in the maintenance 
of  lingual epithelium and taste organs. Acknowledgements: NIH 
Grants NIDCD DC000456 (CMM) and NIAMS AR045973 
(AAD) U-M Organogenesis Project Grant (AAD, CMM). FCOI 
Disclosure: None
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Stress and the Sweet Taste Receptor Cell 
M. Rockwell Parker1, Dianna Feng1,2, Brianna Chamuris1,3,  
Robert F. Margolskee1 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2University of  Pittsburgh, Pittsburgh, PA, USA, 3Lehigh University, 
Bethlehem, PA, USA 
 
Glucocorticoid hormones (GCs) are potent regulators of  
metabolism and digestion; secretion of  GCs is activated by many 
stressors, from behavioral stimuli to different feeding states. GCs 
activate specific nuclear receptors (e.g., GRa, GRb) in an array 
of  tissues with specific effects in sensory epithelia (e.g., retina, 
hair cells) and digestive tissues (e.g., pancreas, liver, duodenum). 
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GRs are abundantly expressed in oral epithelium but previously 
undescribed in taste buds. We determined the expression of  
GRa in taste buds using immunohistochemistry with transgenic 
mice expressing GFP in either T1r3- or TrpM5-positive taste 
bud cells (the latter reveals all type 2 taste cells). Almost all 
T1r3-GFP taste receptor cells (97%) and most TrpM5-GFP 
cells (89%) expressed GRa across the three major taste fields 
(fungiform, foliate, circumvallate [CV] papillae). Of  the GRa-
positive taste receptor cells, 36% exhibited nuclear expression. 
Skn-1a knockout mice that lack all type 2 taste receptor cells 
had no GRa-positive taste receptor cells, indicating that GRa is 
only expressed in type 2 cells. In response to restraint stress (2h) 
T1r3 taste cells showed a 1.7 fold increase in nuclear expression 
of  GRa compared to controls, suggesting that stress activates 
and mobilizes GRa to the nucleus. The heat shock protein 
complex Hsp70/Hsp90 regulates nuclear translocation of  GRs; 
thus, we exposed mice to repeated restraint stress (2 h/d, 5 d) 
and quantified mRNA expression for Hsp70 and Hsp90 in taste 
tissues. Expression of  both Hsps significantly increased in CV 
compared to non-taste tissue. Altogether our data show that 
sweet taste receptor cells express GRs and respond to changes in 
circulating GCs. Our results have implications for understanding 
the peripheral effects of  stress on taste, metabolism and 
digestion. Acknowledgements: This work was supported by 
NIH-NIDCD: 5T32DC000014-31, Diversity Supplement under 
5R01DC003055-14 and Core Grant 1P30DC011735-01. FCOI 
Disclosure: None
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Single Lgr5-expressing taste stem/progenitor cells  
generate taste bud cells in vitro 
Wenwen Ren, Karen K. Yee, Kevin M. Redding, Robert F.  
Margolskee, Peihua Jiang 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Leucine-rich repeat-containing G-protein-coupled receptor (Lgr) 
proteins have been identified as markers for adult stem cells 
in multiple tissues. Recently, we and others reported that Lgr5 
marks adult taste stem/progenitor cells in posterior tongue. 
Here, we describe a three-dimensional culture system to expand 
and differentiate single Lgr5-expressing (Lgr5+) cells isolated 
from taste tissue into taste bud like structures (“organoids”). 
Many cells within these organoids were cycling and positive 
for proliferative cell marker K14 and BrdU. A few cells in the 
organoids were immunoreactive for one or more markers of  
mature taste receptor cells: e.g. Trpm5, gustducin, PLCbeta2, 
CA4 or T1R3. Calcium imaging assays revealed the presence of  
cells in organoids which were responsive to bitter (denatonium) 
and sweet (sucralose) tasting compounds. Taste organoids 
derived from individual Lgr5+ cells can be passaged for multiple 
times in culture - we are currently investigating their lifespan 
in culture. Collectively, our data demonstrate that functional 
taste cells can be generated in vitro from single Lgr5+ cells, 
confirming the role of  Lgr5+ cells as taste stem/progenitor cells. 
Acknowledgements: This work was supported by institutional 
funds from the Monell Chemical Senses Center and by NIH 
Grants R01 DC010842, DC003055, R01 DK081421 and P30 
DC011735. FCOI Disclosure: None
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3D Functional Organization of a Taste Bud Using Serial 
Block-face Scanning EM  
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Ruibiao Yang1,3, John C Kinnamon3, Thomas E Finger1 
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Despite recent advances in understanding the molecular signaling 
underlying taste transduction, a 3-dimensional (3-D) description 
of  cell-to-cell interactions and transmission of  information 
within taste buds is lacking. Taste buds are complex sensory 
endorgans whose cells are organized like cloves in a garlic bulb 
with nerve fibers interwoven between the cells. Three cell types 
(Types I, II, and III) exist in each taste bud corresponding to 
differences in taste sensitivity and transduction. Two mouse 
circumvallate taste buds were investigated using serial block-face 
scanning EM (sbfSEM), a recently developed technique involving 
serial sectioning within the chamber of  an electron microscope. 
The technique allows for generation of  a 3-D picture of  taste 
bud structure with ultrastructural level resolution. Key structures 
of  the taste bud that were analyzed include: taste cell-to-nerve 
contacts, the relationship of  Type I taste cells to other cell types, 
the details and specificity of  the specialized contacts between 
taste cells and nerve fibers, and what role atypical mitochondria 
may play at these specialized contacts. We have used this pilot 
data to serially identify (“segment”) many of  these components, 
which are lacking a complete ultrastructural 3-D understanding. 
Segmented taste cells, nerve fibers, and mitochondria have been 
rendered in 3-D to help formulate data-driven hypotheses about 
how taste information is transmitted to the nervous system. 
Initial findings indicate that atypical mitochondria situated in 
Type II cells at points of  contact with nerve fibers are specialized 
organelles independent of  the larger mitochondrial network. 
Further study and additional samples are necessary to confirm 
these initial findings and to further explore the 3-D architecture 
of  taste buds. Acknowledgements: Supported by NIH grants R21 
DC013186-01 and P30 DC004657. FCOI Disclosure: None
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Expression of TGF-bs and Their Receptors in Taste Tissues  
Nirvine Simon, Pu Feng, Jinghua Chai, Hong Wang 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Patients with inflammatory diseases often experience taste 
alterations. Yet, how inflammation affects the taste system is 
not fully understood. In this study, we investigate a group of  
inflammation-associated cytokines, the transforming growth 
factor-betas (TGF-bs), in mouse taste papillae. TGF-bs are 
a small group of  proteins that regulate cell proliferation, 
differentiation, and death. TGF-bs are widely expressed in 
various tissues and play important roles in tissue repair, tumor 
growth, and immune responses. TGF-b has three isoforms, 
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TGF-b1, b2, and b3, and all three of  them are essential for 
mouse survival. It has been reported that TGF-b3 inhibits the 
proliferation of  cultured taste epithelial cells. However, the 
functions of  TGF-bs in taste tissues in vivo remain unclear. To 
study roles of  TGF-bs in taste tissues, we analyzed the expression 
of  TGF-b1, b2, and b3, as well as TGF-b receptors, TGF-
bR1, bR2 and bR3, in mouse taste papillae. RT-PCR analyses 
showed that all three TGF-b isoforms and their receptors are 
expressed in circumvallate and foliate epithelium. Quantitative 
RT-PCR showed that TGF-b3 is expressed at higher level in 
the taste epithelium than in the nontaste lingual epithelium. 
Immunostaining using antibodies against individual TGF-b 
isoforms revealed that TGF-b2 and b3 are expressed in subsets 
of  taste bud cells, whereas TGF-b1 is expressed in perigemmal 
and basal epithelial cells, a niche for taste progenitor/stem cells. 
Antibodies against TGF-bR2 detected positive signals in a subset 
of  taste bud cells and in basal epithelial cells. These expression 
patterns suggest that the three TGF-b isoforms may play distinct 
roles in the peripheral gustatory system. Acknowledgements: 
This study was supported by NIH/NIDCD grants DC010012 
(H.W.) and P30 DC011735 and NSF grant DBJ-0216310.  
FCOI Disclosure: None
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Prenatal Cocaine Exposure Elicits Adult Deficits in  
Olfaction and Cognitive Flexibility 
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1Program in Neuroscience, The Florida State University, Tallahassee, 
FL, USA, 2Center for Brain Repair, Tallahassee, FL, USA,  
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Prenatal cocaine exposure (PCE) has been linked to deficits 
in learning, working memory, and cognitive function during 
development and adolescence; whether these deficits persist 
later in life remains largely unknown. Declined cognitive ability, 
combined with reduced peptide hormone expression in the 
olfactory bulb and impaired odor/milk association in neonates, 
has supported olfactory deficits following PCE. To examine the 
persistence of  cognitive and sensory impairments in adulthood, 
prenatally-exposed male Swiss-Webster mice were tested in an 
odor-discrimination and odor-reversal learning paradigm using 
a Knosys liquid-based olfactometer at 4 months of  age. Mice 
were exposed to cocaine or saline via subcutaneous injections 
from the 8th day of  gestation to parturition, then cross-fostered 
to drug naïve dams at birth. Adult mice with PCE were operant 
conditioned to associate a water reward with 5% ethyl acetate 
(S+ reinforcing odor) and did not perform differently from saline-
exposed controls. When challenged to discriminate between 
two odors (5% ethyl acetate (S+) and 1% acetophenone (S- non-
reinforcing odor)), cocaine-exposed mice exhibited moderate 
olfactory deficits (2-way ANOVA; F (1,233) = 6.77, p = 0.009). 
Following 400 trials on this paradigm, the S+ and S- were 
reversed and mice with PCE displayed an inability to reversal 
learn (F (1,58) = 114, p <0.0001). Our results indicate that 
PCE produces olfactory deficits and impairments in cognitive 

flexibility, demonstrating long-lasting functional consequences 
of  cocaine exposure while in utero. Current experiments are 
investigating epigenetic components impacting olfactory 
behavior whereby subsequent generations may be influenced  
by parental drug use. Acknowledgements: This work was 
supported by NIH grants R01DC003387 and T32DC00044, and 
DA020796 from the NIDCD and NIDA, respectively. FCOI 
Disclosure: None
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Does The Lighter iPad Make You Heavier? 
Noah Hirsch, Richard Bone, Alan R Hirsch 
Smell & Taste Treatment and Research Foundation, Chicago, IL, USA 
 
Objective: To determine if  distraction through playing game 
applications on an iPad or iPhone increases consumption 
amoungst teenagers. Methods: Eighty thirteen and fourteen 
year olds (27 boys and 41 girls) without asthma, diabetes,or 
allergy to chocolate, with positive hedonics towards M&Ms and 
subjectively normosmic underwent the Q-SIT olfactory testing. 
Thirty six normosmics (3/3) underwent preloading with 18 
M&Ms (73.3 calories). After two minutes subjects were presented 
M&Ms for ad lib consumption while playing an iGame or 
sitting quietly for two minutes, or vice versa, presented in a 
counterbalanced fashion. Number of  M&Ms consumed in each 
condition was determined and the statistical significance was 
found for mean paired difference of  number of  M&Ms eaten. 
Results: There was an average 4.7 less M&Ms eaten  
while playing the game than during the control period, an 
insignificant difference ( p=0.3). Regardless of  the condition, 
more M&Ms were eaten during the second testing than the first: 
21 with game first (p<.01) and 24 with game second (p<.01). 
Conclusions: Given that children and adults while watching 
television or are otherwise distracted increase consumption, 
it was anticipated that playing iGames would demonstrate 
similar results. That this was not seen may reflect that with such 
an interactive activity, hands are required, preventing digital 
manipulation of  M&Ms for consumption. Also worth noting is 
a significant second effect associated with more M&Ms eaten. 
This supports the need for counterbalancing order in behavioral 
experiments. Acknowledgements: Smell & Taste Treatment and 
Research Foundation. FCOI Disclosure: Alan R. Hirsch is the 
owner and neurologic director of  the Smell & Taste Treatment 
and Research Foundation; holds equity in Sensa LLC, and is a 
consultant for numerous companies in the flavor, fragrance, food, 
and related industries.
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A Sensory Frailty Index Including Olfaction and  
Gustation Predicts Physical Frailty 
Megan J. Huisingh-Scheetz1, Kristen E. Wroblewski2, Kevin Lopez3, 
David W. Kern4, L. Philip Schumm2, Martha K. McClintock4,  
Jayant M. Pinto3 
1Section of  Geriatric Medicine and Palliative Care, The University 
of  Chicago, Chicago, IL, USA, 2Department of  Health Studies, The 
University of  Chicago, Chicago, IL, USA, 3Section of  Otolaryngology-
Head and Neck Surgery, The University of  Chicago, Chicago, IL, USA, 
4Department of  Comparative Human Development and the Institute for 
Mind and Biology, The University of  Chicago, Chicago, IL, USA 
 
Frailty is a critical functional measure in older adults, predicting 
morbidity and mortality. Little is known about the relationship 
between sensory function and frailty. Using data from Wave 1 of  
the National Social Life, Health and Aging Project (NSHAP), 
a representative study of  older US adults aged 57-85 (N=3005), 
we developed the Chicago Sensory Frailty Index (CSFI) as a 
global assessment of  sensory health. NSHAP assessed olfaction 
(5-item Sniffin’ Sticks identification), gustation (4-item modified 
Taste Strips), touch (2-point discrimination), vision (distance 
acuity by Sloan chart), and hearing (interviewer rating scale). 
Function for each sense was categorized using clinical thresholds 
as good (0), decreased (1), or poor (2). The CSFI is the sum of  
these scores, ranging from 0 [robust]-10 [frail]). Linear regression 
estimated the association between CSFI and gait speed adjusting 
for factors known to influence both sensation and frailty (age, 
gender, education, race, disease, cognition, and tobacco/alcohol 
use). As expected, older age, female gender, and diabetes were 
all associated with slower gait speed as were less education and 
worse cognition (P<0.05 all). In this comprehensive model, 
worse CSFI was associated with slower gait speed adjusting 
for these factors (P<0.001). Moreover, CSFI at NSHAP Wave 
1 predicted gait speed 5 years later (NSHAP Wave 2; P=0.007, 
ordinal logistic regression). Our results demonstrate that sensory 
and physical function are closely associated and that the CSFI 
may be a useful tool to predict subsequent physical frailty. 
Further examination of  sensory frailty may allow us to dissect 
the interconnection of  the sensory system with other aspects 
of  human physiology, health and disease. Acknowledgements: 
The National Institute on Aging (R37 AG030481 AG036762 
AG029795), the Institute for Translational Medicine at 
The University of  Chicago (KL2RR025000), the McHugh 
Otolaryngology Research Fund, and the American Geriatrics 
Society. DWK was supported by a Mellon Foundation Social 
Sciences Dissertation-Year Fellowship. FCOI Disclosure: None
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Olfactory function in blind subjects 
Simona Manescu1, Johannes Frasnelli1,2, Franco Lepore1 
1Centre de Recherche en Neuropsychologie et Cognition (CERNEC), 
Montreal, Canada, 2Centre de Recherche de l’Hôpital du  
Sacré-Coeur de Montréal (CRHSCM), Montreal, Canada 
 
Blind subjects show superior sensory function in most modalities 
compared to sighted subjects, however little research has 
investigated the olfactory function. Consequently, our present 
study aims at determining if  blind subjects also have a superior 
olfactory function. Therefore, 12 early-blind, 12 late-blind and 24 
controls are tested on different olfactory tasks. In the detection 
task, participants are instructed to press a button as soon as 
they detect an odor (strawberry or parmesan cheese). In the 
identification task, participants press a button when they smell an 
eucalyptus odor and another button when they smell an almond 
odor. In the localisation task, participants are asked to press one 
button if  they smell an odor in their left nostril, and another 
button if  they smell it in their right nostril (eucalyptus or almond 
odor). Preliminary results from 7 early-blind, 9 late-blind and 8 
controls indicate a significant group effect for the odor detection 
task (F[2;21]=4,87, p=.02). Further t-test analysis indicates that 
the early-blind detect odors faster (M=843ms, SD=124) than late 
blind (M=1453ms, SD=485), t[14]=3.22, p=.01. We also found 
a significant group effect between the early-blind, late-blind and 
controls for the success rate in odor localisation F[2;21]=4,05, 
p=.03. Further t-test analysis indicates that early-blind 
participants are better at localizing odors (M=71%, SD=8.95) 
than late blind (M=50%, SD=20.50) t[11]=2.78, p=.02. Theses 
preliminary results suggest that only early-blind subjects 
could have superior olfactory function compare to controls 
which underlines the importance of  a specific time-frame 
in which loss of  vision would result in olfactory superiority. 
Acknowledgements: S.M. is supported by funding from the 
Center for Research in Neuropsychology and Cognition, J.F. by 
a postdoctoral fellowship of  the Canadian Institutes of  Health 
Research, and F.L. by the Canada Research Chair program 
and by Natural Sciences and Engineering Research Council of  
Canada. FCOI Disclosure: None
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Depression Scores as a Predictor of Olfactory Sensitivity in 
End-Stage Renal Disease Patients  
Matthew P McCurdy1, Joseph W Jones1, Irene N Ozbek1,  
James A Tumlin2 
1The University of  Tennessee at Chattanooga, Chattanooga, TN,  
USA, 2Southeast Renal Research Institute, Chattanooga, TN, USA 
 
Past literature shows that depression is more prevalent in chronic 
disease patients, such as End-Stage Renal Disease (ESRD) 
(Egede, 2007). At the same time, patients with major depression 
disorder have been shown to suffer deficits in olfactory sensitivity 
(Pause, Miranda, Göder, Aldenhoff, & Ferstl, 2001). Due to the 
increased prevalence of  depression in the ESRD population, 
the present study aimed to determine if  depression scores could 
be used to predict olfactory sensitivity in End Stage Renal 
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Disease patients. Using the Wheeler-University of  Tennessee at 
Chattanooga (W-UTC) threshold test, threshold values for seven 
End-Stage Renal Disease (ESRD) patients were obtained for five 
different odors. Comparing the threshold scores for each odor to 
depression scores obtained using the Center for Epidemiologic 
Studies Depression Scale – Revised version (CESD-R), it was 
found that those patients who scored above the sample mean 
on the CESD-R measure, received significantly lower threshold 
values on two of  the five odors sampled. In other words, their 
olfactory sensitivity on these two odorants was better than 
others with end stage renal disease. Possible explanations for 
this finding, which is not consistent with negative correlations 
between depression and olfactory sensitivity found previously, 
are discussed. Acknowledgements: University funds. FCOI 
Disclosure: None
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Risk Factors for Hazardous Events In Olfactory  
Impaired Patients 
Taylor S. Pence1, Evan R. Reiter2, Laurence J. DiNardo2,  
Richard M. Costanzo1,2 
1VCU School of  Medicine, Department of  Physiology and Biophysics, 
Richmond, VA, USA, 2VCU School of  Medicine, Department of  
Otolaryngology, Richmond, VA, USA 
 
Olfactory function is critical to alerting patients to potentially 
hazardous situations. In this study, over three decades of  patient 
data (1983-2013) was analyzed to investigate the overall risk, 
modifiers of  risk, and trends in hazardous events experienced 
by patients with impaired olfactory function. Patients with 
higher degrees of  olfactory impairment had a greater risk of  
experiencing hazardous events and this risk was significantly 
affected by specific modifiers. A total of  1047 patients were 
evaluated at a university based smell and taste clinic. Of  these, 
704 completed both olfactory function testing and a hazardous 
event questionnaire. Based on olfactory function testing patients 
were diagnosed as nomosmic (n=161), mildly hyposmic (n=99), 
moderately hyposmic (n=93), severely hyposmic (n=142), 
and anosmic (n=209). The incidence of  hazardous events 
progressively increased with degree of  impairment; nomosmic 
18.01%, mildly hyposmic 22.22%, moderately hyposmic 31.18%, 
severely hyposmic 32.39%, and anosmic 39.23%. Unexpectedly, 
we found that over a period of  three decades there was no 
change in the overall incidence of  hazardous events. Analysis of  
demographic data (age, sex, race, smoker status, and etiology) 
revealed significant differences in incidence of  hazardous events 
based on age (p=0.009), sex (p=0.000), and race (p=0.038). 
These data confirm that increased level of  olfactory impairment 
portends an increased risk of  experiencing a hazardous event; 
and the risk is further impacted by individuals’ demographic 
parameters. This study underscores the importance of  counseling 
patients on the risks associated with olfactory impairment since 
the risk of  hazardous events has not decreased over the past three 
decades. Acknowledgements: Supported by a grant from the 
MEDARVA Foundation. FCOI Disclosure: None
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Prevalence and risk factors of self-reported chemosensory 
disorders and preliminary associations with adiposity in 
United States adults: Results from 2011-2012 National  
Health and Nutrition Examination Survey (NHANES) 
Shristi Rawal1, Howard J Hoffman2, Kathleen E Bainbridge2,  
Valerie B Duffy1 
1University of  Connecticut/Allied Health Sciences, Storrs, CT,  
USA, 2NIDCD/NIH/Epidmiology & Statistics Program,  
Bethesda, MD, USA 
 
A taste and smell questionnaire was administered to a nationally-
representative sample of  3603 adults as part of  the NHANES 
2011-2012 home interview to provide data on perceived 
chemosensory-related problems and comorbidities. Participants 
who were 40 years and older were asked to report their taste 
and smell function, presence of  chemosensory disorders, and 
history of  symptoms, risk factors and medical treatment for these 
disorders. Six percent of  the population reported phantosmia 
and 19% reported diminished/absent smell; overall prevalence 
of  smell dysfunction was 23%. Five percent reported dysgeusia, 
and including 18% who reported diminished/absent taste 
or flavor, overall prevalence of  taste/flavor dysfunction was 
19%. Among those who reported chemosensory problems, 
12.5% sought medical attention, 3.5% tried any recommended 
treatment, and 3% said that the dysfunction interfered with their 
daily life. Factors independently associated with report of  any 
chemosensory dysfunction were identified with multiple logistic 
regression and included less education, persistent dry mouth, 
reported poor health, nasal/sinus problems and history of  head/
face injury. The strongest risk factors were persistent dry mouth 
(OR= 2.70; 95% CI: 2.02, 3.62) for reported taste dysfunction 
and nasal/sinus problems (OR= 1.87; 95% CI: 1.37, 2.55) for 
reported smell dysfunction. In preliminary analyses, self-reported 
chemosensory dysfunction was associated with higher body mass 
index after controlling for many other predictors of  adiposity, 
including education, smoking status and physical activity. These 
findings suggest that perceived chemosensory disorders are 
prevalent in US adults and that perceived disorders may explain 
some of  the variability in body mass index. Acknowledgements: 
NIDCD/NIH. FCOI Disclosure: None
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Correlation of obesity and reduced reward network activation 
to pleasant tastes 
Jianli Wang1, Robert Mchugh1, Qing X. Yang1,2, Nicole Matthews1, 
Jeffrey Vesek1, Andras Hajnal3,4, Ann M. Rogers4 
1Penn State University College of  Medicine/Radiology, Hershey,  
PA, USA, 2Penn State University College of  Medicine/Neurosurgery, 
Hershey, PA, USA, 3Penn State University College of  Medicine/Neural 
& Behavioral Sciences, Hershey, PA, USA, 4Penn State University 
College of  Medicine/Surgery, Hershey, PA, USA 
 
Abnormal assessment of  the hedonics and intensity of  tastes has 
been correlated with abnormal appetite regulation which can be 
a major cause of  obesity. However, it is not clear if  the perception 
and processing of  tastes in the brain of  subjects with obesity 
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is changed. We hypothesized that the reward network is less 
responsive to pleasant tastes in obese compared to normal weight 
adults. In this study, we utilized fMRI to test our hypothesis by 
studying the BOLD signal in subjects with a wide range of  body 
mass indexes (BMI) responding to three levels of  both sweet 
and salty tastants, generally perceived as pleasant. Twenty-nine 
healthy subjects (age: 25-62 years, BMI range: 20.4-49.1) with 
normal taste function participated in this study. It was found 
that both sweet and salty tastes triggered significant activation 
in the primary and secondary gustatory cortices including: the 
bilateral insular cortex, orbitofrontal cortex, somatosensory 
cortex, cingulate cortex, and thalamus. Significant activation 
was also observed in reward network structures including: the 
nucleus accumbens, caudate nucleus, and prefrontal cortex. 
The BOLD signal, responding to both the sweet and salty taste 
stimulation, was positively correlated with BMI in the primary 
gustatory cortex and orbitofrontal cortex. A negative correlation 
with BMI was observed in the nucleus accumbens and prefrontal 
cortex (multiple regression with age effect controlled, p <0.001). 
These results support our hypothesis that the reward system in 
obese adults is less responsive to pleasant tastes. This ultimately 
may be a contributing factor to the craving of  high calorie foods 
and subsequent overeating generally associated with obesity. 
Acknowledgements: This study was supported in part by the 
Society of  American Gastrointestinal and Endoscopic Surgeons. 
FCOI Disclosure: None
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Extensive lateralisation of olfactory disorders and its  
possible impact on complaints in posttraumatic patients  
Antje Welge-Luessen1, Birgit Westermann2, Thomas Hummel3 
1Dept. of  Otorhinolaryngology, University Hospital, Basel, Switzerland, 
2Dept. of  Neurosurgery, University Hospital, Basel, Switzerland, 3Smell 
& Taste Clinic, Dept. of  ORL, Technical University of  Dresden Medical 
School, Dresden, Germany 
 
Objectives: Posttraumatic olfactory disorders can be lateralised 
even though this is often overseen in routine clinical testing. 
A lateralised deficit is defined as a difference in the TDI score 
(sum of  odor threshold, discrimination and identification tests) 
between right and left nostril of  6 points or more. This study 
explores the extent of  lateralised deficits and its possible impact 
on subjective complaints. Methods: Data from 199 patients 
(121 men, 78 women) were analysed retrospectively. All patients 
were examined between 2003 and 2013 and were suffering 
from a posttraumatic olfactory disorder. In all subjects olfactory 
function was tested using the Sniffin´ Sticks test battery which 
was applied separately for the right and left nostril. The presence 
of  parosmia was evaluated according to the patients’ medical 
history. Results: Out of  all 199 patients (mean age: 45.8 ± 
14.9 years) 47 (23.6%) patients did have a lateralised olfactory 
disorder. Out of  these 27 (57.4%) did have a side difference in 
the TDI score between both nostrils ranging from > 6 points but 
<than 10 points and 20 patients (52.6%) did have a difference 
of  10 or more points. Out of  these 20 patients with an extensive 
side difference 16 were anosmic on one side and hyposmic on 

the other side, 3 were anosmic on one side and normosmic on 
the other side and one patient was hyposmic on both sides. 
Parosmia was present in 17 (85%) out of  these 20 patients and 
was the predominat symptom in 14 (out of  17) patients (82.4%). 
Only 7 (4.6%) of  the 152 patients without lateralised disorders 
did complain about parosmia. Conclusion: Posttraumatic 
olfactory dysfunction can be extremely lateralised and seems 
to be accompanied by a higher rate of  parosmia. Lateralised 
testing especially in patients complaining about parosmia is 
recommended. Acknowledgements: Funded by FONDS 116000 
(to AWL) University Hospital Basel. FCOI Disclosure: None
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Decreased food pleasure and disrupted satiety signals in 
chronic low-back pain 
Paul Y Geha1,2, Ivan deAraujo1,2, Barry Green1, Dana DM Small1,2 
1The John B. Pierce Laboratory, New Haven, CT, USA, 2Yale 
University Department of  Psychiatry, New Haven, CT, USA 
 
Chronic low-back pain (CLBP) and obesity are interrelated 
but the physiological mechanisms linking the two conditions 
remain to be determined. Functional brain imaging data from 
CLBP patients show functional and structural alterations 
in areas mediating the attribution of  hedonic value to food. 
Accordingly, we hypothesized that CLBP patients would 
exhibit alteration in the hedonic perception of  highly palatable, 
calorie-containing foods. CLBP patients and matched healthy 
controls initially rated their perception of  highly palatable 
puddings of  varying fat content and sugary drinks of  varying 
sucrose content without ingesting significant amounts of  either 
stimulus. In a subsequent intake test, hungry participants 
ingested their preferred pudding ad libitum. Compared to 
healthy controls, CLBP patients exhibited significantly lower 
ratings of  food pleasure when sampling the fat puddings, but 
not when sampling the sugary drinks. In contrast, the patients’ 
sensory evaluation of  these stimuli was not different from those 
of  healthy controls. In addition, while in healthy controls the 
hedonic ratings of  pudding closely matched caloric intake and 
decreased hunger after ad libitum pudding intake, such effect 
was totally abolished in CLBP patients. Our data thus reveal a 
decoupling between hedonic perception and fat calorie intake in 
CLBP patents, and suggest altered hedonic perception of  fat as 
a potential mechanism linking CLBP to overeating and obesity. 
Acknowledgements: This work was supported by pilot funds 
from the John B. Pierce Laboratory. FCOI Disclosure: None
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Anosmia with Absent Alliacious Lacrimation 
Marissa Hirsch1, Sanford Sherman2, Alexander Roussos2,  
Alan R. Hirsch2 
1University of  Michigan, Ann Arbor, MI, USA, 2Smell & Taste 
Treatment and Research Foundation, Chicago, IL, USA 
 
Objective: To report a case with anosmia with dissociation 
between emotional and trigeminal induced lacrimation. 
Methods: Case Report: A 56 year old female, 5 months prior to 
presentation was struck in the head by an errant hockey puck, 
causing a forehead laceration but without loss of  consciousness. 
Since then, she has lost smell and taste. Everything is imbued 
with the same rotten smell of  different intensities. She also 
experiences a fresh sweet phantosmia twice a week for a few 
seconds. She can taste only very spicy foods. She complains 
of  dysgeusia whereby cheese tastes like soap and red wine 
like rotten raisins. When she cries with sadness both eyes 
tear, but when cutting onions only the left eye tears. Results: 
Neurology examination normal including corneal reflexes, 
except for decreased light touch and pin prick R V

1
, positive 

jaw jerk and bilateral Hoffman reflexes. Antral rhinoscopy, 3D 
MRI, Fiberoptic endoscopy-normal. Q-SIT 1; olfactometer 
threshold R 4.5; L 1.0; Retronasal smell: Jelly Bean Difference 
3. Discussion:This dissociation between reflex and emotionally 
induced tearing may reflect a subtle abnormality in corneal V

1
, 

despite normal corneal exam.The afferent component of  the 
peripheral sensory lacrimation reflex is from free nerve ending in 
the conjunctiva, cornea, anterior uvea, and nasal mucosa through 
the V

1
 of  the trigeminal nerve to the pontine lacrimal nucleus. 

Affective lacrimation stems from the limbic lobes to the lacrimal 
nucleus, where efferents of  both types of  lacrimation project 
through the lacrimal nerves to the lacrimal glands. Propanethial-
S-oxide, the volatile trigeminal lacrimatory factor of  onions, 
induced tearing OS, but not OD. This chemesthesis reflex 
asymmetry is analogous to the afferent pupillary defect, Marcus 
Gunn pupil, in the visual system. Acknowledgements: Smell & 
Taste Treatment and Research Foundation. FCOI Disclosure: 
Alan R. Hirsch is the owner and neurologic director of  the Smell 
& Taste Treatment and Research Foundation; holds equity in 
Sensa LLC, and is a consultant for numerous companies in the 
flavor, fragrance, food, and related industries.
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Olfactory function before and after endoscopic sinus surgery  
Julien W Hsieh1,2, Basile N Landis1 
1Rhinology-Olfactology Unit, Department of  Otorhinolaryngology-
Head and Neck Surgery, Smell and Taste Clinic, University of  Geneva, 
Geneva, Switzerland, 2Laboratory of  Neurogenetics and Behavior, 
Rockefeller University, New York, NY, USA 
 
Smell loss due to chronic rhinosinusitis with (CRS+P) or 
without polyps (CRS-P) is the most frequent type of  smell 
disorder. This is mostly due to congestion preventing odorants 
from reaching the olfactory cleft and inflammation damaging 
the olfactory neuroepithelium. Medical management is the 

preferred treatment option. However, endoscopic sinus surgery 
is considered when medication treatments fail. Previous studies 
evaluated olfactory function before and after surgery but without 
distinguishing between CRS+P and CRS-P, although the two 
conditions may behave differently. We therefore decided to 
evaluate olfactory function in CRS+P and CRS-P before and 
after surgery independently.A total of  212 patients suffering 
from CRS+P (n=92) or CRS-P (n=120) who underwent 
endoscopic sinus surgery were included. Olfactory thresholds 
for n-butanol were measured before and 3 months after surgery 
with the Sniffin’Sticks test battery. Mean olfactory threshold was 
7.45±0.24 points for CRS-P and 5.32±0.36 points for CRS+P 
(P<0.001) preoperatively. There was significant improvement 
in both groups postoperatively (8.02+0.23; P=0.003 for CRS-P 
and 6.64+0.35; P<0.0001 for CRS+P). The improvement rate 
was 58% and 52% in CRS-P and CRS+P patients, respectively. 
These results suggest that CRS+P has a more detrimental effect 
on olfactory thresholds than CRS-P. In over 50% of  the patients 
in both groups, surgery does improve olfactory thresholds. 
However, olfactory threshold remains unchanged or becomes 
even worsen in more than one third of  the patients. This 
confirms previous work and clinical experience that it is difficult 
to predict and guarantee olfactory improvement after endoscopic 
sinus surgery. Acknowledgements: University Hospital of  
Geneva (Switzerland). FCOI Disclosure: None
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Impact of the Usher-Syndrome on olfaction 
Fabian Jansen1, Benjamin Kalbe1, Paul Scholz1, Uwe Wolfrum2,  
Hanns Hatt1, Sabrina Baumgart1 
1Department of  Cell Physiology, Faculty for Biology and Biotechnology, 
Ruhr-University, Bochum, Germany, 2Cell and Matrix Biology,  
Institute of  Zoology, Johannes Gutenberg University, Mainz, Germany 
 
The Usher syndrome is a genotypically and phenotypically 
heterogeneous, autosomal recessive disease in human, 
characterized by sensorineural hearing loss, retinitis pigmentosa, 
and in some cases vestibular dysfunction. This disease is 
caused by mutations in the described Usher genes encoding for 
diverse proteins such as scaffolds, motor proteins, cell adhesion 
proteins, and transmembrane proteins. It is believed that these 
Usher proteins build a very complex network in different ciliary 
structures, like photoreceptor cells of  the retina and hair cells of  
the inner ear. However, it is still unclear if  these Usher proteins 
also form a network in the olfactory epithelium and thereby 
modulate olfactory signaling. For years, it is controversially 
discussed if  Usher patients have an olfactory impairment. 
In this study, we identified Usher candidates on mRNA and 
protein level in the olfactory epithelium (OE) of  mice and 
determined OE-specific isoforms. We could show interactions 
between different Usher proteins and many important signaling 
components of  the olfactory signaling cascade through in 
vivo co-immunoprecipitations. In addition, we analyzed the 
responsiveness and odor sensitivity of  different Usher syndrome 
mouse models in electro-olfactogramm (EOG) recordings. Here, 
we could monitor a highly significant difference in odor detection 
between mice expressing mutant harmonin and SANS proteins 
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compared to wildtype animals. In addition, kinetics of  odor-
induced potentials decelerated in the murine Usher syndrome 
models. In conclusion we could show significant evidence for  
an involvement of  different usher proteins in the olfactory 
signaling pathway. Acknowledgements: IMPRS-CB. FCOI 
Disclosure: None
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Variability in Olfactory Detection Thresholds in  
End-Stage Renal Disease Patients 
Joseph W Jones1, Matthew P McCurdy1, Irene N Ozbek1,  
James A Tumlin2 
1Department of  Psychology, The University of  Tennessee at 
Chattanooga, Chattanooga, TN, USA, 2Southeast Renal Research 
Institute, Chattanooga, TN, USA 
 
While there is evidence for a decline in olfactory identification 
scores for patients in renal failure (Landis et al., 2011), there 
are contradictory results for detection thresholds. Some results 
show higher thresholds (Landis et al., 2011; Griep et al., 1997) 
while others have found similar thresholds (Vreman, et al., 2008). 
Additionally, Landis et al. (2011) found elevated thresholds for 
one odor, but not others. The mixed results in these outcomes 
may result not from the participants’ detection abilities, but 
from the variability of  the thresholds within the odors. The 
current study evaluated the variance of  detection thresholds for 
numerous odors. Using the Wheeler-University of  Tennessee at 
Chattanooga (W-UTC) threshold test, the thresholds for seven 
End-Stage Renal Disease (ESRD) patients were obtained for five 
different odors. It was found that there was a marginal significant 
difference in the variances of  the odors (F = 2.621, p = .060), 
although there was great variability among the seven subjects. 
This suggests that the contradictory findings in the literature 
may reflect the variability in odor detection among patients in 
renal failure. Subject variables in those with renal disease, such 
as length of  time on dialysis or time of  testing since last dialysis, 
need to be evaluated in terms of  the wide differences in odor 
threshold detection scores with the standardization of  odors on 
threshold tests. Acknowledgements: Dialysis Clinics, Inc.  
(DCI), Wheeler Center for Odor Research, University of  
Tennessee at Chattanooga. FCOI Disclosure: None
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Why anosmics are still good at barbecuing: Olfactory  
imagery in patients with olfactory dysfunction  
Kathrin Kollndorfer1, Jacqueline Krajnik1,2, Stefanie Nell1,  
Christian A. Mueller3, Veronika Schöpf1 
1Department of  Biomedical Imaging and Image-guided Therapy, 
Medical University of  Vienna, Vienna, Austria, 2Department of  
Neurosurgery, Medical University of  Vienna, Vienna, Austria, 
3Department of  Otorhinolaryngology, Medical University of  Vienna, 
Vienna, Austria 
 
Imagery is defined as the retrieval of  a sensory stimulus encoding 
from the long-term memory. Although the retrieval of  visual 
images is not very difficult for most healthy participants, evoking 
olfactory encoding from long-term memory is a challenging 
task. The aim of  this study was to investigate the vividness of  
olfactory images in patients with olfactory dysfunction. We 
examined 43 anosmic patients (43f, mean age 55y), 21 hyposmic 
patients (12f, mean age 54y) and 16 healthy controls (9f, mean 
age 31y). Olfactory performance was assessed with the Sniffin’ 
Sticks battery. The ability of  olfactory imagery was evaluated 
using the Vividness of  Olfactory Imagery Questionnaire (VOIQ), 
investigating four categories of  odors: bath, barbecue, tobacco 
and cars. In all groups participants showed decreased VOIQ-
scores the longer the timespan was between the testing session 
and the last meal (r=0.27). Significantly impaired olfactory 
imagery was obtained in patients with olfactory dysfunction. 
Although anosmics showed the worst VOIQ performance, 
no statistically significant difference between ansomics and 
hyposmics was detected. Furthermore, a difference between the 
four odor categories was found, with patients with olfactory 
dysfunction showing decreased VOIQ-performance in all 
categories (p<0.006) except barbecue (p=0.139). The results of  
this study revealed a decrease of  olfactory imagery related to 
the decline of  olfactory sensory input. However, the retrieval 
of  food related odor memories appears to be preserved to some 
extent. Investigations using new treatment options for olfactory 
dysfunction, as for example the smell training, will provide 
insight, if  the ability of  olfactory imagery can be regained during 
treatment. Acknowledgements: FWF (P 23205-B09). FCOI 
Disclosure: None

#262 POSTER SESSION V 

The impact of olfactory dysfunction on  
interoceptive awareness  
Jacqueline Krajnik1,2, Kathrin Kollndorfer1, Lisbeth Notter1,  
Christian A. Mueller3, Veronika Schöpf1 
1Department of  Biomedical Imaging and Image-guided Therapy, 
Medical University Vienna, Vienna, Austria, 2Department of  
Neurosurgery, Medical University of  Vienna, Vienna, Austria, 
3Department of  Otorhinolaryngology, Medical University of  Vienna, 
Vienna, Austria 
 
The complete loss of  the sense of  smell (anosmia) as well as 
reduced olfactory sensitivity (hyposmia) are accompanied by 
restrictions in daily life. Patients with olfactory dysfunction 
suffer from depressive symptoms and quality of  life is negatively 
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affected. Furthermore, olfactory function has been associated 
with alterations of  body weight and body mass index (BMI), 
factors which are closely linked to the construct of  interoception. 
Interoception is defined as the processing, representation and 
perception of  the internal physical state and quantifies the extent 
of  individual sensitivity to these bodily signals. This study aimed 
to investigate how impairment of  the olfactory system effects the 
ability to represent one´s own internal body state. Chemosensory 
performance of  77 subjects was examined using the Sniffin´Sticks 
test battery, revealing a sample of  43 functional anosmics, 18 
hyposmics and 16 healthy controls. Interoceptive sensitivity 
was assessed using the Heart Beat Perception Task. Results 
revealed a correlation between odor detection threshold and 
interoceptive awareness, mediated by the duration of  olfactory 
loss – the lower olfactory threshold and the longer patients 
suffered from olfactory impairment, the worse the perception of  
bodily signals. Additionally, we were able to replicate previous 
findings with a significant higher BMI in patients with reduced 
olfactory function. Given that interoceptive awareness is also 
related to BMI, these findings suggest an interaction between 
olfactory dysfunction, interoceptive awareness and BMI. The 
results of  this study contribute to the basic understanding of  
the multifaceted effects of  olfactory dysfunction. Furthermore, 
the results raise the question how interoception is going to 
change in patients after recovery of  olfactory dysfunction. 
Acknowledgements: FUNDING: Supported by the  
FWF (P 23205-B09). FCOI Disclosure: None

#263 POSTER SESSION V 

Conductive olfactory losses in chronic rhinosinusitis?  
A computational fluid dynamics study of 29 patients 
Kai Zhao1,2, jianbo Jiang1, Edmund A. Pribitkin2, Pamela Dalton1, 
David Rosen2, Brian Lyman1, Karen K. Yee1, Nancy E. Rawson1, 
Beverly J. Cowart1,2 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2Department 
of  Otolaryngology, Thomas Jefferson University, Philadelphia, PA, USA 
 
Objective: Besides sensorineural factors, conductive 
impediments likely contribute to olfactory losses in chronic 
rhinosinusitis (CRS) patients, yet no conclusive evidence 
exists. We aimed to examine possible conductive factors using 
computational fluid dynamics (CFD) models. Methods: 29 CRS 
patients were assessed via odorant detection thresholds (ODT), 
rhinomanometry (nasal resistance: NR), acoustic rhinometry 
(minimum-cross-sectional area: MCA) and CT staging. CFD 
simulations of  nasal airflow and odorant absorption to olfactory 
region were carried out based on individual CTs. Biopsies 
of  olfactory epithelium (OE) were collected, cryo-sectioned, 
stained and scored for erosion. Results: Significant correlations 
to ODTs were found for three variables: odor absorption in 
the olfactory region (r=-0.60, p<0.01), MCA (r=-0.40, p<0.05) 
and CT staging (r=0.42, p<0.05). However, significant findings 
were limited to ODTs of  the highly soluble l-carvone. Multiple 
regression analysis revealed that these variables combined, 
with the addition of  NR, can account for 65% of  the total 
variance in ODTs. CT staging correlated significantly with 
OE erosion scores (r=0.77, p<0.01) and can replace the latter 

in the regression with comparable outcomes. Olfactory loss 
and inflammatory factors have strong bilateral involvement, 
while conductive factors are independent between sides. The 
contributions of  both these factors are more prominent if  
adjusted for the effects of  the others. As validation, CFD-
simulated NRs significantly correlated with rhinomanometrically 
assessed ones (r=0.60, p<0.01). Conclusion: Both conductive 
and inflammatory mechanisms contribute to olfactory losses in 
CRS. CFD modeling provides critical guidance in understanding 
the role of  conductive impediments in olfactory dysfunction 
in CRS. Acknowledgements: NIH 5R03DC008187, NIH P50 
DC00006760. FCOI Disclosure: None

#264 POSTER SESSION V 

Olfactory Dysfunction and Physical Frailty are Closely  
Linked in Older Adults 
Kristen E. Wroblewski1, Megan Huisingh-Scheetz2, Kevin Lopez3,  
David W. Kern4, L. Philip Schumm1, Jayant M. Pinto3,  
Martha K. McClintock4 
1Department of  Health Studies, The University of  Chicago, Chicago, 
IL, USA, 2Section of  Geriatric Medicine and Palliative Care, The 
University of  Chicago, Chicago, IL, USA, 3Section of  Otolaryngology-
Head and Neck Surgery, The University of  Chicago, Chicago, IL, USA, 
4Department of  Comparative Human Development and the Institute for 
Mind and Biology, The Univesity of  Chicagor, Chicago, IL, USA 
 
We recently demonstrated that olfactory dysfunction predicts 
5-year mortality using data collected in the National Social Life, 
Health and Aging Project (NSHAP), a representative study of  
older US adults aged 57-85 (N=3005). We hypothesized that 
olfaction is associated with more proximal health outcomes such 
as physical function. Olfactory function was measured with a 
5-item test of  odor identification using Sniffin’ Sticks. Physical 
frailty was assessed by the Timed Up and Go (TUG), a validated 
measure of  frailty that assesses time to stand from a chair, 
walk 3 meters, and return to a sitting position. Ordinal logistic 
regression estimated the odds of  prolonged TUG score based on 
olfactory impairment (2 or more errors), controlling for baseline 
factors known to influence both olfaction and frailty (age, 
gender, education, race/ethnicity, disease, cognitive function, 
and tobacco/alcohol use). As expected, older age, diabetes, 
heart disease, and gender (women) were all associated with 
longer TUG times as were less education and poorer cognition 
(each, P<0.05). Participants with olfactory impairment had 
greater odds of  frailty (OR 1.50, 95%CI 1.02-2.22, P=0.04). To 
determine if  this finding was specific to olfaction, we also looked 
at taste (measured by a survey version of  the Taste Strips). In 
contrast to olfaction, there was no association of  gustation and 
frailty in an analogous model (P=0.28). Our results suggest that 
olfactory dysfunction and physical frailty are closely associated, 
a finding with clinical implications. Potential physiological 
mechanisms linking olfactory impairment and physical 
function include network overlap in the central nervous system, 
common risk factors, or coordinated physiologic senescence. 
Acknowledgements: The National Institute on Aging (R37 
AG030481 AG036762 AG029795), the Institute for Translational 
Medicine at The University of  Chicago (KL2RR025000), the 
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McHugh Otolaryngology Research Fund, and the American 
Geriatrics Society. DWK was supported by a Mellon Foundation 
Social Sciences Dissertation-Year Fellowship. FCOI  
Disclosure: None

#265 POSTER SESSION V 

Age-related olfactory dysfunction in the Fischer 344 rat model  
Wendy M Yoder1, Brandi K Ormerod2, Barry Setlow1,2,3, Jennifer L 
Bizon1,2,5, Michelle Lyman4, Olivia Munizza4, David W Smith1,5 
1Program in Behavioral and Cognitive Neuroscience, Department of  
Psychology, Gainesville, FL, USA, 2Department of  Neuroscience, 
McKnight Brain Institute, Gainesville, FL, USA, 3Department of  
Psychiatry, McKnight Brain Institute, Gainesville, FL, USA, 4Center 
for Smell and Taste, Gainesville, FL, USA, 5Major in Interdisciplinary 
Studies, Neurobiological Sciences, Gainesville, FL, USA 
 
There is growing understanding that olfactory impairments are 
among the earliest signs of  many forms of  neural and cognitive 
dysfunction. Promising recent evidence from our laboratory 
suggests Fischer 344 rats may provide a useful framework for 
assessing olfactory function in an aging population. Importantly, 
a subset of  these rats develop age-related neural deficits that are 
either more widespread or severe than those observed in other 
rodent models of  cognitive aging. To construct the framework 
for normative olfactory data in this model, multiple domains of  
olfactory function were evaluated using an automated, liquid-
dilution olfactometer. Age differences were analyzed using both 
a cross-sectional and longitudinal design. Results indicate similar 
acquisition rates between old (22 months) and young (4 months) 
F344 rats on all the odor-guided tasks evaluated. Age-related 
olfactory changes were most robust for the discrimination task 
involving a homologous series of  alcohol pairs varying in carbon 
chain length (1-propanol, 1-butanol, 1-pentanol, 1-hexanol, 
1-heptanol and 1-octanol). Although performance consistently 
declined across all rats as the pairs became more structurally 
similar (differing by 1-2 carbon atoms), most aged rats indicated 
poorer discrimination accuracy on the less structurally similar 
pairs as well. Overall, olfactory sensitivity was the least useful 
measure for highlighting age differences; odor detection 
thresholds were equally low for both groups. The present study 
underscores the need to evaluate olfactory performance across 
different measures and also confirms that F344 rats develop 
age-related olfactory dysfunction. These baseline olfactory data 
may be applied to determine whether future cognitive decline 
can be predicted in this model. Acknowledgements: NIH R01 
AG024671 and the McKnight Brain Research Foundation, 
University of  Florida. FCOI Disclosure: None

#266 POSTER SESSION V 

The Effects of Soccer Ball “Heading” Frequency and Intensity 
on Nasal Inspiratory and Expiratory Function as Measured  
by Rhinological Patency  
Kristen Custer, Bryan Raudenbush, Emily Robinson, Killeen Schlegel, 
Sierra Moore 
Wheeling Jesuit University Department of  Psychology,  
Wheeling, WV, USA 
 
Past research indicates intense soccer ball “heading” frequency 
and intensity has detrimental effects on memory, reaction time 
and impulse control, as well as scent identification ability and 
olfactory functioning. The present study examined the effects 
of  soccer ball “heading” frequency and intensity on nasal 
functioning. Thirty-nine Division II soccer players (21 men 
and 18 women) completed a survey about their soccer-playing 
history and underwent inhalation and exhalation assessment via 
a BioPac physiological monitoring system. Independent samples 
t-test were conducted on the data, after dividing the participants 
into “low frequency heading” vs. “high frequency heading” 
groups as well as “low intensity heading” vs. “high intensity 
heading.” Results indicated those athletes who headed the ball 
with greater frequency had both significantly lower inhalation 
and exhalation performance than those athletes who headed 
the ball with lower frequency, t(37)=2.50 and 2.19, respectively, 
p<.05. In addition, those athletes who headed the ball with 
greater intensity had both significantly lower inhalation and 
exhalation performance than those athletes who headed the ball 
with lower intensity, t(37)=4.43 and 2.50, respectively, p<.05. 
Such performance is indicative of  damage within the nasal 
cavity. Soccer players should consider this research in order to 
educate and prevent future damage to the nasal cavity. Future 
research should assess whether such damage is permanent or 
reversible. Acknowledgements: The present study was funded by 
a West Virginia Space Grant Award. FCOI Disclosure: None

#267 POSTER SESSION VI 

A Na+/Ca2+ Exchange Inhibitor Blocks Activation of  
Insect Olfactory Receptors 
Yuriy Bobkov1, Elizabeth Corey1, Barry Ache1,2 
1Whitney Laboratory, Center for Smell and Taste, and McKnight  
Brain Institute, Univ. Florida, Gainesville, FL, USA, 2Depts. Biology 
and Neuroscience, Univ. Florida, Gainesville, FL, USA 
 
Earlier, we showed that the Na+/Ca2+ exchange inhibitor, 
KB-R7943, potently blocks the odor-evoked activity of  lobster 
olfactory receptor neurons. Here we extend that finding to 
other arthropod ORNs, specifically recombinant mosquito 
olfactory receptors stably expressed in HEK cells. Using whole-
cell and outside-out patch clamping and calcium imaging, we 
demonstrate that KB-R7943 blocks both the odorant-gated 
current and the odorant-evoked calcium signal from two OR 
complexes from the malaria vector mosquito Anopheles gambiae, 
AgOr48 + AgOrco and AgOr65 + AgOrco. Both heteromeric 
OR complexes were also susceptible to KB-R7943 blockade 
when activated by VUAA1, an agonist that targets the Orco 
channel subunit. KB-R7943 therefore represents a valuable tool 
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that can be used to further investigate the functional properties 
of  insect olfactory receptors. The shared sensitivity of  insect 
ORs and lobster IRs to KB-R7943 as well as to amiloride and its 
analogs suggests potential functional similarity among arthropod 
ionotropic olfactory receptors and also raises the specter 
of  a novel functional mechanism - co-assembly with some 
ubiquitously expressed, conserved ion transporter. This novel 
idea gains support from the recent finding that ion channels  
and ion exchangers can form integral supra-molecular complexes 
with reciprocal pharmacology. A larger scale pharmacological 
and molecular analysis is under way to identify and characterize 
potential OR-ion transporter/exchanger co-assembly and/or 
functional interaction. Acknowledgements: Supported by  
the NIDCD through DC001655 and DC005995. FCOI 
Disclosure: None

#268 POSTER SESSION VI 

Ionotropic Receptor Activation Arrests Appetitive  
Responses in Insects 
Kevin C Daly1, Kirk Hillier2, Christian Klinner3, Ewald Grosse-Wilde3, 
Jaime Martinez-Harms3, Anna Spathe3, Markus Knaden3,  
Bill S Hansson3 
1West Virginia University, Department of  Biology, Morgantown, WV, 
USA, 2Acadia University, Department of  Biology, Acadia University, 
NS, Canada, 3Max Planck Institute for Chemical Ecology, Department 
of  Evolutionary Neuroethology, Jena, Germany 
 
Insect coeloconic sensilla house olfactory receptor cells 
expressing a family of  ancient and highly conserved ionotropic 
receptor (IR) proteins. IRs are sensitive to and selective for 
chemical cues largely distinct from the well studied metabotropic 
olfactory receptors. However their physiology and biological 
relevance remain relatively unexplored. Thus, we made single 
sensillium recordings from Manduca sexta coeloconics to 
characterize IR responses to large panels of  odors. Odors were 
presented as 500 ms pulses (spaced by 20 s), diluted to 10-2. 
Strong responses were primarily elicited by acids (eg. butyric 
and propionoic) and diaminos (eg. cadaverine and putricine). 
A subset of  12 “putative” IR ligands was then presented as 
a log step dilution series, increasing from 10-5 to 10-2. Some 
IR ligands elicited responses as low as 10-4. Classification of  
response profiles suggested ~3 classes of  sensilla. Reanalysis, 
after unitary spike sorting, suggested at least 5 cell classes. The 
ligands were then presented in appetitive wind tunnel assays 
where gravid females were flown to flowerless Datura host 
plants, starved males and females to Datura with flowers, and 
males to pheromone. Odors were released upwind via a point 
source nozzle. Once moths “locked on” to the attractive cues and 
directed upwind flight was evident, IR ligands were released via 
the same nozzle. IR ligands strongly arrested directed upwind 
flight to all odors. Headspace volatiles were then collected from 
potential natural ligand sources. GCMS detected many of  the 
putative ligands in emissions from Lema larvae and frass while 
feeding on Datura. Lema larvae compete with Manduca for host 
plants, thus we suspect Manduca avoid ovipositing on Lema 
infected plants. This suggests a functional role for IRs in host 

plant selection. Acknowledgements: This research was supported 
by the Max Planck Society and NIH NIDCD DC009417. FCOI 
Disclosure: None
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Dissecting a Dual Detector: Functional Analysis of the 
Mosquito Receptor for CO

2
 and Skin Odor 

Genevieve M. Tauxe, Anandasankar Ray 
Department of  Entomology, University of  California, Riverside, 
Riverside, CA, USA 
 
Mosquitoes that feed on humans transmit deadly diseases that 
affect hundreds of  millions of  people every year. Host-seeking 
females of  Aedes aegypti and other medically important species 
use a combination of  carbon dioxide and skin odor cues to find 
human hosts. We have shown that the mosquito CO

2
 receptor 

neuron also detects skin odor, and that this detection is important 
for attraction towards skin odor sources. We have identified 
individual odorants from the skin odor blend that activate 
this neuron using structural analysis and gas chromatography 
linked to electrophysiological recordings. The CO

2
 receptor 

itself  consists of  a heteromeric complex of  three membrane-
bound proteins encoded by conserved genes from the Gustatory 
receptor family (Gr1, Gr2, and Gr3), two of  which are sufficient 
to evoke neuronal responses to CO

2
. We explore the functional 

significance of  having three different proteins and binding sites 
for the detection of  non-CO

2
 odorants. Since activation of  the 

CO
2
/skin odor neuron is required for normal host-seeking 

behavior, this receptor is a high-priority target for control of  
mosquito-borne disease. A better understanding of  this highly 
conserved receptor’s function will improve the use of  compounds 
that affect its activity in a new generation of  economical and 
environmentally friendly lures and repellents for mosquito 
control. Acknowledgements: NIH grants RO1AI087785 and 
R56AI099778 to A.R. FCOI Disclosure: A.R. is listed as 
inventor in pending patent applications filed by UCR and was a 
founding member of  Olfactor Labs, Inc.

#270 POSTER SESSION VI 

Identification of Novel Odorant Ligands for Mouse  
Olfactory Receptor MOR42-3 using In Silico Screening  
and In Vitro Validation 
Tatjana Abaffy, Selvan Bavan, Benjamin Sherman, Charles W. Luetje 
Molecular and Cellular Pharmacology, University of  Miami, Miami, 
FL, USA 
 
Ligands for many olfactory receptors (ORs) remain largely 
unknown despite successful heterologous expression of  these 
receptors. Deciphering the molecular receptive range for various 
ORs is hampered by the huge number of  odorants recognized 
by ORs, the large number of  ORs present in each species and 
the complexity of  combinatorial coding. Here, we use an in 
silico screening approach to identify additional ligands for a 
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mouse OR, improving definition of  the molecular receptive 
range for this receptor. A virtual library of  574 odorants was 
screened against a computational receptor model of  MOR42-3, 
a receptor we previously showed to respond to linear mono- and 
dicarboxylic acids. We selected the top 20 candidate ligands 
using two different scoring functions. These 40 candidate 
ligands were then tested in vitro using the Xenopus oocyte 
heterologous expression system and two-electrode voltage clamp 
electrophysiology. Candidate ligands were screened for both 
agonist and antagonist activity, and 22 compounds (out of  40) 
were found to be active, 19 as agonists and 3 as antagonists. 
Several previously known ligands (mono- and dicarboxylic 
acids) were in this group. However, several of  the newly 
identified ligands were structurally dissimilar from previously 
known ligands, with various functional groups belonging to 
aldehydes, phenyls, alkenes, esters and ethers. The high positive 
predictive value of  our in silico approach is promising. We 
believe that this approach can be used for initial deorphanization 
of  olfactory receptors as well as for future comprehensive 
studies of  molecular receptive range of  olfactory receptors. 
Acknowledgements: NIH RO1DC008119. FCOI  
Disclosure: None

#271 POSTER SESSION VI 

Structure-Function Relations of OR1A1 as an  
Enantiomer-Specific Receptor for the Key Food Odorants 
(-)-Carvone and (+)-Carvone  
Christiane Geithe1, Franziska Kreuchwig2, Gerd Krause2,  
Dietmar Krautwurst1 
1Deutsche Forschungsanstalt für Lebensmittelchemie Leibniz Institut, 
Freising, Germany, 2Leibniz-Institut für Molekulare Pharmakologie, 
Berlin, Germany 
 
Humans can detect and discriminate between a variety of  
stereoenantiomeric odorants with different odor qualities, such 
as the spearmint-like smelling (-)-carvone and the caraway-
like smelling (+)-carvone. Moreover, a specific anosmia for 
(-)-carvone, but not for (+)-carvone, is observed in 8 % of  the 
population. To clarify the mechanism of  this anosmic phenotype, 
we aimed to identify odorant receptors (OR) and their binding 
pockets specific for (-)-carvone. Using a HEK293 cell-based 
cAMP-sensitive luminescent assay, we identified several OR 
that responded to 300 µM (-)-carvone, among them OR1A1, 
which had been identified before to respond to several terpenoid 
structures. For OR1A1, we determined the enantiomer-specific 
EC

50
 values 117 µM and 352 µM, for (-)-carvone and (+)-carvone, 

respectively. For the mouse ortholog Olfr43, we determined 
the enantiomer-selective EC

50
 value 188 µM for ()carvone. The 

human parolog OR1A2 did not respond to any carvone up to 
2 mM. Homology modelling, in-silico docking studies, and 
site-directed mutagenesis combined with loss-of-function/gain-
of-function studies, so far revealed 7 and 4 amino acid positions 
to be necessary for a carvone function in OR1A1 and Olfr43, 
respectively, among them two known SNPs in OR1A1. Thus, our 
data suggest OR1A1 as a candidate OR that could be involved 
in constituting a carvone enantiomer-specific phenotype, or even 
a (-)-carvone-specific anosmia in human. Acknowledgements: 

Deutsche Forschungsanstalt für Lebensmittelchemie Leibniz 
Institut and Leibniz-Institut für Molekulare Pharmakologie. 
FCOI Disclosure: None
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Molecular recognition of ketamine by discrete olfactory 
G-protein coupled receptors 
Jianghai Ho1,4, Jose Manuel Perez-Aguilar2, Lu Gao2, Jeffery G. Saven2, 
Hiroaki Matsunami1, Roderick Eckenhoff3 
1Duke University Department of  Molecular Genetics & Microbiology, 
Durham, NC, USA, 2University of  Pennsylvania, Department of  
Chemistry, Philadelphia, PA, USA, 3University of  Pennsylvania, 
Department of  Anesthesiology and Critical Care, Philadelphia,  
PA, USA, 4Duke University Department of  Neurobiology,  
Durham, NC, USA 
 
Ketamine is a well-known N-Methyl-D-aspartate (NMDA) 
receptor antagonist with a wide variety of  pharmacological 
effects, including sedation, analgesia, hallucinations, and general 
anesthesia. However, the underlying molecular mechanisms that 
mediate these effects, particularly the anesthetic effects, remain 
unknown. Specifically, ketamine’s interactions with G-protein 
coupled receptors (GPCRs) have been little studied. We aim to 
use olfactory GPCRs (ORs) as a model to study the ketamine-
GPCR interaction by taking advantage of  their ligand-binding 
diversity and sequence and structural similarity for insights into 
the ketamine binding pocket. Using an in-vitro screen for OR 
ligand activation, we identified 4 ORs (MOR136-1, MOR136-
3, MOR136-5 and MOR139-1) that respond to ketamine in a 
dose-dependent manner. We then applied a combination of  
molecular homology modeling and site-directed mutagenesis to 
examine key ketamine binding residues in the MOR136-1, and 
were able to increase (D109), reduce (S105) and abolish (S112) 
its ketamine response via single site mutations at the indicated 
residues. Finally we were able to introduce ketamine response in 
a non-responder, MOR136-4, again by a single site mutation at 
Y104. All four residues are located in the third transmembrane 
domain (TM3), suggesting its importance in ketamine binding 
and response. Our results suggest that GPCRs could, at the 
minimum, serve as functional targets for ketamine, and our 
ability to abolish and introduce responsiveness in specific 
receptors suggest a signature binding pocket that can be used 
to further explore other protein structures for more candidate 
ketamine receptors. Acknowledgements: NIH R01: DC012095. 
FCOI Disclosure: None
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#273 POSTER SESSION VI 

Biochemical analysis of interaction modes between murine 
olfactory receptors, related molecules and PDZ domains 
Benjamin Kalbe1, Fabian Jansen1, Paul Scholz1, Benjamin Fraenzel2, 
Simon Pyschny1, Dirk Wolters2, Hanns Hatt1, Eva Maria Neuhaus3, 
Sabrina Baumgart1 
1Department of  Cell Physiology, Ruhr-University Bochum, Bochum, 
Germany, 2Department of  Analytical Chemistry, Rubiospek, Ruhr-
University Bochum, Bochum, Germany, 3Department of  Pharmacology 
and Toxicology, Friedrich Schiller University Jena, Jena, Germany 
 
G protein-coupled receptors (GPCRs) constitute the largest 
family amongst mammalian membrane proteins and are 
capable of  initiating various essential signaling pathways. 
The involvement of  scaffolding proteins in the organization 
and regulation could already be detected in some GPCR-
based signal transduction cascades. In the olfactory signal 
transduction pathway, which is a complex interplay of  many 
different proteins, the multiple-PDZ domain protein 1 (MUPP1) 
is discussed as a key scaffolding protein. In previous studies, 
interactions of  MUPP1, the largest known PDZ protein  
(13 PDZ domains), with the human olfactory receptor  
OR2AG1 and the murine olfactory receptor mOR-EG could 
already been proven in the olfactory system. In this study, 
we analyzed the interaction of  many different GPCRs and 
signaling proteins with MUPP1. For that, we performed peptide 
microarrays, mass spectrometry and immunohistochemical 
stainings. Pull down of  the purified 13 PDZ domains of  MUPP1 
with lysate of  the murine olfactory epithelium (OE) and 
subsequent mass spectrometry analysis revealed novel interesting 
interaction partners for MUPP1. Microarrays spotted with 
several short peptide chains, representing functional domains of  
different proteins, could verify the diverse binding spectrum of  
MUPP1. These findings strengthen the consensus that MUPP1  
is a crucial organizer of  signal transduction processes in  
neuronal tissues and unravel new interaction modes of  PDZ 
domains and GPCRs. Acknowledgements: Research School, 
Ruhr-University Bochum. FCOI Disclosure: None

#274 POSTER SESSION VI 

Mammalian Odorant Receptor Tuning Breadth Persists Across 
Distinct Odorant Panels 
Devin Kepchia1, Benjamin Sherman1, Rafi Haddad2, Charles W. Luetje1 
1Molecular and Cellular Pharmacology, University of  Miami, Miami, 
FL, USA, 2Gonda Brain Research Center, Bar Ilan University, Ramat 
Gan, Israel 
 
Olfactory signaling enables animals to detect chemical cues in 
their environment. In mammals, perception of  olfactory stimuli 
begins when odorant molecules reach the olfactory epithelium 
within the nasal cavity and bind to odorant receptors (ORs) 
embedded in the membrane of  olfactory sensory neurons. Each 
OR responds to a distinct array of  odorant structures, termed 
the molecular receptive range (MRR). MRR breadth can be 
approximated by examining the distribution of  active odorants 
in a multidimensional estimate of  odor space. From this type of  

analysis it appears that ORs vary in MRR breadth, with some 
ORs narrowly focused on structurally related compounds and 
other ORs capable of  recognizing a wide range of  highly diverse 
structures. Here, we asked whether the observed differences in 
tuning breadth among ORs reflect intrinsic properties of  the 
receptors or whether the differences are simply a function of  the 
particular odorant panel chosen for screening. Three previously 
characterized mouse ORs were assessed: one apparently broadly 
tuned (MOR256-17) and two apparently narrowly tuned 
(MOR256-22 and MOR174-9). The MORs were expressed in 
Xenopus oocytes, together with Gaolf  and the human cystic 
fibrosis transmembrane regulator, to allow functional assay by 
two-electrode voltage clamp electrophysiology. A new odorant 
screening panel was assembled, containing odorants distinct 
from those in our previous screening panel, that nevertheless 
displayed similar coverage of  our estimate of  odor space. When 
screened with this new panel, MOR256-17 remained broadly 
tuned, responding to a highly diverse set of  chemical structures. 
MOR256-22 and MOR174-9 remained narrowly tuned. These 
results support the idea that odorant tuning breadth is an intrinsic 
property of  each odorant receptor. Acknowledgements: NIH 
RO1DC008119. FCOI Disclosure: None

#275 POSTER SESSION VI 

An N-terminal Signal Peptide Increases Total Expression and 
Enhances Surface Trafficking of Olfactory Receptors  
Blythe D Shepard, Niranjana Natarajan, Ryan P Protzko,  
Omar W Acres, Jennifer L Pluznick 
Department of  Physiology, Johns Hopkins School of  Medicine, 
Baltimore, MD, USA 
 
The majority of  olfactory receptors (ORs) are orphan receptors 
with no known ligand. Identification of  OR ligands in vitro 
requires OR surface expression; however, ORs rarely traffic to 
the cell surface when exogenously expressed. To date, studies 
have found that non-cleavable rhodopsin (Rho) tags and/or 
chaperones can improve surface expression for some but not 
all ORs. We hypothesized that a 17-amino acid leucine-rich 
cleavable signal peptide (Lucy tag) would allow for OR surface 
trafficking. To test this, we added the tag to the N-terminus of  
15 ORs and assayed for surface expression in HEK293T cells by 
immunofluorescence of  unfixed cells with an antibody against 
an extracellular epitope. We found that the addition of  the Lucy 
tag increases the number of  ORs reaching the cell surface to 7 
of  the 15 ORs (vs. 3/15 without Rho or Lucy tags). Moreover, 
when ORs tagged with both Lucy and Rho were co-expressed 
with previously reported chaperones (RTP1S, Ric8b and G

aolf
), 

we observed surface expression for all 15 receptors examined. 
In fact, two-thirds of  Lucy-tagged ORs are able to reach the 
cell surface synergistically with chaperones even when the 
Rho tag is removed (10/15 ORs), allowing for the potential 
assessment of  OR function with only an 8-amino acid Flag tag 
on the mature protein. As expected for a signal peptide, the 
Lucy tag was cleaved from the mature protein and did not alter 
OR-ligand binding and signaling. Furthermore, the Lucy tag 
also allows for surface expression of  Gpr160, an orphan GPCR 
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(non-OR), indicating that the Lucy tag may be used as a general 
tool to assist in receptor trafficking. Our studies demonstrate 
that widespread surface expression of  ORs and GPCRs can be 
achieved in HEK293T cells, providing promise for future large-
scale deorphanization studies. Acknowledgements: NIDDK. 
FCOI Disclosure: None
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The Role of a Single Olfactory Receptor in Odor Perception 
Casey Trimmer1, Jason R Willer2, Andreas Keller3, Leslie B Vosshall3, 
Nico Katsanis2, Hiroaki Matsunami2, Joel D Mainland1 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2Duke University, Durham, NC, USA, 3The Rockefeller University,  
New York, NY, USA 
 
In color vision, genetic variation in a visual receptor leads to a 
perceptual deficit termed red-green colorblindness. Humans also 
have a large amount of  genetic variation in odorant receptors 
(ORs), suggesting that there may be olfactory phenomena 
analogous to color blindness, but current models do not predict 
how the absence of  a single OR will alter olfactory perception. 
To address this issue, we asked 321 human subjects to rate the 
intensity and valence of  68 odors and then sequenced each 
subject’s OR subgenome. A genotype/phenotype association 
analysis identified 31 polymorphisms in 15 distinct gene clusters 
that are significantly associated with variation in odor perception 
(p <0.05, with FDR correction). In order to identify causal ORs, 
we cloned all major receptor variants found in two clusters of  
ORs on chromosomes 6 and 11 associated with the perception 
of  2-ethylfenchol and guaiacol, respectively. We then challenged 
these variants with odors using a heterologous luciferase assay. 
We found that OR10G4 variants with reduced response to 
guaiacol in vitro correlated with reduced perceived intensity 
(F(4,299) = 14.97, p <0.001) and increased perceived valence 
(F(4,299) = 9.36, p <0.001) in human subjects. Furthermore, 
human subjects with OR11A1 alleles with reduced response 
to 2-ethylfenchol in vitro rated the intensity of  the odor to be 
lower (F(3,325) = 13.08, p <0.001) in comparison to subjects 
with a functional allele. From these results, we hypothesize that 
subjects with a non-functional OR variant will find the receptor’s 
ligand to be less intense and more pleasant than subjects with 
a functional OR variant. This work suggests that despite the 
combinatorial nature of  the olfactory code, alterations in a 
single odorant receptor can have a significant effect on odor 
perception. Acknowledgements: R03-DC11373 R01-DC1339 
T32 DC000014. FCOI Disclosure: None
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Identifying Novel Olfactory Ligands by Exploiting 
Evolutionary Dynamics 
Mary Schreck, Jennifer Topolski, Madhu Siddappaji,  
Zainulabeuddin Syed 
University of  Notre Dame, Dept. of  Biological Sciences,  
Notre Dame, IN, USA 
 
While not all mosquitoes feed on blood, all of  them obtain 
sugars from plants that are fundamental nutrients for nearly 
every species. Mosquitoes rely heavily on olfaction for resource 
tracking that is modulated by a large family of  proteins, the 
olfactory receptors (ORs). Among the three major mosquito 
species sequenced to date, a great diversity in OR family is 
found, yet there is a small group of  ORs that are conserved 
among Anopheles gambiae, Aedes aegypti, and Culex quinquefasciatus. 
We hypothesized that these conserved ORs are involved in 
detection of  volatile chemicals that guide them to plants. An 
interesting caveat to this sugar-seeking aspect is the fact that 
different mosquito species show distinct circadian host/plant 
seeking patterns and may not respond to similar odorants 
from the same plants at different diel periods. We performed a 
detailed analysis of  the circadian activity in Culex mosquitoes 
that revealed a pronounced activity peak in males around sunset 
and somewhat diffused one at sunrise, whereas only one peak 
of  activity was recorded for female mosquitoes around sunset. 
We identified a few attractive plants from literature known to be 
preferred by mosquitoes for sugar feeding and identified their 
headspace odor chemical signatures collected during the day or 
night by employing Solid Phase Micro Extraction (SPME), or, 
adsorbent collections. Both quantitative and qualitative changes 
in volatile emission patterns between the day and night were 
found. Subsequently, extracts were tested on OR members of  the 
conserved clade that were heterogously expressed in an “empty-
neuron” of  Drosophila melanogaster under UAS-GAL4 system by 
gas chromatography coupled to single sensillum recording  
(GC-SSR) revealing natural ligands from plants. 
Acknowledgements: Eck Institute of  Global Health and 
University of  Notre Dame, IN. FCOI Disclosure: None
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Psychosocial Stress in Humans Produces an Axillary  
Odor Signature 
Pamela Dalton1, Christopher Maute1, George Preti1,2 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 
2University of  Pennsylvania/Department of  Dermatology,  
Philadelphia, PA, USA 
 
It has been shown in animal models that conspecifics can 
detect the smell of  stress, and an expanding body of  research is 
showing that humans are also influenced by odorants produced 
by emotional situations such as stress and fear that are evoked 
in conspecifics. In humans, the autonomic nervous system 
is responsible for producing a stress response. Characteristic 
physiological changes include increased heart rate, increased 
blood supply, decrease in salivary flow and increase in activity of  
the apocrine and eccrine sweat gland secretions. These changes 
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suggested that stress-mediated hormonal changes would create 
alterations in the type and amount of  secretions in the axillae, 
which lead to characteristic stress-mediated odor production. In 
the current study, we collected axillary secretions on pads from 
subjects before and during the Trier Social Stress Test as well as a 
Neutral condition. These pads were evaluated by a sensory panel 
to determine if  they could distinguish stress from non-stress 
pads. Our data demonstrate significant differences in the odor 
quality produced in the human axillae, collected from the same 
individuals, before and after emotionally stressful situations. 
Hence, this odor is distinguishable from normally produced 
underarm odor. These data demonstrate that the odorants 
which characterize this distinguishable odor of  stress are volatile 
biomarkers of  stressful conditions. Acknowledgements: This 
research was supported in part by the Army Research Office 
through grant #W911NF-11-1-0087 (P.D. & G.P.). FCOI 
Disclosure: None
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Chemosignaling of Fear in Humans: A Case of  
Male-Female Asymmetry 
Jasper H. B. de Groot1, Gün R. Semin1, 2, Monique A. M. Smeets1, 3 
1Utrecht University, Faculty of  Social and Behavioral Sciences, Utrecht, 
Netherlands, 2Koç University, Department of  Psychology, Koç, Turkey, 
3Unilever R&D, Sensation Perception Behavior Strategic Sciences Group, 
Vlaardingen, Netherlands 
 
Previous research revealed sex differences in nonverbal 
communication using the auditory and visual modality. The 
research we report concerns a relatively neglected modality 
carrying nonverbal information, namely the olfactory modality, 
and in particular we examined sexual asymmetry in the chemical 
signaling and reception of  fear. Because women generally have 
a better sense of  smell and greater sensitivity to emotional 
signals, we hypothesized that compared to males, females would 
show a partial affective and behavioral reproduction of  fear 
following exposure to sweat obtained from fearful participants. 
Sweat was sampled from 13 male and 13 female donors who 
adhered to a strict protocol to avoid sweat contamination. Sweat 
was sampled while donors (“senders”) were induced to be in a 
neutral and fearful state. Facial EMG over the medial frontalis 
(m.f.) and corrugator supercilii (c.s.) muscle was used to examine 
the moderating influence of  sex of  the sender and receiver on 
fear chemosignaling. A within-subjects ANOVA indicated that 
a partial reproduction of  fear (m.f.: F(1,25) = 9.08, p = .006; c.s.: 
F(1,25) = 6.36, p = .018) emerged only for female participants, 
regardless of  the sex of  the sender (m.f.: F <1; c.s.: F(1,25) = 
3.25, p = .084). Strikingly, while male participants did not show 
signs of  emotion-differentiation following exposure to sweat 
obtained from fearful participants (m.f.: F <1, c.s.: F(1,25) = 
4.79, p = .038—reverse direction), they showed stronger facial 
EMG activity when exposed to sweat obtained from female 
senders (m.f.: F(1,25) = 10.36, p = .004, c.s.: F(1,25) = 7.13, p = 
.003). The current study thus revealed a boundary condition for 
fear chemosignaling by revealing behavioral evidence for sexual 
asymmetry in communicative correspondence via chemosignals. 

Acknowledgements: This research was supported by a TALENT 
grant from the Netherlands Organization for Scientific Research 
(406-11-078/MaGW). FCOI Disclosure: None
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Effects of 5a-ANDROST-16-EN-3a-OL Scent  
Administration on Gambling Behavior in Males  
Patrick Dwyer, Sierra Moore, Bryan Raudenbush 
Wheeling Jesuit University Department of  Psychology,  
Wheeling, WV, USA 
 
The effects of  pheromones on non-humans have been extensively 
studied. However, less is known concerning how such scents 
can elicit responses in humans. Previous research indicates that 
the scent of  a female (via pheromones) can effect a variety of  
emotions and behaviors of  males. The present study assessed 
the effects of  androstenol scent administration on gambling 
behavior in males. Participants (37 males, mean age 19.7 years, 
SD = 1.5 years) were allotted a fictitious $10,000 and completed 
a blackjack gambling task for 20 minutes while exposed to either 
no scent (control) or androstenol (experimental condition). 
Conditions were performed on different days separated by 
at least 24 hours. Scent was delivered via a low flow oxygen 
diffuser. At the end of  20 minutes of  play, the game and 
money were re-set, and participants were instructed to now 
play for as long as they desired and to exit the testing room 
when they no longer wished to continue gambling. Following 
each condition, mood was assessed using the Profile of  Mood 
States (POMS). After the second session, sensation seeking 
behavior was assessed using the Sensation Seeking Scale (SSS). 
Related means t-tests were conducted between the control and 
experimental sessions and results indicate participants gambled 
for a significantly longer period of  time when exposed to 
androstenol, t(36) = 2.09, p<.05. Scores on a Sensation Seeking 
Scale also indicate an interaction between scent administration 
and personality characteristics. Thus, the administration of  
certain female pheromones may lead to an increased desire in 
males to engage in sensation seeking or risk-taking behaviors. 
Acknowledgements: The present study was funded by the 
Wheeling Jesuit University Department of  Psychology. FCOI 
Disclosure: None
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The effect cultural background on odor perception:  
A combined psychophysical and psychophysiological study 
Camille Ferdenzi1, Pauline Joussain1, Berengere Digard1,  
Jelena Djordjevic2,3, Moustafa Bensafi1 
1Lyon Neuroscience Research Center, CNRS and University of  Lyon, 
Lyon, France, 2Department of  Neurology and Neurosurgery, McGill 
University, Montreal, Canada, 3Department of  Psychology, McGill 
University, Montreal, Canada 
 
The sense of  smell, and especially its hedonic component, 
is characterized by a high degree of  individual differences in 
humans. Cultural background is one of  the major factors that 
contribute to this variability, but the role of  language and lexico-
semantic knowledge in these cultural differences is unclear. 
The present study examined the effect of  cultural background 
by controlling for language and verbal knowledge. To this end, 
we tested two groups of  subjects with the same mother tongue 
(French), but originating from two different cultures, French 
vs. Canadian. We compared their perceptual ratings (intensity, 
familiarity, pleasantness and edibility) to 6 different odors, and 
we measured their psychophysiological responses (sniffing, heart 
rate, electromyogram, respiration, skin temperature and skin 
conductance). All odors were presented with and without their 
names. Two odors were common to both cultures (strawberry 
and rose), two odors were more common in Canada (wintergreen 
and maple syrup), and two odors were more common in 
France (anise and lavender). In line with previous finding, we 
found significant effects of  labels in both cultures. Moreover, 
“Canadian odors” were perceived as more pleasant (p<0.02), 
more familiar (p<0.0001), and more edible (p<0.0001) by 
Canadian than by French subjects whatever the verbal condition, 
whereas “French odors” and “Common odors” were perceived 
similarly by both groups. Analyses of  psychophysiological 
data are ongoing and will be presented at the meeting. These 
findings highlight the plasticity of  olfactory processes as a 
result of  differential environmental exposure over lifetime, by 
controlling for language and semantic knowledge differences. 
Acknowledgements: Supported by NSERC grant 355938-08 to 
JD and by ANR-ICEO to MB. FCOI Disclosure: None
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The Effect of Odor-induced Disgust on Reactions to  
Gay Men and Lesbians  
Catherine A. Forestell, Emily Cunningham, Cheryl L. Dickter 
Department of  Psychology, The College of  William & Mary, 
Williamsburg, VA, USA 
 
Feelings of  disgust are associated with fear of  contamination in 
settings that extend beyond the physical into moral and social 
domains. For example, previous research has suggested that 
disgust may influence perceptions of  social groups that have 
historically been marginalized. The goal of  the present study 
was to investigate whether odor-induced disgust would affect 
responses to images of  gay and lesbian couples. In the current 
study, participants were presented with a vial containing an odor 

that was either described as “body odor” (n = 47), which induced 
a high level of  disgust, or “parmesan cheese” (n = 43) which 
induced a moderate level of  disgust, or an odor-free vial (n = 53). 
Subsequently, participants viewed images of  homosexual and 
heterosexual couples and their viewing times and ratings of  the 
images’ pleasantness were recorded. Finally, they completed the 
Three Domain Disgust scale. Results indicated that compared 
to those in the other conditions, participants in the Body Odor 
condition viewed images of  gay couples for less time relative to 
images of  heterosexual couples. For pleasantness ratings, the 
odor manipulation served as a moderator, such that for those in 
the Body Odor condition only, higher sensitivity to sexual disgust 
was correlated with more bias toward images of  lesbian couples. 
In conclusion, these results suggest that even brief  incidental 
odor-induced disgust experiences may affect implicit and explicit 
judgments of  homosexuality, especially in those who have high 
levels of  sexual prejudice. Because feelings of  disgust can be 
modified through training and desensitization intervention, 
this emotion warrants further consideration in the development 
of  effective evidence-based strategies for reducing prejudice. 
Acknowledgements: Internal funds from The College of   
William & Mary. FCOI Disclosure: None
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Ability to Detect Androstadienone is Associated with Sexual 
and Social Behavior in Older Adults in the United States 
David W. Kern1, Kristen E. Wroblewski2, L. Philip Schumm2,  
Jayant M. Pinto3, Martha K. McClintock1 
1Comparative Human Development and The Institute for Mind and 
Biology, University of  Chicago, Chicago, IL, USA, 2Department of  
Health Studies, University of  Chicago, Chicago, IL, USA, 3Section 
of  Otolaryngology-Head and Neck Surgery, Department of  Surgery, 
University of  Chicago, Chicago, IL, USA 
 
Previous research investigating Δ 4,16-androstadien-3-one 
(androstadienone, AND) has focused on its function as a 
modulator of  sexual attraction or behavior. However, recent data 
from our lab suggest that AND has a broader social function.  
We administered an AND screener odor to a sample 
representative of  older US adults and their partners (ages 62–90; 
N=2086) as part of  a larger survey focused on sexual, social, and 
physical health. Those who indicated they could smell AND 
were administered a detection task with four concentrations. 
For each concentration respondents were asked to select which 
of  three pens contained AND. Respondents also completed a 
5-item odor identification task. All odors were presented via 
Sniffin’ Sticks. 63% could not smell AND, 35% detected 2 or 3 
concentrations, and 2% detected all four. Women outperformed 
men (mean correct = 1.3 vs. 1.0; p<0.001) and the young were 
more accurate than the old (p<0.001). Among those with intact 
olfaction (≥ 4 odors correctly identified), generalized linear 
models estimated the association of  AND detection ability 
with sexual and social activities adjusting for age and gender. 
AND detection was associated with a greater likelihood of  
recent sexual activity, but not with partner’s AND detection or 
number of  offspring or grand offspring. Instead, ability to detect 
AND was associated with larger network size, increased social 
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participation, and more friends. Behavioral effects of  AND have 
infrequently been studied using AND odor sensitivity, and to our 
knowledge this is the first evaluation of  detection of  AND as an 
odorant in a representative population. These results demonstrate 
significant variation in ability to detect AND in the geriatric 
population and confirm that AND detection is associated with 
social functions beyond sexual activity. Acknowledgements: This 
work was funded by The National Social Life, Health and Aging 
Project Wave 2 (R37 AG030481). DWK is currently supported 
by a Mellon Foundation Social Sciences Dissertation-Year 
Fellowship. JMP is supported by the Institute of  Translational 
Medicine at The University of  Chicago (KL2RR025000)  
and the National Institute on Aging (AG036762). FCOI 
Disclosure: None
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The Olfactory basis of Right-Wing Authoritarianism 
Torun Lindholm, Caitlin B. Hawley, Marie Gustafsson Sendén,  
Jonas Olofsson 
Department of  Psychology, Stockholm university, Stockholm, Sweden 
 
While feelings of  disgust likely evolved to discourage people 
from ingesting dangerous substances and contamination, disgust 
also plays an important role in moral and social jugments. 
Recent evidence suggest that disgust sensitivity, in particular 
disgust at interpersonal contamination, is related to political 
conservatism (Hodson & Costello, 2007; Inbar, et al., 2012; 
Terrizzi, et al, 2012), such that people high in disgust sensitivity 
tend to be more conservative. One of  the main sensory triggers 
of  disgust is odor, yet in extant disgust scales, only few, if  any 
items related to odor disgust are included. In this study, we 
used a recently developed tool for measuring body odor disgust, 
the Body Odor Disgust Scale (BODS) assessing it’s relation 
to Right–Wing Authoritarianism (RWA, Altemeyer, 1981). 
We assessed disgust sensitivity toward body odors in different 
social contexts, focussing on seven sites of  body odors—breath, 
upper body sweat, feet, feces, gas, genitals and urine—because 
of  their familiarity, universality, and potent relevance to social 
interactions. In addition to items related to body odor, we 
included items that assess disgust to other odors (e.g., garbage, 
skunk).Our results showed that BODS was independently 
predicted from RWA, conservatism and disgust sensitivity. We 
then predicted RWA from conservatism, conscientiousness, 
neuroticism, sexual disgust and BODS. The strongest predictor 
of  RWA was BODS and conservatism. Disgust to non-body 
odors, however, was not related to RWA after controlling for 
personality traits and overall disgust. The findings suggest 
a key role for chemosensory functions in political attitudes. 
Acknowledgements: Swedish Research Council. FCOI 
Disclosure: None
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Stress Chemosignals, Social Judgments, and  
Gender Differences  
Christopher Maute, Pamela Dalton, Cristina Jaen, Tamika Wilson 
MONELL CHEMICAL SENSES CENTER, Philadelphia, PA, USA 
 
Body odors from anxious or stressed individuals have been 
shown to communicate information that elicits emotional 
and behavioral changes in the receiver. However, the human 
stress response, an essential survival mechanism, appears to 
differ between males and females. Specifically, although stress 
activates the sympathetic nervous system in both genders, the 
behavioral response of  females to stress tends toward nurture 
and social affiliation rather than the more traditional ‘fight or 
flight’ response. In the current study, we tested whether untreated 
axillary odors obtained from women experiencing psychosocial 
stress could negatively influence personality judgments of  
warmth and competence made about other women depicted 
in video scenarios compared to treated stress sweat (using an 
anti-perspirant product) or exercise sweat. Overall, personality 
judgments of  trust and competence were significantly lower in 
the presence of  untreated stress sweat. When male and female 
evaluators were analyzed separately, we saw a significant 
decrease in personality judgments for males, but not for females, 
even though both genders showed a significant increase in 
perceived stress in the presence of  the untreated stress sweat. 
We hypothesize an explanation for these results based on 
existing models of: emotional contagion via olfaction and gender 
differences in response to stress. Acknowledgements: This 
research was supported by P&G Beauty. FCOI Disclosure: None
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Chemosensory Signals of Aggression 
Smiljana Mutic, Jessica Freiherr 
RWTH Aachen University/Diagnostic and Interventional 
Neuroradiology, Aachen, Germany 
 
Whereas the communication of  emotional states has already 
been documented for anxiety, stress and happiness, we here 
present first behavioral evidence for the communication of  
aggression via chemosignals in human body odors. A theory-
based aggression induction technique has been paired with the 
collection of  human chemosignals in 17 healthy male subjects 
in a sport sweat and aggression sweat condition. Ratings show 
increased aggression-related behavior and emotional arousal 
following aggression induction. The samples (aggression sweat, 
sport sweat and neutral samples) were presented in a double-
blinded, randomized application session during which their 
impact on affective and cognitive function of  the subjects was 
examined. Seventeen healthy males and females accomplished 
the emotional stroop task, emotion recognition paradigm and 
the d2 concentration test. Behavioral results show exclusive 
impairment of  the processing of  anxiety-related words by 
aggression chemosignals. Further, emotion recognition of   
angry and neutral faces is shown to be less diminished by 
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aggression chemosignals compared to sport chemosignals.  
No effect of  chemosensory aggression signal was found on 
attentive function. These results are discussed in terms of  
emotional contagion via the olfactory system and the validity  
of  chemosensory signals of  aggression. Acknowledgements: This 
research is supported by a grant from the Interdisciplinary Centre 
for Clinical Research within the faculty of  Medicine at the 
RWTH Aachen University, Germany. FCOI Disclosure: None
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Social chemosignals, but not common odors valence,  
modulate approach/avoidance response tendencies 
Valentina Parma1,2, Amy R Gordon1,3, Laura Hackl1,  
Vanessa Rebeschini1, Johan N Lundstrom1,3,4 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2University of  Padova, Padova, Italy, 3Karolinska Institutet, Stockholm, 
Sweden, 4University of  Pennsylvania, Philadelphia, PA, USA 
 
Actions of  basic motivational tendency are differentially 
influenced by stimulus valence: positive stimuli are approached 
and negative stimuli are avoided. This affective-motor bias 
is stronger with social-informative facial expression. In 3 
experiments, we determined whether common odors or social 
chemosignals (body odors from an unknown individual) 
modulate this basic approach-avoidance bias towards human 
facial expressions. Within an approach-avoidance task (AAT), 
participants responded by pulling towards or pushing away 
a joystick in response to happy, angry, and neutral facial 
expressions paired with no odor (Study 1, n=10), or neutral, 
pleasant, and unpleasant common odors (Study 2; n=20), or 
perceptually masked social chemosignals (Study 3; n=25). In 
Study 1, we replicated that individuals both approach happy 
faces and avoid angry faces more quickly. In Study 2, odors – 
independent of  valence – removed the established approach and 
avoidance effects, which suggests that odors acted as distractors. 
In Study 3, an initial discrimination test determined that the 
body odor masked with an odor mixture of  neutral valence was 
perceptually indiscriminable from the mixture itself. Preliminary 
analyses of  the ATT result suggests that only when faces were 
paired with the masked social chemosignal were participants 
faster at approaching happy faces and avoiding angry faces. As 
in Study 2, when paired with the masker alone, the approach-
avoidance effect was eliminated. These findings indicate 
that social chemosignals, but not common odors, are able to 
induce differential behavioral responses to emotional stimuli. 
Furthermore, these social chemosignal-dependent effects occur 
outside perceptual awareness. Acknowledgements: Supported by 
the Knut and Alice Wallenberg foundation (KAW 2012.0141) 
awarded to JNL. FCOI Disclosure: None
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The Oxytocin/Vasopressin System Regulates Human 
Chemosensory Communication of Gender 
Kepu Chen, Yuting Ye, Wen Zhou 
Institute of  Psychology, Chinese Academy of  Sciences, Beijing, China 
 
We previously reported that two human steroids, androsta-4,16,-
dien-3-one and estra-1,3,5(10),16-tetraen-3-ol, effectively convey 
masculine and feminine information, respectively, based on the 
recipient’s gender and sexual orientation. Considering that sexual 
interactions are governed by internal physiological states, we ask 
if  oxytocin and vasopressin, both with complex dimorphic roles 
in sexual reproduction, exert different effects on one’s decoding 
of  chemosensory sexual cues. Using a gender judgment task of  
point light walkers, we show that nasally administered oxytocin, 
but not vasopressin, disrupts the decoding of  feminine and 
masculine information in heterosexual and homosexual males, 
respectively. Atosiban, a competitive antagonist of  both oxytocin 
and vasopressin, produces a similar effect to that of  oxytocin. 
Our findings suggest that an intrinsic oxytocin/vasopressin 
system is involved in human chemosensory communication 
of  sexual information. Acknowledgements: This work was 
supported by the National Basic Research Program of  China 
(2011CB711000), the National Natural Science Foundation 
of  China (31070906), the Knowledge Innovation Program 
(KSCX2-EW-BR-4) and the Strategic Priority Research Program 
(XDB02010003) of  the Chinese Academy of  Sciences, and the 
Key Laboratory of  Mental Health, Institute of  Psychology, 
Chinese Academy of  Sciences. The authors declare no 
competing financial interests. FCOI Disclosure: None
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Retronasal but not orthonasal presentation of odors is 
sufficient for learning in an olfactory preference task  
Meredith L Blankenship, Joost X Maier, Don B Katz 
Brandeis University, Waltham, MA, USA 
 
The human olfactory system can be separated into two main 
modes of  stimulant experience: orthonasal (OR) delivery of  
odors, in which odors in the environment are sampled via 
inward direction of  sniff, and retronasal (RE) delivery, where 
odors present in the mouth and nasal cavity are sampled via 
outward sniff  direction. Understanding the sort of  olfactory 
information an organism gleans through these two modes has 
been implicated in our understanding of  flavor perception. Here 
we ask whether the mode of  odor stimulant delivery affects the 
ability to learn an odor-taste pairing in a preference learning 
paradigm in rats. Animals are trained to associate one of  two 
OR or RE delivered odors with a sweetened water reward or 
plain water, using a two nose poke olfactometer. Following 
training, preference for the sweet-associated odor is assessed by 
measuring the number of  nose pokes initiating delivery of  the 
sweet associated odor, compared to the odor paired with water 
alone. We found that RE presentation of  odors during training 
and testing is sufficient to produce a preference for a sweet-
associated odor, while OR presentation is not. This experiment 
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indicates that the ‘outward sniff ’ mode of  olfaction is required 
for learning associations between tastes and smells, which is 
consistent with its role in flavor perception as it samples from 
odors originating from the mouth and nasal cavity. Future work 
will include examining interactions between RE and OR olfaction 
in this paradigm, such as employing RE presentation during 
odor preference learning and OR presentation during testing. If  
learning under these conditions is successful, this finding would 
indicate that OR olfaction alone is sufficient for retrieval of  
retronasally learned associations, implicating its role in palatable 
taste seeking behaviors. Acknowledgements: NIDCD DC006666. 
FCOI Disclosure: None
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Responses to retronasal odorants in taste-responsive  
cells in the nucleus of the solitary tract of the awake rat 
Olga D Escanilla, Patricia M Di Lorenzo 
Department of  Psychology, Binghamton University,  
Binghamton, NY, USA 
 
Taste and odor play a major role in flavor perception. Odors 
can be sampled orthonasally via the nostrils or retronasally 
through the internal nares located inside the mouth. In previous 
experiments, we tested taste-responsive cells in the nucleus of  
the solitary tract (NTS) with various odorants and taste-odor 
compound stimuli, all odorants presented orthonasally. Data 
showed that olfactory and gustatory signals converge in the NTS 
and that olfactory stimuli can modify NTS taste responses. Here, 
we studied whether odorants delivered retronasally have similar 
effects. Rats were implanted with an 8-wire bundle electrode 
and allowed to recover for 7 days. Rats were then mildly water 
deprived and placed in the experimental chamber containing 
a lick spout for fluid delivery. Gustatory stimuli were 0.1M 
Sucrose, 0.1M NaCl, 0.01M Citric Acid, 0.0001M Quinine, 
and artificial saliva (AS). Odor and paired odor-taste stimuli 
were formulated by diluting each odorant, (0.01%) amyl acetate 
or (0.01%) acetic acid, in either AS (for retronasal odor only 
presentations) or different tastant solutions. Odor concentrations 
were below the detectable gustatory or somatosensory range in 
rats. Each odor, taste or taste-odor stimulus was presented for 
5 consecutive licks separated AS rinses that were on a variable 
ratio 5 schedule. A continuous stream of  air flowed through 
an odor port located next to the lick spout to minimize odor 
contamination. Results showed that odorants alone, presented 
retronasally can evoke a response from taste-responsive NTS 
cells. In addition, retronasal odorants also modify responses in 
the NTS either by suppressing or enhancing spike activity of  the 
taste responses. These results suggest that retronasal odorants can 
affect taste perception in a similar way as orthonasal odorants. 
Acknowledgements: Supported by NIDCD grant  
R01DC006914 to PMD. FCOI Disclosure: None
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The Effect of Retronasal Smell on Satiety in Adolescents  
Jack Hirsch, Alexander Roussos, Alan R Hirsch 
Smell & Taste Treatment and Research Foundation, Chicago, IL, USA 
 
Objective: Retronasal smell has a significant impact on 
adult satiety, it is anticipated that the same would be true in 
adolescents. The purpose of  this experiment was to determine 
whether retronasal smell has an impact on adolescent satiety. 
This was done by having subjects eat bread with nose clips to 
effectively take away smell, and without nose clips. Methods: 
Data was collected, collated, and statistically analyzed among 
18 normosmic (10 females, 8 males) adolescents (mean age 
16). All had undergone olfactory testing using the Pocket Smell 
Identification Test. After consumption of  one 100 calorie slice 
of  Nice brand white bread subjects rated their satiety on a visual 
analog scale with and without nose clips on two separate days. 
Degree of  satiety was calculated by determining the area under 
the curve (AUC). Subjects were counterbalanced as to whether 
nose clips were used on the first or second day. Results:The 
mean paired difference of  the AUC with and without nose clips 
equaled 0.0 with a standard deviation of  1.475 (t=0, median =0). 
Using the One-Sided Sign test, there was no significant difference 
(p=0.387) between the mean of  satiety level with nose clips 
compared to without nose clips. Satiety was found to be the same 
when consuming one slice of  white bread among adolescents. 
Conclusion: No effect of  retronasal smell on satiety was found. 
Like in adults, retronasal smell in children would have been 
expected to have a strong influence on satiety. While this study 
did not demonstrate this in white bread, it is probable that an 
effect may be seen in foods which have more retronasal influence 
on flavor (i.e. cinnamon or raisin bread). Acknowledgements: 
Smell & Taste Treatment and Research Foundation. FCOI 
Disclosure: Alan R. Hirsch is the owner and neurologic director 
of  the Smell & Taste Treatment and Research Foundation; 
holds equity in Sensa LLC, and is a consultant for numerous 
companies in the flavor, fragrance, food, and related industries. 
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Comparisons of orthonasal to retronasal smell in those with 
chemosensory dysfunction  
Alexander Roussos1, Michele Soto1, Sally Freels2, Alan R Hirsch1 
1Smell & Taste Treatment and Research Foundation, Chicago, IL, USA, 
2University of  Illinois at Chicago, Chicago, IL, USA 
 
Objective: In those with chemosensory dysfunction, it is unclear 
how closely linked retronasal smell is to orthonasal smell. 
Methods: Charts of  24 consecutive patients (10 male, 14 female), 
mean age 56 (range 46-71) presenting with chemosensory 
complaints were reviewed. All had undergone orthonasal testing 
with the Quick Smell Identification Test (QSIT) and retronasal 
testing using Jelly Belly cappuccino flavored jellybeans with 
and without nose clips, rating the intensity on a Visual Analog 
Scale, and the difference was calculated, resulting in a Jellybean 
Difference (JBD). Results: There was no correlation between 
the QSIT score (2.08) and JBD score (3.88) (p>.09). Similarly, 
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stratifying based on diagnoses, no significant correlations were 
found for hyposmia: p>.25, hypogeusia: p>.12, phantosmia: 
p>.16, or phantogeusia; p>.36. No statistically significant 
correlation was found between orthonasal and retronasal smell 
in those with chemosensory dysfunction. Conclusion: These 
findings suggest that orthonasal and retronasal pathways involve 
distinct pathways or mechanisms. Testing smell through either 
the orthonasal or retronasal route alone may be insufficient as 
a test of  olfaction. Serial testing of  retronasal, like orthonasal 
olfactory function, may be useful in determining response to 
therapy or progression of  disease. Acknowledgements: Smell & 
Taste Treatment and Research Foundation. FCOI Disclosure: 
Alan R. Hirsch is the owner and neurologic director of  the Smell 
& Taste Treatment and Research Foundation; holds equity in 
Sensa LLC, and is a consultant for numerous companies in the 
flavor, fragrance, food, and related industries. 
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Taste Modulation of Olfaction: When Taste and  
Smell Compete 
Jennifer Chen, Denise Chen 
Baylor College of  Medicine, Neurology Department, Houston, TX, USA 
 
Olfaction and taste jointly contribute to flavor perception. While 
much is documented about the influence of  olfaction on taste 
perception, little is known about the effect of  taste on olfaction. 
Here we address this by studying taste in the presence of  two 
competing smells using the mononaral rivalry paradigm. Subjects 
sampled a taste, followed by inhaling either a single smell or a 
mixture of  two smells orthonasally (in the nose) or retronasally 
(in the mouth), and assessed the smells they perceived. We found 
that in the presence of  two competing smells, taste accentuated 
the incongruent smell and suppressed the congruent one when 
the smells were sampled orthonasally. This is the opposite of  
what happened when the smells were sampled retronasally. Our 
findings provide the evidence that taste modulates olfaction and 
impacts its sensing of  the external and internal environment. 
Acknowledgements: Baylor College of  Medicine start-up funds. 
FCOI Disclosure: None
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Enhancing Sweetness and Palatability of Aronia Juice via 
Added Sugars and Olfactory Flavoring 
Valerie B Duffy1, Shristi Rawal1, Bradley W Bolling2, Jeeha Park1, 
Mark H Brand3 
1University of  Connecticut/Allied Health Sciences, Storrs, CT, USA, 
2University of  Connecticut/Nutritional Sciences, Storrs, CT, USA, 
3University of  Connecticut/Plant Science and Landscape Architecture, 
Storrs, CT, USA 
 
Aronia berry juice has high polyphenol content, yet excessive 
sourness/astringency to hinder liking. In a study with 49 adults, 
we first tested associations between chemical and sensory 
analysis of  juice from berries harvested at 7 time points. The 

hedonic ratings for juice ranged from moderately dislike to 
neutral. Liking and sweetness associated with sugar level and 
Brix acid ratio. Sourness and astringency averaged from below 
to above moderate. The former correlated with %acidity, the 
latter negatively with sugar level. Next, we tested change in 
liking and oral sensation in prototypical sour (.012M citric acid) 
and astringent (1 g/L tannic acid) stimuli with added sucrose 
(.15 and .3M) and/or 10ppm ethyl butyrate (EB). Added sugar 
increased liking, but EB alone was insufficient to shift the acids 
from disliked to liked. However, EB+.15M sucrose had similar 
hedonic gains to .3M sucrose, as EB+sucrose exceeded sweetness 
of  sucrose alone. Only added sugar decreased sourness or 
astringency; EB failed to change these ratings. Finally, we tested 
the additive protocol in aronia juice that was similar in sourness/
astringency to the prototypical acids. Hedonic responses to the 
additives in juice were more variable. EB alone did not change 
liking, but EB+3% sucrose achieved similar liking to 5% added 
sugar. Only added sucrose increased perceived juice sweetness, 
without further sweetness gains from EB+3% sucrose. The 
additives suppressed sourness equally but had no effects on 
astringency. In summary, enhancing sweetness directly, or by 
minimizing sourness, improved the juice acceptability.  
Consistent with results across harvest points, liking paralleled 
sugar level. Less sugar may need to be added to improve 
palatability if  sweet volatiles can be enhanced in the aronia juice 
during growing and processing. Acknowledgements:  
USDA/Hatch and USDA NE SARE. FCOI Disclosure: None
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Human olfactory lateralization depends on trigeminal input 
Ilona Croy1,2, Max Schulz2, Thomas Hummel2 
1Department of  Clinical Neurophysiology, Sahlgrenska University 
Hospital, University of  Gothenburg, Gothenburg, Sweden, 2Smell and 
Taste Clinic, Department of  Otorhinolaryngology, Technical University 
of  Dresden, Dresden, Germany 
 
Rats are able to lateralize odors. This ability involves specialized 
neurons in the orbitofrontal cortex which are able to process 
left, right and bilateral presentation of  stimuli. However, it is 
not clear whether this function is preserved in humans. Humans 
are in general not able to differentiate whether a selective 
olfactory stimulant was applied through the left or right nostril; 
however some exceptions have been reported. After screening 
152 individuals with an olfactory lateralization test, we were 
able to identify 19 who could lateralize odors above chance. 
Those underwent olfactory fMRI scanning in a block design and 
were compared to 16 age and sex matched controls. In result, 
both groups showed a comparable activation of  the expected 
olfactory relevant areas. However, subjects with lateralization 
ability showed significantly enhanced activation of  the trigeminal 
pathway in the pons, approximately at the spinal nucleus 
of  the trigeminal nerve and at the position of  the posterior 
trigeminothalamic tract, none of  which was present in the group 
of  controls. An additional olfactory change detection paradigm 
with subgroups of  these subjects showed that lateralizers orient 
faster towards changes in the olfactory environment. Taken 
together, this suggests that the trigeminal system was activated by 
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the odorous stimuli in the group of  lateralizers. We conclude that 
humans are not able to lateralize odors based on the olfactory 
input, but vary in the degree to which the trigeminal system is 
recruited by olfactory stimuli. Acknowledgements: IC holds a 
grant from the German Research council (CR 479/1-1 604942). 
FCOI Disclosure: None
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Flavor Identification and Intensity: Effects of Context 
Emily S. Murphy1, Roshan Parikh2, Maria G. Veldhuizen1,3,  
Lawrence E. Marks1,4,5 
1John B. Pierce Laboratory, New Haven, CT, USA, 2Graduate School of  
Education/Rutgers University, New Brunswick, NJ, USA, 3Department 
of  Psychiatry/Yale University School of  Medicine, New Haven, CT, 
USA, 4Department of  Environmental Health Sciences/Yale School of  
Public Health, New Haven, CT, USA, 5Department of  Psychology/Yale 
University, New Haven, CT, USA 
 
Earlier evidence from our laboratory showed that changes in 
flavor-stimulus context modify the contributions of  gustatory and 
olfactory components to flavor mixtures through adaptation-like 
processes specific to the two modalities. In four experiments, we 
tested the hypotheses that variations in flavor-stimulus context 
produce modality-specific perceptual contrast in both perceived 
intensity and identification of  flavor mixtures and that perceived 
intensity is the primary factor influencing identification. In 
Experiments 1 and 2, sixteen subjects rated the perceived 
intensities of  the individual components of  gustatory-olfactory 
(sucrose-citral) flavor mixtures and, in different sessions, were 
asked to identify whether each stimulus had “more sugar” or 
“more citrus.” The mixtures were presented in two contextual 
conditions: high gustatory concentrations presented more often 
(skew gustatory) or high olfactory concentrations more often 
(skew olfactory). Consistent with our hypotheses, the responses 
showed perceptual contrast: significant differences as a result 
of  the condition (skew-citral or skew-sucrose) in ratings of  
intensity (p=.018) and identification (p=.001). Experiments 
3 and 4 replicated Experiments 1 and 2 using mixtures of  
sucrose with a natural-lemon olfactory flavorant instead of  
the less pleasant and less food-like citral. Results from the 
first eight subjects were again consistent with our hypotheses: 
perceptual contrast in intensity (p=.037) and identification 
(p=.001). These results suggest that flavor-stimulus context 
influences identification and intensity perception in similar ways, 
consistent with the hypothesis that the perceived intensities of  
the mixture components largely determine flavor identification. 
Acknowledgements: Supported by NIH grant R01 DC011823-
02. FCOI Disclosure: None
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Functional MRI of the Reward System Using  
Multisensory Cues 
Susan K Lemieux1,2, Jianli Wang2, Megha M Vasavada2,  
Stephen J Wilson3, Kathleen L Keller4,5, John E Hayes5, Qing X Yang2,6 
1Penn State Harrisburg/Elec. Eng., Middletown, PA, USA,  
2Penn State Hershey/Radiology, Hershey, PA, USA, 3Penn State/
Psychology, University Park, PA, USA, 4Penn State/Nutritional 
Sciences, University Park, PA, USA, 5Penn State/Food Science, 
University Park, PA, USA, 6Penn State/Bioengineering,  
University Park, PA, USA 
 
Humans often smell then see food or tobacco when these stimuli 
are encountered in the real world. Immediately a desire to eat 
or smoke or an aversion to the food or tobacco is triggered 
along with conscious evaluation and planning. In this fMRI 
study, three categories of  congruent visual-olfactory stimuli 
were presented to satiated non-smoking subjects: high calorie 
(HC) foods (chocolate, cinnamon buns), low calorie (LC) foods 
(melon, cucumber), and cigarettes. The goal of  the study was to 
demonstrate that congruent olfactory cues enhanced activation 
of  visual presentation of  food and tobacco in the central reward 
system. The picture-odorant cues were expected to elicit neuronal 
activation in the multisensory, reward, and memory, and 
networks of  the brain. After presentation of  each picture-odorant 
cue, the participant rated how much they wanted the item,  
(1 = do not want it to 5 = really want it). Data analysis included 
tests for contrasts between pairs of  categories and a covariance 
analysis across the categories. Average rating results (mean +/- 
std. err.) showed that cigarettes were not wanted (1.03 +/- 0.03) 
while HC items were slightly wanted 3.47 +/- 0.25, and LC 
items were neutral (3.02 +/- 0.28). The fMRI results for all cues 
versus ratings showed intense activation in the brain, specifically 
in the visual and lingual cortex, hippocampus, amygdala, and 
orbitofrontal cortex (p<0.001). Contrasts between categories 
across the group were significant in the reward areas of  caudate, 
putamen, and aCC for high calorie versus cigarette cues while 
for the similarly rated high calorie versus low calorie cues the 
reward network showed no significant difference. These data 
suggest that bimodal cues are effective in detecting desire versus 
aversion in the reward system. Acknowledgements: This project 
was supported by Tobacco CURE grant from the Pennsylvania 
Department of  Health. FCOI Disclosure: None
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What makes the congruent sound-enhanced odor pleasantness? 
Han-Seok Seo1, Franziska Lohse2, Curtis R. Luckett1 
1University of  Arkansas/Department of  Food Science, Fayetteville, 
AR, USA, 2University of  Dresden Medical School/Department of  
Otorhinolaryngology, Dresden, Germany 
 
Compared with incongruent visual or gustatory stimuli, 
congruent stimuli facilitate detection and identification of  odors, 
which in turn enhances odor pleasantness. This study aimed 
to determine what factors mediate the congruency-enhanced 
odor pleasantness in the auditory-olfactory association. Seventy 
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participants were asked to sniff  four odors (shoe leather, 
cinnamon, peppermint, and clove) in the presence of  either 
background sound (Christmas carol and pop-music) or silence. 
After receiving each pair of  auditory and olfactory stimuli, 
participants were asked to rate odor attributes (e.g., odor 
intensity, familiarity, pleasantness, and identification), sound 
attributes (e.g., sound familiarity and pleasantness), and degree 
of  congruency. Both German and North American participants 
rated that cinnamon odor was congruent with the Christmas 
carol. Interestingly, American participants, but not German 
participants, rated that peppermint odor was congruent with 
the Christmas carol, indicating a cross-cultural difference in 
the congruency between odor and sound. Participants liked the 
cinnamon odor while listening to the Christmas carol (“Jingle 
bells”) significantly more than while listening to the pop music 
(“Y.M.C.A.”). A multiple linear regression model found that 
congruent sound enhances odor familiarity and facilitates  
odor identification, thereby increasing odor pleasantness.  
In conclusion, our findings demonstrate that congruent  
sound-enhanced odor pleasantness is mediated by facilitating 
odor identification. Acknowledgements: This research was 
supported by start-up funding from the University of  Arkansas 
Division of  Agriculture. FCOI Disclosure: None
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Intertwined coding of facial affects and odor hedonics  
Wei Chen, Kepu Chen, Wen Zhou 
Key Laboratory of  Mental Health, Institute of  Psychology,  
Chinese Academy of  Sciences, Beijing, China 
 
Our behavioral response to a sensory stimulus depends in large 
on its intrinsic attractiveness or aversiveness, viz. valence. It is 
generally accepted that valence is encoded in the limbic system, 
yet how it is ascribed to inputs from various sensory channels has 
received little attention. Combining continuous odor exposure 
with a well-established visual paradigm termed interocular 
suppression, we show that the suppression time of  an emotional 
face is modulated by the hedonic value of  its accompanying 
odor, as if  it assumes valence from the olfactory channel in the 
absence of  visual awareness. BOLD responses in the amygdala 
mirror the behavioral results and exhibit an interaction between 
odor valence and invisible facial affect. Conversely, we find 
that initially indiscriminable neutral enantiomers gain different 
hedonic values through implicit pairings with fearful and happy 
faces, respectively. These findings point to intertwined valence 
codes between olfaction and vision, which are subserved by the 
amygdala and operate below awareness. Acknowledgements: 
This work was supported by the National Basic Research 
Program of  China (2011CB711000), the National Natural 
Science Foundation of  China (31070906), the Knowledge 
Innovation Program (KSCX2-EW-BR-4) and the Strategic 
Priority Research Program (XDB02010003) of  the Chinese 
Academy of  Sciences, and the Key Laboratory of  Mental 
Health, Institute of  Psychology, Chinese Academy of  Sciences. 
FCOI Disclosure: None

#300 POSTER SESSION VI 

Visuo-olfactory threat integration shifts affective evaluation  
Lucas R Novak, Wen Li 
University of  Wisconsin - Madison, Madison, WI, USA 
 
Previous work in our lab has shown that subtle threat cues from 
different senses can be integrated to facilitate threat perception. 
Here, we investigated how this crossmodal integrative processing 
of  threat could influence perception of  subsequent sensory input, 
as a function of  individual differences in anxiety. Following 
paired face and odor stimuli containing minute threat or neutral 
emotion, we presented a novel, neutral (Greeble) object, to 
which participants made affective judgments. We found that 
Greebles were rated more unpleasant following bimodal than 
unimodal threat cues (T(27)’s>2.6, p’s<.05). Notably, anxiety 
correlated inversely with differential affective ratings following 
bimodal (vs. unimodal) threat, r=-.43, p<.05; non-anxious 
(relative to anxious) participants’ ratings were more unpleasant 
for Greebles ensuing bimodal (vs. unimodal) threat. Further 
analysis suggested that anxious participants’ Greeble ratings were 
affected by unimodal threat presentation whereas only bimodal 
threat could influence ratings in non-anxious participants. At 
the neural level, fMRI results confirmed our previous findings, 
showing response augmentation to bimodal vs. unimodal threat 
presentation in multisensory convergence regions (amygdala, 
superior temporal sulcus, orbitofrontal cortex). The influence 
of  integration on ensuing Greeble processing was reflected 
in strengthened hippocampal response to Greebles following 
bimodal (vs. unimodal) threat. The findings suggest that 
enhanced perception of  minute threat via multimodal integration 
can facilitate subsequent affective evaluation of  an unrelated 
object. Interestingly, this effect negatively correlated with anxiety, 
highlighting the inverse rule of  effectiveness in threat integration 
by improving threat perception in those less sensitive to threat. 
Acknowledgements: T32MH018931-23, R01MH093413. FCOI 
Disclosure: None
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Taste and Oral Somatosensory Function and the Effects on 
Retronasal Olfaction during Healthy Aging, Alzheimer’s 
disease, and Parkinson’s disease  
Jennifer J. Stamps1, Kenneth M. Heilman2, Mariana Moscovich2, 
Michael S. Okun2, Linda M. Bartoshuk3 
1University of  Florida/Neuroscience Department, Clinical and 
Translational Science Institute, Gainesville, FL, USA, 2University of  
Florida, Department of  Neurology, Gainesville, FL, USA, 3University 
of  Florida/ Department of  Food Science and Human Nutrition, 
Gainesville, FL, USA 
 
Measuring clinical loss of  individual sensory modalities  
helps discern the contribution to the multi-modal perception  
of  flavor. While all five senses are utilized for flavor, we focused 
on the intimate, chemical senses: olfaction, taste, and oral 
somatosensation (burn, viscosity). Three age groups, Alzheimer’s 
patients (AD) and Parkinson’s patients (PD), were tested on 
the perceived intensity (gLMS) of  four tastes and the burn of  
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ethanol on the fungiform papillae (FP), innervated by branches 
of  Cranial Nerves V for touch and VII for taste, and on the 
circumvallate papillae (CP) innvervated by CN IX for taste 
and touch. Whole mouth taste and touch, and both orthonasal 
(OO) and retronasal (RO) olfaction were tested with various 
food items. Consistent with previous work, decreased taste 
perception was limited to quinine on the circumvallate papillae 
(CP) (ANOVA, F(2,304)=3.57, p=0.03) comparing the older 
participants (OC, 60-94) to the young (YC, 18-39) (LSD, p=0.01) 
and the middle-aged (MC, 40-59) (p=0.03) and quinine on the 
fungiform papillae (FP) of  OCs compared to YCs (p=0.02). 
Oral somatosensory perception of  the burn of  50% ethanol 
was reduced on the CPs of  the OCs (F(2,304)=3.61, p=0.03) 
compared to the YCs (p=0.04) and the MCs (p=0.04). This 
minimal loss of  taste from the CP is much more pronounced 
in AD and PD and the average rating of  all four tastes on 
the CP of  the patients is significantly worse than the OCs 
(F(2,72)=3.13,p=0.05. Reduction of  somatosensory perception 
by the CP is also exacerbated by AD compared to OC (p=0.03). 
Holding OO constant, RO varied across all participants due to 
taste and oral somatosensory function. Those perceiving less 
RO, at any given level of  OO, had significantly lower intensity 
ratings to a long list of  variables of  taste and oral somatosensory 
function. Acknowledgements: This work was supported, 
but in no way influenced, by the NIH/NCRR Clinical and 
Translational Science Award to the University of  Florida  
UL1 RR029890 and by the State of  Florida Memory  
Disorders Program. FCOI Disclosure: None
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Equal Relevance of Olfactory Compared to Audiovisual 
Channels in Communicating Fear  
Monique A Smeets1,2, Jasper H de Groot1, Gün R Semin1,3 
1Utrecht University/Faculty of  Social and Behavioural Sciences, 
Utrecht, Netherlands, 2Unilever R&D/Sensation Perception  
Behaviour Strategic Science Group, Vlaardingen, Netherlands,  
3Koç University/Department of  Psychology, Istanbul, Turkey 
 
Fear chemosignalling in humans has been reliably demonstrated 
in laboratory settings. Typically, this research has involved the 
presentation of  fear sweat, without any audiovisual indicators 
of  fear. However, in general we tend to regard auditory and 
visual – rather than the olfactory - channels as the main routes 
for communication. The question that was pursued here was 
related to the relative role of  olfaction in communicating the fear 
signal compared to audiovisual indicators of  fear. Underarm 
sweat was collected on pads from 8 male donors while they were 
watching fearful and neutral movie clips. In an unrelated session, 
30 females participated in a 2 (odor: fear sweat vs. neutral sweat) 
x 2 (audiovisual: fear clips vs. neutral clips) within-subject 
design, while facial electromyography (EMG) was measured as 
an index of  emotional facial expression. Elevated EMG activity 
was observed both while participants were exposed to fear sweat 
(medial frontalis: F(1,29) = 9.06, p = .005, ηp

2 = .24); corrugator 
supercilii (trend): F(1,29) = 3.78, p = .062, ηp

2 = .12) and when 
fear-inducing audiovisual clips were presented (medial frontalis: 
F(1,29) = 4.33, p = .046, ηp

2 = .13; corrugator supercilii: F(1,29) 

= 10.08, p = .004, ηp
2 = .26). Planned paired t-tests indicated 

no significant difference (t <1) between the conditions in which 
either olfactory or audiovisual fear messages were combined 
with neutral audiovisual and olfactory information. Thus it 
was concluded that olfactory fear signals were as potent as 
audiovisual fear signals in inducing fear. This finding requires 
a revision of  traditional human communication models that 
have relied exclusively on language and visual information, 
demonstrating a need for incorporating olfactory signals into 
these models. Acknowledgements: This research was supported 
by a TALENT grant from the Netherlands Organization  
for Scientific Research (406-11-078/MaGW). FCOI  
Disclosure: None
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The Hormonal Mystery: Olfactory Sensitivity and  
Hormone Fluctuation Throughout the Menstrual Cycle 
Carrie C. LeMay1, Ashley L. Galloway1,2, William Tewalt1,  
Irene N. Ozbek1 
1Psychology Department, Chattanooga, TN, USA,  
2Chemistry Department, Chattanooga, TN, USA 
 
The relationship of  olfactory functioning and hormones is 
complex, and, for the most part, heterogeneous. Olfactory 
sensitivity has been reported to both increase and decrease during 
the menstrual cycle. Studies concluding similar directionality 
of  olfactory abilities tend to disagree on the menstrual phase 
during which olfactory sensitivity fluctuates. This could be 
attributed to the lack of  research examining multiple women at 
more than one point during their menstrual cycle. The female 
body undergoes cyclic fluctuations in hormone levels during 
the menstrual cycle; the most prominent of  these fluctuations 
occurring in estrogen, luteinizing and follicle-stimulating 
hormone, and progesterone. The present study aims to clarify 
and or define aspects of  the olfactory and hormone relationship 
by examining how olfactory thresholds fluctuate in relation to 
changing hormone levels in menstruating women. A total of  
72 women were examined during two stages of  their menstrual 
cycle. During each examination participants had blood drawn 
and were administered a threshold test. The Wheeler-University 
of  Tennessee at Chattanooga odor threshold test (WUTC) 
allowed for the measurement of  odorant sensitivity of  4 distinct 
odorants. Hormone levels were analyzed using a method of  
gradient high-performance liquid chromatography (HPLC). In 
general, the increase and decrease of  estrogen is thought to result 
in a fluctuation of  olfactory sensitivity. The research design of  
this study has allowed for clarification of  literature contradictions 
concerning hormone level and olfactory sensitivity fluctuations. 
Acknowledgements: The University of  Tennessee at 
Chattanooga Provost Research Award. FCOI Disclosure: None
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Dynamics of Autonomic Nervous System Responses and 
Facial Expressions to Odors  
Rene A de Wijk1, Wei He1, Cees de Graaf2, Sanne Boesveldt2 
1Food&Biobased Research/WUR, Wageningen, Netherlands, 
2Wageningen University, Division of  Human Nutrition,  
Wageningen, Netherlands 
 
Odor appreciation is not only determined by hedonic aspects 
but also by triggered emotions. Emotions are often involuntary 
and short-lived, which makes them difficult to assess with 
explicit questionnaire-based tests. Instead, emotions may be 
better captured by physiological and behavioural measures of  
the autonomic nervous system. A pleasant and an unpleasant 
food odor was presented five times in three supra-threshold 
concentrations via an olfactometer (Burghart GmbH). Facial 
expressions were recorded and analysed automatically using 
FaceReader V.4.0 software (Noldus Information Technology), 
and responses of  the autonomic nervous system were captured 
and analysed using Mindware data acquisition software 
(MindWare Technologies). Results of  26 young and healthy 
female participants showed that the unpleasant fish odor 
triggered higher heart rates and skin conductance responses, 
lower skin temperature, fewer neutral facial expressions and 
more disgusted and angry expressions (p<0.05) than the pleasant 
orange odor. Neutral facial expressions differentiated between 
odors within 100 ms, followed by expressions of  disgust (180 
ms), anger (500 ms), surprised (580 ms), sadness (820 ms), scared 
(1020 ms), and happy (1780 ms) (all p values <0.05). Heart 
rate differentiated between odors after 400 ms, whereas skin 
conductance responses differentiated between odors after 3920 
ms. At shorter intervals skin temperature for fish was higher than 
that for orange, but became considerable lower after 5440 ms. 
These results demonstrate that ANS and facial responses are fast 
and that the balance between these responses is continuously 
changing depending on their timing. This changing balance 
may reflect different sequential appraisals of  emotions and 
shows the necessity of  taking the time dimension into account. 
Acknowledgements: A PhD grant from Hak Industries was 
awarded to Wei He. FCOI Disclosure: None
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Odor localization guided by spatial attention from  
auditory cue 
Shiori Ando, Saho Ayabe-Kanamura 
University of  Tsukuba, TSUKUBA, Japan 
 
Human senses of  vision and audition are able to localize the 
external stimuli because of  the functions of  bilaterality. It is 
known that we are able to localize the nostril side not with pure 
olfactory but trigeminal nerve stimuli. In the present study, the 
effect of  direction of  spatial attention guided by auditory cue 
(left/right) on odor localization was investigated. The auditory 
cue (440Hz sine wave) was presented to the left or right ear 
through headphone for 200ms just before odor presentation. 

Odor gas was presented to one side of  nostril and air to the other 
for 2000ms. Twenty healthy participants were asked to the side 
of  odor presented. Benzaldehyde was used as a pure odor, and 
l-menthol as a mixed olfactory/trigeminal stimulus. As results, 
the mixed olfactory/trigeminal stimulus was not affected by 
the side of  auditory cue, however, the pure odor was tended 
to localize to the side of  auditory cue presented. Furthermore, 
in valid condition (odor and sound present the same side) 
of  the mixed olfactory/trigeminal stimulus, odor evaluated 
more intense and confidence of  odor localization rated more 
confident. Acknowledgements: University of  Tsukuba. FCOI 
Disclosure: None
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Screening and identification of novel ligands for the ectopic 
olfactory receptor expressed in non-olfactory tissues    
NaHye Lee1, Seunghyun Choi2, Nana Kang1, Cheol Ryong Ku3,  
Yoon Hee Cho3, Yunhye Kim2, Eun Jig Lee3, Youngjoo Byun2, 
JaeHyung Koo1 
1Department of  Brain Science, DGIST, Daegu, South Korea,  
2College of  Pharmacy, Korea University, Sejong, South Korea,  
3College of  Medicine, Yonsei University, Seoul, South Korea 
 
Olfactory receptors (ORs) detect volatile chemicals that lead 
to the initial perception of  smell in the brain. The ORs are 
G-protein coupled receptors that recognize odorants in the 
olfactory signal pathway and they are present in over 1,000 
genes in mice. Most ORs are extensively expressed in the 
nasal olfactory epithelium where they perform the appropriate 
physiological functions. Recently, ectopic ORs expression has 
been reported in non-olfactory tissues but their functions are 
still unknown. We demonstrated that olfactory conserved signal 
components were co-expressed with C-kit immunopositive 
interstitial cells in the bladder. In addition, several olfactory 
receptors were isolated depending on high expression level 
by using conventional RT-PCR and qRT-PCR. In order to 
investigate the functional role of  olfactory receptor in the 
bladder, the selected olfactory receptor gene was cloned from 
bladder cDNA and expressed with several accessory proteins in 
vitro system. Luciferase assay system was established and applied 
to identify novel ligands for the selected olfactory receptor, 
providing a platform for screening the structurally diverse 
ligands of  olfactory receptor. Moreover, these approaches will 
provide effective tool for understanding physiological roles of  
ORs in non-olfactory tissues and assessing their potentials as 
therapeutic target proteins in the regulation of  bladder-related 
diseases. Acknowledgements: National Research Foundation 
of  Korea (2013R1A1A2009145) & Korean Health Technology 
R&D Project, Ministry for Health, Welfare & Family Affairs 
(HI13C0423). FCOI Disclosure: None
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Functional and structural characterization of a human odorant 
receptor expressed in cancer cells 
Nikolina Jovancevic, Steffen Wolf, Klaus Gerwert, Hanns Hatt,  
Lian Gelis 
Ruhr Universität Bochum, Bochum, Germany 
 
Most of  the characterized ORs detect and discriminate multiple 
highly flexible odorant ligands and exhibit a rather broad 
ligand spectrum. As neither X-ray nor NMR structural models 
of  ORs are available yet, only little is known regarding the 
structural basis of  odorant recognition. Owing to difficulties 
with functional OR expression in heterologous systems, few 
human ligand-OR interaction pairs have been characterized 
to date. As experimental OR deorphanization is highly time-
consuming, we recently developed an alternative, computational 
approach using dynamic homology modeling. Homology 
modeling predicts the 3D structure of  a protein from its 
amino acid sequence based on sequence comparison with an 
experimentally determined template structure, currently 23 that 
have been deduced for GPCR family members. We applied this 
approach for structural characterization of  OR51E2, which is 
ectopically expressed in human cancer, such as prostate cancer 
and the malignant melanoma. We assessed the clinical potential 
of  OR51E2 by investigating the effects of  OR51E2 activation 
in primary cancer cells derived from different tumor types. 
OR51E2 ligands induce anti-proliferative and pro-apoptotic 
effects on human prostate cancer and melanoma cells and 
affect the migration of  melanoma cells at a primary cancer 
stage. As OR51E2 may thus constitute a potential drug target 
in cancer treatment, we aim to identify by dynamic modeling 
high affinity agonists and antagonists that are suitable for this 
clinical application. By interplay between theoretical predictions 
and experimental verification, we characterized the structure of  
the ligand binding niche within an OR51E2 molecular model 
and the ligand binding mode. These results provide the basis for 
structure-based development of  novel drugs targeting OR51E2. 
Acknowledgements: Heinrich und Alma Vogelsang Stiftung. 
FCOI Disclosure: None
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Olfactory and Taste Receptors in Blood Leukocytes 
Dietmar Krautwurst, Agne Babusyte 
Deutsche Forschungsanstalt fuer Lebensmittelchemie Leibniz Institut, 
Freising, Germany 
 
Chemosensory receptor systems have evolved to decode 
nature’s signatures of  smell and taste. Human odorant receptors 
(OR), vomeronasal type-1 (VN1R), bitter taste receptors 
(TAS2R), as well as the umami and sweet taste receptor dimers 
(TAS1R) represent at least four different G protein-coupled 
receptor families, typically expressed within the sensory cells 
of  the olfactory epithelium in the nose, or the taste buds 
of  the tongue. However, there is growing evidence of  an 
ectopic expression of  chemosensory receptors in a variety of  
peripheral tissues, unrelated to olfaction or taste. Since food 

ingredients postprandially may enter the blood stream, we 
aimed to clarify the presence of  olfactory and taste receptors in 
polymorphonuclear granulocytes (PMN), T-cells, B-cells, NK-
cells and monocytes. In these cells, our reverse transcription-PCR 
(RT-PCR) data demonstrate the RNA expression of  the almost 
entire repertoires of  class-I OR, VN1R, TAS2R, and TAS1R, but 
we did not detect class-II OR. Quantitative PCR data suggest that 
RNA expression of  the most of  these chemosensory receptors 
in human PMN account for ca. 2-25% RNA level of  selected 
house-keeping genes. By immunocytochemistry, we demonstrate 
protein expression of  the most abundant olfactory and taste 
receptors in PMN, T-cells, and B-cells. Moreover, and in contrast 
to the OR type-specific and taste modality-specific receptor 
expression in olfactory neurons and taste cells, respectively, we 
found that chemosensory receptors are largely co-expressed in 
a subpopulation of  at most 60 % of  PMN. Thus, our findings 
demonstrate the presence of  a variety of  chemosensory receptors 
in blood leukocytes, where they may serve as detectors for 
those food-borne chemicals our chemosensory systems have 
encountered preprandially. Acknowledgements: Deutsche 
Forschungsanstalt fuer Lebensmittelchemie Leibniz Institut. 
FCOI Disclosure: None
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Denatonium Chemosensation In the Murine Trachea  
Gabriela Krasteva-Christ 1, Stephanie Wiederhold1, Innokentij 
Jurastow1, Christina Nassenstein1, Petra Hartmann1, Silke Wiegand1, 
Amir Rafiq1, Rajender Nandigama1, Klaus Deckmann1, Burkhard 
Schütz2, Eberhard Weihe2, Brendan J Canning3, Wolfgang Kummer1 
1Justus-Liebig-University/Anatomy, Giessen, Germany, 2Philipps-
University/Anatomy, Marburg, Germany, 3Johns Hopkins University, 
Baltimore, MD, USA 
 
Homeostatic regulation of  the balanced chemical composition  
of  the mucosal lining fluid requires appropriate monitoring.  
Very recently, we have identified airway brush cells to be 
cholinergic and chemosensory. Here, we investigated the role  
of  taste receptor Tas2R108 in chemosensation in mouse trachea 
by monitoring respiratory function and intracellular Ca2+ 
mobilization. In the mouse trachea, mTas2R108 was detected 
in cholinergic brush cells. Isolated cells responded to its ligand 
denatonium (1-25 mM) by an increase in [Ca2+]

i
. ACh-biosensor 

cells that were cocultured with brush cells showed a delayed 
increase in [Ca2+]

i
 upon stimulation with 1 mM denatonium that 

was sensitive to atropine. Taste transduction signaling cascade 
inhibitors (U-73122 and TPPO) abolished the responses of  
brush cells to denatonium and the subsequent responses of  the 
ACh-biosensor cells. Application of  denatonium to the tracheal 
mucosa of  spontaneously breathing mice resulted in induction 
of  two different types of  generalized avoidance reflexes: decrease 
of  respiratory rate (RR) and short periods of  apnea (“respiratory 
events”). The decrease in RR was epithelium-dependent and 
sensitive to mecamylamine but the frequency of  the “respiratory 
events” was even augmented suggesting a direct stimulation 
of  intraepithelial sensory nerve fibers. Indeed, airway sensory 
neurons expressed mRNA for Tas2R108 along with other 
components of  the bitter sensation pathway and responded to 
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denatonium with an increase in [Ca2+]
i
. In conclusion, bitter 

chemosensation acts at multiple sites in the murine trachea to 
detect the presence of  potentially harmful components in the 
mucosal lining fluid. Airway brush cells mediate reduction in RR 
involving cholinergic transmission. In addition to them, sensory 
neurons are direct targets of  denatonium. Acknowledgements: 
Funded by DFG (KR 4338/1-1) and DZL (Deutsches Zentrum 
für Lungenforschung). FCOI Disclosure: None

#310 POSTER SESSION VI 

Expression of a–gustducin in Immune Cells  
Pu Feng, Nirvine Simon, Jinghua Chai, Hong Wang 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Interactions between the immune and taste systems and, 
especially, the roles of  taste receptors in immune defenses have 
been increasingly appreciated. Examples include recent findings 
of  the expression of  multiple immune-related molecules in 
specific taste receptor cells in taste buds, as well as the function 
of  bitter taste receptors in recognition of  bacterial molecules 
in “extra-oral” tissues. However, the molecular connections 
between taste and immune signaling pathways are unclear. 
Here, we investigated a-gustducin expression in immune 
cells using RT-PCR and immunohistochemistry. Substantial 
a-gustducin immunoreactivity was found in the mouse spleen 
by immunostaining. The presence of  a-gustducin mRNA in the 
spleen was further verified by real-time RT-PCR analysis. Double 
immunostaining using specific antibodies against a-gustducin 
and immune cell-type markers (CD3 for T cells, B220 for B cells, 
and CD11b for macrophages) revealed that the a-gustducin 
immunoreactivity is primarily in a sub set of  T cells, and less 
extensively in macrophages. In contrast, no immunoreactivity 
of  a-gustducin was found in B cells in the mouse spleen. These 
preliminary results indicate that there is a distinct subtype of  
T cells in the spleen that expresses the taste-sensing related 
molecule a-gustducin. The findings also suggest that some 
taste-sensing pathways may engage in some immune processes, 
especially T cell mediated immune responses. Given the 
important role of  a-gustducin in mediating bitter, umami, and 
sweet gustatory signaling, these findings suggest that mechanism 
of  taste-sensing may be involved in certain aspects of  immune 
function/malfunction, such as food allergy. Acknowledgements: 
This study was supported by NIH/NIDCD grants DC010012 
(H.W.) and P30 DC011735 and NSF grant DBJ-0216310. FCOI 
Disclosure: None
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Polymodal chemosensory brush cells in the urethra  
Klaus Deckmann1, Filipski Katharina1, Gabriela Krasteva-Christ1, 
Amir Rafiq1, Mike Althaus2, Martin Fronius2, Tamara Papadakis1, 
Burkhard Schütz3, Eberhard Weihe3, Vladimir Chubanov4,  
Thomas Gudermann4, Jochen Klein5, Thomas Bschleipfer6,  
Wolfgang Kummer1 
1Institute of  Anatomy and Cell Biology, Justus-Liebig-University, 
Giessen, Germany, 2Institute of  Animal Physiology, Justus-Liebig-
University, Giessen, Germany, 3Institute of  Anatomy and Cell  
Biology, Philipps-University, Marburg, Germany, 4Walter-Straub-
Institute for Pharmacology and Toxicology, Ludwig-Maximilian-
University, Munich, Germany, 5Department of  Pharmacology,  
School of  Pharmacy, Goethe University, Frankfurt am Main, Germany, 
6Department of  Urology, Pediatric Urology and Andrology,  
Justus-Liebig-University, Giessen, Germany 
 
Here we show the presence of  a newly recognized cholinergic, 
polymodal chemosensory cell in the mammalian urethra, 
the potential portal of  entry for bacteria and harmful 
substances into the urogenital system. They exhibit structural 
markers of  respiratory chemosensory cells (“brush cells”). 
Immunohistochemistry and RT-PCR revealed components 
of  the canonical taste transduction signaling cascade 
(a-gustducin, PLCb2, TRPM5) and mRNA expression of  
several taste receptors (T1R1+T1R3; T2R108). Candidate 
chemoreceptor cells were isolated from two different strains of  
choline acetyltransferase (ChAT)-eGFP mice and responded 
to ATP (0.5 mM), denatonium benzoate (25 mM; bitter) and 
to L-glutamate (25 mM; umami) with an increase in [Ca2+]

i
 but not to cycloheximide (0.1 mM), saccharin (5 mM), NaCl 
(25mM) and KCl (25 mM). The response to denatonium was 
dose-dependent (2.5-25 mM) and sensitive to inhibitors of  
TRPM5 (TPPO; 0.25 mM) and PLCb2 (U73122; 0.01 mM). 
In whole cell patch-clamp recordings denatonium activated an 
inward current in 15/21 cells. Acetylcholine levels increased in 
the supernatant of  denatonium treated isolated urethral cells, 
and [Ca2+]

i
 imaging experiments revealed cholinergic (atropine/

mecamylamine sensitive) signaling from ChAT-eGFP expressing 
chemosensory to neighboring cells. The cells are approached by 
sensory nerve fibers expressing nicotinic receptors. Urodynamic 
investigations in a rat model show a strong long lasting increase 
in bladder pressure after urethral stimulation with denatonium. 
We interpret this this newly recognized cell type as a sentinel 
initiating local or reflexive protective responses at the entrance 
to the urogenital tract, communicating via acetylcholine release. 
Acknowledgements: LOEWE Research Focus “Non-neuronal 
cholinergic systems”. FCOI Disclosure: None
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Dextromethorphan Mediated Bitter Taste Receptor Activation 
in the Pulmonary Circuit causes Vasoconstriction 
Prashen Chelikani1,3, Jasbir D. Upadhyaya1,3, Nisha Singh1,3,  
Anurag S. Sikarwar2,3, Raja Chakraborty1,3, Sai P. Pydi1,3,  
Rajinder P. Bhullar1, Shyamala Dakshinamurti2,3 
1University of  Manitoba/Oral Biology, Winnipeg, MB, Canada, 
2University of  Manitoba/Physiology, Winnipeg, MB, Canada, 
3Manitoba Institute of  Child Health/Biology of  Breathing Group, 
Winnipeg, MB, Canada 
 
Aims. Activation of  bitter taste receptors (T2Rs) in human 
airway smooth muscle cells (hASMCs) leads to muscle relaxation 
and bronchodilation. This finding led to our hypothesis that 
T2Rs are expressed in human pulmonary artery smooth muscle 
cells (hPASMCs) and might be involved in regulating the 
vascular tone. Methods and Results. RT-PCR was performed 
to reveal the expression of  T2Rs in hPASMCs. Of  the 25 T2Rs, 
21 were expressed. Functional characterization was done by 
calcium imaging after stimulating PASMCs with different bitter 
agonists. Increased calcium responses were observed with most 
of  the agonists, the largest increase seen for dextromethorphan 
(DXM). Previously in site-directed mutational studies, we have 
characterized the response of  T2R1 to DXM, therefore, T2R1 
was selected for further analysis in this study. Knockdown with 
T2R1 specific shRNA decreased mRNA levels, protein levels 
and DXM-induced calcium responses in PASMCs by up to 50%. 
To analyze if  T2Rs are involved in regulating the pulmonary 
vascular tone, ex vivo studies using pulmonary arterial and 
airway rings were pursued. Myographic studies using porcine 
pulmonary arterial and airway rings showed that stimulation 
with DXM led to contraction of  the pulmonary arterial and 
relaxation of  the airway rings. Conclusion(s). This study 
shows that DXM, acting through T2Rs, causes vasoconstrictor 
responses in the pulmonary circuit and relaxation in the airways. 
Acknowledgements: This work was supported by grants from the 
Manitoba Institute of  Child Health (OG 2011-0), and Natural 
Sciences and Engineering Research Council of  Canada (RGPIN 
356285) to PC. Graduate studentships from MHRC/MICH to 
AS, RC and PSP, an MMSF/MHRC Dr. F.W. DuVal Clinical 
Research Professorship to SD, and a MMSF Allen Rouse Career 
Award to PC. FCOI Disclosure: None
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T2R-Mediated Signal Transduction in Mammalian  
Male Germ Cells  
Jiang Xu, Minliang Zhou, Liquan Huang 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Bitter taste receptors (T2Rs) have been found in many extraoral 
tissues including mammalian testis. We previously reported that 
T2Rs expressed in the male germ cells are functional, and that 
these receptors, when activated by bitter-tasting compounds, 
elicit an increase in intracellular calcium concentrations in these 
cells, which is transduced by a-gustducin and can be blocked 
by some specific bitter blockers. To further understand the 
T2R-mediated signal transduction pathways in these cells and 
to determine whether these cells utilize the same transduction 
pathways as those found in taste bud cells, we carried out 
additional experiments. Our preliminary results showed that the 
depletion of  calcium from intracellular stores with thapsigargin 
nearly eliminated calcium responses to bitter compounds, 
whereas a brief  removal of  external calcium did not alter the 
response amplitude, indicating that internal calcium is the 
principal source of  the response. Application of  an adenylyl 
cyclase inhibitor also did not affect the calcium response while 
a phospholipase C inhibitor was able to significantly reduce or 
abolish the response in most but not all of  sperm cells, suggesting 
that the phospholipase C is a major effector enzyme in most 
cells. Nullification of  the G protein subunit Gg13’s expression 
in these cells completely abolished their calcium responses, 
indicating that Gg13 and a-gustducin are the components of  
the heterotrimeric G protein transducing the bitter responses 
in the germ cells. These results indicate that mammalian male 
germ cells employ a similar but apparently different transduction 
mechanism to sense bitter compounds in the environment. 
Acknowledgements: Supported by NIH grants R01 DC007487, 
R21 DC013177, and P30 DC011735, and NSF Equipment Grant 
DBI-0216310. FCOI Disclosure: None
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Clofibric Acid Inhibits Monosodium Glutamate Perception  
in Humans 
Matthew C. Kochem1, Paul A.S. Breslin1,2 
1Rutgers University/Nutritional Sciences, New Brunswick, NJ, USA, 
2Monell Chemical Senses Center, Philadelphia, PA, USA 
 
The hT1R1-hT1R3 receptor is believed to be an important 
glutamate sensing taste receptor in humans. Umami taste in 
humans is stimulated by oral monosodium glutamate (MSG) and 
a few other stimuli. Glutamate umami taste is weakly inhibited 
by sodium lactisole, which binds to T1R3 in vitro. Clofibric acid, 
a lipid lowering drug structurally related to lactisole, binds T1R3 
in vitro, as well. We have previously shown that clofibric acid 
inhibits the sweet receptor T1R2-T1R3 in vivo. Here we sought to 
determine if  clofibric acid inhibits umami taste perception from 
glutamate in humans. Ten participants rated the umami taste 
intensity of  20 and 100 mM MSG with varying concentrations 
of  clofibric acid (1-16 mM). Subjects rated perceived umami 
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intensity on a general Labeled Magnitude Scale (gLMS). 
Samples were presented in random order and tested in triplicate. 
The concentrations of  clofibric acid employed were 0, 1, 4, 8, 
and 16 mM. Clofibric acid at 8 and 16 mM inhibited the umami 
intensity from both concentrations of  MSG by approximately 
half. Clofibric acid did not fully inhibit umami intensity at 
any concentration. It is possible that clofibric acid is a partial 
antagonist of  T1R1-T1R3. It is also possible that clofibric acid 
fully abolishes T1R1-T1R3 activity, but that MSG is sensed by 
another glutamate receptor such as MGluR4. In conclusion, 
the lipid lowering drug clofibrate inhibits perception of  MSG in 
humans and appears to resemble the effects of  the T1R3 inhibitor 
lactisole. The ability of  clofibrate to inhibit macronutrients 
from stimulating T1R receptors raises the question of  whether 
its lipid lowering abilities could also involve T1R receptors. 
Acknowledgements: Supported by NIH DC02995 to PASB. 
FCOI Disclosure: None
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Genetics of glutamate taste preferences in mice 
Natalia P. Bosak1, Cailu Lin1, Maria L. Theodorides1,  
Akihiko Kitamura1,2, Alexander A. Bachmanov1 
1Monell Chemical Senses Center, Philadelphia, PA, USA,  
2Institute for Innovation, Ajinomoto Co., Inc., Kawasaki, Japan 
 
Umami is one of  the five primary tastes. The umami taste helps 
to detect glutamate and some other amino acids, and is believed 
to be important for identifying nutritious food. Using selective 
breeding, we have developed mouse strains with high and low 
monosodium glutamate (MSG) intakes in two-bottle preference 
tests. We use these strains to study genetics underlying variation 
in MSG intake. We have conducted a genome scan of  mice 
from the 12th generation of  selective breeding (S12) using 2,873 
chromosomal markers distributed throughout all autosomes and 
the X chromosome. This analysis has confirmed quantitative trait 
loci (QTLs) for MSG intake detected in our earlier studies, and 
also identified new QTLs. We performed bioinformatic analyses 
of  genes residing in these QTL regions to find which of  them 
encode proteins interacting with glutamate, and to examine 
their function, tissue expression and sequence variation. Our 
results show that glutamate preference and intake is a trait with 
multigenic inheritance and a complex genetic architecture, and 
that its regulation involves multiple physiological mechanisms. 
Our ongoing physiological and genetic analyses will help to 
understand the role of  these genes in regulation of  umami taste 
and glutamate appetite. Acknowledgements: Supported by 
NIH R01DC00882 (AAB), Ajinomoto Amino Acid Research 
Program (AAB), Ajinomoto Co., Inc. (AK and AAB), and NIH 
P30DC011735 (Robert F. Margolskee). FCOI Disclosure: None
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Two Distinct Determinants of Ligand Specificity  
in T1R1/T1R3  
Yasuka Toda1, Tomoya Nakagita1, Takashi Hayakawa2,  
Shinji Okada1, Masataka Narukawa1, Hiroo Imai2,  
Yoshiro Ishimaru1, Takumi Misaka1 
1Department of  Applied Biological Chemistry, Graduate School of  
Agricultural and Life Sciences, The University of  Tokyo, Tokyo,  
Japan, 2Primate Research Institute, Kyoto University, Aichi, Japan 
 
Umami taste perception in mammals is mediated by a 
heteromeric complex of  two G-protein-coupled receptors,  
T1R1 and T1R3. T1R1/T1R3 exhibits species-dependent 
differences in ligand specificity: human T1R1/T1R3 specifically 
responds to L-Glu, whereas mouse T1R1/T1R3 responds more 
strongly to other L-amino acids than to L-Glu. The mechanism 
underlying this species difference remains unknown. In this 
study, we analyzed chimeric human-mouse receptors and point 
mutants of  T1R1/T1R3 and identified 12 key residues that 
modulate amino acid recognition in the human- and mouse-type 
responses in the extracellular Venus flytrap domain of  T1R1. 
Molecular modeling revealed that the residues critical for human-
type acidic amino acid recognition were located at the orthosteric 
ligand-binding site. In contrast, all of  the key residues for the 
mouse-type broad response were located at regions outside 
of  both the orthosteric ligand-binding site and the allosteric 
binding site for inosine-5′-monophosphate (IMP), which is a 
known natural umami taste enhancer. Site-directed mutagenesis 
demonstrated that the newly identified key residues for the 
mouse-type responses modulated receptor activity in a manner 
distinct from that of  the allosteric modulation via IMP. Analyses 
of  multiple point mutants suggested that the combination of  two 
distinct determinants, amino acid selectivity at the orthosteric site 
and receptor activity modulation at the non-orthosteric sites, may 
mediate the ligand specificity of  T1R1/T1R3. This hypothesis 
was supported by the results of  studies using nonhuman primate 
T1R1 receptors. A complex molecular mechanism involving 
changes in the properties of  both the orthosteric and non-
orthosteric sites of  T1R1 underlies the determination of  ligand 
specificity in mammalian T1R1/T1R3. Acknowledgements: 
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Program of  the Primate Research Institute of  Kyoto University, 
by the Funding Program for Next Generation World-Leading 
Researchers of  the Japan Society for the Promotion of  Science 
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L-amino acid taste: Are multiple receptors and signal 
pathways involved? 
Shreoshi Pal Choudhuri1, Rona J. Delay2, Eugene R. Delay1 
1University of  Vermont, Burlington, VT, USA, 2University of  Vermont, 
Burlington, VT, USA, 3University of  Vermont, Burlington, VT, USA 
 
Research with L-glutamate, a prototypical L-amino acid that 
activates umami taste pathways, suggests two G-protein coupled 
receptors, T1R1+T1R3 and t-mGluR4, are important in umami 
taste. Umami taste is transduced by PLC-b

2
 dependent rise of  

IP
3
 followed by release of  intracellular calcium. Umami research 

also suggests a Ga-dependent pathway that down-regulates 
cAMP. 5’ inosine monophosphate (IMP) is another umami 
taste stimulus and a potent flavor enhancer that synergistically 
enhances umami taste of  L-glutamate. HEK cell expression 
data show that IMP also potentiates the response to other 
L-amino acids (Nelson et al., 2002). However, the transduction 
mechanism for IMP and its synergy are largely unknown. 
Further, while T1R1+T1R3 receptors appear to detect L- amino 
acids other than glutamate, it is not known whether other 
receptors may also be involved in their detection. We used 
calcium imaging of  isolated taste sensory cells (TSCs) and taste 
buds of  mice to study if: (1) receptors other than T1R1+T1R3 
are involved in L-amino acids detection, (2) transduction of 
L-amino acids other than glutamate also utilize the PLC-b

2
 

mediated pathway, and (3) L-amino acids also use a cAMP-
dependent pathway. In our calcium imaging study, we found 
that response patterns elicited by L-amino acids vary across 
TSCs. Further, TSCs also show synergy for different L-amino 
acids when mixed with IMP. We also found that TSCs from 
T1R3-/- and T1R1-/- mice can respond to various L-amino  
acids and IMP. Our data suggest that receptors or possibly 
receptor complex other than T1R1+T1R3 may be involved 
in detection of  L-amino acids. Currently we are using 
pharmacological approach to elucidate the role, if  any, 
of  mGluR4 in L-amino acid and IMP transduction and 
downstream signaling pathways for L-amino acids transduction. 
Acknowledgements: NSF IOS-0951016. FCOI Disclosure: None
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Mice perceive synergistic umami mixtures as tasting sweet 
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Sweet and umami tastants activate distinct taste receptors and 
cell types in taste buds, which may ultimately lead to unique 
perceptions and behavioral responses in humans and other 
mammals. However, previous studies have shown that rats 
cannot easily discriminate between a sweet-tasting stimulus and 
a synergistic umami mixture containing a glutamate salt and 
5’- ribonucleotide (Yamamoto et al., 1991). Furthermore, we 
previously found that a mixture of  monopotassium glutamate 
(MPG) and inositol monophosphate (IMP) provoked neural 
activity in the parabrachial nucleus of  mice that was highly 
similar to that elicited by sucrose (Tokita et al., 2012). To 
follow up on these results, we tested the hypothesis that the 
MPG + IMP mixture and sucrose were perceptually similar 
in mice. We also examined the individual components, MPG 
and IMP. Using a series of  conditioned taste aversion (CTA) 
tests in water-restricted C57BL/6J mice, we found that mice 
bidirectionally generalized a sucrose aversion to the MPG + 
IMP mixture. In contrast, aversions conditioned to these stimuli 
did not generalize to MPG presented alone. Further testing with 
brief  access tests indicated that mice only responded to a high 
concentration of  MPG (1.0 M), which they avoided, likely due 
to the potassium. Mice were able to discriminate sucrose and 
the MPG + IMP mixture from IMP alone (no generalization), 
but as the concentration of  IMP used to produce the CTA 
was increased, the aversiveness to this tastant, indicated by a 
decrease in subsequent licking, also increased. In summary, 
although sucrose and a synergistic umami mixture activate 
separate mechanisms in the periphery, these stimuli appear to 
evoke a similar perception in mice. Moreover, glutamate alone 
appears to be only a weakly perceived stimulus to this species. 
Acknowledgements: NIH DC000353. FCOI Disclosure: None
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Visual Program-at-a-Glance
Posters listed for AM and PM Sessions are displayed all day long.

WEDNESDAY, APRIL 9

REGISTRATION  
3:30 – 7:00 pm

ACHEMS EXECUTIVE  
COMMITTEE MEETING

12:00 – 3:30 pm
The Cove at Tarpon Bay

WELCOME BANQUET
7:00 – 9:00 pm

Waterfall Pool Deck

WELCOME/AWARDS CEREMONY 
5:00 – 6:00 pm

Calusa Ballroom A-C

8:00 am
8:15 am
8:30 am
8:45 am
9:00 am
9:15 am
9:30 am
9:45 am

10:00 am
10:15 am
10:30 am
10:45 am
11:00 am
11:15 am
11:30 am
11:45 am
12:00 pm
12:15 pm
12:30 pm
12:45 pm
1:00 pm
1:15 pm
1:30 pm
1:45 pm
2:00 pm
2:15 pm
2:30 pm
2:45 pm
3:00 pm
3:15 pm
3:30 pm
3:45 pm
4:00 pm
4:15 pm
4:30 pm
4:45 pm
5:00 pm
5:15 pm
5:30 pm
5:45 pm
6:00 pm
6:15 pm
6:30 pm
6:45 pm
7:00 pm
7:15 pm
7:30 pm
7:45 pm
8:00 pm
8:15 pm
8:30 pm
8:45 pm
9:00 pm
9:15 pm
9:30 pm
9:45 pm

10:00 pm
10:15 pm
10:30 pm
10:45 pm

THURSDAY, APRIL 10

REGISTRATION
7:00 am – 12:00 pm, 6:30 – 7:30 pm

SYMPOSIUM:  
Behavioral insights  

into food selection and 
flavor preference in 

domestic and  
wild animals

7:00 – 9:00 pm
Calusa Ballroom A-C

CHEMA SOCIAL
4:00 – 5:30 pm

Estero Ballroom Terrace 
Royal Palm Courtyard

SYMPOSIUM:  
Functional regeneration 
in the special senses

7:00 – 9:00 pm

Audit
Calusa Ballroom E-H

SYMPOSIUM:  
Are mammals able  

to discriminate between 
bitter stimuli?

10:00 am – 12:00 pm
Calusa Ballroom A-C

BREAKFAST CORNERS 
WITH INDUSTRY
7:30 – 9:00 am
Estero Terrace

INDUSTRY WORKSHOP
2:00 – 4:00 pm

Calusa Ballroom E-H

BARRY DAVIS  
NIH FUNDING 
WORKSHOP

2:00 – 4:00 pm
Calusa Ballroom A-C

SYMPOSIUM:  
Coding principles in the 
accessory olfactory bulb

10:00 am – 12:00 pm
Calusa Ballroom E-H

POSTER SESSION I
8:00 – 10:00 am
Estero Ballroom

POSTER SESSION II
9:00 – 11:00 pm
Estero Ballroom

GIVAUDAN LECTURE:  
Genes, Genomes and the  

Future of Biomedicine
6:00 – 7:00 pm

Calusa Ballroom E-H
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Posters listed for AM and PM Sessions are displayed all day long.

SATURDAY, APRIL 12

REGISTRATION
7:30 am – 12:00 pm, 6:30 – 7:30 pm

8:00 am
8:15 am
8:30 am
8:45 am
9:00 am
9:15 am
9:30 am
9:45 am
10:00 am
10:15 am
10:30 am
10:45 am
11:00 am
11:15 am
11:30 am
11:45 am
12:00 pm
12:15 pm
12:30 pm
12:45 pm
1:00 pm
1:15 pm
1:30 pm
1:45 pm
2:00 pm
2:15 pm
2:30 pm
2:45 pm
3:00 pm
3:15 pm
3:30 pm
3:45 pm
4:00 pm
4:15 pm
4:30 pm
4:45 pm
5:00 pm
5:15 pm
5:30 pm
5:45 pm
6:00 pm
6:15 pm
6:30 pm
6:45 pm
7:00 pm
7:15 pm
7:30 pm
7:45 pm
8:00 pm
8:15 pm
8:30 pm
8:45 pm
9:00 pm
9:15 pm
9:30 pm
9:45 pm
10:00 pm
10:15 pm
10:30 pm
10:45 pm

POSTER SESSION VI
9:00 – 11:00 pm
Estero Ballroom

SYMPOSIUM: 
Chemoreception 
in mosquitoes:  

evolution, genomics 
and control  
strategies

3:00 – 5:00 pm
Calusa Ballroom E-H

SYMPOSIUM:  
Metabolic  

influences on  
olfaction and  

olfactory-guided  
feeding behavior
3:00 – 5:00 pm

Calusa Ballroom A-C

SYMPOSIUM: 
Clinical Symposium: 
NHANES and the 

chemosenses
12:30 – 1:45 pm

Calusa Ballroom E-H

SYMPOSIUM:  
Polak Symposium
10:00 – 11:30 am
Calusa Ballroom E-H

FRIDAY, APRIL 11

REGISTRATION
7:30 am – 12:00 pm, 6:30 – 7:30 pm

SYMPOSIUM: 
Direct single cell 

genomic and 
microchemical 

analysis of cellular 
heterogeneity 

systems
10:00 am – 12:00 pm
Calusa Ballroom A-C

SYMPOSIUM:  
Do rodents  

dream of odorized 
sheep? The role of  
sleep in enhancing 

olfactory perception,  
learning and behavior
10:00 am – 12:00 pm
Calusa Ballroom E-H

ACHEMS BUSINESS MEETING
12:00 – 1:00 pm

Calusa Ballroom A-C

FREE TIME
1:00 – 7:00 pm

SYMPOSIUM:  
Presidential Symposium:  

Chemosensation in the gut and brain
7:00 – 9:00 pm

Calusa Ballroom E-H

POSTER SESSION IV
9:00 – 11:00 pm
Estero Ballroom

SYMPOSIUM:  
Modulation  

of sensory signaling  
and behavioral  

response to odors
7:00 – 9:00 pm

Calusa Ballroom E-H

SYMPOSIUM:  
ATP Diverse  
functions in 

Chemosensory epithelia
7:00 – 9:00 pm

Calusa Ballroom A-C

POSTER  
SESSION V

8:00 – 10:00 am
Estero Ballroom

POSTER  
SESSION III

8:00 – 10:00 am
Estero Ballroom
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Innovation in flavor and taste solutions is our passion.
Our creative teams and scientists not only  
apply the very latest thinking – we invent it. 

We attract, develop and retain, talented, creative  
professionals who feel proud of the work they  
do in our company and who are empowered  
to contribute to a sustainable society.

www.givaudan.com

Always Something New
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