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O26 GIVAUDAN LECTURE 
WEDNESDAY, 6:00 PM - 7:00 PM

 
REGULATION OF EPIDERMAL HOMEOSTASIS BY INTERCELLULAR COMMUNICATION  
Fiona Watt 
King’s College London,  
 
Stem cell behaviour is controlled by intrinsic mechanisms and by external signals from the local microenvironment or niche. My lab is using genetically 
modified mice and cultures of primary human epidermal stem cells to investigate the interplay between specific intrinsic and extrinsic signals in regu-
lating exit from the stem cell compartment. In my talk I will discuss progress that we have made in defining soluble factors, cell surface ligands, extracel-
lular matrix components and topographical features that control the onset of terminal differentiation and how we are mapping the signal transduction 
pathways involved. 
 
FCOI Declarations: None 
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O73 SYMPOSIUM: REGULATION OF SENSORY CELL TURNOVER 
THURSDAY, 10:30 AM - 12:10 PM

 
REGULATION OF SENSORY CELL TURNOVER  
Kathryn Medler1, Robin Krimm2 
1University at Buffalo, Buffalo, MB, USA, 2University of Louisville, Louisville, KY, USA 
 
Multiple sensory end organs (taste, olfaction, Merkel cell neurite complexes) undergo continuous remodeling to maintain adult functionality. As new 
cells are produced, this creates a need for them to form the appropriate functional connections. To date, our understanding of the mechanisms that 
control these events is quite poor. However, recent studies have characterized new proteins and processes that are involved in cell renewal and synaptic 
maintenance. The goal of this symposium is to highlight recent studies that are involved in cell regeneration/maintenance in the taste, olfactory, and 
somatosensory systems.  
 
Funding Acknowledgements: This is the symposium abstract. 
 
FCOI Declarations: None 
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O74 SYMPOSIUM: REGULATION OF SENSORY CELL TURNOVER 
THURSDAY, 10:30 AM - 12:10 PM

 
INNERVATING NEW TASTE RECEPTOR CELLS IN ADULTHOOD  
Robin Krimm 
University of Louisville School of Medicine, Louisville, KY, USA 
 
Taste receptor cells within the taste bud transduce the chemical information in our food and pass this information on to innervating gustatory neurons, 
which carry this information to the brain. Taste receptor cells are continuously dying and being renewed. Neurons must therefore constantly retract 
from dying cells, regrow toward new uninnervated taste bud cells, and form new connections, all while maintaining a continuous neural code. How 
this is accomplished is a fundamental question in the field of gustation, yet few studies have attempted to address this issue. This process has remained 
intractable largely because of the numerous factors which are likely involved, and the relatively poor tools available to examine gustatory innervation of 
individual buds and taste receptor cells. In this presentation, I’ll discuss the evidence that brain-derived neurotrophic factor (BDNF)-signaling through 
the TrkB receptor is one of many mechanisms likely involved in this process. Specifically, BDNF produced by taste receptor cells functions via TrkB 
present in nerve fibers to encourage fiber growth into and branching within the taste bud. I will also illustrate how genetic-labeling, combined with 3-di-
mensional analysis of the taste bud, can be used to gain a better understanding of how taste buds and receptor cells are innervated. It seems likely that as 
new candidate molecules are identified and manipulated, and we continue to improve methods of visualizing taste bud innervation, we will unravel the 
process of how new receptor cells acquire innervation in adulthood.  
 
Funding Acknowledgements: NIDCD R01DC007176 
 
FCOI Declarations: None 
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O75 SYMPOSIUM: REGULATION OF SENSORY CELL TURNOVER 
THURSDAY, 10:30 AM - 12:10 PM

 
PRIMARY CILIA ON BASAL STEM CELLS REGULATE REGENERATION OF THE OLFACTORY EPITHELIUM  
Warren W. Green1,2, Ariell M. Joiner3, Jeremy C. McIntyre2,4, Benjamin L. Allen5, James E. Schwob6, Jeffrey R. Martens1,2 
1Department of Pharmacology & Therapeutics, University of Florida, College of Medicine, P.O. Box 100267, Gainesville, FL, USA, 2University of Florida 
Center for Smell and Taste, P.O. Box 100127, Gainesville, FL, USA, 3Department of Pharmacology, University of Michigan Medical School, 1301 MSRB III, 
1150 W. Medical Center Dr, Ann Arbor, MI, USA, 4Department of Neuroscience, University of Florida, College of Medicine, P.O. Box 100244, Gainesville, 
FL, USA, 5Department of Cell and Developmental Biology, University of Michigan Medical School, 3047 BSRB, 109 Zina Pitcher Place, Ann Arbor, MI, USA, 
6Department of Developmental, Molecular, and Chemical Biology, Tufts University School of Medicine, 136 Harrison Avenue, Boston, MA, USA 
 
The olfactory epithelium (OE) undergoes constitutive neurogenesis throughout the mammalian lifespan. The OE is comprised of multiple cell types 
including olfactory sensory neurons (OSNs) that are readily replaced by two populations of basal stem cells, frequently dividing globose basal cells and 
quiescent horizontal basal cells (HBCs). However, the precise mechanisms by which these stem cells mediate OE regeneration are unclear. Here, we 
show for the first time that the HBC subpopulation of basal stem cells uniquely possess primary cilia that are aligned in an apical orientation in direct 
apposition to sustentacular cell endfeet. The positioning of these cilia suggests that they function in the detection of growth signals and/or differentia-
tion cues. To test this idea, we generated inducible, cell-type specific Ift88 and Arl13b knockout mouse lines (K5rtTA;tetOCre;Ift88fl/fl and K5rtTA;tetO-
Cre;Arl13bfl/fl) to disrupt cilia formation and maintenance specifically in HBCs. Mutations in Arl13b cause alterations in cilia structure and hedgehog 
signaling, resulting in a ciliopathy known as Joubert syndrome. Surprisingly, the loss of HBC cilia did not affect the maintenance of the adult OE but 
dramatically impaired the regeneration of OSNs following lesion. Furthermore, the loss of cilia during development resulted in a region-specific de-
crease in neurogenesis, implicating HBCs in the establishment of the OE. Together, these results suggest a novel role for primary cilia in HBC activation 
and signaling as well as the penetrance of ciliopathies in OE stem cells.  
 
Funding Acknowledgements: NIDCD R01 DC009606 JRM 
 
FCOI Declarations: None 
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O76 SYMPOSIUM: REGULATION OF SENSORY CELL TURNOVER 
THURSDAY, 10:30 AM - 12:10 PM

 
PLASTICITY OF MECHANOSENSORY MERKEL-CELL AFFERENTS DURING HEALTHY TISSUE REMODELING  
Ellen A Lumpkin, Rachel C Clary, Kara L Marshall, Yoshichika Baba 
Dept. of Physiology & Cellular Biophysics, New York, NY, USA 
 
Sensory tissues exposed to the environment, such as skin and taste buds, continuously renew; therefore, peripheral neurons must have mechanisms to 
maintain appropriate innervation patterns. Although somatosensory neurons in skin regenerate after injury, little is known about how these neurons 
cope with normal target-organ changes. To address this question, we analyzed the morphology and function of slowly adapting type I afferents, which 
are gentle touch receptors that encode shapes, textures and pressure. These afferents innervate epithelial derived Merkel cells, which are abundant in skin 
areas specialized for high tactile acuity (e.g., fingertips) as well as the oral mucosa. In hairy skin, mouse Merkel cells and their afferents underwent rapid 
plasticity during cycles of active hair-follicle growth and regression. Electrophysiology and behavior demonstrated that tactile responsiveness was less 
reliable during active hair growth than in resting skin. Although Merkel-cell numbers fluctuated markedly over the hair cycle, EdU labeling experiments 
indicated that cell division cannot account for Merkel-cell replenishment during the hair cycle. These results reveal that epithelial sensory cells and their 
associated afferents display structural plasticity at the cost of impairment in the reliability of mechanosensation, and highlight open questions about 
mechanisms of sensory cell homeostasis.  
 
Funding Acknowledgements: NINDS R01 NS073119 EAL 
 
FCOI Declarations: Receive support from NesTec 
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O77 SYMPOSIUM: REGULATION OF SENSORY CELL TURNOVER 
THURSDAY, 10:30 AM - 12:10 PM

 
TRANSCRIPTION FACTORS THAT REGULATE TASTE CELL MAINTENANCE  
Kathryn F Medler, Yankun Gao, Jayasha Shandilya, Stefan GE Roberts 
University at Buffalo, Buffalo, NY, USA 
 
Currently, little is known about the mechanisms that regulate taste cell renewal and maintenance. We performed RNA-sequencing analysis on isolat-
ed taste cells from 2, 6 and 12 month old mice to identify genes in the taste cell transcriptome that change expression with age and may affect taste cell 
maintenance. Currently, we have focused on two pathways to determine their role in taste cell maintenance. First, we found that the Activator Protein-1 
(AP1) transcription factors (c-Fos, Fosb and c-Jun) and associated genes were significantly downregulated in taste cells by 6 months and declined fur-
ther by 12 months. We generated conditional c-Fos-KO mice to target K14-expressing cells, including differentiating taste cells. c-Fos deletion caused a 
severe perturbation in taste bud structure and significantly reduced taste bud size. There was also decreased proliferation and increased apoptosis, indi-
cating a role for AP1 factors in taste cell maintenance. Second, the transcriptional co-repressor, BASP1 decreases in expression with age. BASP1 func-
tions by repressing the activity of the transcription factor Wilms’ tumor 1 (WT1) which regulates cell proliferation and differentiation and has a known 
role in CV papillae development. We generated conditional BASP1-KO mice to target the loss of BASP1 in all cells or in differentiated taste cells. Loss of 
BASP1 in all cells caused a severe perturbation in taste bud structure and reduced expression of some taste cell markers. Loss of BASP1 in differentiat-
ed taste cells altered the proportion of taste cell marker expression and reduced taste cell responsiveness to taste stimuli. Thus both AP1 factors and the 
transcriptional co-repressor BASP1 are required to maintain functional taste receptor cells.  
 
Funding Acknowledgements: This work was funded by the National Institute of General Medical Sciences (1R01GM098609 to K.F.M. and S.G.E.R.) 
 
FCOI Declarations: None 
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O79 SYMPOSIUM: TRP CHANNELS IN MODEL ORGANISMS: ROLES IN SENSATION AND BEHAVIOR 
THURSDAY, 10:30 AM - 12:10 PM

 
TRP CHANNELS AS SENSORS OF BACTERIAL ENDOTOXINS  
Karel Talavera 
KU Leuven, Leuven, Belgium 
 
The detection of noxious external stimuli is essential for the adaptation and survival of organisms. Several Transient Receptor Potential channels are ac-
tivated by multiple noxious chemicals, thereby mediating behavioral and inflammatory responses against environmental pollutants, plant-derived toxins 
and endogenous compounds released upon tissue injury. We have recently found that TRPA1 and TRPV4 are activated by the bacterial endotoxins lipo-
polysaccharides (LPS) and mediate protective responses orchestrated by mouse nociceptors and epithelial cells. We found that the LPS-sensing function 
of TRPA1 is conserved in Drosophila, and that expression of this channel in bitter-sensing gustatory neurons is both necessary and sufficient for eliciting 
avoidance behavior towards LPS during feeding and egg laying. Our work unveils TRP channels as a class of receptors for pathogen-derived compounds, 
as players in the mechanisms of neuro-immune interactions, and as potential targets for the treatment of bacterial infections. Further experiments 
aimed to elucidate the mechanism underlying the activation of TRP channels by endotoxins revealed that the effects of different LPS molecules are cor-
related with their ability to induce mechanical alterations in the plasma membrane. These results are in line with the hypothesis that mechanosensitivity 
is a general property of TRP channels and suggest that chemosensation may result from primary mechanosensory mechanisms.  
 
Funding Acknowledgements: OT/12/091, G.0702.12, G.0C77.15. 
 
FCOI Declarations: None 
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O80 SYMPOSIUM: TRP CHANNELS IN MODEL ORGANISMS: 
ROLES IN SENSATION AND BEHAVIOR 

THURSDAY, 10:30 AM - 12:10 PM
 
AN ESSENTIAL ROLE FOR TRPC5 IN HYPOTHALAMIC HORMONE REGULATION  
Thomas Blum1, Ana Moreno-Pérez1, Anela Arifovic1, Petra Weissgerber2, Veit Flockerzi2, Marc Freichel3, Frank Zufall1, Trese Leinders-Zufall1 
1Center for Integrative Physiology and Molecular Medicine, Saarland University, Homburg, Germany, 2Department of Pharmacology and Toxicology, Saar-
land University, Homburg, Germany, 3Institute of Pharmacology, University of Heidelberg, Heidelberg, Germany 
 
We have begun a systematic analysis of Trp channel function in higher olfactory centers of the mammalian central nervous system. Olfactory sensory 
input modulates endocrine events that affect the occurrence of estrus which, in some cases, can lead to pregnancy failure. During early pregnancy, do-
pamine levels are decreased to maintain an increased prolactin level which, in turn, is necessary to prepare the uterine endometrium for implantation 
(nidation). Prolactin secretion is predominantly regulated by dopaminergic neurons located in the arcuate nucleus of the hypothalamus. Excitatory 
responses of these neurons are proposed to depend on canonical transient receptor potential (Trpc) channels. We detected Trpc5 channel expression in 
these cells and reasoned that this channel could mediate prolactin regulation. We analyzed a novel strain of Trpc5-deficient mice and observed an el-
evated occurrence of infertility in these animals. Female Trpc5-deficient mice show a strong imbalance of multipe hormones. Specifically, they exhibit 
reduced prolactin levels (hypoprolactinemia), which results in an enhanced rate of infertility. Trpc5-deficient males also show decreased prolactin levels, 
together with a diminished sperm motility. We are currently performing recordings in dopaminergic neurons of the arcuate nucleus to understand the 
cellular and molecular mechanisms underlying this effect. These experiments should enable us to discern the role of Trpc5 in the regulation of prolactin 
levels of the body, and they could provide a genetic basis for understanding hypoprolactinemia in humans. Supported by Deutsche Forschungsgemein-
schaft grants SFB-Transregio 152, SFB 894, Schwerpunktprogramm 1392 and the Volkswagen Foundation.  
 
Funding Acknowledgements: Deutsche Forschungsgemeinschaft grants SFB-Transregio 152 (TLZ, FZ, PW, VF), SFB 894 (FZ, PW, VF), Schwerpunkt-
programm 1392 (TLZ, FZ) and the Volkswagen Foundation (TLZ) 
 
FCOI Declarations: None 
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O81 SYMPOSIUM: TRP CHANNELS IN MODEL ORGANISMS: 
ROLES IN SENSATION AND BEHAVIOR 

THURSDAY, 10:30 AM - 12:10 PM
 
TRP CHANNEL FUNCTION AND REGULATION IN C. ELEGANS  
Shawn Xu 
University of Michigan, Ann Arbor, MI, USA 
 
The nematode C. elegans has emerged as a popular model for the study of various phenomena in neurobiology because of its simple and well character-
ized nervous system and amenability to genetic manipulation. The C. elegans genome encodes 17 TRP channel genes that fall within all of the seven TRP 
subfamilies and are highly homologous to their vertebrate counterparts. Genetic analyses in C. elegans have implicated TRP channels in a wide spectrum 
of behavioral and physiological processes, ranging from sensory transduction to drug dependence, fertilization, organelle biogenesis, apoptosis, gene 
expression, and neurotransmitter/hormone release. Many C. elegans TRP channels share similar activation and regulatory mechanisms with their ver-
tebrate counterparts. Studies in C. elegans have also revealed some previously unrecognized functions and regulatory mechanisms of TRP channels. C. 
elegans represents an excellent genetic model organism for the study of function and regulation of TRP channels in vivo. Here we will discuss our recent 
work on the role of TRP channels in sensory physiology. Using a combination of genetic, behavioral and electrophysiological assays, we have character-
ized the in vivo function and regulation of a number of TRP channels, particularly TRPC, TRPV, TRPA, and TRPN channels. Our data show that these 
TRP channels are involved in regulating sensory physiology, including mechanosensation, thermosensation, and chemosensation.  
 
Funding Acknowledgements: National Institutes of Health  
 
FCOI Declarations: None 
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O82 SYMPOSIUM: TRP CHANNELS IN MODEL ORGANISMS: 
ROLES IN SENSATION AND BEHAVIOR 

THURSDAY, 10:30 AM - 12:10 PM
 
TRP ION CHANNELS AS KEY TARGETS OF TOBACCO AND ELECTRONIC CIGARETTE IRRITANTS AND FLAVOR ADDITIVES  
Sairam V Jabba1,2, Lu Fan2, Shrilatha Balakrishna2, Pamela Bonner1,2, Seth R Taylor2, Kayvon Ghoreshi3, Gregory J Smith3, Hanno Erythropel2, 4, Tamara 
DeWinter2, 4, Julie B Zimmerman2, 4, John B Morris3, Marina R Picciotto2, Sven E Jordt1,2 
1Department of Anesthesiology, Duke University School of Medicine, Durham, NC, USA, 2Yale Tobacco Center of Regulatory Science (TCORS), Department 
of Psychiatry, Yale School of Medicine, New Haven, CT, USA, 3Department of Pharmaceutical Sciences, University of Connecticut, Storrs, CT, USA, 43De-
partment of Chemical and Environmental Engineering, Yale University, New Haven, CT, USA 
 
The physiological effects and toxicities of flavor additives in tobacco products and electronic cigarettes remain poorly understood. Menthol is the most 
popular flavor in tobacco products and may facilitate smoking initiation, potentiate the toxic effects of smoking and reduce quitting success. Other add-
ed flavorants are known to cause irritation and inflammation. However, it is unclear if these effects occur at concentrations present in electronic cigarette 
vapor. Using plethysmography and the two bottle drinking assay in mice, we examined the effects of L-menthol, the menthol isomer added to cigarettes, 
on the respiratory sensory irritation response to cigarette smoke and on oral nicotine uptake. Cigarette smoke caused irritation that was suppressed by 
L-menthol even at high smoke concentrations. Inhibition by Lmenthol was abolished by treatment with an inhibitor of TRPM8, the neuronal cold/men-
thol receptor. Inclusion of menthol in the cigarette smoke resulted in roughly a 1.5-fold increase in plasma cotinine. Menthol significantly increased the 
oral uptake of nicotine in mice and this preference was again dependent on TRPM8. Calcium imaging in HEK293 cells revealed that dilutions of fla-
vored electronic cigarette liquids potently activated the cloned human irritant receptors, TRPV1 and TRPA1. Cinnamon-flavored liquids strongly acti-
vated TRPA1 receptors, even at high dilution factors. In mice electronic cigarette vapors caused respiratory irritation that was again sensitive to menthol. 
Taken together, these data show that flavorants in tobacco and electronic cigarettes target TRP ion channels to control irritant responses and, in the case 
of menthol, increase critical markers of nicotine uptake. Flavorants may modify smoking behavior and promote chronic irritation and inflammation in 
the airways.  
 
Funding Acknowledgements: Supported by the National Institute on Drug Abuse and the Center for Tobacco Products of the US Food and Drug Admin-
istration under Award Numbers P50DA036151 (Yale Tobacco Center of Regulatory Science, TCORS). The content is solely the responsibility  
 
FCOI Declarations: None 
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O83 CLINICAL SYMPOSIUM: CHEMICAL SENSES IN CANCER AND CANCER THERAPY 
THURSDAY, 1:30 PM - 3:30 PM

 
IMPLICATIONS FOR ALLEVIATING CHEMOSENSORY ALTERATIONS WITH CANCER TREATMENTS: CONNECTING PATIENT 
REPORTS WITH CLINICAL ASSESSMENTS AND THE BASIC SCIENCE OF SENSORY SIGNALING  
Valerie B Duffy 
Allied Health Sciences, University of Connecticut, Storrs, CT, USA 
 
The symposium offers presentations on chemosensory alterations during cancer and its therapies to bridge clinical practice and basic science. The focus 
of this clinical symposium resulted from coordination across the AChemS community to highlight emerging research as well as recognize some new 
investigators. Cancer is a disease of genetic mutations that causes uncontrolled cell division and growth. Although some cancer risk is inherited, most 
results spontaneously when repeated environmental insults overcome homeostatic repair systems, ultimately causing DNA mutations and inhibited 
controls on cell division. Cancer therapies aim to kill cancer cells and disrupt their cell cycles, unfortunately also harming rapidly dividing cells. Che-
mosensory alterations share risks with cancer and cancer treatments: risk of chemosensory alterations also increases with aging and rapidly dividing 
cells harmed in treatments are some of those necessary for chemoreception. Dr. Anna Boltong will bring dietetics expertise with cancer patients, sharing 
their reports of chemosensory alterations and suggesting more uniform language to characterize these alterations and improve monitoring and treat-
ment. Dr. Miriam Grushka brings a wealth of clinical expertise in dentistry and will cover the assessment, evaluation and emerging treatments for oral 
taste and pain disturbances and phantom sensations. Dr. Archana Kumari will present novel research in animal models for taste disturbances resulting 
from chemotherapeutic agents that target the Hedgehog pathway, and are used in patients with cancers that derive from deregulated Hedgehog signal-
ing. The presenters will coordinate their talks to support information sharing and framing of questions to generate new ideas for clinical practice as well 
as applied and basic research.  
 
Funding Acknowledgements: AChemS 
 
FCOI Declarations: None 
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O84 CLINICAL SYMPOSIUM: CHEMICAL SENSES IN CANCER AND CANCER THERAPY 
THURSDAY, 1:30 PM - 3:30 PM

 
TASTE DISORDERS IN PATIENTS: SYMPTOMS, DIAGNOSIS AND MANAGEMENT  
Miriam Grushka1,2 
1William Osler Health System, Department of Dentistry, Active Staff, Toronto, ON, Canada, 2Hamilton General Hospital, Courtesy Staff, Hamilton , ON, 
Canada 
 
Taste alterations can range from taste loss to taste confusion so foods no longer taste “right”. Equally distressing are taste phantoms, often bitter or metal-
lic, which can increase in intensity over the day to unbearable levels. While taste alterations are common, the cause is often unknown. The current liter-
ature suggests that partial loss of taste affecting one nerve can precipitate a loss of inhibition phenomenon, in which the remaining taste nerves may be-
come spontaneously active in the absence of stimulation, mediating the production of taste phantoms. Recent data suggest that oral pain phantoms can 
also occur with loss of inhibition to the lingual nerve following taste loss. Our preliminary studies on patients with taste complaints suggest that clinical 
presentation may vary. When taste loss appears localized, loss of inhibition phenomenon appears to contribute to sensory phantoms and enhanced 
trigeminal responses. Spatial taste testing in these patients show unilateral impairment in taste intensity, significant for sweet, suggesting incomplete 
taste injury. In contrast, when taste loss affects multiple areas, patients report fewer sensory phantoms, significantly lower responses to trigeminal stim-
ulation, and sweet and sour stimuli. When taste loss is the result of another medical condition (infection or inflammation), treatment of the underlying 
condition may lead to resolution of taste alterations. With drug-induced taste alterations, treatment responses are more variable and may resolve with 
cessation of the offending drug. However, stopping or changing medications may not be possible making treatment more difficult. This presentation will 
review clinical presentation of taste changes associated oral sensory phantoms, as well as recent literature on current treatment options.  
 
Funding Acknowledgements: N/A 
 
FCOI Declarations: None 
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O85 CLINICAL SYMPOSIUM: CHEMICAL SENSES IN CANCER AND CANCER THERAPY 
THURSDAY, 1:30 PM - 3:30 PM

 
MOUSE STUDIES WITH HH PATHWAY INHIBITOR DRUGS: BIOLOGY OF TASTE DISRUPTION AND RECOVERY  
Archana Kumari1, Alexandre N Ermilov2, Benjamin L Allen3, Andrzej A Dlugosz2,3, Robert M Bradley1, 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) pathway inhibitor drugs (HPI) are used to treat patients with cancers (e.g., basal cell carcinoma) driven by deregulated HH signaling. 
HPIs include sonidegib (LDE225) and vismodegib that block Smoothened (SMO), a core pathway component. Patients taking HPIs report dysgeusia but 
the effects are not well described. We studied taste organs and sensation in mice gavaged with LDE225 for 5-36d. Taste buds (TB) were lost by 16d; chor-
da tympani nerve (CTN) responses to lingual stimulation with chemicals were eliminated, but tactile and cold responses were retained. Genetic deletion 
of Smo, in epithelia or in all tissues, led to similar TB loss. To address potential for recovery, we stopped LDE225 treatment after 16d and studied taste 
organs and CTN responses at 7-21d, and 3-9mo. By 14d after drug cessation 55% of fungiform papillae had re-acquired TB, and taste responses were 
completely restored even with partial TB recovery. The continuing 9mo recovery did not improve the extent of TB restoration. CTN responses to touch 
and cold stimuli were retained in recovery as with HPI treatment. Our results identify continuous HH signaling as essential for taste organ maintenance 
and function and establish taste disruption in HPI-treated patients as an on-target side effect, likely different from taste disturbances during non-target-
ed cancer therapies. We demonstrate complete recovery of taste sensation with partial recovery of TB after HPI treatment, and retained touch and cold 
responses throughout. Therefore, patients using HPIs could benefit from periods of drug withdrawal, to allow TB and sensory recovery, and from diets 
designed to enhance tactile and temperature flavor components. Further, early studies suggest that olfaction remains intact during taste disruption in 
patients with HPI treatment.  
 
Funding Acknowledgements: NIH R01 Grant NIDCD DC014428 (BLA, RMB, AAD, CMM); U-M Center for Organogenesis Non-Traditional Postdoc-
toral Award (AK); U-M MCubed Project (BLA, RMB, AAD, CMM)  
 
FCOI Declarations: None 
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O86 CLINICAL SYMPOSIUM: CHEMICAL SENSES IN CANCER AND CANCER THERAPY 
THURSDAY, 1:30 PM - 3:30 PM

 
ORAL SENSORY CHANGES IN CANCER THERAPIES: A CLINICAL PERSPECTIVE  
Anna G Boltong1, 2, Sanchia Aranda3, Rochelle Wynne4, Russell Keast4 
1Cancer Council Victoria, Melbourne, Australia, 2The University of Melbourne, Melbourne, Australia, 3Cancer Council Australia, Sydney, Australia, 4Deakin 
University, Geelong, Australia 
 
Cancer treatment has adverse effects on the eating and drinking experience with gastronomic, nutritional and emotional implications. People under-
going cancer treatment describe flavor changes influence what they choose to eat and drink, their cooking and shopping behaviors and food-related 
interactions with family and friends. From a prospective cohort study of 52 breast cancer patients, we reported that taste function, appetite and liking of 
sweet food were adversely affected in a cyclical fashion throughout the chemotherapy trajectory. A distinct pattern of symptomatology within single che-
motherapy cycles was repeated, characterised by the most severe symptoms experienced for the first 4-6 days after chemotherapy infusion followed by 
a period of gradual symptom improvement before the next chemotherapy dose. Clinicians are ill equipped to support patients who report flavor prob-
lems, lacking assessment tools or classification systems to identify problems described colloquially as ‘taste.’ Linguistics work supports the importance of 
using patient’s self-reported symptoms in the assessment of taste and smell and ‘other’ alterations. Boltong’s Taxonomy of ‘Taste’ matches language used 
by patients describing ‘taste’ problems to specific sensory and hedonic domains. The taxonomy uses patient and clinician interview data to link words 
or phrases used by patients with the suspected chemosensory mechanism responsible for the alteration in perception. This taxonomy can provide clini-
cians a reference for evaluating patient complaints to gain greater clarity on the chemosensory specific problem. There is benefit in issuing pre-treatment 
warnings about the likelihood of specific sensory and hedonic changes associated with cancer treatment. Clinician education on the particulars of sen-
sory science is advocated.  
 
Funding Acknowledgements: Victorian Cancer Agency Supportive Care in Cancer PhD Scholarship 
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O87 PRESIDENT’S SYMPOSIUM: TELL ME ABOUT IT: INTRASPECIES SOCIAL COMMUNICATION 
IN MAMMALS AND INSECTS 

THURSDAY, 7:00 PM - 9:00 PM
 
PRESIDENTIAL SYMPOSIUM: SOCIAL COMMUNICATION IN MAMMALS AND INSECTS  
Steven D. Munger1,2 
1University of Florida Center for Smell and Taste, Gainesville, FL, USA, 2University of Florida Dept. Pharmacology and Therapeutics, Gainesville, FL, USA 
 
Social interactions between conspecifics increase the chances of successful reproduction and survival by providing individuals with critical information 
they could not easily get from sampling the broader environment. Social signals are typically communicated within meaningful behavioral contexts and 
may elicit either learned or innate responses. By exploring the mechanisms and impact of social communication across several vertebrate and inverte-
brate species, this symposium should highlight key principles for understanding how animals can use social information to learn about each other and 
about their sensory world. After a brief introduction by the session chair, three eminent scientists will discuss their work exploring chemosensory-me-
diated social communication in animals. First, Christine Drea will discuss olfactory mediated social communication in strepsirrhine primates. Next, 
Christina Grozinger will talk about the roles of pheromonal communication within colonies of social insects such as honey bees and fire ants. Finally, 
Lisa Stowers will discuss the use of conspecific olfactory cues that elicit innate responses in mice to understand the generation of motivated behavior.  
 
Funding Acknowledgements: NIDCD DC005633 (SDM) 
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O88 PRESIDENT’S SYMPOSIUM: TELL ME ABOUT IT: INTRASPECIES SOCIAL COMMUNICATION 
IN MAMMALS AND INSECTS 

THURSDAY, 7:00 PM - 9:00 PM
 
SOCIAL COMMUNICATION OF CONDITION-DEPENDENT OLFACTORY SIGNALS IN STREPSIRRHINE PRIMATES  
Christine M. Drea 
Duke University, Durham, NC, USA 
 
Olfactory communication is critical for coordinating animal social and sexual behavior, including in primates. Mammalian scent cues contained in 
excretory products and glandular secretions comprise complex blends of numerous compounds. Drawing from our comparative studies (combining 
chemical, genetic, and behavioral analyses) in strepsirrhine primates (or lemurs), I review how volatile compounds advertise a wealth of information 
and address how the behavior of senders and recipients supports information transfer. Encoded within scent signals is information that remains rela-
tively stable over the signaler’s lifetime, typically reflecting its species, sex, odorant source, and individual identity. We have recently extended this list to 
include aspects of the species’ social structure (i.e., mating system and hierarchical organization), as well as the individual’s genetic quality (i.e., neutral 
heterozygosity and MHC composition). Olfactory cues also can be more flexible or transient, typically varying with season or one’s diet, reproductive 
state, and health. Recent evidence of condition-dependent information communicated in lemur scent includes social dominance, reproductive history, 
contraception, pregnancy, and even fetal sex. Presumably energetically expensive to maintain, proof of production costs is sparse, largely restricted to 
experimental work in rodents. Based on our current studies of the olfactory consequences of injury in lemurs, we suggest that, particularly when en-
ergetic resources must be diverted to recovery processes, costs of signal manufacture can be prohibitive. Integrating information about the sender, it’s 
signal, and the recipient’s response in an ecological and evolutionary context is key to showing the preeminence of olfaction in the lives of strepsirrhine 
primates.  
 
Funding Acknowledgements: Funded by NSF grants BCS-0409367, BCS-1232570, BCS-1341150, IOS-0719003, and IOS-1021633 (to Drea, PI), the Mar-
got Marsh Biodiversity Foundation (to Drea, Petty, and Grogan), Duke’s Primate Genomics Initiative (to Grogan), an NSERC Fellowship (to Bou 
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O89 PRESIDENT’S SYMPOSIUM: TELL ME ABOUT IT: INTRASPECIES SOCIAL COMMUNICATION 
IN MAMMALS AND INSECTS 

THURSDAY, 7:00 PM - 9:00 PM
 
COOPERATION AND CONFLICT IN SOCIAL INSECT SOCIETIES: FROM PHEROMONES TO GENES  
Christina M. Grozinger 
Department of Entomology, Center for Pollinator Research, Penn State University, University Park, PA, USA 
 
While honey bee colonies are often thought of a harmonious “superorganisms”, our studies of interactions among the queen, workers and drones have 
revealed a nuanced and sophisticated pheromone communication system that balances cooperation and conflict among members of the colony. Our 
studies provide novel insights into genomic, epigenomic, physiological and chemical mechanisms that regulate the variation in pheromone production 
and responses to these pheromones that shape social behavior in honey bees. We have extended these studies to other social insects (bumble bees, paper 
wasps, and fire ants) to begin to examine the evolution of the genomic pathways underpinning chemical communication and reproductive dominance 
and the interplay between social environment and individual behavior. Finally, our studies demonstrate the power of using genomic approaches to iden-
tify and characterize social cues and signals and their impacts.  
 
Funding Acknowledgements: NSF-IOS CAREER 0746338 CMG NSF-MCB 0951200 CMG SY MG BSF 2013104 CMG AH USDA-NRI grant 2006-
35607-16625 to CMG and DRT  
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O90 PRESIDENT’S SYMPOSIUM: TELL ME ABOUT IT: INTRASPECIES SOCIAL COMMUNICATION 
IN MAMMALS AND INSECTS 

THURSDAY, 7:00 PM - 9:00 PM
 
LEVERAGING OLFACTION TO STUDY MOTIVATED BEHAVIOR IN THE MOUSE  
Lisa Stowers 
The Scripps Research Institute, La Jolla, CA, USA 
 
Olfactory perception is evocative. Whether innate or learned, detection of a scent is often coupled with positive or negative motivation. How motivated 
behavior is encoded in the brain remains poorly understood. Through the study of several odor-driven innate behaviors in the mouse, we are beginning 
to establish new model assays that depend on neural engagement of motivation. These assays are robust and experimentally tractable which is facilitat-
ing circuit analysis and functional testing. We expect this approach will more efficiently reveal neural mechanisms within the olfactory circuit that drive 
motivation. Already, the use of olfaction to study the generation of motivated behavior has altered our original hypothesis of how motivation drives 
behavior.  
 
Funding Acknowledgements: NSF, NIDCD 
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O184 SYMPOSIUM: CHEMOSENSORY THALAMUS 
FRIDAY, 10:30 AM - 12:10 PM

 
CHEMOSENSORY THALAMUS (INTRODUCTION ABSTRACT OF THE SYMPOSIUM)  
Emmanuelle Courtiol1,2, Alfredo Fontanini3 
1Nathan Kline Institute for Psychiatric Research, Orangeburg, NY, USA, 2New York University Langone Medical Center, New York, NY, USA, 3Stony Brook 
University, Stony Brook, NY, USA 
 
The thalamus is a critical crossroad structure in the brain and is recognized as a major contributor to sensory perception, attention, sleep and arousal, 
memory and cognition, especially in the visual and auditory systems. However, in the chemical senses, the place and role of the thalamus and its inter-
actions with sensory cortex are different from the canonical sensory systems. In gustation, new work is just beginning to explore the contribution of the 
thalamus to sensory coding and to the cortical processing of taste. In olfaction, despite the specific organization of the olfactory pathway, an olfactory 
thalamus exists, and, similar to gustation, new work is starting to reveal its role in olfactory perception and odor-guided behavior. This symposium will 
first review the general functions of the thalamus - outside the chemosensory modalities-, and then, we will present new data from both the gustatory 
and olfactory systems exploring how the thalamus contributes to sensory coding and cortical processing. The talks will include various research tech-
niques in both awake animals and humans (single-unit recordings, behavior, functional imaging in humans and optogenetics).  
 
Funding Acknowledgements: N/A (abstract of the symposium) 
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O185 SYMPOSIUM: CHEMOSENSORY THALAMUS 
FRIDAY, 10:30 AM - 12:10 PM

 
GENERAL FUNCTIONS OF THE THALAMUS: EXAMPLES FROM THE VISUAL THALAMUS.  
Jon H. Kaas 
Department of Psychology, Vanderbilt University, Nashville, TN, USA 
 
Sherman and Guillery, have been foremost in postulating thalamic nuclei are involved in two functionally distinct pathways. The dorsal lateral genicu-
late nuclei, for example, gets driving inputs to visual cortex. Thus, thalamic and cortical neurons reflect information relayed from the eye. Visual cortex 
sends modulatory input to the LGN to gate or modulate the relay of information. Other examples come from the visual pulvinar, where recent studies 
have provided a much better understanding of the functional organization of this important complex, including variations in organization across pri-
mate taxa, and across non-primate mammals. Activating inputs for some nuclei come from the superior colliculus and even the retina, and are related 
to temporal cortex. Other nuclei are activated by inputs from cortex, and project back to modulate cortical neurons, sub cortical activating inputs to the 
visual, somatosensory, and auditory thalamus are characterized by the use of the vesicular glutamate transporter 2.  
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O186 SYMPOSIUM: CHEMOSENSORY THALAMUS 
FRIDAY, 10:30 AM - 12:10 PM

 
ROLE OF LIMBIC AND SENSORY THALAMIC NUCLEI IN TASTE PROCESSING.  
Roberto Vincis, Alfredo Fontanini 
SUNY at Stony Brook, Stony Brook, NY, USA 
 
The gustatory cortex (GC) is involved in the complex integration of sensory and reward-related information associated with the experience of eating. 
GC achieves this level of integration by processing multiple inputs from sensory and limbic areas. The thalamus is typically viewed as the source of bot-
tom-up, sensory signals to GC. However, our knowledge about the involvement of the thalamus in taste is based solely on studies of the gustatory thal-
amus (VPMpc). Other thalamic nuclei that are devoted to multisensory and reward processing can potentially interact with the gustatory system. I will 
present data showing that thalamic nuclei involved in reward processing send direct afferents to GC and process taste-related information. I will first 
present anatomical evidence indicating that two distinct groups of mediodorsal (MD) and medioventral (MV) thalamic neurons send direct and ipsi-
lateral afferents to the same portion of GC that receive sensory inputs from VPMpc. I will then present electrophysiological data, obtained from freely 
licking mice engaged in multiple tasks, showing that these three thalamic nuclei (MD, MV and VPMpc) process different features related to a gustatory 
experience, such as chemosensation, preparation and cue-taste association. These results show a complex involvement of the thalamus in taste. The pres-
ence of multiple thalamic inputs to GC demonstrates the pivotal role of both sensory and limbic thalamic nuclei in driving GC activity and modulating 
taste-related behaviors.  
 
Funding Acknowledgements: Swiss National Science Foundation Fellowships P2GEP3_151816 and P300PA_161021 RV NIDCD R01-DC010389 AF 
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O187 SYMPOSIUM: CHEMOSENSORY THALAMUS 
FRIDAY, 10:30 AM - 12:10 PM

 
CONNECTIVITY BETWEEN INSULAR CORTEX AND THALAMUS IN HUMANS AND TASTE INTENSITY  
Tazuko K. Goto 
Tokyo Dental College, Tokyo, Japan 
 
Discrimination of taste intensity is one of the most important perceptual abilities in our daily life. In contrast with many research findings regarding the 
spatial representation of taste in the insula and thalamus, little is known about how the thalamus and insula communicate and reciprocally influence 
their activities for processing taste intensity. The purpose of this study was to investigate the modulatory effect of saltiness intensity on the connections 
in the taste-processing network in the human brain. We tested whether taste intensity modulates the thalamus-to-insula communication, the insu-
la-to-thalamus communication or both (bidirectional) using dynamic causal modeling (DCM) on functional magnetic resonance imaging (fMRI) data. 
These effective connectivity relationships refer to the neurophysiological influence of one brain region on another, including direction and strength of 
influence. Thirty-four of healthy young adults (17 males and 17 females) underwent fMRI. They tasted three concentrations of sodium chloride solu-
tions (0.001, 0.3, and 0.5M). By effective connectivity analysis, the results indicated that taste intensity has a role in modulating the neurophysiological 
activation of the taste network across the thalamus, insular cortex, and postcentral gyrus of the human brain. More specifically, increasing intensity 
of taste stimuli had an excitatory effect on the backward connection from the insula to the thalamus. This finding helped advance our understand-
ing of signal processing for evaluation of taste intensity in our daily life. This work was supported by General Research Fund grant from the Research 
Grants Council of Hong Kong (HKU 766212M), grants from the Seed Funding Programme for Basic Research from the University of Hong Kong 
(201103159003, 201411159215) to T.K.G.  
 
Funding Acknowledgements: General Research Fund grant from the Research Grants Council of Hong Kong (Code: HKU 766212M), grants from the 
Seed Funding Programme for Basic Research from the University of Hong Kong (Code:201103159003, 201411159215) 
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O188 SYMPOSIUM: CHEMOSENSORY THALAMUS 
FRIDAY, 10:30 AM - 12:10 PM

 
THALAMIC CONTRIBUTION TO ODOR-GUIDED BEHAVIOR IN RATS  
Emmanuelle Courtiol1,2, Donald A. Wilson1,2 
1Nathan Kline Institute for Psychiatric Research, Orangeburg, NY, USA, 2Department of Child and Adolescent Psychiatry New York University Langone 
Medical Center, New York, NY, USA 
 
The thalamus is an essential and obligatory relay of information to the sensory cortices. Sensory-specific thalamic nuclei not only process information 
arriving from the periphery but also control state-dependent gating of information to all of the sensory cortices, except for olfaction. Although there 
is no thalamic relay between the olfactory sensory neurons and the olfactory cortex, an olfactory thalamus exists. The mediodorsal thalamic nucleus 
(MDT) receives input from primary olfactory areas including the piriform cortex (PCX), and in turn has reciprocal connections with the orbitofrontal 
cortex (OFC), forming the olfactory trans-thalamic pathway. The MDT is a higher-order thalamic nucleus and is recognized to be involved in various 
cognitive processes including working memory and action-outcome association; however its role in olfaction is poorly understood. Given the unusual 
organization of the olfactory pathway, how are sensory and higher-order cognitive functions interwoven in MDT activity? To gain insight into the role 
of the MDT in olfaction, we performed a series of experiments. As a first step, we characterized the odor response of the MDT in urethane-anesthetized 
rats and demonstrated narrowly tuned odor responses. We then explored MDT function during an odor-guided decision task. To do so, we recorded 
single-unit and local field potential activities in the MDT, PCX and OFC in rats performing an odor discrimination task. We demonstrated that 1) me-
diodorsal thalamic neurons can encode odorant quality as well as spatio-motor variables and 2) there is a behavior-dependent functional connectivity 
within the PCX-MDT-OFC network. Our results thus suggest a rich representation of olfactory and other information within MDT required to perform 
this odor-guided task. In addition, to further characterize the relationship between the MDT and the olfactory inputs, we tested the contribution of the 
PCX inputs to the MDT by selectively suppressing those inputs using optogenetics in awake rats. Our preliminary results suggest that suppressing the 
PCX input to the MDT during the odor sampling period increases response latency during difficult odor tasks. Taken together, our results indicate that 
the MDT is actively engaged in olfactory processing and can dynamically be involved to encode different information necessary to perform odor-guided 
behavior.  
 
Funding Acknowledgements: This work was supported by a grant R03DC014540 from the NIDCD to E.C and a grant R01DC003906 from the NIDCD 
to DAW. 
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O189 SYMPOSIUM: THE ROLE OF MULTIMODAL SENSORY INTEGRATION 
IN SHAPING BEHAVIOR ACROSS DIVERSE ANIMAL TAXA 

FRIDAY, 10:30 AM - 12:10 PM
 
THE ROLE OF MULTIMODAL SENSORY INTEGRATION IN SHAPING BEHAVIOR ACROSS DIVERSE ANIMAL TAXA  
Neil J. Vickers 
University of Utah, Salt Lake City, UT, USA 
 
The ability to sense and respond to the chemical environment is deeply rooted in evolutionary history as evidenced by its occurrence across the extant 
range of life on earth from unicellular bacteria to complex multicellular organisms. Chemical cues offer a rich source of information about potential 
resources (e.g. food, habitat, conspecifics) as well as possible dangers to be avoided (e.g. predators, suboptimal conditions). However, adaptive behavioral 
responses necessitate an integration of inputs from different sensory streams. Presentations in this symposium will address the role of sensory integra-
tion in shaping behavior from a variety of different perspectives including: shifts in Drosophila species pheromone responses over evolutionary time-
scales; modulation of aversive/attractive responses to CO2 in C. elegans; interactions between visual and olfactory pathways in shaping Drosophila flight 
responses; and, intermingling of olfactory-gustatory inputs in the processing of chemosensory information in rats. These talks illustrate the progress 
being made in different fields to advance our understanding of the mechanisms by which sensory information from different modalities is parsed within 
the nervous system to result in appropriate behavioral responses.  
 
Funding Acknowledgements: N/A 
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O190 SYMPOSIUM: THE ROLE OF MULTIMODAL SENSORY INTEGRATION 
IN SHAPING BEHAVIOR ACROSS DIVERSE ANIMAL TAXA 

FRIDAY, 10:30 AM - 12:10 PM
 
A MICROCIRCUIT FOR CONTROLLING SENSORY VALENCE INCAENORHABDITIS ELEGANS  
Manon L. Guillermin, Mayra A. Carrillo, Elissa A. Hallem 
University of California, Los Angeles, Los Angeles, CA, USA 
 
The ability to adapt to changing environmental conditions is a hallmark of evolutionary success. However, the neural mechanisms that generate circuit 
flexibility and enable context-appropriate behaviors remain poorly understood. To better understand the molecular and cellular mechanisms that gener-
ate flexible behaviors, we are studying the neural basis for attractive and aversive responses to carbon dioxide (CO2) in the free-living nematode Caenor-
habditis elegans. Although atmospheric levels of CO2 are low, in the rotting organic matter where C. elegans are found, CO2 levels can fluctuate greatly. 
We found that the CO2 concentration experienced by C. elegans affects their CO2-response phenotype: animals raised in low CO2 environments avoid 
CO2, while animals raised in high CO2 environments are attracted to CO2. CO2 response requires the CO2-sensing BAG neurons, which are presynaptic 
to 14 pairs of interneurons. We systematically probed the roles of these interneurons and identified four pairs of interneurons that are essential in medi-
ating appropriate CO2-response behavior. Attractive and aversive responses arise from the balance of activity between a pair of CO2 attraction-promot-
ing interneurons and two pairs of CO2 avoidance-promoting interneurons. By contrast, a fourth interneuron pair regulates the behavioral sensitivity to 
CO2 by dampening CO2-evoked behavior regardless of valence. Glutamatergic signaling along with signaling via the BAG-specific neuropeptide FLP-17 
are essential for CO2 attraction and avoidance. Finally, a screen of BAG-enriched neuropeptides revealed distinct roles for neuropeptides in regulating 
attraction, repulsion, and sensitivity to CO2. Our results elucidate a highly flexible circuit motif that generates opposite behavioral outputs in response to 
a single sensory input.  
 
Funding Acknowledgements: This research was supported by an NSF Graduate Research Fellowship (Grant # DGE-1144087) awarded to MG, the Ruth 
L. Kirschstein National Research Service Award (# GM007185) awarded to MG, an NSF Graduate Research Fellowship (Grant # DGE-0707424) awar 
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O191 SYMPOSIUM: THE ROLE OF MULTIMODAL SENSORY INTEGRATION 
IN SHAPING BEHAVIOR ACROSS DIVERSE ANIMAL TAXA 

FRIDAY, 10:30 AM - 12:10 PM
 
EVOLUTION OF PHEROMONE PROCESSING PATHWAYS IN DROSOPHILA  
Laura Seeholzer, Max Seppo, Vanessa Ruta 
The Rockefeller University, New York, NY, USA 
 
Behavioral variation across individuals or species arises from changes in neural anatomy and function. Studies of behavioral evolution have commonly 
sought genetic mechanisms but rarely examined the neural substrate upon which genes act to generate species-specific behaviors. How is sensory cir-
cuit anatomy and function altered by evolution to produce divergent behaviors in response to a particular sensory cue? To address this question we are 
comparing the neural circuits regulating courtship behavior in Drosophila melanogaster and simulans, recently diverged Drosophild species that exhibit 
premating isolation. Females of the two species produce distinct cuticular hydrocarbon pheromones—D. melanogaster females produce predominantly 
(7,11)-heptacosadiene while D. simulans females produce 7-tricosene (7-T)—and both pheromones drive attraction in conspecific males but aversion in 
a heterospecific males. We are therefore comparing the pheromone-processing pathways in D. melanogaster and D. simulans males to understand how 
these sister species rely on an opposing interpretation of the same gustatory pheromones for species discrimination. In D. melanogaster, male courtship 
is largely specified by ~2000 sexually dimorphic neurons labeled by the Fruitless transcription factor, providing genetic traction to efforts to delineate 
the neural circuitry underlying courtship from sensory input to descending output. To gain access to the courtship circuits in D. simulans, we are using 
CRISPR/Cas9-mediated recombination to label the Fruitless+ neurons with GFP and GCaMP. Directly comparing the architecture of the Fruitless+ 
pheromone-processong pathways in both species will provide insight into the neural basis for behavioral divergence as well as highlight conserved prin-
ciples of sensory processing.  
 
Funding Acknowledgements: V.R. is a New York Stem Cell Foundation’s Robertson Neuroscience Investigator and supported by a Pew Biomedical Schol-
ar Award, a McKnight Scholar Award, a Hirschl Award, the Alfred P. Sloan Foundation Award, a Sinsheimer Foundation Award, and a Natio 
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O192 SYMPOSIUM: THE ROLE OF MULTIMODAL SENSORY INTEGRATION 
IN SHAPING BEHAVIOR ACROSS DIVERSE ANIMAL TAXA 

FRIDAY, 10:30 AM - 12:10 PM
 
MULTISENSORY INTEGRATION IN THE FRUIT FLY: OLFACTORY MODULATION OF MOTION VISION  
Sara M. Wasserman 
Wellesley College, Wellesley, MA, USA 
 
Organisms rapidly evaluate the quality of their surroundings to make decisions to organize behavior. Early in this process, an animal must assign va-
lence (positive or negative) to and prioritize external stimuli within a noisy sensory environment. This assignment value is not always static, but rather 
may change depending upon signals arriving from other concomitant sensory modalities. Cross-modal integration can offer a higher ‘state’ of informa-
tion content and strengthen the perception that a weak or noisy signal is more than just background activity. Multisensory integration has been ob-
served within higher brain regions in organisms ranging from flies to humans and whereas more recent studies have begun to reveal cellular neuromod-
ulation at early stages of sensory pathways much remains unknown about the underlying neural mechanisms. We utilize behavioral and physiological 
assays wherein quantitative feedback allows the animal to actively control its sensory experience in real time to understand how the activity of neurons 
activated by one sensory modality (olfaction) influence the activity of neurons in a pathway responsive to a secondary modality (vision) to inform de-
cision-making. We found that the presence of an attractive odor increases the gain of a wide field motion selective interneuron of the lobula plate (Hx) 
to a visual stimuli. Additionally, this enhanced response depends upon synaptic vesicle trafficking within octopamingergic neurons that increase their 
calcium activity in response to an odor plume and form connections with Hx dendrites. These experiments have uncovered some of the first cellular 
mechanisms known to contribute to visual-olfactory integration that support odor localization behavior in flying fruit flies.  
 
Funding Acknowledgements: Support for this work was provided by the National Institute of Mental Health (R01 MH076900 to D.E.K.), the Brain and 
Behavior Research Foundation, and the Joanne and George Miller and Family Endowed Chair in Depression Research at the UCLA Brain  
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O193 SYMPOSIUM: THE ROLE OF MULTIMODAL SENSORY INTEGRATION 
IN SHAPING BEHAVIOR ACROSS DIVERSE ANIMAL TAXA 

FRIDAY, 10:30 AM - 12:10 PM
 
INTERNAL VS EXTERNAL CHEMOSENSATION: THE SPECIFIC INTERACTION OF TASTE AND RETRONASAL OLFACTION  
Donald Katz1, Meredith Blankenship1, Joost Maier2 
1Brandeis University, Waltham, MA, USA, 2Wake Forest University, Winston-Salem, NC, USA 
 
While the two primary chemosenses are easily subcategorized as “smell” and “taste,” smell itself comes in two varieties—orthonasal (inhaled through the 
nostrils) and retronasal (exhaled from the throat)—the latter of which is naturally related to tasting via the intra-oral source of the retronasal odor. From 
a central systems perspective, it is reasonable to speculate that taste and retronasal olfaction (“retro”) might share functional circuitry that differs from 
that involved in orthonasal olfaction (“ortho”). We have begun a research program designed to explore this basic premise, and in particular to test the 
hypothesis that taste cortex (TC) is an integral part of retro. In this talk, I will describe recently published experiments demonstrating that TC is func-
tionally connected to olfactory cortex (OC), and that this connection is involved in the recognition and representation of olfactory stimuli. Even more 
recent data from our lab reveals important similarities between retro and taste learning, most notably demonstrating that TC is required for this retro 
learning but not for ortho. As a whole, these datasets suggest that taste and retronasal olfaction might be profitably be thought of as one sense, separate 
from orthonasal olfaction.  
 
Funding Acknowledgements: NIH DC 006666 
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O194 PUBLIC HEALTH & INDUSTRY SYMPOSIUM 
FRIDAY, 2:00 PM - 4:00 PM

 
CREATION OF AN INTERDISCIPLINARY SUGAR REDUCTION WORKING GROUP  
Paul Breslin1,2, Nancy Rawson2, Christopher Simons3 
1Rutgers University, New Brunswick, NJ, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA, 3Ohio State University, Columbus, OH, USA 
 
Children and low-income families are two sub-populations with increased risk for dental caries and gingival disease. Low-income groups are also at 
increased risk for obesity and diabetes. Central to our mission, excessive sugar intake is associated with these health problems in these and other at-risk 
populations. Although oral and metabolic diseases are complex and multi-causal, it seems clear that reduction of dietary sugar will significantly reduce 
their risk. The principal objective of our group is to reduce sugar intake in foods and beverages for the purpose of improving health and wellness. In 
addition, there are other supplementary interventions that may ameliorate oral and metabolic disease risk, such as altering oral healthcare practices, use 
of alternative sweetener systems, microbial interventions, marketing strategies, education, and policy changes. The goal of the present conversation is to 
initiate what will be an ongoing interactive working group for academics, industry representatives, clinicians, professional organizations, government 
representatives, and policy makers to identify ways and means of reducing sugar intake in foods and beverages and to agree upon metrics toward ac-
complishing these goals with an eye on improving public health. Success in this endeavor will require the cooperation, input, and action of all segments 
of our extended community (the participants). This conversation will be a first organizational step towards this objective.  
 
Funding Acknowledgements: OSU funding for working group to C.S. 
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O195 POLAK AWARD LECTURES 
FRIDAY, 7:00 PM - 9:00 PM

 
ODOR DETECTION AND DISCRIMINATION BY NEWBORN OLFACTORY SENSORY NEURONS IN VIVO  
Claire E Cheetham, Ryan Muggleton, Sajishnu Savya, Beichen Liu 
Dept. of Biological Sciences, Carnegie Mellon University, Pittsburgh, PA, USA 
 
We have shown recently that newborn olfactory sensory neurons (OSNs) form synapses and can evoke robust stimulus-locked firing of OB neurons 
before they begin to express mature markers. Furthermore, recent studies have shown that odorant receptor expression precedes OSN maturation by 
several days. This raises the question of when newly generated OSNs begin to play a functional role in olfaction. Here, using in vivo 2-photon calcium 
imaging and behavioral assays, we show that newborn OSNs can detect and discriminate odors. We found that 84% of glomeruli innervated by newborn 
OSN axons responded to at least one odor in a 7-odor panel (n = 133 glomeruli, 7 mice), demonstrating that newborn OSNs can detect odors in vivo. 
Fewer glomeruli in Gg8-GCaMP6s mice than in OMP-GCaMP6s mice responded to each individual odor (P <0.001, paired t-test). Furthermore, across 
the odor panel, odor responses were smaller in magnitude in Gg8-GCaMP6s mice (DF/F [mean ± SD] 48 ± 16 %) than in OMP-GCaMP6s mice (DF/F 
81 ± 23 %; P <0.001, 2-way ANOVA). Our analyses also showed no evidence for reduced odor selectivity in newborn OSNs compared with their mature 
counterparts. We then used methimazole (MMZ) ablation with short (5-7 day) recovery periods to generate mice that had newborn OSNs but lacked all 
mature OSNs. At 5-6 days post-MMZ, 33% of mice successfully performed a buried food assay, rising to 67% at 7 days post-MMZ. This shows that mice 
can detect odors using newborn OSNs alone. Mice also successfully performed a simple odor discrimination task at 7 days post-MMZ, with sniffing re-
sponses being statistically indistinguishable from control mice. Together, these findings suggest that newborn OSNs may play a previously unappreciated 
role in olfaction.  
 
Funding Acknowledgements: NIDCD R03DC014788 CC Samuel and Emma Winters Foundation CC 
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EFFECT OF INDUCED AIRFLOW ON ODOR PLUME TRANSPORTATION IN A FRUIT FLY IN FORWARD FLIGHT  
Chengyu Li1, Haibo Dong2, Kai Zhao1 
1The Ohio State University, Columbus, OH, USA, 2University of Virginia, Charlottesville, VA, USA 
 
Insects can detect distant targets by tracing odor plumes. Their high-efficient flapping-wing mechanism enables these agile fliers to follow odor plumes 
to track odor resources. During this olfactory navigation, flapping wings actively draw odor plumes to the antenna, mimicking “sniffing” in vertebrates, 
which may serve to enhance olfactory detection. However, there are very little data on the characteristic of this self-generated flow field and its conse-
quences on olfactory function. The present study aims to fill the knowledge gaps through high-fidelity numerical simulation of a flying fruit fly. Realistic 
3D flapping-wing models were prescribed to mimic the forward flight kinematics based on previous literature. Then, simulations of various wing beat 
frequencies (90~360Hz) were conducted by using an in-house computational fluid dynamics solver. The results showed that wing flapping motion sig-
nificantly enhanced both the air velocity and the odor mass flux around the antenna as compared to the case without wing flapping motion. The peak 
air velocity and odor flux around the antenna increased around 1.29 to 2.47 times as a function of the wing beat frequency. In addition, the temporal 
dynamics of airflow and odor flux were also significantly modulated by the wing flapping kinematics. At low wing beat frequency, there was a single 
peak during the pronation phase of wing flapping. As wing beat frequency increased, a secondary peak rose up after the primary peak within the same 
flapping phase. These results indicated that the wing induced airflow has the potential to significantly enhance and modulate the odor plume near the 
antenna during the flight. The technique reported in this study can be further used to better quantify the olfactory stimuli modulated by the flapping 
locomotion.  
 
Funding Acknowledgements: NIH-NIDCD R01 DC013626, NSF CBET-1313217 
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SOMATOSENSORY CHARACTERISTICS OF RECEPTIVE FIELDS OF RAT CHORDA TYMPANI NERVE/GENICULATE GANGLION 
SOMA  
Yusuke Yokota, Archana Kumari, Charlotte M. Mistretta, Robert M. Bradley 
University of Michigan, Ann Arbor, MI, USA 
 
Primary afferent neurons of the chorda tympani (CT) convey information to the central nervous system about sensory properties of food. We studied 
the receptive field properties of chorda tympani/geniculate ganglion (CT/GG) neurons using extracellular recordings and stimulation of the tongue 
with chemicals (Yokota et al. 2016). However the CT also responds to thermal and tactile stimulation of the tongue and we have now investigated the 
cold and tactile responses of CT/GG neurons. Eleven CT/GG neurons have been isolated that responded only to cold stimulation. Receptive field size of 
these units was 2.1±1.0 (mean, SD) fungiform papillae, significantly smaller than the average field size of chemical-responding units (5.3±1.7 papillae; 
n=8). The cold-responding papillae were located at the tongue tip. We have also isolated CT/GG neurons that innervate fungiform papillae responding 
exclusively to tactile stimulation (n=12). These units responded to stroking the tongue dorsum and also have small receptive fields (2.3±0.7 papillae). 
Receptive fields of these units were evenly distributed over the entire anterior tongue; however they tended to be localized more along the midline re-
gion than at tongue margins. Recently we have eliminated fungiform taste buds by use of Hedgehog pathway inhibitors resulting in loss of CT responses 
to chemical stimulation. However, CT responses to tactile and cold stimuli are retained (Kumari et al 2015). While previous studies showed that some 
members of the TRP family are expressed in CT/GG neurons or taste papillae, the thermal and mechanosensitive receptors innervated by the CT remain 
unknown. Experiments are in progress to identify possible receptors by using antagonists known to inhibit thermal and mechanosensitive responses in 
other sensory systems.  
 
Funding Acknowledgements: NIDCD 014428 (RMB,CMM) and University of Michigan M-Cubed funding 
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A NOVEL BOAR PHEROMONE MIXTURE INDUCES ESTRUS BEHAVIORS AND IMPROVES REPRODUCTIVE SUCCESS  
Sankarganesh Devaraj1, Garrett W. Thompson2, John J. McGlone1 
1Laboratory of Animal Behavior, Physiology and Welfare, Texas Tech University, Lubbock, TX, USA, 2Research and Development, Animal Biotech, Dallas, 
TX, USA 
 
Saliva samples of adult male and female pigs were collected and analyzed by SPME-GC-MS to determine boar-unique volatile molecules. In the first 
study, multiparous sows (N = 947) were sprayed with each of eight randomly assigned putative boar-unique molecules or combinations of molecules 
while measuring induction of estrus behaviors. In the second study, two groups of sows (N = 62) were administered either the boar saliva analog (BSA) 
or a control prior to the onset of estrus. Sow behaviors (standing, moving, pricked ears and arched back) were recorded during estrus. In a third study, 
three doses of BSA (4, 40, and 400 µg/mL per molecule) were evaluated for induction of estrus behaviors. In a fourth study, sow conception rates were 
compared for control and BSA-treated sows (N = 166). Data were analyzed using General Linear Models and Chi-square analyses. Boar unique-mole-
cules were identified as Androstenone, Androstenol and Quinoline. In study 1, each molecule(s) elicited selected lordosis behaviors, but BSA caused the 
most complete lordosis response in sows. Sows exposed to BSA in study 2 had a 25% higher lordosis score than placebo-exposed sows (P <0.05). Among 
sows not expressing estrus during evaluation, 31% of placebo- and 85.2% of BSA-exposed sows expressed the complete lordosis response (P <0.05). In 
study 3, the most effective dose to induce the full lordosis response of BSA was 40 µg/mL. In the final study, BSA-treated sows had a 7% higher concep-
tion rate than control sows (97 vs. 90%). Use of BSA increased lordosis behaviors, increased the percentage of sows expressing behavioral estrus and 
improved conception rate. In conclusion, BSA is a more effective sexual pheromone in the pig than androstenone, androstenol or quinoline alone.  
 
Funding Acknowledgements: ANIMAL BIOTECH LLC. 
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TYPE II TASTE BUD M CELLS MAY FUNCTION IN ORAL IMMUNE SURVEILLANCE  
Yumei Qin1,2, Sunil Sukumaran1, Kevin Redding1, Robert Margolskee1 
1Monell Chemical Seses Center, Philadelphia, PA, USA, 2Zhejiang Gonshang University, School of Food Science and Biotechnology, Hangzhou, China 
 
The mucosal surface of the tongue is regularly exposed to foods, foreign proteins and microorganisms. If and how epithelial taste bud cells might rec-
ognize and respond to potentially harmful microbes is generally unknown. Other epithelial cells, for example microfold (M) cells in lymphoid tissues 
of the gut, have the unique ability to phagocytize macromolecules and microbes to initiate antigen-specific mucosal immune responses. By PCR and 
transcriptomics we found that taste tissue expresses several mature M cell-specific markers, including type-I-piliated bacteria-recognizing receptor gly-
coprotein 2 (Gp2), CD11b+ dendritic cell recruiting chemokine (C-C motif) ligand 9 (Ccl9), and the ETS family transcription factor Spi-B. By immu-
nohistochemistry we found that these M cell markers were selectively expressed in type II taste receptor cells. Exogenous administration of the cytokine 
RANKL induced synchronous sequential expression of M cell-specific markers in 3D taste organoids ex vivo and in circumvallate papillae taste cells in 
vivo. The transcytotic-phagocytotic activity of taste cells was confirmed by administration of fluorescent microbeads into the oral cavity. In comparison 
to wildtype mice, Spi-B knockout mice had markedly decreased expression in their circumvallate papillae taste receptor cells of the M cell markers GP2 
and Ccl9. We propose that M cell maker+ type II taste cells may act as immunosurveilling cells to detect and immune responses to pathogenic microbes. 
These cells may provide protection against pathogen-elicited taste dysfunction. Acknowledgements: Supported by NIDCD/NIH grant R01DC014105 to 
RFM. FCOI Disclosure: None  
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INHIBITION OF SWEET CHEMOSENSORY RECEPTORS ALTERS GLYCEMIC AND INSULIN RESPONSES DURING GLUCOSE IN-
GESTION IN HEALTHY ADULTS: A RANDOMIZED CROSSOVER INTERVENTIONAL STUDY  
Elnaz Karimian Azari1, Kathleen R. Smith1, Fanchao Yi2, Timothy F. Osborne1, Roberto Bizzotto3, Andrea Mari3, Richard E. Pratley1,2, George A. Kyria-
zis1,2 
1Center for Metabolic Origins of Disease, Sanford Burnham Prebys Medical Discovery Institute, Orlando, FL, USA, 2Translational Research Institute for Me-
tabolism and Diabetes, Florida Hospital, Orlando, FL, USA, 3Institute of Neuroscience, National Research Council, Padova, Italy 
 
Glucose is a natural ligand for sweet taste receptors (STRs) expressed on the tongue and gastrointestinal (GI) tract. Whether STRs directly contribute to 
the regulation of glucose homeostasis in response to glucose ingestion is unclear. The main purpose of this study was to determine the metabolic effects 
of pharmacological inhibition of STRs in response to an oral glucose load in healthy lean participants. Ten healthy lean participants were subjected to an 
oral glucose tolerance test (OGTT) on four separate days using a randomized cross-over design. Ten minutes prior to the OGTT participants consumed 
a preload solution of either saccharin (300p.p.m.) or water, with or without the addition of lactisole (500p.p.m.), a human-specific inhibitor of STRs. 
When present, lactisole was included to both the preload and OGTT solutions. We assessed plasma responses of glucose, insulin, C-peptide, glucagon, 
GLP1, GLP2, GIP, acetaminophen and 3-O-methyl-glucose (3-OMG). Using mathematical modeling, we estimated gastric emptying, glucose absorp-
tion, beta-cell function, insulin sensitivity and clearance, and portal insulin to glucagon ratio. Addition of lactisole to the OGTT caused time-dependent 
increases in plasma responses of glucose (p=0.049), insulin (p=0.012), C-peptide (p=0.004) and insulin secretory rate (p=0.020), compared to control 
OGTT. Also, addition of lactisole caused slight reduction in insulin sensitivity index independent of prior consumption of saccharin (p<0.025). Inges-
tion of saccharin prior to the OGTT did not alter any of the measured variables, but eliminated the time-dependent effects of lactisole on the OGTT. 
This study demonstrates that pharmacological inhibition of STRs in the GI tract alters glucose and insulin responses during an oral glucose challenge in 
lean healthy participants.  
 
Funding Acknowledgements: NIDDK R01DK097757 (TFO) 
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DYNAMIC COMPUTATIONS FOR NAVIGATING COMPLEX ODOR ENVIRONMENTS  
David H Gire 
Department of Psychology, University of Washington, Seattle, WA, USA 
 
Across all ecosystems animals use odors to find resources and avoid danger. To do this, animals must process information from complex mixtures of 
odors carried by turbulent plumes or deposited as variable trails on a surface. Our current understanding of this vital chemosensory ability is limited 
and manmade devices are unable to accomplish even a fraction of this function. This symposium brings together researchers from engineering, robotics, 
physics and neuroscience to explore the algorithms and neural circuit mechanisms that allow a wide range of organisms to solve this difficult problem. 
Topics to be addressed include the physics of odor plumes, how animals use movement to extract signals from natural odors and how neural circuits in 
the olfactory system derive useful information from plumes and trails. Talks will span a range of species in diverse ecosystems and will include a combi-
nation of laboratory experiments, computer modeling and robotics.  
 
Funding Acknowledgements: Work in the Gire lab is supported by NIH R00DC013305 and the University of Washington Royalty Research Fund. 
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OLFACTORY TRAIL FOLLOWING IN MICE  
Nathaniel Urban, Peter Jones, Bard Ermentrout, James Hengenius 
University of Pittsburgh, Pittsburgh, PA, USA 
 
Though many mammals are excellent at odor source localization, the neural mechanisms underlying this important behavior have been mainly studied 
in invertebrates. In order to study these mechanisms in mice, we have developed a system for video-based monitoring of freely moving mouse behav-
ior and a novel olfactory trail following task. The animal’s nose position is automatically detected using custom tracking software. Mice learn to follow 
monomolecular odorant trails over a period of several weeks. While following the trails, they are highly engaged, sniffing at 12-15 Hz on average. This 
behavior shows several features common to odor source localization behavior in other mammals, including casting. Analysis of behaviors triggered to 
sniffing inficates that mice are controlling nose movements on a sniff-to-sniff basis. Moodels of this behavior are being developed to help identify key 
elements of the cues used to control these behaviors.  
 
Funding Acknowledgements: NSF1555916 - NU 
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ODOR CONCENTRATION CHANGE DETECTORS IN THE OLFACTORY BULB  
Ana Parabucki1, Alex Bizer1, Genela Morris1, Matt Smear2, Roman Shusterman1,2 
1University of Haifa, Haifa, Israel, 2University of Oregon, Eugene, OR, USA 
 
Olfactory navigation requires comparing of, odor concentration across samples distributed in space and time. One potential strategy of odor source 
localization is sequential (temporal) comparison: the animal chooses direction in the olfactory surroundings by detecting concentration changes in time 
(ΔCt) across consecutive inhalations. To study the neural processing of ΔCt, we developed an odor delivery system that allows rapid switching and stabi-
lization of different concentrations of an odor, such that concentration can be changed on each sniff. We monitored activity of mitral/tufted (M/T) cells 
in the olfactory bulb of mice in response to prolonged concentration presentations and to stimuli that flicker between concentrations from sniff to sniff. 
We find that a subset of M/T responses are sensitive to ΔCt, responding primarily to concentration changes. Our results indicate that M/T cells explicitly 
compute ΔCt, providing a signal that may guide navigational decisions in downstream olfactory circuits.  
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SMELLING TIME: A NEURAL BASIS FOR OLFACTORY SCENE ANALYSIS  
Jose C. Principe1, Barry W. Ache2, Andrew M. Hein3, Yuriy V. Bobkov1, Matthew A. Reidenbach4 
1Dept. Electrical and Computer Engineering , U. Florida, Gainesville, FL, USA, 2Center Smell and Taste, U. Florida, Gainesville, FL, USA, 3Department of 
Ecology and Evolutionary Biology, Princeton U., Princeton, NJ, USA, 4Dept. Env. Sciences, U. Virginia, Charlottesville, VA, USA 
 
The extent to which the olfactory system discriminates odor space and time is not well understood. Indeed these dimensions are frequently considered 
to be less salient to olfaction, leading to the common perception that animals obtain the spatio-temporal information necessary to deal with their odor 
worlds, i.e., scene analysis, through other sensory modalities. Olfaction could interpret space and time by extracting temporal information inherent 
in the olfactory signal. If so, the olfactory system must have neural mechanisms capable of encoding time at intervals relevant to the turbulent odor 
world in which many animals live. We present evidence that animals can use populations of rhythmically active or ‘bursting’ olfactory receptor neurons 
(bORNs) to extract and encode temporal information inherent in natural olfactory signals. We postulate that bORNs represent an unsuspected neural 
mechanism through which time can be accurately measured, and that ‘smelling time’ completes the requirements for true olfactory scene analysis  
 
Funding Acknowledgements: NSF IIS-1631759, IIS-1631787, and IIS-1631864 
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WHAT CAN WE LEARN FROM ROBOTS ABOUT ODOR NAVIGATION?  
Venkatesh Gopal 
Elmhurst College, Elmhurst, IL, USA 
 
Odor navigation - following an airborne or waterborne odor to its source, is a vital ability for animals as it allows them to find food or mates, or con-
versely, to avoid a predator by sensing its odor. Understanding how animals achieve this remarkable feat, especially in turbulent environments, is large-
ly an open problem. While a large literature exists that studies the problem in the near or intermediate-field where the animal is tens of body lengths 
away from the odor source, very little is known about the problem in the far-field, where the animal navigates from hundreds of body lengths or more 
to locate the source. The study of odor-navigation is further complicated by the fact that it is very hard to image odors in real-time. In this talk we take 
the view that an odor is a passive scalar being transported by a turbulent flow. We conjecture that the concentration fluctuations of the odor should be 
statistically similar to that of the velocity fluctuations of the flow. Could the velocity fluctuations of the field then be used as a proxy for odor concentra-
tion fluctuations? We have begun to address this question by constructing a bio-inspired whiskered robot that uses whiskers to sense fluctuations in the 
flow field to find the location of an air-current source. We will discuss results obtained with our robot and how they may be extended to understand the 
problem of odor navigation.  
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GUSTATORY CODING IN MICE, FROM THE PERIPHERY TO THE BRAIN  
Nicholas Ryba 
NIDCR, NIH, Bethesda, MD, USA 
 
The mammalian sense of taste acts as the gatekeeper for consumption by triggering highly stereotyped appetitive and aversive reactions in response to 
detection of nutritious or noxious compounds. In keeping with the binary nature of taste behavioral output, our sense of taste has only rather limited 
discriminatory power (e.g. sweet, bitter, salty, sour and the savory taste, umami). In mice, receptors and signaling molecules for these different taste 
qualities are expressed in distinct populations of taste receptor cells implying that taste coding at the periphery is mediated by a small number of ded-
icated receptor cell classes with each of thesetuned to a single taste quality. Gain and loss of function experiments strongly support this logic for taste 
coding at the level of the tongue. More recently, this functional segregation of taste quality at the cellular level has been extended to the sensory afferents 
and the brain. Together, these results expose the innate, hardwired nature of the taste system and help explain how taste detection reliably triggers ap-
propriate actions and behaviors.  
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TASK- AND EXPECTANCY-DEPENDENT TASTE REPRESENTATIONS IN THE HUMAN BRAIN  
Maria G Veldhuizen1,2, Dana M Small1,2,3 
1The John B Pierce Laboratory, New Haven, CT, USA, 2Yale University School of Medicine, Department of Psychiatry, New Haven, CT, USA, 3Modern Diet 
and Physiology Research Center, New Haven, CT, USA 
 
Neural responses evoked by gustatory stimuli depend not only upon the physiochemical attributes of the stimulus, but also upon the physiological and 
psychological state of the individual. In a series of neuroimaging experiments in humans we have shown that response in the insula and overlying oper-
culum varies as a function attention, beliefs, expectations, and experience and we have identified a large-scale network orchestrating these “top-down” 
effects in a hierarchical fashion. More specifically, signals are sent from the frontal eye fields, intraparietal sulcus and parietal operculum to the anterior 
cingulate cortex, which in turn modulates response to taste in the anterior insula and frontal operculum. Top-down influences can be acute and sus-
tained. For example, response in the insular cortex to a taste is greater if attention is directed to the stimulus compared to when it is not and repeatedly 
directing attention to taste can increase subsequent insular responses and enhance taste sensitivity for at least tens of minutes. In addition to top-down 
influences that operate to optimize perception to support goal-directed behavior we have recently found evidence for the existence of a second source of 
modulation originating from the amygdala. In contrast to the cortical influences, amygdala contributions to flexibility in taste perception originate from 
spontaneous intrinsic fluctuations. For example, the same salty stimulus is rated as more intense during low compared to high amygdala spontaneous 
activity, suggesting the existence of a tonic inhibitory influence on gustatory cortex. Collectively these modulating influences confer acute and sustained 
flexibility in taste perception.  
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ELECTROPHYSIOLOGICAL SIGNATURES OF TASTE QUALITY CODING  
Kathrin Ohla1,2,3 
1German Institute of Human Nutrition (DIfE), Potsdam, Germany, 2NutriAct – Competence Cluster Nutrition Research, Berlin-Potsdam, Germany, 3Medical 
School Berlin, Berlin, Germany 
 
The taste system provides important information about the edibility and makro-nutrient content of a food via differentiation between taste qualities. 
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. Taste qualities have been shown to differ in behavioral response times 
in humans and rodents yet the relevance of these latency differences remains unclear. We investigated the spatio-temporal properties of taste quality rep-
resentations in the human cortex and whether these representations are used for perceptual decisions during different tasks. Time-resolved multivariate 
pattern analyses of head-surface electrophysiological brain responses evoked by tasting salty, sweet, sour, and bitter tasting solutions revealed that global 
neuronal response patterns allow to decode which tastant participants tasted on a given trial. Taste quality information was largely limited to the delta 
and theta frequency bands (<8 Hz) in line with recent findings from local field potentials in the rat. Moreover, taste quality decoding was successful as 
soon as the earliest taste evoked response was observed highlighting that quality is encoded early during taste processing. Quality-specific differences in 
decoding onset were more pronounced during fast-paced tasks and predictive for behavioral response latencies suggesting that neural response latencies 
reflect processing speed in a task-dependent. Together, the findings suggest flexible neural gustatory coding predictive for taste-related decision-making.  
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ENVIRONMENTAL AND PHYSIOLOGICAL FACTORS AFFECTING THE THE DEVELOPMENT AND PLASTICITY OF THE CENTRAL 
GUSTATORY SYSTEM.  
David Hill 
University of Virginia, Charlottesville, VA, USA 
 
A hallmark of sensory systems is that the structure and function of afferent circuits during early development are especially susceptible to environmen-
tal influences (i.e., they are plastic). Perhaps because of the lifelong plastic changes in the innervation of newly formed taste buds, the developing pe-
ripheral and central gustatory systems appear to be especially plastic. For example, the terminal fields of nerves that carry gustatory information to the 
mouse nucleus of the solitary tract (NST) are initially large, with extensively overlapping territories, and then “pruned” to a mature organization within 
a 10-day postnatal period. I will present new data indicating that the immune system plays an important role in this process. I will also present recent 
findings using experimental alterations of early experience suggesting that both activity-independent and activity-dependent processes are involved in 
the refinement of terminal fields in the NST. Uncovering the mechanisms responsible for circuit formation in the gustatory brainstem will provide key 
findings that may be used in identifying the nature of the effects and the sensitive periods in which environmental events alter sensory processing. They 
may also be important in fully understanding the coding and processing of taste signals in the central nervous system and the development of taste 
preferences and aversions.  
 
Funding Acknowledgements: This work is supported by NIH grant DC00407. 
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AQUATIC OLFACTION IN THE VERTEBRATE LINEAGE FROM LAMPREY TO AMPHIBIANS: SEGREGATED SUBSYSTEMS AND 
PHEROMONE DETECTION  
Sigrun I. Korsching 
Institute of Genetics, University at Cologne, Cologne, Germany 
 
Teleost fish possess a single olfactory organ for all olfactory receptor cell types, receptor molecules, and odor classes, in contrast to several functional-
ly and molecularly segregated subsystems in mammals. Are these differences between the terrestrial and aquatic life style - or between ray-finned and 
lobe-finned lineage? And which is the more original olfactory system - the simpler teleost system, or the segregated subsystems of tetrapod species? Re-
cently a lot of progress has been made in the physiological and molecular analysis of olfaction in aquatic species of the lobe-finned lineage, so it should 
be instructive to showcase these, in comparison to the properties of well established systems such as mouse and zebrafish. The symposium will give 
recent insights into a clear tendency of segregating molecules, cells and function in the lobe-finned lineage going back to jawless vertebrates, and will 
describe the advances in understanding pheromone detection and function in this lineage. Organisms examined go beyond the usual model organisms 
and include lamprey, a jawless fish as earliest representative of the vertebrate lineage, lungfish, one of the very few extant fish members of the lobe-finned 
lineage, and Xenopus laevis, an amphibian. Weiming Li will describe his recent findings on pheromone detection and function in lamprey, and Barbara 
Zielinski will characterize the olfactory subsystems she observed in lamprey. Carolin Wittmer will describe recent anatomical and functional character-
ization of main and accessory olfactory organs (crypts) in the lungfish. Ivan Manzini will present a molecular and functional characterization of three 
subsystems in the amphibian nose, including pheromone detection, during the larval stage and describe adaptations occurring during metamorphosis.  
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COMPLEXITY OF PHEROMONES IN THE SEA LAMPREY  
Weiming Li 
Michigan State University, East Lansing, MI, USA 
 
In sea lamprey (Petromyzon marinus), pheromone communication is characterized by diverse signals that induce specific olfactory responses and dictate 
targeted behaviors. This jawless vertebrate has a complex life history comprised of distinct larval, juvenile, and adult stages. The larvae live in freshwater 
streams for 3-5 years, and, after a drastic metamorphosis, migrate downstream into the Atlantic Ocean to feed. Finally, adult sea lampreys migrate into 
streams during the spring, where a male will construct a nest and later be joined by one or more females, spawn intermittently for a number of days, and 
die. Here we present our recent work to understand the chemical cues and pheromones used by the sea lamprey during reproduction. Migrating adults 
select spawning tributaries based upon the odor of previous years’ larvae that reside in the stream. Upon arrival to the spawning grounds, sexually ma-
ture males release chemicals that signal gravid females move upstream and locate active spawning nests and that define nest boundary to other mature 
males. We have coupled large-scale behavioral assays to extensive chemical analyses to unravel the structures and functions of the chemicals that guide 
adult sea lampreys in search of spawning habitat and mates. The active components of these chemical signals are novel or known bile acids, fatty acids 
and other small molecules. These odorants are highly specific and potent for the adult olfactory epithelium, and induce targeted behavioral responses in 
individuals of specific life stage or sex. We have used these chemical signals as models to examine olfactory mechanism for pheromone detection and to 
infer evolution of pheromones.  
 
Funding Acknowledgements: Great Lakes Fishery Commission 
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SEGREGATION OF OLFACTORY EPITHELIA IN LUNGFISH, AN EARLY-DIVERGING MEMBER OF THE LOBE-FINNED LINEAGE  
Carolin Wittmer1, Kanika Sharma2, Adnan S. Syed2, Christine Nowack1, Sigrun I. Korsching2 
1University of Kassel, Kassel, Germany, 2University of Cologne, Cologne, Germany 
 
The olfactory system of tetrapods is segregated into a main and an accessory olfactory epithelium with clear molecular and functional differences, 
whereas teleost fish exhibit a single olfactory organ. Lungfish is an early-diverging member of the lobe-finned lineage, for which a variety of accessory 
olfactory structures were described in the last century, and some of them were proposed to be vomeronasal structures. The most promising candidates 
seem to be the epithelial crypts of African lungfishes, which express the G protein subunit αo that is associated with vomeronasal receptors in mammals. 
We combine morphological with molecular methods to distinguish the lungfish main olfactory epithelium of the lamellae from the accessory olfactory 
epithelium of the crypts. Our SEM data reveal a complex crypt architecture in comparison to the main olfactory epithelium, which covers the lamellae 
as a flat carpet or in form of simple grooves. Beside the known glandular cells being associated with the crypts, we identified a new second type of se-
cretory cell that is part of the crypt duct, both producing different secretions as shown by histochemical mucus stainings (alcian blue/PAS). To analyse 
potential molecular differences we generated transcriptomes for both olfactory tissues of lungfish. We find a variety of odorant and vomeronasal-like 
receptors expressed, both in the main olfactory organ and in the crypt epithelium. The receptor repertoire of both organs is partly overlapping. In situ 
hybridization experiments are currently being performed to examine, whether specific olfactory receptors are associated with distinct cell types or areas 
within the olfactory organs. These data will be useful to understand why olfactory epithelia are spatially divided into lamella and crypt epithelium in 
lungfish.  
 
Funding Acknowledgements: Kassel University CW, CN Cologne University SK 
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OLFACTORY SUBSYSTEMS AND EXTRANASAL CHEMOSENSATION AT THE BASE OF VERTEBRATE EVOLUTION  
Barbara Zielinski1, Gheylen Daghfous2,3, Réjean Dubuc2,3 
1University of Windsor, Windsor, ON, Canada, 2Université de Montréal, Montréal, QC, Canada, 3Université de Québec à Montréal , Montréal, QC, Canada 
 
The lamprey is an excellent model for studying chemosensory systems. Within the olfactory system, sensory neurons from the accessory olfactory organ 
project to the medial region of the olfactory bulb, which responds to both amino acid and steroid odorants including pheromones. Projection neurons 
from this medial bulbar region stimulate the posterior tuberculum that in turn activates a brainstem area controlling locomotion. In the main olfactory 
epithelium, separate olfactory sensory neurons respond to specific steroidal pheromones and amino acids. Stimulation by forskolin indicates activation 
of a cyclic AMP mediated transduction cascade. These neurons extend to non-medial bulbar regions, where projection neurons stimulate the lateral 
pallium. Amino acid odorants stimulate the lateral bulbar region, whereas the dorsal region responds to both steroids and amino acids. Chemosensation 
extends to solitary chemosensory cells located on gill papillae. These are sparse in larvae, transformers (after metamorphosis) and in parasites (juve-
niles), but are prominent and numerous in reproductively mature adults. These studies show that in the lamprey, spatially segregated subsystems provide 
for chemosensation.  
 
Funding Acknowledgements: NSERC; Great Lakes Fishery Commission 
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SEGREGATION OF RECEPTOR REPERTOIRES AND ODOR RESPONSES IN AN AMPHIBIAN DURING LARVAL STAGES AND 
METAMORPHOSIS  
Ivan Manzini1,2,3, Adnan S. Syed4, Alfredo Sansone1,5, Thomas Hassenklöver1,2,3, Katarina Dittrich1, Sigrun I. Korsching4 
1University of Göttingen, Göttingen, Germany, 2Justus-Liebig-University Gießen, Gießen, Germany, 3Center for Nanoscale Microscopy and Molecular Physi-
ology of the Brain (CNMPB), Göttingen, Germany, 4University of Cologne, Cologne, Germany, 5University College London, London, United Kingdom 
 
In contrast to the single sensory surface present in teleost fishes, the mammalian olfactory system is defined by spatially segregated subsystems with dis-
tinct molecular and functional characteristics, chief among them the main olfactory epithelium expressing ORs and TAARs, and the vomeronasal organ 
expressing V1Rs and V2Rs. The semi-aquatic lifestyle of amphibians represents a unique opportunity to study the molecular driving forces involved 
in this transition of aquatic to terrestrial olfaction in vertebrates. Most amphibians also have anatomically segregated main and vomeronasal olfactory 
systems, but at the cellular and molecular level the segregation differs from that found in mammals. We have characterized expression patterns of four 
different olfactory receptor gene families in the secondarily aquatic pipid frog Xenopus laevis, and concomitantly have analyzed odor-evoked neuronal 
activity in olfactory epithelium and olfactory bulb for the main odor classes of amphibians. We show a high degree of correlation between expression of 
taar genes and amine responses and between expression of ‘ancient’ v2r genes and amino acid responses. We report that the signal transduction cascade 
for amino acid responses involves PLC, DAG, and TRPC2. During metamorphosis, extensive cell death and mitosis events lead to a remodeling of the 
larval main olfactory epithelium (detecting aquatic odors) into the adult ‘air nose’, with concomitant formation of a novel olfactory organ, the so-called 
‘water nose’. We report here that both olfactory receptor expression patterns and corresponding odor responses faithfully relocate from larval main ol-
factory epithelium to adult water nose.  
 
Funding Acknowledgements: This work was supported by DFG SPP 1392 (MA 4113/2-2 IM and KO 1046/5-2 SIK), DFG Grants 4113/3-1 (I.M.), 
KO1046/10-1 (S.I.K.), Cluster of Excellence and DFG Research Center Nanoscale Microscopy and Molecular Physiology of the Brain (I.M.), and Germa 
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EMERGING MECHANISMS FOR SENSORY-IMMUNE COMMUNICATION  
Lynnette M McCluskey1, Hong Wang2 
1Medical College of Georgia at AU, Augusta, GA, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Immune and neural responses are integrated to promote homeostasis. These systems work together to sense environmental signals—including danger—
and protect the organism from tissue injury and infection. Neurons and immune cells communicate through a shared repertoire of signaling molecules 
and receptors. This multidisciplinary symposium highlights recent studies of mechanisms mediating sensory-immune interactions from C. elegans to 
mammals. Peripheral chemoreceptors are exposed to diverse environmental dangers such as mechanical damage and pathogens, potentially altering 
chemical sensing, behavior, and nutrition. Our goal is to bring attention to bidirectional sensory-immune interactions in health and disease.  
 
Funding Acknowledgements: NIDCD, Medical College of Georgia Research Incentive Fund 
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SENSORY NEURON DETECTION OF BACTERIA AND MODULATION OF IMMUNE HOST DEFENSES  
Pankaj Baral1, Kimbria Mills2, Isaac M. Chiu3 
1Harvard Medical School, Boston, MA, USA, 2Harvard Medical School, Boston, MA, USA, 3Harvard Medical School, Boston, MA, USA 
 
Nociceptor sensory neurons detect noxious/harmful stimuli and protect organisms from danger. Nociceptor neurons densely innervate barrier tissues 
including the skin and the respiratory tract. We find that nociceptor neurons are able to directly sense bacterial pathogens and their toxins to produce 
pain. Staphylococcus aureus is a major human bacterial pathogen that produces pain during infection. We find that nociceptor neurons directly respond 
to S. aureus pore-forming toxins, leading to neuronal depolarization and activation. We were able to target this pain by delivery of charged analgesics 
into neurons through the toxins. Upon activation, neurons crosstalk with innate immune cells to suppress host defense against S. aureus infections. 
Therefore, peripheral sensory neurons plays an active role in detecting bacterial pathogens during infection and modulating immune responses.  
 
Funding Acknowledgements: This work was supported by funding from the National Institutes of Health (NIH) under grant numbers NCCIH 
DP2AT009499 and NIAID K22AI114810.  
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TOLL-LIKE RECEPTOR SIGNALING PROMOTES DEVELOPMENT AND FUNCTION OF SENSORY NEURONS REQUIRED FOR A 
C.ELEGANS PATHOGEN-AVOIDANCE BEHAVIOR  
Julia Brandt1, Niels Ringstad2 
1Columbia, New York City, NY, USA, 2NYU, New York City, NY, USA 
 
Toll-like receptors (TLRs) play critical roles in innate immunity in many animal species. The sole TLR of C. elegans—TOL-1—is required for a patho-
gen-avoidance behavior, yet how it promotes this behavior is unknown. We show that for pathogen avoidance TOL-1 signaling is required in the che-
mosensory BAG neurons, where it regulates gene expression and is necessary for their chemosensory function. Genetic studies revealed that TOL-1 acts 
together with many conserved components of TLR signaling. BAG neurons are activated by carbon dioxide (CO2), and we found that this modality is 
required for pathogen avoidance. TLR signaling can therefore mediate host responses to microbes through an unexpected mechanism: by promoting the 
development and function of chemosensory neurons that surveil the metabolic activity of environmental microbes.  
 
Funding Acknowledgements: R01GM098320 
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IMMUNE INTERACTIONS AND THERAPEUTIC MESENCHYMAL STROMAL CELLS  
Ke Ren 
Department of Neural and Pain Sciences, School of Dentistry, and Program in Neuroscience, University of Maryland, Baltimore, MD, USA 
 
Bone marrow stromal cells (BMSC), a major type of mesenchymal stem (or stromal) cells, have generated considerable interest for cell-based thera-
py. Studies have shown beneficial effects of BMSC on neurological disorders, including olfactory disorder and pain. In rat pain model, we observed 
that infusion of BMSC reversed pain hypersensitivity after ligation injury of the tendon of the masseter muscle (TL) and this effect lasted for months. 
In the rostral ventromedial medulla (RVM), the major structure in descending pain modulation, mu-opioid receptors (MOR) were upregulated after 
the BMSC treatment. Studies have shown that the majority of BMSC are trapped in the lungs immediately after intravenous infusion and their surviv-
al time in the host is much shorter than their lengthy beneficial effect. Thus, we have examined a hypothesis that BMSCs produce analgesia through 
immune regulation. We showed that BMSCs suppressed proinflammatory and promoted antiinflammatory phenotype in the RVM and in peripheral 
blood monocytes (PBMC). Depletion of monocytes/macrophages reduced BMSC-produced pain inhibition and MOR upregulation. In contrast, direct 
injection of PBMC or serum from BMSC-treated animals into the RVM attenuated pain and increased MOR expression. We further showed that BMSC 
induced CXCL1 in monocytes and serum and that the activation of central MOR involving CXCL1-CXCR2 signaling played an important role in BM-
SC’s effect. Our findings suggest that the maintenance of therapeutic effect of BMSC can be achieved by chemokine signaling in the CNS without actual 
engraftment of BMSC in the body. In the capacity of therapeutic use of BMSCs other than structural repair and replacement, more attention should be 
directed to their role as immune modulators and subsequent alterations in the immune system.  
 
Funding Acknowledgements: Maryland Stem Cell Foundation grant 2014-MSCRFI-0584 and National Institutes of Health grants: DE025137. 
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CHEMOSENSORY TUFT CELLS AND INTESTINAL HOMEOSTASIS.  
Michael R. Howitt1, Sydney Lavoie1, Monia Michaud1, Joel V. Weinstock2, Carey Ann Gallini1, Kevin Redding3, Weiwei Lei3, David Artis4, Peihua Jiang3, 
Robert F. Margolskee3, Wendy S. Garrett1 
1Harvard T.H. Chan School of Public Health, Boston, MA, USA, 2Tufts Medical Center, Boston, MA, USA, 3Monell Chemical Senses Center, Philadelphia, 
PA, USA, 4Weill Cornell Medical College, New York, NY, USA 
 
The intestinal epithelium acts as a critical barrier and microbial sensor to shape the interactions between the host and microbiota. Protozoa and hel-
minths are common members of the gut microbiota of mammals, including humans; yet how intestinal epithelial cells orchestrate responses to these 
parasites remains unclear. We found that tuft cells, taste-chemosensory epithelial cells, accumulate during parasite colonization and are the predominate 
source of the cytokine, Il25. Disruption of chemosensory signaling via loss of the canonical taste components, gustducin, Plcb2, and Trpm5 significantly 
blunts Il25 production and abolishes intestinal anti-parasite immunity. We have subsequently found that tuft cells express the taste-receptor, T1R3, and 
loss of this receptor significantly impairs the intestinal immune response to gut protozoa. Our results identify tuft cells as critical chemosensory senti-
nels in the intestinal epithelium that initiate type 2 immunity in response to intestinal parasites.  
 
Funding Acknowledgements: This work was supported by the NIH NRSA F32DK098826 to M.R.H., F31DK105653 to S.L. and R01 CA154426, R01 
GM099531, a Burroughs Wellcome Career in Medical Sciences Award, and a Searle Scholars Award to W.S.G.  
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OLFACTORY DYSFUNCTION IN NEUROLOGICAL DISEASES: IS THERE A COMMON PATHOLOGICAL SUBSTRATE?  
Richard Doty 
Smell & Taste Center Perelman School of Medicine University of Pennsylvania, Philadelphia, PA, USA 
 
The sense of smell is frequently overlooked and rarely tested by neurologists, despite evidence that olfactory dysfunction is an early biomarker of such 
neurological diseases as Alzheimer’s (AD) and Parkinson’s (PD). Since some other neurological diseases, including progressive supranuclear palsy (PSP), 
amyotrophic lateral sclerosis (ALS), and essential tremor (ET), have comparatively little olfactory dysfunction, olfactory testing can be useful in differ-
ential diagnosis. Given the similarity between the olfactory losses observed in AD, PD, and such seemingly unrelated diseases as Korsakoff psychosis, 
Chagas disease, and myasthenia gravis, is it possible that a common neuropathological substrate underlies these disturbances? If so, could damage to 
this substrate serve as a harbinger of the earliest ‘preclinical’ determinants of a wide range of neurological diseases? I explore these questions and pres-
ent data suggesting that differing degrees of damage to forebrain neurotransmitter/neuromodulator circuits, most notably those involved in cholinergic 
transmission, is a strong candidate for explaining differences in smell function among a wide range of neurological disorders.  
 
Funding Acknowledments: University Funds 
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INFLUENCE OF DIABETES MELLITUS TYPE 1, HYPOTHYROIDISM AND ALLERGIC RHINITIS ON OLFACTORY FUNCTION IN A 
PEDIATRIC POPULATION  
Marie-Luise Gruhn, Valentin Alexander Schriever 
Department of Neuropediatrics, TU Dresden, Dresden, Germany 
 
Aim: Smell disorders are a frequent complaint in the general population. Several diseases have been shown to be associate with olfactory dysfunction 
e.g. Diabetes mellitus type 2, hypothyroidism and allergic rhinitis. Most of these studies were conducted in adults. Therefore little is known about ol-
factory dysfunction in children. The purpose of this study is to examine the influence of those diseases on olfactory function in a pediatric population. 
Material and methods: A total of 200 children, aged 6-17 years were included in this study. Children were divided into four groups: Diabetes mellitus 
type 1, hypothyroidism, allergic rhinitis and healthy children (control group). Olfactory function is quantified by using the “Sniffin’ Sticks” threshold 
and identification test. In addition neuropsychological functions are measured using the “Ravens Progressive Matrices Test” as well as the “Children’s 
Depression Inventory”. A medical history was obtained.  
 
Results: The results reported in this abstract are preliminary. The study is still in progress and the recruitment of children in the control and the hypo-
thyroidism group is not finished yet. The groups including Diabetes mellitus type 1 and allergic rhinitis chronic are completed. In the preliminary analy-
sis no difference between olfactory function of children in the diabetes and the allergic rhinitis group was found. The lengths of the disease had showed 
no correlation with olfactory function. Conclusion: After finishing the recruitment of the patients the results will be presented in detail at the conference 
- especially including the comparison of olfactory function between the three “diseases” and the healthy control group.  
 
Funding Acknowledments: University fund 
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USING VIRTUAL REALITY TO OPTIMIZE THE SURGICAL TREATMENT OF OLFACTORY LOSSES DUE TO NASAL OBSTRUCTION  
Bradley Hittle1, Chengyu Li2, Hector J Medina-Fetterman1, Bradley A Otto2, Alexander A Farag2, Gregory J Wiet2,3, Don Stredney1, Kai Zhao2 
1Ohio Supercomputer Center, Columbus, OH, USA, 2Department of Otolaryngology - Head & Neck Surgery, The Ohio State University, Columbus, OH, 
USA, 3Department of Otolaryngology - Head & Neck Surgery, Nationwide Children Hospital, Columbus, OH, USA 
 
Chronic rhinosinusitis (CRS), especially with polyps, is one of the leading causes of olfactory losses. Part of its etiology could be due to various nasal ob-
structions that block the air and odor flow to the olfactory region. Surgical remove of the polyps or other forms of obstructions often leads to olfactory 
improvement, but the outcome is highly variable. Since the nasal airflow paths are a complicated system and the surgical impact on it is often difficult to 
predict. Based on a previous developed temporal bone surgical simulator, a unique multi-disciplinary team of clinicians, computer scientists, and engi-
neers was assembled to develop a virtual reality surgical planning tool that would simulate, predict and ultimately optimize the impact of various surgi-
cal approaches on the air and odor flow to the olfactory region. Here, we present the first successful prototype, with which a surgeon can load any pa-
tient’s CT and visualize the nasal airway in 3D. Pre-calculated airflow resistance, wall shear stress, pressure drop, etc., are virtually displayed on the nasal 
wall, to offer the surgeon some guidance as to where the most significant obstruction is located. Using virtual reality, the surgery can then proceed with 
removal of the obstructive tissue through haptic feedback device as if in a surgery. Subsequently, changes of air/odor flow to the olfactory region will be 
computed. Various surgical approaches can be tested virtually on the same patient to determine the optimal surgical plan. Ultimately, the development 
and validation of such a tool will be invaluable in the future to optimize the surgical treatment of smell losses due to nasal sinus diseases.  
 
Funding Acknowledments: NIH NIDCD R01 DC013626 to KZ 
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SMELL IMPAIRMENT AMONG US ADULTS AGED >40 YEARS: THE NATIONAL HEALTH AND NUTRITION EXAMINATION SUR-
VEY (NHANES), 2011-2014  
Howard J. Hoffman1, Chuan-Ming Li1, Shristi Rawal2, Katalin G. Losonczy1, John E. Hayes3, Valerie B. Duffy4 
1Epidemiology and Statistics Program, National Institute on Deafness and Other Communication Disorders (NIDCD), National Institutes of Health (NIH), 
Bethesda, MD, USA, 2Division of Intramural Population Health Research, Eunice Kennedy Shriver National Institute of Child Health and Human Develop-
ment (NICHD), National Institutes of Health (NIH), Bethesda, MD, USA, 3Department of Food Science, Pennsylvania State University, University Park, PA, 
USA, 4Department of Allied Health Science, University of Connecticut, Storrs, CT, USA 
 
This study analyzes self-reported smell alterations (SRSA) and measured smell impairment (MSI) based on an odor identification task. Data were col-
lected in NHANES, 2011-2014, a continuous cross-sectional national health survey. In home interviews, participants (n=7,413; aged >40 years) an-
swered questions about their sense of smell, including smell alterations last year, since age 25, and phantosmia. Of these, 4,802 adults completed a tech-
nician-administered, 8-odor identification task. Prevalence of any SRSA was 22.3% (32.1 million, M): 10.4% reported problems during past year and 
16.2% since age 25; 6.5% reported phantosmia. Of those with SRSA, nearly half (47.9%) said “always present”; the rest said “comes and goes.” If adults 
who reported poorer perception of food flavors since age 25 (i.e., reduced retronasal olfaction) are included, then the prevalence is 26.2% (37.7 M). In 
contrast, the prevalence of MSI (unable to identify at least 6 of 8 odors; viz., hyposmia or anosmia) was 13.2% (17.1 M). Age was the strongest risk fac-
tor; of those >70 years, 30.3% had MSI (vs 6.7% for 40-54 years). Among adults >70 years, 20.3% and 31.3% misidentified smoke and natural gas odors, 
respectively. Although more women had SRSA, men had higher MSI risk (odds ratio=1.8; 95% confidence interval, 1.2-2.6). In multivariable analysis, 
non-Hispanic black or Asian race/ethnicity, and lower education or income was associated with increased MSI risk. Significant clinical MSI risk factors 
were persistent dry mouth, cancer, and stroke; moderate-to-vigorous exercise was protective. Only 17.2% with SRSA had ever discussed it with a health-
care provider. Olfactory dysfunction, by self-report and functional testing, is a major public health problem with a prevalence comparable to hearing or 
vision loss.  
 
Funding Acknowledments: The National Health and Nutrition Examination Survey (NHANES), 2011-2014, was co-funded by the NIDCD/NIH and 
the National Center for Health Statistics (NCHS)/Centers for Disease Control and Prevention (CDC) via Interagency Agreement: NIDCD Y1-DC-0013 
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REDUCED INTRINSIC CORTICAL CONNECTIVITY IN ANOSMIA  
Johan N. Lundström1,2,3, Moa G. Peter1, Hagen Kitzler4, Amelie Betz4, Thomas Hummel4 
1Karolinska Institutet, Stockholm, Sweden, 2Monell Chemical Senses Center, Philadelphia, PA, USA, 3University of Pennsylvania, Philadelphia, PA, USA, 
4Technical University Dresden, Dresden, Germany 
 
A plethora of studies have demonstrated that blindness causes massive functional and structural neural changes. The few studies exploring plastic 
changes due to anosmia have, however, demonstrated modest-to-no anosmia-dependent changes in olfactory cortex; this can potentially be explained 
by a reliance on structural measures. On the other hand, functional connectivity MRI in the absence of a task (resting-state scanning, RSS) shows acti-
vation patterns similar to those evident during a task and is highly correlated with underlying structural connectivity. For blindness and deafness, RSS 
functional connectivity also correlates with functional and structural anatomy changes due to brain plasticity. Therefore, RSS where no sensory stimuli 
are needed is an ideal method to explore plastic changes due to total sensory loss. With the aim of determining anosmia-induced changes in functional 
connectivity within and from the olfactory cortex, individuals with acquired olfactory loss (post-infectious and idiopathic) and matched controls under-
went a 9 min RSS (3T scanner), optimized for good olfactory cortex signal. Preliminary analyses demonstrate that individuals with acquired olfactory 
loss have a marked reduction in functional connectivity within olfactory-related cortical areas. Moreover, anosmia induces a reduction in connectivity 
between olfactory areas and wide-spread cortical structures. Taken together, these data suggest that anosmia alters the intrinsic connectivity of both 
mono- and polysynaptic connections, changes that might have behavioral implications for patients suffering from acquired anosmia.  
 
Funding Acknowledments: Supported by grants from the Knut and Alice Wallenberg Foundation (KAW 2012.0141) to JNL and Deutsche Forschungs-
gemeinschaft to TH (DFG HU441/18-1). 
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INDIVIDUALS WITH ANOSMIA DEMONSTRATE ENHANCED PERFORMANCE IN A MULTISENSORY BINDING TASK  
Moa G. Peter1, Danja K. Porada1, Christina Regenbogen1,2,3, Mats J. Olsson1, Johan N. Lundström1,4,5 
1Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden, 2Department of Psychiatry, Psychotherapy and Psychosomatics, Medical 
School, RWTH Aachen University, Aachen, Germany, 3JARA - BRAIN Institute 1: Structure Function Relationship, Jülich, Germany, 4Monell Chemical Sens-
es Center, Philadelphia, PA, USA, 5Department of Psychology, University of Pennsylvania, Philadelphia, PA, USA 
 
Auditory and visual sensory loss have been shown to promote enhanced abilities in the respective remaining sensory modality. In contrast, cross-modal 
compensation in anosmia has obtained very little attention. Given that the olfactory sense depends on heterogeneous sensory cerebral areas, we hy-
pothesize that anosmia has supra-modal consequences, manifesting itself as a more efficient information processing of multimodal stimuli. To examine 
this, individuals with anosmia and an age-matched group of healthy controls performed two experiments investigating the ability to integrate simple or 
complex audio-visual stimuli. In Experiment 1, bimodal temporal congruency perception was assessed in a simultaneity judgement task using simple, 
low-level stimuli: a beep was presented either synchronously with a flash or asynchronously, ranging from -300 to +300 ms relative to the flash onset. 
Individuals with anosmia, compared to controls, exhibited a significant narrowing of the temporal binding window, i.e., a smaller lag between the onset 
of beep and flash for which the stimuli are perceived as simultaneous. In Experiment 2, integration of complex multisensory information was assessed 
using individually thresholded, dynamic stimuli (2s audio and video clips of natural objects overlaid with noise). Participants had to identify objects 
in either uni- or congruent bimodal presentations. Both individuals with anosmia and controls demonstrated robust multisensory integration effects; 
however, there was no significant difference between groups. Taken together, these results suggest that olfactory loss might sharpen the perception of 
cross-modal temporal violations of low-level stimuli, possibly a multisensory compensational mechanism, but has little effect on the integration of com-
plex, dynamic stimuli.  
 
Funding Acknowledments: Supported by a grant from the Knut and Alice Wallenberg Foundation (KAW 2012.0141) awarded to JNL. 
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DIETARY PATTERNS AND FOOD PREFERENCES IN A POPULATION OF DUTCH PATIENTS SUFFERING FROM SMELL LOSS  
Elbrich M. Postma1,2, Lisan Jonker1, Sanne Boesveldt1 
1Division of Human Nutrition, Wageningen University, Wageningen, Netherlands, 2Smell and Taste Centre, Hospital Gelderse Vallei, Ede, Netherlands 
 
Olfaction plays a major role in eating behavior, but little is known about the effect of the loss of the sense of smell on eating behavior. This study inves-
tigated dietary patterns and food preferences in patients with a smell disorder. Members of the Dutch Anosmia Foundation (DAF) filled out an online 
questionnaire about consumption of 8 different components (vegetables, fruit, fiber, fish, saturated fat, trans fatty acids, salt and alcohol; scale 0-10) 
within the Dutch Dietary Guidelines (DDG) (n=105) and performed the Macronutrient and Taste Preference Ranking Task (MTPRT) (n=71) to mea-
sure preference for fat, carbohydrates, protein, low energy and sweet and savory (scale 0-5). Outcomes were compared to scores of participants in a local 
population study for the DDG (n=1235) and the MTPRT (n=714). For the DDG, overall adherence score to the guidelines was not significantly differ-
ent from the control group. Nevertheless, adherence scores for fiber, trans fatty acids and alcohol were significantly lower in the DAF group. Adherence 
scores in the DAF group were highest for trans fatty acids (8.9±3.2) and lowest for fish (5.2±3.4). Control and DAF participants showed a similar pattern 
in preferences within the MTPRT, with the lowest preference score for carbohydrates and highest preference score for low energy. Sweet was preferred 
over savory. Participants with congenital anosmia showed different macronutrient preferences, with the highest preference score for fat (2.8±0.1) and 
a significantly lower preference for low energy. No major differences in eating patterns and food preferences were found, except for participants who 
suffered from congenital anosmia. Future research should focus on the effects of cause and duration of loss of smell on eating behavior in a larger popu-
lation.  
 
Funding Acknowledments: This research was financially supported by the Dutch Anosmia Foundation. 
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DEVELOPMENT OF AN INTERNATIONAL ODOR IDENTIFICATION TEST FOR CHILDREN  
Valentin A Schriever 
Department of Neuropediatrics, TU Dresden, Dresden, Germany 
 
Aim: Olfactory dysfunction in children can be due to several reasons e.g. head injury, allergic rhinitis. The true prevalence of olfactory dysfunction in 
children is not known. Previous studies suggested that about 1% of the children suffer from olfactory dysfunction. It is thought that olfactory dysfunc-
tion in children is under-diagnosed, largely due to a missing, reliable olfactory test for children. Aim of this project was to develop an international odor 
identification test for children to overcome this problem. Material and methods: The study was conducted in 19 countries worldwide. The odor identifi-
cation test was developed in three steps. Step1) Identifying odor items, which are know to children based on 36 pictures and questionnaires; Step2) de-
signing an odor identification test based on best known items from step1 and using the “Sniffin’ Sticks” for odor presentation in a four alternative forced 
choice task; Step3) Obtaining normative date for the new odor identification test for children.  
 
Results: More than 1500 children age 6-7 years participated in the study. Step1 and 2 are completed. Based on the 36 pictures of Step1, 17 odor items 
were internationally well known to children. An odor identification test with these 17 items was tested in Step2 using the “Sniffin’ Sticks”. Out of these 17 
items children internationally identified 12 odors correctly with a high percentage. Therefore these 12 items (apple, orange, banana, coffee, fish, flower, 
strawberry, peach, onion, butter, grass, lemon) were used for the new international odor identification test for children. Phase 3 - obtaining normative 
data for the odor identification test for children is still in progress. The study (all three Steps) will be reported at the conference in detail.  
 
Funding Acknowledments: Else Kröner-Fresenius-Stiftung VAS 
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IN SEARCH OF A GRID-LIKE CODE IN HUMAN OLFACTORY NAVIGATION  
Xiaojun Bao, Eva Gjorgieva, James D Howard, Thorsten Kahnt, Jay A Gottfried 
Northwestern University, Chicago, IL, USA 
 
Grid cells in the entorhinal cortex (EC) of rodents, primates, and humans represent spatial location in a hexagonal coordinate system. Such cells have 
been observed when animals navigate in physical or virtual reality space. Furthermore, because grid pattern orientations are largely consistent across the 
spatial extent of EC, grid-like activity can also be observed using fMRI techniques. Recent work has shown evidence of grid-like codes when subjects 
navigate in a 2-D abstract “bird” space, supporting the hypothesis that the brain organizes concepts into a hexagonally organized mental map. In this 
study, we used odor stimuli to test whether the human brain uses a grid-like architecture to support non-spatial concepts. Subjects navigated in a 2-D 
odor “space”, composed of binary mixtures of pine and banana odors. We used 6 intensities of pine and banana, yielding a total of 36 mixtures. Subjects 
were trained extensively to gain familiarity with the odor space. During behavioral training and subsequent fMRI scanning sessions, subjects performed 
an odor prediction task, first smelling one odor mixture, and then predicting what the second odor would smell like based on its intensity “transloca-
tion” in odor space. Across 12 subjects, performance accuracy increased across 4 days of training, and they performed above chance during the scan-
ning, confirming their ability to navigate through a non-spatial perceptual space. Analysis of the fMRI data is ongoing, and is designed to test the hy-
pothesis that grid-like odor representations are present in entorhinal cortex and ventromedial prefrontal cortex.  
 
Funding Acknowledments: NIDCD R01DC010014 JAG 
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COGNITIVE LOAD ALTERS NEURONAL PROCESSING OF FOOD ODORS  
Sonja M Hoffmann-Hensel1, Rik Sijben1, Rea Rodriguez-Raecke1,2, Jessica Freiherr1,2 
1Diagnostic and Interventional Neuroradiology, University Hospital, RWTH Aachen University, Aachen, Germany, 22Fraunhofer Institute for Process Engi-
neering and Packaging IVV, Freising, Germany 
 
Previous studies indicate that distraction (e.g., watching TV) during eating increases food intake and leads to impaired processing of food stimuli. Since 
olfaction renders the most important sense during flavor perception, we here examined the influence of cognitive load on olfactory perception and 
processing using a cognitive load paradigm during an fMRI study. Low (apple, orange) and high caloric food odors (chocolate, caramel) were presented 
in combination with either low or high cognitive load in a letter memory task. The efficacy of the memory task was verified by a lower task accuracy and 
an increase in skin conductance response during the high compared to low cognitive load condition. Our behavioral data reveals a diminished perceived 
intensity for low but not high caloric food odors during the high cognitive load condition. For low caloric food odors, both bilateral orbitofrontal (OFC) 
and piriform cortices (pirC) showed significantly lower activity during high compared to low cognitive load condition. For high caloric food odors, a 
similar trend was established in pirC but not OFC. We conclude that the increase of food intake during high workload conditions can at least partly be 
explained by an alteration of activation of typical olfactory processing nodes resulting in a diminished olfactory perception. The increase of food con-
sumption can consequently be interpreted as compensation mechanism for the aroma and flavor loss caused by cognitive distraction. Acknowledge-
ment: Funding for this study was provided by the Diversity Fund of RWTH Aachen University.  
 
Funding Acknowledments: Funding for this study was provided by the Diversity Fund of RWTH Aachen University. 
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MEMORY ENHANCES SEARCH STRATEGIES DURING ODOR-GUIDED FORAGING  
Brian J Jackson1, Sujean Oh1, Venkatesh Gopal2, Agnese Seminara3, Gusti Lulu Fatima1, David H Gire1 
1Department of Psychology, University of Washington, Seattle, WA, USA, 2Physics Department, Elmhurst College, Elmhurst, IL, USA, 3CNRS, Univ. Nice 
Sophia Antipolis, Nice, France 
 
Odor-guided searches are notoriously difficult due to the sparse and intermittent nature of odor plumes. The ability of rodents to form internal repre-
sentations of their environment could allow them to apply learned spatial information to dynamic environments, creating a map that would act to lessen 
the cognitive load required to use the complex sensory cues in odor plumes and greatly increase the effectiveness of odor-guided searches. To investi-
gate this we constructed a large (2.5m x 1m) fully-automated open field arena that allowed us to distribute food pellets at precise locations throughout 
the arena without being restrained to defined reward locations. Using this system we precisely monitored search behavior while controlling the amount 
of information each animal had about possible pellet locations. Long-Evans rats foraged for sucrose pellets under far red light, which they cannot see, 
forcing them to rely upon olfactory cues to navigate. Rats were divided into two groups and were either trained on predictable or unpredictable pellet 
locations. Within a few days of training, all rats were able to complete the task quicker by decreasing their distance traveled and/or by increasing their 
velocity. Animals trained on the fixed condition had an increased number of efficient, stereotyped trajectories that persisted in the absence of pellets. 
Additionally, the frequency of direct approaches increased as rats traveled to pellet locations that were more predictable. These results suggest that rats 
form distinct foraging strategies based on learned probabilities of resource locations, switching from a memory-based strategy to a strategy that relies on 
olfactory cues in the case of unpredictable pellet locations. Further experiments will seek to elucidate the neural correlates behind this behavior.  
 
Funding Acknowledments: NIDCD DC013305 (DHG); University of Washington Royalty Research Fund (DHG); Graduate Opportunities and Minority 
Achievement Program Presidential Fellowship (BJJ); Levinson Emerging Scholars Award (GLF) 
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EVENT RELATED POTENTIALS FOR OLFACTION AND GUSTATION, DURING SIMULTANEOUS JUDGEMENT  
Tatsu Kobayakawa, Naomi Gotow 
National Institute of Advanced Industrial Science and Technology, Tsukuba, Ibaraki, Japan 
 
Synchronicity of gustation and olfaction in food intake seriously will affect recognition of food perception. The synchronicity, however, is rarely inves-
tigated for integration process of gustation and olfaction. In this study, therefore, we focused on the synchronicity perception between gustation and 
olfaction. We used taste stimulator which was able to present pure gustation without tactile stimuli, and the timing of taste stimuli to tip of participants’ 
tongues was measured in real time by three optical sensors. We also used olfactometer equivalent Burghart’s OM4, with original developed real time 
stimulus monitoring using ultrasonic sensor. We used vision stimuli using LED in control condition. We investigated temporal resolution (half-width at 
half-height for synchronicity distribution) for “vision and audition”, “olfaction and vision”, and “gustation and vision”, and found N.S. among them, using 
coumarin for odorant and NaCl for tastant for incongruent condition. On the other hand, when we used soy-source flavor for odorant and the NaCl for 
tastant, congruent condition, the temporal resolution was significantly decreased. This phenomenon would imply that participants feel difficulty in sepa-
rated perception for olfaction and gustation. Next, in order to investigate neural mechanism for this effect of congruent smell and taste combination, we 
tried to measure olfaction and gustation event related potentials. And we compared potentials when they judged the timing for odorant and tastant in 
the same time (synchronous judgement, SJ) or not separately (asynchronous judgement, AJ). We found that the amplitude of potential was significantly 
greater in SJ than AJ for gustatory potentials, and olfactory potentials showed larger latency for SJ than AJ.  
 
Funding Acknowledments: This study was also partially supported by JSPS KAKENHI Grant. 
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SUBJECTIVE AND OBJECTIVE EVALUATION OF THE OLFACTORY SYSTEM AFTER A MILD TRAUMATIC BRAIN INJURY  
Fanny Lecuyer1,2,4, Joelle Robert2,7, Karine Nadeau-Paquet1,2, Anas Nseir5, Jean-Francois Giguere2, Louis de Beaumont2,3, Elaine de Guise1,4,6, Johannes 
Frasnelli2,3 
1University of Montreal, Montreal, QC, Canada, 2Hopital Sacre-Coeur, Montreal, QC, Canada, 3Université du Québec à Trois-Rivières, Trois-Rivières, QC, 
Canada, 4Centre de recherche interdisciplinaire en réadaptation du Montréal métropolitain , Montreal, QC, Canada, 5Hopital Santa-Cabrini, Montreal, QC, 
Canada, 6Research Institute-McGill University Health Center , Montreal, QC, Canada, 7University of Sherbrooke, Montreal, QC, Canada 
 
Olfactory dysfunction is frequently reported by patients with traumatic brain injury (TBI). Previously we presented preliminary data from 9 patients 
and 9 controls suggesting higher rates of parosmia/phantosmia as assessed with the questionnaire of olfactory disorders in acute mild TBI. However, 
these higher scores were correlated with scores on depression and anxiety questionnaires making it unclear whether higher parosmia/phantosmia scores 
were the result of a true qualitative olfactory impairment or rather represented a tendency to report more symptoms across several questionnaires. We 
therefore aimed to assess qualitative olfactory impairment with an objective measure, in 35 patients with acute (within one month after the trauma) 
mild TBI and 29 controls. Specifically we used the label effect protocol to evaluate olfactory perception. In this task participants indicate the presence or 
absence of an odor. In one condition they are presented with an odor, in the other they are presented with an odorless air puff. Patients with mild TBI 
committed significantly more false positives (i.e., indicated an odor when no odor was delivered), and this for all the odors presented. Further, in this 
larger sample parosmia scores and measures of depression and/or anxiety were not significantly correlated. As in this task each odor is presented with 
a positive and a negative label, the test also allows to investigate top down processing of odor perception by examining ratings of pleasantness and edi-
bility. We did not observe any difference between patients and controls on these measures. These findings suggest the presence of a qualitative olfactory 
impairment in the first month following a mild TBI. Further, we provide a method which has the potential to measure qualitative olfactory dysfunction 
objectively.  
 
Funding Acknowledments: NSERC: RGPIN-2015-04597 FRQS: 30859 
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CHANGE IN DETECTION THRESHOLDS FOLLOWING LOW-LEVEL, INTERMITTENT, LONG-TERM EXPOSURE TO SWEAT MAL-
ODOR MODEL  
Krytyna M. Rankin, Aleksey Dumer, Anshul Jain 
International Flavors & Fragrances Inc. , Union Beach, NJ, USA 
 
As part of IFF Malodor Research we engage trained panelists (referred to as ‘malodor’ panelists) to evaluate the intensity of various IFF proprietary mal-
odor models (e.g., sweat, bathroom, cigarette smoke) in the context of fragrance ingredients and full fragrances. The objective of these tests is to evaluate 
the efficacy of the ingredients and compounds in reducing the perceived intensity of a given malodor. We have observed that, over time, as a group, the 
malodor panelists rate the intensity of the most frequently used malodors significantly lower than either other trained panelists who do not participate 
in regular malodor evaluations (i.e., ‘non-malodor’ panelists) or untrained/naïve consumers. On average, the malodor panelists rate the sweat malodor 
model two to three times less intense than non-malodor panelists or naïve consumers. To better understand and quantify these differences we are mea-
suring detection thresholds of the malodor and non-malodor panelists for both sweat malodor and other non-malodor odors. These results and their 
implications for certain types of testing protocols used with trained panels will be discussed.  
 
Funding Acknowledments: International Flavors & Fragrances Inc.  
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CONSISTENCY OF ODOR PERCEPTION: EFFECT OF TRAINING  
Nao Takayama1, Saho Ayabe-Kanamura2 
1Graduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan, 2Faculty of Human Sciences, University of Tsukuba, Tsukuba, 
Japan 
 
The impression of an odor is not always consistent every time smelling the odor. In our previous research, the correlations between similarity ratings in 
twice   of individuals were low and the instability of the odor perception was shown. This suggests that participants have some trials which they couldn’t 
rate accurately (“noise”). This study investigated the hypothesis that if participants would be well trained to discriminate odor stimulus character before 
ratings, their similarity ratings become more stable. Apple (A), grapefruit (G), peach (P) (“single” odor), and “binary” mixtures (AG, AP, GP) were used 
as odor stimuli. The training group (n = 14) instructed to smell and remember the characteristics of three odors (AG, AP, GP) until they could discrim-
inate all of them before the rating phase. After training (around 15minutus), participants rated the similarities for fifteen odor pairs using Visual Analog 
Scale (0: not similar, 100: similar). Control group (n = 8) rated similarities for all pairs without getting training. Same training and rating phase were 
conducted within three days. The results showed that correlations between the first and the second similarity ratings in training group were r = -0.07 - 
0.81, in control group were r = -0.24 - 0.59. The correlation between first and the second similarity ratings of means among each groups were r = .91, r = 
0.76 respectively. This result supported the our previous study that increasing the number for average make a decrease the effect of “noise” in similarity 
ratings, and suggested that learning the characteristics of odors could get more stable similarity rating date with fewer subject. Furthermore the training 
group rated each of pairs’ similarities in more wide range than the control group.  
 
Funding Acknowledments: University of Tsukuba 
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OLFACTORY AWARENESS PREDICTS THE VALUE OF OLFACTORY CUES IN ROMANTIC INTEREST  
Theresa L. White1,2, Caitlin Cunningham1 
1Le Moyne College, Syracuse, NY, USA, 2SUNY Upstate Medical University, Syracuse, NY, USA 
 
The value of olfactory information in mate selection as indicated by the Romantic Interest Survey (RIS) has been reported to vary by sex (Herz & 
Inzlicht, 2002) and sexual orientation (White & Cunningham, 2016), but the reason for these differences is not clear. It is possible that people who are 
more cognizant of olfactory sensations generally also tend to value that information highly in the specific circumstance of selecting a mate. However, 
results from the Olfactory Awareness Survey (OAS; Smeets et al., 2008), which measures the relevance of olfactory information in daily life vary consid-
erably as to whether sex differences (e.g., Dematté et al, 2011; Sodavari et al., 2015; Nováková et al., 2014) exist in terms of awareness. The present study 
explored the relationship between odor awareness and the value of olfactory information in mate selection by presenting both the RIS and the OAS to 
453 individuals: 142 heterosexual women, 161 heterosexual men, and 150 gay men. Only the olfactory-relevant questions of the RIS were considered in 
the analysis. A regression revealed that the overall average of the OAS scores was predictive of the average score on the questions relevant to olfaction 
on the RIS (β = .609, t = 8.34, p <.001), however neither sex nor sexual orientation affected that relationship. When only the RIS question regarding the 
importance of a future lover’s smell was considered, both the OAS (β = .499, t = 4.69, p <.001) and sexual orientation affected the model. Gay men had 
a significantly lower intercept (reflective of score on the RIS) than both heterosexual men (β = .413, t = 2.65, p = .008) and women (β = .552, t = 3.67, p 
<.001); However, group membership did not affect the slope of the regression line predicting the response to this question. These results indicate that 
odor awareness, regardless of group membership, contributed to the relevance of olfactory information in romantic interest. When specifically consider-
ing the importance of the smell of a future mate, sex and sexual orientation are contributing variables.  
 
Funding Acknowledments: Funding for this project was provided by the Participant Stipend Fund of the Department of Psychology at Le Moyne College 
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FLAVOR ADAPTATION AND RECOVERY  
Cristina Jaen, Christopher Maute, Pamela Dalton 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
The enjoyment of foods and beverages relies largely on the perception of retronasal aroma to differentiate oral sensations that result in flavor. With 
repeated exposure to the same volatiles, olfactory adaptation occurs in which the olfactory system down-regulates the sensations at multiple levels of 
the system. The purpose of this study was to understand the role of retronasal olfactory adaptation in relation to flavor perception. Adaptation func-
tions were obtained by delivering either a minty odor or air retronasally using an olfactometer and by constant delivery of a sweet taste solution or wa-
ter. Twelve participants (6 males, 6 females) rated the intensity of taste, aroma, and overall flavor sensation over 15 minutes of stimuli application while 
chewing on a bolus to mimic mastication / in-mouth processes. At several post-adaptation times, the stimuli were reintroduced to measure the degree of 
recovery from adaptation. Overall flavor adaptation was quite similar in all three conditions of tastant only delivery, aroma only delivery, and combina-
tion of tastant and aroma delivery. To observe recovery from the final adaptation rating, at least one minute of waiting time should be observed for taste 
adaptation and 2 minutes for aroma and flavor adaptation. Waiting up to 120 seconds post-adaptation to reintroduce the stimulus was not enough time 
to allow full recovery from adaptation (e.g., initial ratings).  
 
Funding Acknowledments: Monell 
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SUCROSE BUT NOT SALT THRESHOLDS ARE ASSOCIATED WITH FOOD NEOPHOBIA IN CHILDREN  
Paule V. Joseph1, Nuala K. Bobowski2,3, Danielle R. Reed 2, Julie A. Mennella 2 
1National Institutes of Health/ NINR, Bethesda, MD, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA, 3St. Catherine University, St. Paul, MN, 
USA 
 
Food neophobia, the reluctance to eat new foods, is a common trait of childhood. A negative reaction to new foods is associated with poorer dietary 
quality including lower intake of fruits and vegetables. However, why some children are more neophobic than others is unknown. However, individual 
differences in flavor perception may play a role, e.g., if pleasant tastes of new foods are not salient to particular children. To explore this question, salt 
and sucrose taste detection thresholds were determined via a validated two-alternative, forced-choice, paired comparison tracking procedure in 97 chil-
dren (7-14 years) and the Food Neophobia Scale and Child Temperament Questionnaire was completed by their mothers. Sucrose detection thresholds 
were positively associated with negative reaction to foods [p=0.002] and food neophobia [p=0.045]. The less sensitive the child was to the sweet taste of 
sucrose, the more likely he or she scored high for negative reaction to foods and food neophobia. We found no relationship between salt taste thresholds 
and these measures or between salt and sucrose thresholds. Children who are sensitive to sucrose at low concentrations may be more willing to eat new 
foods because they are better able to sense its positive or rewarding aspects, e.g., sweetness. This specificity to sweetness but not saltiness also points to 
the stimulation of reward pathways associated with sweetness. Given the dietary recommendation to reduce intake of added sugars, an understanding of 
how sweet perception relates to other aspects of food choice and behavior is essential, especially for children.  
 
Funding Acknowledments: This project was funded by R01DC011287 and supported by P30DC011735 from the National Institute on Deafness and Oth-
er Communication Disorders. The content is solely the responsibility of the authors and does not necessarily represent the official vie 
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INDISCRIMINABILITY OF EQUICALORIC SUCROSE AND GLUCOSE SWEETENED BEVERAGES  
Matthew / C. Kochem1, Paul / A.S. Breslin1,2 
1Rutgers University Department of Nutritional Sciences, New Brunswick, NJ, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Despite the proliferation of low calorie and non-caloric sweetening systems, sucrose and high fructose corn syrup (HFCS) remain the most commonly 
used sweetener systems in beverages. Other sweeteners under consideration include saccharides such as glucose, and non-caloric, natural sweeteners 
such as stevioside or mogroside. Glucose is not an ideal sweetening ingredient because of its weak sweet-eliciting potency. Non-caloric, natural sweet-
eners, such as stevioside, exhibit high sweetness potency, but they are easily distinguished from sucrose because of off-tastes, lingering aftertastes, and 
possibly the absence of a caloric reward. In this study, we sought to determine whether a fructose-free, carbohydrate sweetener system, comprised of 
glucose and stevioside in mixture, could be rendered indistinguishable from sucrose. We first formulated a non-carbonated mixture of glucose + stevio-
side that was equicaloric and equisweet to a sucrose-sweetened beverage. We used a highly sensitive duo-trio, two-alternative, forced-choice discrimina-
tion test to determine whether 12 participants could distinguish between the sucrose and the glucose + stevioside beverages. Each panelist was tested in 
60 trials. We next extended the study by adding carbonation to the beverages and tested a panel of 10 participants. We found that in both the carbonated 
and non-carbonated conditions, the majority of our panelists perceived glucose + stevioside beverages difficult to distinguish from sucrose beverages 
with some participants finding the two indistinguishable. This study demonstrates that mixtures of glucose and stevioside can be prepared that are in-
distinguishable from conventional sweeteners such as sucrose, thereby illustrating that fructose-free, carbohydrate-sweetened beverages may be another 
option for manufacturers.  
 
Funding Acknowledments: NIH DC 014286 PASB 
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TASTE ASSOCIATIONS WITH DEPRESSION IN US ADULTS AGED 40+ YEARS: THE NATIONAL HEALTH AND NUTRITION EXAM-
INATION SURVEY (NHANES), 2011-2014  
Chuan-Ming Li1, Howard J. Hoffman1, Shristi Rawal2, Nadia K. Byrnes3, John E. Hayes3, Valerie B. Duffy4 
1Epidemiology and Statistics Program, National Institute on Deafness and Other Communication Diseases (NIDCD), National Institutes of Health (NIH), 
Bethesda, MD, USA, 2Division of Intramural Population Health Research, Eunice Kennedy Shriver National Institute of Child Health and Human Develop-
ment (NICHD), National Institutes of Health (NIH), Bethesda, MD, USA, 3Department of Food Science, Pennsylvania State University, University Park, PA, 
USA, 4Department of Allied Health Sciences, University of Connecticut, Storrs, CT, USA 
 
Associations between depression and taste have not been well-studied in nationally-representative population samples. Here, we investigate associations 
between depression and taste and identify risk factors in those with self-reported taste alteration (TA). Of 7,418 adults aged 40+ years in NHANES 2011-
2014, 7,413 self-reported TA and 6,739 completed a Mental Health-Depression Screener (9-item Patient Health Questionnaire; PHQ-9). Taste function 
was also assessed for 4,296 adults (NHANES 2013-2014): whole-mouth intensity of a bitter solution (1 mM quinine hydrochloride) was rated using a 
generalized labeled magnitude scale(gLMS). We used logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs). Prevalence 
of moderate or severe depression [MSD] (defined as PHQ-9 score ≥10) was 8.8% in all participants. Among participants with MSD, 25.4% reported 
taste problems in the past year, 19.2% reported worse ability to taste salt, bitter, sour or sweet compared to age 25, 28.8% reported persistent unpleasant 
tastes in their mouth last year. Prevalence of MSD in participants in the top and bottom deciles on the gLMS for quinine intensity were 17.4% and 6.2%. 
Adjusting for disability, environmental, lifestyle, clinical, and socioeconomic factors, MSD was associated with: taste problems last year (OR=2.24; CI: 
1.30-3.86); worse ability to taste compared to age 25 (OR=1.59; CI:1.03-2.46); persistent tastes in mouth last year (OR=2.05; CI:1.17-3.58); and the top 
decile of quinine intensity (OR=2.09; CI:1.13-3.85). Among those who self-reported TA, MSD was significantly associated with age, poor oral health, 
persistent dry mouth, head injury with loss of consciousness, sinus infections, gout, serious difficulty concentrating or walking, and products used in the 
home to control insects.  
 
Funding Acknowledments: The National Health and Nutrition Examination Survey was co-funded by the NIDCD/NIH and National Center for Health 
Statistics (NCHS)/Centers for Disease Control and Prevention (CDC) via Interagency Agreement. 
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PERCEPTUAL SIMILARITIES OF INTENSITY MATCHED FOOD GRADE BITTERANTS OBTAINED WITH A SEMANTIC FREE TASK  
Elliott McDowell1,2, John E Hayes1,2 
1Sensory Evaluation Center, The Pennsylvania State University, University Park , PA, USA, 2Department of Food Science, The Pennsylvania State University, 
University Park , PA, USA 
 
Humans perceive a wide range of chemical classes as being bitter; these sensations occur via a receptor-mediated process involving activation of single 
or multiple hTAS2R receptors. Although bitterness perception has been extensively studied for decades, direct comparisons across studies is complicat-
ed by variation in the psychophysical methods used to quantify intensity; also, many prior studies only use a limited set of stimuli. More critically, even 
if two stimuli are isointense, they may not be qualitatively identical, and animal data suggest that prototypical bitter stimuli result in differential neural 
responses. Here, bitterants from a range of chemical classes were measured quantitatively for intensity using modern psychophysical methods; these 
stimuli were then compared qualitatively using a semantic-free sorting task where participants grouped the stimuli based on perceived similarity. Group 
level dose response functions were obtained via linear regression, and isointense concentrations were determined and verified for qualitative assessment. 
Sorting data were analyzed using DISTATIS, a variant of multidimensional scaling (MDS), and clusters of compounds were determined through cluster 
analysis. We found three distinct clusters of compounds on the basis of quality (not intensity): a) quinine hydrochloride, quinine sulfate and naringin; b) 
caffeine, theobromine, and sucrose octaacetate; c) L-tryptophan (high and low), L-phenylalanine, tetralone, and urea. These data support the idea that 
qualitative differences may exist between bitter stimuli even if we lack the semantic labels to describe these differences.  
 
Funding Acknowledments: The Pennsylvania State University, and U.S. Department of Agriculture Hatch Project [PEN04565] funds. 
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OLFACTORY TRAINING WITH CLIENTS SUFFERING FROM DEPRESSIVE DISORDERS  
Luise D Pabel1, Julia Murr1, Kerstin Weidner1, Thomas Hummel2, Ilona Croy1 
1Dept. of Psychotherapy and Psychosomatic Medicine, University Hospital, Dresden, Germany, 22Smell & Taste Clinic, Dept. of ORL, TU Dresden, Dresden, 
Germany 
 
Clinical studies have already shown the relationship between affective disorders and olfactory dysfunctions. The reason may be an anatomical overlap of 
cerebral areas, which process emotional and olfactory stimuli, especially the limbic system and the orbitofrontal cortex. People with diagnosed depres-
sion often have a reduced olfactory function, which, however, typically recovers in the course of psychotherapy. We therefore asked whether a training of 
olfactory function could facilitate recovery from depression. In an intervention study, we investigate whether a 4-month olfactory training has a positive 
effect on the ability to smell and on depressive symptoms, compared to a non-specific cognitive training as a placebo condition. The olfactory training 
comprises smelling on the four bottled odors citronellal, eugenol, eucalyptol and PEA twice a day for five minutes, whereas the control condition im-
plies solving Sudokus during the same period of time. The exclusively clinical sample is recruited from patients that present themselves with depressive 
disorders to a psychosomatic outpatient department. A subjectively at least mild depression score (BDI score >13) hence served as inclusion criterion. 
To date, the pre-post measurement was completed in 48 patients, 33 of whom are female, ranging from 20 to 85 years of age (M = 38, SD = 14). They 
were randomly assigned to one of the two conditions: olfactory or cognitive training. First results show a significant reduction of depressive symptoms 
over time for female participants in both groups, F(1) = 37.9, p<0.001, and a significant time by group interaction, F(1) = 4.18, p<0.05, indicating that 
female participants of the experimental group improved significantly more in reduction of BDI score (M = 9, SD = 7) than those of the control group 
(M = 5, SD = 4). Those first results may suggest that olfactory training can provide an easily accessible and cost-effective additional intervention for the 
treatment of depressive patients. Due to the current long waiting times for the access to psychotherapeutic treatment options, this low-threshold, lan-
guage-independent intervention possibility could also be attractive for waiting list patients. However, the training does not seem to be effective in every 
patient - we currently examine the mediating factors.  
 
Funding Acknowledments: The study was founded by a MeDDrive grant of the University of Dresden. 
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INVESTIGATION OF A NEW CHEMOSENSORY METHOD USING THREE TASTE INHIBITORS TO STUDY THE TASTE PERCEPTION 
MECHANISM IN DOMESTIC CATS: EXAMPLES OF BITTER, UMAMI AND KOKUMI TASTES  
Wiktoria Stawowska1, Aurélie De Ratuld1, Fabrice Neiers2, Loïc Briand2 
1Diana Pet Food, Elven, France, 2Centre des Sciences du Goût et de l’Alimentation, CNRS, INRA, Univ. Bourgogne Franche-Comté, Dijon, France 
 
Taste inhibitors are commonly used to study taste mechanisms in humans and rodents. We tried this technique to understand the taste perception in the 
domestic cat. Three tastes were selected: bitter, umami and kokumi, potentially very important to cats, due to their strict carnivorous nature. We used 
three taste inhibitors: ZnSO4, which inhibits bitter taste; gurmarin, a protein from the plant Gymnema sylvestre, which inhibits umami taste and the 
NPS-2143, an antagonist of the kokumi CaSR receptor. The method of administering inhibitors to cats was specifically developed for this study, to com-
ply with voluntary feeding, but still ensuring the intake of a specific amount of inhibitor. Specific jellies were proposed to a panel of 40 cats and followed 
by a versus test opposing cat dry diets coated with specially formulated palatability factors, representative of the three basic tastes to be studied. We used 
quinine for bitterness, IMP-GMP / sodium mono-glutamate for umami, and the same association enriched with glutathione for kokumi. At the panel 
level, the umami and kokumi foods were very significantly more consumed than the controls but consumption of gurmarin or NPS-2143 before the 
meal did not reduce this preference. The bitter food containing quinine was clearly rejected by cats, with no effect of ZnSO4. These initial results indicate 
that the three inhibitors tested in this study have no strong effect on cats. It would be interesting to compare the gene sequence of the taste receptors in 
humans, rats, mice and cats to check if the genetic variations across species may explain these first results. Moreover, the analysis of the first individual 
data suggests that like in other species, there may be different sensitivities between individuals, leading to different perception of taste inhibitors.  
 
Funding Acknowledments: Spécialités Pet Food 
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EFFECT OF OLFACTIVE COSTIMULATION ON TRIGEMINAL LOCALISATION  
Cécilia Tremblay1, Étienne Ouellet1, Johannes Frasnelli1,2 
1Université du Québec à Trois-Rivières, Trois-Rivières, QC, Canada, 2Sacré-Coeur Hospital, Montréal, QC, Canada 
 
The olfactory and trigeminal systems are intimately connected, and most of odorant will stimulate both systems; however, the degree of their interac-
tion remains unclear. One method to dissociate the perceptual contribution of both sensory systems is the localisation task. Localisation of an odorant 
(i.e. the correct identification of the stimulated nostril in a monorhinal stimulation design) is possible only if the odorant also stimulates the trigeminal 
nerve. Consequently, only mixed olfactory trigeminal stimuli can be localised, not pure odorants. Our objective was to evaluate the effect of an olfactory 
costimulation on the ability to localise a trigeminal stimulus. We investigated the ability of 32 healthy subjects to localise 2 odorants in 4 different condi-
tions: (1) a predominant trigeminal stimulus allyl isothiocyanate (AITC, mustard oil odor) (target) vs. odorless mineral oil (MO) presented to the con-
tralateral nostril; (2) AITC (target) vs a pure odorant phenyl ethyl alcohol (PEA, rose odor) presented to the contralateral nostril; (3) AITC + ipsilateral 
costimulation with PEA vs MO presented to the contralateral nostril; (4) PEA (target) vs MO presented to the contralateral nostril. In each condition 
we counted the number of correct responses in a series of 40 trials (the stimulated nostril on a given trial was selected at random). As expected, partic-
ipants were able to localise the predominant trigeminal stimulus AITC (condition 1,2,3) but were not able to localise the pure odorant PEA (condition 
4). Interestingly, ipsilateral costimulation with PEA significantly enhanced performance compared to contralateral costimulation. These results suggest a 
peripheral interaction.  
 
Funding Acknowledments: Natural Sciences and Engineering Research Council of Canada (CRSNG) Fonds de Recherche du Québec – Santé (FRQS), 
Université du Québec à Trois-Rivières Chaire de Recherche UQTR  
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CHEMICAL EXPOSURE ALTERS THE GENE EXPRESSION OF NEUROTROPHINS AND THEIR RECEPTORS IN THE MAIN OLFAC-
TORY SYSTEM DIFFERENTLY BETWEEN WILD TYPE AND SKN-1A KNOCKOUT MICE  
Abdullah Al-Matrouk1, Chantel wilson1, Tatsuya Ogura1, Weihong Lin1 
1University of Maryland Baltimore County, Biology Department , Baltimore, MD, USA, 3 , MD, USA 
 
The phospholipase C (PLC) signaling pathways mediate intracellular responses to variety of external and internal changes. We previously showed that 
direct activation of PLC leads to increases in intracellular Ca2+ levels in most olfactory sensory neurons (OSNs) and that the main olfactory epithelium 
(MOE) expresses multiple PLC isoform gene transcripts including γ1-2 at various levels. PLCγ1-2 are involved in neuronal structural plasticity, differen-
tiation and survival when activated by neurotrophins (NTs). Here, we investigated whether NTs and their receptor expression in the MOE and olfactory 
bulb (OB) are altered in wild type (WT) and Skn-1a knockout (Skn-1a-/-) mice, lacking TRPM5-expressing microvillous cells (MCs), after two-week 
chemical exposure. Skn-1a-/- mice display compromised olfactory-guided food searching behavior and social preference when exposed to strong odors 
and chitin (Lemons et al., 2015, AChemS Abstr). Using RNA in situ hybridization, we found that TrkB, TrkC and p75 receptors and NT3 and NT4 gene 
transcripts were mostly expressed in the OSN layer. In the OB, TrkB and NT4 transcripts were found in the mitral cell and granule cell layers. Using 
qPCR, we found that chemical exposure led to significantly decreased p75 in the MOE and TrkB in the OB of WT mice. In the Skn-1a-/- mice, expres-
sion of all of the NTs and their receptors were increased and the changes in BDNF, p75 and NT4 were statistically significant in the MOE after exposure. 
Furthermore, we found that there were differences in the changes of the gene expression between the anterior and posterior MOE in both WT and Skn-
1a-/- mice. Our data indicate TRPM5-expressing MCs in the MOE can affect the chemical exposure-induced changes in the expression of NTs and their 
receptors.  
 
Funding Acknowledments: Funded by NIH/NIDCD 012831 to W. Lin.  
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  82

P125 
OLFACTORY RECEPTOR NEURONS

POSTER SESSION I 
THURSDAY, 8:00 AM - 10:30 AM

 
A CRITICAL TEST OF THE SORPTION HYPOTHESIS IN THE MOUSE: COMPARISONS OF SIMULATED ODORANT SORPTION 
PATTERNS WITH REGIONAL ELECTROOLFACTOGRAM RESPONSES ACROSS THE OLFACTORY EPITHELIUM.  
David/M Coppola1, Brittaney Ritchie1, Brent/A Craven2 
1Biology, Randolph-Macon College, Ashland, VA, USA, 22Mechanical & Nuclear Engineering, Pennsylvania State University, Penn State, PA, USA 
 
Sensory epithelia contain arrays of receptor cells that transform specific types of stimuli into neural signals that form an organism’s ‘knowledge’ of their 
environment. The spatial distribution of receptors on these surfaces (e.g. retina and skin) is often dramatically non-uniform to gain efficiency in infor-
mation capture and neural processing. By contrast, odors, unlike visual and tactile stimuli, have no obvious spatial dimension. What need then could 
there be for either nearest-neighbor relationships or anisotropic distributions of receptor cells in the olfactory epithelium (OE)? More than a half cen-
tury ago, Adrian provided the only widely debated answer to this question when he posited that the physical properties of odors, such as volatility and 
water solubility, determine a spatial pattern of stimulation across the OE that could aid in odor discrimination. Unfortunately, despite its longevity, few 
critical tests of the ‘sorption hypothesis’ exist. Here we report our latest results in an ongoing effort to directly test the predictions of this hypothesis by 
mapping mouse OE responses using the electroolfactogram (EOG) and comparing these response ‘maps’ to new computational fluid dynamics (CFD) 
simulations of airflow and sorption patterns in the nasal cavity. CFD simulations were performed with typical airflow velocity estimates for quiet-breath-
ing and for sniffing. Consistent with predictions of the sorption hypothesis, water-soluble odorants tended to evoke larger EOG responses centrally 
than peripherally. However, sorption simulation patterns along individual nasal turbinates for particular odorants did not correlate with their---often 
marked---EOG response gradients. This lack of correlation was true both for CFD sorption simulations using airflow velocities for quiet-breathing and 
sniffing. Thus, while we find little support for an “inherent” pattern of odorant sensitivity in the OE designed to take advantage of local odor sorption 
profiles, our results add to a growing body of evidence that central OE (dorsal recess) has become specialized for different functions than the peripheral 
OE.  
 
Funding Acknowledments: NSF IOS-1655113 
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A SINGLE IDENTIFIED GLOMERULUS IN THE ZEBRAFISH OLFACTORY BULB CARRIES THE HIGH-AFFINITY RESPONSE TO 
THE DEATH-ASSOCIATED ODOR CADAVERINE  
Milan Dieris, Gaurav Ahuja, Venkatesh Krishna, Sigrun Korsching 
University of Cologne, Cologne, Germany 
 
The death-associated odor cadaverine, generated by bacteria-mediated decarboxylation of lysine, has been described as the principal activator of a par-
ticular zebrafish olfactory receptor, TAAR13c. Low concentrations of cadaverine mainly activate TAAR13c-expressing olfactory sensory neurons, sug-
gesting that TAAR13c is an important element of the neuronal processing pathway linking cadaverine stimulation to a strong aversive innate behavioral 
response. Here, we characterized the initial steps of this neuronal pathway. First we identified the cell type of TAAR13c-expressing cells as ciliated neu-
rons, equivalent to the cell type in which mammalian taar genes are expressed, which show a high degree of conservation despite the large evolutionary 
distance between teleost fishes and mammals. Next, we identified the target area of cadaverine-responsive OSNs in the olfactory bulb. We report that 
cadaverine dose-dependently activates a group of dorsolateral glomeruli situated at the medial border of the dorsolateral cluster, at the lowest concen-
tration activating a single invariant glomerulus. This is the first demonstration of a single stereotyped target glomerulus in the fish olfactory system for 
a non-pheromone odor. A mix of different amines activates many glomeruli within the same dorsolateral cluster, suggesting that this area functions as a 
general amine response region.  
 
Funding Acknowledments: Deutsche Forschungsgemeinschaft (Grant: RTG1960) 
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THE EFFECT OF INTRANASAL SODIUM CITRATE ON OLFACTION IN POSTINFECTIOUS LOSS: RESULTS FROM A PROSPECTIVE, 
PLACEBO-CONTROLLED TRIAL IN 49 PATIENTS  
M. Ezzat, K. Whitcroft, M. Cuevas, T. Hummel 
Interdisciplinary Smell and Taste Clinic, TU Dresden, Dresden, Germany 
 
Objectives: Free calcium plays an integral role in peripheral olfactory processing, including feedback inhibition. It has therefore been suggested that re-
duction of intranasal free calcium with buffer solutions such as sodium citrate may improve olfactory function in patients with smell impairment. Sev-
eral previous studies have supported this hypothesis, particularly in post-infectious olfactory loss. We therefore aimed to determine whether treatment 
with intranasal sodium citrate improves olfactory function in patients with postinfectious impairment. Design: Prospective, single-blind, placebo-con-
trolled trial. Setting: Interdisciplinary Smell and Taste Clinic, TU Dresden (tertiary referral centre). Participants: Forty-nine adult participants with 
postinfectious olfactory impairment (M : F = 11 : 38, mean age 58.71 ± 11.03 years). Main outcome measures: Olfactory function (odour threshold and 
identification) before and after treatment as determined using “Sniffin’ Sticks”. Patients were treated monorhinally with 1 mL sodium citrate solution. 
The contralateral nasal cavity was treated with 1 mL physiological sodium chloride solution, which acted as internal control. Clinical improvementwas 
assumed where threshold or identification score increased by ≥2.5 or 3 points, respectively, or ≥5.5 points together.  
 
Results: We demonstrated a statistically significant improvement in composite threshold + identification scores following treatment with sodium citrate, 
compared with placebo. This was true for all patients (mean improvement 0.87 ±2.68 points, P = 0.04), and on subgroup analysis in those with hyposmia 
(mean improvement 1.15 ±2.37 points, P = 0.02). However, the effect size did not reach clinical significance.  
 
Conclusions: Further basic and clinical work is required to fully delineate the effect of intranasal sodium citrate in the treatment of post-infectious olfac-
tory loss.  
 
Funding Acknowledments: university funds Faculty of Medicine Carl Gustav Carus, TU Dresden 
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TRPM5-EXPRESSING MICROVILLOUS CELLS IN THE MOUSE MAIN OLFACTORY EPITHELIUM MODULATE RESTING CA2+ LEV-
ELS OF OLFACTORY SENSORY NEURONS AND ENDOCYTOSIS IN SUPPORTING CELLS  
Ziying Fu , Tatsuya Ogura, Weihong Lin 
Department of Biological Sciences, University of Maryland Baltimore County, Baltimore, MD, USA 
 
Adaptive plasticity of the main olfactory epithelium (MOE) is essential for maintaining olfactory function in a changing chemical environment. Previ-
ously, we reported that transient receptor potential channel M5-expressing microvillous cells (TRPM5-MCs) are responsive to ATP and strong odorants 
and capable of releasing acetylcholine (ACh) to influence activities of olfactory sensory neurons (OSNs) and supporting cells (SCs) in the MOE (Ogura 
et al., 2011); and that Skn-1a knockout (Skn-1a-/-) mice lacking TRPM5-MCs display compromised odor responses and olfactory-guided behavior after 
two-week exposure to a strong odor mixture and chitin powder (Aoudé et al., 2014; Lemons et al., 2015, AChemS abstracts). Here we investigated cellu-
lar mechanisms underlying TRPM5-MCs-mediated maintenance of olfactory function. In Ca2+ imaging, we found that two-week exposure significantly 
elevated the average resting Ca2+ level in OSNs isolated from Skn-1a-/- mice compared with wild type and vehicle-exposed Skn-1a-/- mice, indicating that 
without TRPM5-MCs more OSNs become unhealthy after the exposure. We also investigated intracellular pathways involving ACh-mediated activa-
tion in SCs and found that knockout of type 3 muscarinic ACh receptor (M3-KO) diminished ACh-induced Ca2+ increases. Furthermore, we combined 
Fura-2AM and endocytosis dye pHrodo-dextran to investigate potential vesicle release and endocytosis in TRPM5-MCs and SCs. We found that ATP 
respondsive TRPM5-MCs showed a significant increase in cytosol pHrodo-dextran leve compared to ATP insensitive TRPM5-MCs. Also, ACh or ATP 
stimulation enhanced endocytosis in SCs. The ACh effect was diminished in M3-KO or in the presence of atropine. Collectively, these data suggest that 
TRPM5-MCs protect MOE function by modulating activities of OSNs and SCs.  
 
Funding Acknowledments: Funded by NIH/NIDCD 012831 to W. Lin 
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CHARACTERIZING THE ROLE OF ZINC METAL NANOPARTICLES IN THE INITIAL EVENTS OF OLFACTION  
Samantha Hagerty1, Melissa Singletary1, Oleg Pustovyy1, Ludmila Globa1, Iryna Sorokulova1, Yasmine Daniels2, William MacCrehan2, Shin Muramoto2, 
Gheorghe Stan2, June Lau2, Gopikrishna Deshpande3, Edward Morrison1, Vitaly Vodyanoy1 
1Department of Anatomy, Physiology, and Pharmacology, Auburn University College of Veterinary Medicine, Auburn, AL, USA, 2Material Measurement 
Laboratory, National Institute of Standards and Technology, Gaithersburg, MD, USA, 3AU MRI Research Center, Department of Electrical & Computer En-
gineering, Auburn, AL, USA 
 
Isolation of metal nanoparticles from the blood of vertebrate species led to investigating their role in the olfactory system. Among the nonionic metals, 
only zinc facilitated enhanced olfactory responses to odorant stimulation. A series of in vitro and in vivo studies demonstrated a dose-dependent, spe-
cific, and reversible effect. Engineered zinc nanoparticles as well as those obtained endogenously from blood and epithelium have shown enhancement. 
In conjunction with sensory neuron analyses in rodent olfactory epithelia (OE), we noninvasively analyzed effects on related brain regions in dogs using 
functional magnetic resonance imaging. If the particles act during initial transduction events, presence in the OE is crucial. Our goal is to character-
ize the fundamental role and mechanism of zinc nanoparticles in the initial olfactory events. Nanoparticles were engineered using a voltage discharge 
method and extracted from endogenous septal epithelia. For electrophysiology, OE was surgically removed for whole cell patch-clamp and electroolfac-
togram e voked by a 1.6 mmol/L standard odorant solution of ethyl butyrate, eugenol, and (+/-) carvone with or without engineered zinc, endogenous 
extraction filtrate, or control metals at varying concentrations. To characterize zinc nanoparticles, engineered and endogenous samples were analyzed 
using transition electron microscopy, X-ray photoelectron spectroscopy, and atomic force microscopy. Engineered zinc demonstrated the greatest en-
hancement, but endogenous nanoparticles from the OE also produced a significant response. A kinetic model of receptor-odorant-metal interaction 
describes the stoichiometry requiring two receptors per nanoparticle, suggesting an electron donor role necessary for dimerization and transduction. 
Supported by NIST 70NANB14H324.  
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IDENTIFICATION OF PREPLACODAL REGION (PPR) MARKERS IN HUMAN OLFACTORY DIFFERENTIATION  
Moritz Klingenstein, Stefanie Raab, Stefan Liebau 
Institute of Neuroanatomy, Eberhard Karls University Tübingen, Tübingen, Germany 
 
Induced pluripotent stem cells (iPSCs) show a highly proliferative potential and can differentiate into all cells of the three germlayers. We induce the 
‘reprogramming’ of somatic cells to iPSCs with the forced overexpression of specific factors. The iPSCs can be used as an instrument not only to create 
patient specific cell lines, which is of avail in disease research, but also in creating special cell types, which cannot easily be obtained from living hu-
mans, like neurons. In addition, it is possible to investigate the development of these cells types while differentiation in vitro. For reprogramming we 
use keratinocytes from plucked human hair as somatic cell source. This method is a well-established non-invasive possibility to gain cell samples for 
reprogramming. We developed a differentiation protocol for olfactory receptor neurons (ORNs). Starting from the iPSCs the cells where treated with 
different media at different time points, including several adherent and suspension steps mimicking the development of ORNs. In the end, we reached a 
higher number of ORNs in our neuronal culture. During differentiation, we had a closer look at early developmental steps and we could identify mark-
ers specific for the preplacodal region (PPR). In early development, the PPR appears during formation of the neural tube. It is located at the rim of the 
neural plate next to the neural crest zone formed like a horse shoe. The PPR is the origin of the different placodes with the olfactory placode as the most 
important one for olfactory epithelium development. Starting from keratinocyte-derived iPSCs we mimicked the development of ORNs in vitro. Investi-
gating the early steps in our differentiation, we identified markers specific for the PPR. With the PPR specific cells, we cannot only improve our protocol 
by selecting these cells via FACS, we can also investigate the early placodal development in a human model.  
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TAARS AND ODOR VALENCE   
Qian Li1,2, Kristian Herrera3, Josua Jordi3, Florian Engert3, Stephen Liberles2 
1Neuroscience Division, Departments of Anatomy, Histology, and Embryology, Shanghai Jiao Tong University School of Medicine, Shanghai, China, 2Depart-
ment of Cell Biology, Harvard Medical School, Boston, MA, USA, 3Department of Molecular and Cellular Biology and Center for Brain Science, Harvard 
University, Cambridge, MA, USA 
 
Trace amine-associated receptors (TAARs) are an evolutionarily conserved family of olfactory receptors. Several TAARs detect biogenic amines that 
evoke aversion or attraction responses, providing a powerful model system for understanding how odor valence is encoded. Mouse TAAR4 recognizes 
the aversive predator odor 2-phenylethylamine, while mouse TAAR5 detects the attractive male mouse odor trimethylamine. In fish, the TAAR family 
dramatically expanded, and a new receptor clade (clade III TAARs) was born. We identified the first ligands for 12 of the 112 orphan zebrafish TAARs, 
with ligands including ethological odors such as cadaverine, putrescine, serotonin, histamine, tryptamine, agmatine, and 2-phenylethylamine. Fish clade 
III TAARs evolved a new way to recognize amines through a non-classical amine recognition motif in transmembrane α-helix 5. One zebrafish TAAR, 
TAAR13c, detects the foul death-associated odor cadaverine, and here, we investigate behaviors and neural circuits triggered by other zebrafish TAAR 
ligands. Understanding how different olfactory receptors couple to neural circuits mediating aversion, attraction, or other innate olfactory responses will 
provide basic insights into how the brain functions.  
 
Funding Acknowledments: University funds SDL NIH BRAIN initiative 5U01NS090449-03 FE 
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PREDICTING OLFACTORY RECEPTOR RESPONSES TO MIXTURES USING A COMPETITIVE BINDING MODEL  
Vijay Singh1, Nicolle R. Murphy2, Vijay Balasubramanian1, Joel D. Mainland1,2 
1University of Pennsylvania, Philadelphia, PA, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA 
 
The vast majority of odors we encounter in the world are complex mixtures; however, measuring receptor responses to every possible mixture is imprac-
tical. A model that allows us to use responses to single odors to predict mixture responses would be a powerful method of extrapolating from a small 
set of data to a much larger set of mixtures. Using broadly tuned mouse and human olfactory receptors that share ligands, we obtained dose response 
curves for three odors. We devised a simple nonlinear competitive binding model to predict mixture responses of 15 olfactory receptors to 12 binary 
and 9 ternary mixtures of the three odorants at different concentrations. For 12 receptors the average relative absolute error (RAE) between observed re-
sponses and our model prediction is 10-30%, with the error of the other three receptors following closely behind at 33%, 35%, and 47%. Our competitive 
binding model outperforms a linear model that is given by the linear sum of individual responses, in most cases. Since complex food odors can typically 
be simplified to 3-40 molecules and still reproduce the aroma, we randomly selected 12 molecules to create 12-component mixtures to test our model. 
We focused on the broadly tuned mouse receptor MOR271-1 and found that the competitive binding model’s predictions of experimental responses to 
twenty-five 12-component mixtures outperformed a linear summation model (RAE(Competitive Binding) =0.36 vs. RAE(Linear)=2.44). Previous stud-
ies have focused on mixture responses at the neural level, but models to predict mixture responses at the receptor level do not currently exist. Predicting 
mixture responses from single molecule response profiles is a powerful method to extrapolate from small data sets to a large variety of complex mix-
tures.  
 
Funding Acknowledments: R01DC01339, University of Pennsylvania Computational Neuroscience Initiative 
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RESTORATION OF OLFACTORY EPITHELIUM CILIATION AND ODORANT DETECTION IN BBS4 LOSS-OF-FUNCTION MODEL OF 
BARDET-BIEDL SYNDROME  
Cedric R Uytingco1,2, Corey L Williams1,2, Warren W Green1,2, Dana T Shively1, Lian Zhang1,2, Val C Sheffield3, Jeffrey R Martens1,2 
1Department of Pharmacology and Therapeutics, University of Florida College of Medicine, Gainesville, FL, USA, 2University of Florida Center for Smell and 
Taste, Gainesville, FL, USA, 3Department of Pediatrics and Howard Hughes Medical Institute, University of Iowa, Iowa Citry, IA, USA 
 
Bardet-Biedl syndrome (BBS) is an inherited disease that is one of a growing class of rare genetic disorders called ciliopathies, where symptoms result 
from defective cilia growth, maintenance, and/or function. BBS has an incidence of 1 in 100,000 births with patients showing cognitive impairment, 
skeletal abnormalities, obesity, renal cystic dysplasia, polydactyly, visual and auditory deficits, and olfactory dysfunction. Clinical manifestations of BBS 
are attributed in part to a loss-of-function mutation of Bbs4, a component of the BBSome complex associated with cilia protein trafficking. Homozy-
gous Bbs4 mutants display global reduction in ciliation along the surface of the olfactory epithelium. Through live en face imaging and SEM, we see that 
individual olfactory sensory neurons (OSNs) of Bbs4 mutants exhibit shortened ciliary lengths and decreased cilia numbers. Despite the loss-of-function 
mutation, intraflagellar transport and BBSome assembly remained intact within residual OSN cilia. In addition, we observed loss of acute odor EOG 
responses, diminished glomerular sizes, and decreased tyrosine hydroxylase immunostaining. As part of our continual development of gene therapy for 
BBS-associated olfactory dysfunctions, Bbs4 mutant mice received intranasal delivery of the wild-type Bbs4 gene. Adenoviral ectopic expression of BBS4 
restored individual OSN ciliation, as well as acute odor detection at the periphery of treated Bbs4 mutants. Overall, these results are consistent with our 
previous works, demonstrating that the olfactory system is receptive to gene replacement therapies and offers promise for the treatment of not only BBS 
but also other congenital disorders affecting the olfactory periphery.  
 
Funding Acknowledments: NIDCD R01DC009606 (JRM) 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  91

P133 
PHEROMONES

POSTER SESSION I 
THURSDAY, 8:00 AM - 10:30 AM

 
ROLE OF INSP3 AND INSP3R3 IN VOMERONASAL CALCIUM SIGNALING AND TRPC2 FUNCTION  
Pablo Chamero1,2, Jan Weiss1, Maria Teresa Alonso3, Trese Leinders-Zufall1, Frank Zufall1 
1Center for Integrative Physiology and Molecular Medicine, Saarland University, 66424, Homburg, Germany, 2Laboratoire de Physiologie de la Reproduction 
& des Comportements, UMR85, INRA-CNRS-Université de Tours, Nouzilly, France, 3Instituto de Biologia y Genetica Molecular, University of Valladolid 
and CSIC, Valladolid, Spain 
 
Chemosensory transduction in vomeronasal sensory neurons (VSNs) involves activation of the Ca2+ permeable transient receptor potential channel 2 
(Trpc2) that depolarizes the microvilli of VSNs and causes a rise in intracellular Ca2+. The only known activator of Trpc2 is diacylglycerol (DAG), most 
likely produced by phospholipase C (PLC) after cleavage of phosphatidylinositol 4,5-bisphosphate into DAG and inositol trisphosphate (InsP3). Binding 
of InsP3 to its receptor (InsP3R) in the endoplasmic reticulum (ER) is believed to contribute to these responses by mobilizing intracellular Ca2+ stores. It 
remains largely unclear what the consequences of these intracellular Ca2+ signals are for VSN function. We identified InsP3R3 as the main InsP3R iso-
form expressed in the vomeronasal organ and examined VSN signal transduction in mice lacking this receptor. We monitored intracellular Ca2+ signals 
by combining classical cytosolic Ca2+ dyes with a genetically-encoded Ca2+ indicator targeted to the ER lumen, erGAP2. This fluorescent low-affinity 
Ca2+ reporter allows ratiometric imaging and is optimized for measurements in high Ca2+ concentration environments. These experiments using wild-
type and InsP3R3-deficient VSNs, in combination with patch clamp and field potential recordings, revealed that Ca2+ entry and activation of VSN sen-
sory currents are largely independent from InsP3R3. Specifically, we find no evidence for a model in which a physical link between InsP3R3 and Trpc2 is 
necessary for activation of the channel. Store depletion and removal of external Ca2+ further confirmed the role of intracellular Ca2+stores in VSN sig-
naling. Together, these experiments are key to decipher the role of InsP3-mediated Ca2+ mobilization from intracellular stores for stimulus-evoked Ca2+ 
responses of VSNs.  
 
Funding Acknowledments: This work was supported by grants from the Deutsche Forschungsgemeinschaft to P.C. (CH 920/2-1), F.Z. (SFB 894, TRR 
152) and T.L-Z. (TRR 152), and the Volkswagen Foundation (T.L.-Z.). 
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THE PROUST HYPOTHESIS: HOW OLFACTORY SYSTEMS MAP THE MEANING OF ODORS ACROSS SPACE AND TIME  
Lucia Jacobs 
Univ Calif, Berkeley, CA, USA 
 
Vertebrates have independently evolved two olfactory systems: the almost universal main olfactory system (MOS) and the secondarily evolved vomero-
nasal system (VNS). Unlike the MOS, the VNS is often lost, notably in birds, whales, most bats and catarrhine primates; VNS receptor gene families are 
also more variable than those of the MOS. It is still unclear why this second system evolved and exactly how it complements the MOS. Previously I pro-
posed that a major function of the MOS is the mapping of space (Jacobs. 2012. From chemotaxis to the cognitive map: the function of olfaction. PNAS, 
109, 10693-10700). Here I extend the olfactory spatial hypothesis to the VNS. In the PROUST (perceiving and representing odor utility across space and 
time) hypothesis, I propose that the VNS evolved to complement the MOS by mapping time, tracking successive state changes of biotic systems across 
variable time intervals. I propose that this separation of function arose with the innovation of air-breathing in marine fish. With the colonization of 
land, the two systems became increasingly specialized as the MOS adapted to mapping space using air-borne odors. I will propose that this division of 
labor led to direct conflict between respiration and olfaction in air-breathing tetrapods, leading to novel adaptations in respiration, olfaction and loco-
motion. Because tracking change across longer time intervals would have required a lower turbulence microhabitat, the PROUST hypothesis may also 
explain the loss of the VNS in diverse taxa, for example animals living in fluids such as air or water, but also the VNS loss or reduction in large-bodied 
terrestrial vertebrates, such as catarrhine primates. In sum, the importance of using odors to track resources may have profoundly influenced the course 
of vertebrate evolution.  
 
Funding Acknowledments: NSF 1028319 LJ; NSF 1555643 LJ 
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SEX-SPECIFIC EFFECTS OF GONADECTOMY AND HORMONE REPLACEMENT ON PERFORMANCE OF A GO/NO-GO ODOR DIS-
CRIMINATION TASK IN MICE.  
Tenzin Kunkhyen1, Allison Coyne1, Emma Perez1, Michael Baum2, James Cherry1 
1Department of Psychological and Brain Sciences, Boston University, Boston, MA, USA, 2Department of Biology, Boston University, Boston, MA, USA 
 
In mice, olfaction is crucial not only for avoiding predators and foraging for food but also for identifying social odors (pheromones) that signal the 
presence of suitable mates. We used a custom-built olfactometer and a thirst-motivated olfactory discrimination Go/No Go (GNG) task to ask whether 
pheromone discrimination abilities are sexually dimorphic and dependent on gonadal sex hormones. There were no significant differences in the abil-
ity of gonad-intact male and female mice to discriminate between pairs of either social (male and female urinary volatiles) or non-social (amyl acetate 
and peppermint) odors. Gonadectomy reduced the ability of both sexes to discriminate social odors. Whereas ovariectomy impaired discrimination of 
non-social odors in females, castration failed to affect this discrimination in males. However, after receiving testosterone (castrated males) or estradiol 
benzoate (ovariectomized females), GNG discrimination of social and non-social odors was restored to pre-gonadectomy levels. During training when 
they were gonadally intact male and female subjects readily learned the GNG task; by contrast, additional groups of male and female mice that were 
gonadectomized prior to training failed to learn even the initial phase of the GNG task that involved moving between the odor presentation port and 
the port where water was delivered. Our results show that circulating sex hormones play a critical role in facilitating the capacity of mice of both sexes 
to learn a GNG task even before odor cues are presented. They also demonstrate that once the task has been learned, circulating sex hormones enhance 
the capacity of mice of both sexes to discriminate social odors and enhance the capacity of female subjects to discriminate non-social odors. (Supported 
by NIH grant DC008962).  
 
Funding Acknowledments: (Supported by NIH grant DC008962) 
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DREADD-INDUCED SILENCING OF THE MEDIAL AMYGDALA REDUCES THE PREFERENCE FOR MALE PHEROMONES AND 
THE EXPRESSION OF LORDOSIS IN ESTROUS FEMALE MICE  
Elizabeth A. McCarthy1, Matthew Bass1, Arman Maqsudlu1, Sofia Georghiou1, James A. Cherry2, Micheal J. Baum1 
1Department of Biology, Boston University, Boston, MA, USA, 2Department of Psychological and Brain Sciences, Boston, MA, USA 
 
The medial amygdala (MeA) integrates socially relevant chemosensory cues that control courtship in female mice. Electrolytic lesions of the MeA per-
manently disrupt sexually naïve estrous females’ preference for male pheromones and the expression of lordosis, but it is unknown if the role of the MeA 
changes with sexual experience. We used a reversible chemogenetic technique (Designer Receptors Exclusively Activated by Designer Drugs; DRE-
ADDs) to reassess the role of the MeA in regulating pheromone preference and mating behavior, first in sexually naive and then in experienced females. 
After bilateral MeA injection with an inhibitory DREADD, sexually naïve females were tested for urinary odor preference after receiving intraperitoneal 
injections of clozapine-N-oxide (CNO) or saline. After CNO injections, which causes hyperpolarization of DREADD-infected neurons, females lost 
their preference for male vs female urinary odors when nasal contact was allowed but not when access was restricted to volatiles only. Five consecutive 
mating tests were then given, with sub-groups of females treated with saline or with CNO. Treatments were then reversed during two additional tests. 
Females initially treated with CNO during Tests 1-5 showed decreased receptivity (lordosis) compared to the saline treated group, but no difference was 
observed when treatments were switched. Additional sub-groups of estrous females without MeA DREADD-infections showed no difference in olfac-
tory preference or receptivity in the presence or absence of CNO. Our results confirm the importance of MeA function in pheromone preference and in 
the progressive increase in lordotic responsiveness normally observed in estrous female mice with repeated testing with a stud male. (Supported by NIH 
grant DC 008962)  
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IONOTROPIC RECEPTORS MEDIATE DROSOPHILA OVIPOSITION PREFERENCE THROUGH SOUR GUSTATORY SENSORY NEU-
RONS  
Yan Chen, Hubert Amrein 
Department of Molecular and Cellular Medicine, College of Medicine, Texas A&M University Health Science Center, College Station, TX, USA 
 
The ability to sense and discriminate between different food chemicals is common among many animals and critical for fitness and survival. For exam-
ple both humans and Drosophila melanogaster exhibit strong appetitive responses to sugars, a major ingredient of their diets, but are repulsed by chem-
icals that taste bitter to humans, even though mammals and insects employ different molecular receptors for the recognition of these chemicals. While 
sweet and bitter taste have been extensively investigated in both mammals and insects, much less is known about how acids are perceived. Mice and 
humans sense acids using sour taste cells, which are interspersed with sweet, bitter, umami and salt sensing cells in taste buds of the tongue. Drosophila 
can also taste acids, which are abundant in their diet (fruit), but neither the cellular nor the molecular basis for sour taste is known. Here, we identify 
sour gustatory sensory neurons (GRNs) in tarsal taste sensilla of the fruit fly. Most sour GRNs are specifically activated by carboxylic and mineral acids 
and do not respond to sugars, bitter-tasting compounds, salt, or amino acids. We show that detection of acids requires the function of two Ionotropic Re-
ceptor (IR) genes, IR25a and IR76b, and we establish that these IRs are essential for oviposition preference on acid containing food. Together, our studies 
provide new insights into the cellular and molecular mechanism of sour taste perception.  
 
Funding Acknowledments: NIH-NIDCD (R01DC005606-12) HA 
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THE LOCALIZATION OF TAS2R7 IN ARTERY AND PANCREAS  
Jing-guo Chen1, Ping-ping Yan 1, Jin Wang1, Yan Cai2, Lei Cao1, Yong-xiao Cao1 
1Department of Pharmacology, School of Basic Medical Sciences, Xi’an Jiaotong University Health Science Center, Xi’an , China, 2Department of Pharmacy, 
the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an , China 
 
Objective: Bitter taste receptors (TAS2R) are mainly expressed in tongue, also be found in extra-oral organs. This study aimed to investigate the expres-
sion and localization of TAS2R7 in artery and pancreas.  
 
Methods: The expression levels of TAS2R7 mRNA were determined by reverse-transcription polymerase chain reaction. The localizations of TAS2R7 
in arteries were determined by double immune-fluorescence with smooth muscle actin and CD31. The localizations of TAS2R7 in pancreas were deter-
mined by H&E staining to confirm the location of islets, then double immunofluorescence with glucagon and insulin to locate the TAS2R7 in pancreatic 
alpha and beta cells, and re-confirmed by DAB staining.  
 
Results: The mRNA of TAS2R7 was expressed in rat mesenteric arteries and pancreas, also in human omental arteries. Immunofluorescence imaging 
confirmed that TAS2R7 was located in both vascular smooth muscle cells and endothelial cells of rat mesenteric arteries and human omental arteries. 
However, TAS2R7 was mainly located in the vascular smooth muscle layer, while in human omental arteries, TAS2R7 was mainly located in the inner 
side of the smooth muscle close to the vascular endothelium. In addition, TAS2R7 was localized in pancreatic alpha cells, not in beta cells. Conclusion: 
TAS2R7 was expressed in artery and pancreas. TAS2R7 locates in both vascular smooth muscle cells and endothelial cells, and pancreatic alpha cells. 
This study may suggest that the different locations of TAS2R7 in artery and pancreas indicate the physiological functions of corresponding organs. Key-
words: Bitter taste receptor, Artery, Pancreas. Acknowledgments: The authors gratefully acknowledge the support of National Natural Science Founda-
tion of China (No. 81603175).  
 
Funding Acknowledments: Acknowledgments: The authors gratefully acknowledge the support of National Natural Science Foundation of China (No. 
81603175). 
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IDENTIFYING THE FUNCTIONAL BITTER TASTE RECEPTORS, THEIR ANTAGONIST AND AGING EFFECT ON BITTER TASTE 
SENSITIVITY IN CHICKENS  
Bapon Dey, Fuminori Kawabata, Yuko Kawabata, Shotaro Nishimura, Shoji Tabata 
Laboratory of Functional Anatomy, Faculty of Agriculture, Kyushu University, Fukuoka, Japan 
 
There are three putative bitter taste receptors in chickens, T2R1, T2R2 and T2R7 that were identified by genomic information and cell-based assays. The 
elucidation of the sense of taste in chicken offers opportunities to create and develop new feedstuffs for chickens and also to contribute the understand-
ing of mammalian sense of taste. Previously, we showed that chicken T2R1 is the functional bitter taste receptor through behavioral test. Thus, in this 
study, we focused on the sensitivities of the other two bitter receptors T2R2 and T2R7 using both in-vitro and in-vivo techniques. Furthermore, we in-
vestigated the aging effect on bitter taste sensitivity in chickens through western blotting analyses and behavioral tests. In the behavioral drinking study, 
the intakes of chicken T2R2 agonist solutions were not different from that of water in 10 min drinking test. On the other hand, the intakes of T2R7 ago-
nist solutions were significantly lower compared to water. In calcium imaging experiments and behavioral tests we found that 6-methoxyflavanone can 
significantly inhibit the activity of both cT2R1 and cT2R7. Additionally, the results of western blotting analyses showed that one day-old chicks have sig-
nificantly higher amount of T2R1 and T2R7 protein than 8-weeks old chickens and these findings were compatible with the behavioral analyses of T2R1 
and T2R7 agonists in different ages of chickens. Taken together, these results suggest that T2R7 is one of the functional bitter taste receptor as same as 
T2R1 but T2R2 may not function, and 6-methoxyflavanone identified as the first antagonist for these two functional bitter taste receptors in chickens. 
Additionally, bitter taste sensitivity declines with the ages of chickens due to the reduction of T2Rs expressions.  
 
Funding Acknowledments: This study was supported by grants to F. Kawabata from JSPS KAKENHI (#26850207), the Kyusyu University Interdisciplin-
ary Programs in Education and Projects in Research Development (#26703), and the J-Oil Mills Inc.. B. Dey is a recipient of MEXT-2014 
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GLUCOSE ELICITS CEPHALIC-PHASE INSULIN RELEASE IN MICE BY ACTIVATING KATP CHANNELS IN TASTE CELLS  
John Glendinning1, Yonina Frim1, Ayelet Hochman1, Gabrielle Lubitz1, Anthony Basile2, Anthony Sclafani3 
1Barnard College, Columbia University, New York, NY, USA, 2Columbia University, New York, NY, USA, 3Brooklyn College of CUNY, Brooklyn, NY, USA 
 
The taste of sugar elicits cephalic-phase insulin release (CPIR), which restricts the rise in blood glucose following meals. Little is known, however, about 
the taste mechanisms that trigger CPIR. We asked whether oral stimulation with the following taste stimuli elicited CPIR in mice: glucose, sucrose, 
maltose, fructose, Polycose, saccharin, sucralose, AceK, SC45647 or a non-metabolizable sugar analog. The only taste stimuli that triggered CPIR were 
glucose and the glucose-containing saccharides (sucrose, maltose, Polycose). When we mixed an alpha-glucosidase inhibitor (acarbose) with the latter 
three saccharides, the mice no longer exhibited CPIR. This showed that the carbohydrates were hydrolyzed in the oral cavity, and that the liberated glu-
cose triggered CPIR. We also found that increasing the intensity or duration of oral glucose stimulation caused a corresponding increase in CPIR mag-
nitude. To determine the components of the glucose-specific taste-signaling pathway, we examined the necessity of Calhm1, P2X2+P2X3, SGLT1 and 
Sur1. Among these proteins, only Sur1 was necessary for CPIR. Sur1 was unnecessary, however, for taste-mediated attraction to sugars. Given that Sur1 
is a subunit of the KATP channel, and that this channel functions as a part of a glucose-sensing pathway in pancreatic beta cells, we asked whether the 
KATP channel plays an analogous role in taste cells. We discovered that oral stimulation with drugs known to increase (glyburide) or decrease (diazoxide) 
KATP signaling produced corresponding changes in glucose-stimulated CPIR. We conclude that the KATP channel is part of a novel signaling pathway in 
taste cells that mediates glucose-induced CPIR.  
 
Funding Acknowledments: This research was supported in part by grants from the Howard Hughes Medical Institute and the Sherman Fairchild Founda-
tion to Barnard College, NIH DK-031135 to Brooklyn College, and a Beckman Scholar Award to YGF from the Arnold and Mabel Beckman Fo 
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MAN VS. MOUSE: COMPARATIVE HISTOLOGY OF CHEMOSENSORY ARCHITECTURE IN THE LARYNX  
Marie E. Jetté1,2, Sue C. Kinnamon1,2, Thomas E. Finger1,2 
1University of Colorado School of Medicine, Aurora, CO, USA, 2Rocky Mountain Taste and Smell Center, Aurora, CO, USA 
 
Though the mouse is widely recognized as a model for exploring basic pathophysiologic mechanisms and evaluating new therapeutic approaches, this 
species has not been used substantially in laryngeal research. The human larynx has well-developed vocal folds used in phonation whereas the mouse 
produces ultrasonic vocalizations via a mechanism that has not yet been elucidated. Nonetheless in both humans and mouse, the larynx lies in a crucial 
position for protection of the lower airways from noxious substances. Laryngeal chemosensory cells and nerve fibers likely play a role in airway protec-
tion in both species, yet unlike solitary chemosensory cells in the nose, their association with local inflammation in the larynx is unknown. To explore 
the utility of a mouse model for exploring the effect of chemoreceptor stimulation on local, acute laryngeal inflammation, it is first necessary to define 
the similarities and differences in chemosensory architecture between humans and mice. Using immunohistochemistry, we define type, location, and 
density of chemoresponsive elements (SCCs, taste buds, and polymodal nociceptive nerve fibers) in human laryngeal epithelium from cadaveric and 
pediatric surgical specimens and compare findings to excised mouse larynges. SNAP25 immunofluoresence of 12 pediatric biopsies, 3 cadaveric speci-
mens, and 3 mouse larynges reveals dense innervation of the laryngeal epithelium. Markers for Type II taste cells including PLCβ2 and GNAT3 reveal 
several of these cell types in clusterings of taste buds throughout the arytenoid and interarytenoid mucosa. Findings suggest that the mouse is a reason-
able model for investigating chemosensory function in the larynx.  
 
Funding Acknowledments: NIDCD P30DC004657 TF, NIDCD T32DC012280 MJ 
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FUNCTION OF THE EXTRACELLULAR CALCIUM-SENSING RECEPTOR (CASR) IN CHICKEN ORAL TISSUES  
Fuminori Kawabata, Hikaru Omori, Yuko Kawabata, Shotaro Nishimura, Shoji Tabata 
Kyushu University, Fukuoka, Japan 
 
The extracellular calcium-sensing receptor (CaSR) plays a key role for vertebrates in the calcium homeostasis by sensing slight changes of blood Ca2+. It 
is expressed in parathyroid, bone, and kidney cells which are involved in the calcium homeostasis. Recently, it has been reported that CaSR is also ex-
pressed in taste cells of humans and involved in taste perception, especially in sensing kokumi, which enhances the intensities of salty, sweet and umami 
tastes but doesn’t taste itself. In this study, we focused on chicken CaSR (cCaSR) since calcium is essential for chickens because of the much calcium 
turnover during making eggshell and extremely rapid initial growth of bones. Firstly, we found that cCaSR is expressed in oral tissues, kidney, and small 
intestine by RT-PCR. Next, we cloned cCaSR genes from kidney because of the high expressions in kidney, and we made the HEK293T cells transfected 
with the cloned cCaSR (cCaSR cells), or empty vector (mock cells). Then, we searched the agonists and allosteric modulators (including kokumi sub-
stances) of cCaSR by using Ca2+ imaging techniques in these cells. cCaSR was activated by extracellular Ca2+ and Mg2+ dose-dependently. Furthermore, 
glutathione (GSH) known as a kokumi substance for human enhanced the response of cCaSR by extracellular Ca2+. These results suggest that cCaSR can 
sense extracellular Ca2+, Mg2+, and GSH. Taken together, it is possible that chicken CaSR is involved in taste perception.  
 
Funding Acknowledments: This study was supported by grants to F. Kawabata from JSPS KAKENHI (#26850207), the Kyushu University Interdisciplin-
ary Programs in Education and Projects in Research Development (#26703), and the Nippon Pure Food, Inc.. 
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ROLE OF OPSINS IN DROSOPHILA BITTER TASTE  
Nicole Y Leung1,2, Chao Liu1,2, Sang Hoon Kim3, Adishthi Gurav1,2, Craig Montell1,2 
1Neuroscience Research Institute, University of California Santa Barbara, Santa Barbara, CA, USA, 2Department of Molecular, Cellular and Developmental 
Biology, University of California Santa Barbara, Santa Barbara, CA, USA, 3Department of Biological Chemistry, School of Medicine, Johns Hopkins, Balti-
more, MD, USA 
 
Rhodopsin is the classical light sensor required for vision, and is comprised of a protein (opsin) and a light-sensitive chromophore (retinal). We demon-
strate that two Drosophila opsins, Rh1 and Rh4, are required in gustatory receptor neurons (GRNs) to sense and avoid a plant-derived bitter compound, 
aristolochic acid. GRNs are housed in the external hairs (sensilla) that decorate the main taste organ (labellum), which is the fly equivalent of the mam-
malian tongue. The gustatory roles for Rh1 and Rh4 are light-independent and do not require the chromophore. The detection of low concentrations of 
aristolochic acid by opsins initiates an amplification cascade that includes a heterotrimeric G protein (Gq), a phospholipase C-β (PLC), and a transient 
receptor potential channel (TRPA1). In contrast, the behavioral and neuronal responses to high levels of the bitter compound is mediated through the 
direct activation of TRPA1. Our study reveals the first role for opsins in chemosensation.  
 
Funding Acknowledments: NIAID AI124453 CM, NIDCD DC007864 CM, NEI EY008117 CM, NEI EY010852 CM, NEI EY027191 NL  
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EXPRESSION OF UMAMI TASTE RECEPTORS AND BEHAVIORAL REACTIONS TO UMAMI TASTE IN CHICKENS  
Yuta Yoshida, Fuminori Kawabata, Yuko Kawabata, Shotaro Nishimura, Shoji Tabata 
Laboratory of Functional Anatomy, Faculty of Agriculture, Kyushu University, Fukuoka, Japan 
 
Umami taste is one of the five basic tastes (sweet, umami, bitter, sour, and salty), and is elicited by L-glutamate salts and 5’-ribonucleotides.Here, we 
examined the presence of this unique sense of taste in one of the avian species, chickens. Firstly, we analyzed expression levels of umami taste recep-
tors in different oral tissues of chickens; palate (taste tissue) and tongue tip (non-taste tissue) by the real-time qPCR. We demonstrated mGluR1-short, 
mGluR1-long, T1R1, and T1R3 were significantly more highly expressed in palate than in tongue tip. It is noted that mGluR1-short and mGluR1-long 
showed robust expression in palate, compared to T1R1, T1R3, and mGluR4. Next, we performed behavioral experiments. We found chickens preferred 
feed containing 0.5% monopotassium L-glutamate (MPG) + 0.05% inosine 5’-monophosphate (IMP) in a 7 hours two-feed choice test. Since they didn’t 
show any preference for feeds containing either of 0.55% MPG and 0.55% IMP, umami taste synergism in chickens was also suggested. In addition, we 
performed a brief-access test to minimize non-orosensory effects, and demonstrated chickens preferred 2.5% monosodium L-glutamate (MSG) + 0.25% 
IMP solution, but avoided 7.5% MSG + 0.75% IMP solution, and confirmed they could respond to these solutions within 5 min. Furthermore, we found 
chickens were successfully conditioned to 2.5% MSG + 0.25% IMP solution by a conditioned taste aversion (CTA) test. Taken together, we found chick-
ens, the model of avian species, had umami taste receptors and sense of umami taste in behavior.  
 
Funding Acknowledments: This work was supported by a grant to F.K. from the Funds for the Development of Human Resources in science and Tech-
nology, the Jappan Science and Technology Agency a grant to F.K. from JSPS KAKENHI (#26850207) and a grant to F.K. from Kyushu Unive 
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NEUROFIBROMATOSIS 2(NF2) IN TONGUE MESENCHYME IS A KEY FACTOR FOR THE NORMAL DEVELOPMENT OF TONGUE 
AND TASTE PAPILLAE  
Guiqian Chen1, Mohamed Ishan1, Xiusheng Wang1, Wenxin Yu1, Xinwei Cao2, Marco Giovannini3, Hong-Xiang Liu1 
1University of Georgia, Athens, GA, USA, 2St Jude Children’s Research Hospital, Memphis, TN, USA, 3University of California Los Angeles, Los Angeles, CA, 
USA 
 
Neurofibromatosis 2 (NF2) has a critical role during embryonic development and is especially important in regulating migration of neural crest cells, 
from which the tongue mesenchyme arises. Here we report that NF2 immunosignals were primarily in mesenchyme and nerve fibers of developing 
mouse tongues. In NF2 conditional knockouts (cKO) driven by Wnt1-Cre that exclusively labels tongue mesenchyme, we found: (i) a misshapen tongue, 
e.g., wider posterior region and pointed tip at E12.5-E13.5 and shorter in tongue length from E14.5 through birth; (ii) the absence of circumvallate 
papilla; (iii) fewer fungiform papillae. In E18.5 NF2 cKO tongue sections versus control we observed: (a) disorganized epithelial cells with high levels of 
SOX9 expression; (b) greatly reduced nerve fibers; (c) fewer and atrophied fungiform papillae; (d) significantly reduced Ki67+ cells, and increased apop-
tosis in epithelium and mesenchyme. Interestingly, numbers of early fungiform taste buds were unaltered in NF2 cKO. The increased phosphorylation 
of YAP and reduced activities of transcription factor TEAD1 in NF2 cKO suggested the involvement of the Hippo-YAP pathway. In organ cultures, NF2 
cKO tongues responded to the disruption of Shh signaling with cyclopamine and activation of Wnt/b-catenin signaling with LiCl for an enhanced papil-
la formation suggesting that mesenchymal NF2 regulates Shh and Wnt/b-catenin signaling activities for proper formation of taste papillae. Together, our 
data demonstrate that the NF2-mediated Hippo-YAP pathway interacts with Shh and Wnt/b-catenin for its essential role in the development of tongue 
and taste papillae. Sustained early fungiform taste buds in the non-innervated and atrophied fungiform papillae in NF2 cKO strongly support the hy-
pothesis that taste bud induction is nerve-independent.  
 
Funding Acknowledments: NIDCD, NIH Grant R01DC012308 to HXL 
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CELLULAR MECHANISMS OF TASTE PLACODE DIFFERENTIATION  
Erin J. Golden, Linda A. Barlow 
University of Colorado School of Medicine, Dept. of Cell & Developmental Biology , Aurora, CO, USA 
 
Development of the murine peripheral taste system begins at mid-gestation with the induction of taste placodes on the surface of the anterior tongue. 
These placodes comprise Sonic hedgehog (Shh)-expressing taste precursor cells, which differentiate into the first taste bud cells around birth. Multi-
ple signaling pathways have been shown to regulate placode formation, however, little is known of the cellular and molecular mechanisms that direct 
differentiation of Shh+ taste precursor cells into taste receptor cells (TRCs). In examining this transition, we have defined 3 stages of placode-to-taste 
bud development. Using K14CreER-based fate mapping, we have found that following induction at embryonic day (E) 12.5, taste placodes undergo a 
3-day period of refinement, wherein taste precursor cells downregulate expression of Keratin (K) 14, which marks proliferating epithelial progenitors, 
while maintaining expression of taste fate-associated genes (Shh, Sox2, K8). Moreover, we find that taste precursor cells begin to differentiate into TRCs 
during late embryogenesis and much earlier than previously appreciated; TRC-specific immunohistochemistry revealed differentiated Type I (NTP-
dase2+), Type II (PLCb+), and Type III (NCAM+) TRCs within a subset of taste placodes at E17.5, while the majority of taste buds contain differentiat-
ed TRCs by postnatal day 2. Between the end of placode refinement (~E15.5) and the start of differentiation (~E17.5) taste placodes appear to undergo 
a period of quiescence, during which we hypothesize taste precursor cells are poised for differentiation. Our current goal is to molecularly define the 
stages of placode refinement, quiescence, and differentiation using an unbiased approach. The SRY-related HMG-box transcription factor Sox2 is highly 
expressed by Shh+ taste precursor cells throughout embryonic development and using a Sox2/GFP reporter line combined with FACS we have isolated 
Sox2high/Shh+ (GFPbright) taste precursor cells from the surrounding Soxlow/Shh- (GFPdim) non-taste lingual epithelium. Using RNA-seq and high-through-
put analysis, we will now identify candidate molecular regulators of these progressive phases of taste cell differentiation.  
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MESENCHYME-SPECIFIC ACTIVATION OF BMP RECEPTOR ALK2, BUT NOT ALK3, RESULTS IN ALTERED TONGUE FORMA-
TION AND CELL DIFFERENTIATION  
Mohamed Ishan1, Guiqian Chen1, Sunny Patel1, Brett Marshall1, Yuji Mishina2, Hong-Xiang Liu1 
1Regenerative Bioscience Center, Department of Animal and Dairy Science, University of Georgia, Athens, GA, USA, 2Department of Biologic and Materials 
Science, School of Dentistry, University of Michigan, Ann Arbor, MI, USA 
 
Taste organs, among many epithelial appendages such as feathers, hair follicles, and teeth, require mesenchymal-epithelial interactions for proper devel-
opment. Bone morphogenetic protein (BMP) signaling, one of multiple molecular pathways, plays important roles in regulating the formation of taste 
organs. However, little is known about the involvement of receptor(s) mediating BMP signaling in taste organ development. In the present study, we 
used mouse models with constitutively activated (ca) BMP receptors in a mesenchyme-specific manner driven by Wnt1-Cre to examine the roles of type 
I BMP receptors ACVR1 (ALK2) and BMPR1A (ALK3) in the development of tongue and taste papillae. caALK2 and caALK3 mutants at embryonic day 
(E) 10.5-11.5 had no observable morphological differences in the embryos and branchial arches compared to littermate controls. At E12.5-P1, caALK2/
Wnt1-Cre, tongues were smaller, misshapen, and missing the pharyngeal region compared to littermate controls. In contrast, no obvious change was 
seen in caAlk3/Wnt1-Cre mice. We found that in caALK2/Wnt1-Cre tongues, fungiform papillae and early taste buds formed in the absence of innerva-
tion at E14.5 and E18.5 respectively. Immunoreactions on sections using the cell markers E-Cadherin and Vimentin showed that both the epithelium 
and the mesenchyme were disorganized in caALK2/Wnt1-Cre mouse tongue at E14.5 and E18.5. Our data indicate that BMP signaling pathways medi-
ated by different receptors have distinct roles in lingual mesenchyme that interact with overlying epithelium for proper formation of taste organs. There 
are ongoing mechanistic studies exploring how the intracellular signaling pathway mediated by caALK2 is involved in the malformation of taste organs  
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HHIP1 ANTAGONISM OF HH SIGNALING: EVIDENCE FOR REGULATION OF FILIFORM PAPILLA, FUNGIFORM PAPILLA AND 
TASTE BUD PATTERN AND MAINTENANCE  
Charlotte M Mistretta1, Archana Kumari1, Libo Li1, Alexandre N Ermilov2, Andrzej A Dlugosz2,3, Benjamin L Allen3 
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 
 
The Hedgehog (HH) pathway is essential to taste organ formation, patterning and maintenance. In fungiform papilla (FGP) epithelium, SHH is local-
ized within taste bud (TB) cells and signals to HH-responding cells in FGP epithelium and stroma. Notably, SHH is not detected in non-taste filiform 
papillae (FILIFP). When TB are lost after HH pathway repression, SHH in FGP is also eliminated. Whereas HH/GLI signaling has been studied in FGP 
and TB, roles for feedback via endogenous HH pathway antagonism are unexplored in lingual papillae. We characterized gene expression and protein 
localization for HH-interacting protein, HHIP1, a secreted HH antagonist. Remarkably, Hhip1-expressing cells are restricted in a distinctive pattern in 
the posterior epithelial face of each FILIFP, not in FGP, from early postnatal to adult stages. After pharmacologic or genetic HH signaling blockade the 
FILIFP are not altered and retain patterned HHIP1 expression. However, most FGP are disrupted and TB are eliminated, with HH-responding epithelial 
cells no longer detected. Indeed FGP acquire thick, conical, apical caps resembling FILIFP where TB had resided, and strikingly, expression of HHIP1 
now is detected in the papilla caps. We propose that in taste organ homeostasis, localized expression of the HH antagonist HHIP1 insures pathway 
blockade required for maintenance of FILIFP and inhibition of TB formation. In contrast, SHH signaling maintains FGP structure and function, with 
HH pathway inhibition leading to a FILIFP-like morphology and de novo expression of HHIP1. Our findings point to a pivotal requirement for a pre-
cise balance between TB-specific SHH expression and FILIFP-specific HHIP1 expression for proper patterning and maintenance of the FGP, TB and 
FILIFP.  
 
Funding Acknowledments: NIH R01 Grant NIDCD DC014428 (BLA, RMB, AAD, CMM); U-M Center for Organogenesis Non-Traditional Postdoctoral 
Award (AK)  
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THE “OPEN ESSENCE” FOR KIDS A 12-ITEM ODOR IDENTIFICATION TEST FOR CHILDREN  
Eri Mori, Yuiko Sugita, Masayoshi Tei, Ayako Kurashima, Nobuyoshi Otori 
Department of Otorhinolaryngology, Jikei University, School of Medicine, Tokyo, Japan 
 
Olfactory identification may change with age in japanese children. Developmental or environmental factors may affect the olfactory status especially in 
childhood. There are several nose diseases of children causing olfactory dysfunction, and head trauma also reduces their sense of smell. Even though 
tools for measuring the olfactory function in adults have been well established, until today no such test exists for evaluating the sense of smell in chil-
dren. The “Open Essence” (“OE”) odor-identification test, which was developed by the National Institute of Advanced Industrial Science and Technol-
ogy in Japan and was marketed in 2008, is considered useful for evaluating olfaction in adults but not yet in children. Therefore, the aim of the present 
study was to examine the ability of the “OE” test to evaluate olfaction in young Japanese children. One hundred and ninety-five children between 6-12 
years of age were included in this study. Normative date of the 12-item odor identification test was obtained. Results show that the odor identification 
ability was growing up by the grade from lower to later. The 10% tile value was 4 for the lower grade, 5 for the middle grade and 7 for the later grade. 
And there were no different odor identification ability between boys and girls at each grade. This is the first report to evaluated odor identification ability 
in Japanese elementary school children. The evaluation of the reliability is needed for the future.  
 
Funding Acknowledments: This work was supported by JSPS KAKENHI Grant (JK16K21392) 
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RATINGS OF ETHANOL BITTERNESS DIFFER AMONG WOMEN AND ARE DETERMINED IN PART BY GENETIC VARIATION  
Alissa A. Nolden, Phoebe Mathew, Corrine Mansfield, Liang-Dar Daniel Hwang, Danielle R. Reed, Julie A. Mennella 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Ethanol tastes bitter to some but not all people and this individual variation may be due in part to inborn genetic variation. Eighty-four unrelated 
women rated the bitterness of 10% (v/v) ethanol on the general Labeled Magnitude Scale (gLMS) while wearing nose clips to eliminate effects of odors. 
These panelists also rated the bitterness of five other stimuli, 0.5 M urea, 0.008 M caffeine, 1.19×10−4 M quinine, 4.92×10−7 M denatonium benzoate and 
5.60×10−4 M propythiouracil (PROP) and provided salivary samples for genome-wide genotyping (HumanOmni2.5m-8v1-1bead microarray). Etha-
nol bitterness ratings ranged from 0 (‘no sensation’) to 44 (‘strong’ to ‘very strong’) and hierarchical clustering, which include the bitterness ratings of 
the six stimuli, showed that the bitterness of ethanol was most similar to the bitterness of PROP and least similar to urea. A genome-wide association 
analysis was conducted with PLINK using genotypes imputed using reference panels from the 1000 Genomes Project. Past studies indicate genotype 
in the bitter receptor T2R38 explains variability in PROP and ethanol bitter perception, and here T2R38 genotype accounted for 1.6% of trait variation 
(rs10246939;P=0.26). However, other associations accounted for > 30% of the trait variation, (i.e., rs76071129; P=2.70E-08) and suggest that non-canon-
ical pathways or novel genes within canonical pathways may also contribute to bitterness perception of ethanol. However, larger and independent sam-
ples are needed to replicate these findings and to investigate how individual differences in these chemosensory receptor genes influences alcohol intake 
as well as bitter tasting flavor ingredients found in alcoholic beverages (e.g., hops).  
 
Funding Acknowledments: Supported by the National Institute of Deafness and Other Communication Disorders (NIDCD), National Institutes of 
Health (NIH) Grant number R01 DC011287 (JAM), P30 DC011735 (DRR) and X01 HG007824 (DRR). Alissa Nolden is supported by Ruth L. Kirschste 
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FORMATION OF THE OLFACTORY BULBS AND CONNECTION OF THE OLFACTORY/VOMERONASAL NEURONS TO THE BRAIN 
ARE NOT NEEDED FOR GNRH-1 NEURONAL MIGRATION TO THE HYPOTHALAMUS.  
Ed Zandro Taroc, Aparna Prasad , Paolo/E Forni 
University at Albany, Albany, NY, USA 
 
Gonadotroping Releasing Hormone I (GnRH-1) neurons play a pivotal role in controlling the reproductive axis of vertebrates. During embryonic devel-
opment, GnRH-1ns migrate from the developing olfactory pit (OP) into the hypothalamus. Migration of gonadotropin releasing hormone-1 (GnRH-1) 
neurons (GnRH-1ns) is required for sexual development. Around 50-60% of patients affected by HH have difficulty perceiving odors (hyposmia) or 
entirely lack of the ability to smell (anosmia) (Bianco and Kaiser, 2009; Mitchell et al., 2011). HH associated with congenital olfactory defects is clinical-
ly defined as Kallmann Syndrome (KS).The association of anosmia with HH in KS suggested potential direct relationship between defective olfactory, 
vomeronasal development and defective GnRH-1 neuronal migration into the brain. Unilateral or bilateral arrhinencephaly (absence or reduction of ol-
factory bulbs (OBs) is a common phenotype in Kallmann patients. However it has never been experimentally proven that OBs development and correct 
axonal connections of the olfactory and vomeronasal neurons to their functional targets are necessary for the migration GnRH-1 neurons to the hypo-
thalamus. Loss-of-function of the Arx-1 homeobox gene leads to a severe form of arrhinencephaly together with abnormal axonal termination of olfac-
tory sensory neurons (Yoshihara et al., 2005). We exploited the Arx-1 null mouse line to investigate the role of the olfactory system (oratory/vomerona-
sal fibers and OBs) in controlling GnRH-1 migration to the hypothalamus. Our data proves that correct development of the OBs, and axonal connection 
of the olfactory and vomeronasal sensory neurons to the forebrain are not needed for GnRH-1 neuronal migration from the nose to the hypothalamic 
area. Moreover by using two BAC transgenic mouse lines GPR12EGFP and hPRPH-1G we also prove that the terminal nerve, which forms the GnRH-1 
migratory scaffold, follows different guidance cues and has a distinct genetic identity from olfactory and vomeronasal sensory neurons. Acknowledge-
ment: Supported by SUNY Startup Funds  
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MULTISENSORY INTEGRATION OF FLAVOR CUES DURING FOOD CHOICE BEHAVIOR  
Joost X Maier, Victoria Elliott 
Wake Forest School of Medicine, Winston Salem, NC, USA 
 
Food is perceived and enjoyed through a multisensory combination of gustatory and olfactory qualities. Palatability of gustatory qualities is innate and 
stable (sour and bitter are avoided, sweet and salty preferred). The value of food odors, on the other hand, is learnt over the course of a lifetime—for ex-
ample by association with the nutritional value of the associated food. Decisions to consume a food are ultimately determined by combining innate taste 
and learnt odor values. However, the mechanisms underlying this process are poorly understood. In the current study, we used behavioral testing in rats 
to investigate how taste and odor cues are weighed to drive food choice. Long-Evans rats were first trained to associate odors with different caloric val-
ues. Following odor training, the same animals underwent a series of two-bottle tests that measured relative preference for various flavor solutions. Pairs 
of bottles consisted of taste only, odor only or taste+odor solutions. We tested two models that predict how odor and taste might be combined to inform 
food choice: 1) An additive model, in which odor and taste preferences are summed to predict preference for multisensory flavors; and 2) A multiplica-
tive model, in which taste and odor preferences interact. Our data demonstrate that rats learn odor preferences that are proportional to the caloric den-
sity associated with them. These learnt odor preferences profoundly influence innate taste preferences in a multiplicative way, such that in some cases, 
odor preferences completely override taste preferences. Our findings provide novel insight into multisensory flavor processing and food choice, and 
have important implications for understanding eating behavior in health and disease.  
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INTER- AND INTRA-MOUSE VARIABILITY IN ODOR PREFERENCE BEHAVIORS  
Adrianna J. Milton1, Sonum Jagetia1, Lucas A. Stetzik1, Nathalie Mandairon2, Daniel W. Wesson1 
1Department of Neurosciences, Case Western Reserve University, Cleveland, OH, USA, 2INSERM U1028, CNRS UMR5292, Lyon Neuroscience Research 
Center, Neuroplasticity and Neuropathology of Olfactory Perception Team, F-69000, Lyon, France 
 
Attraction and avoidance behaviors to stimuli are widespread throughout the animal kingdom. Rodents are commonly reported to display robust re-
sponses to some odors, including preference for sexually receptive conspecific odors, and avoidance of odors from predators. In contrast to this evidence 
of stereotyped robust behaviors towards ‘ethologically relevant’ odors, little is known about the robustness of behaviors towards odors which have no 
overt role in the rodent ecological niche, or ‘non-ethologically relevant’ odors. Here, we developed a semi-automated 5-port apparatus for monitoring 
nose-poking behavior of mice to sample odors. We used this apparatus to test the effect of odor type on durations of nose-poking behavior to sample 
the odor and also, the influence of experience upon this behavior. C57BL/6 adult male mice (n=18) were tested against 2 sets of 5 non-ethologically 
relevant odors. As previously reported (Mandairon et al., 2009), significant preferences towards non-ethologically relevant odors were observed on av-
erage across the population, with mice investigating some odors longer than others. Interestingly, using this 5-port apparatus we found substantial in-
ter-mouse variability in these preferences on a mouse-by-mouse level. Further, preferences to non-ethologically relevant odors even varied within mice 
across days of testing, with the vast majority of mice displaying unstable odor preferences across testing days. Only 22% (4/18) and 17% (3/18) of mice 
displayed stable odor preferences to the 2 odor sets, preferring a single odor across the majority of testing days. This work establishes the 5-port appara-
tus for monitoring odor preference behaviors in mice and the application of this apparatus to assess the robustness of odor preferences.  
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EFFECT OF NACL ON TASTE PREFERENCES FOR L-HISTIDINE IN C57BL/6 MICE  
Yuko Murata1, Alexander A. Bachmanov2 
1National Research Institute of Fisheries Science, Japan Fisheries Research and Education Agency, Yokohama, Japan, 2Monell Chemical Senses Center, Phila-
delphia, PA, USA 
 
Amino acids and NaCl are important determinants of food palatability. Previous studies have shown that NaCl can modify taste of some amino acids in 
humans, and we have shown that NaCl affects taste preferences for 6 different amino acids (Val, Arg, Lys, Glu, Gly, Met) in mice (Murata and Bachman-
ov, ISOT 2016). In the present study, we investigated the effect of NaCl on taste preferences for L-histidine (His), an essential amino acid which is pres-
ent at high levels in tuna meat and is thought to affect taste of tuna. Humans perceive taste of His as bitter (Kawai et al., 2012; Schiffman et al., 1981). We 
measured preferences for 0-50mM His mixed with 0-200mM NaCl in C57BL/6J mice using the 2-bottle choice tests. Mice were indifferent to 3mM His, 
and they had weak aversion to 10 and 50mM His. Mice were indifferent to 5, 10 and 200mM NaCl, and they preferred 50 and 100mM NaCl. Addition of 
NaCl did not significantly affect preference scores for His. The total fluid intake (i.e., combined intake of water and test solutions) significantly increased 
with increase in NaCl concentration. These results show that the preference scores for His are not affected by addition of NaCl, unlike preference scores 
for the 6 previously tested amino acids, which were affected by NaCl. These results demonstrate that the effects of NaCl on amino acid preferences de-
pend on a particular amino acid. Supported by Fisheries Research Agency (Yokohama, Japan) research grant (YM) and NIH grant R01DC00882 (AAB).  
 
Funding Acknowledments: Supported by Japan Fisheries Research and Education Agency (Yokohama, Japan) research grant (YM) and NIH grant 
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SWEET PERCEPTION IN HISPANIC YOUNG ADULTS: INSIGHTS FROM PSYCHOPHYSICS AND FMRI  
Claire Murphy1,2,3, Jacquelyn Szajer3, Aaron Jacobson1, Erin Green3,4 
1San Diego State University, San Diego, CA, USA, 2University of California, San Diego, San Diego, CA, USA, 3SDSU/UCSD Joint Doctoral Program, San 
Diego, CA, USA, 4Stanford University, Palo Alto, CA, USA 
 
Epidemiological studies indicate that U.S. Hispanic groups have high sugar consumption, which has been shown to influence future preference for and 
consumption of high-sugar foods. High sugar intake is associated with risk for metabolic disorders and cognitive decline. Taste is a primary driver of 
food preference and selection. Thus, we aimed to investigate response to sweet taste stimuli in Hispanic adults. We used psychophysics to investigate 
pleasantness ratings and fMRI to investigate brain activation during the hedonic evaluation of the sweet taste stimulus sucrose in a hunger state as a 
function of ethnicity in Hispanic vs. non-Hispanic young adults. Participants rated sucrose pleasantness on a modified general Labeled Magnitude 
(gLMS) scale. Participants were then scanned at 3T while rating pleasantness on the gLMS. There was a weak trend toward differential sucrose ratings 
of pleasantness; however, group differences in psychophysical ratings were not statistically significant. Analysis of fMRI data was conducted with AFNI. 
Comparing region of interest (ROI) and whole brain activation in the two groups revealed significant differences in higher order processing of sweet 
taste. The Hispanic group had significantly lower ROI activation in the left amygdala and significantly lower whole brain activation in regions critical for 
executive function, reward processing, and hedonic evaluation (e.g. frontal, OFC and anterior cingulate cortices). The findings suggest the value of using 
fMRI to complement psychophysics for a clearer understanding of group differences in the higher order response to sweet stimuli. Given high sugar 
consumption, risk of diabetes and risk for cognitive decline in Hispanic populations, ethnic disparities in the processing of sweet taste have significant 
health implications.  
 
Funding Acknowledments: NIH grant R01AG004085-26 to CM 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  114

P212 
HEDONICS

POSTER SESSION II 
THURSDAY, 9:00 PM - 11:00 PM

 
THE SMELL OF PREJUDICE. BODY ODOR DISGUST SENSITIVITY MODERATES THE EFFECT OF DISGUSTING SMELLS ON IM-
PLICIT PREJUDICE  
Jonas K Olofsson1,2, Marco Tullio Liuzza1,3, Leo Derkert1, Torun Lindholm1, Maria Larsson1 
1Stockholm University, Stockholm, Sweden, 2Swedish Collegium for Advanced Study, Uppsala, Sweden, 3Magna Graecia University, Catanzaro, Italy 
 
Body odors are potent elicitors of disgust. Disgust also plays a key role in social behaviors, in particular in the negative treatment of outgroups, such as 
stigmatization and dehumanization of minorities. If body odor disgust is a primitive regulator of social processes, one might expect a direct role of olfac-
tory disgust in the activation of implicit attitudes towards outgroups. The main aim of the present study was to test whether exposure to an unpleasant 
sweat-like odor (valeric acid) would boost negative implicit association towards a stigmatized outgroup (Roma), as compared with exposure to an odor 
with a pleasant soap-like odor (lilac essence) or neutral (no odor) conditions. A secondary aim of the study is to investigate whether individuals with 
higher body odor disgust sensitivity (as measured by the Body Odor Disgust Scale, BODS) is more biased towards outgroups when exposed to a disgust-
ing odor. Materials, procedure, hypotheses and planned analyses were preregistered on the Open Science Framework Repository (https://osf.io/nbwe5/). 
We investigated 26 Swedish participants (19F, mean age = 29.2±6.53). We used the implicit association test (IAT) to measure bias towards Roma people. 
We also measured body odor disgust sensitivity with the BODS. The odors were soap-like (lilac), sweat-like (valeric acid) and a no odor condition (ran-
domized within participants). Results gave substantial evidence (Bayes Factors 6.9 - 7.6) for the hypothesis that individuals with high body odor disgust 
sensitivity had more implicit bias (favoring Swedes over Roma). Furthermore, this relationship was strongest when participants were exposed to a sweat-
like odor, and weakest during exposure to a soap-like odor. Our results show that disgust sensitivity to body odors may play a crucial role in exacerbat-
ing prejudice when we are exposed to potential pathogen cues.  
 
Funding Acknowledments: Swedish Foundation for Humanities and Social Sciences M14-0375:1 ML, JO Swedish Research Council 2016-02018 MTL, 
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ORBITOFRONTAL CORTEX SIGNALS REWARD PREDICTION ERRORS FOR FOOD ODOR IDENTITY USING A PERCEPTUAL SIMI-
LARITY CODING SCHEME  
Javier A. Suarez, Thorsten Kahnt 
Northwestern University, Chicago, IL, USA 
 
Food odors are powerful rewards that shape the behavior of animals and humans. Different food odors are characterized by a specific identity which 
is important for goal-directed behavior. The orbitofrontal cortex (OFC) is thought to represent specific rewards, but the exact coding scheme is un-
known. Here, we use a Pavlovian reversal learning task and olfactory neuroimaging to examine how the human OFC encodes the identity of expected 
rewards. For each subject, we selected a set of four pleasantness-matched food odors (unconditioned stimulus, US) from two categories (sweet and 
savory). Odors belonging to the same category were rated as more similar than odors belonging to different categories, and all odors were rated as simi-
larly pleasant. Hungry subjects learned associations between visual conditioned stimuli (CS) and odor US while functional magnetic resonance imaging 
(fMRI) data were acquired. CS-US associations reversed unpredictably throughout the task either within (e.g. gingerbread to caramel cream) or across 
(e.g. gingerbread to potato chips) food categories. Subjects quickly learned the new odor identity after reversals. We designed a hierarchical Bayesian 
learning model which uses identity prediction errors (PE) to update CS-US associations. FMRI activity in the midbrain, anterior insula, OFC and amyg-
dala significantly correlated with model-derived identity PEs, suggesting that these areas are involved in updating expectations about reward identity. 
Moreover, in the OFC, fMRI responses to PEs from across vs. within food category reversals were correlated with similarity ratings of odor pairs belong-
ing to different vs. the same category. This suggests that the OFC represents and updates specific expectations about food rewards in a coding scheme 
that is based on perceptual similarity.  
 
Funding Acknowledments: NIDCD R01DC015426 TK 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  116

P214 
INGESTION

POSTER SESSION II 
THURSDAY, 9:00 PM - 11:00 PM

 
SOMATOSENSORY CONTRIBUTIONS TO FOOD ORAL PROCESSING  
Yalda Moayedi, Lucia Duenas-Bianchi, Chi-Kun Tong, Ellen A Lumpkin 
Department of Physiology and Cellular Biophysics, Columbia University Medical Center, New York, NY, USA 
 
The perception of tactile stimuli in mammalian skin is mediated by an intricate mechanosensitive machinery involving dedicated mechanosensitive 
cells. This signal transduction setup is coupled with the topology and mechanical properties of skin, thereby providing for a highly sensitive and accu-
rate perception system to detect stress fluctuations from the external environment. Although textural attributes are important in the sensory experience 
of food, the physiology underlying texture perception is significanct in various food intake scenarios including breastfeeding, intake control and the pre-
vention of presbyphagia. We hypothesize that subsets of tactile receptors are tuned to encode specific textural qualities of foodstuffs. Input from such a 
system will encode the properties of a food bolus during oral manipulation until swallowing as well as textural features contributing to flavor. To test this 
hypothesis, we mapped the distribution of anatomically distinct neuronal endings in the mouse oral cavity (tongue, palate and gums) using transgenic 
reporters, molecular markers and quantitative histomorphometry. We found that the hard palate and gums are densely populated with four classes of 
putative tactile afferents that are organized in discrete patterns. These included Merkel cell-neurite complexes, Meissner’s corpuscles, glomerular corpus-
cles and an unusual subset of afferents innervating superficial epithelial layers. We find that the murine tongue is equipped with a unique set of putative 
mechanosensory afferents. These studies lay the groundwork for ongoing physiological and behavioral studies to define functional differences between 
anatomically distinct somatosensory neurons in the oral cavity and how these contribute to behaviorally relevant outcomes.  
 
Funding Acknowledments: Nestle research fund NHLBI 1T32HL120826 YM NINDS R25NS076445 LDB  
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DYNAMIC PERCEPTION OF ENCAPSULATED FLAVORS  
Marco P. Morgenstern1, Dulce Paredes2, Esther H-J. Kim1, Lidia Motoi1, Markus Eckert2, Yukiko Wadamori1, Carter Green2 
1The New Zealand Institute for Plant & Food Research Ltd, Christchurch, New Zealand, 2Takasago International Corporation (USA), Rockleigh, NJ, USA 
 
Flavor encapsulation is commonly used to retain volatiles or provide controlled release of aroma and taste in processed foods. Flavor compounds are 
released during eating and the release rate depends on food breakdown dynamics in the mouth. Two iterative studies were designed to explore the re-
lationship between flavor release and perception of the same flavor in different flavor encapsulation systems. The studies explored interactions between 
breakdown processes in the mouth, particle size and encapsulation technology. A peppermint flavor was used as a model flavor and encapsulated with 
different technologies. The encapsulated flavor was incorporated into a soft chewy candy, keeping the total flavor concentration the same for each sam-
ple. The chewable samples were presented to 45 naïve panelists for the following two evaluations; 1) comparison of total flavor intensity with a 2-alterna-
tive forced choice test; and 2) dynamic evaluation of flavor intensity over time. Samples with no flavor and with 20% more flavor were used as reference 
controls. With a more brittle variant of the food matrix, the persistent flavor perception after swallowing was also recorded in an additional experiment. 
The results show that the overall flavor perception and flavor release dynamics are affected by the different encapsulation technologies and different 
particle sizes. The results also show a large perceived flavor intensity variation between panelists, resembling variation among consumers. In an effort to 
better understand this relationship, the panelist’s patterns of chewing behavior were explored to account for the variation. The goal of these studies is to 
correlate the patterns in chewing behavior with flavor encapsulation/release properties to design manufactured foods with broader consumer acceptabil-
ity.  
 
Funding Acknowledments: Contract research funded by Takasago International (USA) MPM  
 
FCOI Declarations: DP,ME and CG are employees of Takasago International (USA)  
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BABY FOOD BUT NOT 25% SUCROSE INCREASES THE PALATABILITY OF ANTIRETROVIRAL PHARMACEUTICALS DELIVERED 
BY AN INNOVATIVE FREEZE-DRIED FAST-DISSOLVING TABLET FORMULATION TO RATS.  
David W Pittman1, Alexandra M Brantly1, Alexandra L Drobonick1, Hannah T King1, Daniel C Mesta1, Caroline G Richards1, Manjari Lal2, Manshun 
Lai2 
1Department of Psychology, Wofford College, Spartanburg, SC, USA, 2PATH, Seattle, WA, USA 
 
Negative hedonic sensory qualities of HIV antiretroviral drugs often reduce patient adherence particularly in pediatric populations requiring oral con-
sumption of the drugs. This study examined the palatability of an innovative delivery system of freeze-dried fast-dissolving tablets (FDT) containing 
fixed-dose combination of antiretrovirals lopinavir and ritonavir (LPV/r). Consumption patterns during brief-access and long-term solution testing as 
well as baby food stuff consumption were analyzed to evaluate the orosensory detection and avoidance of both placebo FDT- and FDT+ containing the 
LPV/r. Rats showed no change in consumption patterns for the placebo FDT- compared to control solutions. Rats can detect but do not avoid FDT+ at 
body weight adjusted dosages in both brief-access (30 s trials) and long-term (23 h) consumption tests. There is a strong aversive response to concentrat-
ed doses of FDT+ (1:3, 1:2 & 1:1 FDT+:ml H2O ratios) during brief access tests that cannot be masked by 25% sucrose. However, the strongest FDT+ ra-
tio (1:1) was undetectable when mixed with 50 g of apple sauce, banana sauce or rice cereal baby food stuffs. The novel FDT formulation appears to be a 
palatable delivery system for oral antiretroviral pharmaceuticals especially when mixed with baby food stuffs. Naïve rats do not avoid the FDT- formula-
tion itself suggesting the averseness of FDT+ was associated with the presence of LPV/r. Rats exposed first to FDT+LPV/r show a robust and long-term 
(>81 days) generalized aversion to FDT-. The learned generalized aversion to FDT- was not diminished by acquisition and extinction of a conditioned 
taste aversion to quinine. Thus, indicating a strong negative association was learned following a small amount of ingested LPV/r (average consumption 
141±21 licks). Funded by PATH and Wofford College.  
 
Funding Acknowledments: Supported by PATH and Wofford College. 
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A SIMPLE METHOD FOR THE RAPID INDUCTION OF SALT APPETITE IN MICE.  
Martin A. Raymond, Tasnia Chowdhury, Thomas G. Mast, Joseph M. Breza 
Eastern Michigan University, Ypsilanti, MI, USA 
 
Many methods for inducing salt appetite in lab rodents exist. VG Caloireo and RF Lundy (2004) have noted that many of these methods are quite in-
vasive, and in seeking to find an alternate method chose amiloride, a potassium-sparing diuretic. They found that when used in conjunction with a 
sodium deplete diet, 100μM amiloride (self-administered in the home-cage water bottle) induced salt appetite in rats. This study seeks to replicate and 
expand those findings, testing not only whether a similar effect of amiloride can be observed in mice (C57BL/6), but also whether it is ultimately nec-
essary to maintain the animal subjects on a sodium-deplete diet. Pilot tests found that the effects of 100μM amiloride are not sufficiently robust when 
sodium-containing chow (normal diet) is available to the mice, but that 300μM amiloride is more than sufficient to induce a robust salt appetite within 
36 hours, regardless of the animals’ solid diet. Additionally, as there currently exists no inactive analog for amiloride, an attempt was made to create one 
by exposing the drug to light. A sample of 300μM amiloride in a clear-glass flask was placed directly under a 40 watt incandescent lamp in excess of 48 
hours. This treatment did not significantly alter the effect of the drug; mice (n=6) exhibited a significant salt appetite relative to tap-water controls (n=7), 
and not significantly different than mice drinking unadulterated amiloride (n=6). All data (20-min tests) were collected in a custom apparatus that 
offered mice free access to two bottles simultaneously, and used stereo recording through a standard audio card to collect voltage deflections associated 
with drinking. These data were analyzed in Spike 2 and are in agreement with mouse-lick patterns recorded via commercially-available lickometers.  
 
Funding Acknowledments: Eastern Michigan University 
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RELATIONSHIPS BETWEEN ORAL HEALTH MEASURES, SWEET TASTE INTENSITY, LIKING, AND SUGAR-SWEETENED BEVER-
AGE INTAKE  
Robin M. Tucker1, Nicole L. Garneau2, Tiffany M. Nuessle2, Chelsea Jackle3 
1Michigan State University, East Lansing, MI, USA, 2Denver Museum of Nature and Science, Denver, CO, USA, 3Bowling Green State University, Bowling 
Green, OH, USA 
 
Limited reports exist regarding relationships between oral health status, oral hygiene practices, taste perception, and dietary behaviors.  
 
Methods: Adult visitors (N=655; age: 41.7±16.6 years, 61.5% female) to the Denver Museum of Nature and Science rated the taste intensity and liking of 
five concentrations (0-13.7% w/v) of sucrose solutions using visual analog scales, completed a validated beverage frequency questionnaire (BEVQ-15), 
and answered questions about oral health status and oral hygiene practices.  
 
Results: Differences in intensity and liking of sweet solutions varied by sex. For males, numerous significant positive correlations between intensity 
ratings and liking of lower concentrations were associated with beverage intake. Few such relationships were observed in females. The majority of the 
group met brushing (71.1%) (brushers) and flossing (55.4%) (flossers) recommendations. Higher concentrations were better liked by brushers (males) 
and flossers (males & females). The lowest concentration was rated as less intense by male flossers (p=0.049). Analysis of matched pairs with and with-
out periodontal disease (N=76) and with and without dental caries (N=132) matched for age, sex, and percent body fat (%BF) was performed. No differ-
ences in taste intensity were observed, but liking of the two lowest concentrations was significantly greater (p≤0.033 for both) among those with peri-
odontal disease. Liking and intensity did not vary by dental caries status.  
 
Conclusions: Liking is more influenced by self-reported oral health status, oral hygiene practices, and beverage intake than taste intensity, but relation-
ships are complex in this relatively young population.  
 
Funding Acknowledments: This project was supported by the USDA National Institute of Food and Agriculture and Michigan AgBioResearch. 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  121

P219 
LEARNING AND MEMORY

POSTER SESSION II 
THURSDAY, 9:00 PM - 11:00 PM

 
NOVELTY DETECTION FOR SHORT TERM MEMORY OF ODORS?  
E. Leslie Cameron1, Per Møller2, EP Köster3 
1Carthage College, Kenosha, WI, USA, 2University of Copenhagen, Copenhagen, Denmark, 3University of Utrecht, Utrecht, Netherlands 
 
Do people generate internal representations of odors they encounter? This study examines short term odor memory (STOM) in a yes/no task using 
signal detection measures. 44 college students (33 F, 18-23 yrs) each completed 54 trials in which they smelled 1 target odor from a set of 9 odors, di-
vided into 3 categories (uncommon odors, savory spices and sweet spices) and after either a 5 or 30 sec delay (with a distractor task) a test odor from 1 
of the 3 categories was presented (either the target or a foil). The participant indicated whether the test odor matched the target. Following all memory 
trials, participants rated the 9 odors on intensity, pleasantness and familiarity and attempted to name each odor. Overall percent correct (PC) after 5 sec 
was 80% and decreased by only 4.5% after 30 sec whereas hit rates decreased by 10% from 82%. Correct rejection (CR) rates were highest when the foil 
was from a different category (83%) and lowest when it was in the target category (66%). CR rates increased for common odors and decreased for un-
common odors after the 30 sec delay when the foil was within the target category. Odor ratings confirmed that common odors were more familiar and 
more pleasant than uncommon odors, although PC was not higher. Odors were difficult to name (<50% accurate) and thus naming odors was unlikely 
to facilitate odor memory. These data highlight the importance of using a memory task that allows for a distinction between an actual recollection of an 
odor (i.e., a ‘hit’), and being able to reject an odor that was not smelled previously (i.e., a CR). PC measures do not reveal these fundamental differences. 
Therefore, even STOM does not solely rely on internal representations of odors. Novelty detection may operate for STOM as we previously demonstrat-
ed for long term odor memory.  
 
Funding Acknowledments: Carthage College Faculty Development Grant 
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ENVIRONMENTAL, HORMONAL AND ODORANT-INDUCED CHANGES IN ODORANT RECEPTOR MRNA EXPRESSION IN PACIF-
IC SALMON.  
Andrew Dittman1, Darran May2, Paul Hoppe3 
1Environmental Physiology Program, Northwest Fisheries Science Center, NOAA Fisheries, Seattle, WA, USA, 2School of Aquatic and Fishery Sciences, Uni-
versity of Washington, Seattle, WA, USA, 33Frank Orth and Associates, Northwest Fisheries Science Center, NOAA Fisheries, Seattle, WA, USA 
 
Pacific salmon are well known for their extraordinary homing migrations from oceanic feeding grounds back to their river of origin to spawn. These 
migrations are governed by olfactory discrimination of homestream odors that juvenile salmon learn (imprint to) during smolting, a developmental, 
behavioral, and physiological transformation that readies them for life at sea. The parr-smolt transformation (PST) is characterized by a surge in plasma 
thyroid hormones that has been linked to successful imprinting. Our previous studies have suggested that one component of imprinting may involve 
long-term sensitization of the peripheral olfactory system to specific odorants and changes in mRNA levels of specific odorant receptors. In this study, 
we examined the effect of rearing environment, thyroid hormone treatment and odorant exposure on odorant receptor mRNA expression in the olfacto-
ry rosettes of steelhead trout. Specifically, juvenile steelhead were reared in natural stream water (complex odor environment) vs. well water (depauper-
ate odor environment) during the PST. In addition, juvenile steelhead treated with and without thyroid hormones were exposed to specific amino acid 
odorants, that have been implicated as homing cues in natural waters. Specific odorant receptor mRNA expression increased dramatically during the 
PST in steelhead reared in natural stream water relative to fish reared in well water. Furthermore, both odorant exposure and thyroid hormone treat-
ment increased odorant receptor mRNA expression. These effects were blocked by inhibitors of thyroid hormone synthesis. Taken together, these results 
suggest that olfactory enriched environments and thyroid hormone surges associated with smolting are important in the normal development of the 
salmon olfactory system.  
 
Funding Acknowledments: U.S. Army Corps of Engineers W68SBV30163752 AD 
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NOCTURNAL OLFACTORY STIMULATION FOR IMPROVEMENT OF SLEEP QUALITY IN PATIENTS WITH POSTTRAUMATIC 
STRESS DISORDER: AN EXPLORATORY INTERVENTION TRIAL  
Laura Donner1,2, Julia Schellong1, Antje Hähner2, Kerstin Weidner1, Thomas Hummel 2, Ilona Croy1,2 
1Department of Psychosomatics, Technical University, Dresden, Germany, 2Smell and Taste Clinic, Department of ORI, Technical University, Dresden, Ger-
many 
 
Posttraumatic stress disorder (PTSD) is characterized by sleep impairment and nightmares. Pleasant odors presented during the night affect the emo-
tional tone of dreams without inducing arousal. Therefore, improvement of sleep patterns in PTSD was approached via olfactory stimulation. For the 
first intervention, twenty-six normosmic inpatients with PTSD diagnosis (24 women, 2 men, aged 20- to 56-years) were included in a randomized, 
patient-blind, placebo-controlled trial. Baseline measurement of sleep was followed by an experimental intervention or placebo trial. Each measurement 
was performed for five consecutive nights. For the intervention condition, patients received nocturnal intermittent inspiration-triggered olfactory stim-
ulation via an odorant applicator. In the placebo condition, clean air was presented with the same device. During baseline and experimental conditions, 
the patients completed standardized questionnaires assessing sleep parameters and dream content. Further, objective sleep parameters (sleep efficiency, 
wake after sleep onset) were recorded using the Actiwatch 2® sleep monitor. In result, patients showed notably impairment in sleep quality and PTSD 
severity was significantly related to the emotional tone of dreams. During the experimental condition, six patients dropped out due to poor tolerance 
of nasal tube. For the remaining patients, intervention results demonstrated a main effect of time for dream variables but no interaction effects between 
groups and conditions. No significant impact of the experimental condition was found for other subjective or objective sleep parameters. Based on those 
results, further implementation of the olfactory device for improvement of sleep in PTSD cannot be recommended, although a placebo effect indicated 
that the usage of the device improved the emotional tone of dreams in those patients who tolerated the device. In order to overcome the problems with 
compliance, a further study is performed. In that study N = 30 patients are investigated who receive simple odorized vs non-odorized nose clips during 
the night. Results of this intervention are as well presented.  
 
Funding Acknowledments: funded by Medical Department of University Hospital Carl Gustav Carus Dresden, Technische Hochschule Dresden 
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FLAVOR-SALTINESS INTEGRATION IS AFFECTED BY EATING EXPERIENCES.  
Takayuki Kawai1, Yuko Kusakabe1, Yuji Wada1, Takehito Goto2 
1National Agriculture and Food Research Organization, Tsukuba, Japan, 2Yamagata Research Institute of Technology, Yamagata-Pref., Japan 
 
Human sensory studies have been reported that odor of soy-sauce, sardine or bacon enhances saltiness. We can assume that the strength of odor-evoked 
saltiness would be strongly affected by individual eating habits because it has been reported that congruency between taste and odor is important for 
odor-taste integration. For instance, French people shows that the saltiness evoked by odor of soy-sauce which is unfamiliar for them is weaker than 
that evoked by odor of sardine or bacon. We tried to create deliberate odor-saltiness interactions and measured the enhancing effects of saltiness using 
experimental animals. The c57bl/6 mice, six-week old, were divided into two groups. Salt solution with vanilla odor and sucrose solution with orange 
odor were presented to one group (A) in 3 weeks. On the other hand, pairs of taste and odor swapped were presented to other group (B). Subsequently, 
all mice were fed with sodium-restriction diets including diuretic agent “spironolactone” in 3 weeks without salt solution. Then, brief-access tests were 
performed and the effect of flavor-taste interactions was evaluated. As a result, the mice in the group A licked more vanilla-flavored 30 mM NaCl solu-
tion than non-flavored 30 mM NaCl solution, and almost as much as non-flavored 45 mM NaCl solution. Similarly, the mice in the group B licked more 
orange-flavored 30 mM NaCl solution than non-flavored 30 mM NaCl solution, and almost as much as non-flavored 45 mM NaCl solution. However, 
no difference was observed in the lick numbers between sucrose-paired flavored 30 mM NaCl solution and non-flavored 30 mM NaCl solution. These 
results suggest that odor-saltiness interaction caused by individual eating habit compensate for 33% of sodium reduction in low-salt diet.  
 
Funding Acknowledments: JSPS KAKENHI Grant Number JP25350119, JP26245073 
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SOMMELIERS: WHEN DO THESE EXPERTS ACQUIRE THEIR OLFACTORY ABILITIES?  
Daphnée Poupon1, Daniel Vintrou2, Johannes Frasnelli1,3 
1University of Quebec in Trois-Rivieres, Trois-Rivieres, QC, Canada, 2Center of Professional Formation Bel-Avenir, Trois-Rivieres, QC, Canada, 3Research 
Centre, Sacre Coeur Hospital, Montreal, QC, Canada 
 
Sommeliers, who are experts in wine, have superior olfactory abilities compared to the average wine drinker. However, it is unclear whether this dif-
ference is the result of extensive training, or whether sommeliers exhibit superior abilities before the training (implying that individuals with superior 
olfactory abilities are more likely to become sommeliers). To examine this, we tested students in sommellerie during the first month of their 9-month 
training (N=8, 6 women, 22.5±1.0 years old) and compared them to matched controls (N=12, 9 women, 22.4±0.6 years old). We assessed olfactory per-
formance in both groups by means of the Sniffin’ Sticks battery (threshold, discrimination, identification) and additionally evaluated olfactory memory. 
We further tested verbal memory (RAVLT) and working memory (n-back). We found that sommelier students scored significantly higher than controls 
in most olfactory tasks (odor threshold, odor identification and olfactory memory), but we did not observe any group difference for the non-olfactory 
memory tests. This pilot study therefore suggests that sommeliers exhibit superior olfactory abilities from the first month of their training. When ana-
lyzing the effects of extensive olfactory training, results of cross-sectional comparisons between sommeliers and controls therefore have to be interpreted 
with caution; only longitudinal studies can truly determine the effects of such a training.  
 
Funding Acknowledments: NSERC Natural Sciences and Engineering Research Council of Canada FRQS Fonds de Recherche du Québec – Santé UQTR 
Research Chair in Chemosensory Neuroanatomy  
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DISTINCT CIRCUITS MEDIATE GLOMERULAR ENHANCEMENTS FOR TRAINED AND UNTRAINED STIMULI FOLLOWING 
AVERSIVE CONDITIONING  
Jordan M. Ross, Max L. Fletcher 
University of Tennessee Health Science Center/Department of Anatomy & Neurobiology, Memphis, TN, USA 
 
Associative fear learning results in robust fear and generalization, the aberrant transference of fear from the learned stimulus (CS) to unlearned, neutral 
stimuli (NS). Fear learning alters the neural networks responsible for encoding stimulus-fear association. The mouse olfactory bulb (OB) offers an excel-
lent model for studying effects on sensory representations. OB glomeruli are sites of synaptic contact between olfactory receptors and OB output cells. 
Odors bind preferentially to receptors, generating unique patterns of glomerular activation to represent experienced odors. Work from our lab indicates 
that olfactory fear learning produces robust enhancement of odor representations in awake mice for the CS and NS. This leads to increased representa-
tional similarly between the CS and NS, suggesting an initial neural basis for generalization. However, it is unclear how the neural networks involved in 
stimulus-fear association impact physiological and behavioral outcomes of fear learning. To study this, we used muscimol to transiently inactivate the 
amygdala (AMG) of mice expressing GCaMP3 in excitatory post-synaptic OB cells during training. We then tested behavioral freezing to the CS and NS 
24 hours later. In addition, we imaged odor-evoked glomerular activity patterns in the awake mice before and after training. Preliminary data indicates 
that inactivation of the AMG during training suppresses behavioral fear expression to all odors and suppresses glomerular enhancement to NS following 
training, but leaves the CS-specific enhancement intact. This demonstrates that activation of the AMG may bias primary processing towards fear gener-
alization but is not required for response plasticity specifically to the CS. This may indicate two distinct mechanisms that mediate experience-dependent 
plasticity.  
 
Funding Acknowledments: This work was funded by the NIH NIDCD R01 DC013779 
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INVESTIGATING NEURAL CORRELATES OF OLFACTORY TARGETED MEMORY REACTIVATION IN THE SLEEPING HUMAN 
BRAIN  
Laura K Shanahan, Eva Gjorgieva, Thorsten Kahnt, Jay A Gottfried 
Northwestern University, Chicago, IL, USA 
 
Odors have been previously employed as reactivation agents in targeted memory reactivation (TMR), a technique used to manipulate memory consol-
idation during sleep. During olfactory TMR, an odor is presented during learning, and then again during the following sleep period (i.e., reactivation). 
TMR often enhances performance for the associated memory task upon waking, but the neural mechanism supporting these memory improvements is 
not well understood. Researchers speculate that TMR evokes neural replay of associated memories, thereby facilitating their integration into long-term 
memory stores. Here, we designed a novel olfactory TMR paradigm to test the prediction that odors promote replay of associated memory traces in the 
sleeping human brain. First, subjects learn the locations of pictures belonging to four different categories during fMRI scanning. Next, subjects build 
associations between each of the four picture categories and four unique odors. Then, a subset of category-specific odors are presented in sleep during 
simultaneous EEG-fMRI acquisition. Our behavioral findings suggest that reactivation improves memory in a category-specific way. Moreover, in an in-
terference test following the reactivation period, response times are increased for reactivated (vs. non-reactivated) picture categories, possibly reflecting 
a difficulty to override the strengthened memory traces. Finally, we employed fMRI multivariate pattern analysis to show that category-specific pictures 
evoke distinct ensemble patterns of neural activity during learning. In future analysis, we will directly test the hypothesis that odors elicit memory replay 
during sleep by searching for the re-emergence of category-specific fMRI activity during the reactivation period.  
 
Funding Acknowledments: NIH/NIDCD R01DC010014 to J.A.G., NARSAD/Brain & Behavior Foundation to J.A.G., NIH T32NS047987 to L.K.S., NIH 
F31 DC015374-01A1 to L.K.S.  
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NEURAL ACTIVITY IN THE HUMAN OLFACTORY BULB REFLECTS ODOR PERCEPTION  
Arnaud Fournel1, Emilia Iannilli2, Marylou Mantel1, Cedric Manesse1, Carmen Licon1, Camille Ferdenzi1, Annett Werner2, Thomas Hummel2, Bensafi 
Moustafa1 
1Lyon Neuroscience Research Center, CNRS, Lyon, France, 2University of Dresden, Germany, Germany 
 
A critical issue in the neuroscience of olfaction is to understand how the human brain represents smells and particularly their perceptual features. To 
achieve this aim, one should be able to probe functionality from olfactory epithelium to olfactory bulb and more central structures (i.e., piriform cor-
tex, etc.). However, in contrast to the accessibility of human primary and secondary areas through fMRI and of human olfactory epithelium through 
electro-olfactograms, the functionality of the human olfactory bulb remains unexplored. The aim of this work was twofold: firstly the functional exam-
ination of the human OB using high-resolution fMRI, secondly the investigation whether human OB activity reflects odor perception. Three different 
fMRI studies were conducted using a newly developed prototype of receiving surface coil. Participants were asked to smell different odorants intermixed 
with no-odor conditions. fMRI data were collected with an EPI sequence (3T; TR: 1,860ms; voxel size: 2x0.80x0.80mm). A high-resolution T2-weight-
ed image was acquired (voxel size: 2x0.47x0.47mm) and used to draw individual regions of interest in the OB. Results from Study 1 showed significant 
odor-induced activity in the olfactory bulb. Study 2 showed that this response was significant ipsilaterally to the stimulation, in line with anatomical and 
functional studies. The analysis of human OB response as function of perception showed that pleasant and unpleasant odors induced different levels of 
activity: summed activity in the olfactory bulb was greater in response to pleasant than unpleasant odors. Additional analyses from study 3 are currently 
conducted to explore the possibility that chemical features of odorants can explain part of the findings observed in Study 2.  
 
Funding Acknowledments: This study was partly supported by grants from the ANR-DFG to MB and TH (EMCO program, ICEO Project, MEROD 
Project).  
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PERMEABILIZATION-FREE ANTIBODY LABELING FOR CORRELATIVE SERIAL BLOCK-FACE SCANNING ELECTRON MICROS-
COPY IN THE MOUSE OLFACTORY BULB  
Kara A. Fulton1,2, Kevin L. Briggman1 
1Circuit Dynamics and Connectivity Unit, National Institute of Neurological Disorders and Stroke, National Institutes of Health, Bethesda, MD, USA, 
2Brown University, Providence, RI, USA 
 
Advancements in subcellular-resolution connectomics have made it possible to investigate the relationship between structure and function of neuronal 
circuits. A dense reconstruction of synaptic connectivity requires high-resolution 3D electron microscopy (EM) data. However, EM data alone typically 
lacks functional information about the neurons in the data. One way to add functional information to an EM dataset is to fluorescently immuno-label 
tissue for specific functionally relevant proteins and to optically image the distribution of proteins prior to preparing the tissue for EM. Unfortunately, 
current immunohistochemistry protocols rely on detergent permeabilization, which significantly compromises tissue ultrastructure and renders such 
protocols incompatible with high quality EM. We recently showed that preservation of extracellular space (ECS) improves access for antibodies with 
minimal detergent permeabilization (Pallotto and Watkins et al., 2015). Utilizing ECS preservation, we have developed a permeabilization-free immu-
nolabeling protocol compatible with serial block-face scanning electron microscopy (SBEM), which permits deep antibody penetration and preserves 
ultrastructure integrity. SBEM, in combination with immunofluorescent labeling of neuron subtypes in the same piece of tissue, allows us to correlate 
the morphological and physiological properties of neurons. We are utilizing this approach to investigate the differences in synaptic connectivity between 
olfactory bulb interneuron subtypes and principle neurons in order to understand if interneuron subtypes have functionally distinct roles in odor pro-
cessing. This experiment will challenge the canonical view of olfactory bulb circuitry by potentially revealing previously unidentified wiring specificity 
underlying OB computations.  
 
Funding Acknowledments: NINDS Intramural Research Program NS003133 KLB 
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GLOMERULUS-SPECIFIC ONSET LATENCY OF ODOR-EVOKED CALCIUM RESPONSE IN THE JUXTAGLOMERULAR CELLS OF 
MOUSE OLFACTORY BULB  
Ryota Homma1, Xiaohua Lv2, Shaoqun Zeng2, Shin Nagayama1 
1University of Texas Health Science Center at Houston, Houston, TX, USA, 2Huazhong University of Science and Technology, Wuhan, China 
 
Olfactory glomeruli relay odor information from olfactory sensory neurons to the principal neurons (mitral and tufted cells), partly through the net-
work of juxtaglomerular cells. To understand the role of juxtaglomerular cells in shaping the odor-evoked activity of principal neurons, it is important 
to know precisely when these neurons are active in response to the odor stimulus. In this study, we took advantage of the high-speed two-photon micro-
scope and compared the onset latency of odor-evoked calcium transients among neurons in the same or neighboring glomeruli. We used urethane-anes-
thetized free-breathing mice. Calcium indicator GCaMP6f was expressed in the olfactory bulb neurons through injections of AAV vector (serotype 1) 
to the glomerular layer. Odor-evoked calcium transients were recorded from the juxtaglomerular cells (presumably periglomerular cells) in the middle 
depth of glomerular layer with an acousto-optic deflector (AOD)-based random-access two-photon microscope at the sampling rate of 667 Hz. The 
onset latency ranged between 0 and 200 ms after the onset of first inhalation of odor stimulus. However, if we compared the neurons that received the 
inputs from the same glomerulus, onset latency was distributed within a much narrower time window (tens of milliseconds). Therefore, the onset laten-
cy of recorded neurons is primarily determined by the associated glomerulus. Such distribution of onset latency may suggest that periglomerular cells 
in each glomerulus process odor information with a glomerulus-specific time course, reflecting the time course of inputs from the sensory neurons, and 
modulate the activity of principal neurons that can be further diversified among individual cells in the subsequent circuits.  
 
Funding Acknowledments: NIH R01 DC013802 SN 
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RNA-SEQ ANALYSIS OF DEVELOPING OLFACTORY BULB PROJECTION NEURONS  
Fumiaki Imamura1, Yuka Imamura Kawasawa1, Anna C. Salzberg1, Mingfeng Li2, Nenad Sestan2, Charles A. Greer2 
1Penn State College of Medicine, Hershey, PA, USA, 2Yale School of Medicine, New Haven, CT, USA 
 
Transmission of olfactory information to higher brain regions is mediated by the olfactory bulb (OB) projection neurons, the mitral and tufted cells. 
Although mitral/tufted cells are often characterized as the OB counterpart of cortical projection neurons (also known as pyramidal neurons), they pos-
sess several unique morphological characteristics and project specifically to the olfactory cortices. Moreover, the molecular networks contributing to the 
generation of mitral/tufted cells during development are largely unknown. To understand the developmental patterns of gene expression in mitral/tufted 
cells in the OB, we performed transcriptome analyses targeting purified OB projection neurons at different developmental time points with next-gener-
ation RNA sequencing (RNA-seq). Through these analyses, we identified 818 protein-coding genes that are significantly and consistently up-regulated 
in developing mitral/tufted cells, and 1,202 protein-coding genes whose expression levels are significantly different across ages in developing mitral/tuft-
ed cells. Among these 2,020 genes, we found 168 molecules captured by the GO term “regulation of transcription from RNA polymerase II promoter” 
(GO:0006357) defined by the Gene Ontology Consortium. Next, the 168 molecules were further screened to find the transcription factors specifically 
expressed in OB projection neurons in developing mouse brain using the Allen Developing Mouse Brain Atlas. Through this preliminary screening, we 
identified several new transcription factors that are strongly expressed by OB projection neurons, but not by cortical pyramidal neurons, in developing 
mouse brain. The data provide a useful resource to study the molecular mechanisms regulating development of characteristic features of mitral/tufted 
cells.  
 
Funding Acknowledments: NIDCD R03DC011134 FI NIMH U01MH103339 NS NIMH P50MH106934 NS NIDCD R01DC012441 CAG NIDCD 
R01DC013791 CAG NIDCD R01DC000210 CAG 
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OLFACTORY BULB BETA OSCILLATIONS AND GRANULE CELL EXCITABILITY: TESTING MODEL PREDICTIONS  
Boleslaw L. Osinski1, Leslie M. Kay2 
1Biophysics, Institute for Mind and Biology, University of Chicago, Chicago, IL, USA, 2Psychology, Institute for Mind and Biology, University of Chicago, Chi-
cago, IL, USA 
 
In a computational model of the dendrodendritic microcircuit between excitatory mitral cells (MCs) and inhibitory granule cells (GCs) of the olfacto-
ry bulb (OB), we have previously shown that GC excitability can gate the frequency of local field potential (LFP) oscillations generated at the dendro-
dendritic synapse. In particular our model predicted that odor-evoked beta oscillations are supported by GCs in states of high excitability and gamma 
oscillations are supported by GCs in low excitability states. The model also predicts that GCs will fire more just before or during a beta oscillation and 
less during gamma oscillations. In the present work we test these predictions experimentally in cannulated awake-behaving rats with pharmacological 
manipulations targeting GC muscarinic receptors, which are known to control GC excitability. Infusion of scopolamine, a muscarinic antagonist, sig-
nificantly reduces odor-evoked beta power and in some rats completely eliminates beta oscillations. Confirming an earlier study and another prediction 
from our model, we also use APV (NMDA receptor blocker) to show that NMDA receptors are not necessary for generating beta oscillations but are 
critical for gamma oscillations. In a complementary experiment we implanted rats with 32-channel silicon probes in the OB GC layer and simultaneous-
ly recorded LFP and GC spikes while presenting odors to the awake, freely moving rats. Confirming our prediction, we find some GCs with increased 
activity during beta. We also find a diverse array of MC and GC spike-field relationships during beta and gamma oscillations.  
 
Funding Acknowledments: NIDCD R01-DC014367 
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MARGATOXIN-CONJUGATED QUANTUM DOTS AS A TOOL FOR TARGETED INHIBITION OF THE VOLTAGE-GATED POTASSIUM 
CHANNEL KV1.3 IN THE OLFACTORY BULB  
Austin B. Schwartz1, Anshika Kapur1, Zhenbo Huang1, Raveendra Anangi2, Zoltan Deklan2, Erminia Fardone1, Goutam Palui1, Glenn F. King2, Hedi 
Mattoussi1, Debra A. Fadool1 
1Florida State University, Tallahassee, FL, USA, 2University of Queensland, Brisbane, Australia 
 
Venom-derived ion channel inhibitors are selective, potent, and stable, however, targeting to a specific location can be problematic. Kv1.3 is a volt-
age-gated potassium channel (Kv) that has select distribution and is well characterized for its role in immunity, glucose metabolism, and olfaction - in 
the olfactory bulb (OB) it may serve as a metabolic target to balance body weight and enhance olfactory ability. Herein, we utilized carbodiimide cross-
linker chemistry to conjugate the Kv1.3 inhibitor margatoxin (MgTx) to luminescent quantum dots (QDs) such that MgTx can be tracked following 
delivery. We confirmed with fluorescence microscopy that QD-MgTx conjugates selectively labeled Kv1.3-transfected HEK-293, while QDs alone did 
not. Using electrophysiology in the same expression system, we found that MgTx inhibited 79% of Kv1.3 current whereas QD-MgTx conjugate inhibited 
66% with a slower time course or kon (50% block by 10.7 + 1.1 min, n=16, MgTx; vs. 14.5 + 1.1 min, n=36, QD-MgTx). Both peptide and its conjugate 
inhibited Kv1.3 and Kv1.2 conductances, but neither had an effect on other Shaker channel family members (screened Kv1.1 to Kv1.7). Using a slice con-
figuration of the OB to examine native vs. cloned Kv1.3, we found that similar to MgTx, QD-MgTx increased mitral cell action potential firing frequen-
cy (6.2 +/- 2.6 fold change vs control; n=7) attributed to decreased intraburst duration rather than interspike interval. Next, we inserted a polyhistidine 
tag on the N-terminus of MgTx to control valence and orientation of MgTx onto QD surfaces. This permitted an improved conjugation efficiency as well 
as faster kinetics of Kv1.3 inhibition. The QD-HisMgTx conjugates can now be used to target the OB using either surgically-implanted osmotic mini-
pumps or intranasal delivery approaches.  
 
Funding Acknowledments: Work was supported by NIH grants RO1 DC013080 and NRSA DC03665 from the NIDCD, an NSF EAPSI Fellowship, NSF 
grant #1058957, a Legacy Fellowship from FSU and a grant award from the Bryan Robinson Endowment at TMH.  
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CORRELATION OF NASAL THALLIUM MIGRATION TO OLFACTORY BULB AND OLFACTORY BULB VOLUME IN PATIENTS WITH 
OLFACTORY IMPAIRMENT AFTER UPPER RESPIRATORY INFECTION  
Hideaki Shiga1, Junichi Taki2, Koichi Okuda3, Naoto Watanabe4, Hisao Tonami4, Seigo Kinuya2, Takaki Miwa1 
1Otorhinolaryngology, Kanazawa Medical University, Ishikawa, Japan, 2Nuclear Medicine, Graduate School of Medical Science, Kanazawa University, Ishi-
kawa, Japan, 3Physics, Kanazawa Medical University, Ishikawa, Japan, 4Diagnostic and Therapeutic Radiology, Kanazawa Medical University, Ishikawa, 
Japan 
 
The peripheral olfactory nerve is reduced in most patients with olfactory impairment, but this damage is difficult to assess by using conventional mag-
netic resonance imaging (MRI). The thallium-based imaging modality known as olfacto-scintigraphy has shown that nasal thallium-201 migration to 
the olfactory bulb (OB) is reduced in patients with impaired olfaction due to upper respiratory infection (URI), compared with that in healthy volun-
teers. Our study investigated the correlation of nasally administered thallium-201 migration to OB and the OB volume determined with MRI in pa-
tients with olfactory impairment after URI. The medical ethics committees of our institutes approved this study in advance (trial registration number: 
UMIN000023519). All subjects were informed of the objectives of the study and possible side effects and gave written informed consent. The study pop-
ulation comprised 13 patients from the smell clinic at Kanazawa Medical University Hospital, Japan, who had self-reported olfactory impairment after 
URI (9 women and 4 men; age, 42-66 years; odor recognition threshold determined by standard T&T olfactometry, 2.6 ± 1.7 [mean ± S.D.]). Olfactory 
clefts were open in all patients. Experienced radiologists who were blind to the olfactory test data separately determined the OB volume on the nasal 
side of thallium-201 administration. The findings revealed that thallium migration to the OB was significantly correlated with OB volume (Spearman r = 
0.643, P = 0.018). Our results suggest that in patients with olfactory impairment after URI, a large OB volume indicates small damage of olfactory nerves 
between the olfactory epithelium and OB. The authors declare that they have no competing financial interests.  
 
Funding Acknowledments: Grant-in-Aid for Scientific Research from the Ministry of Education, Culture, Sports, Science & Technology of Japan 
(C25462670 to HS). 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  135

P233 
OLFACTORY BULB

POSTER SESSION II 
THURSDAY, 9:00 PM - 11:00 PM

 
CCKERGIC SUPERFICIAL TUFTED CELLS DRIVE TWO MAJOR INHIBITORY CIRCUITS IN THE OLFACTORY BULB  
Xicui Sun, Shaolin Liu 
University of Maryland School of Medicine, Baltimore, MD, USA 
 
Axons of olfactory sensory neurons expressing the same type of odor receptors project to a pair of mirror glomeruli on the medial and lateral sides of 
each olfactory bulb (OB). Mirror glomeruli are interconnected by the intrabulbar associational system (IAS) derived of superficial tufted cells (STCs) 
which exclusively express the neuropeptide cholecystokinin (CCK). Each CCKergic IAS-STC has a single apical dendrite ramifying in its affiliated 
glomerulus while its axon projects to the internal plexiform layer beneath the mirror glomerulus on the opposite side of the same bulb. However, the 
functional organization of IAS-STC interaction with local interneurons via their dendrites and axons remains unknown. To address this question, we 
combined optogenetics with in vitro electrophysiology and found that optogenetic activation of the CCKergic IAS-STCs evoked excitatory inward cur-
rents in granule cells (GCs) and all the three subpopulations of glomerular neurons: glutamatergic external tufted cells (ETCs), GABAergic periglomer-
ular cells (PGCs), and the GABAergic/dopaminergic short axon cells (SACs). All these responses showed consistently short onset latencies and were 
abolished by the fast glutamatergic receptor blockers, suggesting that CCKergic IAS-STCs monosynaptically drive GCs via their axons and glomerular 
neurons via their apical dendrites by releasing their major transmitter glutamate. GCs form inhibitory circuits with mitral/tufted cells (MTCs) via recip-
rocal dendrodenditic synapses on MTC lateral dendrites whereas ETCs synaptically drive vast majority of the inhibitory PGCs and SACs which provide 
inhibitory feedback and feedforward inhibition of MTCs. Thus, our findings indicate that IAS functions to regulate MTC output to downstream brain 
centers by targeting two major inhibitory circuits.  
 
Funding Acknowledments: NIH 1R01DC014447 
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DIVERGENCE IN THE OLFACTORY SYSTEM AMONG POPULATIONS OF DROSOPHILA MOJAVENSIS  
Byrappa Ammagarahalli, Amber Crowley-Gall, John Layne, Stephanie Rollmann 
University of Cincinnati, Cincinnati, OH, USA 
 
Many insects locate food and mates through the identification and discrimination of chemical cues in the environment. Therefore, variation in olfactory 
preferences that accompany shifts in host plant availability may contribute to differential fitness. The fly Drosophila mojavensis feeds and breeds on cacti 
in the arid regions of the US and deserts of Mexico. Geographically isolated populations exploit four different cactus species that emit specific combina-
tions of volatiles that serve as primary cues for host plant identification. Here, we examine divergence in olfactory responses to cactus volatiles within 
and among populations of D. mojavensis. Recordings of the primary olfactory sensory neurons revealed differences within and among populations in 
the specificity and/or sensitivity of responses to host plant volatiles. These shifts in the olfactory system suggest that the peripheral nervous system has 
changed in response to different ecological environments and that these changes may contribute to population divergence.  
 
Funding Acknowledments: NSF IOS-1456932 
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NOVEL OLFACTORY CODING MECHANISMS IN RESPONSE TO REPELLENT ODORS  
Jonathan T. Clark1, Jadrian Ejercito2, Ryan Arvidson2, Anandasankar Ray2 
1Interdepartmental Neuroscience Program, University Of California, Riverside, Riverside, CA, USA, 2Department of Entomology, University Of California, 
Riverside, Riverside, CA, USA 
 
Volatile odor-based repellents offer a powerful approach for preventing the spread of insect-borne diseases such as malaria, Zika, and dengue. Despite 
extensive research, the molecular and cellular mechanisms through which repellents such as DEET elicit aversion in insects are not fully understood and 
controversial. We have used sensitive electrophysiological and imaging analyses to study the responses to several repellents across the Drosophila and 
mosquito olfactory systems. Alongside, we developed novel odor-delivery methods that better replicate stimuli that cause aversion and found an unusu-
al phenomenon not reported previously: several repellents cause widespread activation across numerous olfactory neuron classes. Imaging of calcium 
levels in cells indicates that calcium is mobilized from internal stores in response to the repellent. A second class of repellents having amine groups are 
characterized by a short burst of action potentials followed by a prolonged silencing of neural activity. Further experimentation with structural deriv-
atives allowed us to identify physicochemical factors that correlate with the inhibition of neurons. The inhibition can be blocked in a dose-dependent 
manner by the addition of compounds with the opposite physicochemical factors. The effects of amines are consistent across multiple chemosenso-
ry neuron types, including ORNs and the GR-expressing CO2 neuron, suggesting a common physiological mechanism that is also conserved in other 
Dipterans such as mosquitoes. Our results uncover novel mechanisms for aversion to common, naturally occurring compounds, and a new potential 
avenue for repellent discovery.  
 
Funding Acknowledments: NIDCD RO1DC014092 AR 
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THE LIFESPAN OF OLFACTORY SENSORY NEURONS  
Vera Gaun1,2, Matthew J Zunitch1,2, Brian Lin1, Woochan Jang1, James E Schwob1 
1Tufts University School of Medicine, Boston, MA, USA, 2Sackler School of Graduate Biomedical Sciences, Tufts University, Boston, MA, USA 
 
Olfactory sensory neurons (OSNs) are born throughout life, which has been interpreted as an indication that OSNs have a fixed lifespan that is less than 
the individual’s, unlike other neurons. Published estimates of that lifespan vary - based previously on the rate of basal cell proliferation, pulse-chase 
thymidine studies, and labeling by retrograde transport from the bulb. To revisit the issue, we used two genetic models to create a permanent label for 
extant mature neurons: OMP-tTA;TetO-Cre;fl(stop)TdTomato mice and R26rtTA;Col1A1-TetO-H2B.GFP mice. In the first model, differentiating OSNs 
became stably marked by TdTomato when OMP was expressed; subsequent, ongoing ingestion of doxycycline beginning at 2 or 4 months of age pre-
vented newly maturing ones from acquiring that label. In the second, doxy-driven expression of the H2B-GFP fusion protein labeled OSNs at their 
birth, and removal of doxy from the diet at 2 or 4 months of age terminated the pulse of OSN labeling. In both cases, the lifespan of mature OSNs was 
determined by following - chasing - the population of labeled neurons over time. Both approaches gave highly similar results. First, both methods had 
labeled in excess of 95% of the OMP (+) neurons at the start of the chase period. Second, substantial numbers of mature OSNs remained labeled - i.e., 
survived - for at least 6 months across the OE. Third, the rate of decline differed substantially between the dorsomedial, NQO1 (+) OE and the ventro-
lateral mamFasII/OCAM (+) OE, such that the numbers of labeled neurons fell faster ventrolaterally than dorsomedially. The findings indicate that the 
life-span of OSNs, on average, exceeds 6 months, but neuronal survival is subject to complex regulation that differs between the two main regions of the 
OE.  
 
Funding Acknowledments: NIDCD R01 DC014217 JS 
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GC-D-EXPRESSING AND GRUENEBERG GANGLION CHEMOSENSORY NEURONS EXPRESS UNIQUE MOLECULAR SIGNATURES  
Zhi Huang1,2, Arthur D. Zimmerman1,2, Steven D. Munger1,2 
1University of Florida Center for Smell and Taste, Gainesville, FL, USA, 2University of Florida Dept. Pharmacology and Therapeutics, Gainesville, FL, USA 
 
The main olfactory bulb (MOB) can be differentiated into subregions based on their innervation by molecularly distinct chemosensory neurons. For 
example, chemosensory neurons in the mouse that utilize a cGMP-mediated transduction cascade - guanylyl-cyclase D-expressing (GC-D+) olfactory 
sensory neurons (OSNs) of the MOE and chemosensory neurons of the Grueneberg ganglion (GGNs) - project to distinct groups of “necklace” glom-
eruli encircling the caudal MOB. To better understand the unique functionality and neural circuitry of the necklace glomeruli and their associated 
sensory neurons, we sought to identify additional molecular markers that would differentiate GC-D+ OSNs and GGNs as well as their target glomeruli. 
We found in mice that GC-D+ OSNs, but not other MOE OSNs or GGNs, express the neuropeptide CART (cocaine- and amphetamine-regulated tran-
script). Both GC-D+ OSNs and GGNs, but not other MOE OSNs, express the Ca2+/calmodulin-dependent phosphodiesterase Pde1a, which is immu-
nolocalized throughout the dendrites, somata and axons of these neurons. Stronger Pde1a immunolabeling in necklace glomeruli innervated by GGNs 
than in those innervated by GC-D+ OSNs suggests either greater Pde1a expression in individual GGNs than in GC-D+ OSNs or a difference in sensory 
neuron innervation density between the two types of necklace glomeruli. Together, the unique molecular signatures of GC-D+ OSNs, GGNs and their 
MOB targets offer important tools for understanding the processing of chemosensory information by olfactory subsystems associated with the necklace 
glomeruli.  
 
Funding Acknowledments: NIDCD DC005633 (SDM), DC012501 (SDM) 
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OLFACTORY LOSS IN HUMANS: EXPOSURE TO ODORS (“OLFACTORY TRAINING”) CHANGES ELECTROPHYSIOLOGICAL RE-
SPONSES AT THE LEVEL OF THE OLFACTORY EPITHELIUM  
Thomas Hummel, Georg Stupka, Antje Haehner, Sophia C. Poletti 
Smell & Taste Clinic, Dept. of ORL, TU Dresden , Dresden, Germany 
 
Repeated short term exposure to odors is known to increase olfactory performance in healthy subjects as well as in patients with post-traumatic or post 
viral olfactory loss. Even in patients with Parkinson’s disease an improvement of olfaction after olfactory training could be demonstrated. Morphological 
correlates such as olfactory bulb volume increase along with an improvement of odor threshold after nasal polyp surgery in patients with chronic rhi-
nosinusitis but also gray matter changes in perfumers suggest central changes in olfactory brain areas after increased olfactory exposure. Even though 
limited, some evidence on peripheral changes exists from animal studies where increased electrophysiological activity in response to olfactory training 
could be shown at the olfactory mucosa of rats. But to date, no data exists on the effect of repeated short term exposure to odors on the olfactory epithe-
lium in humans. This study explores the idea that changes in olfaction following olfactory training are associated with alterations of the electro-olfacto-
gram (EOG) derived from the olfactory epithelium. We could show for the first time in humans that olfactory training was, to some extent, associated 
with an increase in EOG responses implicating a stimulus- induced plasticity starting as early as at the level of the olfactory receptor neurons.  
 
Funding Acknowledments: Supported by a grant from the Deutsche Forschungsgemeinschaft to TH (DFG HU441/18-1). 
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THE USE OF MIXTURE OF ODORS (INSTEAD OF A SINGLE ODOR) INCREASES RELIABILITY OF OLFACTORY THRESHOLD 
TESTING  
Anna Oleszkiewicz1, Robert Pellegrino2, Katharina Pusch2, Celine Margot2, Thomas Hummel2 
1University of Wroclaw, Wroclaw, Poland, 2Interdisciplinary Center „Smell & Taste“, Technical University Dresden, Dresden, Germany 
 
Assessment of odor thresholds is a widely recognized method of measuring olfactory abilities in humans. Odor thresholds are typically assessed for a 
single substance, e.g. n-butanol or phenyl ethyl alcohol (PEA). This is interesting as results from these measurements - despite of relatively large vari-
ation - correlate with the overall chemosensory sensitivity of the tested person although it can be assumed, that the single substance only activates a 
certain portion of olfactory receptors. In contrast, a mixture of multiple odors (containing various molecules) may activate more receptors at once than 
a single-type odorous molecules. To date no attempts have been made to assess whether multiple-molecules mixtures of odors produce more reliable 
results of threshold tests. To this end, we performed two studies of repeated measures design with 121 healthy volunteers (age 19-62 years). In Study 1, 
we compared thresholds obtained from tests based on one odor presented in a pen-like odor dispensing device with three odors and six odors mixtures 
presented in glass containers. In study 2 we compared stimuli of one and three odors, both presented in glass containers. In both studies measurements 
were performed twice, separated by at least three days. Results indicate that the multiple odor mixtures produce significantly more reliable threshold 
scores, as compared to thresholds based on a single substance.  
 
Funding Acknowledments: This research was supported by a grant from the Deutsche Forschungsgemeinschaft to TH (DFG HU441/18-1). 
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APPLIED BODY ODOR RESEARCH IN HUMANS:IMPACT OF ANXIETY CHEMOSIGNAL COMMUNICATION ON THE PERFOR-
MANCE OF DENTAL STUDENTS  
P.Bano Singh1,3, Synnøve Lind1, Alix Young1, Marie C. Leegaard1, Valentina Parma2 
1Institute of Clinical Dentistry, Faculty of Dentistry, University of Oslo, Oslo, Norway, 2International School for Advanced Studies (SISSA), Trieste, Italy, 3Fac-
ulty of Health Sciences, Oslo and Akershus University College of Applied Sciences, Oslo, Norway 
 
Human body odors (BO) can transfer anxiety-related signals, with consequences for conspecifics emerging at the behavioral level and in lack of con-
scious awareness. Despite the breadth of effects revealed, the impact of anxiety chemosignals on real-life situations has not been fully explored. In this 
study, we have tested the effects of anxiety chemosignals on the performance of dental students operating on phantom dental simulation units, wearing 
t-shirts imbued with human sweat. Three odor conditions were masked with 50 µl of eugenol: Masked Anxiety BO - collected during a 3-hour clinical 
session, Masked Rest BO - collected during a 3-hour classroom lesson, and a control condition (Masker), consisting of a clean t-shirt. Twenty-four 4 th 
year dental students [17 females, age: 24.25 y (± 3.04)] donated their BO in two sessions (Anxiety and Rest) and 24 gender- and age-matched, normos-
mic 3 rd year dental students [17 females, age: 24.83 y (± 5.58)] performed three dental procedures while smelling the odor conditions. Analysis by linear 
mixed models indicated that the odor conditions could not be perceptually distinguished (ps>0.08). Nevertheless, when exposed to the Masked Anxiety 
BO, the recipients’ performance was significantly worse than their performance under the exposure of Masked Rest BO and Masker [Score (range 0-50): 
Masked Anxiety BO:28  
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CYCLOPHOSPHAMIDE-INDUCED DISRUPTIONS OF SALT TASTE  
Michael G Gomella, Benjamin C Jewkes, Evan T Lowry, Joy Benner, Eugene R Delay 
University of Vermont, Burlington, VT, USA 
 
Chemotherapy is one of the most common cancer treatments, often inducing side effects that alter taste, including salt taste. To study the effects of the 
chemotherapy drug, cyclophosphamide (CYP), on the appetitive qualities and sensitivity for NaCl, two experiments were performed with mice. CYP, 
which primarily targets proliferating cells, appears to disrupt taste cell replacement within taste buds, including Type I cells thought to be involved in 
salt detection. It was hypothesized that CYP would disrupt salt taste near days 8-11 and 20-26 following the proposed half-lives of Type I taste cells 
(Perea-Martinez et al., 2013). It was also hypothesized multiple, smaller doses of CYP may prolong the disruption of salt taste. Appetitive qualities (brief 
access preference testing) and detection thresholds (small sample, discrete trial method) were tested for 25 days after the treatment regimen. Prior to 
testing mice received one IP injection each day for 5 days in their assigned treatment condition of: 1) saline, 2) 20mg/kg CYP, or 3) four saline injections 
followed by one 100mg/kg CYP injection. The 100mg/kg dose disrupted high concentration NaCl preference on day 4 after treatment and a period cen-
tered around day 20. Detection thresholds were disrupted peaking around days 6 and 14 post treatment, with a brief disruption around day 20. This sug-
gests that there are multiple systems used to create salt taste, which are differentially disrupted by chemotherapy. Five 20mg/kg CYP injections caused 
cyclic disruptions in NaCl detection thresholds, creating prolonged, moderate disruptions in salt sensitivity, but not in preference. Thus, the length and 
characteristics of dysgeusia in patients may be impacted by the dosing within a chemotherapy regimen.  
 
Funding Acknowledments: Summer Undergraduate Research Fellowship, University of Vermont (BCJ). NIH 1 RO1 DC012829 (ERD)  
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MOLECULAR GENETIC LINEAGE TRACING OF TASTE BUD CELLS IN ADULT MICE.  
Lauren Gross1,2, Jennifer / K. Scott1,2, David Castillo Azofeifa1,2,3, Dany Gaillard1,2, Linda / A. Barlow1,2 
1Dept of Cell and Developmental Biology, University of Colorado School of Medicine, Aurora, CO, USA, 2Rocky Mountain Taste and Smell Center, University 
of Colorado School of Medicine, Aurora, CO, USA, 3Program in Craniofacial and Mesenchymal Biology and Department of Orofacial Sciences, University of 
California San Francisco, San Francisco, CA, USA 
 
The sense of taste is remarkably constant despite continual renewal of taste receptor cells (TRCs) throughout life. Seminal cell birthdating studies in the 
1960s defined an average lifespan of 10 days for TRCs with substantial variance, attributed to heterogeneity of cell types within taste buds. Recently, dif-
ferent populational half-lives have been estimated for Type II (sweet/bitter/umami) versus Type III (sour/salt) cells, i.e., 8 and 22 days, respectively, but 
the degree to which taste cell Type corresponds to cell lifespan has not been determined. We are using inducible genetic lineage tracing to define taste 
cell type-specific lifespans in the anterior fungiform (FFP) and posterior circumvallate (CVP) taste papillae in adult mice. Long term labeling of cyto-
keratin (K)5+ progenitors and their daughters reveals 90% of Type II and III TRCs in FFP taste buds are lineage labeled within 8 weeks. Likewise, in the 
CVP after 8 weeks, 90% of both Snap25+ Type III and gustducin+ Type II cells are lineage labeled. Interestingly, only 70% of Type II TRCs immunos-
tained for PLCß2 contain lineage tag at 8 weeks. Pulse lineage tracing of post-mitotic Sonic hedgehog (Shh) Type IV/taste precursor cells examined after 
30 days revealed persistent lineage label in 14% of Snap25+ Type III and 17% of PLCß2+ Type II cells in FFP, but only 4% of gustducin+ Type II cells. In 
sum, our data suggest: 1) individual Type II and III cells live up to 30 days; and 2) gustducin- and gustducin+ Type II cells have distinct renewal kinetics, 
with gustducin+ cells renewing more rapidly.  
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LIGHT-DRIVEN RESPONSES FROM PUTATIVE TYPE I TASTE BUD CELLS EXPRESSING CHANNELRHODOPSIN-2  
Grace Houser1, Joseph Breza2, Kalyan Balasubramanian1, Joseph Travers1, Susan Travers1 
1The Ohio State University, Columbus, OH, USA, 2Eastern Michigan University, Ypsilanti, MI, USA 
 
Taste bud cells are heterogeneous. GPCR’s for sugars, amino acids, and bitter stimuli reside in Type II cells; Type III cells are acid-responsive. Type I cells 
express glial markers and NTPDase, an enzyme that degrades ATP, an obligate transmitter between taste buds and 1o afferent nerve fibers. Thus, the pre-
vailing view is that Type I cells do not convey taste signals but instead serve a supportive role. Notably, only Type I cells express GAD65 (Dvoryanchikov 
et al., ‘11), a synthetic enzyme for GABA. In the course of generating mice for CNS studies of inhibition, we crossed mice expressing GAD65-dependent 
cre, with mice that expressed cre-dependent ChR2 and EGFP. In addition to CNS expression, EGFP was expressed in all lingual and palatal taste buds. 
Preliminary immunohistochemistry using markers for Type I (NTPDase, n=2 mice), Type II (gustducin or PLCβ2, n=2), and Type III (CA4, n=1) cells, 
suggests extensive overlap between NTPDase and EGFP, but little or no co-expression for Type II or III cell markers. Oral illumination with pulsed light 
(473nm, 10mW, 10Hz, 5ms) drove robust responses in gustatory regions of the nucleus of the solitary tract but was ineffective at sites with oral somato-
sensory responses. 10 single units, 5 optimally responsive to sucrose and/or umami, and 5 sodium-selective or broadly responsive, all responded to oral 
light. Pilot data using oral application of a P2X3 receptor antagonist (AF-353, 1mM, n=2 mice) suggest that, as for taste responses (Vandenbeuch et al., 
‘15), light-evoked responses are P2X3-dependent; the antagonist suppressed both types of responses (taste: 78+.9%; light, 75+2.3%).Thus, if depolarized, 
Type I cells can drive activity in central taste circuits. Whether they drive or modulate such activity under natural conditions is unknown.  
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WHICH CELL DETECTS SALTY TASTE IN FUNGIFORM TASTE BUDS?  
Jennifer K. Roebber1, Stephen Roper1,2, Nirupa Chaudhari1,2 
1Program in Neurosciences, University of Miami Miller School of Medicine, Miami, FL, USA, 2Department of Physiology and Biophysics, University of Miami 
Miller School of Medicine, Miami, FL, USA 
 
The cell types that detect four of the five basic tastants (sweet, sour, bitter and umami) are known. However, the cell that detects salty taste stimuli re-
mains ambiguous. In order to study salt taste at a cellular level, we have established a semi-intact slice preparation of anterior tongue. Tissue was derived 
from transgenic mice expressing the calcium indicator GCaMP3 in type 2 and 3 cells, allowing simultaneous high-resolution imaging of cell morpholo-
gy and function. Taste stimuli were applied in 3 second pulses focally to the taste pore, and tracked to ensure that they did not penetrate the epithelium. 
Cellular calcium signals increased between 15%-400% and returned to baseline within ~20s. Responses could be repeated at least two times in three 
minutes. Taste cells gave frequent and repeatable responses when stimulated with a single concentration of NaCl (250-900mM, 18 cells/9 buds). Next, 
to prevent adaption to the high [Na+] in Tyrode’s solution, we examined salt responses while applying artificial saliva in a laminar flow across the api-
cal pore. Under these conditions, dose-dependent responses were obtained to 100-450mM NaCl. To determine the tuning of NaCl sensitive cells, we 
sequentially challenged cells with two taste stimuli, in counterbalanced order. 58% (7/13) of cells were found to be sensitive to both NaCl and a sweet/
bitter mix (a type 2 or 3 cell stimulus). Conversely, no cells (0/18) that were sensitive to NaCl responded to citric acid (a type 3 stimulus). Our results 
suggest that salt responses are present in either dedicated salt cells or broadly tuned cells that are insensitive to sour. Our results differ from studies of 
the CV (Tomchik et al 2007, Lewandowski et al 2016), which showed all salt responsive cells to be sour sensitive.  
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THE TASTE OF BLUE LIGHT  
Courtney E Wilson1,2,3, Sue C Kinnamon1,2,3 
1University of Colorado School of Medicine Neuroscience Graduate Program , Aurora, CO, USA, 2University of Colorado School of Medicine Department of 
Otolaryngology, Aurora, CO, USA, 3University of Colorado Rocky Mountain Taste and Smell Center, Aurora, CO, USA 
 
Type III cells in the mammalian taste bud are required for transmission of sour taste information (Huang et al., 2006), but whether stimulation of these 
cells represents a pure sour taste is still debated. Studies of Type III cells in the intact bud are confounded by off-target effects of acid (sour) on sur-
rounding cells; acid application causes intracellular acidification in all cells, not just Type III cells. To avoid non-specific activation of other cell types, we 
developed a mouse that expresses light-activated Channelrhodopsin (ChR2) under a Type III cell-specific Cre driver. This mouse features an IRES-Cre 
recombinase construct following the Polycystic Kidney Disease 2-Like 1 (Pkd2l1) stop codon. Thus, ChR2 is expressed only in PKD2l1+ Type III cells. 
Optogenetic activation of PKD2L1+ cells in anterior tongue produces a robust chorda tympani nerve response, which resembles responses to classic 
taste stimuli (Wilson et al., Achems 2015). To determine if blue light stimulation also elicits a behavioral response, we performed short-term two bottle 
preference tests, where one sipper bottle contained a blue LED and the other a green LED to control for a general aversion to light. We also performed 
two bottle preference tests with concentrations of citric acid as a comparison. The avoidance of blue light for each mouse was significantly correlated to 
their avoidance of 10 mM citric acid. Pkd2l1-Cre negative mice did not show this correlation. Future experiments will explore the qualitative nature of 
this response using conditioned taste aversion—by selectively stimulating PKD2L1+ Type III cells, we can ask which taste qualities best mimic the light 
response. By isolating the activity of this cell population, we can gain a better understanding of the role of Type III cells in the taste system.  
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SOX10-CRE LABELED CELLS ARE DISTRIBUTED IN MATURE TASTE BUDS IN MOUSE TONGUE AND SOFT PALATE  
Wenxin Yu, Guiqian Chen, Brett Marshall, Hongxiang Liu 
University of Georgia, Athens, GA, USA 
 
Taste buds have been described as solely arising from local surrounding epithelium. However, our recent studies using P0-Cre, Dermo1-Cre and Vimen-
tin-CreER mouse models demonstrated that the underlying connective tissue, which is primarily derived from the neural crest (NC), contributes to early 
and mature taste buds. These data strongly suggest a potential NC origin of taste buds. In contrast, labeled cells of Wnt1-Cre, widely taken as the “gold 
standard” for NC lineage tracing, were rarely seen in taste buds. In order to resolve this dilemma and test whether the NC contributes to taste buds, we 
used a mouse model, SOX10-Cre, to specifically label NC lineages, and analyzed the distribution of labeled cells, most likely NC derived cells, in taste 
buds. In E8.5 SOX10-Cre mouse embryos, Cre immunosignals were restricted to migrating NC cells. In postnatal SOX10-Cre/RFP mice at different stag-
es (2, 4, 8, 16 weeks), we observed that (1) SOX10-Cre labeled cells were abundant within taste buds in all three types of taste papillae (fungiform, foliate, 
and circumvallate) and in the soft palate; (2) SOX10-Cre/RFP signals in taste buds were seen in all three types of differentiated taste bud cells, identi-
fied using NTPDaseII for type I, alpha-Gustducin for type II, SNAP25 for type III. Together, our data using the SOX10-Cre/RFP mouse model provides 
strong evidence for the NC origin of a significant population and various types of taste bud cells.  
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NEURONAL RESPONSES TO SUGARS AND AMINO ACIDS IN THE NUCLEUS OF THE SOLITARY TRACT OF T1R1+T1R3 AND 
T1R2+T1R3 DOUBLE-KNOCKOUT MICE  
Kalyanasundar Balasubramanian1, Grace Houser1, Ginger Blonde2, Alan C Spector2, Susan Travers1 
1Ohio State University, Columbus, OH, USA, 2Florida State University, Tallahassee, FL, USA 
 
Type 1 taste receptors (T1Rs) function as sugar (T1R2+T1R3) and amino acid (T1R1+T1R3) receptors by forming heterodimeric complexes but ad-
ditional mechanisms are implied by the presence of residual responses in T1R KO mice. Because most observations have been made in mice lacking a 
single T1R family member, the degree to which alternate mechanisms are T1R independent is uncertain. To clarify this, we recorded single-unit taste 
responses in the nucleus of the solitary tract (NST) from double-knockout (dblKO) mice lacking T1R2+T1R3 (KO23, n=11) or T1R1+T1R3 (KO13, 
n=12) and from C57BL/6 (B6, n=20) and 129X1/SvJ (129, n=13) wild-type (WT) controls. Stimuli included midrange to high concentrations of proto-
typical representatives for the standard taste qualities (sucrose, NaCl, citric acid, cycloheximide+quinine and MSG+IMP+amiloride (umami), additional 
monosaccharides (glucose and fructose) and amino acids (MSG with and without amiloride, glycine, and lysine). Umami synergism was larger in B6 
mice vs all other strains (P’s<.03) and virtually absent in dblKO mice. Each mono- and disaccharide elicited the largest responses in B6 mice (P’s<.005). 
Cluster analysis identified a group of neurons with preferential sensitivity to sweet and/or umami stimuli, which was composed only of WT neurons. 
Nevertheless, some small responses to sugars remained in dblKO mice (9% KO23; 17% KO13) primarily in neurons responsive to multiple electrolytes 
and amino acids. These results suggest that T1R-independent mechanisms can convey signals about sugars and amino acids, but that these feed into 
very broadly-tuned central neurons. Interestingly, some neurons, especially from dblKO mice, responded robustly to MSG (600mM) mixed with ami-
loride, a stimulus that both WT and T1R KO mice detect very poorly (Smith & Spector, 2014).  
 
Funding Acknowledments: R01DC004574 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  150

P302 
BRAINSTEM

POSTER SESSION III  
FRIDAY, 8:00 AM - 10:30 AM

 
CHEMOSENSORY INTEGRATION IN THE BRAINSTEM: TRANSFER OF TASTE AND RETRONASAL ODOR INFORMATION BE-
TWEEN NTS AND PBN IN AWAKE-BEHAVING RATS  
Olga D Escanilla, Patricia M Di Lorenzo 
Department of Psychology, Binghamton University, Binghamton, NY, USA 
 
The mechanisms underlying integration of taste and odor stimuli in the brain are not well understood. Here, we studied simultaneously recorded neu-
rons from two brainstem structures to investigate how representation of chemosensory information is transferred between the first (nucleus of the 
solitary tract, NTS) and second (parabrachial nucleus of the pons, PbN) central nuclei relay in the gustatory pathway of awake freely- licking rats. Rats 
were implanted an 8-tungsten wire electrode in the taste-responsive portions of both the NTS and the PbN and allowed to recover. Following moderate 
water deprivation, rats were placed in an experimental chamber containing a lick spout with access to presentations of various fluids. These consisted of 
taste only (0.1 M Sucrose, 0.1 M NaCl, 0.01 M Citric Acid, 0.0001 M Quinine, artificial saliva (AS)), retronasal odor only (0.01% octanoic acid or 0.01% 
phenylethyl alcohol, mixed in AS), and paired taste-odor stimuli (each odorant diluted in each tastant). Odor concentrations were below the detectable 
gustatory or somatosensory range in rats. Each taste, odor, or taste-odor stimulus was presented for 5 consecutive licks separated by 5 AS rinses on a 
variable ratio 5 schedule. Of the 23 NTS and 17 PbN cells recorded from 3 animals, we found 13 NTS-PbN pairs that showed different types of func-
tional connectivity, with 9 pairs responding to a common driver. The response profile of an NTS cell was a poor predictor of the response profile of the 
PbN cell receiving common input. In addition, the dynamic correlation of the spiking activity between the NTS-PbN pairs was altered by the addition 
of retronasal odorants to tastants. These preliminary results indicate that chemosensory information is being actively modulated as it is transferred from 
NTS to PbN.  
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POSTNATAL DEVELOPMENT OF DENDRITES IN HAMSTER ROSTRAL NUCLEUS OF THE SOLITARY TRACT: A QUANTITIVE 
GOLGI ANALYSIS  
Emily E. Perszyk, Haley R. Roland, Beverly N. Bowring, Robert E. Stewart 
Washington and Lee University, Lexington, VA, USA 
 
Our lab previously described major age-dependent alterations in the spatial organization of taste nerve axon terminations in the hamster rostral nucleus 
of the solitary tract, or rNST. This substantial reorganization of afferent inputs during the early postnatal period made us wonder if postsynaptic neu-
rons in rNST of this species undergo parallel postnatal modifications. Brains were collected from Syrian golden hamsters at 5, 10, 48, 78 and 108 days 
of age postnatal (Ns = 4/age point) and impregnated and processed using a commercially available Golgi-Cox procedure (FD Neurotechnologies). Gol-
gi-stained horizontal sections (100-150 𝜇m) collected from impregnated brains were developed and stained neurons (N = 500 total) were reconstructed 
digitally with Neurolucida (MBF Biosciences). Preliminary analysis with one-way ANOVA revealed a significant main effect of age on mean total den-
dritic length, F(4, 495) = 29.05, p <.001. Post-hoc, Bonferroni-adjusted independent t-tests indicated that total dendritic lengths increase significantly 
from 5- to 10-days of age and again from 48- to 78-days of age (ps ≤ .001). In contrast, a significant decrease in total dendritic lengths occurs between 
78- and 108-days of age (p <. 001). Thus, postnatal maturation of dendrites in hamster rNST involves a protracted period of elongation followed by a 
period of retraction. Additional analyses underway explore effects of sex and neuron type on the trends described, and examine changes in dendrite 
branch segment length, branch order density, and complexity.  
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OPTOGENETIC STIMULATION OF GUSTATORY CORTICAL INPUT ONTO THE NUCLEUS OF THE SOLITARY TRACT OF THE RAT 
ENHANCES TASTE INFORMATION AND LEARNING  
Joshua D Sammons1, Caroline E Bass2, Jonathan D Victor3, Patricia M Di Lorenzo1 
1Dept of Psychology, Binghamton University, Binghamton, NY, USA, 2Dept of Pharmacology and Toxicology, University at Buffalo, SUNY, Buffalo, NY, USA, 
3Brain and Mind Research Institute, Weill Cornell Medical College, New York, NY, USA 
 
The nucleus of the solitary tract (NTS), the first central nucleus in the taste system, contains a heterogeneous mix of neuronal subtypes. Importantly, the 
functional role of each neuron subtype in taste information propagation is unknown. Here, we used optogenetic tools to study how selective excitation 
of GABAergic NTS neurons affects taste responses in awake, freely licking ratsand taste discrimination learning. Viruses restricting ChR2-EYFP expres-
sion to GABAergic neurons using a GAD1 promoter were infused unilaterally into the NTS. After 2-4 wks, an optrode (optical fiber with 8 tungsten 
microwires) was implanted into the taste-responsive NTS. After recovery, rats were presented with an array of taste stimuli under moderate water depri-
vation. Rats were given trials of 5 licks of a tastant (0.1 M NaCl, 0.1 M sucrose, 0.1/0.01 M MSG/IMP, 0.01 M citric acid, 0.001 M quinine, or artificial 
saliva) separated by 5 rinse licks presented on a VR5 schedule. Each lick of a taste stimulus triggered a 1s train of laser light (25 Hz of 473 at 8-10 mW) 
in a random half of the trials. After a week of taste-only recording, rats were switched to a Go no-Go (GnG) paradigm. A single cue stimulus lick (0.1 M 
NaCl, 0.1/.01 M MSG/IMP or 0.1 M KCl in separate sessions) was followed by 5 dry licks, 3 licks of a test stimulus (0.1 M NaCl, 0.1/0.01 M MSG/IMP, 
or 0.1 M KCl) and a 1 s timeout. If cue and test stimuli matched, continued licking produced a 3-lick 0.5 M sucrose reward. If they differed, the rat was 
required to withhold licking for 1 s or be punished by 3 licks of 2 mM quinine and a 5 s timeout. In a random half of each trial type, each test lick trig-
gered optical stimulation for 1 s. Preliminary data show that GABAergic stimulation narrowed the tuning of NTS taste cells and increased information 
conveyed about taste. Additionally, GABAergic stimulation retarded GnG acquisition, but had no effect after the rat had learned the task. Results suggest 
that GABA activation in NTS enhances taste discrimination by sharpening the tuning of taste cells, thus enhancing the signal-to-noise ratio.  
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MAINTENANCE OF GUSTATORY TERMINAL FIELD ORGANIZATION IN THE NST AT ADULTHOOD IS DEPENDENT ON BDNF  
Chengsan Sun, Shuqiu Zheng, David L Hill 
Dept. of Psychology, University of Virginia, Charlottesville, VA, USA 
 
Brain Derived Neurotrophic Factor (BDNF) is expressed within gustatory epithelia, geniculate ganglia, and the nucleus of the solitary tract (NST). 
BDNF is required for gustatory neurons to locate and innervate their correct targets during development. Moreover, deletion of the bdnf gene results in 
a 50% loss of geniculate ganglion neurons, a significant loss of taste buds in early development, and results in death within two weeks after birth. When 
the bdnf gene is deleted at adulthood, there is a loss of innervation of taste buds and a decrease in taste bud size at 10 weeks post gene deletion. Here, we 
tested the hypothesis that central gustatory circuits are also affected following loss of BDNF. We made a mouse where BDNF was deleted from tongue, 
ganglia, and the NST at adulthood by using Ubiquitin Cre-ERT2 coupled with the floxed BDNF on one allele and BDNF knocked out throughout devel-
opment on the other allele. Real-time PCR was used to determine the optimal dose and duration of tamoxifen treatment as well as the longest time after 
tamoxifen treatment where BDNF remained low. Sixty days following the last tamoxifen treatment, the greater superficial petrosal (GSP), chorda tympa-
ni (CT), and glossopharyngeal (IX) nerves were labeled with different 3kD dextrans. The total terminal field volumes of all three nerves increased ap-
proximately 2X and overlapped extensively with each other more in the tamoxifen treated group compared to controls (p<0.05). The number of CT, GSP 
and IX neurons were not affected by the genetic manipulation, and no change was found in CT whole nerve taste responses to a variety of taste stimuli. 
These findings suggest that BDNF plays a role in gustatory system development as well as its maintenance at adulthood.  
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SELECTIVE ATTENTION MODULATES ODOR-GUIDED BEHAVIOR AND INFORMATION PROCESSING IN THE OLFACTORY TU-
BERCLE  
Kaitlin S. Carlson1, Emma S. Dauster1, Marie A. Gadziola1, Daniel W. Wesson1,2 
1Case Western Reserve University, Department of Neurosciences, Cleveland, OH, USA, 2Case Western Reserve University, Department of Biology, Cleveland, 
OH, USA 
 
Cognitive processes, such as arousal, expectation, and attention, are well-known to modulate sensory processing, perception, and behavior. Although 
widely studied in the visual and auditory systems, much less is known about the role of attention in the olfactory system. Notably, unlike in these other 
sensory systems, olfactory information bypasses the thalamus (a key regulator of incoming sensory information), to directly influence olfactory cortical 
structures. This implores the question: If odor can be selectively attended to, is an invariable external olfactory stimulus represented in an intrinsically 
different manner by the neurons in the olfactory system, dependent upon whether or not the animal is paying attention to it? To investigate attentional 
influences on behavior and odor information processing, we designed a novel two-alternative choice task to manipulate odor-directed selective atten-
tion, in which rats learned to shift their attention to the relevant (rewarded) modality when presented with concurrent olfactory and auditory cues. 
While rats performed the final task, we recorded extracellularly from the olfactory tubercle (OT), a secondary olfactory structure. We found that 1) rats 
can direct their attention to the olfactory modality, and that attention dictates accuracy, 2) attentional shifting is subject to significant plasticity with 
experience, and 3) odor-directed attention bidirectionally influences OT unit activity, such that units display a shift (either an increase or decrease) in 
their firing rates during odor-directed attention. These results provide the first of their kind look into how attention influences odor-guided behavior in 
rodents and the changes in odor information processing among neurons in the olfactory system that may underlie this.  
 
Funding Acknowledments: This work is supported by grants from the NIH/NIDCD to K.C. (NRSA F31DC014615-01A1) and to D.W. (R01DC014443). 
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HOW DO PEOPLE QUANTIFY FLAVORS? JUDGING FLAVOR QUALITIES VERSUS JUDGING FLAVOR STIMULI  
Kelly A. Morrow1, Yaohua Xie1,2, Maria G. Veldhuizen1,3, Lawrence E. Marks1,2,4 
1John B. Pierce Laboratory, New Haven, CT, USA, 2Department of Environmental Health Sciences, Yale School of Public Health, New Haven, CT, USA, 3De-
partment of Psychiatry, Yale University School of Medicine, New Haven, CT, USA, 4Department of Psychology, Yale University, New Haven, CT, USA 
 
How do reports of flavor experiences (e.g., how sweet a beverage tastes) relate to judgments of stimulus components (how much sugar is in the bever-
age)? This study examined the relation between magnitude estimates of intensity of gustatory and olfactory flavor qualities and magnitude estimates of 
the stimuli from the same 24 participants (16 f, 8 m; mean age 28.6 ± 5.8 yrs.). To this end, we created 8 combinations of 2 gustatory components (su-
crose and citric acid) and 1 olfactory component (lemon extract) and presented them in 2 sessions. Participants judged the intensity of sweet, sour, and 
citrus qualities in 1 session and the amounts of sugar, acid, and lemon in the other. The results showed strong positive relations between corresponding 
ratings: sucrose-sweet (r = .99); lemon-citrus (r = .79); and citric acid-sour (r = .88). Indeed, judgments of sensory qualities and corresponding stimuli 
did not differ statistically (all values of p > .1). Participants judged pure lemon extract to be sour as well as citrus and to contain both acid and lemon, 
and judged pure citric acid to be citrus as well as sour and to contain both lemon and acid, but judged pure sucrose to be only sweet and contain only 
sugar - implying confusion between sour and citrus, but not between sweet and either sour or citrus. These outcomes may reflect greater quantitative ex-
perience with sweet flavorants (e.g., adding different amounts of sugar to beverages) compared to experience with sour and citrus or alternatively more 
confusion between components that have frequently been paired together (sour and citrus). The similarity between sensory and stimulus judgments is 
consistent with the hypothesis that ratings of stimulus magnitude derive largely or exclusively from consciously accessible percepts of sensory intensity.  
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SHORT- AND LONG-TERM HABITUATION IN OLDER AND YOUNGER ADULTS  
Philipp Nahrath, Charlotte Sinding 
Smell & Taste Clinic Department of Otorhinolaryngology, TU Dresden, Dresden, Germany 
 
Long-term habituation permit to reduce the perception of odorants encountered daily in life, but with little interest for the smeller. In this study, we 
investigated the impact of the age of subjects (young vs old adults), the duration of exposure, and trigeminality. Fifty-six adult healthy non-smoker par-
ticipants (M:F = 28:28) participated in a 2 months study (two age groups: 18-35±3 y.o.; 50-80±9 y.o.). Subjects were exposed to the odor, at home, with 
a rattan stick diffuser. In each group of age, half of the group was exposed to a highly trigeminal odorant and the rest was exposed to the lowly trigemi-
nal odorant. The odorants were likely similar in other aspects. The detection threshold was measured for the target and non-target odorants, before and 
after two weeks of exposure (number of hours of exposure was recorded). We found a decrease of sensitivity to the target odorant, after 2 weeks of expo-
sure. Exposure to the lowly trigeminal odorant resulted in a higher decrease (M=4.52±4.63, p=0.002) than to the highly trigeminal one (M=3.84±5.34, 
p=0.01). Hours of daily exposure to the lowly trigeminal odorant negatively correlated with sensitivity, while no correlation was found for the highly 
trigeminal odorant. No difference of habituation was found between older and younger adults. In conclusion, long term habituation varies between 
odorant more or less trigeminal, as previously found for short term habituation (240s).  
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THE EFFECT OF TRAIT RESILIENCE ON OLFACTORY SENSITIVITY AND CORTISOL REACTIVITY UNDER ACUTE STRESS  
Katherine A. Pendergast, Jessica York, Kathleen Phelps, Irene N. Ozbek 
University of Tennessee at Chattanooga, Chattanooga, TN, USA 
 
Stress is discomfort arising from undesirable environmental or internal states that can disrupt normal functioning (Ingram & Luxton, 2005). Stress 
reduces olfactory sensitivity in those with high state or trait anxiety (Takahashi, et al., 2015). Research has begun to identify protective factors to stress, 
one of which is trait resilience, i.e. the ability to adapt to adversity or stress in positive and effective ways (Luthar, Ciccetti, & Becker, 2000). In this study, 
we assess the relationship of resilience to olfactory sensitivity and acute stress responses in college students. We aim to test if resilience is reflected in 
cortisol levels and olfactory thresholds of vanillin and isoamyl acetate. The addition of the olfactory thresholds allows us to assess if trait resilience has 
an effect on olfaction in an acutely stressful situation, or if differences in sensitivity under stress are unaffected by this reported trait. Participants com-
plete a measure of trait resilience and the WUTC olfactory threshold test, then each participant gives a sample of saliva to analyze baseline cortisol. 
Afterward, participants receive a stress induction, give another saliva sample and complete the WUTC olfactory threshold test again. Data collection is 
in progress. We anticipate, within participants, to see an increase in cortisol levels after stress induction and a decrease in olfactory thresholds. Between 
participants, we expect higher resilience scores to be associated with lesser differences in amount of salivary cortisol and lesser differences between 
thresholds before and after stress. Olfaction threshold tests may be used to discriminate individuals who have higher resilience from those with lower 
resilience to stress in the future if there is a strong relationship between resilience and olfaction thresholds.  
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DISEASE DETECTION: VOLATILE BIOMARKERS IN ACUTE INFLAMMATION  
Georgia Sarolidou1, Bruce A. Kimball2,3, Julie Lasselin1,4,5, John Axelsson1,5, Mats Lekander1,5, Johan N. Lundström1,2,6, Mats J. Olsson1 
1Department of Clinical Neuroscience, Karolinska Institutet, Stockholm, Sweden, 2Monell Chemical Senses Center, Philadelphia, PA, USA, 3U.S Department 
of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services National Wildlife Research Center, Philadelphia, PA, USA, 4Institute of Medical 
Psychology and Behavioral Immunology, Essen, Germany, 5Stress Research Institute, Stockholm University, Stockholm, Sweden, 6Department of Psychology, 
University of Pennsylvania, Philadelphia, PA, USA 
 
Through history, infectious bacteria and viruses have posed a threat to humanity. Being able to detect and avoid pathogens is, therefore, of crucial im-
portance. It has been shown that body odor samples, such as urine, from immune-activated animals contain sickness cues and that detection of such 
cues, results in avoidance behavior in conspecifics. Perceivable changes in body odor samples have recently been shown in immune-activated human 
participants, but with unknown molecular origins. The main aim of this study was to identify potential volatile biomarkers of the acute inflammatory 
response. Healthy volunteers were injected twice in a crossover design, once with the bacterial endotoxin lipopolysaccharide (LPS, 2ng/kg bw) and once 
with placebo (saline). LPS caused a transient systemic inflammatory response as shown by pro-inflammatory cytokines, tympanic temperature and sub-
jective sickness ratings (significant interactions between condition and time with all ps<.001, and all ηρ2>.663). Axillary sweat and urine were collected 
both before and 2-4 hours after injection. Headspace from these samples were analyzed using gas chromatography-mass spectrometry (GC-MS). GC 
- MS analyses of the urine data revealed a significant increase in pyrrole concentration (p <.017) as a function of inflammation. Interestingly, the results 
from our previous study (Gordon et al. in prep.) exhibited the same pattern of results for pyrrole (p <.003). GC-MS data analyses regarding the volatile 
compounds of sweat are still in progress. The pattern of results present a first step towards identifying volatile compounds that carry inflammation-relat-
ed information across individuals.  
 
Funding Acknowledments: Swedish Research Council (421–2012–1125 and 2016-02742) The Swedish Foundation for Humanities and Social sciences 
(P12–1017) 
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HUMAN BODY ODOR IDENTIFICATION IS AFFECTED BY THE VALENCE OF THE CONTEXTUAL INFORMATION AT ENCODING 
AND RETRIEVAL  
Sandra C. Soares1,2,3, Marta Rocha1, Susana Campos4, Laura Alho4,5, Jacqueline Ferreira4, Stephanie Macedo4, Carlos Silva1, Valentina Parma6,7,8 
1CINTESIS.UA, Department of Education and Psychology, Aveiro, Portugal, 2William James Research Center, ISPA, Lisbon, Portugal, 3Department of Clin-
ical Neuroscience, Section of Psychology, Karolinska Institute, Stockholm , Sweden, 4Department of Education and Psychology, University of Aveiro, Aveiro, 
Portugal, 5Lusófona University, Lisbon, Portugal, 6SISSA, Trieste, Italy, 7Monell Chemical Senses Center, Philadelphia, PA, USA, 8Center for Autism Re-
search, Philadelphia, PA, USA 
 
Accurate identification of encoded contextual details depends on recapitulation processes during retrieval. Encoding and retrieval conditions are known 
to influence the sensory material stored and its recapitulation, however, little is known about such processes in olfaction. Here, we capitalized on the 
uniqueness of body odors which, similarly to fingerprints, allow for the identification of a specific person, by associating their presentation to a negative 
or a neutral emotional context. A total of 105 participants (57F, divided into 4 groups) were exposed to male body odors (BO) while watching either 
criminal or neutral videos (encoding phase) and were subsequently asked to recognize the target BO within either a congruent or an incongruent visual 
context (retrieval phase). Preliminary results obtained applying signal detection theory suggest that accurate identification (d’) of the BO is more likely 
to occur when the encoding and retrieval contexts are congruent. Additionally, when the contexts are incongruent, encoding in a neutral context con-
sistently facilitate subsequent identification of BO. The impact of demographic and individual differences as well as BO perceptual features is evaluated. 
These findings elucidate how memories are processed in emotional situations and implications for nose-witness culprits’ identification are discussed.  
 
Funding Acknowledments: Supported by grants from the Foundation for Science and Technology, within the program COMPETE, awarded to SCS 
(FCOMP-01-0124-FEDER-029587, refª FCT PTDC/MHC-PCN/4842/2012) and to MR (Fellowships SFRH/BD/111238/2015), and from the Louise 
Slade Fellow 
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NOSTRIL-SPECIFIC ATTENTIONAL GAIN WITHOUT AWARENESS  
Yuting Ye1,2, Wen Zhou1,2 
1Institute of Psychology, Key Laboratory of Behavioral Science, CAS Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of 
Sciences, Beijing, China, 2University of Chinese Academy of Sciences, Beijing, China 
 
The two nostrils inspire air from distinct regions in space. Such nostril-specific information is generally considered inaccessible by awareness. The cur-
rent study examines whether it can be accessed by attention. Combining dichorhinic presentation with psychophysical measurements and functional 
magnetic resonance imaging (fMRI) , we show that attention to an odor cue facilitates the detection of a subsequent odor target presented in the same, 
as opposed to the opposite, nostril. This nostril-specific attentional gain is accompanied by enhanced activity in the piriform cortex ipsilateral to the at-
tended odor. However, attention overtly directed to a nostril fails to produce the effects. In both cases, participants are unaware of which nostril an odor 
is presented in. Our results suggest that object representation in the olfactory system embeds information about “nostril of origin”. They also demon-
strate a dissociation between attention and awareness in olfaction.  
 
Funding Acknowledments: This work was supported by the National Natural Science Foundation of China (31422023) and the Strategic Priority Re-
search Program of the Chinese Academy of Sciences (XDB02030006).  
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GRAY MATTER VOLUME COMPARISON IN PATIENTS WITH POST-INFECTIOUS OLFACTORY LOSS BEFORE AND AFTER “OL-
FACTORY TRAINING”  
Janine Gellrich2, Cedric Manesse1, Han Pengfei1,2, Amelie Betz1, Anne Junghans1, Claudia Raue3, Valentin/A Schriever2, Thomas Hummel1 
1Department of Orthorhinolaryngology TU Dresden, Dresden, Germany, 2Department of Neuropediatrics TU Dresden, Dresden, Germany, 3Department of 
Neuroradiology TU Dresden, Dresden, Germany 
 
One of the major causes of olfactory loss is an upper respiratory tract infection (URTI). Olfactory dysfunction is associated with reduction of gray mat-
ter density in olfactory related brain areas. In recent years, exposure to odors (“olfactory training”, OT) has been shown to improve olfactory function as 
treatment in patients with olfactory dysfunction. Aim of this study was to investigate possible changes in brain volume following OT in post-URTI pa-
tients. Structural magnetic resonance imaging of the brain (3T) was collected from 41 patients (average age 60 years, 16 male, 25 female) and 60 healthy 
controls (average age 44 years, 31 male, 29 female); in addition, 41 patients were scanned after 6-month OT. Psychophysiological olfactory testing was 
performed using the “Sniffin’ Sticks”. Voxel based morphometry was applied to investigate the gray matter (GM). No differences in GM volume between 
URTI patients and healthy controls were obtained in olfactory related regions at baseline. However, patients exhibited an increase in volume at the hip-
pocampus and thalamus after OT. Using VBM, the present study indicated that OT is not related to structural changes in classical olfactory eloquent ar-
eas. However, the increase of GM at the hippocampus and thalamus may indicate a higher degree of recruitment of odor-related memories or attention 
towards olfactory-related content.  
 
Funding Acknowledments: Valentin A Schriever is a grant of the Else Kröner-Fresenius-Stiftung 
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THE LATERAL ENTORHINAL CORTEX DRIVES FEEDFORWARD INHIBITION IN THE BASOLATERAL AMYGDALA VIA SOMA-
TOSTATIN NOT PARVALBUMIN INTERNEURONS  
Ethan M. Guthman1,2, Ming Ma3, Diego Restrepo1,3, Molly M. Huntsman1,2,4 
1Neuroscience Graduate Program, University of Colorado Anschutz Medical Campus, Aurora, CO, USA, 2Department of Pharmaceutical Sciences, Univer-
sity of Colorado Anschutz Medical Campus, Aurora, CO, USA, 3Department of Cell and Developmental Biology, University of Colorado Anschutz Medical 
Campus, Aurora, CO, USA, 4Department of Pediatrics, University of Colorado Anschutz Medical Campus, Aurora, CO, USA 
 
The basolateral amygdala (BLA) plays a vital role in associating specific sensory stimuli with emotionally salient information on valence. One source of 
sensory input to the BLA is the lateral entorhinal cortex (LEC; Brothers & Finch, 1985; Lang & Paré, 1997), a subregion of the olfactory cortex implicat-
ed in learning and memory (Igarashi et al., 2014; Xu & Wilson, 2012). Prior work has demonstrated that LEC input drives feedforward inhibition in the 
BLA (Brothers & Finch, 1985; Lang & Paré, 1997). Feedforward inhibition is an important circuit motif in the BLA that gates the activity and plasticity 
of the excitatory principal neurons that encode sensory-valence associations (Ehrlich et al., 2009). Nevertheless, a detailed understanding of the role 
of particular INs in the LEC to BLA circuit or in feedforward inhibition in the BLA in general is lacking. We hypothesized that LEC input to the BLA 
would target distinct populations of INs to drive feedforward inhibition of BLA PNs. To test our hypothesis, we performed patch clamp electrophysi-
ology in acute brain slices of adult mice and stimulated the LEC while recording from BLA neurons. We show that these afferents synapse onto a novel 
quasi-fast spiking subtype of somatostatin (SST) INs and onto parvalbumin (PV) INs. To elucidate the role of the different INs in feedforward inhibi-
tion, we expressed the inhibitory chemogenetic protein hM4Di in SST and PV INs. These experiments revealed that inactivation of SST but not PV INs 
decreased feedforward inhibition onto BLA PNs. In the LEC to BLA circuit, dendritic targeting SST INs provide feedforward inhibition onto PNs, in 
marked contrast to other brain regions where somatic targeting PV INs provide this function (Tremblay et al., 2016).  
 
Funding Acknowledments: EMG: NSF DGE-1553798 DR: NIH T32 HD041697, NIH R01 DC000566 MMH: NIH R01 NS095311  
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ODOR-ELICITED OSCILLATIONS IN HUMAN PIRIFORM CORTEX  
Heidi Jiang1, Stephan Schuele1, Joshua Rosenow1, Josef Parvizi2, James Tao3, Shasha Wu3, Jay Gottfried1 
1Northwestern University, Chicago, IL, USA, 2Stanford University, Palo Alto, CA, USA, 3University of Chicago, Chicago, IL, USA 
 
Olfactory oscillations are pervasive throughout vertebrate and invertebrate nervous systems, but the spectro-temporal dynamics of the human olfactory 
system are poorly understood. Here we employ intracranial electrocorticographic techniques to investigate the odor-elicited time-frequency properties 
of local field potentials in critical regions related to olfactory processing, including piriform cortex, amygdala, and hippocampus. We find evidence that 
odor stimulation induces theta rhythms within piriform cortex after sniff onset relative to odorless air. Furthermore, odor presence selectively enhances 
network phase coupling between piriform and anterior hippocampus. Finally, dynamic oscillatory activity in piriform cortex contains unique odor-spe-
cific content, which can be decoded reliably using classification techniques. Together these findings implicate low frequency rhythms as an important 
tool for odor detection and identification in humans.  
 
Funding Acknowledments: NIDCD R01DC013243 JAG NIDCD R21DC012014 JAG NSF DGE-1324585 HJ 
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SPIKING MODEL OF EXPECTATION IN TASTE PROCESSING  
Luca Mazzucato, Giancarlo La Camera, Alfredo Fontanini 
Stony Brook University, Stony Brook, NY, USA 
 
Taste stimuli are processed faster when their presentation is expected compared to when they come as a surprise. We have previously shown that, in 
multiple single-unit recordings from alert rat gustatory cortex, taste stimuli can be decoded faster from neural activity if preceded by a stimulus-predict-
ing cue. However, the specific computational process mediating this anticipatory neural activity is unknown. Here, we propose a biologically plausible 
model of the gustatory cortex based on a recurrent network of spiking neurons with clustered architecture. In the absence of stimulation, the model 
neural activity unfolds through sequences of metastable states, where each state is a spatiotemporal pattern of neural activity across simultaneously re-
corded neurons. We modeled taste delivery and anticipatory cue (the same for all stimuli) as two inputs targeting subpopulations of excitatory neurons. 
As observed in experiment, tastants evoked specific state sequences, which we characterized in terms of ‘coding states,’ i.e., states occurring significantly 
more often for a particular stimulus than in other conditions. When taste delivery was preceded by a cue, coding states showed a faster and more reli-
able onset, and expected tastants could be decoded more quickly than unexpected ones. This anticipatory effect is unrelated to changes of firing rates in 
taste-selective neurons and is absent in homogeneous balanced networks, suggesting that a clustered organization is necessary to mediate the expecta-
tion of relevant events. Altogether our results provide a comprehensive framework accounting for taste processing in the gustatory cortex during ongo-
ing and evoked periods, and a novel computational mechanism underlying expectation.  
 
Funding Acknowledments: NIDCD K25-DC013557 LM Swartz Foundation Award 66438 LM NIDCD R01-DC010389 AF Klingenstein Foundation Fel-
lowship AF NSF Grant IIS-1161852 GL 
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POPULATION-WIDE ODOR REPRESENTATIONS IN PIRIFORM CORTEX ARESTATE-DEPENDENT  
Stan L. Pashkovski, Sandeep R. Datta 
Harvard Medical School , Boston, MA, USA 
 
Neocortical representations of visual, auditory, and somatosensory information are highly sensitive to the behavioral state of the animal. Differences in 
response properties of individual neurons and neuronal ensembles observed under anesthesia or wakefulness, as well as during fluctuating attention, 
suggest that primary sensory cortical areas modify the way they process sensory information to accommodate a range of states associated with a variety 
of behaviors. The olfactory cortex is a paleocortical structure that differs from neocortex in terms of global connectivity, cytoarchitecture, and local cir-
cuitry. Recent work describing these features have reinforced the notion that olfactory cortex forms de novo representations of odor-experience without 
regard for stimulus features like molecular structure or odor intensity, and that these “odor objects” are encoded by neural activity that is sparsely dis-
tributed across the entire cortical surface. However, much of the work on odor coding in olfactory cortex has been carried out in vitro or using localized 
recordings in anesthetized animals, conditions that constrain interpretations of the nature of odor representations spanning millimeters of cortex. We 
have therefore, developed an approach for population imaging of ensemble activity across large swathes of olfactory cortex in awake animals. Using this 
approach we find that, unlike under anesthesia, baseline activity of olfactory cortex in awake mice is substantially elevated and decorrelated. State-de-
pendent redistribution of suppressive and excitatory activity across the neuronal population implies anesthesia-dependent changes in local interactions 
of inhibitory and excitatory circuits. We also show that during wakefulness, temporal dynamics of evoked activity are substantially enriched.  
 
Funding Acknowledments: NIDA F31 DA036922-01 SP 
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CHARACTERIZATION OF GUSTATORY CORTEX CALLOSAL PROJECTIONS  
Stephanie Staszko, Lianyi Lu, John Boughter, Max Fletcher 
University of Tennessee Health Science Center, Department of Anatomy & Neurobiology, Memphis, TN, USA 
 
Current research in our laboratory uses neuroanatomical and imaging techniques to describe the connectivity of the gustatory cortex (GC) to other 
taste-related areas. Of particular interest are callosal connections between the left and right GC. Callosal projections have been suggested to play a role 
in information integration between the hemispheres. These connections are well documented in other sensory systems, including the visual and so-
matosensory systems, but our understanding of the structure and function of GC callosal projections is limited to a small number of studies. Thus, the 
goal of the present study is to elucidate the both the anatomical and functional role of GC callosal projections in mice. Using stereotaxic injection of 
either anterograde or retrograde neural tracers into GC, we identified both the location of the callosal projection neurons within GC, as well as their 
axonal terminations within contralateral GC. Callosal projection neurons are found in layers II/III and V, with their axonal fibers spreading throughout 
multiple layers of the contralateral, homotopic GC. These projections are contrasted with those to a number of other gustatory-related regions including 
thalamus, amygdala, midbrain and brainstem. Current experiments are aimed at combining in vivo two-photon calcium imaging and a dual viral vec-
tor labeling approach, in which callosal projection neurons are distinguished from non-projection neurons by retrograde labeling with tdTomato. This 
approach allows us to compare taste responsivity from both callosal projecting and non-projecting GC cells within the same preparation with the goal of 
elucidating the functional role of callosal projections in cortical taste coding.  
 
Funding Acknowledments: This work was funded by NIH DC013779 MF and NIH DC015202-01 MF and JB. 
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USING OLFACTORY HABITUATION/DISHABITUATION TEST AS AN EVALUATION METHOD FOR THE DEVELOPMENTALLY AND 
GENETICALLY ABNORMAL MICE  
Chih-Yuan Wei, Chien-Fu F Chen 
National Defense Medical Center, Taipei City, Taiwan 
 
Olfactory habituation/dishabituation test is a simple method to evaluate olfactory capability of a rodent. This non-associative learning can be observed 
when the mice exhibit less tendency to sample an odor source after repeated exposure. Conversely, olfactory dishabituation indicates a restoration of the 
sampling behaviors following a new odor presentation. Here, we initiated the first attempt to evaluate olfactory capability of two knockout mice lines us-
ing this behavioral test. The KCa3.1-/- mice lost KCa3.1 calcium-activated potassium channel, which is expressed in the migrating cells, including those 
generated from the subventricular zone. Thus, this knockout might have an influence on inhibitory circuits of the olfactory bulb. The second mice line 
(cKO-E) has disproportionate neocortical/paleocortical areas because of a conditional knockout of a transcription factor Lhx2 in Emx1 expressing cells 
at embryonic day 10.5. During the test, each animal was presented with 2-min odorous cotton swab trial in the following order: trial 1-3 for DMSO, trial 
4-6 for Limonene (1% dilution) and trial 7-9 for isoamyl acetate (1% dilution). We found that control (C57BL6, n=6) and KCa3.1-/- (n=6) mice showed 
clear habituation from trial 1-3, trial 4-6 and trial 7-9 and dishabituation during trial 4 and 7. With KCa3.1-/- exhibiting a slightly higher dishabituation 
during trial 7. cKO-E mice showed the strongest response during trial 1 and were quickly habituated to DMSO. However, cKO-E mice exhibited no dis-
habituation during trial 4 and weak dishabituation during trial 7. Together, these preliminary results show that the olfactory habituation/dishabituation 
is sensitive enough to detect a dramatic developmental abnormality but is unable to identify a minor genetic change that bears no clear phenotype.  
 
Funding Acknowledments: MOST 105-3111-Y-016-003;MOST 105-2311-B-016-002 
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BITTER TASTE RECEPTOR (TAS2R) EXPRESSION IN HUMAN SINONASAL MUCOSA  
Catherine B. Anderson1,2, Jennifer M. Kofonow3, Pratima Agarwal1, Mason M. Trieu1,2, Eric D. Larson1,2, Sue C. Kinnamon1,2, Vijay R. Ramakrishnan1,2 
1Department of Otolaryngology, University of Colorado School of Medicine , Aurora, CO, USA, 2Rocky Mountain Taste and Smell Center, Aurora, CO, USA, 
3Division of Infectious Diseases, University of Colorado School of Medicine, Aurora, CO, USA 
 
Chronic rhinosinusitis (CRS) is an inflammatory disease affecting approximately 10% of the population, accounting for significant morbidity and health 
care expenditure. Solitary chemosensory cells (SCCs) are specialized cells in the respiratory epithelium that respond to noxious chemicals including 
bacterial signaling molecules. When activated, SCCs have been demonstrated to evoke neurogenic reflexes in rodents and local innate immune respons-
es in humans, resulting in local inflammation. Previous work from our lab demonstrated that SCCs are present in human sinus tissue, expressing com-
ponents of bitter taste transduction including the downstream signaling effectors: α-Gustducin, phospholipase Cβ2 (PLCβ2), and the transient receptor 
potential cation channel subfamily M member 5 (TRPM5). The purpose of this study was to explore expression of the 25 taste receptor type 2 (TAS2R) 
bitter taste receptors in human sinonasal epithelium from healthy subjects and those with CRS. Paranasal sinus tissue was obtained from 10 control 
subjects, 10 CRS nonpolyp patients, and 10 CRS polyp patients. RT-PCR was performed for the 25 human bitter receptors (TAS2Rs). Molecular results 
show variable individual expression of TAS2Rs in all three patient populations, with subjects expressing a mean of 10 TAS2Rs. The most commonly ex-
pressed TAS2Rs were TAS2R45, TAS2R14, TAS2R50, TAS2R19, and TAS2R31. These results demonstrate individual variability in TAS2R expression in 
the sinuses even in the healthy state, suggesting airway system redundancy in the detection of bitter compounds, and a need for continued research.  
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TASTE LOSS IN A MOUSE MODEL OF INDUCED INTERFERON-ΓEXPRESSION  
Pu Feng, Masafumi Jyotaki, Jinghua Chai, Liquan Huang, Hong Wang 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Taste disorders are frequently associated with inflammatory conditions, such as infections and chronic inflammatory diseases. Our recent studies 
suggest that inflammation can be a driving factor for the development of taste dysfunction in some diseases. However, the molecular and cellular 
mechanisms underlying inflammation-associated taste dysfunction remain largely unknown. Inflammatory cytokines are important mediators of in-
flammation, and several of these cytokines are strongly induced in taste tissues under various disease conditions. To further investigate the roles of in-
flammatory cytokines in taste disorders, we established transgenic mouse lines in which the expression of inflammatory cytokines can be preferentially 
induced in the peripheral taste tissues by using the tetracycline-dependent gene expression system. We found that induction of interferon-γ (IFN-γ) in 
Keratin 5 (K5)-positive taste progenitor/stem cells leads to substantial loss of taste buds and marked reduction in behavioral and gustatory neural re-
sponses to taste compounds. Molecular and cellular analyses showed that induction of IFN-γ in K5-positive cells accelerates cell death of taste bud cells 
and strongly inhibits the expression of Sonic Hedgehog and Patched in taste tissues, suggesting an interference of taste bud maintenance and renewal 
by IFN-γ. In addition, taste papillae with induced expression of IFN-γ showed significantly increased immune cell infiltration, an indication of elevated 
local inflammation. These results suggest that induction of IFN-γ in taste tissues contributes to taste disorders associated with inflammation. This IFN-γ 
transgenic mouse line can be used to study inflammation-induced taste loss and the subsequent taste bud regeneration.  
 
Funding Acknowledments: This study was partially supported by NIH/NIDCD grant P30 DC011735. 
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THE INTERLEUKIN-6 RECEPTOR IL-6R IS EXPRESSED IN TASTE BUD DERIVED CELL LINES  
Megen Kepas , Akila Ram , Timothy A. Gilbertson  
Utah State University, Logan , UT, USA 
 
Taste dysfunction has been reported in several acute and chronic inflammatory illnesses. Circulating cytokines may interact directly with taste bud cells 
to elicit this response. Patients with higher levels of circulating Interleukin-6 (IL-6) have shown changes in gustatory response scores to linoleic acid 
(Remla et. al, 2016), indicating that IL-6 may affect the taste transduction of fatty acids. Certain Taste Bud Derived (TBD) cell lines have been found to 
express the gene for the Interleukin-6 receptor (IL-6R). The binding of IL-6, IL-6R and gp130 leads to activation of the SHP-2 ERK/MAPK and JAK/
STAT pathways, resulting in a large variety of biological products. TBD cells have been found to express components of the taste transduction pathways 
for umami, bitter, fat, sweet, and sour taste. In particular, TBDa7 and TBDc1 cell lines express all components needed for fatty acid taste response (pre-
liminary data). Further, TBDc1 and TBDa7 cells show a significant increase in intracellular calcium when exposed to fatty acids during functional calci-
um imaging. Gene expression data were acquired using two-step real time-quantitative PCR. Expression of IL-6R was compared relative to GAPDH for 
each cell line in order to quantify gene expression. Preliminary experiments revealed that treatment of TBDc1 cells with IL-6 (250ng/mL) one hour pri-
or to RNA isolation did not result in a significant increase in IL-6R expression. Having demonstrated expression of IL-6R in cells lines, we are currently 
isolating RNA from native murine taste cells for quantification of IL-6R expression. Additional current studies aim to investigate localization of IL-6R in 
subsets of taste cell types and evaluate taste responses to fatty acids with acute and long term IL-6 exposure.  
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THE SMELL OF SICKNESS: HOW INFLAMMATORY SIGNALS AND METABOLIC PATHWAYS INFLUENCE BODY ODOR  
Patrick Millet1, Bruce Kimball1,2, Gary Beauchamp1 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2USDA National Wildlife Research Center, Fort Collins, CO, USA 
 
Body odors of often contain biological information about the producer’s identity and physiological state. In mice and many other species, this includes 
information regarding health status. However it is currently unknown how much detailed health information is present in body odor. Previous research 
demonstrates that trained biosensor mice can discriminate between body odors induced by different immune stimuli. We investigated select cytokine 
signals and metabolic changes commonly associated with immune activation to determine the role each played in disease-related body odors. Mice 
trained to recognize lipopolysaccharide (LPS)-induced body odor generalized to (identified as similar) body odor from conspecifics treated with the 
inflammatory cytokine TNF; however, mice failed to generalize to the compensatory anti-inflammatory cytokine IL-10. We further found that biosen-
sors generalized their training to odors induced by 48 hours of fasting, even in the absence of an inflammatory stimulus. Analysis of body odors present 
in urine by GC/MS headspace techniques detected changes in endogenous volatile organic compounds resulting from each treatment, indicating that 
chemometric analysis of body odors can reveal complex information regarding the health status of an individual. These data advance our goal of using 
volatile metabolite analysis as a medical diagnostic tool.  
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MULTISENSORY DETECTION OF SICKNESS  
Christina Regenbogen1,2,3, John Axelsson1,5, Julie Lasselin1,4,5, Danja Porada1, Tina Sundelin1,5, Moa Peter1, Mats Lekander1,5, Johan Lundström1,6,7, Mats J. 
Olsson1 
1Karolinska Institutet, Stockholm, Sweden, 2Aachen University, Aachen, Germany, 3JARA - BRAIN Institute , Jülich, Sweden, 4Universitätsklinikum, Essen, 
Germany, 5Stress Research Institute, Stockholm, Sweden, 6Monell Chemical Senses Center, Philadelphia, PA, USA, 7University of Pennsylvania, Philadelphia, 
PA, USA 
 
Converging evidence suggests that humans have a behavioral repertoire that assists the immune system in the defense against infectious disease. The 
current study targeted how sickness cues affect social perception and how these visual and olfactory cues, alone and in unison, activate the brain. By 
presenting facial photographs and body odors of experimentally “sick” (following endotoxin injection) and healthy (saline injection) individuals to a 
separate group of participants during fMRI scanning, we could determine the effects of sickness cues on rated “liking” of the presented individuals and 
the underlying neural mechanisms mediating sickness perception. Results demonstrated that sick faces received lower liking ratings than healthy ones, 
and that faces, in general, paired with sick body odor tended to be less liked than faces paired with healthy body odor. Moreover, olfactory and visual 
sickness cues rendered a unique neural processing profile, characterized by activation of the odor perception network and mediodorsal thalamus; as 
well as activation of face processing areas in superior and middle frontal areas; both in line with threat signal discrimination in the respective modality. 
Interestingly, multisensory sickness cues elicited superadditive activity, e.g, in the intraparietal sulcus (IPS). Activity in the IPS to sickness signals where 
functionally linked to changes in ratings of liking. We argue that olfaction and vision may be part of a behavioral defense, shaping receiver’s neural and 
behavioral responses to health-threatening interactions. Such early detection of subtle sickness cues, leading up to altered social perception, may have a 
great significance in limiting the toll of pathogenic disease through avoidance behavior.  
 
Funding Acknowledments: This research was supported by a DAAD postdoctoral fellowship awarded to CR, the Swedish Research Council (421–2012–
1125 and 2016-02742) and The Swedish Foundation for Humanities and Social sciences (P12–1017) awarded to MJO, the Knut and Alice Walle 
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INNATE IMMUNE RESPONSE IN THE OLFACTORY EPITHELIUM TRIGGERED BY VESICULAR STOMATITIS VIRUS  
Ashley/D Winters, Huaiyang Chen, Tatz Ishimaru, Qizhi Gong 
University of California School of Medicine, Davis, CA, USA 
 
The olfactory epithelium (OE) is one of the few sites where environmental pathogens can gain direct access to the brain. Olfactory sensory neurons 
(OSNs) in OE have direct contact with the environment and their axons extend into the olfactory bulb. Despite this vulnerable arrangement, little is 
known about the protective mechanisms in place to prevent viral infection and entry into the brain. We hypothesize that OE possesses unique ability 
against viral infection and replication. To test this hypothesis, we evaluated innate responses in the OE upon exposure to attenuated vesicular stomatitis 
virus (VSV12’GFP). VSV was instillated into the adult mouse nasal cavity. Innate immune responses were evaluated at 2, 6 and 24hr after exposure by 
measuring the expression of pathogen pattern recognition genes and candidate cytokines. We identified significant transcriptional responses of several 
cytokines at 24hr, including CCL5, CCL19, Cxcl1, IL1β and TNFα. A distinct rapid transcriptional change was identified for Cxcl1 with upregulation at 
30.4±6.5 fold at 3hr and 17.0± 3.1 fold at 6hr after VSV exposure. Robust Cxcl1 transcripts were detected specifically in sustentacular cells (sus) at 3hr 
after VSV exposure by in situ hybridization. Therefore, sus cells could act as immediate responders to trigger a protective signaling cascade. The pres-
ence of VSV12’GFP infection was observed by GFP expression. While GFP positive cells were frequently seen in sus and basal cell layers, OSNs were 
rarely seen to be GFP positive at 24hr. This observation suggests that OSNs possess preventive ability to either inhibit viral entry or viral gene expres-
sion. Global gene expression changes are being studied in both sus cell and OSN populations by RNA-seq to gain better understanding of the preventive 
mechanisms in the OE.  
 
Funding Acknowledments: NIDCD R01DC011346 
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PLASMA SUCRALOSE CONCENTRATIONS IN SUBJECTS WITH OBESITY AND NORMAL-WEIGHT INDIVIDUALS  
M. Belen Acevedo1, Allison Sylvetsky2,3, Peter J. Walter2, Samuel Klein4, Kristina I. Rother2, M. Yanina Pepino1 
1University of Illinois at Urbana- Champaign, Urbana, IL, USA, 2The George Washington University, Washington , DC, USA, 3National Institutes of Health , 
Bethesda, MD, USA, 4Washington University School of Medicine, St. Louis, MO, USA 
 
Objective: Our previous research suggests that metabolic effects of acute sucralose consumption are more pronounced in obese compared to lean indi-
viduals. Because obesity is associated with compromised intestinal permeability, referred to as “leaky gut”, the aim of this study was to test the hypothesis 
that subjects with obesity may be more susceptible to metabolic effects of sucralose because they achieve higher sucralose concentrations in plasma than 
lean individuals. Design and  
 
Methods: Ten normal weight subjects (BMI: 22.8±0.9 kg/m2) and ten subjects with obesity (BMI: 38.37±5.4 kg/m2) consumed 48 mg of sucralose in 60 
ml water 10 minutes prior to a 5-hour, 75-gram, oral glucose tolerance test (OGTT). Blood samples were collected serially and plasma sucralose concen-
trations were analyzed using liquid chromatography-mass spectrometry.  
 
Results: The shape of the plasma sucralose concentrations versus time curves differed between subjects with obesity and lean subjects (p=0.03). Com-
pared to lean subjects, those with obesity tended to reach peak sucralose concentrations later (143±22 min vs. 194±22min; p=0.11). However, no sig-
nificant differences in sucralose peak (lean=80.1±9.9 ng/ml obese=94.01±9.9 ng/ml; p=0.33), or sucralose area under the curve were observed between 
groups (17605±1719 vs. 17658±1719 ng/ml .300 min; p=0.98). Conclusion: The current results demonstrate that sucralose absorption was delayed in 
obese vs. lean subjects, in the context of an OGTT. In contrast to our hypothesis, plasma peak sucralose concentrations did not differ between groups. 
However, future studies with a longer duration of sampling and measurements of urinary excretion are needed.  
 
Funding Acknowledments: This project was supported in part by National Institutes of Health (NIH) grants P30 DK020579 (Diabetes Research Center 
Pilot & Feasibility Research Award), P60 DK020579 (Diabetes Center Grant), P30 DK056341 (Nutrition Obesity Research Center), the i 
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OBESITY IS ASSOCIATED WITH ALTERED GENE EXPRESSION IN HUMAN TASTEBUDS  
Nicholas Archer1, Jan Shaw2, Maeva Broch1, Rowan Bunch3, Astrid Poelman1, William Barendse3, Konsta Duesing2 
1CSIRO Agriculture and Food, Sydney, Australia, 2CSIRO Health and Biosecurity, Sydney, Australia, 3CSIRO Agriculture and Food, Brisbane, Australia 
 
The role of taste perception in the development and maintenance of obesity is currently unclear. Psychophysical studies assessing obese individuals or 
comparing pre- and post-bariatric surgery patients have suggested an association of obesity with taste perception and/or food preference. However, the 
relation between obesity status and the gene expression of human taste tissue has not been explored. We compared taste tissue using whole transcrip-
tome analysis (RNA-seq) of Human fungiform papillae biopsied from lean (n=23, BMI 18-25) and obese (n=13, BMI>30) Caucasian females (age range 
18-55, comparing 31,969 genes). Analysis of the global gene expression profiles identified obesity status as the major contributor to the variance between 
individuals. A total of 62 genes had significantly different gene expression levels between lean and obese (p-value <0.0002), with the terms “INFLAM-
MATORY RESPONSE” and “CHEMOTAXIS” the top enriched biological pathways between the two groups. Several genes related to taste function, 
within the 62 significant genes, had reduced expression in obese compared to lean. Additionally, analysis for enriched biological pathways from all 
genes with a 2-fold change in expression (2,619 genes) identified multiple terms referencing GPCR and sensory perception. These findings show obesity 
is associated with altered gene expression in human tastebuds. Furthermore, the results suggest the tastebud microenvironment is distinctly different 
between lean and obese persons, and, that changes in sensory gene expression contributes to this altered microenvironment. This research provides new 
evidence of a link between obesity and taste which may contribute to help design strategies to combat obesity.  
 
Funding Acknowledments: This work was supported by Commonwealth Scientific and Industrial Research Organisation (CSIRO) collaborative start-up 
grant (to NA). Nicholas Archer was supported by a CSIRO OCE Postdoctoral Fellowship. 
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VOLUNTARY EXERCISE MODIFIES GLOMERULAR PROJECTIONS IN CONTROL- AND FAT-FED MICE  
Brandon M Chelette1,2, Kassandra L Ferguson1, Daniel Gonzalez1, Abigail M Thomas1, Margaret K Vinson1, Dr. Debra A Fadool1,2,3 
1The Florida State University Department of Biological Science, Tallahassee, FL, USA, 2Program in Neuroscience, Tallahassee, FL, USA, 3Institute of Molecu-
lar Biophysics, Tallahassee, FL, USA 
 
Consumption of a fatty diet causes loss of olfactory sensory neurons (OSNs), loss of olfactory discrimination assessed by olfactometry and electrool-
factogram, and increased inflammation in the epithelium. Because voluntary exercise is anti-inflammatory in nature, we hypothesized it could mitigate 
the detrimental effects of a fatty diet on the olfactory system. Mice with reporters for M72 (Olfr160) and those with resistance to diet-induced obesity 
(Kv1.3-/-) were challenged with control (CF) vs. moderately-high fat (MHF) diet for 6 months upon weaning, with (running wheel; RW) and without 
access (sedentary; SED) to a Med Associates vertical wireless running wheel and sensor. MHF/RW mice (n=10; mean 7 month body weight = 33.3 g) 
gained less body weight than MHF/SED (n=10; 40.1 g, p<0.001) and were able to clear plasma glucose as efficiently as CF/SED mice. Although mice of 
all treatment groups ran at the same velocity, those provided MHF diet (distance run/day = 11.2 km) increased running distance compared to both CF-
fed WT (n=10) and Kv1.3-/- (n=5) mice (6.85 km/day and 8.29 km/day respectively; p=0.02). Actogram analysis demonstrated that CF-fed Kv1.3-/- and 
MHF/RW spend 20.2% and 28.3%, respectively, more time running and exhibit shorter pauses in running activity than CF/RW. Whole-mount brain 
images were examined to evaluate M72 staining as quantified by the pixel density of the lateral glomerulus and projections. MHF/RW M72 pixel densi-
ty was twice as much as MHF/SED mice, but CF/RW pixel density was 31.6% lower than that of CF/SED mice. Our results indicate that in addition to 
combating weight gain and glucose intolerance, voluntary exercise may reduce the detrimental effects of a MHF diet on olfaction, but exercise may also 
affect the olfactory system independent of diet composition.  
 
Funding Acknowledments: This was supported by NIH grant RO1 DC013080 from the NIDCD and a Dean’s Arts and Sciences Scholarship in the Chem-
ical Senses from FSU. 
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ESTRADIOL MEDIATES FAT INTAKE  
Naima S. Dahir, Timothy A. Gilbertson 
Utah State University, Logan, UT, USA 
 
In females, age-related loss of estrogen (E2) function promotes disruption of energy regulation. Recent studies demonstrated that E2 can regulate cellu-
lar processes by acting on membrane-bound receptors at rates that are incompatible with the time course of genomic responses. While the central sig-
naling of E2 in food intake is becoming clearer, the functional importance of peripheral E2 signaling is unknown. The taste system constitutes the initial 
sensory cue for food intake and contributes to preferences and perceptions. We assessed the variation in fat intake during the estrous cycle of female 
mice and effects of E2 on taste cell activation. We found that fat intake is estrous-dependent; animals ate significantly less during the high E2 phase while 
increasing their intake as E2 dropped. Though it has been shown that food intake in general is inhibited by E2, our data suggest an inverse relationship 
between fat intake and E2 secretion. Fat intake significantly increased during the estrus phase indicating the loss of anorexic effects of E2. To understand 
peripheral E2 signaling, we imaged taste cells from male mice to examine the effects of estradiol on fat taste. We found that E2 increases [Ca2+]i during 
the application of fatty acids, the chemical cue for fat taste. Whereas an increase in [Ca2+]i is important for taste cellular activation, we found Ca2+ influx 
in females is estrous-dependent. It is possible that E2 is acting through a non-genomic pathway to elicit Ca2+ responses. Our preliminary data indicate 
that E2 is an important regulator for dietary fat intake and that E2 actions in the taste system is through Ca2+ signaling that promotes sex-specific re-
sponses. Currently, we are delineating estradiol-specific taste pathways to shed light on peripheral E2 signaling in dietary fat intake.  
 
Funding Acknowledments: Supported by NIH DC013194 and DC013318 (tag). 
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CHEMOSENSORY FUNCTION AND DIET QUALITY FROM PRE TO 6-MONTHS POST-BARIATRIC SURGERY: A PILOT STUDY  
Valerie B Duffy1, Andrea Stone2, Darren Tishler2, Pavlos K Papasavas2 
1Allied Health Sciences, University of Connecticut, Storrs, CT, USA, 2Department of Surgery, Hartford Hospital, Hartford, CT, USA 
 
We examined changes in chemosensation and food preferences among females with morbid obesity undergoing bariatric surgery. Method: 22 females 
were evaluated pre- and 6-months, post-surgery (13 sleeve gastrectomy; 9 Roux-en-Y bypass). Patients averaged 54% excess weight loss (%EWL): 7 were 
near/below and 15 above the 37% success threshold. At pre/post-surgery, females self-reported their taste and smell function and perceived intensity of 
concentrated quinine and NaCl (NHANES protocol). They also rated sweetness, flavor intensity, and preference for jellybeans and bitterness of propylth-
iouracil, a taste genetics probe. Finally, patients survey-reported their food and activity preferences, scored into valid/reliable indexes of diet quality and 
behaviors.  
 
Results: 9 of 22 women reported changes in smell (smells stronger or not right) and 14 reported changes in taste (tastes stronger or not right, can’t taste 
some) function since surgery. We were unable to detect changes in measured chemosensory function paralleling these self-reported changes. From pre 
to post-surgery, patients reported significantly reduced preference for alcoholic beverages, sweets, and high-fat meats, and increased preference for fiber 
foods and trending for improvements in overall diet quality. Greater diet quality improvement was seen in patients who, at baseline, reported greater 
intensity for the whole mouth tastants, averaged across the bitters and salts (α=0.85). Patients at or above the EWL success threshold tended to have 
greater gains in diet quality. Summary: From these pilot data, bariatric surgery is associated with perceived changes in chemosensation that were not 
apparent in standard assessment. Further study is needed to assess taste-preference-intake relationships with weight loss success in bariatric surgery.  
 
Funding Acknowledments: Connecticut Institute for Clinical and Translation Research — Obesity Research Interest Group Team Science Award USDA 
National Institute of Food and Agriculture, Hatch project 1001056 
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LOSS OF ODOR-INDUCED C-FOS EXPRESSION OF PERIGLOMERULAR ACTIVITY FOLLOWING MAINTENANCE OF MICE ON 
MODIFIED FATTY DIETS.  
Erminia Fardone1,2, Arda B. Celan1, Nicholas A. Schrieter1, Melissa Cooper1, Debra A. Fadool1,2,3 
1Department of Biological Science, Tallahassee, FL, USA, 2Program in Neuroscience, Tallahassee, FL, USA, 3Institute of Molecular Biophysics, Tallahassee, 
FL, USA 
 
Diet-induced obesity (DIO) decreases the number of OMP+ olfactory sensory neurons (OSN) in the olfactory epithelium by 25% and reduces correlate 
axonal projections to the olfactory bulb (OB). Whether surviving OSNs have equivalent odor responsivity is largely unknown. Herein, we utilized c-fos 
immediate early gene expression to map neuronal activity and determine whether mice weaned to control (CF), moderately-high fat (MHF), or high-
fat (HF) diet for a period of 6 months had changes in odor activation. Diet-challenged M72-iresTauGFP mice were exposed to either a preferred M72 
(Olfr160) ligand, isopropyl tiglate, or clean air in a home-made Bell-jar infusion chamber using an alternating odor exposure pattern generated by a 
picosprizerTM. Mice maintained on fatty diets weighed significantly more and cleared glucose less efficiently as determined by an intraperitoneal glu-
cose tolerance test (IPGTT). The number of periglomerular cells (PGCs) decreased with fatty diet for cells surrounding either the medial or lateral M72 
glomerulus within a 4 cell-column distance. The number of c-fos+ PGCs surrounding the M72 glomerulus decreased in fat-challenged mice. Interest-
ingly, surviving neurons projecting to the lateral M72 glomerulus had a reduced odor-activation following maintenance on MHF- but not HF-diet. The 
mean fold change in c-fos+ PGCs between odor-activation and clean air was greater in the lateral (CF=4.93x, MHF=3.14x, HF=6.2x) vs. that of the me-
dial glomerulus (CF=1.16x, MHF=1.29x, HF=2.25x). Because our data demonstrate a reduced asymmetry of activation of the lateral vs. medial glomer-
ulus upon exposure to a fatty diet, this may suggest a loss in the ability to code for concentration, attributed to differential functioning across paired 
glomeruli.  
 
Funding Acknowledments: This work was supported by NIH Grants T32 DC000044 and R01 DC13080 from the NIDCD. 
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TASTE RESPONSES IN THE NUCLEUS OF THE SOLITARY TRACT IN THE AWAKE DIET-INDUCED OBESE AND LEAN RATS.  
Michael Weiss1, Krzysztof Czaja2, Andras Hajnal3, Patricia Di Lorenzo1 
1Dept. of Psychology, Binghamton Univ., Binghamton, NY, USA, 2Dept. of Veterinary Biosciences & Diagnostic Imaging, Univ. of Georgia Athens, Athens, 
GA, USA, 3Dept. of Neural and Behavioral Sciences, The Pennsylvania State University, College of Medicine, Hershey, PA, USA 
 
The aim of the present study was to determine how obesity changes the taste response profiles of neurons in the nucleus of the solitary tract (NTS) of 
the diet-induced obese (DIO) rat compared to lean rats. Following a minimum of 6 weeks on a high fat diet (45% fat), obesity was verified via DXA 
body-composition scans. Rats were implanted with a chronic 16-channel drivable electrode bundle above the rostral NTS. Following recovery, rats were 
water deprived for ~22 hrs and placed in an operant chamber where they were allowed to lick freely. Tastants were presented in 5 consecutive lick trials 
interspersed with 5 licks of artificial saliva (AS) presented on a variable ratio 5 schedule. Tastants (dissolved in AS) were: NaCl (0.05 M), sucrose (0.1 M, 
0.5 M), citric acid (0.016 M), caffeine (0.002 M), grape juice (0.1 M, 0.5 M), clam juice (0.05 M), heavy cream (25%), coffee (with 0.002 M caffeine), lem-
on juice (with 0.016 M citric acid) and AS. Results were obtained from 56 taste-responsive NTS cells in obese rats and 30 taste responsive cells in lean 
rats. Preliminary analyses of these results show that cells in obese rats consistently respond with lower magnitude compared to lean rats for all stimuli. 
For sucrose, high concentrations evoked responses in nearly equal proportions of cells in DIO and lean animals, but the low concentration evoked re-
sponses in over twice the proportion of cells in obese animals (84% vs. 37%). Additionally, cells in lean animals have a lower baseline firing rate during 
licking; suggesting that the system in lean animals may be able to convey information with a higher signal to noise ratio than the obese animals’ taste 
system. These data suggest that NTS taste responses may be sparse and compromised in DIO rats compared with lean rats.  
 
Funding Acknowledments: NIDCD grant RO1 DC6013904 to KC and PMD.  
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PERCEPTION AND ENCODING OF TEMPORALLY PATTERNED ODOR STIMULI IN THE MOUSE OLFACTORY BULB  
Tobias Ackels1, Andrew Erskine1,2, Debanjan Dasgupta1, Izumi Fukunaga1, Andreas T. Schaefer1,2 
1Neurophysiology of Behaviour Lab, The Francis Crick Institute, London, United Kingdom, 2Dept. of Neuroscience, Physiology and Pharmacology, University 
College London, London, United Kingdom 
 
Intensity fluctuations inherent to natural odor plumes are strongly modulated by the turbulent airflows in which they are carried. Odor plumes there-
fore hold a rich temporal structure of odor concentration variation. These temporal dynamics contain information about the distance an odor plume 
has travelled, as well as location and nature of an odor source. It has been hypothesized that animals perceive and process these odor intensity fluctua-
tions allowing for odor scene segmentation when navigating through natural environments. We developed a high-speed odor delivery device capable of 
replicating many temporal features recorded from naturally occurring odor plumes. Reliably controlling the temporal profile of odor stimuli enables us 
to investigate the psychophysical limits for discriminating odor correlation structure in an automated behavioral system. Behavioral experiments re-
vealed a perceptual threshold frequency for odor correlation structure well over sniff rate (>15Hz). Mice trained to discriminate between the same odor 
presented at different frequencies showed a lower perceptual threshold (~8Hz). The high-throughput nature of these experiments provided us with an 
appropriate stimulus range for performing targeted multi-photon Ca2+ imaging experiments in olfactory bulb projection neurons to elucidate potential 
frequency tuning properties and encoding mechanisms. Recording Ca2+ responses in anaesthetized animals to odors fluctuating at frequencies between 
2-50Hz revealed different response kinetics in a subset of mitral and tufted cells indicating some level of frequency tuning in single cells. We conclude 
that odor concentration fluctuations are encoded in the mouse olfactory bulb at sub-sniff resolution, and that perception of their temporal features may 
aid in odor scene segmentation.  
 
Funding Acknowledments: This work was supported by the Francis Crick Institute which receives its core funding from Cancer Research UK 
(FC001153), the UK Medical Research Council (FC001153), and the Wellcome Trust (FC001153); by the UK Medical Research Council (grant refer 
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ARC-EXPRESSING ACCESSORY OLFACTORY BULB INTERNAL GRANULE CELLS INCREASE THEIR EXCITABILITY THROUGH 
INTRINSIC MECHANISMS FOLLOWING INTERMALE AGGRESSION  
Hillary L. Cansler, Marina A. Maksimova, Julian P. Meeks 
University of Texas Southwestern Medical Center, Dallas, TX, USA 
 
Rodents depend on their olfactory systems to produce behavior conducive to survival and reproduction. The accessory olfactory system (AOS) is in-
volved in sex-typical social behaviors, like territorial aggression, and the accessory olfactory bulb (AOB) is a critical site of information processing in 
this sensory pathway. Plasticity in the AOB is not well understood on the cellular level, and has not been investigated outside the context of mating be-
haviors. We investigated AOB plasticity following territorial aggression - a well-established AOS-mediated behavior - using transgenic mice (Arc-d4EG-
FP-BAC mice) to fluorescently label neurons transcribing the immediate-early gene Arc. After being allowed to interact with adult male intruders for 10 
minutes in a “resident-intruder” assay, resident transgenic animals displayed robust d4EGFP fluorescence specifically in internal granule cells (IGCs) in 
the AOB, which inhibit projecting mitral cells (MCs) via reciprocal synapses. In acute live slices, we found that GFP+ IGCs responded more strongly to 
simulated sensory input, suggesting an increased propensity to inhibit MCs. We found that Arc-transcribing IGCs did not exhibit increased spontaneous 
or miniature EPSCs, nor did they have increased dendritic spines, indicating that the increased response to circuit stimulation was not due to increased 
excitatory drive. We also assessed 26 individual intrinsic parameters using an unbiased electrophysiological assay and found that Arc-transcribing IGCs 
exhibit a fast-spiking phenotype when depolarized by a current injection, coupled with significantly decreased IH currents. These results suggest that 
Arc-transcribing IGCs increase their excitability through intrinsic but not synaptic mechanisms following salient social encounters.  
 
Funding Acknowledments: NIDA T32-DA07290 R00 DC011780 R01 DC015784 NSF BRAIN EAGER IOS-1451034  
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  183

P334 
OLFACTORY BULB

POSTER SESSION III  
FRIDAY, 8:00 AM - 10:30 AM

 
ANTERIOR OLFACTORY NUCLEUS AND PIRIFORM CORTEX FEEDBACK DIFFERENTIALLY MODULATE OLFACTORY BULB 
OUTPUT NEURONS  
Honggoo Chae, Gonzalo H. Otazu, Dinu F. Albeanu 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, USA 
 
The olfactory bulb (OB) output neurons, the mitral and tufted cells project in a distributed fashion to several brain areas including the piriform cor-
tex (PC) and anterior olfactory nucleus (AON). These, in turn, send massive glutamatergic projections back into the OB. We recently reported (Otazu, 
Chae, et al., Neuron, 2015) that pharmacological inactivation of the anterior piriform cortex (APC) increases odor responsiveness and pairwise similar-
ity of mitral cells, but has little impact on tufted cells. Therefore, we proposed that PC feedback specifically acts on mitral cell representations to enable 
odor separation, while only mildly altering tufted cell responses. However, how feedback from AON controls these two classes of OB output neurons 
remains unknown to date. We used multiphoton calcium imaging (GCaMP3) to monitor the odor responses of mitral and tufted cells in awake head-
fixed mice. Pharmacological inactivation of the AON increased preferentially the odor responsiveness and pairwise similarity of tufted versus mitral 
cells. This is complementary to the effect observed when suppressing the piriform cortex. We have further monitored the activity (GCaMP6f) of granule 
cells, the OB inhibitory interneurons that receive most of top-down feedback from APC and AON. Feedback from AON and APC modulated GC activ-
ity in a cell and concentration specific fashion, independent of odor identity. We propose that feedback from PC and AON differentially modulates the 
two OB output channels. We are currently investigating whether distinct sets of GCs are differentially controlled by feedback originating in the APC vs. 
AON. Furthermore, we explore optogenetic strategies, and locally suppress distinct feedback signals to the bulb, to assess their contributions to olfactory 
behaviors.  
 
Funding Acknowledments: NIDCD 1R01 DC014487-01A1 DA Pew Scholars DF NARSAD Young Investigator Grant HC  
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SENSORY REPRESENTATIONS IN THE ACCESSORY OLFACTORY BULB DURING SOCIAL INTERACTIONS  
Yuan Gao, Ian Davison 
Dept. of Biology, Boston University, Boston, MA, USA 
 
Rodent social behaviors are strongly influenced by the vomeronasal system, which signals characteristics such as sex, identity, and reproductive status. 
Despite its prominent behavioral role, little is known about the nature of activity in accessory olfactory bulb (AOB) during natural social encounters. 
In particular, the way that the AOB assembles sensory representations from the complex chemical blends representing different individuals is poorly 
understood. To probe the activity patterns that guide interactions with conspecifics, we imaged the AOB using a miniature head-mounted endoscope 
combined with a surgically implanted GRIN lens. We selectively expressed GCaMP6 in mitral cells using conditional viral approaches, and measured 
glomerular sensory maps in behaving animals during investigation of male and female social partners. GCaMP signals contained strong and unexpected 
dynamics even at rest, including a ~2 Hz rhythmic component that may reflect vomeronasal pumping action. Notably, AOB activity was also strongly 
modulated by behavioral state, and increased substantially during locomotion and sniffing even in the absence of overt vomeronasal stimuli. Senso-
ry maps elicited by conspecifics consisted of combinatorial, multiglomerular patterns that were stable within behavioral sessions. Endoscopic imaging 
should help to identify the differences in AOB sensory maps that distinguish between individuals to direct appropriate behaviors, as well as how repre-
sentations are changed by experience.  
 
Funding Acknowledments: Supported by the Klingenstein Foundation, the Binational Science Foundation, and NIDCD 5R21DC013894 ID.  
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DEVELOPMENT OF OLFACTORY BULB CELL-SPECIFIC CILIA KNOCKOUT MOUSE MODELS  
Jeremy C McIntyre1,2, Natalie D Green1,2, Alexander Parker1,2 
1University of Florida, Department of Neuroscience, Gainesville, FL, USA, 2University of Florida Center for Smell and Taste, Gainesville, FL, USA 
 
The sense of smell is initiated by olfactory sensory neurons (OSNs) that project axons into the olfactory bulb (OB), where they form synapses in glom-
eruli. The activation pattern of these glomeruli, and associated mitral cells are thought to underlie odor coding. This activation is not simply bottom-up, 
but also depends on top-down inputs. Innervation from the brain supplies modulation of the early synaptic circuits that affect all subsequent processing 
steps. While the precise mechanisms have not been fully elucidated, the activity of neurons in the OB can be modulated by different factors including 
neural hormones. Primary cilia are signaling centers for numerous extracellular cues. Several G-protein coupled receptors (GPCRs) localize to the pri-
mary cilia of neurons. The type 3 somatostatin receptor (SSTR3) localizes to cilia on mitral cells and granule cells but is absent from glomerular inter-
neurons. The melanin-concentration hormone receptor (MCHR1) localizes primarily to a subset of glomerular interneurons and granule cells but not 
mitral cells. The localization of SSTR3 and MCHR1 suggests a role for their regulation of both mitral cells and granules cells in response to neuromod-
ulators to shape olfactory processing. To address these roles, we have ablated cilia on specific neuron populations in the olfactory bulb. Using cell spe-
cific Cre lines (Tbx21:Cre and Gad2:Cre) crossed to mice with LoxP flanked Ift88 we have developed animals that exhibit a loss of cilia specifically from 
mitral cells and granule cells, respectively. At 6 weeks of age, Tbx21:Ift88 mice show an 80% decrease in ciliated mitral cells, while the loss of cilia on 
granule cells is near 100% in Gad2:Ift88 mice. These lines should help in identifying roles of cilia on primary neurons.  
 
Funding Acknowledments: This work was supported by university funds to J.C.M from the University of Florida 
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OLFACTORY ADAPTATION IS DEPENDENT ON ROUTE OF DELIVERY  
Alex/M Pierce, Christopher/T Simons 
Ohio State University, Columbus, OH, USA 
 
Olfactory adaptation is dependent on route of delivery Alex M. Pierce and Christopher T. Simons Department of Food Science & Technology The Ohio 
State University, Columbus, OH Odorants can be perceived orthonasally (nostrils) or retronasally (oral cavity). Prior research indicates route of delivery 
impacts odorant perception, pleasantness, and directed behaviors thus suggesting differential processing of olfactory information. Adaptation is a form 
of neural processing that results in decreased perceived intensity of a stimulus following prolonged and continuous exposure. The objective of the pres-
ent study was to determine whether route of delivery differentially impacts olfactory adaptation and whether cross-adaptation occurs between orthona-
sal and retronasal pathways. Linalool (12% in miglyol) or vanillin (25% in propylene glycol) were delivered orthonasally (6 LPM) and retronasally (8 
LPM) in air phase through a custom built olfactometer. Perceived odorant intensity was collected every 5 minutes over 10-mins of extended exposure 
using the general labeled magnitude scale. Immediately following the exposure period, cross-adaptation was assessed by shunting the delivery of the 
odorant from the nostrils to the oral cavity, or vice versa. Intensity ratings were analyzed using Analysis of Variance with time and subject as indepen-
dent variables. Results showed following orthonasal delivery, perceived linalool intensity decreased at 5-mins with significant (p=0.013) reduction at 10-
mins whereas vanillin intensity decreased significantly (p<0.001) at 5 minutes then plateaued. These same stimuli delivered retronasally did not adapt as 
perceived intensity did not significantly decrease following a 10-min exposure. In addition, no evidence of cross-adaptation was observed after extended 
odorant exposure in either delivery pathway. This study suggests the route of odorant delivery affects olfactory processing.  
 
Funding Acknowledments: University Funds 
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THE OLFACTORY BULB CONTRIBUTES TO THE CONCENTRATION INVARIANCE OF ODOR PERCEPTION: THE INPUT-OUTPUT 
TRANSFORMATION.  
Douglas A Storace1, Lawrence B Cohen1,2 
1Yale University, New Haven, CT, South Korea, 2Korea Institute of Science and Technology, Seoul, Korea 
 
The difference between the input and output of a brain region defines the function(s) carried out by that region. Knowing this difference can help guide 
investigations of the synaptic network of that brain region. The olfactory bulb is the brain structure that mediates the first stage of olfactory information 
processing. Olfactory bulb glomeruli are regions of neuropil that contain both input and output processes; the olfactory receptor neuron nerve terminals 
(input) and mitral/tufted cell apical dendrites (output). We developed an imaging approach to compare voltage and/or calcium signals from different 
optical sensors targeted to the input and output in the same preparation. The glomerular maps of the input to the olfactory bulb change dramatically 
with changes in odor identity as well as concentration. Because humans and other animals can recognize an odorant as the same over a range of concen-
trations, we hypothesized that the olfactory bulb could contribute to generating a more stable representation of odor identity across odor concentration. 
Odor-evoked input and output measurements were made across 2 log units of odorant concentration in the same preparations. Remarkably, the output 
maps maintained a relatively stable representation of odor identity over the tested concentration range, even though the input maps and signals changed 
markedly. The results using different sensors in the same preparation were validated in experiments using the same sensor in either the input or output 
in different preparations. These results indicate that the mammalian olfactory bulb likely participates in generating the perception of concentration in-
variance of odor quality. Our imaging methods should also be useful for determining the input/output transformation in other regions of the mammali-
an brain.  
 
Funding Acknowledments: US NIH Grants DC005259 and NS099691, 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 DC012981. 
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INFRASLOW OSCILLATIONS IN THE MOUSE ACCESSORY OLFACTORY BULB  
Chryssanthi Tsitoura, Julia Mohrhardt, Kira Gerhold, Monika Gorin, Sebastian Malinowski, Katja Watznauer, Marc Spehr 
RWTH Aachen University, Institute of Biology II, Dept. of Chemosensation, Aachen, Germany 
 
The accessory olfactory system is a key component in rodent conspecific chemical communication. The accessory olfactory bulb (AOB) is the first stage 
of central information processing in this sensory system. Here, mitral cells (MCs) receive sensory input from peripheral vomeronasal neurons and proj-
ect to the vomeronasal amygdala. Sensory coding mechanisms in the AOB, however, remain poorly understood. We recently demonstrated that a sub-
population of MCs is intrinsically rhythmogenic and exhibits slow stereotypical oscillatory discharge triggered by cyclic activation of three interdepen-
dent ionic conductances: subthreshold persistent Na+ current, R-type Ca2+ current, and Ca2+-activated big conductance K+ current (Gorin et al., 2016). 
Using a battery of physiological techniques in acute AOB tissue slices we now identify an excitatory circuit within the AOB that entrains oscillatory 
activity in a second MC subpopulation. These MCs display periodically increased synaptic input that correlates with their respective rhythmic discharge 
patterns. Blocking fast glutamatergic synaptic transmission reveals that, at least in a subgroup of MCs, entrainment largely depends on an intact gluta-
matergic network. Ongoing experiments aim to identify the detailed mechanisms of oscillatory entrainment and synchronization as well as the func-
tional role of slow rhythmic activity in AOB information processing. Gorin, M., Tsitoura, C., Kahan, A., Watznauer, K., Drose, D.R., Arts, M., Mathar, 
R., O’Connor, S., Hanganu-Opatz, I.L., Ben-Shaul, Y., et al. 2016. Interdependent Conductances Drive Infraslow Intrinsic Rhythmogenesis in a Subset of 
Accessory Olfactory Bulb Projection Neurons. J Neurosci. 36:3127-3144.  
 
Funding Acknowledments: This work was supported by the Deutsche Forschungsgemeinschaft (SP724/9-1; SPP 1392: “Integrative Analysis of Olfac-
tion”). 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  189

P340 
SOCIAL BEHAVIOR

POSTER SESSION III  
FRIDAY, 8:00 AM - 10:30 AM

 
EFFECTS OF BEER AND MARIJUANA SCENT ADMINISTRATION ON PAIN THRESHOLD AND TOLERANCE: FOR TYPICAL “US-
ERS” THE SCENT MAY BE ENOUGH FOR PAIN MODULATION  
Andrea Bova, Andrew Groves, Michael Seals, Bryan Raudenbush, Roger Moses 
Wheeling Jesuit University, Wheeling, WV, USA 
 
Past research consistently substantiates claims that beer consumption and marijuana use decrease pain ratings and increase pain tolerance. The present 
study was designed to determine if the scents of beer and marijuana would influence pain ratings and tolerance, particularly in users of such substanc-
es. Participants completed a cold pressor task where they submersed their hand and forearm into 3 degree Celsius water under three scent conditions 
(no scent, beer scent, and marijuana scent). Participants also completed the Profile of Mood States (POMS) to assess mood pre/post and the NASA Task 
Load Index (NASA-TLX) which measures the workload demands of the cold pressor test. Males exhibited increased pain tolerance in the marijuana 
scent condition, whereas females exhibited decreased tolerance in both the beer and marijuana scent conditions. Most notably, participants who regu-
larly consumed beer showed increased pain tolerance when presented with beer scent and participants who regularly smoked marijuana showed a trend 
toward increased pain tolerance. These results suggest that individuals with past experience with beer or marijuana can have their pain response me-
diated with only the scent of such substances. As the United States continues to approve marijuana for both medicinal and recreational use, these find-
ings support that, for those individuals who already have a history of marijuana use, merely the scent may provide them with some symptom reduction 
without having to actually engage in its use. Further research is warranted to determine if there are other variables (genetic, chemosensory, or otherwise) 
that may also contribute to this effect.  
 
Funding Acknowledments: Funds were provided by Wheeling Jesuit University Psychology Department. 
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YOU SMELL SO GOOD! BIOLOGY OVERRULES FAMILIARITY IN WOMEN, BUT NOT IN MEN  
Ilona Croy, Diana Pietrowski, Jana Kroemer, Agnieszka Sorokowska, Thomas Hummel 
Technische Universität Dresde, Dresden, Germany 
 
Human mate choice may be influenced by olfactory cues, which relate to the human leucocyte antigen complex. Couples who differ in HLA B and HLA 
C report higher partnership- and sexual-satisfaction compared to those who share the same alleles. It is assumed that this relation is mediated by olfac-
tory cues. The reason is that women are able to differentiate whether olfactory presented peptides belong to HLA alleles similar or different compared to 
their own. We now aimed to test, whether the attractiveness of body odors is influenced by HLA similarity between donator and rater. Fifty heterosexual 
couples were initially genotyped for high resolution HLA class 1 and 2. Data were analyzed from 89 normosmic participants (42 women, aged between 
18 and 35 years); 28 of the women used oral contraception, 14 did not. Each participant rated the body odor sample from a) their partner and b) three 
participants of the opposite sex being HLA B similar, HLA C similar person, and HLA B and C dissimilar, respectively. In result, women significantly 
preferred the odor of HLA dissimilar men. This effect was driven by women without oral contraception. Irrespective of oral contraception, women did 
not prefer the body odor of their partner over the body odor of strangers. Men on the other hand were not influenced by HLA, but tended to prefer the 
body odor of their partner. We conclude that the inter-individual match of HLA B and C contributes to body odor assessments. But this effect seems 
to be restricted to women without oral contraception’s. HLA dissimilarity between couples promotes a heterozygote HLA type in the offspring. This is 
related to enhanced resistance against pathogens. Therefore it seems reasonable that women prefer the odor of men who provide a biological god fit.  
 
Funding Acknowledments: The study was funded by university. 
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EFFECTS OF VIDEO GAME PLAYER AVATAR SIZE ON BODY IMAGE SATISFACTION/DISSATISFACTION AND SUBSEQUENT 
FOOD/NUTRITIONAL CHOICES IN A CAFETERIA SETTING  
Patrick Dwyer, Bryan Raudenbush 
Wheeling Jesuit University, Wheeling, WV, USA 
 
Both the size of an avatar and an individual’s identification with that avatar size have been found to influence aspects of mood and performance. For 
example, participants who played a video game with a particular size avatar (underweight, average, overweight) rated their performance differently, 
with, for example, those having an overweight avatar showing decreased positive mood and decreased self-evaluated performance. The present study 
was designed to assess video game avatar size on subsequent body image and food choice. Male and female participants (n=42) played 20 min of WWE 
13 on an X-box gaming console. During play, they were assigned an avatar characterized as “underweight,” “average,” or “overweight.” Participants indi-
cated, from a set of figure drawings, their current and ideal figures on a scale ranging from 10 to 90, and a satisfaction/dissatisfaction score was obtained 
by calculating the difference between those two ratings. Controlling for BMI, a significant avatar size × sex interaction was found for satisfaction/dis-
satisfaction score. For males, the “underweight” avatar was associated with the greatest desire to be larger (i.e., ideal figure larger than current figure); 
for females, the “overweight” avatar was associated with the greatest desire to be smaller (i.e., ideal figure smaller than current figure). Participants were 
then placed in a cafeteria scenario where they could pick a meal from among 70 foods. Controlling for hunger level and BMI, as females experienced 
larger avatars they tended to decrease their choice of foods in a variety of categories (such as gram weight, calories, and carbohydrates). Future studies 
should examine the long-term effects of video game play with varying avatar sizes, as well as how such avatars may then influence individuals to alter 
their workout, health and eating behaviors.  
 
Funding Acknowledments: Funding was provided by Wheeling Jesuit University Psychology Department 
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EFFECTS OF JASMINE SCENT ADMINISTRATION ON INCREASING COMMUNITY SERVICE PARTICIPATION ATTITUDES  
Megan Randolph, Cydney Comfort, Sloane Glover, Albert Schrimp, Bryan Raudenbush, Sabrina Soriano, Erin Unterbrink 
Wheeling Jesuit University, Wheeling, WV, USA 
 
Past research indicates the consumption of L-Tryptophan (TRP), the biochemical precursor of 5-HT, can produce significant changes in mood, deci-
sion-making behaviors, and interpersonal trust. For example, participants who consumed TRP prior to a mutual trust game transferred significantly 
more money to their partners in the game. In another study, participants reported fewer negative impacts and more positive impacts of performing 
community service after the consumption of TRP. The present study was designed to determine if such physiologically-based results could be replicated 
with scent administration. Participants (n=90) first completed the Profile of Mood States (pre-test, to assess current mood). They then sat in a room for 
five minutes during which no scent, peppermint scent, or jasmine scent was administered prior to completing a questionnaire concerning their views 
on the positive and negative aspects of community service (Community Service Attitudes Survey). After completing the questionnaire, participants 
again completed the Profile of Mood States (post-test). Results showed a significant decrease in ratings for anger [F(1,90)=27.31, p=.000], confusion 
[F(1,90)=11.75, p=.001], depression [F(1,90)=13.13, p=.000], fatigue [F(1,90)=20.25, p=.000], tension [F(1,90)=13.40, p=.000], and vigor [F(1,90)=7.91, 
p=.006] between the pre- and post-trials for all conditions as measured by the Profile of Mood States. A univariate analysis indicated a significant differ-
ence in ratings for positive views of community service between the jasmine scent condition and the other conditions, with participants in the jasmine 
scent condition indicating a more positive view of community service, F(2,90)=7.47, p=.001. There was also a trend for negative views of community 
service to decrease in the jasmine scent condition, F(2,89)=2.21, p=.054 . These results suggest jasmine scent administration can increase the positive 
and decrease the negative connotations of community service. Future research should track actual participant community service once they have been 
presented with jasmine scent.  
 
Funding Acknowledments: This study was funded by Wheeling Jesuit University Psychology Department. 
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EFFECTS OF PEPPERMINT FLAVOR AND SCENT ADMINISTRATION ON AUGMENTING RUGBY PLAY PERFORMANCE: THE USE 
OF A PEPPERMINT FLAVORED MOUTHGUARD DURING PLAY  
Bryan Raudenbush, Juan Pablo Troconis Bello 
Wheeling Jesuit University, Wheeling, WV, USA 
 
Extensive past research indicates peppermint scent administration during athletic performance provides a variety of enhancements. For example, when 
athletes underwent a treadmill stress test with peppermint, jasmine, or dimethyl sulfide scents, peppermint scent administration reduced physical and 
temporal workload, effort, and frustration, and athletes indicated greater vigor and lower fatigue. In addition, when performing a variety of athletic tasks 
during peppermint scent administration it has been found that running speed, hand grip strength, and number of push-ups were significantly increased. 
The present study assessed peppermint administration in a more realistic sports environment, specifically outside of the laboratory with Division II rug-
by players. Further, a new technique was employed for taste and scent administration, through the use of a peppermint flavored mouthguard. Division 
II rugby players competed for a two month period during their scheduled athletic season with either a peppermint flavored mouthguard or unflavored/
unscented control mouthguard. At the completion of the testing period, measures of mood, workload, motivation and competitive edge were assessed. 
Results indicated statistically significant effects such that the use of a peppermint flavored mouthguard led to a greater sense of safety (t=3.63, p=.002), 
being more energized (t=2.12, p= 0.05), greater feeling of being “psyched up” (t=2.54, p=.02), and greater performance (t=2.60, p=.02). In addition, two 
trends were found such that the peppermint mouthguard enhanced feelings of confidence (t=1.93, p=.07) and strength (t=1.76, p=.10). This study pro-
vides evidence of both an orthonasal and retronasal effect of peppermint administration on athletic performance on the playing field.  
 
Funding Acknowledments: This study was funded by a grant from the West Virginia Space Grant Consortium (C00586). 
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EFFECTS OF L-TRYPTOPHAN CONSUMPTION ON RACIAL ATTITUDES AND ACCEPTANCE  
Juan Pablo Troconis Bello, Nicholas Cochran, Cody Leonard, Jessica Pontis, Megan Randolph, Bryan Raudenbush 
Wheeling Jesuit University, Wheeling, WV, USA 
 
Past research indicates the consumption of L-Tryptophan (TRP), the biochemical precursor of 5-HT, can produce significant changes in mood, deci-
sion-making behaviors, and interpersonal trust. For example, participants who consumed TRP prior to a mutual trust game transferred significantly 
more money to their partners in the game. In another study, participants reported fewer negative impacts and more positive impacts of performing 
community service after the consumption of TRP. The present study assessed the consumption of TRP on attitudes towards different races and racial 
acceptance. Participants (n=66) were administered either 200 mL of orange juice (the control condition) or 200mL of orange juice to which 0.8 g of TRP 
had been added (the experimental condition). After one hour, participants completed a variety of questionnaires related to personality (IPIP Big Five 
Factors Marker), diversity (Miville-Guzman Universality-Diversity Scale) and mood (Profile of Mood States), and then rated pictures of African Ameri-
can, Caucasian and Middle Eastern individuals on various dimensions. The results showed that participants in the TRP condition showed less variability 
in their responses related to racial acceptance; however, differences between the control and experimental conditions were not as uniform as the re-
searchers had predicted. Racial perceptions and acceptance may be more trait- rather than state-oriented, such that administration of TRP does not have 
as marked an effect.  
 
Funding Acknowledments: This study was funded by Wheeling Jesuit University Psychology Department. 
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SUBLIMINAL CHEMOSENSORY CUES MODULATE EMOTIONAL PERCEPTION OF BIOLOGICAL MOTION IN A GENDER-SPECIF-
IC MANNER  
Yuting Ye1,2, Monique Smeets3,4, Wen Zhou1,2 
1Institute of Psychology, Key Laboratory of Behavioral Science, CAS Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of 
Sciences, Beijing, China, 2University of Chinese Academy of Sciences, Beijing, China, 3Unilever R&D, Vlaardingen, Netherlands, 4Department of Psychology, 
Utrecht University, Utrecht, Netherlands 
 
In the search for human sex pheromones, two human steroids, androsta-4,16,-dien-3-one and estra-1,3,5(10),16-tetraen-3-ol, have emerged as possi-
ble candidates. The current study critically examines if the two compounds could facilitate interaction with potential mates -- which lies at the core of 
the concept of sex pheromones -- by acting on the recipients’ emotional perception. Using dynamic point-light displays that portray the gaits of male 
and female walkers whose emotional states are digitally morphed along the valence and the arousal axes, we show that smelling androstadienone biases 
heterosexual women, but not men, towards perceiving the male walkers as happier and more relaxed and female walkers sadder. By contrast, smelling 
estratetraenol biases heterosexual men, but not women, towards perceiving the female walkers as happier and more relaxed. The effects are obtained 
despite that the olfactory stimuli are not explicitly discriminable. These findings suggest that androstadienone and estratetraenol prime the identification 
of emotionally receptive states for the potential mates with whom they are associated, and add to the accumulating evidence supporting androstadien-
one and estratetraenol as human sex pheromones.  
 
Funding Acknowledments: Unilever Research & Development DO6463905 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  196

P401 
AGING

POSTER SESSION IV 
FRIDAY, 9:00 PM - 11:00 PM

 
DIABETES AND OLFACTION: EVIDENCE FROM THE NATIONAL HEALTH AND NUTRITION EXAMINATION SURVEY, 2011-2014  
Kathleen Bainbridge1, Donald Leopold2, Danita Byrd-Clark3, Chuan-Ming Li1, Catherine Cowie4 
1National Institute on Deafness and Other Communication Disorders, Bethesda, MD, USA, 2Department of Surgery, University of Vermont Medical Center, 
Burlington, VT, USA, 3Social & Scientific Systems, Silver Spring, MD, USA, 4National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, 
MD, USA 
 
Diabetes has been associated with diminished or abnormal sense of smell in some clinical studies, but population-based evidence has generally not sup-
ported such an association. Our aim was to use nationally-representative data to determine whether smell problems are more prevalent among adults 
with diabetes than among those without diabetes. During the 2011-2014 National Health and Nutrition Examination Survey, a chemosensory ques-
tionnaire was given to 7418 participants aged ≥40 years, and of those, 3519 participants completed an 8-item odor identification test during 2013-2014. 
Hyposmia was defined as failure to identify ≥6 odorants. Diagnosed diabetes (of any type) was self-reported. The age-standardized prevalence [95% 
confidence limits (95% CL)] for hyposmia was 16.8% (12.6, 21.9) among 637 participants with diabetes and 13.0% (11.1, 15.3) among 2884 participants 
without diabetes. We found a significant difference between the age-standardized prevalence of phantom odors among 1344 participants with diabetes 
and 6068 participants without diabetes [(11.1% (8.4, 14.5) and 5.8% (5.0, 6.8), respectively]. We also found a significant difference in the age-standard-
ized prevalence of worse ability to taste flavors [(12.8% (9.8, 16.6) and 8.4% (7.4, 9.5), respectively]. Adjusted odds ratios (95% CL) of 1.88 (1.36, 2.60) 
and 1.47 (1.05, 2.07) estimated from logistic regression models for phantom odors and worse ability to taste flavors, respectively, indicated that differ-
ences in age, sex, ethnicity, and socioeconomic status did not account for the association between diabetes and these smell problems. The prevalence of 
hyposmia, self-reported smell problems, worsening smell, and bothersome smells did not differ by diabetes.  
 
Funding Acknowledments: NIDDK Contract # GS-10F-0381L 
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OLFACTION, HEALTH AND COGNITIVE DECLINE  
Pamela Dalton1, Cristina Jaen1, Carolyn Novaleski1, R.Scott Mackin2,3, Michael Weiner2,3 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2University of California-San Francisco, San Francisco, CA, USA, 3San Francisco Veterans Affairs 
Medical Center, San Francisco, CA, USA 
 
Early identification of deficits in our ability to perceive odors is important. A recent study (JM Pinto et al., 2014) examining biomarkers of mortality us-
ing the National Social Life Health and Aging Project (NSHAP) found that olfactory function was one of the strongest predictors of 5-year mortality in 
older adults. Olfactory function worsens during the aging process. There is also a correlation between early loss of olfaction and later onset of neurode-
generative disorders. Unfortunately, there are few longitudinal studies that measure olfactory performance and seek to associate those results with health 
and cognitive endpoints. The objective of this study was to determine the feasibility of remotely testing olfactory performance using the NIH Odor 
Identification test among individuals recruited through collaboration with the Brain Health Registry (BHR). The BHR is a voluntary online registry in 
which interested individuals provide health information and participate at regular intervals in standardized cognitive testing. To date, more than 800 
participants between 45-90 years of age have completed the NIH Odor Identification Test and provided access to their BHR data. Our ultimate goal is 
to expand and follow this cohort longitudinally to identify the temporal onset of olfactory decrements and how those may relate to changes in cognitive 
function and health.  
 
Funding Acknowledments: State of PA Tobacco Fund SAP # 4100068721 PD 
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RECONSTITUTION OF THE ODORANT RECEPTOR MAP IN THE OLFACTORY BULB OF AGED MICE  
Ashley Iannantone, Anisa Hussain, Shelly Shibu, Paulina Lis, Jessica Brann 
Department of Biology, Loyola University Chicago, Chicago, IL, USA 
 
The olfactory system is intensely studied because it is capable of lifelong regeneration. In the olfactory epithelium (OE), neural stem cells give rise to 
olfactory sensory neurons (OSNs) that express a single odorant receptor (ORs) conferring both identity and odorant sensitivity. Each OSN sends its 
axon to a stereotyped position called a glomerulus in the olfactory bulb (OB), where it forms synapses with second order neurons. To maintain sensory 
function, successful regeneration requires that newborn OSNs extend their axons to their appropriate targets. Previous work has largely focused on the 
recovery of the peripheral olfactory system after injury in young animals. This experiment therefore examined how age affects the ability of regenerat-
ed OSNs to innervate appropriate glomeruli in the OB following ablation of the OE. To do this, we utilized methimazole to lesion the OE in mice aged 
1-24 months expressing taulacZ in a specific subpopulation of OSNs that express olfactory receptor 17 (olfr17; commonly known as P2). Animals recov-
ered for 10, 50, and 120 days post lesion (dpi). The number of glomeruli innervated by newborn P2 neurons significantly increased at 50 and 120 dpi in 
methimazole versus saline injected animals. In addition, reconstituted glomeruli continued to receive heterogeneous input at the same time points. Our 
results support previous findings in young mice that axon targeting in aged mice is aberrant following chemical ablation. In addition, we extend previ-
ous findings by allowing mice to recover up to 120 days post ablation; however, the injury phenotype did not resolve with an extended recovery. Future 
work may examine whether this phenotype is observed in other OSN populations as well, and whether olfactory discrimination is perturbed following 
reconstitution.  
 
Funding Acknowledments: NIDCD DC012567, Loyola Undergraduate Research Opportunities Program (LUROP), Provost Fellowship, and Mulcahy 
Fellowship provided by Loyola University Chicago. 
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IN VIVO VISUALIZATION OF ODOR-EVOKED OLFACTORY SENSORY NEURON NEUROTRANSMITTER RELEASE IN AGING MICE  
Marley D. Kass, Lindsey A. Czarnecki, John P. McGann 
Rutgers, The State University of New Jersey, Piscataway, NJ, USA 
 
Aging populations exhibit deficits in olfactory function that can negatively impact their feeding behavior and quality of life. The number of olfactory 
sensory neurons (OSNs) in the olfactory epithelium is reduced in aged animals, and it has been hypothesized that this loss of peripheral input under-
lies these olfactory deficits. However, it has remained unclear whether the loss of OSNs is uniform across populations expressing different receptors, 
or whether there might be functional changes in odorant-selectivity or odorant concentration-dependent OSN recruitment. To explore these effects of 
aging on OSN function, we performed in vivo optical neurophysiology in mice expressing synaptopHluorin (spH) under the olfactory marker protein 
(OMP) promoter. Fluorescence signals in these mice indicate neurotransmitter release from OSN synaptic terminals. Cranial windows were implanted 
above the dorsal olfactory bulbs of anesthetized OMP-spH mice of both sexes that were either 6, 12, 24, or 36 months old. SpH signals were then ac-
quired during the presentation of a panel of 6 odors, with 4 odors being presented at 3 concentrations. In preliminary analyses (N = 5-6/age group) we 
found that there was no difference in the peak absolute odor-evoked change in fluorescence (ΔF) between the 6, 12, and 24 month age groups, but that 
absolute odor-evoked ΔF was greatly reduced by 36 months of age. Despite this decrease, no difference was observed between any groups in the normal-
ized rate of response magnitude enhancement across increasing odor concentrations, or in the odor tuning of individual glomeruli. Further analyses will 
be required to assess additional age-related differences in spatiotemporal patterns of odor-evoked OSN activity.  
 
Funding Acknowledments: This work was supported by MH101293 and DC013090 to JPM and DC013719 to MDK. 
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OLFACTION AND SEXUALITY IN OLDER ADULTS IN THE UNITED STATES  
Sunny Y Kung1, Kristen E. Wroblewski2, Martha K. McClintock3,4, David W. Kern5, Jayant M. Pinto6 
1Pritzker School of Medicine, The University of Chicago, Chicago, IL, USA, 2Department of Public Health Sciences, The University of Chicago, Chicago, IL, 
USA, 3Center on Demography and Aging, The University of Chicago, Chicago, IL, USA, 4Department of Comparative Human Development, The Universi-
ty of Chicago, Chicago, IL, USA, 5Department of Psychology, Northeastern Illinois University, Chicago, IL, USA, 6Section of Otolaryngology, Department of 
Surgery, The University of Chicago, Chicago, IL, USA 
 
Background: Chemosensation plays an important role in sexual activity across a broad range of taxa. However, relatively little is known about olfaction 
and sexuality in humans, especially at older ages. We sought to determine the relationship between olfactory function and sexuality in older adults.  
 
Methods: The National Social Life, Health, and Aging Project (NSHAP) is a representative, population-based study of home-dwelling US adults ages 62 
to 90 (N = 2,094). Sexual attitudes and behaviors measured in NSHAP include initiation of, satisfaction with, frequency of, and receptivity to sex. Odor 
identification ability and odor sensitivity to n-butanol were measured using validated methods (Sniffin’ Sticks). We assessed the relationship between 
these sexual parameters and olfactory function using multivariate ordinal logistic regression, adjusting for age, gender, education, ethnicity, cognitive 
function, depression, and physical health.  
 
Results: Older adults with better odor sensitivity had higher sexual motivation as indicated by thinking about sex more often (OR 1.07, 95% CI 1.00-
1.15, p = 0.04). Interestingly, neither odor identification ability nor odor sensitivity is associated with frequency of sex (p=0.81and p=0.5, respectively). 
Those with better odor identification reported greater emotional satisfaction with their most recent partner (OR 1.11, 95%CI 1.01-1.23, p = 0.04). Con-
clusion: Better olfactory function is associated with higher sexual motivation and greater emotional satisfaction in older, post-reproductive US adults. 
Our data are consistent with the concept that olfaction affects core emotional responses in humans. We hypothesize that these findings may be due to 
the evolutionarily ancient connection of the olfactory and limbic systems in the brain.  
 
Funding Acknowledments: Funded by the NIA (R01 AG021487, R37 AG030481, R01 AG033903) 
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A LARGE-SCALE STUDY OF DYSOSMIA IN THE FRENCH POPULATION: PREVALENCE AS A FUNCTION OF AGE AND EFFECTS 
ON FOOD BEHAVIOR.  
C MANESSE1, M SABRI2, C FERDENZI1, M BESSY1, A FOURNEL1, F FAURE3, D BELLIL4, S JOMAIN4, BN LANDIS5, M HUGENTOBLER5, F 
RINCK6, E PETIT7, A GIBOREAU7, C ROUBY1, M BENSAFI1 
1CNRS UMR5292, INSERM U1028, Lyon Neuroscience Research Center , LYON, France, 2Département Informatique, Université des Sciences, USTO, 
ORAN, Algeria, 3Hospices Civils de Lyon, LYON, France, 4Hôpital Nord-Ouest VilleFranche, VILLEFRANCHE, France, 5Hôpitaux Universitaires de Genève, 
GENEVE, Switzerland, 6University of Grenoble, Lidilem Laboratory, GRENOBLE, France, 7Research Center of Institut Paul Bocuse, ECULLY, France 
 
Olfactory disorders, or dysosmia, are common; they can be classified along a continuum from partial impairment (hyposmia) to a total deficit (anos-
mia). An important question in the field concerns the proportion of the population that suffers from dysosmia. In the present study, we set out to exam-
ine this question in the French population. Three aims were tested. The first aim was to estimate the prevalence of smell deficits (dysosmia) in France 
in a large sample of individuals. The second aim was to examine how this prevalence is modulated by a series of factors such age and gender. Moreover, 
since dysosmia is not without effects on quality of life, especially with regard to food health, we asked in a third aim how food behavior is modified in 
individuals with impaired sense of smell. The study included two phases. In phase 1, dysosmics and controls were tested along different olfactory tasks 
including an odor identification task and odor ratings of intensity. In phase 2, to predict smell deficits in new individuals, the same olfactory tasks were 
performed by 4499 individuals varying in age (from 4 to 89 years) and gender. In this latter phase, participants were asked to fill in a food behavior 
questionnaire. Results showed that the prevalence of dysosmia was around 10%. Moreover, this prevalence rose with age reaching more than 20% after 
60 years old. Preliminary analyses revealed significant effects on food behavior: after 50 years old, dysosmics individuals consumed more meat or Soya 
sauce (salty food) than normosmics. Taken together, these results highlight the importance of identifying these sensory dysfunctions, especially for 
clinicians but also for public health systems, to set up remediation strategies especially in elderly people whose food behavior is particularly affected by 
dysosmia  
 
Funding Acknowledments: “Mission Interdisciplinarité”, DEFISENS Grant, CNRS and Claude Bernard University of Lyon . 
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INVESTIGATING ROLE OF NORADRENALINE IN OLFACTORY DISCRIMINATION DURING AGING  
Claire Terrier, Xuming Yin, Maëllie Midroit, Jérémy Forest, Joëlle Sacquet, Marc Thevenet, Nathalie Mandairon, Anne Didier, Marion Richard 
Université Claude Bernard Lyon1, Lyon, France 
 
Normal aging is accompanied by structural changes in the brain and by sensory and cognitive declines. However, some aged individuals maintain un-
expectedly good cognitive abilities in spite of brain alterations while others are largely affected. The concept of cognitive reserve proposes that the de-
gree of intellectual stimulation throughout the adult life contributes to these individual differences.My project investigates the role of Noradrenaline, an 
important neuromodulator of cognition, in the cognitive reserve build-up and its contribution to the maintenance of structural plasticity and cognitive 
abilities during aging. To do so, we use the model of perceptual learning, allowing improvement in discrimination between perceptually close odorants 
and which is dependent on Noradrenaline release. Local Noradrenaline release was modulated within the olfactory bulb by optogenetic stimulation of 
the noradrenergic fibers in young and aged mice. Our results show that optogenetic stimulation of Noradrenaline release in the olfactory bulb improved 
olfactory discrimination in both young and aged mice. However, aged mice required a longer duration of increased Noradrenaline release in order to 
improve olfactory discrimination performances (20 days), compared to young adults (10 days). These preliminary results suggest that Noradrenaline is 
involved in the maintenance of olfactory discrimination learning during aging. Ongoing studies investigate the structural plasticity in the olfactory bulb, 
associated with the improvement in olfactory discrimination performances.  
 
Funding Acknowledments: Communautés de Recherche Académique (ARC2) Région Rhône-Alpes 
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COMPUTATIONAL AND TRIGEMINAL EXAMINATIONS OF EMPTY NOSE SYNDROME  
Chengyu Li, Alexander A. Farag, James Leach, Bhakthi Deshpande, Adam Jacobowitz, Kanghyun Kim, Bradley A. Otto, Kai Zhao 
The Ohio State University, Columbus, OH, USA 
 
The precise pathogenesis of empty nose syndrome (ENS) remains unclear. Various factors such as nasal aerodynamics and sensorineural dysfunction 
have been suspected, yet, evidence is limited. This study reported the first nasal aerodynamics and trigeminal sensory examinations in actual ENS pa-
tients. 6 ENS patients were enrolled. Three patients had pre- and post-inferior turbinate (IT) reduction CT scans, which allowed comparison of their 
nasal aerodynamics changes through Computational Fluid Dynamic (CFD) simulation. Their symptoms were confirmed through SNOT-22, ENS6Q, 
acoustic rhinometry and rhinomanometry findings. Nasal trigeminal sensitivity that potentially mediates their perception of airflow was assessed via 
menthol lateralization detection thresholds (LDT) and compared with 14 healthy controls. Post-surgical reductions in nasal resistance were observed 
and significantly lower than normal (p<0.05). CFD analysis showed that, paradoxically for all ENS patients, IT reduction did not draw more airflow to 
the airway surrounding the ITs, but rather resulted in nasal airflow forming into a narrow jet towards the middle meatus region, leaving the airway sur-
rounding the inferior turbinate with significantly reduced airflow intensity and air-mucosal interactions (inferior region flow percentage reduced from 
35.7%±15.9% to post-surgery 17.7%±15.7, p<0.05; inferior wall-shear-stress, reduced from 7.5±4.2×10-2 Pa to 3.4±3.1×10-2 Pa, p<0.01). ENS patients 
also had significantly impaired menthol LDT compared to healthy controls (p<0.005). The results indicated that a combinatory of factors, including par-
adoxically distorted nasal aerodynamic, impaired sensorineural sensitivity, and potential pre-disposing conditions, may contribute to the development 
of ENS.  
 
Funding Acknowledments: NIH-NIDCD R01 grant DC013626  
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DISTINGUISHING PERCEIVED SENSORY IRRITATION VERSUS TISSUE IRRITATION IN THE AERODIGESTIVE TRACT DURING 
PROPYLENE GLYCOL EXPOSURE  
Carolyn Novaleski, Brianna Soreth, Christopher Mauté, Pamela Dalton 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
Volatilized chemicals are capable of both activating the sensory fibers of the trigeminal nerve (CN V) and dehydrating the mucus membranes lining 
the upper aerodigestive tract. These multifaceted effects can lead to challenges in differentiating symptoms of sensory irritation (e.g., tingling sensation) 
from the hygroscopic effects of a compound (e.g., dryness). Propylene glycol (PG) is a commonly used compound in occupational settings such as the-
ater productions and aircraft deicing. Because PG is a hygroscopic compound and is occupationally encountered as a mist, it is an ideal compound to 
evaluate its potential for irritating versus drying effects. The purpose of this study was to determine the effects of acute exposure to aerosolized PG on 
reports of upper airway irritation and dryness and to examine the relationship between perceived irritation and dryness. A repeated measures research 
design was used in which 20 healthy participants (10 males, 10 females) were exposed to 3 concentrations of aerosolized PG (20, 100, 200 mg/m3) on 
separate testing sessions. Participants made subjective ratings of the degree of irritation and dryness using a 5-point Likert scale for the oral cavity, nasal 
vestibule, nasal cavity, nasopharynx, and oropharynx/laryngopharynx. Ratings were collected before, during, and after exposure. Sensory irritation was 
defined as sensations of burning, cooling, and/or tingling. Tissue irritation was defined as sensations of dryness, i.e., decreased saliva, globus, difficulty 
swallowing, increased phlegm. A slight exposure-related effect was seen for both perceived irritation and dryness. Results will be discussed within the 
context of distinguishing primary symptoms associated with trigeminal activation versus mucus membrane dehydration.  
 
Funding Acknowledments: Propylene Oxide-Propylene Glycols REACH Consortium 
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THE ROLE OF TASTE AND OLFACTION IN THE SWEETNESS OF E-CIGARETTE FLAVORS  
Kathryn Rosbrook1, Barry Green1,2 
1John B. Pierce Laboratory , New Haven, CT, USA, 2Yale School of Medicine, New Haven, CT, USA 
 
The primary aim of this study was to determine the relative roles of the olfactory and taste components of e-cigarette flavors in the perception of sweet-
ness. Of additional interest is whether the relative contributions of taste and olfaction depend upon the e-cigarette delivery system. Cigarette smokers 
(18-45 yrs. of age; 16 F, 16 M) participated in 4, ~1hr sessions to sample 4 e-liquid flavors (strawberry, vanilla, watermelon, cherry) with and without 1% 
sucralose added. The flavors were delivered via two different e-liquid delivery systems: the V2 cartomizer (cartridge atomizer) and the V2 EX clearom-
izer (tank atomizer). The two E-cigs were tested in separate sessions with sucralose and no-sucralose trials blocked within sessions. All 4 flavors were 
presented within each block and sampled with the nose-open (odor-plus-taste condition) and nose-closed (taste-only condition). On each trial partic-
ipants rated overall flavor, sweet taste, and harshness/irritation on the gLMS, and liking/disliking on the LHS. The results showed that flavor intensity, 
sweetness, and liking were driven primarily by the volatile (olfactory) components of the e-liquids, whereas harshness/irritation was more similar in the 
nose-open and nose-closed conditions. However, the data from the nose-closed condition also indicated that sucralose added significant sweetness to 
the flavor experienced with the cartridge atomizer, but not the tank atomizer. Chemical analysis of the inhaled e-liquid aerosol is underway to identify 
the key flavor molecules. These results indicate that e-cigarette flavors depend more strongly on retronasal olfaction than on taste, and thus demonstrate 
the ability of olfaction to drive the perception of flavor sweetness independent of sweet taste stimulation. Supported by NIH grant 3P50DA036151-02S1  
 
Funding Acknowledments: NIH 3P50DA036151-02S1 (BG) 
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INTERMITTENT STIMULATION OF THE TRIGEMINAL NERVE INCREASES TRIGEMINAL SENSITIVITY  
Timo Schultheiss1, Anna Oleszkiewicz 1,2, Valentin Schriever1, Antje Hähner1, Thomas Hummel1 
1Smell & Taste Clinic, Department of Otorhinolaryngology, TU Dresden, Dresden, Germany, 2University of Wroclaw, Wroclaw, Poland 
 
The trigeminus is known to register nasal airflow. Patients with the feeling of a congested nose not always suffer from an anatomical obstacle but might 
have a low trigeminal sensibility which prevents them from feeling the nasal airstream. The aim of the present study were to determine whether an in-
termittently trigeminal stimulus exposition would increase the sensitivity of the nasal trigeminal nerve in patients and healthy controls and if this effect 
would be accompanied by a subjective improvement of nasal breathing. The study included two groups: 42 patients and 44 healthy controls. The sensi-
tivity of the trigeminal nerve was measured in terms of CO2-thresholds and the ability to lateralize eucalyptol when presented to the left or right nos-
tril. The subjective nasal airflow was reported on a numerical scale and olfactory function was controlled using the “Sniffin Sticks” (producing the “TDI 
score”). Subjects were tested twice - before and after the two month training period . Linear mixed models including group (healthy vs control) and 
session (first vs second) as fixed factors; sex (male vs female) as random factor and age and number of days of trigeminal training as covariates revealed 
that in both groups trigeminal training increased TDI score and CO2 sensitivity, but not subjective nasal patency or trigeminal lateralization abilities. 
At the same time, differences in olfactory function, CO2 sensitivity, lateralization and subjective nasal patency were confirmed to be higher in healthy 
subjects than patients. These results indicate that training of the nasal trigeminal function can affect trigeminal sensitivity and overall olfactory function. 
It remains unclear how and in which group of patients it might be helpful to improve the feeling of nasal patency.  
 
Funding Acknowledments: This research was supported by grant from the Deutsche Forschungsgemeinschaft to TH (DFG HU 441/18-1). 
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EVALUATION OF RESPIRATORY AND OCULAR IRRITATION FROM PROPYLENE GLYCOL IN HEALTHY HUMANS  
Brianna Soreth, Christopher Maute, Carolyn Novaleski, Cristina Jaen, Pamela Dalton 
Monell Chemcial Senses Center, Philadelphia, PA, USA 
 
Propylene glycol (PG) is a widely used compound in foods, pharmaceutical and cosmetic products. Exposure to PG also occurs from smoke generators 
and occupational exposure such as occurs in de-icing airplanes. While PG is considered to have low toxicity, the results of one study suggested that brief 
(1-min) exposure to PG mist may cause ocular and upper respiratory irritation in humans (Wieslander, et al., 2001). Given that the high concentrations 
and brief exposure duration in that study were not representative of most occupational exposures, a controlled experimental exposure study was con-
ducted to clarify and/or confirm the earlier findings. 10 males and 10 females were exposed to PG mist for 4 hrs at 20 & 100 mg/m3 or 30 min at 200 mg/
m3. Participants rode a stationary bicycle to simulate effort at regular intervals during each exposure. Objective measures included ocular irritation via 
eye blink task and eye photography and pulmonary function via spirometry, while subjective measures included health symptoms ratings, irritation and 
dryness ratings of eyes, nose, throat and mouth, and ratings of odor intensity, annoyance, and irritation. Results indicated slight exposure-related chang-
es in subjective symptom reporting, however, highest symptom ratings did not exceed ‘slight’ on the scale. Moreover, participants could not be blinded 
to exposure condition and visual appearance of the mist could have biased ratings. Importantly, objective measures of pulmonary function and ocular 
irritation did not reveal any exposure-related changes. Taken together, the results indicate at the concentrations and durations tested, PG is not a respira-
tory or ocular irritant.  
 
Funding Acknowledments: Funded by the Propylene Oxide-Propylene Glycols REACH Consortium 
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THE EFFECT OF ADDED FLAVORANTS ON THE TASTE AND PLEASANTNESS OF MIXTURES OF GLYCEROL AND PROPYLENE 
GLYCOL  
Paul M Wise1, Pradnya Rao1, Husile Nanding1, Andrew A Strasser2 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2University of Pennsylvania, Deparment of Psychiatry, Perelman School of Medicine, Philadelphia, 
PA, USA 
 
The US FDA banned most “sweet” flavorants in cigarettes due to the concern that sweet flavors appeal to young, beginning smokers. However, many of 
the same flavors, including fruity and confection-associated aromas are still used in e-cigarettes. Sweet flavors may have a number of effects, including 
enhancement of the taste of other ingredients. The current work focused on the impact of model flavorants on the taste of a mixture of propylene glycol 
and vegetable glycerine, solvents used in most e-cigarettes and related products. An automated olfactometer-gustometer delivered aqueous solutions of 
propylene glycol and vegetable glycerine into the mouth in parallel with puffs of clean air (control) or odorized air. Aromas included two “fruity” esters 
(“pineapple” and “banana”), two confection-associated aromas (“vanilla” and “caramel/malty”), menthol (not “sweet,” but commonly used in e-ciga-
rettes), and a “burnt” aroma not expected to enhance flavor. Twenty men and women, aged 18-25, rated the sweetness, bitterness, and pleasantness of all 
stimuli (within-subjects design). Both fruity aromas significantly enhanced sweetness, both confection-associated aromas significantly enhanced pleas-
antness, and the caramel/malty aroma significantly reduced bitterness. Menthol and the “burnt” aroma had no measurable effects on taste. Accordingly, 
flavorants modulated the taste of solvents commonly used in e-cigarettes in ways consistent with increased palatability. If similar effects occur in actual 
products, improved flavor profiles could facilitate continued use. Acknowledgements: Supported in part by by P50-CA-179546, NIH/NCI/FDA, Univer-
sity of Pennsylvania Tobacco Center of Regulatory Science.  
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NASAL AIRFLOW VORTEX RESULTED IN BETTER OLFACTORY SENSITIVITY AMONG HEALTHY CONTROLS  
Kai Zhao1, Chengyu Li1, Kanghyun Kim1, Jianbo Jiang2, Beverly J. Cowart2,3, Edmund A. Pribitkin2,3, Pamela Dalton2 
1The Ohio State University, Department of Otolaryngology, Columbus, OH, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA, 3Thomas Jefferson 
University, Department of Otolaryngology, Philadelphia, PA, USA 
 
Nasal airflow that effectively transports ambient odor to the olfactory receptor is important for normal olfaction in human. Yet, significant normative 
variations in nasal anatomy and airflow have been reported and their impact on olfactory function is not clearly understood. 22 healthy volunteers, 
mostly Caucasian (n=20), age 21 to 39 years, were recruited. Unilateral odor detection thresholds (ODT) to l-carvone, phenylethyl alcohol (PEA) 
and d-limonene were obtained. Participants immediately underwent CT scans of the nose and sinuses, allowing for computational simulation of na-
sal airflow patterns. Significant normative variations in both nasal anatomy and aerodynamics were found - the most prominent being the formation 
of an airflow vortex in the anterior dorsal region in some but not all subjects, and the intensity of the vortex significantly correlated with ODT of PEA 
(r=0.368, p<0.05). The formation of the vortex is likely the result of a narrower anterior nasal morphology, significantly correlating with the nasal index 
(ratio of the width and height of external nose, r=-0.417, p<0.01) and nasal vestibule “notch” index (r=0.632, p<0.01). The “notch” is a narrowing of the 
nasal vestibule cartilage region. The degree of notch also significantly correlates with ODT for PEA (r=0.3, p<0.05) and carvone (r=0.34, p<0.05). ODT 
of d-limonene, a low mucosal soluble odor, does not correlate to any of the anatomical or aerodynamic variables. Nasal anatomy and aerodynamics may 
have significant impact on normal olfactory sensitivity, with greater airflow vortex and a narrower vestibule region likely intensifying the airflow towards 
the olfactory region and resulting in greater olfactory sensitivity. This impact may also depend on the mucosal solubility of the odor being investigated.  
 
Funding Acknowledments: NIH-NIDCD R01 grant DC013626 
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THE GDNF/RET SIGNALING PATHWAY IS CRITICAL FOR CHEMOSENSORY CELL FATE DETERMINATION OF GENICULATE 
GANGLION NEURONS  
Christopher Donnelly, Amol Shah, Alan Halim, Charlotte Mistretta, Robert Bradley, Brian Pierchala 
Biologic and Materials Sciences, University of Michigan, Ann Arbor, MI, USA 
 
The development of the taste system relies on the coordinated regulation of cues that direct the simultaneous development of taste organs and innervat-
ing sensory ganglia. However, the underlying mechanisms remain poorly understood. In this study, we describe a novel function for glial cell line-de-
rived neurotrophic factor (GDNF) in the development and subsequent diversification of chemosensory neurons within the geniculate ganglion. GDNF, 
acting through the Ret receptor, orchestrates the expression of the chemosensory fate determinant Phox2B early in geniculate ganglion development. 
Ret-/- mice, but not Retfx/fx; Phox2b-Cre mice, display a profound loss of Phox2B expression with subsequent taste bud innervation deficits, indicating Ret 
is required for Phox2B initiation, but not its maintenance. Ret expression is then extinguished perinatally. The GDNF-Ret pathway, therefore, is a critical 
for the initiation of the chemosensory cell fate by amplifying Phox2B expression, thereby driving subsequent chemosensory differentiation and target 
innervation.  
 
Funding Acknowledments: NINDS R01 NS089585 (BP) NIDCR F30 DE023479 (CD) 
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EPHRIN-A/EPHA SIGNALING DURING GUSTATORY AND SOMATOSENSORY INNERVATION OF FUNGIFORM PAPILLAE  
Jason S Hwang1, Kajol Doshi1, Randall W Treffy2, Marissa Pilon1, M William Rochlin1 
1Loyola U. Chicago, Chicago, IL, USA, 2University of Illinois Chicago, Chicago, IL, USA 
 
Diffusible factors (neurotrophins and semaphorins) have key roles in guiding gustatory and somatosensory afferents to their neighboring targets in 
gustatory papilla epithelium but non-diffusible cues are also likely to be involved. Ephs and ephrins are cell surface molecules that act as ligands and re-
ceptors for one another, initiating signaling cascades that can cause repulsion, arborization, or growth promotion of axons. There are two classes of Ephs 
and ephrins: ephrin-As are lipid-linked proteins that interact predominantly with EphAs, whereas ephrin-Bs are transmembrane proteins that interact 
predominantly with EphBs. During axon targeting in rats and mice, anti-ephrin-A3 and anti-ephrin-A1 label the lingual epithelium broadly, but the la-
beling is less intense in gustatory epithelium. In situ hybridization results support these findings. Anti-EphA5 and -EphA7 label afferents within nascent 
fungiform papillae. To determine if ephrin-As are capable of guiding axons we grew explants of geniculate and trigeminal ganglia on coverglasses coat-
ed with stripes of ephrin-A-Fc fusion proteins. Ephrin-A1, -A2, -A3, and -A4 repel geniculate neurites dose dependently in vitro. Trigeminal neurites 
are also repelled by these ephrins. Intriguingly, ephrin-A3 repels E18 rat-derived geniculate neurites with significantly greater potency than trigeminal 
neurites. Together, these data are consistent with a guidance role for ephrin-As during pathfinding and targeting of gustatory and somatosensory axons 
in the tongue. Ephrin-B2 is also expressed along the dorsal epithelium later than ephrin-A1 and -A3, just after axons penetrate the epithelium; and eph-
rin-B-Fcs are repellent in vitro. Combining intermediate concentrations of ephrin-A-Fcs and ephrin-B-Fcs in the same stripe results in additive repellent 
effects.  
 
Funding Acknowledments: University funds to JsH, KD, RWT and MP. 
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SOX10-CRE LABELED NEURAL CREST DERIVED CELLS ARE ABSENT IN TASTE BUDS OF ZEBRAFISH  
Brett Marshall1, Rebecca Ball2, James Lauderdale2, Robert Kelsh3, Hongxiang Liu1 
1Department of Animal and Dairy Science, University of Georgia, Athens, GA, USA, 2Department of Cellular Biology, University of Georgia, Athens, GA, 
USA, 3Department of Biology and Biochemistry, University of Bath, Bath, United Kingdom 
 
Taste buds were initially defined as being derived from local surrounding epithelial cells. However, multiple lines of evidence strongly suggest that the 
underlying connective tissue, which is primarily neural crest (NC)-derived, contributes to a significant population of taste bud cells. To determine the 
extent to which the NC contributes to taste buds in a species-specific manner, we utilized SOX10-eGFP and SOX10-Cre zebrafish to label and track 
NC cell lineages. In zebrafish, numerous taste buds develop within days post fertilization (dpf) and are easily identified. In this study, we first used 
SOX10-eGFP zebrafish to validate that SOX10 expression was limited to the NC. We found that eGFP+ cells were highly restricted to the neural keels 
of embryos between 12-13 hours post fertilization (hpf), and these cells’ migration was tracked into the cranial region by 14-15 hpf. Importantly, while 
eGFP+ cells were extensively distributed in the connective tissues of the lips and oral cavity, they were absent in taste buds at 5.5 and 15 dpf. This lack 
of active SOX10 expression in taste buds allowed us to utilize SOX10-Cre to conduct NC lineage tracing and test NC contribution to taste buds. To this 
end, we crossed SOX10-Cre fish with a double reporter fish containing a Cre-driven switch from constitutively expressed GFP to RFP. We found that in 
contrast to our results in mice, SOX10-Cre labeled (NC-derived) cells were not observed in taste buds, yet were abundant within the connective tissue 
around the oral cavity at 15 dpf. These data suggest that unlike mice, taste buds in zebrafish are not from the NC. Thus, careful considerations should be 
taken when applying principles across species with regards to the origin of taste buds.  
 
Funding Acknowledments: NIDCD NIH R01DC012308  
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LEARNING TO LIKE VEGETABLES DURING BREASTFEEDING: A RANDOMIZED CLINICAL TRIAL OF LACTATING MOTHERS 
AND INFANTS  
Julie A. Mennella, Loran M. Daniels, Ashley R. Reiter 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
What lactating mothers eat flavors breast milk and in turn modifies their infants’ acceptance of similarly flavored foods. To determine the effects of 
timing and duration of eating a variety of vegetables during breastfeeding on the liking of vegetables in both members of the dyad, we conducted a ran-
domized controlled study of 97 mother-infant dyads. Lactating mothers drank V8, beet, celery, and carrot juices for one month, beginning at 0.5, 1.5, 
or 2.5 months postpartum, or for 3 months beginning at 0.5 months. The control group drank equal volumes of water and avoided the juices. Mothers 
rated the taste of the juices and self-reported dietary intake at each monthly visit (0.5-4.5 months). Shortly after weaning, infants’ acceptance of plain, 
carrot-flavor (exposed flavor), and broccoli-flavor (nonexposed flavor) cereal was assessed on separate days. We found that timing of exposure impacted 
the acceptance of carrot flavor that did not generalize to the novel broccoli flavor. Relatively brief experience (1 month) with vegetable flavors in moth-
ers’ milk, starting at 0.5 month, was sufficient to shift hedonic tone, resulting in faster rate of eating carrot-flavored cereal than among infants exposed 
during subsequent months or not at all. One month was greater than 3 months or no exposure. Regardless of when exposure occurred, infants were less 
likely to display facial expressions of distaste initially when eating the carrot cereal. Over time, mothers liked the taste of carrot, beet, and celery juices 
more, but no changes in dietary intake of vegetables were observed. Early life may be an optimum time for both infants and their mothers to learn to like 
the taste of healthy foods. More research is needed to facilitate the liking and eating of these foods by mothers, which will in turn increase the likelihood 
they feed these foods to their children.  
 
Funding Acknowledments: All phases of this research were supported by NIH grant R01HD37119 from the Eunice Kennedy Shriver National Institute of 
Child Health and Human Development to J.A.M. The content is solely the responsibility of the author and does not necessarily repr 
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DIFFERENTIATION OF SOUR TASTE CELLS  
Makoto Ohmoto1, François Guillemot2, Ichiro Matsumoto1 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2MRC-National Institute of Medical Research, Mill Hill, United Kingdom 
 
Taste cells are distinguished from their functions and molecular features. They are epithelial sensory cells and are maintained by continuous turnover 
throughout the animal’s life. Several transcription factors expressed specifically to one or some of taste cell subsets are likely to be involved in the turn-
over of those taste cells. A POU homeodomain protein Pou2f3 (also known as Skn1a) is necessary for the generation of sweet, umami and bitter taste 
cells. Another transcription factor Ascl1 (also known as Mash1) is expressed in sour taste cells that express Pkd2l1 and also are involved in salty taste. 
To understand the role of Ascl1 in taste cell turnover, we generated mice that have only Ascl1-deficient taste cells. In the taste buds of these Ascl1 condi-
tional knockout mice, any marker genes or proteins of sour taste cells were not observed. Ascl1 is necessary for the differentiation of sour taste cells.  
 
Funding Acknowledments: Supported by NIH R01DC015491 (IM) and NIH P30DC011735 grant (Robert F Margolskee). 
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MICROGLIA RESPONSE AT VARIOUS TIME POINTS FOLLOWING CHORDA TYMPANI TRANSECTION IN NEONATAL RATS  
Andrew J. Riquier, Suzanne I. Sollars 
University of Nebraska at Omaha, Omaha, NE, USA 
 
Transection of the chorda tympani (CTX) in rats results in differing degrees of recovery depending on surgical age, with adults (> 50 days of age) hav-
ing control levels of taste buds and papillae by 40 days post-CTX, whereas permanent papillae and taste bud loss is observed following neonatal CTX 
(≤ 10 days of age). We have shown that microglia, immune cells of the central nervous system, increase in density in the rostral nucleus of the solitary 
tract (rNTS) four days following CTX, regardless of surgical age. The peak microglia increase following adult CTX in mice occurs 5 days post-surgery, 
remains elevated at 21 days post-surgery, and returns to baseline levels by 30 days post-surgery (Bartel, 2012). To determine the time course of the mi-
croglia response to CTX in the neonatal rat, Sprague-Dawley rats received unilateral CTX at 10 days of age. Rats were sacrificed at 4, 14, 21, or 30 days 
post-CTX and brains were sectioned at 40 µm on a vibratome. Microglia were visualized using an antibody against Iba1. Cell counts were conducted 
using Neurolucida, and the transected rNTS was compared to the contralateral, intact rNTS for each animal using a paired samples t-test. The microg-
lia response to 10 day CTX was reduced to a trend (p = .055) at 14 days post-surgery, and by 21 days post-surgery there was no difference between the 
transected and intact rNTS. This finding highlights a potentially key developmental difference in the microglia response to CTX, and may yield insight 
regarding the differing surgical outcomes across development.  
 
Funding Acknowledments: University of Nebraska at Omaha Office of Research and Creative Activity 
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OLFACTORY PREFERENCES ARE JUST A MATTER OF TASTE: RETRONASAL LEARNING REQUIRES TASTE CORTEX  
Meredith L Blankenship2, Maria Grigorova1, Donald B Katz123, Joost X Maier4 
1Psychology Department, Brandeis University, Waltham, MA, USA, 2Biology Department, Brandeis University, Waltham, MA, USA, 3Volen Center for Com-
plex Systems, Brandeis University, Waltham, MA, USA, 4Department of Neurobiology & Anatomy, Wake Forest School of Medicine, Winston-Salem, NC, 
USA 
 
The mammalian olfactory system operates dually: odors in the environment are sampled through nasal inhalation (orthonasal), and odors present in 
the mouth are sampled through exhalation and mastication (retronasal). Understanding the different kinds of olfactory information collected through 
each olfactory mode is important for understanding flavor perception and food seeking behavior. Here, we ask whether the mode of odorant experi-
ence affects the acquisition of olfactory preferences in rats. Animals are trained to associate one of two ortho- or retronasally delivered odors with a 
sweet-water reward using a controlled olfactometer system. We then optogenetically inactivate cortical taste area gustatory cortex (GC) during testing 
to assess the involvement of the taste system in the expression of olfactory preference. We found that retronasal presentation of odors rapidly induces 
odor preference, and that this preference is specific to the modal context in which it occurs; retronasally learned preferences are not expressed if animals 
are tested in the orthonasal olfactory mode. However, orthonasal preferences are “rescued,” and even expressed more strongly than retronasally learned 
preferences, if learning includes both a retro- and orthonasal component. This retro- and retro-facilitated preference expression is reduced during GC 
optogenetic inactivation. Taken together, these findings suggest that retronasal-taste associations occur directly and rapidly, while orthonasal-taste asso-
ciations occur more slowly or indirectly through retro-facilitated learning. GC is required for this expression of retro- and retro-facilitated odor prefer-
ence even in the absence of taste, highlighting the intrinsic connection between taste and retronasal smell as orally-sourced chemosensory streams.  
 
Funding Acknowledments: R01 DC006666-00 R01 DC007703-06 R03 DC014017 
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INNOCUOUS TASTE EXPERIENCE ENHANCES AVERSION LEARNING AND ALTERS NEURAL ACTIVATION IN THE GUSTATORY 
CORTEX  
Veronica Flores, David Levitan, Tamar Parmet, Donald Katz 
Brandeis University, MA, MA,  
 
In conditioned taste aversion (CTA), an animal learns to avoid a particular taste that has been paired with malaise. Familiarity with future conditioned 
taste stimuli (CS) is known to influence the strength of aversion learning; the effect of familiarization with innocuous tastes—tastes other than the CS—
has received little investigation, however. Our previous work demonstrated that pre-exposure to salty and sour tastes strengthened a later learned aver-
sion towards novel sucrose, and showed that the phenomenon scaled with both the number of tastes in the pre-exposure array and with the number of 
pre-exposure sessions. The present studies begin an inquiry into the neural underpinnings of this phenomenon, using c-FOS and optogenetics. The use 
of c-FOS enabled us to survey many possible relevant brain sites, but inquiry focused on gustatory cortex (GC), which is known to be involved in the in-
tegration of experience with taste behavior. Rats that pre-exposed to innocuous tastes demonstrated a different pattern of c-FOS expression in GC after 
exposure to novel sucrose, compared to animals that had been pre-exposed to water alone. Furthermore, optogenetic inhibition of GC during pre-expo-
sure sessions reduced the magnitude of a later CTA to novel sucrose. These results suggest that the gustatory cortex plays a controlling role in determin-
ing the impact of innocuous experience on learning-related behavior.  
 
Funding Acknowledments: NIDCD DC006666 DK 
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TASTE CODING IN THE HIPPOCAMPUS  
Linnea E. Herzog, Elon R. Mathieson, Shantanu P. Jadhav, Donald B. Katz 
Brandeis University, Waltham, MA, USA 
 
The hippocampus plays a key role in spatial learning and memory. In particular, the dorsal CA1 region of the hippocampus is comprised of neurons, 
known as place cells, that respond to particular locations in an animal’s environment. While the inactivation of CA1 impairs spatial learning, that same 
inactivation enhances conditioned taste aversion (CTA), a type of learning in which animals learn to avoid tastes that have been paired with malaise. 
There is little understanding of this phenomenon, and of how the hippocampus processes basic tastes. It is known that neurons in the gustatory cortex 
(GC) sequentially encode taste presence, identity, and palatability in response to single taste presentations, and that neurons in other parts of the taste 
system, such as the basolateral amygdala (BLA), primarily encode the hedonic value of tastes. To characterize hippocampal taste responses, we record-
ed from CA1 neurons in freely behaving rats as they randomly received four different taste solutions of varying palatability via intra-oral cannula. Our 
preliminary results suggest that a subset (~15%) of CA1 neurons—some of which appear to be place cells—do respond to tastes in a manner that is sim-
ilar to that observed in GC. These “tasty place cells” may play a role in taste learning, and serve as a site of convergence for location and taste responses. 
Future work will further characterize the role of CA1 in CTA, as well as the relationship between GC and CA1.  
 
Funding Acknowledments: Supported by NIH grants R01DC007703, R01DC006666, R00MH100284 
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DOPAMINERGIC CIRCUITS MODULATE OLFACTORY CODING IN MEMORY-ENCODING BRAIN STRUCTURES VIA CY-
CLIC-AMP-DEPENDENT PLASTICITY  
Thierry Louis, Tamara Boto, Seth M. Tomchik 
The Scripps Research Institute, Jupiter, FL, USA 
 
Dopamine and cAMP-dependent plasticity modulate neuronal excitability across many brain regions, and are critically involved in olfactory associative 
learning. Drosophila provide an excellent model to study how dopamine and downstream cAMP signaling modulate conserved principles of olfactory 
encoding, learning, and memory. To understand how learning modifies olfactory representations, we carried out a series of in vivo Ca2+ imaging stud-
ies, focusing on the Drosophila “memory center”, the mushroom body (MB). Olfactory responses were imaged in the MB, down to the single-cell and 
subcellular levels, using cytosolic and synaptically-tethered GCaMP variants. This was paired with olfactory classical conditioning to determine how 
learning modifies olfactory representations. Roles of dopamine/cAMP signaling were parsed with optogenetic and pharmacological cAMP manipula-
tions, stimulation of discrete dopaminergic circuits, and adenylyl cyclase genetic mutations. Elevation of cAMP altered odor-evoked Ca2+ responses in 
a cell type-specific manner. Significant heterogeneity in cAMP-dependent plasticity was observed, both between and within anatomical classes of MB 
neurons. Subcellularly-tethered GCaMP variants revealed spatially-distributed patterns of plasticity across regions of the MB and in extrinsic neurons. 
Finally, stimulation of dopaminergic neurons and naturalistic reinforcement stimuli produced overlapping patterns of plasticity. Data from these experi-
ments suggest that cAMP-dependent plasticity in MB neurons forms part of the memory trace formed during olfactory learning, and reveals how differ-
ent subsets of these memory-encoding neurons balance stability of olfactory representations with the plasticity necessary to encode learned associations.  
 
Funding Acknowledments: NIH/NIMH #R00MH092294, Whitehall Foundation 
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SUSTAINED MOUTH-WATERING IN RESPONSE TO VISUAL SOUR CANDY CUE  
Cordelia Running1,2 
1Purdue University Nutrition Science Department, West Lafayette, IN, USA, 2Purdue University Food Science Department, West Lafayette, IN, USA 
 
While “mouth-watering” (anticipatory saliva produced in response to non-oral food cue) is anecdotally accepted, experimental data are inconsistent. In 
the field of saliva research, mouth-watering is considered at best to be limited to a brief expression of saliva from the submandibular glands rather than 
a sustainable increase in salivation. However, early work showing no mouth-watering often used stimuli that are not potent stimulators of saliva. To test 
the concept of mouth-watering more extensively, we focused on sour food, which stimulates greater salivation than other tastes. Specifically, we tested 
whether anticipatory salivation: 1) differs in response to a sour food cue compared to non-food cue; 2) differs between likers and dislikers of sour food; 
and 3) is limited to the initial exposure or is sustained over the course of a ~60 minute experiment. Participants were presented with 15 opaque plastic 
cups in 3 minute intervals, containing either sour candy (food cue) or a similar weight of metal nuts (non-food cue). Participants would look at the cup 
contents and think about eating it, collect saliva with cotton dental rolls, then if the cup contained candy, eat the candy. Preliminary results indicate that 
with visual cues a sour candy promoted more anticipatory saliva than a non-food visual cue (p=0.01), but that dislikers of sour candy produced more sa-
liva than likers (p<0.01). No differences in salivation were observed over the time course of the experiment (p=0.94). Further work will address whether 
anticipatory salivation differences are also present in sour versus other sensations, and how liking for the stimuli modulates the response. The data will 
be used to support future studies on how anticipatory saliva prepares the digestive tract to process food.  
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INFLUENCE OFPEPPERMINT OILAMBIENT ODOR ON TASK PERFORMANCE AND SALIVA CORTISOLE IN SCHOOL-CHILDREN  
Vera Voznessenskaya1, Alexander Minor1, Tatiana Laktionova1, Maria Klyuchnikova1, Marina Kochevalina2,1, Ilya Kvasha1, Elena Rodionova2,1 
1A.N.Severtsov Institute of Ecology & Evolution, Moscow, Russia, 2Kharkevich Institute for Information Transmission, Moscow, Russia 
 
There is a growing set of evidences that ambient odors of essential oils have various effects on human mood, behavior and physiological state. A very 
little published about the impact of odors on behavior and physiology of children though it is known that children surpass adults in the ability to de-
tect and recognize odors, describe their perceptions and preferences. The aim of our study: to evaluate the effect of low concentrations (~ 0.13 mg / 
m3) of peppermint oil (Fluka) on the performance of school children (age 8-11) in 4 school tests: 2 in Russian - word dictation/spelling test (WD) and 
text-copying test and 2 in mathematics - arithmetic dictation (AD) and written math work in the course of ordinary lessons. Each experiment was set as 
a series of control tests with no odor alternated with tests accompanied by exposures to peppermint oil. We recorded number of errors, self-corrections 
and teacher’s score. Saliva cortisol was monitored using an ELISA technique. Peppermint improved performance in group of children (age 10-11) in 
AD test, causing namely, a 26% decrease of the errors rate (p=0.012, n=55) and 35% decrease of self-corrections rate (p=0.01, n=55). Saliva cortisol was 
significantly lowered (p=0.00098, n=14) by peppermint. We also observed significant score increase in AD test (p=0.013, n=100) and WD test (p=0.001, 
n=80) in two other groups of children (age 8-9) but not in written math test. Peppermint did not affect children’s performance in the text copying, which 
relied mostly on the attention rather than working memory. Effects were confirmed for independent groups and by repeated observations in the same 
group. We assume that the performance in both, WD and AD tests depends on a common process, probably employing working memory, which is posi-
tively affected by peppermint.  
 
Funding Acknowledments: Russian Science Foundation grant 16-15-10312 to VVV 
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PSYCHOPHYSICALLY ASSESSED TASTE SENSITIVITY TO A MIXTURE OF MONOSODIUM GLUTAMATE AND INOSINE-5’-MONO-
PHOSPHATE IN T1R1+T1R3 DOUBLE KNOCKOUT, C57BL/6J, AND 129X1/SVJ MICE  
Ginger D. Blonde1, Susan P. Travers2, Alan C. Spector1 
1Dept. of Psychology and Program in Neuroscience, Florida State University, Tallahassee, FL, USA, 2Division of Biosciences, College of Dentistry, Ohio State 
University, Columbus, OH, USA 
 
The taste of L-glutamate and its synergism with 5’-ribonucleotides is thought to be primarily mediated through the T1R1+T1R3 heterodimer in rodents 
and some other mammals including humans. Previous work showed that knockout (KO) mice lacking either one of the heterodimer subunits could 
detect monosodium glutamate (MSG) at high concentrations when mixed with 2.5 mM inosine-5’-monophosphate (IMP) in amiloride, albeit less com-
petently than wild-type (WT) controls. However, WT mice detected the constant concentration of IMP, hindering direct comparison between the gen-
otypes. It is also possible that residual sensitivity of KO mice was supported by the remaining receptor subunit. Here, C57BL/6J (B6), 129X1/SvJ (129) 
and T1R1+T1R3 double KO mice (n=16 each to start) were trained in a two-response operant task in gustometers to discriminate water from NaCl, and 
then from the maltodextrin Maltrin (not tested). Mice were then trained to discriminate 100 µM amiloride from a mixture of MSG and IMP in 100 µM 
amiloride (MSG+I+A). Only mice performing better than chance to high concentrations of MSG+I+A were tested with decreasing concentrations of 
both MSG and IMP in mixture. All three strains showed similar detectability of NaCl (p>.3). Detection of MSG+I+A did not differ (p>.8) between B6 
(n=10) and 129 (n=12) mice; KO mice (n=13) were significantly impaired relative to both WT strains (p’s<.01), but were nonetheless able to detect high 
concentrations of the mixture. Thus, normal detectability of MSG+I+A requires an intact T1R1+T1R3. Further, residual sensitivity by the T1R1+T1R3 
double knockout mice to higher concentrations of the umami mixture suggests that a T1R-independent mechanism contributes to the detectability of 
this stimulus.  
 
Funding Acknowledments: NIH NIDCD R01-DC004574 (ACS and SPT) 
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CORRELATION OF ELECTRICAL ACTIVITY AND CALCIUM SIGNALS IN MOUSE VOMERONASAL SENSORY NEURONS  
Rudolf Degen, Marc Spehr 
RWTH Aachen University, Institute for Biology II, Department of Chemosensation, Aachen, Germany 
 
In mammals, the vomeronasal system detects a large number of semiochemicals. These cues convey information about sexual, social and reproductive 
state and thus regulate behavior. In the vomeronasal organ (VNO), sensory neurons translate chemical information into electrical activity. However, 
electrophysiological analysis of this activity mostly depends on single neuron ‘low-throughput’ readout methods. By contrast, vomeronasal population 
activity can be analyzed using either synthetic or genetically encoded calcium indicators and high-throughput imaging approaches that allow simulta-
neous investigation of multiple cells. While useful as a proxy for electrical activity in vomeronasal sensory neurons (VSNs), calcium signal shape has so 
far not been related to specific discharge patterns in the VNO. Therefore, we asked how intracellular calcium transients in VSNs correlate with electrical 
activity. To address this question, we combined single cell calcium imaging with electrophysiological recordings in acute coronal slices of the mouse 
VNO and performed an event coherence analysis. Targeted VSNs were filled with the calcium-sensitive ratiometric reporter fura-2 via the patch pipette. 
Both current-clamp and voltage-clamp protocols were performed during simultaneous electrophysiological and imaging recordings. We investigated the 
impact of altering inter-stimulus intervals, depolarization duration and discharge frequency on cytosolic calcium levels. Based on these data, we aim to 
infer electrical activity from population calcium imaging experiments to develop a tool that allows large-scale analysis of VNO electrical activity.  
 
Funding Acknowledments: This work was supported by the Deutsche Forschungsgemeinschaft SPP 1392: Integrative Analysis of Olfaction. 
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TRANSCRIPTION FACTORS TO DEFINE TASTE VERSUS SOMATOSENSORY NEURONS OF THE GENICULATE GANGLION  
Gennady Dvoryanchikov1, Damian Hernandez1, Chengsan Sun3, David L. Hill3, Nirupa Chaudhari1,2 
1University of Miami Miller School of Medicine, Miami, FL, USA, 2Program in Neurosciences, University of Miami Miller School of Medicine, Miami, FL, 
USA, 3University of Virginia, Charlottesville, VA, USA 
 
The geniculate ganglion includes chemosensory neurons innervating taste buds and somatosensory neurons innervating the ear. Because neuronal 
diversity is determined by transcription factors (TFs), we sought to identify TFs that distinguish taste from somatosensory neurons in the geniculate 
ganglion of mice. We identified candidate TFs by differential expression in RNAseq of geniculate and trigeminal ganglia. Then, we tested up to 20 can-
didates to identify those expressed in discrete subsets of neurons. By single-neuron RT-PCR, mRNAs for Phox2b and Drg11 were detected in non-over-
lapping sets of neurons. Coordinately, immunoreactivity for Phox2b and Drg11 was detected in non-overlapping populations of neuronal nuclei, and 
accounted for all ganglion neurons. To assess if either of these two TFs is restricted to taste neurons, we co-stained for Phox2b and the taste afferent 
receptor, P2X2. Phox2b-immunoreactive nuclei were detected in 97% (of 69) P2X2-positive neurons. Immunoreactivity for another TF, Brn3b, also did 
not overlap with Phox2b-expressing cells. We anterograde-labeled chorda tympani (CT) and greater superficial petrosal (GSP) taste nerves with fluores-
cent (Al488, TRITC) dextrans and immunostained the ganglia. Drg11 was detected in <1% (of 380) labeled taste neurons. Conversely, over 90% (of 83) 
GSP- and CT-labeled neurons included Phox2b-positive nuclei. Thus, Phox2b and Drg11/Brn3b can serve as validated markers for taste and somatosen-
sory neurons respectively. Recently, 5HT3A was shown to be expressed in some geniculate ganglion neurons. To assess if 5HT3A is associated with one 
of the above groups, we examined ganglia from Htr3a-GFP mice. Only GFP-bright neurons were positive for P2X2 and Phox2b; GFP-faint neurons were 
distributed between taste and somatosensory populations.  
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SYNERGISTIC EFFECTS OF ATP AND SEROTONIN ON GUSTATORY AFFERENTS  
Eric D Larson1,2, Sue C Kinnamon1,2 
1Department of Otolaryngology, University of Colorado School of Medicine, Aurora, CO, USA, 2Rocky Mountain Taste and Smell Center, Aurora, CO, USA 
 
ATP is required for the neurotransmission of taste. Genetic deletion or pharmacological blockade of P2X2 and P2X3 purinergic receptors on afferent 
gustatory nerve fibers abolishes the neural response to all taste stimuli. While this observation implicates ATP as an essential neurotransmitter for all 
taste modalities, ATP release has been measured from Type II cells (bitter, sweet, or umami taste), but not Type III cells (sour and amiloride-insensitive 
salt taste). However, release of other neurotransmitters including serotonin (5-HT) has been measured from Type III cells. Although activation of 5-HT3 
receptors by 5-HT plays a role in taste signaling, 5-HT alone is insufficient to generate a response in the gustatory nerves suggesting a concomitant role 
for ATP. In the present study, we explore ATP-dependent mechanisms for communication to afferent nerve fibers by examining the responses of genic-
ulate ganglion neurons when ATP and 5-HT are applied together. In neurons expressing 5-HT3, subthreshold concentrations of 5-HT and ATP only 
caused an increase in intracellular calcium when applied together. Two subpopulations of 5-HT3-expressing ganglion neurons were identified. In one 
population, pre-application of subthreshold ATP prevented a subsequent response to co-applied 5-HT and ATP. We hypothesize that this “desensitizing” 
population represents ganglion neurons that predominantly expresses P2X3 homomers which rapidly desensitize to ATP, while the population that did 
not show desensitization likely expresses P2X2/P2X3 heteromers which do not desensitize as rapidly to ATP. These findings support the hypothesis that 
only small amounts of ATP are required to promote neurotransmission from Type III cells. This work was supported by NIH/NIDCD R01 DC012555 to 
SCK.  
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ROLE OF BDNF-TRKB SIGNALING IN TASTE FUNCTION  
Jennifer Rios-Pilier, A. Victoria Clements, Robin F Krimm 
University of Louisville, Louisville, KY, USA 
 
BDNF-TrkB signaling regulates taste bud innervation, both during development and in adulthood. In the central nervous system, BDNF enhances 
synaptic transmission and long term potentiation. In the taste bud, Car4+ cells, which transduce sour taste, express BDNF and synapse with TrkB ex-
pressing nerve fibers. However, it is unclear whether BDNF-TrkB signaling plays a functional role in taste transmission. To test this possibility, we used 
a chemical-genetic approach, which allowed TrkB-signaling to be reversibly blocked with 1-NMPP1 in mice with a specific point mutation (TrkBF616A). 
TrkBF616A and wild type mice were injected with 1-NMPP1, three hours before taste function was assessed, using both chorda tympani (CT) whole nerve 
responses and brief-access behavioral tests. When CT responses were normalized to baseline, 1-NMPP1 reduced the CT integrated responses in TrkB-
F616A mice to 0.5M NH4Cl (p<0.001), 0.02M citric acid (p<0.005), and 0.01N HCL (p<0.003). When CT responses are plotted relative to 0.1M NH4Cl, 
responses to 0.01N HCL responses were significantly reduced in TrkBF616A treated with 1-NMPP1 (p<0.003). There were no behavioral taste differences 
in brief-access tests between TrkBF616A and wild type mice when treated with 1-NMPP1. We also examined taste bud innervation in TrkB-CreER:tdtoma-
to:TrkBF616A mice after 3 hours of 1-NMPP1 to confirm that any changes in taste function were not a result of morphological changes in TrkB afferent 
fibers. There were no differences in branching patterns of TrkB+ fibers after blocking TrkB signaling for three hours. These data suggest that BDNF-TrkB 
signaling may function in synaptic transmission or as a neuromodulator in taste receptor cells that transduce sour and/or NH4Cl.  
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RELEASE OF ATP FROM TYPE II TASTE CELLS IS NOT NECESSARY FOR THE TRANSMISSION OF SOUR AND SALTY TASTE IN-
FORMATION TO AFFERENT FIBERS  
Aurelie Vandenbeuch, Catherine B Anderson, Kyndal A Davis, Sue C Kinnamon 
Department of Otolaryngology, University of Colorado, School of Medicine, Aurora, CO, USA 
 
ATP is the only neurotransmitter crucial for the transmission of all taste qualities to afferent nerve fibers (Finger et al., 2005). ATP is released from Type 
II taste cells and activates P2X2 and P2X3 receptors expressed on gustatory afferent fibers and adjacent taste cells. However, the elimination of Type 
II cells in Skn-1a (a transcription factor crucial in the differentiation of Type II taste cells) knockout mice does not affect responses to acids and salts, 
which are conveyed by Type III cells (Matsumoto et al., 2011). In order to clarify the source of ATP required for transmission from Type III taste cells, 
we used Skn-1a knockout (Skn-1a KO) mice in a series of experiments. RT-PCR and immunohistochemistry confirmed the absence of Type II cells and 
the over-expression of Type III cells in Skn-1a KO mice. Chorda tympani recordings showed that AF-353, a selective antagonist of P2X3-containing re-
ceptors, completely inhibited all taste responses, confirming the requirement of ATP for these mice. We used a luciferin/luciferase assay to measure the 
amount of ATP released from Skn-1a KO circumvallate taste buds. Our results show that taste tissue from Skn-1a KO mice does not release measurable 
ATP when stimulating with citric acid or a high concentration of NaCl compared to controls. Taken together, these experiments show that despite the 
requirement of ATP for signal transmission, the source of ATP does not appear to be the Type III cells. We hypothesize that ATP is tonically released, 
from non-gustatory tissue or possibly Type I cells, creating a basal level of nerve fiber depolarization. Another neurotransmitter (such as serotonin) is 
then necessary to provide additional depolarization to excite the afferent nerve fibers in response to taste stimuli.  
 
Funding Acknowledments: NIDCD DC012555 SCK 
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FECAL BILE ACIDS ARE POTENT ACTIVATORS OF THE ACCESSORY OLFACTORY SYSTEM  
Wayne Doyle1, Jordan Dinser2, Hillary Cansler1, Xingjian Zhang2, Daniel Dinh1, Natasha Browder1, Ian Riddington2, Julian Meeks1 
1University of Texas Southwestern, Dallas, TX, USA, 2University of Texas at Austin, Austin, TX, USA 
 
The mouse accessory olfactory system (AOS) is critical for the detection and processing of conspecific and heterospecific chemosensory cues. Despite 
decades of targeted study, our ability to understand how this system is able to process cues that guide behaviors is limited by lack of knowledge of its full 
complement of natural ligands. Using an ex vivo preparation of the early mouse AOS, we investigated whether feces are a novel source of AOS odorants. 
We discovered that fecal extracts produce widespread activity within the mouse AOS. The degree of activation to mouse feces (21.4% of AOB cells) is 
approximately equivalent to the amount of responses elicited by urine (24.7%), one of the best-studies sources of AOS cues. Fecal responses are sex se-
lective; cells were specifically tuned to male mouse feces (20.7%), female mouse feces (34.5%), and to both (44.8%). In order to identify fecal ligands we 
performed mass spectrometry on male and female mouse fecal extracts and found that they were enriched for bile acids, cholesterol derivatives vital for 
lipid digestion. Bile acids are an information-rich class of molecules because the identity and concentration of bile acids varies with sex and species. We 
found that AOS neurons detect and discriminate between bile acids found in male and female mouse feces (cholic, deoxycholic, and chenodeoxycholic 
acids), as well as bile acids present in heterospecific feces (lithocholic acid). Cholic acid and deoxycholic acid were detected by VSNs at low micromolar 
concentrations, and induced Fos protein expression in the accessory olfactory bulb when introduced to mice in vivo. Our data show that feces are a po-
tent source of AOS cues containing a novel class of AOS odorants, further expanding our understanding of mouse chemosensation.  
 
Funding Acknowledments: NIDCD R00DC011780 JPM NIDCD R01DC015784 JPM NINDS T32NS069562 WID NGMS T32GM0007062 WID UTNNI 
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WINE DISCRIMINATION IN EARLY-BLIND INDIVIDUALS  
Simona Manescu1, Jordi Ballester2, Hervé Abdi3, Dominique Valentin2, Franco Lepore1, Johannes Frasnelli1,4,5 
1Université de Montréal, Montreal, QC, Canada, 2Université de Bourgogne, Dijon, France, 3University of Texas at Dallas, Richardson, TX, USA, 4Université 
de-Trois-Rivieres, Montreal, QC, Canada, 5CIUSSS Nord-de-l’Ile, Montreal, QC, Canada 
 
Blind individuals display superior sensory abilities, especially when undergoing complex auditory and tactile tasks, yet results remain scarce and con-
tradictory regarding their performances on olfactory tasks. In the present study, using complex olfactory tasks, we evaluated the impact of blindness on 
olfactory performances, and more specifically, the impact of vision on odor categorization. To do this, we examined 12 early blind individuals (M=49, 
SD=13.09) and 12 sighted controls (M=49, SD=14.31). Based solely on the odor, participants had to identify the color (odor identification: the wine is 
red, white or rosé) of each of the 15 wines (5 red, 5 white and 5 rosés) and give three descriptors per wine. Then, they were presented with 24 pairs of 
wine and had to evaluate whether both samples belonged to the same category (odor categorization: both wines belong to the same category (red, white, 
or rosé) or not), and whether they were identical (odor differentiation: the pair consists of the same exact wine or different wines). All participants were 
able to significantly better identify red wines followed by white and then rosé wines (F[1.5; 34]=31.63, p<.001) in the first task. Additionally, blind indi-
viduals (d’; M=1.58, SD=1.08) presented lower scores compared to sighted controls (M=2.31 SD=.60; p<.05) in the categorization task. In a first attempt 
to assess the olfactory function in early-blind individuals with an ecological design, our present study showed that blind individuals do not show superi-
or functions when it comes to assessing wine odors. In fact, blind individuals seem to be penalized when it comes to wine categorization, which suggests 
the importance of the visual-olfactory multimodal integration, which is necessary to recognize certain complex odors.  
 
Funding Acknowledments: Dr. Franco Lepore - Natural Sciences and Engineering Research Council of Canada - #NSERC 2014-05053 
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JUVENILE MOUSE PHEROMONE ESP22 SUPPRESSES SEXUAL BEHAVIORS IN VIRGIN FEMALE MICE THROUGH A SPECIFIC 
VOMERONASAL RECEPTOR  
Takuya Osakada1,2, Hiromi Mori1,2, Kentaro Ishii1,2, Yoshihiro Yoshihara2,3, Kazunari Miyamichi1,2, Kazushige Touhara1,2 
1Department of Applied Biological Chemistry, Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan, 2ERATO Touhara 
Chemosensory Signal Project, JST, Tokyo, Japan, 3RIKEN Brain Science Institute, Saitama, Japan 
 
In many animal species, pheromones are intensively used for intra-specific communications that control various behavioral and endocrine outputs. Re-
cent studies have revealed that several peptides in the tear fluids of mice act as pheromones. Among them, exocrine gland-secreting peptides 22 (ESP22) 
is released into tears of juvenile mice specifically and inhibits mounting behavior of male mice towards both juveniles and adult female mice (Ferrero et 
al., Nature, 2013). Although ESP22 is received also by adult female mice, its behavioral output remained unclear. Here, we revealed that ESP22 evoked 
rejecting postures in adult female mice when male mice attempted to mount, resulting in suppression of sexual behaviors. To identify a specific receptor 
for ESP22, we screened mouse vomeronasal type2 receptors (V2Rs) by double fluorescence in situ hybridization with Egr1 and V2R probes and obtained 
three candidate receptors expressed in ESP22-responding vomeronasal sensory neurons. We then generated individual receptor gene-deficient mice 
by CRISPR/Cas9 genome-editing system. Mutant mice lacking one particular V2R exhibited significant decrease in ESP22-mediated behavioral output 
responses in female mice, demonstrating the functional identification of ESP22 receptor. We also clarified a specific brain region whose neuronal acti-
vation was both necessary and sufficient for ESP22-induced behavioral responses in female mice. Taken together, our study illuminates novel molecular, 
cellular and neural circuit mechanisms in which juvenile-derived chemo-signal suppresses breeding of surrounding adult female mice via the single 
V2R. (T.O and K.I are research fellows of Japan Society for the Promotion of Science.)  
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FUNCTIONAL PROPERTIES OF INHIBITORY OLFACTORY PROJECTION NEURONS IN THE MOTH ANTENNAL LOBE  
Neil J. Vickers1, Christine Fogarty-Celestino1, Seong-Gyu Lee1, Christoph Kleineidam2, Jeffrey Stagg1 
1University of Utah, Salt Lake City, UT, USA, 2University of Konstanz, Konstanz, Germany 
 
Olfactory projection neurons (PNs) convey pheromone information from the moth antennal lobe (AL) to higher centers in the brain. Two primary 
clusters house the cell bodies of PNs, a medial cluster containing excitatory PNs (ePNs) and a lateral cluster with inhibitory PNs (iPNs). ePNs, the ca-
nonical AL output neurons, have dendritic arborizations restricted to a single glomerulus and respond specifically to single odorants. These neurons 
project from the AL via the medial antennal lobe tract first to the calyces of the mushroom body and then on to the lateral protocerebrum. In this study 
we show that iPNs varied widely in their electrophysiological and neuroanatomical properties. Most iPNs were multiglomerular and several responded 
more robustly to pheromone blends compared to single odorants alone. Such responses were characterized by increased action potential rates and im-
proved temporal resolution of odor stimulus pulses. Furthermore, iPNs conveyed information from the AL along an array of pathways, some converging 
on the same targets as ePNs while others terminated in distinct protocerebral neuropils. These results suggest that iPNs play a significant role not only in 
directly modulating higher order olfactory centers but also in shaping activity in many other areas of the moth brain.  
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CHEMOSENSORY TUNING PROPERTIES OF ACCESSORY OLFACTORY BULB EXTERNAL GRANULE CELLS  
Xingjian Zhang, Marina Maksimova, Julian Meeks 
UT Southwestern Medical Center, Dallas, TX, USA 
 
Rodent social behavior relies heavily on the accessory olfactory system (AOS). The sensory neurons of the AOS, called vomeronasal sensory neurons, 
detect chemical signals and send information to mitral cells (MCs) in the accessory olfactory bulb (AOB), a primary site of AOS information process-
ing. The local circuit in the AOB comprises MCs and several classes of local GABAergic interneurons. Whereas the tuning properties of mouse AOB 
MCs for monomolecular ligands and natural ligand blends (e.g., mouse urine and feces) have been characterized, the role of inhibitory interneurons in 
sculpting their activity is mostly unclear. Here, we report ex vivo electrophysiological and Ca2+ imaging studies of external granule cells (EGCs), a poor-
ly-understood interneuron population in the AOB. AOB MCs provide feed forward excitation to EGCs. To identify the degree to which EGCs integrate 
information across differentially tuned MCs, we measured stimulus-evoked EGC activity ex vivo using 2-photon GCaMP6f Ca2+ imaging. Most of the 
recorded EGCs responded reliably to natural ligand blends (mouse urine and feces), but unlike MCs, they did not respond to individual ligands. Electro-
physiological recordings from EGCs showed that these cells are strongly hyperpolarized at rest (-83.6 ± 1.3 mV). Simultaneous patch clamp recordings 
and GCaMP6f Ca2+ imaging revealed that GCaMP6f fluorescence in EGCs was very weak except in strongly stimulated conditions. These data suggest 
that EGC tuning properties are influenced by their strongly hyperpolarized resting membrane potentials and high cytoplasmic Ca2+ buffering capacities. 
Combined, our results suggest that AOB EGCs are driven only by strong simultaneous inputs from MCs, and that they may serve as monitors of MC 
population activity.  
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REGULATION OF WNT/Β-CATENIN SIGNALING FOLLOWING HEAD AND NECK IRRADIATION IN MOUSE CIRCUMVALLATE 
PAPILLA  
Dany Gaillard1, Sarah E Millar2, Linda A Barlow1 
1Department of Cell & Developmental Biology, School of Medicine, and the Rocky Mountain Taste & Smell Center, University of Colorado Anschutz Medical 
Campus, Aurora, CO, USA, 2Departments of Dermatology and Cell & Developmental Biology, University of Pennsylvania School of Medicine, Philadelphia, 
PA, USA 
 
Head and neck cancer (HNC) patients receiving radiotherapy suffer from taste dysfunction that persists months to years following treatment and can 
lead to weight loss and poor clinical outcomes. We are using a mouse model to understand the cellular and molecular mechanisms underlying function-
al taste loss. When mice are irradiated with a single 8 Gy dose, proliferation of progenitors in the circumvallate papilla (CVP) is dramatically reduced 
at 2 days post-irradiation (dpi), leading to an interrupted supply of new taste cells and therefore a transient reduction in differentiated taste cells at 7 
dpi. Proliferation resumes by 3 dpi and returns to control levels at 5 dpi; taste cell number recovers within 2-3 weeks (Nguyen et al., 2012 J Neurosci). 
Wnt/β-catenin is required for taste cell renewal and essential for behavioral taste perception in mice (Gaillard et al., 2015 and submitted). We thus asked 
how Wnt signaling was affected at progressive days post-irradiation. Mice carrying a Wnt pathway LacZ reporter allele (BATGAL) were irradiated with 
8 Gy, and β-galactosidase+ cells within the CVP were tallied in controls and at 2 and 3 dpi. BATGAL expression was significantly higher at 3 dpi coinci-
dent with resumption of progenitor proliferation, suggesting increased Wnt/β-catenin function in recovery of taste bud homeostasis after radiation inju-
ry. Next we will determine which Wnt/β-catenin components are altered during recovery from radiation. To date, we have identified Wnt pathway genes 
expressed in the CVP epithelium, including the transcription factors LEF1 and TCF7, and Wnt3 ligand. We are now exploring the temporal expression 
of these genes in irradiated mice, with a longer term goal of developing new approaches to mitigate taste loss in HNC patients treated with radiation.  
 
Funding Acknowledments: This work was supported by NIH/NIDCD grants DC012383 to LAB and DC011713 to LAB and MER. 
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SUCROSE DETECTION THRESHOLD IS DISRUPTED AFTER RADIATION TREATMENT  
Benjamin C. Jewkes1, Linda A. Barlow2, Eugene R. Delay1 
1University of Vermont, Burlington, VT, USA, 2University of Colorado, Anschutz Medical Campus, Aurora, CO, USA 
 
Radiotherapy has been used for over a century to treat cancer, with altered taste being an almost obligate side effect of radiotherapy for treatment of 
head and neck cancers (Wehner et al., Am J Respir Crit Care Med, 1899; Conger, Radiation Res, 1973). In mice, targeted irradiation (IR) of the head 
and neck results in transient repression of proliferation of basal epithelial cells responsible for taste cell replacement, leading to a temporary depletion of 
taste sensory cells within taste buds, including Type II taste cells involved in detection of sweet stimuli (Nguyen et al., 2012, J Neurosci). These findings 
suggested that IR may elevate sucrose detection thresholds, peaking at 7 days when loss of Type II cells is greatest. To test this hypothesis, sucrose detec-
tion thresholds were measured in mice for 15 days after treatment of: 1) IR while anesthetized, 2) anesthetic injection alone, or 3) saline injection. Mice 
were trained to distinguish an 8 µl sample of water from several concentrations of sucrose. Threshold was defined as the concentration detected 50% of 
the time. Mice were irradiated with one 8Gy dose (Cs-137 Irradiator) to the nose and mouth while under Avertin (2,2,2-tribromethanol) anesthesia. 
Avertin-injected mice showed a small elevation in sucrose thresholds compared to saline-injected mice, but irradiated mice show significantly elevated 
sucrose thresholds compared to either control group, an effect that peaked about 7 days post-IR. The timing of loss and recovery of sucrose sensitivity 
coincides with the reported maximal reduction and recovery of Type II taste cells (Nguyen et al., 2012). Thus, even a single dose of IR can significantly 
alter detection of carbohydrates, an important consideration for patients undergoing radiotherapy.  
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CO-LOCALIZATION OF BASAL AND PROLIFERATIVE CELLS IN THE OLFACTORY EPITHELIUM AFTER CYCLOPHOSPHAMIDE 
INJURY  
Kyle Joseph, Nora Awadallah, Eugene Delay, Rona Delay 
University of Vermont, Burlington, VT, USA 
 
In humans, cancers are often targeted with broad-spectrum cytotoxic drugs that confer several detrimental side effects. One of the lesser-researched of 
these effects, histological distortion of the olfactory system, may impede a patient’s ability to smell, perceive flavor, and ultimately may interfere with 
their nutritional intake and recovery from chemotherapy. We sought to observe the histological effects that cyclophosphamide (CYP) may have on the 
murine main olfactory epithelium (MOE) and vomeronasal organ (VNO). We utilized two immunohistochemical antibodies to label cells in the olfac-
tory epithelia: anti-Ki67 to identify proliferating cells and anti-Keratin 5 to identify the horizontal basal cells. Twenty-eight C57BL/6J mice were admin-
istered a single IP injection of CYP (75 mg/kg), while 20 control mice were administered saline. Mice were sacrificed at days 1, 2, 6, 14, 30, and 45 post 
injection. They were perfused with 4% paraformaldehyde, decalcified, cryoprotected, sectioned, and incubated with anti-Ki67 and anti-Keratin 5 anti-
bodies. Quantification revealed a significant depression in the number of proliferative cells in the MOE and VNO of CYP-injected mice within the first 
10 days post injection, followed by a compensatory period of increased cell proliferation through day 45 post injection. Co-localization of horizontal 
basal cells and proliferative cells in the MOE and VNO of CYP-injected mice was significantly amplified at approximately 14 and 45 days post injection, 
compared to controls. Our results suggest that CYP can rapidly depress the populations of proliferative cells in the murine MOE and VNO. Horizontal 
basal cells may afford restoration of the proliferative cell populations in the murine MOE and VNO, 14 to 45 days post injection.  
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THE IMPACT OF CHEMICAL EXPOSURE ON MAIN OLFACTORY EPITHELIUM AND BULB STRUCTURE IN MICE LACKING 
TRPM5-EXPRESSING MICROVILLOUS CELLS  
Kayla S. Lemons, Weihong Lin 
University of Maryland Baltimore County, Baltimore, MD, USA 
 
The main olfactory epithelium (MOE) is randomly exposed to inhaled microorganisms, harmful pollutants, and odorous irritants. However, mecha-
nisms for maintaining MOE integrity and protectively regulating olfactory activity are poorly understood. We previously demonstrated that transient 
receptor potential channel M5-expressing microvillous cells (TRPM5-MCs) in the MOE are responsive to strong odorous stimuli (Ogura et al, 2011). 
Additionally, Skn-1a knockout mice (Skn-1a-/-) lacking TRPM5-MCs (Yamaguchi et al, 2014) display impaired food localization ability and altered 
social odor preferences after two-week exposure to strong odorants and chitin powder (Lemons et al, 2015 AChemS abstract). Here, we used immuno-
histochemistry to investigate whether there are corresponding chemical exposure-induced adaptive changes in cell marker expression and morphology 
in the MOE and main olfactory bulb (MOB). We observed decreased epithelial thickness in the dorsal recess and septum of the anterior MOE in chem-
ical-exposed wild type (WT) and Skn-1a-/- mice compared to vehicle-exposed controls due to the diminished OMP-expressing mature OSN layer and 
structurally altered supporting cell body layer. Posterior MOE thickness remained largely unchanged. In the dorsal MOB, chemical-exposed WT and 
Skn-1a-/- mice showed an increased percentage of small and large glomeruli, respectively, relative to controls. We also observed a global decrease in the 
immunofluorescence signal for the activity-dependent dopaminergic cell marker tyrosine hydroxylase in the MOB of chemical-exposed Skn-1a-/- mice, 
but not in WT. Taken together, these results suggest that to a certain degree, two-week chemical exposure differentially affects MOE and MOB cell 
marker expression and morphology based on the presence of TRPM5-MCs in the MOE.  
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NOTCH-INDEPENDENT RBPJ FUNCTION IS REQUIRED FOR MATURATION OF OLFACTORY SENSORY NEURONS BUT NOT AF-
TER INJURY  
Brian Lin, Daniel B Herrick, James E Schwob 
Tufts University, Sackler School, Department of Developmental, Molecular, Chemical Biology, Boston, MA, USA 
 
Activation of the Notch pathway, especially canonical RBPJ-mediated signaling, is known to induce neurogenesis as well as shift cells away from neuro-
nal differentiation, including in the olfactory epithelium (OE). Neuronal precursor globose basal cells and immature olfactory sensory neurons(OSNs), 
which are marked by the expression of GFP from the Neurog1 locus and perdurance of the tag after terminal mitosis, respectively, do not express Notch 
receptors or Hes1 but they do have high levels of the downstream effector RBPJ. Genetic manipulation and induced expression of exogenous N1ICD 
cannot force Hes1 expression but modestly delays olfactory sensory neuron maturation. RBPJ haploinsufficiency results in a more severe phenotype - 
neurons remain, do not innervate the olfactory bulb properly, and are also aberrantly long-lived while remaining immature (on the order of months).
These abnormalities do not result from Olig2 deregulation after loss of RBPJ, as has been reported in the CNS. Strikingly, RBPJ-mutant OSNs did ma-
ture after either of two different kinds of injury; they express olfactory receptors, and in one model, properly innervate the bulb. The results suggest 
either an RBPJ independent maturation program is invoked as an injury response, or loss of RBPJ makes these mutant OSNs less able to achieve glomer-
ular innervation while maintaining immaturity and trophic independence. Supported by NIH NIDCD R01 DC002167, F31 DC014637, F30 DC013962.  
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TRANSCRIPTOME ANALYSES OF TASTE ORGANOIDS REVEAL MULTIPLE PATHWAYS INVOLVED IN TASTE CELL GENERATION  
Wenwen Ren1, Eitaro Aihara2, Weiwei Lei1, Nishi Gheewala1, Hironobu Uchiyama3, Robert Margolskee1, Ken Iwatsuki3, Peihua Jiang1 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2University of Cincinnati, Cincinnati, OH, USA, 3Tokyo University of Agriculture, Tokyo, Japan 
 
Taste cells undergo constant turnover throughout life; however, the molecular mechanisms governing taste cell generation are not well understood. 
Using RNA-Seq, we systematically surveyed the transcriptome landscape of taste organoids at different stages of growth. Our data show the staged ex-
pression of a variety of genes and identify multiple signaling pathways underlying taste cell differentiation and taste stem/progenitor cell proliferation. 
For example, transcripts of taste receptors appear only or predominantly in late-stage organoids. Prior to that, a wave of transcription factors and other 
signaling elements are upregulated at different stages. RNA-Seq identifies a number of well-characterized signaling pathways in taste organoid cultures, 
such as those involving Wnt, bone morphogenetic proteins (BMPs), Notch, and Hedgehog (Hh). By pharmacological manipulation, we demonstrate that 
Wnt, BMPs, Notch, and Hh signaling pathways are necessary for taste cell proliferation and differentiation. The temporal expression profiles displayed 
by taste organoids may also lead to the identification of currently unknown transducer elements underlying sour, salt, and other taste qualities, given the 
staged expression of taste receptor genes and taste transduction elements in cultured organoids.  
 
Funding Acknowledments: This work was made possible by National Institutes of Health Grant DC013807 (P.J.), institutional funds from the Monell 
Chemical Senses Center (P.J.), the MEXT-Supported Program for the Strategic Research Foundation at Private Universities 2013–2017  
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EFFECTS OFCYCLOPHOSPHAMIDE ANDAMIFOSTINEON THE TASTE CELL REPLACEMENT CYCLE  
Sarah H. Socia, Jessica L. Girardin, John H. King, Eugene R. Delay 
University of Vermont, Burlington, VT, USA 
 
Cyclophosphamide (CYP) is a nonspecific chemotherapeutic drug that negatively affects the mammalian taste system by targeting proliferating cells re-
quired for cellular replacement within taste buds. This leads to a loss of sensory cells in the circumvallate (CV) 7-11 days after CYP injection. Amifostine 
(AMF), used to protect normal cells during radiotherapy, may minimize the adverse effects of CYP if administered prior to CYP. This study compares 
the effects of two different dosing regimens of CYP and the possible protective effects of AMF on the taste system. It was hypothesized that multiple 
small doses of CYP can disrupt the taste system and that this disruption is not as pronounced if AMF is injected prior to CYP. To test these hypotheses, 
mice were assigned to 1 of 7 drug treatments and given one injection condition each day for 5 consecutive days: (1) 5 low doses of CYP (15mg/kg, IP), 
(2) 4 saline injections then one higher dose of CYP (75mg/kg, IP), (3) 5 low doses of AMF (20mg/kg, SC), (4) 4 saline injections then one higher dose 
of AMF (100mg/kg, SC), (5) 5 low doses of AMF (20mg/kg), each 30 min prior to a low dose of CYP (15mg/kg), (6) 4 days saline, then one high dose of 
AMF (100mg/kg) prior to CYP (75mg/kg), and (7) 5 saline control doses. Tissues were collected on even numbered days up to 16 days post-treatment 
and processed by IHC for Ki67, SNAP-25, and PLC-b2 to assess CV cell populations. Evaluation of Ki67 positive cells suggests that multiple small doses 
of CYP prolong the disruption of the cell replacement cycle. AMF appears to have protective effects at 10 days post CYP injection. More post injection 
days are being evaluated. These findings may result in important knowledge about secondary effects of chemotherapy drugs.  
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A POTENTIAL MECHANISM INVOLVED IN THE SCULPTING OF GUSTATORY CIRCUITS IN THE DEVELOPING MOUSE NST - THE 
CLASSICAL COMPLEMENT CASCADE.  
Shuqiu Zheng, Chengsan Sun, David Hill 
University of Virginia, Charlottesville, VA, USA 
 
A feature of developing sensory systems is that an excess of terminals and synapses are formed in the CNS during early development, and then over 
time, weak or inappropriate synapses are “pruned” by activity-dependent molecular mechanisms. This has been extensively studied in the developing 
retinogeniculate pathway, where one of the molecular mechanisms involved in “pruning” terminal fields is the classical complement cascade. Briefly, 
molecular components in this cascade localize to weak synapses that are then marked for removal by microglia. In the mouse gustatory system, a major 
and selective reorganization of gustatory terminal fields occurs during postnatal development. Terminal field volumes for the GSP and CT decrease 2X 
to 4X within a 10-day postnatal period, whereas, the terminal field of the IX does not change with age. Our converging evidence strongly indicates that 
the classical complement cascade is also involved in the “pruning” of mouse CT and GSP terminal fields from postnatal day 20 (P20) to P30. Because ac-
tivation of the process is activity dependent, the cascade involves substantial interplay between the developing neural circuit and immune-derived cells. 
However, we have also discovered that activity-independent processes are also involved in the refinement of these terminal fields. Early dietary sodium 
restriction begun and completed during early embryonic ages prevents the normal “pruning” of CT and GSP terminal fields, even though taste response 
development in the CT is normal. Many of the molecular characteristics in these mice are like controls, but differ in the timing in the neuronal expres-
sion of complement-dependent molecules and numbers of microglia.  
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REPRESENTATIONAL SIMILARITY ANALYSIS OF VISUAL-OLFACTORY REWARD CUES IN THE OLFACTORY CORTICAL HIERAR-
CHY  
Sarah K. Baisley1, Thomas C. Arnold1, Jaryd Hiser2, Lucas R. Novak1, Takuya Sato3, Wen Li1 
1Department of Psychology, Florida State University, Tallahassee, FL, USA, 2Department of Psychology, University of Wisconsin-Madison, Madison, WI, 
USA, 3Kikkoman Singapore R&D Laboratory PTE LTD, Singapore, Singapore 
 
Multiple senses converge to mediate reward encoding; however, the process of visual-olfactory integration of reward cues remains unclear. This study 
examines neural encoding of odor incentive and valence in the orbitofrontal cortex (OFC), anterior/posterior piriform cortex (APC/PPC), and amygda-
la (AMY). Subjects (N=27) categorized odors (isointense, merely detectable) from three categories (food/floral/wood) while viewing a picture congruent 
or incongruent to the odor. Food odors were high in reward incentive and positive valence; floral odors were high in positive valence only; and wood 
odors lacked both properties. Food and wood odors respectively had the highest and lowest accuracy (P<0.001). Wood odor was miscategorized as floral 
more often than food (P’s<0.001), and incongruent floral odor tended to be miscategorized as wood over food (P’s<0.001). Visual-olfactory congruency 
aided odor categorization (P<0.001). Representational similarity analysis (RSA), which computes similarity of neural activity patterns between condi-
tions, was performed on functional magnetic resonance imaging (fMRI) data. An omnibus ANOVA showed an odor/congruency interaction (P=0.059), 
plus a main effect of region (P<0.01) driven by low APC similarity values. In congruent trials, floral/wood had the highest similarity and food/floral had 
the lowest similarity. In incongruent trials, food/wood had low similarity, while food/floral and floral/wood pairs had higher similarity. RSA suggests 
that these regions exhibited similar patterns of neural activity in response to floral and wood odors in congruent and incongruent cases, which is con-
sistent with behavioral results. The RSA data in incongruent trials reflect reward component similarities, as food/floral share positive valence and floral/
wood share low reward incentive.  
 
Funding Acknowledments: This research was supported by NIH grants R01MH093413 and P30HD03352 to WL, and Florida State University Chemical 
Senses Training (CTP) Grant Award T32DC00004 from the National Institutes of Health (NIH/NIDCD) to SB  
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EXPERIENCE DEPENDENT AMYGDALO-CORTICAL PLASTICITY IN L2/3 OF RAT GUSTATORY CORTEX.  
Melissa S Haley1, Alfredo Fontanini1,2, Arianna Maffei1,2 
1Dept. of Neurobiology and Behavior, Stony Brook University, Stony Brook, NY, USA, 2Program in Neuroscience, Stony Brook University, Stony Brook, NY, 
USA 
 
The basolateral amygdala (BLA) and the gustatory cortex (GC) are involved in learning about the hedonic value of a taste. Conditioned taste aversion 
learning (CTA) is thought to depend on plastic changes in the functional connection between BLA and GC. However, the capacity for plasticity at 
BLA-GC synapses is poorly understood, limiting our ability to relate learning to synaptic changes at the BLA-GC connection. We used whole-cell patch 
clamp recordings in acute GC slices and optogenetic activation of BLA terminal fields in CTA-trained rats to determine the effect of CTA on L2/3 neu-
ron excitability and BLA-GC EPSCs. We identified patterns of BLA afferent stimulation that induce plasticity at BLA-GC synapses in naïve rats and used 
these paradigms to probe the state of BLA-GC synapses in CTA rats. Our results indicate that CTA learning increases the excitability of L2/3 EXC neu-
rons while weakening BLA-GC synapses. We further show that LTD is the dominant form of plasticity induced at BLA inputs onto L2/3 EXC neurons 
in response to both phasic and tonic patterns of activity (% change in BLA-GC EPSC amp, 20Hz phasic bursts: -34 ± 4; 6s tonic firing: -42 ± 6). In CTA 
rats, phasic activation predominantly induced LTP (% change: 64 ± 3), indicating that CTA learning altered the state of BLA-GC synapses. This effect 
was specific to phasic activity; tonic activation of BLA afferents in CTA rats induced LTD (% change: -52 ± 11). To relate LTD of BLA-GC synapses to 
CTA learning, we replaced the US (ip LiCl) with the phasic induction paradigm that is occluded in slices from CTA rats. In vivo 20Hz optogenetic stim-
ulation of BLA afferents in GC was sufficient to induce a CTA in intact rats. Our results directly link CTA learning with LTD of BLA-GC synapses onto 
L2/3 EXC neurons.  
 
Funding Acknowledments: Supported by NIDCD grant RO1-DC013770 to A.M. and A.F. 
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DISTRIBUTION OF NEURONS IN THE GUSTATORY CORTEX ACTIVATED BY INTRA-ORAL INFUSION OF DIFFERENT CONCEN-
TRATIONS OF NACL AND SUCROSE IN CONSCIOUS RATS  
Michael S. King, Glynn E. Baron, Kelsey L. McCurdy, Whitney M. Meyers 
Stetson University, DeLand, FL, USA 
 
To help define a functional topography within the gustatory cortex (GC), the number and location of GC neurons activated by intra-oral infusion of 
NaCl (N) and sucrose (S), as well as the taste reactivity (TR) behaviors elicited by these solutions in conscious rats, were investigated. Intra-oral cannulas 
were implanted into 30 male Wistar rats that later received infusions (0.233ml/min for 5 min) of 0.1 or 1.0M N, 0.1 or 1.0M S, or dH2O (n’s=5). Control 
rats did not receive an infusion (n=5). Following the videotaping of TR behaviors, rats were sacrificed and their brains were processed to reveal activated 
cells in the GC using Fos-immunohistochemistry. Fos-immunoreactive (Fos-IR) neurons in the medial and lateral granular insula, dysgranular insula 
(DI), and agranular insula were counted at 8 positions along the anterior-posterior axis of the GC. Intra-oral infusion of 0.1M S, 1.0M S, and 1.0M N 
yielded significantly more behaviors than dH2O (p’s<0.05). Although 1.0M N and S did not produce significantly more ingestive TR behaviors than 0.1M 
N and S, they did elicit more aversive behaviors, primarily gapes. 1.0M N was particularly aversive causing an average of 78.8 gapes during the 5min 
infusion period. The intra-oral infusions did not alter the number of Fos-IR neurons in the GC overall; however, there were differences in particular GC 
areas. Specifically, the lateral half of DI contained significantly more Fos-IR neurons following infusion of 1.0M N than other solutions (p’s<0.05). Lin-
ear regression analysis suggested a relationship between the number of Fos-IR neurons in the lateral DI, particularly in the posterior half of GC, and the 
number of aversive behaviors performed. Future studies will investigate the role of neurons in the lateral DI in the posterior GC in aversive TR behav-
iors.  
 
Funding Acknowledments: Stetson University Biology Department NSF IOS-1145132 MSK 
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INHIBITORY CIRCUITRY UNDERLYING CONTEXT-DEPENDENT ROSTROCAUDAL ASYMMETRY IN CORTICAL NEURAL ACTIV-
ITY  
Anne-Marie Oswald, Adam Large, Paul Schick 
Dept. Neuroscience, University of Pittsburgh, Pittsburgh, PA, USA 
 
Compared to sensory neocortex, the anterior piriform cortex (APC) lacks a topological representation of odor identity. This raises the question, “Does 
space play a role in cortical odor processing?” We investigated the rostrocaudal distribution of neural activity in APC following exploration of a novel 
environment. We found a strong rostral bias in the density of active neurons that was absent in homecage mice. Since pyramidal cells (PC) receive uni-
form excitation along the RC-axis, but receive stronger inhibition from caudal APC, we propose that inhibitory circuits support spatial patterning of 
neural activity. Consistent with this hypothesis, we found that L3 PCs have the strongest rostral bias in activity and received the most caudally biased 
inhibition. However, surprisingly, L3 interneurons received stronger inhibition from rostral APC. We investigated the circuit mechanisms underlying 
these opposing inhibitory asymmetries. Interneurons that express Calbindin and/or parvalbumin increase in density along the RC-axis, providing a sim-
ple direct mechanism for stronger caudal inhibition. In contrast, somatostatin (SST) interneurons decrease in density along the RC axis. Further, selec-
tive optogenetic activation SST interneurons yielded rostrally-biased inhibition onto interneurons. Thus, rostral PCs are potentially disinhibited through 
SST-Interneuron-PC circuits. Taken together, our findings suggest that two synergistic circuit mechanisms increase neural activity in rostral APC during 
novel exploration. Interestingly, the former appears “hard-wired” but the latter may be modulated in a context dependent manner producing different 
activity profiles for novel exploration versus homecage.  
 
Funding Acknowledments: NIDCD R01DC015139 AMO 
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TRANSIENT OPTICAL INACTIVATION OF PIRIFORM CORTEX INPUTS TO THE OLFACTORY BULB AFFECT PERCEPTUAL BE-
HAVIORAL STRATEGIES  
Shane T. Peace1, Leslie M. Kay1,2 
1Institute for Mind and Biology, University of Chicago, Chicago, IL, USA, 2Department of Psychology, University of Chicago, Chicago, IL, USA 
 
Olfactory circuitry has the complex task of extracting meaningful odor information from a noisy sensory environment. Odor perception depends on the 
olfactory bulb (OB) where bulbar circuitry spatiotemporally transforms odorant inputs and transmits this activity to the piriform cortex (PC). The PC 
can be considered an association cortex for odor perception because of its highly interconnected network that receives input from across the brain. The 
PC also sends dense projections to the GABAergic granule cell layer of olfactory bulb. The functional role of this feedback from the PC in processing of 
odor information remains unclear. To study the functionality of PC input to the OB during odor perception, we selectively perturb this cortical feedback 
during odor sampling. We injected an AAV into the PC to express the optogenetic inhibitor archaerhodopsin in pyramidal cells. We implanted fiber op-
tic probes targeting the medial olfactory tract enabling optical inhibition of a large portion of PC input to the OB. We were able to inhibit the PC projec-
tions with temporal precision in awake behaving rats during odor sampling. We used a Go/No-Go task, where rats were trained to discriminate between 
odors and either respond to receive a reward or withhold responding to avoid a penalty. Preliminary results indicate optical perturbation of unilateral 
PC feedback did not affect discrimination accuracy but did affect odor sampling time as a function of training level. More specifically, rats with lower 
levels of pre-test training on the GNG odor pairs sampled significantly longer when cortical feedback was disrupted compared to the trials without opti-
cal inhibition. On the contrary, rats with more extensive training needed less odor sampling time to correctly discriminate odorants when PC feedback 
is inhibited.  
 
Funding Acknowledments: NIDCD R01-DC014367 LK 
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FEEDBACK PROJECTIONS FROM THE ANTERIOR OLFACTORY NUCLEUS MODULATE OLFACTORY BULB OUTPUT  
Lutz Wallhorn, Renata Medinaceli, Markus Rothermel 
Department of Chemosensation, Institute for Biology II, RWTH Aachen University, Aachen, Germany 
 
The olfactory bulb (OB) receives rich cortical top-down projections from the anterior olfactory nucleus (AON) whose role in shaping early olfactory 
processing remains largely unclear. Here, we aim to examine how projections from the AON modulate responses of mitral/tufted cell (MT) output from 
the OB using electrophysiological approaches in vivo. First, we tested whether electrical AON stimulation affected mitral/tufted cell spiking in the ab-
sence of inhalation-driven sensory input and spiking responses to inhalation of odorless air in anesthetized mice. In the absence of sensory input we 
observed weak bimodal modulation effects (n = 13 units). In contrast, during the inhalation of odorless air, the sniff-evoked spike rate was mainly inhib-
ited following AON stimulation (n = 12 units). Next, we tested whether electrical AON stimulation affected odor evoked responses from MT cells and 
primarily observed a transient reduction of odor evoked spiking activity shortly after AON stimulation (n = 15 units). Normalized sniff-triggered MT 
spike histograms aligned to the start of inhalation and compiled for all units displayed a decrease in spike rate at the peak bin without obvious changes 
in spiking dynamics compared to the no-stimulation condition. Future experiments will focus on optogenetic AON stimulation as well as Ca2+ imaging 
experiments to investigate AON modulation effects on sensory responses among defined OB cell types. With these experiments, we aim to further dis-
sect the functional role of cortical top-down projections in early olfactory information processing.  
 
Funding Acknowledments: This work was supported by the Deutsche Forschungsgemeinschaft (RO4046/2-1, Emmy Noether Program) 
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THE INVOLVEMENT OF PRIMARY OLFACTORY CORTEX IN EARLY-STAGE PARKINSON’S DISEASE  
Jianli Wang1, Thyagarajan Subramanian2,3, Qing Yang1,4 
1Department of Radiology, Pennsylvania State University College of Medicine, Hershey, PA, USA, 2Department of Neurology, Pennsylvania State University 
College of Medicine, Hershey, PA, USA, 3Department of Neural & Behavioral Sciences, Pennsylvania State University College of Medicine, Hershey, PA, USA, 
4Department of Neurosurgery, Pennsylvania State University College of Medicine, Hershey, PA, USA 
 
Objective: Olfactory deficits are prevalent in the early-stage of Parkinson’s disease (PD), and the central olfactory system is highly affected by PD pathol-
ogy. However, to date, the cause of olfactory deficits in PD is still not clear. In this study, we sought to determine if the primary olfactory cortex (POC) is 
involved in the olfactory deficits in the early-stage of PD using functional magnetic resonance imaging (fMRI) and voxel-based morphometry (VBM).  
Methods: The smell detection threshold and smell identification ability of 21 H&Y stage-1 idiopathic PD patients and 22 age/sex-matched healthy con-
trols (HC) were evaluated. Their POC functions related to odor-smelling and sniffing were studied with fMRI at 3T. The VBM was conducted based on 
high-resolution T1-weighted imaging of the brain.  
Results: There were significant impairments of smell detection and identification functions in PD (p <0.001). Both odor-sniffing and odorless-sniffing 
induced significant POC activation in PD subjects at a level comparable to that in HCs. In contrast to the HCs, no significant odor-related POC acti-
vation was observed in PD at the same statistical threshold. The odor-related BOLD signal change in PD patients was significantly weaker in the right 
POC than that in the HCs (one-way ANOVA with age and sex as covariates, p <0.001). There was no significant volumetric or morphological difference 
in the POC between PDs and HCs.  
Conclusions: In early-stage PD, while there was no significant cortical atrophy or sniffing-related activation change in the POC, the odor-related POC 
activation was significantly reduced. Thus the olfactory deficits in the early-stage of PD are likely not due to the pathology in the POC, but due to the 
interference of odor-signal transfer from the peripheral to the POC.  
 
Funding Acknowledments: The DANA Foundation, and the Department of Radiology, Pennsylvania State University college of Medicine. 
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PRE-EXPOSURE TO WATER CAN ALTER THE TASTE OF NACL AT THE TONGUE TIP  
Kendra Andrew1, Barry Green1,2 
1The John B. Pierce Laboratory, New Haven, CT, USA, 2Yale School of Medicine, New Haven, CT, USA 
 
Here we report a serendipitous finding that pre-exposing the tongue tip to water alone can affect the taste of NaCl. This finding was made while study-
ing the effect of temperature on the sensitivity and adaptation to salt taste. 40 subjects (25F, 15M) tasted 2 concentrations (320 and 560 mM) of NaCl 
and KCl by dipping the tongue tip into 10°, 21°, 30° and 37°C solutions contained in medicine cups. Initial (baseline) sensitivity was measured by sam-
pling one of the 2 stimuli for 3s before lifting the tongue from the solution and rating the intensity of sweet, salty, sour, bitter and “other” tastes while the 
tongue tip remained extended from the mouth. Salt taste adaptation was measured by dipping the tongue tip into pure dH2O (control condition) or one 
of the 2 salt solutions for 3 or 10s (adaptation condition) before dipping it into an adjacent cup containing the same salt solution for 3s (post-exposure 
stimulus). Subjects then rated the taste of the post-exposure stimulus in the manner of the baseline condition. Unexpectedly, pre-exposure to dH2O in 
the control condition reduced the saltiness of NaCl (but not KCl) in amounts similar to the adaptation condition, while also increasing ratings of sour-
ness and sweetness. A second experiment tested the hypothesis that these taste changes were caused by saliva being rinsed from the tongue tip during 
exposure to water. The results supported the hypothesis: adding NaCl to the dH2O pre-rinse in concentrations approximating those in saliva (3 and 15 
mM) attenuated both the reduction in saltiness and the rated sourness and sweetness of 320 mM NaCl. These results implicate salivary NaCl, and possi-
bly other sources of salivary Na++, in the encoding of salt taste.  
 
Funding Acknowledments: NIH grant RO1-DC05002 BG 
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CHANGE OF OLFACTORY FUNCTION AT THE LEVEL OF THE OLFACTORY EPITHELIUM BEFORE AND AFTER COMBINING AN 
ODORANT WITH AN ELECTRICAL STIMULUS  
Annachiara Cavazzana1,2, Sophia Poletti1, Cagdas Guducu3, Maria Larsson2, Thomas Hummel1 
1University of Dresden Medical School, Dresden, Germany, 2Stockholm University , Stockholm, Sweden, 3Dokuz Eylul University, Izmir, Turkey 
 
Associative fear conditioning, in which an individual learns to associate an odorant with the presence of an aversive stimulus, increases behavioral dis-
criminatory performance and modulates the neural processing of the conditioned odor in the primary olfactory cortex. Intriguingly, recent animal data 
also proved an odor conditioning-dependent modulation even at the very first stage of the olfactory system, the olfactory sensory neuron, after repet-
itive pairings between the odor of interest and an aversive stimulus. Up to now, no studies have yet reported a conditioning-dependent modulation of 
olfactory sensory neurons in humans. Therefore, the aim of the present study was to investigate whether repetitive odor-dependent aversive condition-
ing induces changes at the level of the olfactory epithelium. A total of 24 participants (16 females; mean age: 24, SD: 3) were tested. A pair of odor enan-
tiomers [(+)-rose oxide and (−)-rose oxide] were used as stimuli since they have previously been shown to be perceptually indistinguishable in humans. 
During the pre-conditioning, participants’ ability to discriminate between the two enantiomers was assessed using a three-alternative, forced-choice 
(3AFC) discrimination test. In addition, electro-olfactograms (EOG) from the olfactory epithelium and olfactory event-related potentials (OERP) were 
recorded, representing activity of peripheral olfactory receptor neurons and early central-nervous processing of olfactory information, respectively. Af-
terwards, participants underwent three conditioning sessions in consecutive days. The experimental group received an electrical stimulus to the forearm 
only following (+)-rose oxide presentation, whereas its enantiomer sibling was never paired with a shock. On the other hand, the control group did not 
receive any electrical stimulation. During the post-conditioning session, their ability to discriminate the two enantiomers was assessed again using the 
3AFC task and EOG and OERP were recorded as well. In line with the literature, results showed that aversive conditioning significantly increased par-
ticipants’ ability to discriminate between the two enantiomers. No significant differences were detected in the OERP. Very interestingly, for the first time 
in humans, we could show changes in peripheral electrophysiological responses between the conditioned and unconditioned stimulus, which represent 
contextually-induced changes at the level of the first neuron in the olfactory system.  
 
Funding Acknowledments: This work was supported by a program grant from The Swedish Foundation for Humanities and Social Sciences (M14-
0375:1) to ML, by the DFG grant to TH (DFG HU441/18-1) and by the Dresden Fellowship Programm to SP. 
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PREDICTING SUPRATHRESHOLD ODOR INTENSITY FROM MOLECULAR STRUCTURE  
Yusuke Ihara1,2, Lindsey L Snyder1, Jonathan Magill1, Joel D Mainland1,3 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2Institute for Innovation, Ajinomoto Co., Inc., Kawasaki, Japan, 3University of Pennsylvania, Phila-
delphia, PA, USA 
 
Predicting odor intensity for a given concentration of a single molecule remains a key challenge in the field. Recent work has developed models that 
predict either a molecule’s detection threshold or intensity at a single concentration, but a more general model that predicts an arbitrary concentration 
has not been developed. Although a number of experiments have shown that odor intensity is well described by the Hill equation, there is currently no 
general model for predicting the parameters of this psychophysical intensity function from chemical structure. Here, we measured the concentration-in-
tensity function for 120 molecularly diverse odorants using 15 human observers. Using this data, we built a decision-tree model that predicts the full 
concentration-intensity function for a given molecular structure (r = 0.89, p <0.001). Predicting suprathreshold intensity from molecular structure and 
concentration is an important step toward understanding how component odors in a complex mixture combine to form a unified percept.  
 
Funding Acknowledments: This work was supported by Ajinomoto Co., Inc. and NIDCD R01DC013339 
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RINSING SALIVA FROM THE TONGUE TIP INCREASES PERCEPTION OF SOURNESS  
Danielle J Nachtigal1, Barry Green1,2 
1The John B. Pierce Laboratory, New Haven, CT, USA, 2Yale School of Medicine, New Haven, CT, USA 
 
We recently found that pre-exposure of the tongue tip to water before NaCl reduced the saltiness of NaCl and increased side tastes of sourness and 
sweetness. The aim of the present study was to determine if the increase in NaCl sourness is associated with an increase in sour taste perception. 27 Ss 
(17F, 10M) sampled 320Mm NaCl and 10mM citric acid (CA) alone and in mixture after exposure to dH2O or 2 concentrations of NaCl that approxi-
mate levels of salivary NaCl (15 and 30mM). A temperature-controlled flow gustometer delivered the solutions (30°C @ 3ml/s) into a small open bath 
where they were tasted with the tongue tip. The pre-rinse lasted for 3 or 10s before the input to the bath was switched to the post-rinse stimulus. The ex-
perimenter signaled Ss to “attend now” when the channel was switched, and 3s later to “rate”, at which time the S lifted the tongue tip out of the bath and 
rated the intensity of sweet, salty, sour, bitter, and umami tastes. If more than one taste was experienced Ss reported the order in which the tastes were 
perceived. The results replicated the prior finding that a water pre-rinse significantly increased the sourness of NaCl, and further found that when both 
sourness and saltiness were reported, sourness was usually perceived before the onset of saltiness. In addition, the sourness of CA alone and in mixture 
with NaCl increased following water rinses whether or not salivary levels of NaCl were added. Surprisingly, Ss who perceived the sourness of NaCl most 
strongly after water did not perceive NaCl to be sour when no water rinse preceded it. These results imply that rinsing saliva from the tongue not only 
shifts the encoding of suprathreshold NaCl toward sourness, but also increases the sensitivity to sour stimuli.  
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DIFFERENCES IN CENTRAL AND PERIPHERAL ELECTROPHYSIOLOGICAL RESPONSE TO PSYCHOPHYSICALLY INDISTINGUISH-
ABLE ODOR ENANTIOMERS  
Sophia C. Poletti1, Annachiara Cavazzana 1,2, Cagdas Guducu 1,3, Maria Larsson 2, Thomas Hummel1 
1University of Dresden Medical School, Dresden, Germany, 2Stockholm University, Department of Psychology, Stockholm, Sweden, 3Dokuz Eylul University, 
Izmir, Turkey 
 
Introduction: The ability of humans to discriminate between enantiomeric odor pairs is substance -specific and probably related to its occurrence in na-
ture. Psychophysically, the optical isomers of rose oxide (R+, R-) are difficult to distinguish. Current literature suggests that psychophysical discrimina-
tion of odor enantiomers mainly depends on the peripheral processing and therefore on the enantioselectivity of olfactory receptor neurons (ORN). We 
aimed to study differences in electrophysiological response to odor enantiomers on central-nervous and peripheral level in humans. Methods: Nineteen 
subjects (14 females; mean age 25, SD 3 years) participated in the study. Results from a three alternative forced choice test indicated indistinguishabil-
ity of the two odor enantiomers. The peripheral response to odors was investigated using electro-olfactogram (EOG) recordings. The central nervous 
response was studied using olfactory event-related potentials (OERP) representing early processing of olfactory information. Results: As predicted, 
participants were unable to discriminate between the two enantiomers (p = 0.41). OERP could be recorded from 18/19 and EOG recordings were ob-
tained from 14/19 participants. A higher AN1 amplitude (p=0.04) and longer latencies TN1 (p=0.005) and TP1 (p=0.02) were recorded in response to 
R+ in the EOG. However, no such differences in amplitude or latency (ps>0.05) were observed in the OERP. Conclusion: The two psychophysically in-
distinguishable odor enantiomers do not show any electrophysiological differences in early central-nervous response but significant differences in EOG 
response. We therefore conclude that psychophysical distinguishability of odor enantiomers seems to depend on central processing rather than on the 
enantioselectivity of ORN.  
 
Funding Acknowledments: This work was supported by a grant from the Deutsche Forschungsgemeinschaft to TH (DFG HU441/18-1) and by The Swed-
ish Foundation for Humanities and Social Sciences (M14-0375:1) to Maria Larsson. SCP was supported by the Dresden Fellowship Program of  
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INVESTIGATION OF TARGET SUBSTRATES FOR GLUCOSE OLIGOMER SENSING  
Alexa J. Pullicin, Mike H. Penner, Juyun Lim 
Oregon State University, Corvallis, OR, USA 
 
Work in our lab has consistently shown that humans can taste glucose oligomer preparations independent of the sweet receptor, suggesting the presence 
of a separate receptor(s) for glucose oligomers. Specifically, these studies have indicated that humans can detect an oligomer mixture with an average 
degree of polymerization (DP) of 7. However, it was unclear which specific chain-lengths in the mixture were acting as substrates and whether they 
were detected at an equal degree. This study was therefore designed to test the degree of detectability of DP1-7 in the absence and presence of lactisole, 
a known sweet inhibitor. Subjects were asked to discriminate glucose/glucose oligomer isolates and pairs (DP1, DP2, DP3, DP3-4, DP5-6, and DP6-7) 
at 75mM from blanks. Samples were prepared with 5mM acarbose to prevent hydrolysis of glucosidic bonds by salivary α-amylase and with or without 
1.4mM lactisole. Results showed that in the absence of lactisole, all six samples were detected (p<0.001) with similar discriminability. In the presence 
of lactisole, we found that subjects could not detect DP1-2, but were still able to detect the three mixed samples (DP3-4, 5-6, and 6-7). Surprisingly, the 
detectability of DP3 was also significantly reduced in the presence of lactisole. Overall, these results support the presence of a separate taste receptor(s) 
for glucose oligomers and also suggest that the putative receptor(s) has a similar affinity for glucose oligomers between 4 and 7 units.  
 
Funding Acknowledments: OSU Agricultural Research Foundation 
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MASKING OF BITTERNESS AND SWEETNESS BY TEA FLAVOR  
Yaohua Xie1,2, Kelly Morrow1, Maria Veldhuizen1,3, Lawrence Marks1,2,4 
1John B. Pierce Laboratory, New Haven, CT, USA, 2Department of Epidemiology (Environmental Health Sciences), Yale School of Public Health, New Haven, 
CT, USA, 3Department of Psychiatry, Yale University School of Medicine, New Haven, CT, USA, 4Department of Psychology, Yale University, New Haven, 
CT, USA 
 
Tea is a classic beverage. Like coffee, tea has a long history and a variety of distinctive flavors (olfactory), sometimes also with a bitter taste (gustatory). 
To study how tea flavor may mask bitter (and sweet) tastes, we created aqueous solutions containing all possible combinations of the presence or absence 
of Sucrose, (S, 0.3M, sweet), Quinine (Q, 0.1mM, bitter), and Rooibos Tea (T, 0.3%, with a primary olfactory flavor and little gustatory bitterness). Thus, 
the 8 stimuli were: Water, S, Q, T, SQ (i.e., S+Q), ST, QT, and SQT. All 8 stimuli were presented randomly in 8 replicates (64 trials in all). On each trial, 
the 14 participants (6 m, 8 f, 18-44 yrs.) tasted each stimulus and then rated its perceived sweet, bitter, and tea intensities on separate LMS scales. Results 
showed that the sweet taste of S, the bitter taste of Q, and the tea flavor of T did not differ significantly (p > .7). The bitter taste of T was ‘weak,’ only mar-
ginally greater than Water (p = .051), consistent with T being largely or wholly olfactory. Most importantly, the results showed substantial cross-quality 
masking, including cross-modal masking. Although bitter intensity was not significantly smaller in QT than in Q alone (p > .99), bitter intensity was sig-
nificantly smaller in SQT than Q (p <.03). Similarly, sweet intensity was significantly smaller in ST than S (p <.01) and smaller in SQT than S (p <.001). 
Tea flavor did not differ significantly in T, ST, QT, and SQT (p > .99). Thus, the results reveal that (olfactory) tea flavor can reduce gustatory bitter and 
sweet intensities, although bitter and sweet do not appear to reduce the intensity of tea flavor. The presence of olfactory masking of gustatory intensity 
might prove useful in developing techniques for masking unwanted flavors, such as bitter.  
 
Funding Acknowledments: Supported by NIH grant R01 DC011823 to LEM 
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SOUND INDUCED OFACTORY PREDICTIVE CODING IN HUMAN PIRIFORM CORTEX  
Guangyu Zhou, Nikita Arora, Heidi Jiang, Stephan Schuele, Jay A. Gottfried , Christina Zelano 
Department of Neurology, Northwestern University, Feinberg School of Medicine, Chicago, IL, USA 
 
A growing body of evidence supports the idea that predictive coding is a fundamental cognitive mechanism across sensory modalities in the human 
brain. In the olfactory system, fMRI methods have been used to detect predictive codes in both primary and secondary cortical areas (e.g. piriform and 
orbitofrontal cortex). However, due to the limited temporal resolution of fMRI, the precise timing of olfactory predictive code generation across olfacto-
ry neural networks is unknown. Here we used intracranial electroencephalogry (iEEG) methods to study the spatiotemporal dynamics of olfactory pre-
dictive code formation in the human brain. In a cued odor-sampling task, each trial began with an auditory cue (the word ‘rose’ or ‘mint’), after which 
the odor of pure mint or rose was presented. The subject was then asked to indicate whether the presented odor matched the cue. Sound stimuli were 
delivered via Matlab using a laptop placed in front of the subject. Preliminary data from 6 patients showed increased theta power following the cue in all 
areas prior to the presence of any odor in each patient (P <0.05, FDR corrected). Interestingly, the olfactory and orbitofrontal cue-related response was 
preceded by the theta amplitude increase in language/auditory areas. Furthermore, individual phase locking value analysis indicated a consistent cue-in-
duced increase of coupling between the auditory and olfactory areas. Although preliminary, these data suggest that piriform cortex may play a role in 
integrating sensory information from other modalities during olfactory predictive coding.  
 
Funding Acknowledments: National Institutes of Health Grants R00-DC-012803 (to C.Z.) 
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RNA-SEQ ANALYSIS FOR TASTE SENSORY ORGANS IN CHICKENS: AN IDEAL SYSTEM FOR MULTIDISCIPLINARY STUDY  
Xiaogang Cui, Brett Marshall, Ning Shi, Shiyou Chen, Romdane Rekaya, Hongxiang Liu 
University of Georgia, Athens, GA, USA 
 
RNA sequencing (RNA-Seq) has emerged as a powerful tool to advance studies via transcriptome profiling of cells and tissues. We recently demon-
strated that molecular markers could be used to identify chicken taste buds (TBs) in oral epithelial sheets of the palate, base of oral cavity, and posterior 
tongue and that chicken TBs, like mammals, have specific patterning and distribution. In this study, RNA-Seq was carried out to better understand the 
transcriptomic architecture of gustatory tissues in chickens. For initial RNA-Seq tests, the epithelial sheet and underlying connective tissue of the palate, 
base of oral cavity and posterior tongue were used. Interestingly, more differentially expressed genes (DEGs) were found between the epithelium and 
connective tissue in the base of oral cavity as compared to the palate and posterior tongue. Thus, subsequent RNA-Seq was focused on the base of oral 
cavity using more specifically defined tissues: gustatory epithelium (GE, epithelial region that contains TBs), non-gustatory epithelium (NGE), and the 
corresponding underlying connective tissue (GM and NGM). We found 118 GE-NGE DEGs at a |FC|>2 and 4313 GE-GM DEGs, which were enriched 
in multiple GO terms and pathways including many biological processes. Well-known genes for taste sensation, e.g., TRPM5, GNG13, TAS1R3, SCN-
N1G, SCNN1B, SCNN1A, PRKX and GNAT3, were identified as highly expressed genes in the GE. The genes of components of signaling pathways (Wnt, 
BMP, FGF, Notch, SHH) for organogenesis were detected as highly DEGs in GE vs GM. Combining with other features of chicken TBs, e.g., uniquely 
patterned array and short turnover cycle, our data suggest that chicken gustatory tissue provides an ideal system for multidisciplinary study, including 
organogenesis and regenerative medicine.  
 
Funding Acknowledments: NIDCD, NIH Grant R01DC012308 to HXL 
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THE RECEPTOR LOGIC BEHIND VARYING ODORANT CONCENTRATIONS  
Xiaoyang Serene Hu1, Kentaro Ikegami1,3, Marcelo Zapata1, Natasha Vaidya1,4, Hiroaki Matsunami1,2 
1Department of Molecular Genetics and Microbiology, Duke University Medical Center, Durham, NC, USA, 2Department of Neurobiology, Duke Institute for 
Brain Sciences, Durham, NC, USA, 3Department of Biotechnology and Life Science, Tokyo University of Agriculture and Technology, Tokyo, Japan, 4North 
Carolina School of Science and Mathematics, Durham, NC, USA 
 
The combinatorial activation of odorant receptors (OR) plays an essential role in odorant detection. One important question that remains unanswered 
is how the mammalian olfactory system is organized at the receptor level to detect and differentiate the same odorant across varying concentrations that 
alter odor intensity and, sometimes, odor quality. Here, we investigate the OR activation patterns across 10,000-fold concentration differences in mice. 
Using our recently developed in vivo method involving RNA capture with phosphorylated ribosomal protein S6 (pS6), a neuronal activation mark-
er, combined with RNA sequencing, we comprehensively identified sets of ORs activated by acetophenone and 2,5-dihydro-2,4,5-trimethylthiazoline 
(TMT) at varying concentrations. Refined definitions of OR transcripts improved the sensitivity of gene enrichment analysis of ORs through precise 
assignment of the transcripts, facilitating comprehensive OR deorphanization. We showed that only a fraction of the repertoire of ORs paired with the 
tested odorant remains active when odorant concentration is reduced 10,000-fold. We used double label fluorescent in situ hybridization against indi-
vidual ORs and immunohistochemistry against pS6 to confirm that some ORs are activated by the tested odorant only at higher concentrations, while a 
few ORs remain active across 10,000-fold odorant concentrations. This study allows for the identification of ORs that are most sensitive towards a given 
odorant and sheds light on the logic by which unique OR repertoires may collectively allow for the discrimination of different odorant concentrations.  
 
Funding Acknowledments: This work was supported by grants from the NIH DC014423 HM.  
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REPLICATION AND DISCOVERY OF GENETIC VARIANTS INFLUENCING HUMAN BITTER TASTE PERCEPTION  
Liang-Dar Hwang1,2, Puya Gharahkhani1, Gu Zhu1, Scott D. Gordon1, Paul A. S. Breslin3,4, Nicholas G. Martin1, Danielle R. Reed3, Margaret J. Wright5,6 
1QIMR Berghofer Medical Research Institute, Brisbane, Australia, 2School of Medicine, University of Queensland, Brisbane, Australia, 3Monell Chemical 
Senses Center, Philadelphia, PA, USA, 4Dept. of Nutritional Sciences, School of Environmental and Biological Sciences, Rutgers Unversity, New Brunswick, 
NJ, USA, 5Queensland Brain Institute, University of Queensland, Brisbane, Australia, 6Centre for Advanced Imaging, University of Queensland, Brisbane, 
Australia 
 
Human perception of bitter substances is partially genetically determined. We previously discovered a single nucleotide polymorphism within the bitter 
taste receptor gene TAS2R19 accounting for nearly 6% of the variance in the perceived intensity of quinine and replicated the classic association between 
TAS2R38 genotype and the perception of propylthiouracil (PROP). Here we perform a genome-wide association study (GWAS) using a 40% larger sam-
ple (total n=1999) together with a bivariate approach to boost power. We identify six genome-wide significant loci, three of which are novel, including 
a locus (rs6761655) within the DIRC3 gene on chromosome 2 influencing the perception of PROP, a locus (rs67487380) within the bitter taste receptor 
clusters on chromosome 12 for sucrose actaacetate, and a locus (rs67487380) within the bitter taste receptor clusters on chromosome 7 for denatonium 
benzoate. In addition to the two previously identified loci for PROP and quinine, we also provide independent replication for an association with caf-
feine on chromosome 12. Our findings support canonical human bitter perception biology and also suggest novel biological pathways through which 
genetic variation influences perception of bitter substances commonly used in sensory studies. These results pave the way for expanding studies to in-
clude the many bitter compounds from foods and drugs.  
 
Funding Acknowledments: This work was supported by the National Institute of Health [DC02995 to PASB and DC004698 to DRR] and the Australian 
NHMRC [241944 and 1031119 to NGM] and ARC [DP1093900 and DP0664638 to MJW]. 
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CELL-TYPE SPECIFIC GENE PROFILING FROM THE BLA DURING LONG TERM TASTE AVERSION MEMORY FORMATION  
David Levitan, Donald. B Katz, Sacha. B Nelson 
Brandeis University, Waltham, MA, USA 
 
The molecular changes accompanying learning have typically been studied at the level of whole regions using tissue homogenates, rather than on an-
atomically or genetically identified cell types, an approach that lacks the resolution necessary for identifying changes that are cell type-specific, more 
likely related to cellular and network physiology. Here we used Next-Generation sequencing from genetically identified neurons to study the molecular 
mechanisms underlying conditioned taste aversion (CTA), a canonical form of simple learning that requires transcription in the basolateral amygdala 
(BLA). Specifically, we profiled global gene expression in BLA projection neurons 4 hours following CTA (compared to control conditions), validating 
hits (genes differentially expressed during learning) via qPCR and immunofluorescence. Our results suggest a model in which the cell-type specific 
down-regulation of the protein-kinase Stk11 which is permit the up-regulation of the transcription factor c-fos and its direct target (the trans-synaptic 
protein Nptx2 which is known to regulate excitatory to inhibitory synapses). We went on to show that these same c-fos expressing neurons project to the 
GC, a finding predicted by the fact that the connection between the BLA and the GC is important for taste coding during learning. Thus suggests en-
gagement of a cell-type specific gene pathway controlling BLA to GC network activity during taste learning.  
 
Funding Acknowledments: the Leir Foundation (Brandeis- Israel initiative Fellowship 
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WORLDWIDE VARIATION AND LINKAGE STRUCTURE IN THE OVERLAPPING OROSENSATION GENES, CD36 AND GNAT3  
Vicente Ramirez, Stephen Wooding 
University of California Merced, Merced, CA, USA 
 
The CD36 and GNAT3 genes both participate in orosensation, with CD36 encoding a cell surface protein mediating detection of fats and GNAT3 encod-
ing a G-protein subunit mediating detection of sweet, savory, and bitter substances. In addition, both loci harbor genetic variants associated with oro-
sensory response. Strikingly, their genomic coordinates overlap, with GNAT3 residing in a CD36 intron. This suggests that patterns of diversity in CD36 
and GNAT3 are correlated, which could drive phenotype-phenotype associations. To investigate this possibility, we analyzed patterns of genetic variation 
across the CD36-GNAT3 region in ~2,500 subjects sequenced by the 1000 Genomes Project (1000GP). We found that the region harbored 8636 variable 
nucleotide positions (segregating sites), along with 410 indels and 12 structural variants. Of these, 82 variants were predicted by the ENSEMBL Variant 
Effect Predictor (VEP) to have moderate to high impact on protein function, making them likely contributors to phenotypic variance. Per-nucleotide 
heterozygosity (π) across the region, ~0.04%, was consistent with genome-wide averages and did not show strong local excesses or deficits. Measures of 
linkage disequilibrium (LD) using the D’ statistic revealed high levels of genetic recombination across the CD36-GNAT3 region and low levels in local-
ized areas. However, measures of LD using the r2 statistic, which is more accurate for detecting confounds in genotype-phenotype association analyses, 
were low both locally and across the CD36-GNAT3 region. Taken together, our findings indicate that while CD36 and GNAT3 are unusual with respect 
to genomic structure, they are typical in major respects, and while both harbor polymorphisms likely to contribute to phenotypic diversity, their contri-
butions are likely independent.  
 
Funding Acknowledments: University funds. 
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DE NOVO ASSEMBLY OF THE MOUSE TASTE TRANSCRIPTOME  
Sunil K. Sukumaran, Brian C. Lewandowski, Alexander A. Bachmanov, Robert F. Margolskee 
Monell Chemical Senses Center, Philadelphia, PA, USA 
 
RNA-Seq is a sensitive method for whole transcriptome expression analysis. We used single-cell RNA-Seq to identify genes expressed in Tas1r3+, 
Gnat3+, Gad1+ taste cells and Lgr5+ taste stem cells isolated from mouse circumvallate papilla. RNA-Seq of fungiform and circumvallate papillae 
taste buds isolated by laser capture microdissection provided a taste tissue level data set with uniform coverage across all regions of genes. Analyses of 
RNA-seq data involve mapping of sequence reads to gene annotations available in Gencode, RefSeq and other databases. But it is likely that many taste 
cell-specific transcripts remain unidentified because taste tissue was not used for generating gene annotations by these databases. To identify such tran-
scripts, we did de novo assembly of the taste transcriptome using the taste tissue RNA-Seq data set. Several hundred novel genes with protein-coding 
potential, as determined by the presence of long open reading frames, and thousands of novel isoforms of known genes were identified after rigorous 
quality control of the de novo gene annotations. Among the novel isoforms identified were several multi-exonic transcripts encoding bitter receptors 
(Tas2rs) and other taste signaling components. In comparison to analyses using gene annotations from the Gencode data base, marked improvement 
in the sensitivity of gene expression analyses of both the single cell and taste bud RNA-Seq libraries was attained using the de novo annotated taste bud 
transcriptome. Our approach has proven successful for identifying isoforms of signal transduction components and transcription factors specific to taste 
tissue and/or subsets of taste cells.  
 
Funding Acknowledments: Supported by NIH-NIDCD grant RO1-DC014105 to RFM, NIH-NIDCD grant RO1-DC000882 to AAB and NIH-NIDCD 
grant F32-DC012980 to BCL. BCL acknowledges support from NIH/National Institute on Deafness and Other Communication Disorders (NIDCD) 
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GENETIC AND DEMOGRAPHIC INFLUENCES ON ODOR PERCEPTION  
Casey Trimmer1, Jason R Willer2, Andreas Keller3, Leslie B Vosshall3, Nicholas Katsanis2, Hiroaki Matsunami2, Joel D Mainland1,4 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2Duke University, Durham, NC, USA, 3The Rockefeller University, New York, NY, USA, 4University 
of Pennsylvania, Philadelphia, PA, USA 
 
Variation in odor perception is well-documented in the human population. Factors such as ancestry, age, gender, and olfactory receptor (OR) genetics 
influence perception, but the relative contribution of these factors to the perception of individual odors has only been minimally investigated. Using 
demographic and genotype data for a cohort of 332 subjects, we examined their contribution to 276 different olfactory perception phenotypes. We first 
examined the association between the perceived intensity and valence of 68 odors and the genotype of over 400 ORs. We find that variation in a sin-
gle OR frequently associates with perceptual features, and genetic variation in 9 different ORs significantly associates with the perception of 9 different 
odors (p <0.05 following multiple comparisons correction). For example, genetic variation in OR411 explains a large portion of the variation in the per-
ceived intensity of 2-ethylfenchol (r = 0.36, p <0.001). For some olfactory phenotypes, ancestry is more predictive than the genotype of a particular OR. 
The perceived valence of vanillin significantly correlates with ancestry (r = -0.28, p <0.001), in part driven by the fact that self-reported Caucasians rate 
it as more pleasant relative to African-Americans (t(150)=-4.35, p <0.001). We also find that age and sex contribute to variation in olfactory perception 
to varying degrees. The perceived intensities of nonanal and linalool significantly correlate with age (r = -0.25, p <0.001 and r = -0.23, p <001, respective-
ly), while the perceived intensity of terpineol is significantly higher in males relative to females (t(288)=-3.40, p = p<0.001). By building a model with all 
four genetic and demographic factors, we are able to explain between 10 and 20% of the variation in 12 different odor perception phenotypes.  
 
Funding Acknowledments: R01DC013339 JDM, T32DC000014 CT, F32DC014292 CT 
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SWEET TASTE REGULATES CARBOHYDRATE METABOLISM  
Elizabeth Garcia1, Maria G. Veldhuizen1,2, Barkha Patel1,2, Alexandra DiFeliceantonio1,2, Dana M. Small1,2 
1The John B. Pierce Laboratory, New Haven, CT, USA, 2Yale University, New Haven, CT, USA 
 
Sweetness signals the presence of an energy source and elicits a positive affective response to promote intake. Sweet sensations can also produce cephalic 
phase responses such as the release of insulin, a hormone that plays a critical role in glucose metabolism. Despite the direct link between taste and met-
abolic processes, it is unknown if sweet taste sensation influences nutrient metabolism. To test this possibility metabolic response to four novel flavored 
carbohydrate-containing beverages was measured with indirect calorimetry in 8 healthy-weight individuals (2 men and 6 women; BMI range 20.3-24.2; 
Age range 18-34). Maltodextrin was used to provide calories and sucralose was used to provide sweetness so that caloric load and sweetness could be 
dissociated in a 2 * 2 design (two caloric loads: 75 and 150 kcal; two intensities of sweetness determined by adding sucralose to achieve equivalent sweet-
ness for 75 or 150 kcal sucrose). Resting energy expenditure (REE) was measured for 15 minutes before and 30 minutes after beverage consumption on 
4 separate days in a hungry state. A 2*2 ANOVA revealed a significant interaction with greater change in REE following consumption of beverages in 
which sweetness was proportional to caloric load. These data demonstrate that metabolism of maltodextrin is regulated by sweet taste.  
 
Funding Acknowledments: NIH/NIDCD R01 DC0006706 DMS  
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FOOD RESTRICTION IS NEITHER NECESSARY NOR SUFFICIENT TO ALTER SALIVARY PROTEIN EXPRESSION.  
Kristen E. Kay, Laura E. Martin, Ann-Marie Torregrossa 
SUNY University at Buffalo, Buffalo, NY, USA 
 
We have previously demonstrated that a subset of salivary proteins (SPs) are upregulated in rats after a 5-day exposure to tannic acid diet (TA, 3%, n=8) 
or a quinine diet (0.375%, n=8). Both diets are bitter and cause a significant decrease in food intake over the first 4 days of consumption, followed by 
an increased acceptance of the diet. To verify that the SP changes are due to the bitter compound and not to the initial diet restriction, we ran two ex-
periments. First, we pair-fed rats a control diet, animals were matched to the intake of those offered the quinine diet (g/kg). No SPs were upregulated 
in response to this food restriction (p’s<0.9), suggesting restriction is not sufficient for SP upregulation. We then examined whether food reduction was 
necessary for upregulation. To do this, we offered rats 5.5mM saccharin solution; this concentration is readily accepted but may activate bitter receptors. 
Rats (n=10) were presented with the saccharin solution as well as a bottle of water and control diet for 24-hr ad lib access over a 14 day period. Three out 
of six of the bands containing the SPs that were upregulated by TA and quinine were also upregulated by saccharin. In addition, we found six additional 
bands that were altered by saccharin (both down- and upregulated) that do not overlap with our previously identified proteins. These data suggest that 
dietary restriction is neither necessary nor sufficient for alterations of SP profiles.  
 
Funding Acknowledments: NIDCD R03 012632 
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CHANGES IN SALIVARY PROTEIN EXPRESSION INCREASE ACCEPTANCE OF BITTER DIETS.  
Laura E Martin, Kristen E Kay, Ann-Marie Torregrossa 
SUNY University at Buffalo, Buffalo, NY, USA 
 
We have previously demonstrated that exposure to dietary tannic acid (TA, 3% of diet, n=8) or quinine (0.375% of diet, n=8) upregulates two partially 
overlapping sets of salivary proteins (SPs). SP upregulation is concurrent with an increase in total intake of the diet as well as increases in rate of feeding 
and meal size. We conducted a series of experiments to confirm that the presence of SPs, rather than previous experience with the bitter diet, was the 
causative factor in increased diet acceptance. Groups of rats were given a diet containing 0.375% quinine after exposure to one of several conditions: 
1) 2 weeks of dietary exposure to TA (n=8), which upregulates SPs, 2) 2 weeks of dietary exposure to 4% sucrose octacetate (n=8), which generates a 
transient decrease in intake similar to that of TA and quinine exposure but does not upregulate any SPs of interest, 3) 3-day injections of isoproterenol 
(IPR, n=7), a beta agonist that increases SP production or 4) 2 weeks of exposure to a control diet (n=23), which we expect to have no effect on quinine 
acceptance. Pre-treatments that altered SP expression trended to increase quinine acceptance over controls (TA p<0.02, IPR p=0.07). This increased ac-
ceptance was the result of higher rates of feeding (TA p<0.001, IPR p<0.03) and larger meal sizes (TA p<0.01, IPR p<0.02). In contrast, while rats pre-ex-
posed to SOA diet showed an initial increased intake over rats with no previous bitter exposure (p<0.01), the effect was transient and disappeared by the 
second day of testing (p=0.71). Furthermore, they showed no differences in rate of feeding (p=0.27) or meal size (p=0.55). These data suggest that the 
increased acceptance of the quinine diet is driven by increased SP expression and not merely pre-exposure to a bitter stimulus.  
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BEHAVIORAL TASTE RESPONSES OF HETEROGENEOUS STOCK RATS TO PSYCHOACTIVE DRUGS  
Rachel L Poole1, Raul Vazquez2, Alexander A Bachmanov1, Michael G Tordoff1 
1Monell Chemical Senses Center, Philadelphia, PA, USA, 2University of Pennsylvania, Philadelphia, PA, USA 
 
Relationships between taste preferences, drug self-administration, and substance abuse have been noted for at least 40 years. However, genetic factors 
responsible for these relationships are not well understood. We used 5-sec brief access tests and two-bottle choice tests to survey orosensory responses 
of heterogeneous stock (HS) rats (n=77) to sweet and bitter taste solutions, and to four psychoactive drugs. The HS rats were generated by outbreeding 8 
inbred lines of rats and are designed to facilitate high-resolution genetic mapping. We measured licking in brief-access tests to the following: sucrose (0, 
0.01, 0.03, 0.1, 0.3, 1 M), quinine (0, 0.1, 0.3, 1, 3, 10 mM), nicotine (0, 1, 2, 4, 8, 16 mg/L), ethanol (0, 1, 2, 4, 8, 16%), caffeine (0, 1, 2, 4, 8, 16 mM), and 
morphine (0, 0.05, 0.1, 0.2, 0.4, 0.8 mg/mL). Next, preferences were assessed using 96-h two-bottle choice tests. Licking in brief-access tests predicted 
intake during two-bottle tests. Variation in solution licking and intake was taste stimulus-dependent and sex-dependent. The results provide behavioral 
data to support a genome-wide association study to identify genes related to oral vs. extra-oral responses to drugs of abuse.  
 
Funding Acknowledments: Supported by a Pilot award from the NIDA Center for GWAS in Outbred Rats, Monell Institutional Funding, and a 
NIH-NIDCD Postdoctoral Training Grant 5T32DC0014 (RP).  
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RE-EXAMINING THE AVERSION VERSUS AVOIDANCE HYPOTHESIS FOR TASTES ASSOCIATED WITH LITHIUM CHLORIDE 
(LICL) OR LACTOSE IN RATS  
Lindsey A Schier, Kellie M Hyde, Alan C Spector 
Department of Psychology and Program in Neuroscience, Florida State University, Tallahassee, FL, USA 
 
Rats not only avoid ingesting a substance associated with LiCl toxicosis, but they display rejection reflexes (e.g., gapes) to its taste; this latter response is 
thought to reflect disgust or taste aversion. Prior work has shown that rats also avoid consuming foods/fluids associated with other adverse gastrointes-
tinal (GI) effects like lactose indigestion but without the concomitant display of oromotor responses (taste reactivity; TR) indicative of aversion. Be-
cause of interpretive limitations of the methods used in those studies, we revisited the taste aversion-avoidance distinction with a design that minimized 
non-treatment differences among groups and more comprehensively quantified intake of and TR to the taste stimulus. We trained rats to associate 0.2% 
saccharin (CS) with intraduodenal infusions (15 ml/kg) of a moderate (1.5mEq; M-Li) or low (0.15mEq; L-Li) dose of LiCl, 18% lactose (Lac), or saline 
(Sal) (n = 5-7/group) and tested them for single bottle intake (SBI) of and TR to the CS and 2-bottle choice (2BC; CS vs dH2O). The M-Li and Lac rats 
avoided the CS after 1 and 4 trials, on average, respectively. L-Li rats drank moderate amounts of CS by the last trial and in SBI and 2BC tests, which 
tended to be lower than those of the Sal group but above those of the M-Li and Lac groups. All the M-Li and Lac (except 1) rats substantially avoided the 
CS in SBI and 2BC tests. Yet, in the TR test, when the CS was intraorally infused (0.5 ml/30s), only M-Li rats decreased ingestive and increased aversive 
TR. Sal, Lac and L-Li rats displayed mostly ingestive and virtually no aversive TR. That strong avoidance is accompanied by a change in TR in one case 
but not another further supports the dissociation of taste aversion and avoidance, and highlights intricacies in taste-GI learning.  
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HERBS AND SPICES CREATE FLAVOR VARIETY IN A MEAL TO INCREASE CARROT INTAKE AMONG PROP TASTER CHILDREN.  
Elizabeth M Carney1, Wendy M Stein2, Nicole A Reigh2, Kathleen L Keller1,2 
1Department of Food Science, The Pennsylvania State University, University Park, PA, USA, 2Department of Nutritional Sciences, The Pennsylvania State 
University, University Park, PA, USA 
 
American children do not meet the recommended daily servings of vegetables. Previous research shows that children who can taste the bitterness of 
6-n-propylthiouracil (PROP) are more susceptible to low vegetable intake. This study tested the hypothesis that adding multiple herb and spice blends 
to vegetables to increase flavor variety within a meal would increase vegetable intake in 3-5 year-old children. Children attended two laboratory vis-
its and consumed two test meals of common foods: pasta, applesauce, carrots, milk, and water. Cooked carrots were used as the test vegetable because 
they are generally accepted by children of this age. On one visit, the meal included one serving each of carrots seasoned with cinnamon-nutmeg-ginger, 
garlic-oregano-pepper, or cardamom-cumin-allspice (Variety). On the other visit, the meal included three servings of carrots with the same cinnamon 
blend (No Variety). Children (N=44) were classified as PROP tasters (N=35) and nontasters (N=9) using a child-friendly, forced choice procedure. 
Overall, children consumed similar amounts of carrots by condition (36.5 ± 40.5 g vs. 35.9 ± 43.7 g at the Variety and No Variety conditions, respective-
ly). Proportion of total carrots eaten at each meal compared to total carrots eaten at both meals was also similar by condition (P >0.05). However, this 
relationship was moderated by PROP status: taster children consumed a greater proportion of carrots during the Variety Condition, while no effect was 
observed in nontasters (P <0.005). These findings suggest that PROP taster children may be more receptive than nontasters to manipulations that in-
crease flavor-variety of vegetables using herbs and spices. Once replicated, these results may be used to develop targeted interventions to help increase 
daily vegetable intake.  
 
Funding Acknowledments: USDA National Institute for Food and Agriculture Grant #2011-67001-30117 Program A2121 - Childhood Obesity Preven-
tion: Transdisciplinary Graduate Education and Training in Nutrition and Family Sciences 
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TASTE-MEDIATED CEPHALIC-PHASE INSULIN RELEASE IS MODULATED BY CARBOHYDRATE CONTENT OF DIET  
Yonina G. Frim, John I. Glendinning 
Barnard College, Columbia University, New York, NY, USA 
 
We reported recently that oral stimulation with glucose triggers insulin release from pancreatic beta cells. This taste-mediated response—referred 
to as cephalic-phase insulin release (CPIR)—appears to be mediated by an ATP-gated K+ signaling pathway in taste cells, rather than the canonical 
T1r2+T1r3 signaling pathway. Here, we asked whether the magnitude of the glucose-induced CPIR varies as a function of the carbohydrate content of 
the diet. Using C57BL/6J mice, we measured CPIR and glucose tolerance in response to oral stimulation with 1M glucose, both before and after 2 weeks 
of exposure to one of three isocaloric diets (2%, 40% or 82% carbohydrate). We found that exposure to the 82% carbohydrate diet increased CPIR and 
glucose tolerance, whereas exposure to the 2% carbohydrate diet eliminated CPIR and impaired glucose tolerance. These results establish that CPIR 
magnitude increases with carbohydrate load in the diet, and in so doing, enhances blood glucose control. Future studies will determine whether the 
diet-induced changes in CPIR magnitude reflect changes in taste input and/or insulin production by pancreatic beta cells.  
 
Funding Acknowledments: Beckman Foundation 
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OLFACTORY SENSITIVITY DECLINES WITH NUMBER OF HOURS AWAKE  
Rachel S. Herz1, Eliza Van Reen1,2, David Barker1,2, Ashten Bartz2, Mary Carskadon1,2,3 
1Brown University Medical School, Providence, RI, USA, 2EP Bradley Hospital Sleep Research Lab, East Providence, RI, USA, 3University of South Australia 
Centre for Sleep Research, Adelaide, Australia 
 
Olfactory sensitivity has been presumed to be a trait that varies with individual differences and is not expected to change with one’s momentary state. 
Challenging this position, we recently observed that olfactory acuity varies as a function of circadian phase. Reported links of obesity to decreased olfac-
tory function and increased late-day food consumption raise the question of whether odor detection changes across the waking day. To investigate this 
issue, thirty-seven (21 male) adolescents (mean age: 13.7 years; range 12.4-15.9 years) took part in a 28-hr forced-desynchrony protocol (FD) with 17.5 
hours (h) awake and 10.5h of sleep, for seven FD cycles. FD enables one to separate the contributions of circadian timing from the influence of number 
of hours awake by using a non-24 hour schedule to “force” the components of circadian physiology and time awake apart. Odor threshold to PEA was 
measured using Sniffin Sticks beginning 1h after waking, and repeated at 3h intervals, six times for each FD cycle (total threshold tests = 42). Results 
revealed that odor threshold decreased with the number of hours awake for all participants. As sex differences are known to exist in olfactory percep-
tion, subject sex was also examined. The trend for males showed a slight decline in acuity over number of hours awake, however, females showed a sharp 
decrease in acuity from the first half of the waking day to the latter half. These data are the first to demonstrate that odor detection decreases with in-
creasing time awake and that this effect may be particularly strong for females. Our results provide further evidence that olfactory acuity is a state that is 
influenced by several variables. These patterns of olfactory acuity will be evaluated as a function of weight status in future research.  
 
Funding Acknowledments: Support: NIDDK grant DK101046 
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SUCRALOSE AFFECTS HORMONAL RESPONSES TO AN ORAL GLUCOSE LOAD IN PEOPLE WITH OBESITY BUT NOT IN NOR-
MAL-WEIGHT PEOPLE  
M. Yanina Pepino1, Mihoko Yoshino2, Bruce Patterson2, Samuel Klein2, M. Belen Acevedo1 
1University of Illinois at Urbana- Champaign, Urbana, IL, USA, 2Washington University School of Medicine, St. Louis, MO, USA 
 
Objective: Whether sucralose, the most commonly used non-nutritive sweetener (NNS), have metabolic effects in people is unclear. We recently found 
that when consumed acutely before an oral glucose tolerance test (OGTT), sucralose enhances insulinemic responses in subjects with obesity who are 
not regular consumers of NNS. However, studies in lean adults, none of which control for use of NNS, found sucralose does not affect insulin responses 
to the ingestion of glucose or other carbohydrates. Thus, the aims of this study were to determine whether the sucralose effects we found in people with 
obesity are 1) replicable, 2) generalizable to lean people when controlling for prior history of NNS use and 3) elicited solely by sweet taste perception in 
the mouth. Design and  
 
Methods: Nine normal weight subjects (BMI: 22.8±1.4 kg/m2) and eleven subjects with obesity (BMI: 37.7±5.7 kg/m2) who did not regularly use NNS, 
completed a 5-hr modified OGTT on 3 separate occasions, preceded by consuming either sucralose (Experimental condition) or water (Control condi-
tion), or by sham feeding sucralose (Taste condition) 10 min before the glucose load in a randomized cross-over design.  
 
Results: Sucralose did not affect glucose area under the curve (AUC) in either group. However, in subjects with obesity, but not in lean subjects 
(P=0.014), sucralose ingestion caused a greater increase in insulin AUCs (18±10%) compared with the Control and the Taste condition. There were no 
differences between conditions in insulin AUCs in lean subjects. Conclusion: Sucralose may have adverse effects on glucose metabolism in people with 
obesity, which is the group that most frequently consumes NNS to facilitate weight management.  
 
Funding Acknowledments: This project was supported in part by NIH grants P30 DK020579 (Diabetes Research Center Pilot & Feasibility Research 
Award), P60 DK020579 (Diabetes Center Grant), P30 DK056341 (Nutrition Obesity Research Center), T32 DK07296 and DK007120 (Diabetes Re 
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THE RECEPTOR OF APPETITE STIMULATING HORMONE GHRELIN FACILITATES FAT TASTE SENSITIVITY IN FEMALE MICE  
Tian Yu1,2, Ashley N. Calder1, Naima Dahir1, Josh Blotter1, Yuxiang Sun3, Timothy A. Gilbertson1 
1Biology Department, Utah State University, Logan, UT, USA, 2Rocky Mountain Taste & Smell Center, Department of Cell and Developmental Biology, Uni-
versity of Colorado School of Medicine, Aurora, CO, USA, 3Department of Nutrition and Food Science, Texas A&M University, College Station, TX, USA 
 
Ghrelin is the only appetite-stimulating neuropeptide found in the circulation. Previous study has found that the ghrelin receptor knockout (Growth 
hormone secretagogue receptor knockout, GHSR KO) mice were resistant to high fat diet-induced obesity, and had reduced intake of high fat diet (Zig-
man et al. 2005). Although the role of ghrelin in stimulating eating behavior through mechanisms in the central nervous system is well studied, whether 
this change of eating behavior is also affected by the alteration of taste perception is unknown. In this study, we examined the linoleic acid (LA) taste 
sensitivity in a whole body GHSR KO mouse model using a conditioned taste aversion (CTA) psychophysical assay. To differentiate the sex effects in the 
taste behaviors, both sexes are included in the assay. After 6.5 weeks of high fat diet (60% fat) feeding, female GHSR KO mice presented a reduced aver-
sion to 100 µM LA at Day 3, while the wildtype counterparts developed the aversion to LA from as low as 1 µM at Day 2. Interestingly, the reduction of 
taste aversion to LA is limited to the female GHSR KO mice. The taste perception of male GHSR KO mice remains similar sensitivity levels as the wild-
type controls have in the CTA assay. Male wildtype mice presented aversion to LA from 10 µM (Day 2) and 30 µM (Day 3), while GHSR KO mice were 
aversive to 3 µM (Day 2) and 10 µM (Day 3). These results suggest that ghrelin-GHSR signaling may be involved in female but not male’s capability of 
recognizing fatty acids, which may further explain why female’s eating behavior is usually different than male’s.  
 
Funding Acknowledments: NIH DC013194 and DC013318 
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TASK RELATED REPRESENTATIONS IN THE CORTICO-BULBAR FEEDBACK  
Pedro Garcia da Silva1,2, Cristina Velasquez1, Benjamin Rebouillat1,3, Dinu F. Albeanu1 
1Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, USA, 2Champalimaud Foundation, Lisbon, Portugal, 3ENS Cachan, Paris, France 
 
Sensory systems transform physical elements from the environment into neural representations of the world that are usable to the nervous system. Sen-
sory representations are a result of both feedforward inputs, as well as local and feeback connectivity between different areas in the brain. The observa-
tion that output neurons in the main olfactory bulb - at the first processing station of olfactory input to the brain - are richly modulated by task contin-
gencies, led us to ask whether long range feedback from the olfactory cortex could provide a substrate for these observed modulations. To this end, we 
devised a novel serial reversal learning task ,using sound and odor stimuli, in which a particular stimulus carries different motivational values according 
to different contingencies, and monitored the activity of GCaMP5 labelled cortical feedback axons in the olfactory bulb of mice engaged in this task. 
Our results reveal the existence of two largely independent populations of sound and odor responsive axon terminals, a diverse temporal profile in the 
neuronal responses and interesting subpopulations of choice selective and choice independent feedback boutons. Furthermore, preliminary experiments 
using optogenetic inactivation of cortical feedback axons directly in the olfactory bulb suggest that this effect is significantly different from controls, and 
is modality independent. Taken together, these results suggest that cortical feedback can serve as a source for the modulation seen in the output neurons 
of the olfactory bulb.  
 
Funding Acknowledments: FCT PhD Fellowship SFRH / BD / 51266 / 2010, Portugal  
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INTERHEMISPHERIC CONNECTIONS BETWEEN OLFACTORY BULBS IMPROVE ODOR DETECTION.  
Florence Kermen, Emre Yaksi 
Kavli Institute for Systems Neuroscience / Centre for Neural Computation, Trondheim, Norway 
 
In vertebrates, olfactory information from one nostril is sent to the ipsilateral olfactory bulb (OB) and then to the olfactory cortices. Interestingly, the 
teleost fish OB receives projections from contralateral olfactory structures. This includes projections from the contralateral fish homolog of the olfactory 
cortex and from the contralateral OB. However, this interhemispheric olfactory circuit remains poorly characterized. The goal of this study is to examine 
the extent of this interhemispheric circuit as well as its functional consequence on odor processing in adult zebrafish. Using ex vivo brain explants and 
dye electroporation, we first confirm that the OB receives projections from the contralateral olfactory cortex and bulb. We further show that projections 
from the olfactory cortex are diffuse and mostly terminate at the inhibitory OB granule cells layer. On the contrary, mitral cell projections from the 
contralateral OB are topographically organized and mostly terminate at the superficial layers. Using 2-photon imaging in brain explants expressing the 
calcium indicator Gcamp6 in mitral cells, we show that information coming from one OB can significantly alter odor responses in the contralateral OB, 
eliciting a balance of excitation and inhibition. Finally, preliminary data indicate that interhemispheric connections between OB might help preserving 
mitral cell responses to a reproductive pheromone, when it is presented together with increasing concentrations of background odor. Altogether, our 
results provide a previously undescribed function for the interhemispheric neural circuit connecting olfactory structures. We propose that this circuit 
facilitates the detection of specific odors important for survival in the noisy olfactory environment encountered in the wild.  
 
Funding Acknowledments: Research Council of Norway Fyssen Fundation (previous post-doctoral fellowship to FK) 
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BEHAVIORAL STATUS INFLUENCES THE DEPENDENCE OF ODORANT-INDUCED CHANGE IN FIRING ON PRE-STIMULUS FIR-
ING RATE  
Anan Li1, Ethan M. Guthman2, Wilder T. Doucette3, Diego Restrepo2 
1Xuzhou Medical University, Xuzhou, China, 2University of Colorado Anschutz Medical Campus, Aurora, CO, USA, 3Geisel School of Medicine at Dart-
mouth , Hanover, NH, USA 
 
The firing rate of the mitral/tufted cells in the olfactory bulb is known to undergo significant trial-to-trial variability and is affected by anesthesia. Here 
we ask whether odorant-elicited changes in firing rate depend on the rate before application of the stimulus in the awake and anesthetized mouse. We 
find that pre-stimulus firing rate varies widely on a trial-to-trial basis and that the stimulus-induced change in firing rate decreases with increasing 
pre-stimulus firing rate. Interestingly, this pre-stimulus firing rate dependence was different when the behavioral task did not involve detecting the 
valence of the stimulus. Finally, when the animal was learning to associate the odor with reward the pre-stimulus firing rate was smaller for false alarms 
compared to correct rejections suggesting that intrinsic activity reflects the anticipatory status of the animal. Thus, in this sensory modality changes in 
behavioral status alter the intrinsic pre-stimulus activity leading to a change in the responsiveness of the second order neurons. We speculate that this 
trial-to-trial variability in odorant responses reflects sampling of the massive parallel input by subsets of mitral cells.  
 
Funding Acknowledments: Funded by NIH/NIDCD grants R01 DC00566, F32 DC011980 and P30 DC04657, and National Natural Science Foundation 
of China (NSFC, 31571082) 
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OLFACTORY BULB MICROCIRCUITS AND THEIR ROLES IN ODOR PROCESSING  
Michele Migliore1,2, Francesco Cavarretta1,3, Addolorata Marasco4, Michael L Hines1, Gordon M Shepherd1 
1Department of Neurobiology, Yale University, New Haven, CT, USA, 2Institute of Biophysics, National Research Council, Palermo, Italy, 3Department of 
Mathematics, University of Milan, Milan, Italy, 4Department of Mathematics and Application “R. Cacciopoli”, University of Naples, Naples, Italy 
 
The olfactory bulb transforms its sensory input into spatially and temporally organized activity patterns, allowing an animal to quickly recognize an 
odor and act on it. Different neuronal populations are involved in a cascade of processes in three main anatomical layers: glomerular, external plexiform, 
and granule cell. We are working experimentally and computationally toward an integrated view of the major microcircuits found at the different layers. 
Using a theoretical approach and an experiment-driven, large scale, 3D model, we are exploring the functional roles of these circuits. The results sug-
gest several experimentally testable predictions: 1) the responses of olfactory sensory neurons to arbitrary odor mixtures can be theoretically calculated 
from the responses to the individual components; 2) glomerular units defined by shared connectivity across the layers provide the basic architecture for 
olfactory bulb function; 3) dendrodendritic interactions provide a tightly organized basis for odor learning; 4) middle tufted and mitral cells share most 
of the same circuitry at the glomerular layer but they are separated at the external plexiform and granule cell layers; 5) the intrinsic electrophysiological 
properties of middle tufted cells promote cell synchronization generated by common granule cells; and 6) through the deep short-axon cells, middle 
tufted cells may control the overall output of the olfactory bulb, promoting functional and dynamic synchronization of different glomerular unit ensem-
bles. The glomerular unit interactions can be formalized into a theoretical framework in which the olfactory bulb microcircuits can be considered as 
“odor operators” unique to the odor learning experience of each individual.  
 
Funding Acknowledments: NIDCD R01 DC00997701-06 GMS NINDS NS11613 MLH 
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ACETYLCHOLINE RAPIDLY ENHANCES HABITUATED OLFACTORY BULB ODOR RESPONSES AND MODULATES ODOR SA-
LIENCE  
M. Cameron Ogg, Mounir Bendahmane, Max L. Fletcher 
University of Tennessee Health Science Center, Memphis, TN, USA 
 
We have shown that olfactory bulb (OB) acetylcholine (ACh) increases individual glomerular sensitivity to odors and decreases glomerular activation 
thresholds. We hypothesize that these ACh effects serve to enhance OB responsivity to weak or degraded input under behaviorally relevant conditions, 
such as odor habituation. To clarify the functional role of ACh-mediated gain control, we investigated physiological and behavioral olfactory responses, 
and found that ACh rapidly enhances habituated OB odor responses and modulates odor salience. To measure physiological effects of ACh modulation, 
we imaged anesthetized transgenic mice expressing calcium indicators in output cells. We hypothesized that OB ACh release could reinstate reduced OB 
odor responses after sensory neuron adaptation. We found that basal forebrain electrical stimulation during prolonged odor presentations dishabituated 
OB odor responses to near baseline levels. To measure behavioral effects of ACh modulation, we recorded odor investigation behavior in an open field 
chamber during prolonged odor exposure in mice expressing channelrhodopsin in cholinergic neurons. Optogenetic OB stimulation increased inves-
tigation of habituated odorants via ACh release. Furthermore, changing the visual context of the open field also increased investigation of habituated 
odorants. Cannula infusion of scopolamine to block OB ACh release during the visual stimulation prevented the increase in odor investigation, indi-
cating that the effect is cholinergically mediated. Overall, these experiments establish a novel functional role for olfactory ACh release, whereby rapid 
modulation of odor representation at the earliest level of the CNS olfactory pathway contributes to the behavioral salience of odors.  
 
Funding Acknowledments: This research was supported by the Pew Biomedical Science Scholars Program and by the National Institutes of Health Grant 
DC013779. 
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WITHIN A SNIFF: COMPARING INHALATION-LINKED TEMPORAL DYNAMICS OF OLFACTORY BULB INHIBITORY INTERNEU-
RON AND EXCITATORY OUTPUT NEURON SUBPOPULATIONS  
Shaina M Short, Matt Wachowiak 
Department of Neurobiology and Anatomy, University of Utah, Salt Lake City, UT, USA 
 
In mammals, a single inhalation (‘sniff ’) of odorant is sufficient for odor identification, yet the sequence of neural activity in the olfactory bulb (OB), 
where incoming odor information is first processed, has yet to be investigated in vivo. To establish the temporal sequence of activity during a single sniff, 
an artificial inhalation paradigm was used to sample odorants at low frequencies (≤ 0.25 Hz) to enable neural responses to each simulated sniff to be 
compared across subpopulations. Two-photon in vivo imaging was performed with cre-dependent expression of calcium sensors targeted to inhibitory 
periglomerular (PG) and short axon (SA) interneurons, output mitral and tufted cells (MTC), and olfactory sensory neuron (OSN) inputs. Location and 
morphology were used to further classify cell type. Results to date indicate that OSN, PG, and SA populations display similar response durations (1-1.5 
s) and fast peak times, with 90% of OSN and PG and 60% of SA cells occurring within 500 ms after sniff onset. In contrast, MTC responses were more 
variable: Superficial tufted cells displayed peak responses within 500 ms of sniff onset, with the last quartile within 1 s, and mitral cells displayed longer 
excitatory responses lasting over 3 s and a wide range of peak times, with the last quartile occurring 1.5 s after sniff start. 10-20% of MTCs displayed 
inhibition during a single sniff that was differentially influenced by odorant intensity and aligned with PG activity. Less than 10% of all SAs and OSNs 
exhibited inhibition, while no PG cells displayed inhibitory responses. This work indicates a role for rapid, feedforward PG cell-mediated inhibition in 
shaping OB output responses during each sniff, both in terms of excitatory response duration and peak time.  
 
Funding Acknowledments: NIH R01DC006441 
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FUNCTIONAL EVIDENCE FOR SELECTIVE LATERAL INHIBITION MEDIATED BY INTERGLOMERULAR CIRCUITS IN THE OL-
FACTORY BULB  
Isaac A Youngstrom1, Mike Economo1, Daniel Zavitz2, Alla Borisyuk2, Matt Wachowiak1 
1Department of Neurobiology and Anatomy, University of Utah, Salt Lake City, UT, USA, 2Department of Mathematics, University of Utah, Salt Lake City, 
UT, USA 
 
Lateral inhibition in the olfactory bulb contributes to the spatial patterning of mitral and tufted cell (MT) activity, which is important in encoding ol-
factory information. Recently, we reported that lateral, interglomerular inhibition of MT odor responses is selective and odor-specific (Economo et al, 
2016). Here, we investigate the circuit mechanisms underlying selective inhibition by recording the activity of MT or SA populations using the genet-
ically-encoded calcium indicator GCAMP6 while stimulating optically and with odor to drive sensory-evoked activity in mice. We first examined the 
selectivity of interglomerular inhibition by comparing the odor responses of MTs with and without concurrent optical activation of a single glomerulus. 
Optical activation alone produced sparse suppressive responses in non-activated glomeruli. Combined light and odor stimulation could suppress other-
wise excitatory odor responses, as well as altering the dynamics of odor responses. Notably, the responses to combined stimulation were odor-specific. 
Short axon cells (SA) can shape the spatial patterning of MT odor responses and could potentially mediate selective interglomerular inhibition through 
specific projection patterns. We found SA odor responses to be spatially heterogeneous, with both broadly- and sparsely-activating odors producing 
non-uniform, odor-specific SA activation patterns. The activation of SA processes in target glomeruli did not depend on the activation of neighboring 
glomeruli. We compared these results with simulations varying parameters controlling the specificity of interglomerular connections to test the contri-
bution of SA topography to overall connectivity. These experiments provide new evidence that both interglomerular inhibition and lateral SA activity 
are selective and odor-specific.  
 
Funding Acknowledments: NIH R01DC06441 
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NEUROPILIN-1 AND THE POSITIONS OF GLOMERULI IN THE MOUSE OLFACTORY BULB  
Bolek Zapiec, Olaf Bressel, Mona Khan, Peter Mombaerts 
Max Planck Research Unit for Neuerogenetics, Frankfurt, Germany 
 
It is known since 1996 that mouse odorant receptors (ORs) are involved in determining the positions of the sites of coalescence of axons of olfactory 
sensory neurons (OSNs)—the thousands of glomeruli in the olfactory bulb. But the molecular and cellular mechanisms of OR-mediated axonal coales-
cence into glomeruli remain unclear. A model was proposed in 2006 -2009 whereby OR-derived cAMP signals, rather than direct action of OR mole-
cules, determine the target destinations (glomeruli) of OSNs in the bulb. This model hypothesizes that OR-derived cAMP signals determine the expres-
sion levels of neuropilin 1 (Nrp1) in OSN axon termini; that levels of Nrp1 in glomeruli form a gradient from anterior-low to posterior-high throughout 
the bulb; and that these Nrp1 levels mechanistically determine anterior- posterior patterning of glomeruli. We describe the first independent evaluation 
of the Nrp1 model since it was formulated a decade ago. We tested the model for the well-characterized mouse OR M71 using our gene-targeted mouse 
strains, which are publicly available. In contradiction to the model, we observed a variety of configurations for the M71 glomeruli in the conditional 
Nrp1 knockout. We then reassessed the model for the original OR transgene with which the model was developed, using the same publicly available 
mouse strains. We discovered that glomerular positions do not undergo the simple anterior shift that has been reported in the conditional Nrp1 knock-
out for this OR transgene. Taken together, our findings do not support the Nrp1 model for the anterior-posterior patterning of glomerular positions in 
the olfactory bulb.  
 
Funding Acknowledments: Max Planck Society 
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ANALYSIS OF CHORDA-TYMPANI NERVE RESPONSES TO THE “SUPER SALTYNESS” OF NA2CO3 IN RATS  
Joseph M. Breza1, Steven J St. John2 
1Eastern Michigan University, Ypsilanti, MI, USA, 2Rollins College, Winter Park, FL, USA 
 
The rat chorda-tympani nerve is a model system for salt taste, as it is exquisitely sensitive to salts. Our behavioral findings showed that Na+-deprived 
rats experienced Na2CO3 as 10 fold more salty than equimolar concentrations of NaCl, with only twice the Na+ ions. Here, we tested chorda-tympani 
nerve responses to equinormal concentrations of NaCl and Na2CO3 over a span of 3 log units (in mM NaCl: 3, 10, 30, 100, and 300; Na2CO3: 1.5, 5, 15, 
50, and 150). Additionally, the pH of a 100mM NaCl solution was adjusted to 11 to match the pH of 50mM Na2CO3. The addition of 5uM Benzamil (Bz) 
was added to a rinse solution to separate Benzamil-sensitive (BzS) from Benzamil-insensitive (BzIS) pathways (Breza and Contreras, 2012). Nanopure 
H2O served as the rinse and solvent for all solutions. Solutions were presented to the anterior tongue at 23°C, to compare with behavioral studies, and at 
30°C, to enhance the BzIS component. At 23°C, responses to 1.5mM Na2CO3 were ~2x greater than those to 3mM NaCl but were more similar to each 
other at higher concentrations. Increasing the temperature to 30°C increased responses to all salts, but the enhancement of Na2CO3 stimulation at the 
two lowest concentrations and Na2CO3 off responses were particularly noteworthy. Unlike NaCl, Na2CO3 evoked robust off responses that attenuated 
with time but were apparent 30s post stimulation. The addition of Bz revealed that off responses were entirely BzIS. At 20s post stimulation, off respons-
es (across all concentrations) to Na2CO3 were 6x and 44x greater than those to NaCl at 23°C and 30°C, respectively. Increasing the pH of NaCl had vir-
tually no effect on responses at 23°C, attenuated responses at 30°C, and did not evoke off responses, suggesting that high pH alone does not explain the 
results produced by Na2CO3.  
 
Funding Acknowledments: Eastern Michigan University 
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GENETIC DELETION OF TRPV1 AND TRPA1 CHANNELS DOES NOT ALTER THE ACID AVOIDANCE BEHAVIOR IN MICE  
Thomas Finger1, 2, Tian Yu1, 2 
1Rocky Mountain Taste & Smell Center , Aurora, CO, USA, 2Dept. Cell & Devel. Biology Univ. Colorado Sch. Medicine, Aurora, CO, USA 
 
Application of acidic solutions to the oral cavity evokes not only a sense of sour, but also of sharp and tangy. When acidic substances are taken into the 
mouth, they stimulate not only taste buds, but also acid-sensitive mucosal nerve fibers. Mice lacking taste function (P2X2/P2X3 double-KO mice) refuse 
acidic solutions similarly to wildtype mice and intraoral infusion of acidic solutions in these KO animals evokes substantial c-fos activity within orosen-
sory trigeminal nuclei as well as of the nucleus of the solitary tract (nTS) (Stratford et. al J. Comp. Neurol. 2017). This residual non-taste, acid-evoked 
activity includes areas that receive inputs from peptidergic (CGRP-containing) nerve fibers that express acid-responsive channels including Transient 
Receptor Potential A1 and V1 (TrpA1 and TrpV1). In order to assess whether these channels play a crucial role in aversion to acids, we used a brief-ac-
cess behavioral assay (lickometer) to test the avoidance of citric acid in TRPA1/V1 double knockout (TRPA1/V1Dbl-/-) mice. TRPA1/V1Dbl-/- and wild-
type mice were tested with 1, 3, 10, 30 mM of citric acid, along with 100 μM SC45647 and H2O. Interestingly, the TRPA1/V1Dbl-/- mice showed similar 
avoidance to the higher concentrations of citric acid (10 and 30 mM; pH 2.62 and pH 2.36 respectively) as their wild-type counterparts, indicating that 
neither TrpA1 nor TrpV1 is necessary for the avoidance behavior in animals with an intact taste system. To further probe mechanisms underlying acid 
avoidance, we will inject TRPA1/V1Dbl-/- animals with AF353, an effective pharmacological blocker of taste transmission, to test whether such animals 
can still avoid acidic solutions in the absence of both taste and TrpA1/TrpV1 functions.  
 
Funding Acknowledments: NIH R01DC012931 
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IS SPICY HOT PAINFUL?IN VIVO CA2+ IMAGING OF MOUSE TRIGEMINAL GANGLION NEURONS  
Sara CM Leijon1, Amanda Ferreira-Neves1,2, Nirupa Chaudhari1, Stephen D Roper1 
1Dept. of Physiology and Biophysics, University of Miami Miller School of Medicine, Miami, FL, USA, 2Dept. of Structural and Functional Biology, University 
of Campinas, Campinas, Brazil 
 
Trigeminal sensory ganglion neurons convey orofacial somatosensations such as temperature, texture, touch, pungency, and pain. Several natural com-
pounds commonly found in foodstuffs are well known to produce pungency and cooling. For example, capsaicin from chili peppers generates a “hot” 
sensation, while menthol from mint feels cool. We are currently exploring the neural basis of how spices and seasonings such as these act on trigeminal 
afferents in the oral cavity and how they affect oral thermosensation. For this, we conduct in vivo Ca2+ imaging of trigeminal neural activity in mice that 
express GCaMP in sensory neurons (Kim et al, Neuron 2014: Yarmolinsky et al, Neuron 2016). After mice are deeply anesthetized, a trigeminal ganglion 
is exposed by carefully aspirating overlying cortical tissue via a cranial window in the dorsolateral skull. Using confocal Ca2+ imaging, we can monitor 
the activity in large ensembles (>1000) of trigeminal ganglion cells to record orally-evoked responses. Based on retrograde tracing from lingual DiI in-
jections, we have focused on an area near where the mandibular nerve (V3) joins the ganglion. Oral lavage with mustard oil (AITC), menthol, and cap-
saicin at concentrations found in foods and spices elicits responses in distinct neuronal populations. In addition, we found that these compounds shift 
thermal thresholds. For example, oral lavage with 30-100 µM capsaicin significantly increases the incidence of neurons responding to warm tempera-
tures (<43oC). Because the recruited warm-sensitive neurons overlap with those responding to capsaicin, and because they are small-diameter neurons 
(<20 µm) likely corresponding to c-fiber signaling, we are investigating whether there is a fundamental difference between pungency and pain.  
 
Funding Acknowledments: NIDCD 5R01DC014420 Ajinomoto Co., Inc.  
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OBJECTIVE EVALUATION OF THE GUSTATORY SENSITIVENESS OF PATIENTS BY THE ELECTROPHYSIOLOGICAL RECORDING 
OF THE RESPONSE OF BUD CELLS TO TASTE STIMULI.  
Melania Melis1, Giorgia Sollai1, Danilo Pani2, Piero Cosseddu2, Annalisa Bonfiglio2, Roberto Crnjar1, Iole Tomassini Barbarossa1 
1Department of Biomedical Sciences,Cagliari University , Monserrato (CA), Italy, 2Department of Electrical and Electronic Engineering, Cagliari University, 
Cagliari, Italy 
 
Practical and reliable methods for the objective measure of taste function are critically important for studies aimed at evaluating eating behavior and 
taste function impairment. Here we present direct measures of the peripheral gustatory system activation, by means of a new, highly reliable and yet 
non-invasive technique for the electrophysiological recording from the human tongue in response to taste stimuli. Firstly, we validated the efficacy of 
method based on comparing the bioelectric activity recorded in response to the paradigmatic gustatory stimulus, 6-n-propylthiouracil (PROP), with 
parameters defining PROP genotype and phenotype of forty-three subjects. The main results were: 1) PROP stimulation evoked negative monophasic 
potentials characterized by a fast initial rise followed by a slow decline, which represent the measure of the summated voltage change resulting from the 
response of stimulated taste cells; 2) direct associations were found between parameters describing the waveform of signals (depolarization amplitude 
and depolarization rate) and TAS2R38 genotype, fungiform papilla density and PROP phenotype of subjects. Secondly, we developed an automated 
learning approach capable of discriminating among subjects belonging to three PROP taster categories (super-tasters, medium taster and non-taster), by 
exploiting features extracted by electrophysiological recordings from the tongue of thirty-nine subjects. Results showed that it is possible to automatical-
ly achieve objective PROP taster status identification with a high accuracy (80 ± 18%), which reaches 94 ± 15% when only super-tasters and non-tasters 
are considered. Finally, preliminary results of the electrophysiological recording in response to sucrose, NaCl, citric acid, caffeine, umami and oleic acid 
showed the feasibility of the method also for other gustatory stimuli, thus providing a first proof of its general applicability.The proposed approach, rep-
resenting the first objective and automatic method to directly measure human gustatory responses, may represent a milestone for physiology studies on 
taste, with applications ranging from basic science and medicine to food tasting evaluations.  
 
Funding Acknowledments: grant from University of Cagliari (Progetti di Ricerca di Interesse Dipartimentale, PRID 2015) 
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ARE TRPA1 CHANNELS INVOLVED IN THE DETECTION OF CHEMICAL IRRITANTS BY THE EARTHWORM, EISENIA HORTEN-
SIS?  
Wayne L Silver, Eui Y Kim, Kathleen R Krivda, Jessica Y Robertson, Karleigh A Smith 
Wake Forest University, Winston Salem, NC, USA 
 
Earthworms are often used as biomarkers for healthy soil. The more worms present, the healthier the soil. Chemicals in the soil that repel earthworms 
could therefore impact an area’s ability to grow plants. Although previous behavioral and toxicity studies examined the effect of aversive compounds on 
earthworms, little is known about how such compounds are detected. If earthworms are like most other animals, TRP channels should be involved in 
detecting chemical irritants. Perhaps the most relevant research done to date involves the use of allyl isothiocyanate (AITC) to sample the number of 
earthworms in an area of soil by chemical expulsion. This demonstrates that earthworms can detect and are repelled by a known chemesthetic irritant. 
Previously, we demonstrated that the earthworm, Lumbricus terrestris, appears to use TRPA1, but not TRPV1 channels, to detect chemical irritants,. 
Here we present work on the earthworm, Eisenia hortensis, the European nightcrawler. We used a behavioral assay consisting of a plastic cup filled with 
soil mixed with mineral oil and water (control) or oil, water and AITC. Worms placed in the control cup quickly burrowed into the soil. Worms placed 
in the AITC cup quickly left the cup in a concentration-dependent manner. However, when worms were submerged in the TRPA1 channel blocker, H3-
030031, and placed in the AITC cup, the number of worms leaving the cup was significantly reduced. We also recorded electrophysiological respons-
es from the ventral nerve cord in response to AITC and observed that some earthworm epithelial cells appear positive for TRPA1 immunoreactivity. 
Therefore, it appears that the earthworm, Eisenia hortensis, may express TRPA1 channels that detect chemical irritants. We are currently using degener-
ate PCR and RNAseq to test this hypothesis.  
 
Funding Acknowledments: Department of Biology, Wake Forest University WLS 
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CHARACTERIZATION OF COMPUTATIONAL STRATEGIES UNDERLYING ARM COORDINATION OF OCTOPUS RUBESCENS 
DURING CHEMOTAXIS  
Dominic M Sivitilli1, Venkatesh Gopal2, Agnese Seminara3, Joseph Sisneros1, David H Gire1 
1Department of Psychology, University of Washington, Seattle, WA, USA, 2Physics Department, Elmhurst College, Elmhurst, IL, USA, 3CNRS, Univ. Nice 
Sophia Antipolis, Nice, France 
 
Numerous species utilize chemical senses to navigate their environment and find food. To define the general principles underlying chemotaxis a com-
parative analysis of this behavior is essential. We have studied Octopus rubescens to define how an evolutionarily distant yet extremely intelligent species 
of animals performs chemotaxis. Octopuses are primarily nocturnal hunters, using the highly concentrated chemoreceptors located in the suckers on 
their arms to detect and discriminate odors emanating from food sources, and can distinguish objects by their chemical composition alone. While their 
chemotactic abilities rival that of macrosmatic mammals, they have evolved divergent behavioral and neural mechanisms to process chemical infor-
mation. Each arm of the octopus is highly autonomous and localized neural processing within peripheral ganglia along the arms allows the octopus to 
locally integrate large amounts of sensory information in parallel. In fact, more of the octopus nervous system is located in the periphery than in the 
central brain. To study how this distributed nervous system processes chemical information to guide behavior we have developed a novel, naturalistic 
food foraging task for the octopus and combined this task with semi-autonomous arm tracking algorithms. By measuring the relative concentrations of 
a chemical surrounding the octopus during behavioral tracking, we can characterize the behavior of each arm as a function of the differential chemical 
concentration around the octopus. We combined this information with a computational analysis of arm movement to define the strategies recruited by 
this distributed nervous system to represent and respond to chemical information during natural foraging behavior.  
 
Funding Acknowledments: Funds from the University of Washington (DHG); Washington Research Foundation Innovation Post-baccalaureate Fellows 
in Neuroengineering Program (DMS) 
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ITSS PRINCIPLE IN MEASUREMENT OF OLFACTORY SENSITIVITY: “IT’S THE STIMULUS, STUPID.”  
William S Cain, J. Enrique Cometto-Muniz, Roland Schmidt 
Chemosensory Perception Lab, UCSD, La Jolla, CA, USA 
 
Forty years ago, research showed that the measured difference threshold (physical correlate of the JND) declined by almost an order of magnitude with 
reduction of “noise at the nose,” better control of the stimulus. It took about 30 more years to introduce routine technology to address the matter for 
absolute sensitivity. Thresholds measured properly now lie about 1.5 orders of magnitude below those “measured” earlier. Not only does the nose of 
humans exhibit better sensitivity, it exhibits more consistency. This has nothing to do with the modality per se, but with measurement of functioning. 
A decade ago, we began to show that absolute thresholds typically vary only about an order of magnitude from one normal person to another. (Recent 
research on auditory sensitivity reveals about the same degree of variability.) Hundreds of subjects have now participated in our experiments with scores 
of odorants. When did you last read that auditory sensitivity is notoriously variable in people without auditory complaints? We just read it regarding 
smell days ago, where it serves as cover for weak and uncreative science. We will demonstrate the myth of excessive olfactory variability with recent data. 
It is time for our community to invest in exact means of stimulus control, i.e., olfactometry, and analytical assessment. This takes knowledge of chem-
istry, analytical instrumentation that costs many thousands of dollars, and knowledge of psychophysical theory. Use of ASTM methods and their ilk 
amount to a Fisher-Price approach to what should be serious scientific endeavor. Without such actions to approach the measurement of olfaction as a 
fundamental expression of its nature, human odor science will languish in doldrums. Remember the ITSS Principle.  
 
Funding Acknowledments: NINDCS R01 DC05602/R01 DC002741  
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LOW COST BEHAVIORAL OLFACTOMETRY WITH INTERNALLY MOTIVATED AND NAÏVE MICE  
Michael A. Dryden, Zachery A. Harkey, Thomas G. Mast 
Eastern Michigan University, Ypsilanti, MI, USA 
 
Mouse olfactory behavior has traditionally been difficult to assess due in part to the expensive nature of behavioral equipment and the lengthy process 
of training animals. The present studies follow on our previous work to modify existing behavioral olfactometers at a lower cost while maintaining data 
quality, and to evaluate a new behavioral paradigm requiring no prior animal training. Using a modified habituation dishabituation assay with multi-
ple serially diluted test odorants, mice routinely detect amyl acetate at concentrations of 1E-8 amyl acetate (n = 8, p = 0.0498). We hypothesized that the 
mice were discriminating between the subtle differences in the vehicle, mineral oil (MO) (i.e. not under stimulus control). To test this we reconfigured 
the olfactometer. Mice would fail to remain under stimulus control if odor vials were used more than once, but would remain under stimulus control if 
every odor presentation utilized a new odorant vial (MO test odor n = 6, p > 0.05. AA test odor n = 6, p > 0.05). We then repeated the detection thresh-
old experiments with the new configuration. Mice failed to dishabituate to amyl acetate at concentrations of 1E-8-1E-6 (p > 0.05, N = 6), but did disha-
bituate to concentrations of 1E-5 AA (p <0.05, n = 6). This falls in line with previously reported detection thresholds of amyl acetate (~ 1E-6). Lastly, we 
have produced a replica in-house, low-cost behavioral olfactometer. In our custom, low-cost equipment mice respond appropriate to: both weak and 
strong stimulus negative controls (MO to MO n = 6, p > 0.05, AAE-4 to AAE-4 n = 6, p >0.05), and a positive control (MO to AAE-4 n = 6 p <0.05). We 
conclude that untrained, naïve mice in olfactory behavior are effective, and that it is possible to produce robust behavioral equipment at low cost.  
 
Funding Acknowledments: Eastern Michigan University Department of Biology, Eastern Michigan University Department of Biology Awards Commit-
tee 
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MULTISENSORY FLAVOR PERCEPTION: APPLYING A DECISION-THEORETIC FRAMEWORK  
Lawrence Marks1,2,3 
1John B. Pierce Laboratory, New Haven, CT, USA, 2Department of Epidemiology (Environmental Health Sciences), Yale School of Public Health, New Haven, 
CT, USA, 3Department of Psychology, New Haven, CT, USA 
 
Over the past several years, I developed a decision-theoretic framework for flavor perception, grounded in conventional signal-detection theory, and 
applied it initially to the detection and identification of weak taste (gustatory) and flavor (gustatory-olfactory) stimuli (Marks, AChemS 2014; Marks et 
al., AChemS 2015). The framework also readily applies, however, to the perception and judgment of suprathreshold flavor stimuli, as it can easily in-
corporate the ways that sensory and cognitive processes affect various perceptual tasks. In the broad theoretical framework, the sensory effects of every 
flavorant, regardless of its composition (i.e., whether it activates gustatory, olfactory, and/or other modalities), is represented as a distribution of events 
in an internal space, each distribution typically being multidimensional and often multisensory. Depending on the behavioral demands (perceptual 
task), the theory assumes that perceivers establish response boundaries within the space to mark off regions that delineate the possible responses, such 
as identifications of different stimuli or ratings of sensory or stimulus properties. Many factors besides the current flavor stimulus, including long-term 
and recent experiences, stimulus context, and verbal labels, help determine the locations of the response boundaries (e.g., through cognitive processes) 
and may also modify the underlying sensory distributions themselves (through effects on sensory processes). So, for example, the model readily applies 
to sensory effects of stimulus context on perceived flavor intensity (e.g., data reported by Marks et al. Physiol Behav 2012) and to cognitive effects of lin-
guistic labels on flavor identification (e.g., earlier data reported by Brewer et al. 2013 and newer findings).  
 
Funding Acknowledments: Supported by NIH grant R01 DC011823  
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RAPID THROUGHPUT MEASUREMENT OF SWEET TASTE USING HUMAN SUBJECTS  
Roy Kyle Palmer, Mariah M Stewart 
Opertech Bio, Inc., Philadelphia, PA, USA 
 
We previously reported (AChemS 2016) the development of an automated high throughput system for human taste measurement in which responses to 
taste stimuli are objectively measured on each of 96 trials in single 40-minute test sessions. Rapid sample delivery is achieved by an automated pipette 
that draws 0.2 ml of solution from a single well of a 96-well plate. In the most recent iteration of the technology an x-y motion table positions the plate 
beneath the pipette, which is mounted on a z-axis gantry. As before, subjects are trained by an interactive algorithm to determine whether novel tastant 
samples, administered from the pipette, can be distinguished from a set of control standards. Subjects are trained to associate the tastes of control stan-
dards with coordinates on a touch-sensitive display. On control standard trials subjects are rewarded by the appearance on the display of a poker chip 
(with remunerative value) if their response is within a specified radius of the coordinates designated for that particular control, and penalized by a point 
reduction/time-out if outside the radius. On trials of novel samples, all responses regardless of location are rewarded. Using this approach we established 
robust concentrations-response functions for the taste of 4 sweeteners in a single test of 4 subjects (2 male, 2 female). Nonlinear regression of data yield-
ed taste EC50s of 0.17, 0.19, 0.85, and 45 mM for rebaudioside A, sucralose, acesulfame potassium, and sucrose, respectively. Sweetener potencies did 
not differ between male and female subjects. Response accuracy on control trials remained above 95% across the 96 trials of all tests, indicating absence 
of desensitization. Our results demonstrate the efficiency of the new technology for rapid characterization of sweetener taste.  
 
Funding Acknowledments: Research was supported by Opertech Bio, Inc. 
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THE PERCEPTION OF POTATO CHIP KEY ODORANTS BY SUBJECTS WITH DIFFERENT SENSITIVITIES.  
Madeleine Rochelle1, Geraldine Prévost2, Terry Acree1 
1Cornell University, Ithaca, NY, USA, 22Procter & Gamble Services Company, Strombeek-Bever, Belgium 
 
The objectives of this work was to measure the response of a subject to each of three potato chip key odorants (KOs) in simulated mixtures to determine 
how their responses change as the components concentrations are varied, how subjects differ from each other, and finally to measure how their potato 
chip odor image was affected by composition. Subjects were trained to associate words (rotten cabbage, toast, and potato) with the three potato chip 
KOs (methanethiol, 2-ethyl-3, 5-dimethylpyrazine and methional). The EOR concentrations (those that produce equal response probabilities for each of 
the symbolic words in a forced choice paradigm) were determined for KO simulant mixtures using sniff olfactometry (SO). Response probabilities to the 
forced choice between “potato chip” or “not potato chip” were also determined for the KOs released from a ethanol-water slurry of real potato chips. Be-
cause each subject had at least one threshold that was very different from those of the others, their EOR concentrations were also different. When each 
subject assessed the EOR concentrations of another subject they produced different response probabilities. Potato chip simulants that matched slurries 
of real potato chips had a similar composition for all subjects even tough they produced different response probabilities for the components. It appears 
that subjects define their odor image of potato chip based on the identity of the object. They do this using labels provided by their social experiences and 
not by the pattern of their olfactory sensations. Although each subject had different response probabilities to the potato chip slurry they all chose the 
simulation that produced their unique response as the best representation of potato chip “odor image”.  
 
Funding Acknowledments: University Funds- Cornell University Department of Food Science  
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HIGH THROUGHPUT ASSESSMENT OF BITTER TASTE IN HUMAN SUBJECTS  
Mariah M Stewart, Roy Kyle Palmer 
Opertech Bio, Inc., Philadelphia, PA, USA 
 
Our system is comprised of an automated sample delivery mechanism and a touch-sensitive display which both guides the subject through the test and 
serves as the medium for recording their responses. Subjects are trained through an interactive game-like algorithm to associate the tastes of control 
standards presented robotically from an automated pipette with specific coordinates on the display. Prompts appear on the display to guide subjects 
though the process. Samples (0.2 ml) are drawn by the pipette from randomly selected wells of a 96-well plate and presented to the subject, who then 
manually administers the samples to the tongue. On control standard trials, responses made by touching the display are occasioned by a positive or 
negative consequence—appearance of a virtual poker chip (with remunerative value) if the touch is made within the appropriate target coordinates or 
a point-reduction/time out if outside the target. All responses on trials presenting novel taste stimuli are rewarded regardless of the location. Using this 
technology and method with a cohort of 6 adult subjects (3 male, 3 female) we rapidly established robust concentrations-response functions for 4 bit-
ter tastants—denatonium, quinine, salicin, and caffeine. Data were plotted as distance of each subject’s response from the x-y coordinates assigned to a 
bitter control standard of 0.5 mM quinine standard. A nonlinear regression applied to data points averaged across all subjects yielded EC50 values of 81 
nM, 62 uM, 653 uM, 22 mM, for denatonium, quinine, salicin, and caffeine respectively. No loss of performance that might have been expected from 
cross-trial carry over effects were detected. The results demonstrate the effectiveness of our system for conducting a concentration-response analysis for 
bitter taste.  
 
Funding Acknowledments: MMS and RKP are employees of Opertech Bio. RKP is co-founder and stockholder of Opertech Bio, Inc. The technology pre-
sented is used for commercial purposes for Opertech Bio, Inc. 
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INFLUENCE OF NASAL PUNGENCY AND AROMA INTENSITY ON LIKING AND EMOTIONAL REACTIONS TO PURE AROMA 
COMPOUNDS USING THE “MOOD SIGNATURE” APPROACH  
Beverly J. Tepper1, Lumeng Jin1, Jeannette Haviland-Jones1,2, James E. Simon1,3 
1Center for Sensory Sciences & Innovation and Department of Food Science, Rutgers University, New Brunswick, NJ, USA, 2Department of Psychology, Rut-
gers University, Piscataway, NJ, USA, 3Department of Plant Biology, Rutgers University, New Brunswick, NJ, USA 
 
Flavors and fragrances evoke moods that influence the acceptability of foods and other consumer products. This study examined the role of nasal pun-
gency and aroma intensity in liking of pure aroma compounds with different sensory qualities, and their impact on mood using the “mood signature” 
approach. We studied 96 young adults (63 female; 30 male) who sniffed aqueous solutions of cinnamaldehyde, methyl cinnamate, citral, citronellol, ge-
raniol, and phenyl ethyl alcohol (PEA) at low (range=1-2.5 ppm) and mid-range concentrations (range = 4-100 ppm), in two separate sessions. For each 
sample, they rated aroma intensity, (pungency, for the mid-range concentrations only) and overall liking using 15-cm line scales. They also selected from 
a list of 9 terms, the descriptor that best matched the “mood” of each aroma. At low concentrations, citral was the most liked and methyl cinnamate 
was the least liked (p<0.003). Liking for cinnamaldehyde and citral increased with increasing concentration (p<0.05-0.0001), but did not change for 
the other aromas. At midrange, cinnamaldehyde, geraniol and methyl cinnamate were rated the most pungent, followed by citral, PEA, and citronellol 
(p<0.001); this same pattern was observed for aroma intensity. Most aromas had positive mood signatures except for methyl cinnamate and PEA, which 
evoked both positive and negative moods. The mood signatures of cinnamaldehyde, and geraniol shifted from ‘calm-relaxed’ at low concentrations to 
‘excited-energized’ at mid-range (p<0.01-0.001). Citronellol evoked ‘calm-relaxed’ mood at both concentrations. These data suggest that pungency con-
tributes to aroma intensity, but may not predict liking or the mood of an aroma. The mood signature approach may be useful for tracking shifts in mood 
across concentrations.  
 
Funding Acknowledments: Office of Research & Economic Development Seed Funds, Rutgers University. 
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OTITIS MEDIA, SWEET PREFERENCE AND FOOD BEHAVIORS IN COLLEGE AGED FEMALES  
Linda M. Bartoshuk1, Howard J. Hoffman2, Henrietta L. Logan1, Britanny Martin1, Charles A. Sims1, Derek J. Snyder1, Jennifer J. Stamps1, Asli Z. Odaba-
si1 
1University of Florida, Gainesville, FL, USA, 2NIDCD, NIH, Bethesda, MD, USA 
 
The chorda tympani taste nerve can be damaged by infections as it passes through the middle ear on its way to the brain. These infections (otitis media, 
OM) can occur at any time, but are most common in infants and young children. In a questionnaire study, individuals with histories of moderate to 
severe OM tended to show elevated liking for sweet/fat foods and increases in body mass index (BMI) by their thirties (Bartoshuk et al, 2012). The aim 
of the present study was to examine the effects of otitis media in female college age subjects (18-23 years). We assessed BMI and used the Global Hedon-
ic Intensity Scale (GHIS) to assess the pleasure associated with foods and food-related experiences. The GHIS runs from -100 (greatest disliking of any 
kind ever experienced) through 0 (neutral) to 100 (greatest liking of any kind ever experienced). Comparisons of those with no OM versus those with 
histories of moderate to severe OM were made with the chi square goodness of fit test. BMIs were not yet elevated in these college aged females; howev-
er, liking sweet/fat foods was enhanced and the pleasure associated with some food-related behaviors was altered; “finding a great restaurant” and eating 
your favorite food,” produced significantly greater pleasure while the “worst thing ever smelled” and “eating your least favorite food” produced signifi-
cantly greater displeasure in those who had histories of OM. Subjects also rated items related to weight: gaining or losing 5 pounds. The ratio of ratings 
for gain to loss were significantly more negative; those with histories of OM were more distressed by gaining 5 pounds. We suggest that assessing chang-
es in the pleasure associated with food behaviors may contribute to understanding weight gain resulting from otitis media.  
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HOW CERTAIN FOODS ARE MOUTH-WATERING: SALIVARY RESPONSES TO VARIOUS ODORS  
S Boesveldt1, S Ma1, TA Sledziewski2, F Bikker3, ML Laine2 
1Division of Human Nutrition, Wageningen University, Wageningen, Netherlands, 22Department of Periodontology, Academic Centre for Dentistry Amster-
dam, University of Amsterdam and VU University Amsterdam, Amsterdam, Netherlands, 33Department of Oral Biochemistry, Academic Centre for Dentist-
ry Amsterdam, University of Amsterdam and VU University Amsterdam, Amsterdam, Netherlands 
 
The sense of smell plays an important role in the anticipation phase of eating. It is known that exposure to palatable odors induces (specific) appetite, 
however, the underlying biological mechanism remains unclear. Here, we investigated the effect of odor exposure on saliva secretion and viscosity, as 
part of cephalic phase responses to initiate appetite and consumption. 43 normal-weight healthy participants were included (age 24 ± 3.2yr, 9M). As 
baseline, unstimulated saliva was collected for 3min, as well as upon exposure to 5 different odor conditions (blank, fresh green (non-food), lime, beef, 
vanilla), and viscosity was measured. In addition, participants rated how mouth-watering the odors were, and pleasantness, familiarity and intensity 
(100mm VAS). rmANOVA showed that saliva secretion was higher for all odor conditions compared to baseline (0.50g; overall F=80.6, p<.001), and 
that all food odors (lime 1.88g, beef 1.85g, vanilla 1.81g) induced more saliva secretion than the blank (1.54g) or non-food odor (1.59g). Similar results 
were found for mouth-watering ratings (F=42.4, p<.001; blank 28.6, non-food 33.0, lime 62.9, beef 65.2, vanilla 70.0). Viscosity of the saliva was not 
different between odor conditions (F=2.06, p=.160, mean 0.6g/min). Familiarity, pleasantness and intensity ratings did not have an effect on saliva se-
cretion, but did affect mouth-watering ratings. Overall, food odors were rated as significantly more mouth-watering than a non-food odor or blank, and 
resulted in enhanced saliva secretion, also when compared to baseline. These results give insight how olfactory cues influence the mechanisms leading 
up to food intake, and may contribute to steer people towards better eating patterns, as well as to treatment of dry-mouth patients by enhancing their 
saliva secretion.  
 
Funding Acknowledments: This study was supported by Wageningen University, University of Amsterdam and VU University Amsterdam.  
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REPLACING “ASTRINGENCY” DESCRIPTOR WITH “DRY, ROUGH” CHANGES BITTERNESS RATINGS FOR SOME STIMULI  
Ciera Crawford1, Cordelia Running1,2 
1Purdue Food Science Department, Lafayette, IN, USA, 2Purdue Nutrition Science Department, Lafayette, IN, USA 
 
While humans can readily identify astringency (dry, rough, or puckery sensations) in products, the word astringency is used very inconsistently across 
individuals. Training can help with improving precision and accuracy in sensory evaluation, but training can also inherently bias participants on the 
word’s meaning. We endeavored to test whether or not the word “astringency” could be replaced with the words “dry, rough.” In a counterbalanced 
crossover design, participants rated the astringency (or dry/rough quality), taste, and flavor intensities as well as liking of cranberry juice, green tea, 
grape seed extract solution, alum, and water. Wilcoxon sign rank tests indicate that when shown the descriptor “dry, rough” instead of “astringency,” par-
ticipants rated: astringency less intense for cranberry juice, bitterness as more intense for cranberry juice, and flavor as less intense for alum (all p<0.05). 
Liking ratings were not different for any product. The difference for “astringency” ratings in cranberry juice is likely the confusion of “astringency” with 
sour sensation. Dumping or halo/horns effects may explain the other differences in ratings. The term astringency is generally perceived as a negative 
sensory attribute, so removing this word may have caused participants to place their positive or negative feelings about the samples into other rating 
categories, despite not altering their response for liking. Interestingly, the two products that displayed differences are also the only two sweet products 
tested. Further work will be conducted to determine the consistency of these dumping responses, as well as whether responses to “dry, rough” are more 
stable than responses to “astringency” as a descriptor.  
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INFLUENCE OF CHEWING SOUND INTENSITY ON FOOD TASTE AND LIKING  
Antonia Lüönd1, Corinne A. Hasler1,2, Kourosh Roushan1,2, Christof Stieger1, Antje Welge-Lüssen1 
1Department of Otorhinolaryngology, University Hospital of Basel, Basel, Switzerland, 2Department of Otorhinolaryngology, Olten Cantonal Hospital, Olten, 
Switzerland 
 
Objective: The way food is perceived is influenced by various factors such as smell, taste and other sensory inputs like visual and external auditory sensa-
tions. In this study we examined whether the sound intensity of the chewing sounds themselves influences the perception of food.  
 
Methods: Nineteen normogeusic, normal-hearing subjects (12 female, 7 male, mean age 22.6 years) participated in two randomized test sessions with 
open and closed (earplug ER 3, Etymotic) auditory canal. In both sessions, they ate eight different food samples of various textures i.e. potato chips, salt-
ed pretzels, banana, apple, tomato, carrot or soft and crunchy cereal bars. Subjects were asked to rate the foods’ freshness, taste, pleasantness and wheth-
er they would like to eat more of the respective item. While chewing, the mastication sound was measured with a probe microphone (ER 7C, Etymotic) 
in the ear canal.  
 
Results: There are tendencies showing that the rating of freshness of potato chips, salted pretzels, apple and the soft cereal bar seem to increase when 
the ear canals are closed with earplugs. Tomatoes, carrots and the crunchy cereal bar were rated less fresh by trend (differences not yet significant). The 
flavor of carrots was rated significantly less tasteful with earplugs (p = 0.046). Crunchy cereal bars were rated significantly more pleasant with closed ear 
canals (p = 0.028). Conclusion: Preliminary results indicate potential differences in food perception dependent on the intensity of chewing sounds. Hard 
textures tend to be rated more pleasant when the chewing sound is amplified by earplugs and seemed to be preferred in the ear closed condition. Testing 
is ongoing to confirm these first pilot data in a larger sample size.  
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OLFACTORY HEDONIC CODING IN THE BRAIN  
Maëllie Midroit1,2,3, Marc Thevenet1,2,3, Joëlle Sacquet1,2,3, Anne Didier1,2,3, Nathalie Mandairon1,2,3 
1INSERM, U1028, CNRS, UMR5292, Lyon Neuroscience Research Centre, Neuroplasticity and Neuropathology of Olfactory Perception Team, Lyon, France, 
2University of Lyon, Lyon, France, 3University Lyon 1, Villeurbanne, France 
 
In all species including humans, odors strongly impact behavior. In particular, the hedonic information carried out by odorants is generally used to de-
cide to move away or approach the odor source. While in some cases, this attractiveness is due to learned relationships between a stimulus and its out-
come, in others, this relationship is unlearned or innate. Recent data showed that innate hedonic value is coded in the olfactory bulb, the first cortical re-
lay of the olfactory processing, since this structure carries a neural signature of hedonic value. The objective here is to further analyze the representation 
of odor hedonics in downstream olfactory brain structures. Thanks to the development of an innovative and high sensitive 3D method of brain labeling 
matching into a mouse atlas, we mapped with high accuracy the neural activity (using cFos expression) evoked by pleasant and unpleasant odorants in 
olfactory structures including the piriform cortex, the entorhinal cortex, the cortical amygdala, the anterior olfactory nucleus and the olfactory tubercle. 
We found an increased activity in the olfactory tubercle (OT) in response to pleasant odorants while no significant change was observed in the other 
olfactory structures. Since the OT is also part of the brain reward system, we further analyze the ventral pallidum, the accumbens shell and the ventral 
tegmental area and found differential activation based on hedonics. These results show that the representation of odors is dependent upon the odors’ 
hedonics and that the attractiveness of odorants is associated with an activation of the reward system.  
 
Funding Acknowledments: INSERM, CNRS, Université Claude Bernard Lyon 1, Fondation de France Edmond Roudnitska 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  299

P613 
HEDONICS

POSTER SESSION VI 
SATURDAY, 9:00 PM - 11:00 PM

 
RELATIONSHIP BETWEEN AFFECTIVE FACTORS, RESILIENCE, AND OLFACTORY SENSITIVITY  
Irene N. Ozbek, W. Joseph Heaton, Katherine A. Pendergast, Suzanne Gagliano, Kathleen Phelps 
University of Tennessee at Chattanooga, Chattanooga, TN, USA 
 
There is a long line of research showing the negative correlation between olfactory sensitivity and negative emotional states such that those who experi-
ence more negative emotions tend to have the lowest olfactory sensitivity and odor identification scores (Dileo, J., Brewer, W., Hopwood, M., Anderson, 
V.,Creamer, M., 2008; Negoias, S., Hummel,T., Symmank, A.,Schellong,J., Joraschky,P., Croy,I.,2016). This study aims to measure whether those with the 
highest scores on a measure of resilience might have the highest scores on measures of olfactory sensitivity, i.e. higher resiliency scores would predict 
lower olfactory thresholds. Resiliency is conceptualized as the ability to cope despite adversity and is considered to counter negative mood (Davydov 
,D, Stewart, R., Ritchie, K., and Chaudieu, I., 2010). Measures of stress, depression, trauma, and resilience were administered to a sample of 197 college 
students. The Wheeler University of Tennessee Chattanooga Olfactory Threshold Test (WUTC), which consists of a range of stepwise concentrations for 
multiple odorants, was administered to a subset of 25 students. A pleasant (vanillin)and unpleasant (p-cresol)odorant were used. Olfactory sensitivity 
was negatively correlated with higher stress , depression, and trauma scores for the noxious odor only, while olfactory sensitivity was positively correlat-
ed with resilience for the noxious odor. These results demonstrate that higher resilience scores are positively related to scores of olfactory sensitivity. This 
study clarifies the need to differentiate between which odorants should be used in measures of olfactory sensitivity related to emotional states and sup-
ports the remarkable relationship between olfactory sensitivity and mood state.  
 
Funding Acknowledments: William H. Wheeler Foundation for Odor Research 
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SHORT TIME SPAN INHIBITION OF THE BASOLATERAL AMYGDALA AND ITS EFFECT ON TASTE MEMORY AND LEARNING  
Elor Arieli1, Daniel, U Udi1, Ilona Harpaz2, Anan Moran1,2 
1Department of Neurobiology, Faculty of Life Science, Tel Aviv University, Tel Aviv, Israel, 2Sagol School for Neuroscience, Tel Aviv University, Tel Aviv, Israel 
 
The gustatory cortex (GC) and basolateral amygdala (BLA) are known to play a major role in taste processing, and taste-related learning. Indirect evi-
dence show that neurons in the GC and BLA code different aspects of taste quality, like taste identity and palatability, in different short epochs following 
taste administration. The fact that palatability-related firing appears one epoch earlier in BLA than GC led to the hypothesis that this information prop-
agates from the BLA to GC to drive appropriate behavior. Pharmacological inhibition of the BLA has indeed induce palatability information reduction 
in GC late epoch during naïve taste processing. However, the importance of short time-scale BLA activity in taste processing to taste learning, such as 
in conditioned taste aversion (CTA), is still unknown. We have hypothesized that inhibiting the BLA during specific epochs, thus blocking palatability 
information from reaching the GC, will attenuate taste-malaise association. To test this hypothesis we have optogenetically inhibited the BLA (BLAx) 
during different short epochs (0.5-3 seconds) post taste delivery and prior to the induction of CTA, and tested BLAx impact on CTA learning the next 
day. We have found that BLAx as short as 500ms is sufficient to attenuate CTA, but only if this short inhibition includes parts of the late, palatability-re-
lated, epoch. Additional control groups have confirmed that the phenomenon was not due to either damage to the BLA or a generalization decrement 
effect. Together, these results directly confirm the importance of fine temporal BLA activity in taste perception that influences taste memory and learn-
ing. Additional molecular and electrophysiological experiments will reveal the pathways and factors involved in these processes.  
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NICOTINE INTERFERES WITH ACQUISITION OF TASTE LEARNING REGARDLESS OF THE STIMULUS OR VALENCE  
Gregory Loney, Paul Meyer 
The State University of New York at Buffalo, Buffalo, NY, USA 
 
Combined nicotine and alcohol abuse leads to 8.5 million deaths each year. Thus far, mechanisms contributing to this comorbidity are yet to be resolved. 
In rats we demonstrate nicotine pretreatment (0.4 mg/kg subcutaneous) interfered with acquisition of taste aversions (CTA) to multiple taste stimuli 
(ethanol; EtOH or NaCl) conditioned by EtOH (2.0 g/kg) or lithium chloride (0.15M 12 ml/kg). Moreover, nicotine blocked acquisition of appetitive 
taste learning to saccharin or EtOH in a brief-access licking paradigm (which minimizes the postingestive consequences of the stimulus), without hav-
ing an effect on expression of a learned response. Thus, nicotine pretreatment interferes with acquisition of a learned taste response, regardless of the 
taste stimulus or malaise-inducing stimulus. Incidental taste learning involves discrete, time-locked acetylcholine (ACh) release from the nucleus basalis 
magnocellularis (NBM) to the insular cortex (IC). Nicotine administration results in nonspecific ACh release from the NBM to cortical areas. As such, 
nicotine may interfere with taste learning by instigating nonspecific ACh release prior to presentation of the taste stimulus. To test this, we expressed 
designer receptors exclusively activated by designer drugs (DREADDs) solely in neurons that project from the NBM to the IC. Preliminary data suggest 
that activation of these neurons prior to presentation of saccharin was sufficient to recapitulate the effects of nicotine by hindering acquisition of CTA. 
We conclude that activation of NBM to IC projection neurons prior to novel taste presentation interferes with acquisition of incidental taste learning. 
Current studies are aimed at disentangling the necessity and sufficiency of this pathway through site-specific infusion of nicotinic agonists and antago-
nists  
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THE ODOR ASSOCIATED WITH MATERNAL MEMORIES REDUCES ANXIETY IN ADULT RATS  
Hiroko Mochizuki-Kawai1, Saho Ayabe-Kanamura2, Yukio Ichitani2,3, Kazuo Yamada2,3 
1Institute of Vegetable and Floriculture Science, National Agriculture and Food Research Organization (NARO), Tsukuba, Japan, 2Faculty of Human Scienc-
es, University of Tsukuba, Tsukuba, Japan, 3Institute of Psychology & Behavioral Neuroscience, University of Tsukuba, Tsukuba, Japan 
 
Rodent pups acquire a preference for odors related to maternal care, even when to abusive one. Previous studies have shown that, in adulthood, odors 
associated with abusive mothers can rescue deficits in depression-like behaviors and social anxiety caused by the early-life abuse. Here, we investigated 
whether the odor associated with ordinary neonatal memories such as normal maternal care would affect anxiety-like behaviors in adulthood. Wis-
tar-Imamichi dams (n = 13) and their pups (n = 8-12) were divided into two groups (NeoOdor or NeoAir). Pups in the NeoOdor group were exposed 
to 60 s odor flow (2.25 liters/min, 20% citral or eugenol) 10 times (ISI 6.5 min) with their dam during postnatal days (PNDs) 8-12. From PND 42, anx-
iety-like behaviors were observed with or without the previously experienced odor (familiar odor: FO) using an elevated plus maze. In females, time 
spent in the open arms under exposure to FO was significantly longer than that under exposure to air or the novel odor (NO); the exposure to FO in-
creased the time spent in the open arms in females. In males, on the other hand, we did not detect any behavioral changes induced by exposure to FO. 
The present results suggest that odor stimuli related to neonatal maternal memories reduce the basal level of anxiety in adulthood. Odor memories asso-
ciated with maternal care may evoke a sense of safety, inducing anxiolytic effects even in adulthood. In addition, females are more likely to be affected by 
the odor memories.  
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IS PHASE AMPLITUDE COUPLING MODULATED BY NORADRENERGIC INNERVATION IN THE OLFACTORY BULB IN THE 
AWAKE BEHAVING MOUSE?  
Daniel Ramirez-Gordillo1, Diego Restrepo1 
1University of Colorado Anschutz Medical Campus, Aurora, CO, USA, 2University of Colorado Anschutz Medical Campus, Aurora, CO, USA 
 
The ability to learn and to form memories is crucial for everyday life. It is due to these abilities that our lives are enhanced and our personalities are 
shaped. Therefore, it is not surprising that often diseases that affect these abilities are devastating and individuals affected are often unable to care for 
themselves. Cognitive dysfunctions are a growing problem as the older population is substantially affected and as we know the aging population is in-
creasing worldwide. Therefore, to be prepared to deal with this growing problem, it is crucial to understand what contributes to learning and memory 
and what factors contribute to its decline. Neuromodulators such as noradrenaline appear to play a crucial role in learning and memory. The goal of this 
project was to understand the role of noradrenaline in learning of olfactory discrimination in a go-no go task. To this end mice expressing halorhodop-
sin under the dopamine-beta-hydrolase (DBH) promoter were implanted with fiber optic light guides and tetrodes in the olfactory bulb. Preliminary 
results show substantial coupling of the gamma local field potential (LFP) within the phase of the theta LFP (phase amplitude coupling, PAC, Tort et al., 
J. Neurophys. 104, 1195, 2010). We are exploring whether as mice learn to discriminate between odors PAC is modified when we inhibit noradrenergic 
fibers by light activation of halorhodopsin in the olfactory bulb of the DBH-Cre mice.  
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THE ROLE OF ODOR CONTEXT CUES IN EPISODIC MEMORY PROCESSING  
Johanna Reichert1,2, Manuel Ninaus3, Wolfgang Schühly4, Christina Hirschmann1, Deepika Bagga1,2, Jessica Freiherr5,6, Veronika Schöpf1,2 
1Institute of Psychology, University of Graz, Graz, Austria, 2BioTechMed-Graz, Graz, Austria, 3Leibniz-Institut für Wissensmedien, Tübingen, Germany, 
4Institute of Zoology, University of Graz, Graz, Austria, 5Department of Diagnostic and Interventional Neuroradiology, RWTH Aachen University, Aachen, 
Germany, 6Fraunhofer Institute for Process Engineering and Packaging IVV, Freising, Germany 
 
An array of behavioral studies has established beneficial effects of congruent odors on episodic memory performance when applied as contextual cues 
during encoding and recall/recognition tasks. Less is known, however, about the neuronal basis of these context-dependent memory effects. Thus, we 
collected functional MRI data while participants performed a recognition memory task during which odors were presented as contextual cues. Thir-
ty-four normosmic participants were allocated to a congruent odor group (CO, N = 17, mean age = 25.24 years) or an incongruent odor group (IO, N 
= 17, mean age = 25.68 years). During an incidental encoding task, participants were shown abstract line drawings, while lavender was presented. After 
a 30-minute retention interval, a recognition task was conducted. During the task, lavender was presented again for CO, while a vanilla odor was pre-
sented for IO. After preprocessing, group independent component analysis (ICA) was performed on fMRI data, resulting in 22 component maps and 
their associated time-courses. Contrary to expectations, participants of the two groups did not differ in recognition performance (all p > .05). In line 
with previous studies observing a deactivation of the default mode network (DMN) during cognitive processing, DMN time course indicate a negative 
task-modulation for both groups. ANOVA analyses on DMN beta weights showed a significant interaction of group and trial type (F(1,32) = 8.72, p = 
.006), resulting from a stronger negative task-modulation for the IO compared to the CO group for incorrect trials. As stronger DMN deactivation can 
be related to memory load, the observed group difference might reflect increased cognitive effort of the IO group.  
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LEARNING OF BINARY ODOR MIXTURES AND THE ROLE OF DOPAMINERGIC REINFORCEMENT IN DROSOPHILA  
Sara K. Simpson1, Tamara Boto2, Seth M. Tomchik2 
1SURF Program, The Scripps Research Institute, Jupiter, FL, USA, 2Department of Neuroscience, The Scripps Research Institute, Jupiter, FL, USA 
 
In the Drosophila mushroom body, olfactory information converges with dopaminergic (DA) reinforcement signals to drive learning-related plasticity. 
Since odors are encoded sparsely, and potentially reinforced independently, it is unclear how odor mixtures would be modulated by associative learn-
ing. We dissected what flies learn about individual odor components in mixtures, and how DA circuits modulate learning. A modified aversive olfactory 
classical conditioning paradigm was implemented, where an odorant or bimolecular mixture (the CS+) was paired with electric shock. An unpaired 
odor/mixture (the CS-) was subsequently presented, and the flies’ preference for the CS+/CS- was tested in a T-maze. Learned avoidance of the CS+ de-
creased as the mixtures increased in similarity. However, flies could discriminate between similar mixtures when trained with a contrasting third odor, 
suggesting that sequential presentation of similar blends during training impaired learning. Flies did not learn to avoid both monomolecular compo-
nents of the shock-paired mixture, but when one of the components was the trained odor, discrimination between similar mixtures improved. This indi-
cates that the way the mixtures are learned depends on the learning context (training regime). Finally, though stimulating particular DA circuits during 
monomolecular odor presentation has been shown to generate aversive memory, we found that stimulating these circuits during CS+ impaired learning 
of odor mixtures. This suggests that DA circuits fine-tune the encoding of olfactory memories, rather than just conveying a reinforcement signal. The re-
sults give potential insight into how excess dopamine, associated with impulsivity, hyperactivity, and drug addiction in humans, may impair information 
processing and learning at the circuit level.  
 
Funding Acknowledments: NIH/NIMH #R00MH092294 ST; Scripps SURF Program, NSF #1359369 SKS 
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  306

P620 
NEURAL PATHWAYS

POSTER SESSION VI 
SATURDAY, 9:00 PM - 11:00 PM

 
CHEMOSENSORY EXPERIENCE RESULTS IN DIFFERENTIAL IEG EXPRESSION COMPARED TO NOVEL EXPOSURE  
Bradley T. Biggs, Chad L. Samuelsen 
University of Louisville, Louisville, KY, USA 
 
The initial sampling of a food is a truly unique chemosensory experience. This event leads to the integration of gustatory and olfactory sensory signals to 
form flavor. This event is so pervasive that subsequent “tastings” of a food are influenced by that initial experience. Recently, studies have identified brain 
regions integral for the formation and response to the chemosensory components of flavor, including gustatory cortex (GC), piriform cortex (Pir), me-
diodorsal thalamus (MD), and basolateral amygdala (BLA). However, little is known how experience influences the response to chemosensory stimuli in 
these key areas. Therefore, we designed an experiment to determine how chemosensory experience alters the immediate early gene (IEG) expression to 
chemical stimuli in areas responsive to taste, odors and flavors. To this aim, animals were either given 3-days of chemosensory experience (experienced 
group [EG]) or first sampled the stimuli on the final experimental day (novel group [NG]). The chemosensory stimuli used were either a sucrose solu-
tion (taste), a solution of isoamyl acetate (odor) or a mixture of the two chemosensory stimuli (flavor). Our preliminary evidence suggests that, com-
pared to novel sampling, experience with flavor increases the IEG expression in primary sensory cortical areas (GC and PIR) but not in higher order 
areas (MD and BLA). These results provide evidence as to how experience modulates the response to chemosensory stimuli in brain regions important 
to flavor.  
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NEURAL AND BEHAVIORAL MECHANISMS OF HUMAN OLFACTORY FEAR GENERALIZATION  
Daria Boratyn, Lisa P. Qu, Eva Gjorgieva, Thorsten Kahnt, Jay Gottfried 
Northwestern University/Department of Neurology, Chicago, IL, USA 
 
Stimulus generalization is a fundamental cognitive mechanism underlying adaptive behavior. It allows us to generalize from previously encountered 
stimuli to new stimuli, reducing computational demands on the brain. Behavioral generalization has been studied in various species, but few human 
studies have addressed this topic, especially in the olfactory system. Using a set of binary odor mixtures, we have developed a novel fear conditioning 
paradigm to characterize olfactory generalization at behavioral and neural levels in the human brain. 18 healthy subjects underwent behavioral dis-
crimination training and generalization test sessions. 11 odor mixtures, ranging between two pure odorants, were created from individual perceptual 
ratings. Two conditioned stimuli were also created; one odor mixture (CS+) was intermittently paired with mild shock while another mixture (CS-) was 
never paired with shock. Subjects were able to learn the association of CS+ odorant with shock with over 80% accuracy. Subjects then underwent fMRI 
scanning during test sessions, with all 11 mixtures presented (excluding CS+ and CS-), and were asked to indicate by button press whether the delivered 
odor was previously associated with shock or not. These responses were used as an index of olfactory generalization. We have found that olfactory be-
havioral and respiratory generalization is robust, peaking in the direction of the CS+, away from the CS-. The perceptual dynamics of this olfactory peak 
shift resemble what has been described for visual orientation (Kahnt, et al. 2012), and imply that the olfactory system engages similar mechanisms. The 
combination of behavioral, psychological, and neural measures collected in this study will help gain insight into mechanisms underlying olfactory gen-
eralization.  
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OLFACTORY FUNCTION, COGNITION AND LESION BURDEN IN MILD MULTIPLE SCLEROSIS  
Kimberley P Good1, Paul Moberg2, Isabelle Tourbier2, Dzung Pham2, David Yousem3, Richard L Doty2 
1Dalhousie University, Halifax NS, NS, Canada, 2University of Pennsylvania School of Medicine, Philadelphia, PA, USA, 3Johns Hopkins University, Balti-
more, MD, USA 
 
Multiple sclerosis (MS) is a chronic inflammatory disorder pathologically characterized by multifocal areas of demyelination and axonal degeneration 
within the central nervous system. MS is accompanied by mild to moderate olfactory impairment, as measured by both odor identification and detec-
tion threshold tests, as well as by cognitive impairment. The purpose of this study was to determine whether measures of olfactory function, cognition, 
and MRI-determined lesion volumes are interrelated in MS patients. 71 MS patients and 71 healthy controls received the same olfactory (UPSIT and 
detection threshold) and cognitive (verbal and visuospatial memory, attention, executive, and psychomotor) tests. MS patients were divided into ‘MS 
Olfaction Impaired’ and ‘MS Olfaction Non-Impaired’ subgroups based upon UPSIT scores falling below and above the 10th percentile of the control 
UPSIT scores. The three resulting groups were compared on all cognitive tests. Significant cognitive impairment was observed in the MS Olfaction 
Impaired group (relative to the other two groups) on the Ruff Figural Fluency Test, a test sensitive to lesions in the right medial/orbitofrontal areas of 
the brain. MRI-determined lesion volumes within the right medial and orbitofrontal regions, as well as those within the left medial frontal region, were 
significantly larger in the MS Olfaction Impaired group than in the MS Olfaction Non-Impaired group. These findings demonstrate that olfactory func-
tion, cognition, and lesion volumes are interrelated in MS patients. They also indicate that MS-related olfactory impairment is associated with lesions 
within the medial/orbitofrontal regions of the brain, in accord with other research implicating orbitofrontal regions, particularly those on the right, in 
higher-order olfactory processing.  
 
Funding Acknowledments: National Institutes of Health (R01 DC 02974) and the Department of Defense (USMRAA W81XWH-09-1-0467) for RLD 
and Canadian Institutes of Health Research (MOP-123272; ROP-108485 KPG) 
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BRAIN NETWORKS OF INTRANASAL SOMATOSENSORY STIMULATION: AN FMRI INVESTIGATION  
Prasanna Karunanayaka, Qing Yang 
Pennsylvania State University College of Medicine, Hershey, PA, USA 
 
The intranasal trigeminal nerve conveys both chemosensory and somatosensory information, however, the neural underpinning of somatosensory 
trigeminal pathways in the human brain has not been fully elucidated. The goal of this fMRI study was to use fresh “air puffs” to investigate how brain 
regions interact to integrate information, and what role that interaction plays for trigeminal perception. Fourteen subjects with normal smell function 
completed the “fresh air puff ” fMRI paradigm at 3.0T. 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 18 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. An MR compatible olfactometer was used to deliver continuous air as well as the three air 
puffs. We used GLM, ICA and PPI analysis to interrogate the brain network connectivity during somatosensory stimulation. An out-of-magnet exper-
iment reported a success rate of more than 95% when subjects attemted to localiz air puffs. Air puffs stimulated the POC as well as the insular cortex 
which is considered to be a secondary olfactory structure. ICA detected spatial maps containing the brain stem, thalamus, anterior and dorsolateral or-
bitofrontal cortex and insula. It also detected a map containing the POC which has previously been implicated in processing chemosensory stimuli from 
both olfactory and trigeminal stimulation. Our results highlight the importance of the insula in integrating somatosensory information in the trigeminal 
network, and identified unique brain connectivity profiles for processing somatosensory information that may also be linked to the olfactory perception.  
 
Funding Acknowledments: Study Supported by The Leader Family Foundation Laboratory for Alzheimer’s Disease Research, Penn State Department of 
Radiology and NIH R01 AG 027771  
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CHEMOSENSORY AMYGDALA: AN EXAMPLE OF MODULAR AMYGDALA ORGANIZATION?  
Michael Meredith, Lindsey Biggs 
Florida State University, Tallahassee, FL, USA 
 
Unlearned chemosensory signals important for success and survival, from conspecific and heterospecific animals, are detected by several nasal chemo-
receptor systems. In rodents, central pathways of these systems converge in the corticomedial amygdala. Main olfactory information reaching cortical 
amygdala, appears to be relayed to posterior medial amygdala where it converges with information from the vomeronasal system, mainly relayed from 
anterior medial amygdala. Critical information is evaluated in medial amygdala and a variety of output patterns is generated characteristic for different 
classes of stimuli - which elicit behavioral responses appropriate to sensory input and internal state. In our investigations of this circuit we find organi-
zational similarities with other amygdala circuits that have different functions but may process information in the same way; i.e. may be modular in the 
same sense as are sensory cortical circuits for different stimulus features, or cerebellar circuits for different motor patterns. The amygdala fear-condition-
ing circuit evaluates conditioned sensory signals and elicits freezing and other fear-like responses. Both chemosensory and fear circuits receive sensory 
information in one amygdala main nucleus, have direct excitatory glutamatergic and indirect inhibitory GABAergic pathways to another amygdala main 
nucleus which then elicits behavioral response from targets elsewhere in the brain. In both cases, the indirect inhibitory relay is via one of the intercalat-
ed-nucleus groups of cells, which are also targets for modulation. We will present here a summary of the functional chemosensory circuit as revealed by 
immediate early gene responses and amygdala-slice electrophysiology and compare with details of the fear conditioning circuit available from the litera-
ture.  
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BEHAVIORAL AND NEURAL CHARACTERIZATION OF OLFACTION IN ADULTS WITH ASD: FROM COMMON TO BODY ODOR PER-
CEPTION.  
Valentina Parma1, Kevin Stephenson2, D. Nicholas Top2, Naomi Hunsaker2, Jonathan Beck2, Nicholas Russel2, Mikle South2 
1International School for Advanced Studies - SISSA, Trieste, Italy, 2Brigham Young University, Provo, UT, USA 
 
Individuals diagnosed with Autism spectrum disorder (ASD) exhibit abnormal sensory (including chemosensory) experiences. Even though these im-
pairments extend into adulthood, the behavioral manifestations and neural mechanisms of mature common and body odor perception in ASD are still 
unclear. Here, we characterize the behavioral performance and the structural and functional underpinnings of olfactory perception in ASD. Thirty-three 
adults with ASD (13F) and 39 controls (19F), selected on a dimensional continuum for anxiety, participated in the study. Preliminary results indicate 
that: i) ASD are ~3 times more likely to show reduced odor identification skills than controls; ii) odor identification skills are underlined by significant 
changes in the tractography of the frontal part of the inferior fronto-occipital and the inferior longitudinal fasciculus across groups; iii) the sequential 
presentation of two similar vs. different odor qualities shows that odor quality perception is abnormal in ASD; iv) ASD can perceptually discriminate 
familiar vs. unfamiliar masked body odors, and anxiety acts as a modulator for olfactory perception. Behavioral results are discussed in the context of 
piriform cortex, orbitofrontal, and limbic functional activations as well as ASD severity. Funding: Supported by the SISSA award stipend to VP and the 
Brigham Young University Mentored Environment grant to MS.  
 
Funding Acknowledments: Supported by the SISSA award stipend to VP and the Brigham Young University Mentored Environment grant to MS. 
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TEMPORAL INTEGRATION OF CHEMOSENSORY STIMULI DURING BIMODAL ODOR PROCESSING  
Robert Pellegrino1, Anna Oleszkiewicz1,2, Cagdas Guducu1,3, Linda Farschi1, Johnathon Warr4, Emilia Iannilli1 
1TU Dresden, Dresden, Germany, 2University of Wroclaw, Wroclaw, Poland, 3Dokuz Eylul University, Izmir, Turkey, 4Takasago International Corporation, 
Paris, France 
 
In daily life people encounter a wide range of odors, of which most contain multiple chemicals. Further, many odors contain compounds that may stim-
ulate olfactory receptors (ORs) or the trigeminal nerve, and the interaction between these two systems changes the perception of the odor. However, 
neural mechanisms of these sensory systems during bimodal odor processing has had limited investigation. To investigate this, we recorded the elec-
trophysiological response in 17 subjects to unimodal: odorant (strawberry, 40% concentration), trigeminal (coolact 15% concentration) and bimodal 
(strawberry and coolact, 40%, 5% concentration respectively) stimuli. A repeated ANOVA showed an increased intensity during bimodal processing. 
Similarly, Linear Mixed Models revealed that ERPs amplitudes were significantly bigger when for bimodal stimulation, as compared unimodal stimula-
tions. Additionally, source maps of local maximum during ERPs for the odorant and trigeminal unimodal stimuli reveals activation in the left and right 
anterior cingulate respectively, while bimodal stimulus was associated with the left insula. These findings demonstrate increased activation for process-
ing a pleasant bimodal odor compared to its individual components and suggest underlying brain structures involved.  
 
Funding Acknowledments: This research was supported by Takasago International Corporation, Tokyo, Japan.  
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FUNCTIONAL CONNECTIVITY DURING MULTI-MODAL PERCEPTION DEPENDS ON CONGRUENCY  
Rik Sijben1, Sonja Maria Hoffmann-Hensel1, Rea Rodriguez-Raecke1,2, Jessica Freiherr1,2 
1Diagnostic and Interventional Neuroradiology, University Hospital, RWTH Aachen University, Aachen, Germany, 2Fraunhofer Institute for Process Engi-
neering and Packaging IVV, Freising, Germany 
 
Previous research has shown that the human brain struggles to interpret multiple perceptual signals when the information provided by these signals ren-
ders incongruent. In the context of olfactory-visual integration, behavioral and neuronal differences in response to congruent and incongruent stimulus 
pairs have been established. Here, we explore functional connectivity of the human brain with regards to the perception of congruent and incongruent 
food stimuli. Participants were simultaneously presented olfactory and visual stimuli of four different food objects, two healthy and two unhealthy ob-
jects. Stimulus pairs were grouped into “Identical” (olfactory and visual presentation of the same object), “Congruent” (stimuli of similar “healthiness”) 
and “Incongruent” (healthy-unhealthy stimulus combination). Using functional magnetic resonance imaging and psychophysiological interaction 
analysis, we reveal part of a network dependent on functional connectivity, the nodes of which show differential connectivity depending on the level of 
congruence of the presented stimulus combinations (p <0.001 uncorrected). This network relies strongly on the left inferior frontal gyrus and bilateral 
striatum. Combined with data obtained from other seed regions, these examples indicate a fine-tuned network involved in multimodal sensory percep-
tion. The analysis of this network transcends standard subtractive designs and indicates the need for more detailed formulations of neuronal models and 
increased specificity in functional imaging.  
 
Funding Acknowledments: Funding for this study was provided by the RWTH Aachen Diversity Fund and the Interdisciplinary Center for Clinical Re-
search within the faculty of Medicine at the RWTH Aachen University. 
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PIRIFORM CORTEX ASSOCIATION FIBER INPUT MODULATES ODOR CODING IN THE OLFACTORY TUBERCLE  
Kate A White1, Daniel W Wesson1,2 
1Dept of Biology, Case Western Reserve University, Cleveland, OH, USA, 2Dept of Neurosciences, Case Western Reserve University School of Medicine, Cleve-
land, OH, USA 
 
The way in which secondary olfactory structures interact to encode sensory information is essential to understanding in what way these structures may 
influence odor-guided behaviors. Of these structures, the piriform cortex (PCX) possesses an extensive glutamatergic association fiber system that in-
nervates a number of areas including the olfactory tubercle (OT), a component of both the ventral striatum and olfactory system. The function of this 
PCX-OT connection is entirely unknown. Thus, the aim of this study is to elucidate whether, and if so how, glutamatergic PCX cell input modulates OT 
odor coding. To this end, we transduced PCX pyramidal cells and their axon terminals with a viral vector carrying humanized channelrhodopsin under 
control of the CaMKiiα promoter. PCX pyramidal cells were largely transduced in layer ii and were confirmed to be VGlut1 positive. Association fibers 
from these PCX cells innervate all layers of the OT. PCX cell bodies or, separately, PCX axon terminals were stimulated as we recorded single-unit activ-
ity from the OT of mice performing a fixed-interval olfactory task. We found that both stimulation of PCX cell bodies and, separately, their axon asso-
ciation fibers robustly modulated both spontaneous and odor-evoked OT unit activity. Specifically, unit firing rates were altered depending both upon 
presented odor identity and whether the unit was excited or suppressed by odors prior to additional PCX stimulation. Our results suggest that PCX 
inputs dynamically alter OT neuron activity in a way that is important for olfactory information coding, yielding implications for the way by which odor 
information may be distributed across a hierarchical sensory network.  
 
Funding Acknowledments: This work is supported by grants from the NIH/NIDCD to K.W. (F31DC016202) and D.W. (R01DC014443). 
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IN VIVO PATTERNED PHOTO-STIMULATION AND IMAGING IN INDEPENDENT AXIAL PLANES ENABLES PROBING THE LOGIC 
OF OLFACTORY CIRCUITS  
Dinu Albeanu, Mathew Koh, Francesca Anselmi, Arkarup Banerjee, Martin Davis 
CSHL, Cold Spring Harbor, NY, USA 
 
Patterned illumination techniques allow the generation of flexible spatial and temporal photo-stimulation profiles, which together with multiphoton im-
aging and optogenetic manipulations provide an ideal framework towards understanding the function of neuronal circuits. We describe here a platform 
combining one photon patterned photo-stimulation via a digital micro-mirror device (DMD) with two photon imaging. We developed a simple method 
that allows decoupling of the imaging and the photo-stimulation planes. Briefly, the pulsed infrared laser beam for 2p scanning imaging and a blue laser 
(488nm) for photo-stimulation are coupled on the specimen through the same objective. The blue light intensity is modulated by the DMD chip to form 
arbitrary spatial-temporal patterns on the brain surface. By introducing a movable holographic diffuser in a plane conjugated with the desired pho-
to-stimulation plane in the sample, we decouple the photo-stimulation and the imaging planes, up to an axial shift of 500 um. Additionally, this allows 
axial confinement of the photo-stimulation pattern. To target large populations of neurons, we set the stimulation field to 1.5 x 1.2 mm2, with a lateral 
resolution of ~20um. When this technique is applied to the OB, we are able to optogenetically stimulate specific neural populations within individual 
glomeruli, while simultaneously monitoring GCaMP signals from DAT+ interneurons, mitral and tufted cells. We use two photon imaging to obtain 
anatomical and functional information to target particular structures of interest. Our strategy offers exciting possibilities for understanding broadcasting 
of signals by individual glomeruli and their combinations to sister mitral/tufted cells, and integration rules of signals carried by DAT+ cell at the level of 
individual output neurons.  
 
Funding Acknowledments: BRAIN NSF Eager 
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GENETIC CORRELATION TO OLFACTORY BULB STRUCTURE IN MALES OF DIFFERENT MINK RACES (NEOVISON VISON VAR. 
SPEC.)  
Willi Bennegger1,2, Elke Weiler2,3 
1Maria-von-Linden-Schule, D-89518 Heidenheim, Germany, 2Faculty of Natural Sciences, Institute for Neurobiology, University of Ulm, D-89081 Ulm, Ger-
many, 3Max-Planck-Institute for Biological Cybernetics, D-72076 Tübingen, Germany 
 
Genes define the structure and function of the body and brain. Genetic alterations result sometimes in unexpected changes, for example albinism is not 
only a modification of the coat color but has also an effect on neuronal wiring. Several species are bred specifically for coat colors, such as the American 
mink. Therefore we were interested, if color mutations in the mink have an effect on the organization of the olfactory bulb, an evolutionary old structure. 
We investigated adult males of different coat color varieties of the American mink: “standard” (Neovison vison var. atratus), “silverblue” (Neovison vison 
var. glaucus), “pastel” (Neovison vison var. suffuscus), “wild” (Neovison vison var. carinum) for the absolute volumes of the olfactory bulb layers using a 
morphometric system. The results reveal significant differences among the color varieties, especially Neovison vison var. glaucus (g) shows differences 
compared to either Neovison vison var. suffuscus (s) or Neovison vison var. atratus (a) or both, in absolute volume of the glomerular layer (g: 18.1 mm3; 
s: 23.0 mm3; a: 21.7 mm3), the external plexiform layer (g: 29.4 mm3; s: 35.8 mm3), the mitral cell layer (g: 4.4 mm3; a: 7.2 mm3) and the stratum album 
(g: 11.8 mm3; s: 16.3 mm3), whereas there was no significant difference in any of the layers compared to Neovison vison var. carinum. Neovison vison var. 
glaucus is characterized by the modification of the recessive gene (pp), with the genetic modification affecting the myosin- and actin-binding domains - 
also responsible for intracellular vesicle transport - an important process for neuronal wiring. Thus, our results stronlgy indicate that the genes responsi-
ble for pigmentation also define the neuronal structure.  
 
Funding Acknowledments: Supported by University Ulm Neurobiology Institutional Students Training Award (2014/2015/2016/2017) to WB and by 
FORUM 208/00M122/13 to EW 
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IMPACT OF BASAL FOREBRAIN STIMULATION ON OLFACTORY BULB OUTPUT IN AWAKE MICE  
Erik Boehm1, Vanessa Schweda1, Matt Wachowiak2, Markus Rothermel1 
1Department of Chemosensation, AG Neuromodulation, Institute for Biology II, RWTH Aachen University, Aachen, Germany, 2Department of Neurobiology 
and Anatomy, Brain Institute, University of Utah, Salt Lake City, UT, USA 
 
The olfactory bulb (OB) receives neuromodulatory input from diverse areas whose role in shaping early olfactory processing, especially in the awake 
behaving animal, remain unclear. A specific activation of cholinergic diagonal band of Broca (HDB) terminals within the OB was shown to add an ex-
citatory bias to OB output activity in anesthetized animals. However, wakefulness strongly modulates both, HDB as well as OB network activity posing 
the question of how HDB influences OB output in the awake animal. In order to answer this question we used a retrograde tracing approach to ensure 
GCaMP6 expression solely in OB output neurons and visualized their activity using imaging approaches. Widefield MT cell odor responses in awake 
animals consist of complex spatiotemporal sequences of short term excitation and longer lasting inhibition. Electrical HDB stimulation revealed an 
excitatory effect visible as a decrease of the inhibitory component of these sequences. This effect was still visible immediately after odor presentation as 
well as during odor presentation in the following trial, pointing to a relatively long lasting effect. Preliminary data acquired using 2-Photon imaging dis-
played mixed effects following HDB stimulation. Together, in agreement with data from anesthetized animals, these experiments reveal enhanced odor 
evoked responses also in the awake condition but also point to more complex responses. Future experiments will investigate HDB stimulation effects 
also in response to inhalation of odorless air alone and make use of behavioral tests to investigate the influence of modulating HDB activity on odor-dis-
crimination learning.  
 
Funding Acknowledments: This work was supported by the Deutsche Forschungsgemeinschaft (RO4046/2-1, Emmy Noether Program) 
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SELECTIVE CHOLINERGIC BASAL FOREBRAIN INNERVATION OF A NOVEL INHIBITORY CIRCUIT IN THE MAMMALIAN MAIN 
OLFACTORY BULB  
Shawn D. Burton1,2, Daniel T. Case3, Sean-Paul G. Williams3, Nathaniel N. Urban1,3, Rebecca P. Seal3 
1Carnegie Mellon University, Pittsburgh, PA, USA, 2University of Utah, Salt Lake City, UT, USA, 3University of Pittsburgh, Pittsburgh, PA, USA 
 
Acetylcholine (ACh) shapes sensory processing in the main olfactory bulb (MOB), but many questions remain about the underlying circuit. First, the 
postsynaptic targets of cholinergic projections from the horizontal diagonal band of Broca (HDB) to the MOB are unknown. Second, cholinergic projec-
tions are concentrated in the MOB glomerular layer (GL) and internal plexiform layer (IPL), but the significance of this specificity is unknown. Finally, 
HDB neurons express vesicular transporters for ACh (VAChT), glutamate (VGLUT3), and GABA, but the role of this heterogeneity is unknown. To 
address these questions, we injected Cre-dependent AAV-ChR2-EYFP into the HDB of adult choline acetyltransferase (ChAT)Cre and VGLUT3Cre mice. 
In ChATCre mice, ChR2-EYFP labeled dense projections throughout the GL and IPL. In VGLUT3Cre mice, however, ChR2-EYFP labeled VAChT+ projec-
tions only in the IPL, identifying a subset of cholinergic neurons that selectively innervate the IPL. We then recorded from MOB neurons while optoge-
netically activating HDB projections in vitro. Brief light pulses did not evoke input to mitral, tufted, external tufted, granule, or periglomerular cells or 
external plexiform layer interneurons. However, 19/22 deep short-axon cells (dSACs) in the IPL exhibited light-evoked monosynaptic excitatory input 
that did not differ between ChATCre and VGLUT3Cre mice and was abolished by nicotinic ACh receptor (nAChR) antagonists. Reconstructions revealed 
that cholinergic input selectively targeted GL-projecting dSACs (GL-dSACs), consistent with nAChRα2 expression in GL-dSACs (Burton et al., 2016). 
Brief light pulses also evoked monosynaptic inhibitory input to GL-dSACs. Our results thus show that VGLUT3+ HDB neurons selectively innervate the 
IPL to regulate GL-dSAC activity via ACh/GABA cotransmission.  
 
Funding Acknowledments: NIDCD F31 DC013490 SDB, R01 DC005798 NNU, R01 DC011184 NNU, NINDS R01 NS082650 RPS, Pennsylvania Depart-
ment of Health Commonwealth Universal Research Enhancement Program NNU  
 
FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  319

P633 
OLFACTORY BULB

POSTER SESSION VI 
SATURDAY, 9:00 PM - 11:00 PM

 
P75NTR FAILS TO COLOCALIZE WITH A SINGULAR MARKER IN THE GLOMERULAR LAYER NEUROPIL  
Catherine L Kaminski, Thomas Mast 
Eastern Michigan University, Ypsilanti, MI, USA 
 
The olfactory bulb (OB) receives synaptic input from olfactory sensory neurons (OSNs) and readily displays neuroplasticity following a loss in synaptic 
input. Loss of synaptic input has been shown to reduce tyrosine hydroxylase (TH) levels, the rate-limiting enzyme for dopamine synthesis, in the OB. 
The loss of TH, and therefore dopamine, is thought to increase OB sensitivity. The cellular mechanisms responsible for these changes are unknown. Pre-
vious studies have shown that p75 neurotrophin receptor (p75NTR) activation lowers TH levels. In the first experiment, we sought to determine the lo-
cation of p75NTR within the glomerular neuropil. Mander’s analysis revealed that p75NTR failed to colocalize with any singular marker, including TH. 
Approximately 30% of the p75NTR positive pixels did colocalize with GAD65 interneurons (n=3). In a second experiment, p75NTR-targeted saporin 
toxin, and IG-control toxin were injected into the dorsal OBs. Immunohistochemistry was performed following six days of recovery to determine the 
expression of p75NTR, and glomerular markers. ImageJ was used to quantify fluorescent signal. P75NTR signal decreased by 55% in the dorsal region 
of the immunolesioned OB compared to the control OB (p<0.001, n=7). Conversely, no glomerular neuropil markers changed significantly following 
immunolesion (TH, GFAP, OMP, and GAD65; n= 3, p>0.05). We conclude that p75NTR is: expressed in the neuropil, and is either diffusely expressed 
by multiple cell types or is expressed by an unknown cell, perhaps a neuropil olfactory ensheathing cell.  
 
Funding Acknowledments: Meta Hellwig Research Fellowship Award - Department of Biology, Eastern Michigan University 
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OLFACTORY BULB CIRCADIAN RHYTHMS AND DOPAMINE NEURONS: POTENTIAL MECHANISMS THAT INFLUENCE DAILY 
CHEMOSENSORY RHYTHMS  
Kirill S Korshunov1, 2, Laura J Blakemore1, 2, Paul Q Trombley1, 2 
1Program in Neuroscience, Florida State University, Tallahassee, FL, USA, 2Department of Biological Science, Florida State University, Tallahassee, FL, USA 
 
Circadian rhythms synchronize many biological processes and are entrained by the master circadian pacemaker, the suprachiasmatic nucleus (SCN). 
Unlike virtually all other brain regions, the mammalian olfactory bulb (OB) is a region capable of maintaining circadian rhythms independently of the 
SCN, although the mechanisms driving these rhythms are unclear. We hypothesize that endogenous dopamine (DA) neurons in the OB help to drive 
these independent circadian rhythms based on several observations. First, the retina, which is the only other CNS structure capable of independent 
rhythms, uses its endogenous DA population to regulate its circadian rhythms. Second, we have previously shown that rat OB DA neurons release DA in 
a circadian-like manner, with higher release during light than during dark phases. Additionally, we hypothesize that DA activity in the OB may be mod-
ulated by vasoactive intestinal polypeptide (VIP), which regulates circadian rhythms in the SCN and the OB. VIP neurons likely regulate OB DA activity 
because, as we have previously shown, OB DA neurons are heavily labeled for the VIP receptor, VPAC2, a receptor critical for the regulation of circadian 
rhythms in the SCN and, potentially, in the OB. Our preliminary data, in a transgenic rat line, show that rat OB DA neurons fire only one action poten-
tial when stimulated with a depolarizing current injection, which may attenuate the processing of odor noise. Addition of exogenous VIP had an effect 
on outward K+ currents of OB DA neurons. We are currently investigating whether the effect of VIP on DA neurons fluctuates with time of day. We are 
also further clarifying the biophysical profile of rat OB DA neurons and exploring whether effect of VIP on the excitability of DA neurons may influence 
olfactory circadian rhythms.  
 
Funding Acknowledments: This research was supported by FSU Chemical Senses Training (CTP) Grant Award T32 DC000044, provided to KSK, from 
the National Institutes of Health (NIH/NIDCD).  
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ROLE OF CD36 IN FATTY ACID DETECTION BY THE OLFACTORY SYSTEM  
Eva Neuhaus1, Sonja Oberland1, Tobias Ackels2, Marc Spehr2 
1Friedrich-Schiller University Jena, Jena, Germany, 2RWTH Aachen, Aachen, Germany 
 
Olfactory signals influence food intake in a variety of species. Olfactory detection of fatty acid components of food has been shown to exist in different species, 
and may be indicative of the larger evolutionary favorability of finding a source of calories and energy storage. However, the molecular identity of receptors 
and ligands mediating olfactory-mediated fatty acid recognition remain poorly understood. We started to elucidate the molecular requirement for fatty acid 
recognition in mice. Here, we report that olfactory neurons expressing the fatty acid receptor CD36 are required for the detection of oleic acid. Ca2+ imaging 
showed that olfactory responses to oleic acid are drastically reduced in mice lacking CD36. In addition, using STED microscopy we demonstrate a recep-
tor-like localization of CD36 in olfactory cilia. CD36 expressing neurons share olfactory-specific transduction elements and project to numerous glomeruli 
in the ventral olfactory bulb. Moreover, CD36 neurons co-express several olfactory receptors, indicating a role for the olfactory detection of fatty acids rather 
than their discrimination. Strikingly, careful inspection of the olfactory system at different ages revealed that CD36 is present in olfactory cilia during the 
time the animals feed on milk. Moreover, CD36 deficient mice showed a reduced weight gain during the suckling period. We here show that CD36 facilitates 
the olfactory detection of lipid-like olfactory ligands. Regulation of the intracellular localization of CD36 may play a crucial role in adaptation of mammals 
for their nutritional needs during the first weeks of life and constitutes a remarkable example of the main olfactory system plasticity in the first days of life.  
 
Funding Acknowledments: SPP1392 (DFG) 
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TRPM5 IN THE MOUSE OLFACTORY SYSTEM: A NEW SPLICE VARIANT IN ADULT OSNS AND TRANSIENT PROTEIN EXPRES-
SION IN UTERO.  
Martina Pyrski1, Eugenia Eckstein1, Andreas Schmid1, Bernd Bufe1, Jan Weiss1, Vladimir Chubanov2, Ulrich Boehm3, Frank Zufall1 
1Center for Integrative Physiology and Molecular Medicine, Saarland University, 66421 Homburg, Germany, 2Walther-Straub-Institute for Pharmacology 
and Toxicology, Ludwig-Maximilians University, 80336 Munich, Germany, 3Department of Pharmacology and Toxicology, Saarland University, 66421 Hom-
burg, Germany 
 
We assessed expression and function of the transient receptor potential channel Trpm5 in the olfactory epithelium. We analyzed Trpm5-IC/eR26-τGFP 
double knockin mice (Kusumakshi et al. 2015) that report the history of Trpm5 promoter activity and enable the mapping of Trpm5-τGFP expression. 
Acute Trpm5 expression was monitored by immunohistochemistry using previously validated Trpm5 antisera and by in situ hybridization of olfactory 
tissue sections. One key result is the finding that Trpm5 is transiently expressed in a subpopulation of mature olfactory sensory neurons (OSNs) in the 
embryonic olfactory epithelium. At various postnatal ages, Trpm5 mRNA and protein expression was only detectable in microvillous cells but absent in 
OSNs. To investigate the lack of detectable Trpm5 in OSNs, we analyzed manually collected OSNs and microvillous cells for the presence of differential 
Trpm5 splice variants using RT-PCR and RACE techniques. The new splice variant Trpm5-9 that we identified in mature OSNs may have regulatory 
function but does not seem to encode a functional protein. The functional full-length variant Trpm5-1 is present in microvillous cells but absent in 
OSNs. These findings are in line with our in situ Ca2+ imaging experiments in Trpm5-GCaMP3 mice using a novel wholemount preparation of the adult 
olfactory epithelium. All genetically labeled OSNs responded to forskolin, indicating an intact cAMP signaling cascade in these neurons. Applying a 
number of chemostimuli, we found that Trpm5-GCaMP3 OSNs comprise a heterogeneous group of OSNs many of which can detect general odorants. 
(Funded by the Deutsche Forschungsgemeinschaft, TRR152).  
 
Funding Acknowledments: Funded by the Deutsche Forschungsgemeinschaft, TRR152 
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STABILIZATION OF ZINC NANOPARTICLES SECURES ENHANCEMENT OF OLFACTORY RESPONSE TO ODORANTS  
Melissa Singletary1, Samantha Hagerty1, Yasmine Daniels2, Oleg Pustovyy1, Ludmila Globa1, William A. MacCrehan2, Shin Muramoto2, Gheorghe Stan2, 
June W. Lau2, Edward E. Morrison1, Iryna Sorokulova1, Vitaly Vodyanoy1 
1Department of Anatomy, Physiology and Pharmacology, Auburn University College of Veterinary Medicine, Auburn, AL, USA, 2Material Measurement 
Laboratory, National Institute of Standards and Technology, Gaithersburg, MD, USA 
 
Olfactory sensory neuron response is enhanced up to 3-fold to odorants mixed with small endogenous and engineered zinc nanoparticles (ZnNPs) 
shown by whole cell patch-clamp and electroolfactogram (EOG) (Viswarprakash et al., 2009) with the site of action at the olfactory receptor level 
(Moore et al., 2012). Additionally, fMRI data in awake canines indicated an increased perception of odor when administered with ZnNPs (Jia et al., 
2016). The peak enhancement activity was measured with 1.2 nm ZnNPs and oxidation halted the enhancement (Hagerty et al., 2016). Therefore, for 
ZnNP application in olfaction enhancement an evaluation of stability and method of improvement are needed. ZnNPs were produced from bulk met-
al rods by an underwater high-voltage discharge method and were PEGylated with 1000 Dalton or 400 Daltons molecular weight polyethylene glycol 
(PEG). Non-PEGylated and PEGylated ZnNPs were tested by EOG with isolated rat olfactory epithelium and odorant responses evoked by the mixture 
of ethyl butyrate, eugenol, and (+) and (-) carvone. Testing was conducted over 317 days for evaluation of functional stability of ZnNPs. Zn, ZnPEG400 
and ZnPEG1000 NPs were analyzed by transmission electron microscopy, atomic force microscopy, and x-ray photoelectron spectroscopy. Both PE-
Gylated NPs were about 1.4 nm in size, had crystalline zinc core, and varied in the degree of oxidation. Initially, EOG enhancement was similar across 
NPs, but following 317 days of storage, ZnPEG400 provided the highest enhancement followed by Zn and then ZnPEG1000. These results indicate that 
ZnPEG400 is capable of maintaining the olfactory enhancement function of ZnNPs with physiologically consistent stability over 300 days providing 
potential for future applications in olfaction. Supported by NIST 70NANB14H324.  
 
Funding Acknowledments: Supported by NIST 70NANB14H324 VV.  
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COORDINATED SHIFT OF OLFACTORY AMINO ACID RESPONSES AND V2R EXPRESSION TO AN AMPHIBIAN WATER NOSE 
DURING METAMORPHOSIS  
Adnan S Syed1, Alfredo Sansone2,4, Thomas Hassenklöver2,3,5, Ivan Manzini2,3,5, Sigrun I. Korsching1 
1Institute of Genetics, Biocenter, University of Cologne, Cologne, Germany, 2Institute of Neurophysiology and Cellular Biophysics, University of Go¨ttingen, 
Go¨ttingen, Germany, 3Center for Nanoscale Microscopy and Molecular Physiology of the Brain (CNMPB), Go¨ttingen, Go¨ttingen, United Kingdom, 4De-
partment of Cell and Developmental Biology, University College London, London, Germany, 5Department of Animal Physiology and Molecular Biomedicine, 
Justus-Liebig-Universita¨t Giessen, Gießen, Germany 
 
In mammals olfactory receptor families are segregated into different olfactory organs, main olfactory epithelium (MOE) and vomeronasal organ (VNO). 
In contrast, teleost fish olfactory receptor families are intermingled in a single sensory surface. To what extent such differences influence the coding and 
discrimination abilities of the respective olfactory systems is unclear, and the evolutionary path toward such segregation is unknown. The analysis of 
amphibians, may shed light on this transition from shared sensory surface to segregated subsystems. Recently, our phylogenetic analysis of the V2R gene 
family led to the identification of three distinct subdivisions (A1, A2, A3). Expression analysis revealed the V2R family in transition between a fish-like 
and a mammalian-like mode of expression, where later diverging V2Rs (A2, A3) are expressed in the VNO and early diverging V2Rs (A1, C) are ex-
pressed exclusively in the MOE. Furthermore, we reported a similar spatial distribution of transient receptor potential cation channel (TRPC2), which 
is an element of signal transduction cascade for V2Rs. In this study, we investigate in parallel the expression of the v2r gene family and the localization 
of amino acid responses during metamorphosis. During metamorphosis the MOE transforms into an air-filled cavity (principal cavity), whereas a new-
ly formed cavity (middle cavity) takes over the function of a water nose. We report here that V2Rs (A1,C) and TRPC2 is gradually lost from the MOE. 
Concomitantly, V2Rs (A1,C) and TRPC2 expression begins to appear in the water nose. Furthermore, we observe the same transition for responses to 
amino acid odorants, consistent with the hypothesis that amino acid responses may be mediated by V2R receptors.  
 
Funding Acknowledments: This work was supported by DFG Grants 4113/3-1 (I.M.), KO1046/10-1 (S. I. K.), Schwerpunktprogramm 1392 (I. M. and S. 
I. K.), Cluster of Excellence and DFG Research Center Nanoscale Microscopy and Molecular Physiology of the Brain (I. M.), and Germa 
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KNOCKOUT OF OLFACTORY MARKER PROTEIN DOES NOT AFFECT THE “ONE-NEURON-ONE-RECEPTOR” RULE OF OLFACTO-
RY RECEPTOR MRNA EXPRESSION  
Longzhi Tan1, Qian Li2, Stephen Liberles2, Xiaoliang Sunney Xie1 
1Department of Chemistry & Chemical Biology, Harvard University, Cambridge, MA, USA, 2Department of Cell Biology, Harvard Medical School, Boston, 
MA, USA 
 
Olfactory marker protein (OMP) is a well-known marker for olfactory sensory neurons (OSNs). OMP is highly and exclusively expressed by mature 
OSNs, and is conserved between human and mouse. However, it is unclear whether OMP regulates gene expression. Recently, OSNs from Omp knock-
out mice were found to exhibit a lower selectivity for odorants, leading to a hypothesis that Omp knockout may cause the expression of multiple olfacto-
ry receptors per OSN. To test this hypothesis, we sequenced the transcriptomes of 32 single OSNs from Omp knockout mice and 16 from control mice. 
Omp knockout does not lead to the transcription of multiple olfactory receptors per cell. In addition, by sequencing the transcriptomes of whole olfacto-
ry epithelia and of bulk OSNs, we found little impact of Omp knockout on gene expression. Therefore, the reduced odorant selectivity in Omp-knockout 
OSNs is not caused by mRNA co-expression of multiple ORs, or other transcriptomic changes. Physiological consequences of Omp knockout are likely 
attributed to changes in the proteome and/or in cell-to-cell interaction.  
 
Funding Acknowledments: NIH Transformative Research Award (R01 EB010244); NIH Director’s Pioneer Award (DP1 CA186693); HHMI International 
Student Research Fellowship; NIH NIDCD (R01 DC013289). 
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DYNAMIC REGULATION OF CHEMORECEPTOR EXPRESSION GENERATES STATE-DEPENDENT BEHAVIORAL PLASTICITY IN 
C. ELEGANS  
Emily Wexler, Hannah Steinert, Douglas Portman 
University of Rochester, Rochester, NY, USA 
 
Flexible behavioral prioritization allows animals to adapt decision-making according to internal state. In the nematode C. elegans, adult hermaphrodites 
(self-fertile animals that are the equivalent of females in this species) place high priority on feeding, and will rarely leave a food spot. In contrast, adult 
males will often abandon food to search for mates. We have found that one adaptation that allows males to generate this exploratory behavior is remark-
ably simple: they downregulate expression of a key food chemoreceptor, odr-10, and detect food less efficiently than hermaphrodites. This sex difference 
in odr-10 expression depends on the genetic sex of the cells that express this receptor, the AWA chemosensory neurons. Two other dimensions of in-
ternal state, developmental stage and feeding status, also converge on the chemoreceptor odr-10 to regulate behavior. Sexually immature males exhibit 
high (hermaphrodite-like) levels of odr-10 expression and prioritize feeding behavior. A microRNA-dependent developmental timing pathway involving 
the conserved regulator LIN-28 appears to be important for this juvenile-to-adult repression of odr-10. Moreover, depriving adult males of food dra-
matically alters their behavior: these animals transiently increase expression of odr-10 and display strong attraction to food. We have found that insulin 
signaling transmits information about feeding status to the AWA neurons, and are working to understand how this signal regulates odr-10. Together, 
these findings demonstrate that the dynamic regulation of chemoreceptor expression is a key contributor to state-dependent behavior in C. elegans. Our 
current work focuses on understanding the molecular mechanisms that link these three dimensions of internal state to gene expression and chemosen-
sation.  
 
Funding Acknowledments: NIH GM108885 DP NSF IOS 1353075 DP 
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SHEDDING LIGHT ON THE ROLE OF TYPE I CELLS IN TASTE TRANSDUCTION: AN OPTOGENETIC APPROACH  
Caitlin Baumer, Amanda Ugartechea, Spencer Rynberg, Reem Yassine, Joseph M Breza 
Eastern Michigan University, Ypsilanti, MI, USA 
 
In the taste-bud, Type II cells transduce either sweet, bitter, or umami taste and Type III cells transduce sour taste. The role of Type I cells in taste trans-
duction remains unclear, but these cells are thought to have a supportive function. GAD65, a synthetic enzyme for GABA, is expressed exclusively in 
Type I cells (Dvoryanchikov et al., 2011). GAD65 CRE mice were bred with ROSA mice that expressed ChR2 and EYFP, to drive the expression in Type 
I cells. Immunohistochemical staining for Type II cells (PLCβ2, n=105 cells) and Type III cells (CA4, n=57 cells) showed no coexpression between la-
beled cells and cells expressing EYFP. We recorded from gustatory units within the NTS (n=12) and somatosensory units (n=20) lateral to the NTS. 
Gustatory stimuli representing the 4 basic taste qualities, NH4Cl, and NaCl mixed with 5µM benzamil were used to characterize chemosensory profiles, 
whereas somatosensory units were identified by their response to mechanical force. Pulses of blue light (1ms), at varying frequencies (in Hz: 1, 3, 10, 
and 30) and intensities (in mW: 0.03, 0.08, 0.26, 0.7, and 2), were directed to the receptive field on the anterior tongue (200um fiber). None of the so-
matosensory units were responsive to light. In contrast, numerous gustatory neurons were responsive to light, but differed with regard to threshold and 
ability to follow light stimulation. Narrowly-tuned sucrose-best units (n=5) and 1 QHCl-best unit were unresponsive to light. However, broadly-tuned 
sucrose-best units (n=2) responded to 0.7-2mW at 1Hz, but were unable to follow light pulses at higher frequencies. Interestingly, salt-responsive cells 
whose responses were attenuated by benzamil (NaCl-best, n=1 and NH4Cl-best units, n=3) had the lowest thresholds (0.03-0.08mW) and followed puls-
es up to 30Hz.  
 
Funding Acknowledments: Eastern Michigan University 
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MICROFLUIDICS-ON-A-TONGUE IMAGING CHAMBER FOR FUNCTIONAL TASTE MAPPING IN VIVO  
Jisoo Han1,2, Myunghwan Choi1,2 
1Department of Biomedical Engineering, Sungkyunkwan University, Suwon, Korea, 2Center for Neuroscience and Imaging Research, Institute for Basic Sci-
ence (IBS), Suwon, Korea 
 
The initial event in taste sensation is mediated by taste cells on the tongue, which translate ingested chemicals into cellular-level taste information. The 
current understanding on this cellular encoding process has relied on studies using ex vivo model systems, which cannot fully recapitulate natural cellu-
lar microenvironment in vivo. To resolve this methodological limitation, we developed a novel microfluidic-on-a-tongue device, which is a custom-de-
signed imaging chamber with an integrated microfluidic channel for the anterior dorsum of the tongue. We adopted dual pressure controls for input and 
output channels for minimizing the pressure difference and perturbation at the tongue window. This design provided microscopic stability of taste cells 
in vivo even under abrupt switching between fluidic channels. Using the imaging chamber, we recorded calcium activity of taste cells under various taste 
stimuli in live mice and obtained a comprehensive cellular-level taste map. Our preliminary data showed intimate intercellular crosstalk among taste 
cells such as coactivation of type-2 and type-3 cells. We believe our novel tool will contribute to deeper understanding of the coding logic at the taste 
periphery and open a new avenue in the field of in vivo taste physiology.  
 
Funding Acknowledments: This work was supported by Institute for Basic Science, Korea (IBS-R015-D1) 
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REGULATION OF ENAC SURFACE EXPRESSION IN CULTURED ADULT HUMAN FUNGIFORM (HBO) TASTE CELLS  
Deanna Hojati1, Shobha Mummalaneni1, Jie Qian1, Mehmet/H Ozdener2, Vijay Lyall1 
1Virginia Commonwealth University, Richmond, VA, USA, 2Monell Chemical Senses Center, Philadelphia, PA, USA 
 
ENaC is regulated by channel expression/synthesis, intracellular channel trafficking, and single channel properties via PKA-dependent or independent 
mechanisms. In addition to αbg subunits, human taste cells express a d-ENaC subunit. We investigated the regulation of d-ENaC surface expression 
in HBO cells. Using a cDNA library and RT-PCR we identified the mRNAs for all ENaC subunits, and intracellular signaling effectors; AVPR2, PKA, 
CREB, SGK-1, Nedd4-2, and GILZ-1, all involved in ENaC expression and trafficking. Relative to untreated or cells treated with 8-CPT-cGMP (10 µM), 
cells treated with 8-CPT-cAMP (10 µM), aldosterone (10 µM) or 10 nM dDAVP for 24h enhanced d-ENaC expression. Cyclic AMP levels were mea-
sured in HBO cells in the presence of the phosphodiesterase inhibitor 3-isobutyl-1-methylxanthine. HBO cells treated with 100 nM dDAVP (a potent 
and specific V2R agonist) or 10 µM forskolin (an activator of adenylyl cyclase) for 10 min increased intracellular cAMP. SCNNID Rabbit anti-Human 
Polyclonal (aa411-460) antibody (LS-Cl 19717) was used to localize d-ENaC in HBO cells. HBO cells were treated with 8-CPT-cAMP (10 mM), dDAVP 
(10 nM) or 8-CPT-cGMP (10 µM) for 10 min. In control HBO cells or cells treated with 8-CPT-cGMP, δ-ENaC was mainly localized in the cytosolic 
compartment. In HBO cells treated with cAMP or dDAVP for 10 min, δ-ENaC was decreased in the cytosol and was translocated to the apical compart-
ment of HBO cells. These results indicate that cAMP induces translocation of ENaC subunits from the cytosolic compartment to the apical compart-
ment in minutes. We conclude that d-ENaC surface expression is regulated by hormones and downstream signals via channel expression/synthesis and 
intracellular channel trafficking.  
 
Funding Acknowledments: NIH/DC-011569 VL 
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CALHM3 IS AN ESSENTIAL COMPONENT OF THE VOLTAGE-GATED ATP RELEASE CHANNEL IN TYPE II TASTE CELLS  
Zhongming Ma1, Akiyuki Taruno3, Michael Tordoff4, Ichiro Matsumoto4, Makoto Ohmoto4, Jessica E. Tanis5 , J. Kevin Foskett1,2 
1Department of Physiology, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA, 2Department of Cell and Developmental Biolo-
gy, Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA, 3Department of Molecular Cell Physiology, Kyoto Prefectural University 
of Medicine, Kyoto, Japan, 4Monell Chemical Senses Center, Philadelphia, PA, USA, 5Department of Biological Science, University of Delaware, Newark, DE, 
USA 
 
Type II taste cells respond to taste stimulation by action potential-dependent triggering of non-exocytotic neurotransmitter release. Recently, we identi-
fied CALHM1 as a voltage-gated ATP release channel in type II cells required for sweet, bitter and umami taste perception (Nature, 2013). CALHM1 is 
a pore-forming subunit of a voltage-gated channel, but homo-hexameric CALHM1 channels expressed either in oocytes or in N2a cells have extreme-
ly slow activation kinetics (PNAS, 2012) that cannot account for the activation kinetics of the ATP release channel in type II cells. Here, we show that 
CALHM3, one of six CALHM homologs, is also expressed in the tongue specifically in taste bud type II cells. Expression of CALHM3 in either oocytes 
or N2a cells forms complexes of similar mass as functional CALHM1 channels, but unlike CALHM1, it fails to induce a novel plasma membrane con-
ductance. Surprisingly, co-expression of CALHM3 with CALHM1 results in larger currents with faster activation kinetics in both oocytes and N2a 
cells compared with homo-oligomeric CALHM1 channels. The voltage-dependent kinetics of the currents in N2a cells co-expressing CALHM1 and 
CALHM3 are similar to those of currents recorded from type II cells. Furthermore, whereas carbenoxolone (CBX) does not inhibit CALHM1 channels, 
it inhibits taste-evoked ATP release in type II cells and the currents in N2a cells co-expressing CALHM1-CALHM3. Calhm3 knockout completely abol-
ishes non-selective voltage-gated and CBX-sensitive currents in type II cells, and strongly reduces tastant-evoked ATP release from taste buds. Calhm3 
knockout mice have severely impaired perceptions of sweet, bitter and umami compounds. Thus, CALHM3 is an essential component of the non-selec-
tive voltage-gated ATP release channel in type II taste cells.  
 
Funding Acknowledments: This work was supported by NIH Grant R01DC012538 (J.K.F and Z.M.) 
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A ROLE OF TRPM5 IN FAT TASTE TRANSDUCTION AND METABOLISM  
Melissa N. Nelson, Timothy A. Gilbertson 
Utah State University, Logan, UT, USA 
 
Attempts to explore the chemoreception of fat have focused on elucidating the cellular pathway that is activated upon ingestion of fatty acids, predomi-
nantly polyunsaturated fatty acids (PUFAs) found in dietary fat. The proposed transduction pathway is similar to pathways for sweet, bitter, and umami 
stimuli; a GPCR-mediated pathway with key elements such as PLCβ2, IP3, DAG, and the cation channel TrpM5, which provides depolarization of Type 
II taste cells. In this study, we examined the role this pathway plays in detection of PUFAs in the oral cavity as well as potential roles downstream in pro-
cesses like lipid storage. To assess these parameters, feeding studies were done on mice lacking TrpM5 (TrpM5-/-). Male and female TrpM5-/- mice were 
put on three high fat diets with differing ratios of unsaturated to saturated fats to assess specificity of this transduction pathway on intake and weight. 
Diets were highly unsaturated (ratio of 3.3:1), highly saturated (10:1), or equally saturated and unsaturated (1:1). We show that TrpM5-/- males consume 
less calories and gain less weight on both unsaturated and 1:1 high fat diets. This isn’t seen on a saturated high fat diet, which is consistent with a role of 
TrpM5 in PUFA transduction but not in saturated FA transduction. In female mice, no differences in intake in TrpM5-/- mice are seen on any diet, yet 
TrpM5-/- females still gain significantly less weight, alluding to sex differences associated with fat intake and weight gain. Finally, lipid excretion from 
fecal samples taken at the end of each high fat diet were assessed. Both male and female TrpM5-/- mice excrete less lipids in the feces compared to wild-
types, suggesting that lack of TrpM5 is not causing a deficit in fat absorption. We’re currently exploring other roles of TrpM5 in fat metabolism.  
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FCOI Declarations: None  



POSTER ABSTRACTS AChemS Abstracts 2017  332

P646 
TASTE RECEPTOR CELLS

POSTER SESSION VI 
SATURDAY, 9:00 PM - 11:00 PM

 
GLU-GLU DIRECTLY BINDS TO ALLOSTERIC SITES IN HTAS2R16 BITTER TASTE RECEPTOR  
Mee-Ra Rhyu, Yiseul Kim 
Korea Food Research Institute, Gyeonggi-do, South Korea 
 
Previously, we have shown that umami active peptides (Glu-Asp, Glu-Glu, Glu-Ser, Asp-Glu-Ser, and Glu-Gly-Ser) effectively reduce salicin-induced 
intracellular Ca2+ influx in a non-competitive manner in cells expressing hTAS2R16 using Ca2+-flux signaling assay. This provides evidence that a poten-
tial multi binding sites not only for a bitter inherent ligand, but also heterologous umami peptides on bitter taste receptors. Herein, we performed point 
mutation analysis to define the potential Glu-Glu, a representative umami peptide, binding pocket on hTAS2R16 whether it works an allosteric modu-
lator, which interact with the receptor in binding site distinct from the binding site of salicin. Because acidic pH was demonstrated as one of the criti-
cal factors responsible for the bitterness-masking effect in cells expressing bitter taste receptor, we maintained pH 7.4~7.25 of all assay systems with 50 
mM HEPES (pH 7.4) to exclude acidic pH effect as previous study. Probenecid is an allosteric modulator of salicin, an orthosteric ligand for hTAS2R16. 
Two known probenecid-insensitive mutants hTAS2R16 N96T and P44T were thus selected for experimental testing. As expected, the N96T mutant was 
activated by salicin and no significant attenuation of salicin-induced Ca2+ response by pretreatment with probenecid was observed. Like probenecid, 
Glu-Glu attenuated salicin-induced Ca2+ response in wild type but no changes in the N96T mutant. Regarding P44T mutant, Glu-Glu showed no atten-
uations of the salicin-induced Ca2+ response like probenecid. These data support to the suggestion that Glu-Glu directly binds to hTAS2R16 and two 
amino acids, N96 and P44 are key amino acid residues in binding pocket for allosteric modulators in hT2R16 bitter taste receptor. Supported by a KFRI 
grant E0111200-05.  
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