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Plenary Room 1
Welcome/Keynote Lecture

Welcome By AChemS 2020 President
Matt Wachowiak
University of Utah
Program Highlights
Jay Gottfried
University of Pennsylvania
Awards Ceremony
Linda Barlow
University of Colorado
Keynote: Making And Breaking Memories
Sheena Josselyn
Neurobiology Laboratory at the Hospital for Sick Children
Q&A

Pg 1 - 34 Live Symposia & Events
Pg 34 - 36 On Demand Symposia
Pg 37 - 66 On Demand Oral Abstracts
Pg 66 - 126 On Demand Poster Abstracts

12:00 - 1:00 PM

Ancillary Room 1
The Nose Knows about COVID-19 Outreach Events (LIVE ONLY - NOT RECORDED)

Do you want to learn more about smell and taste? Please visit AChemS Education Corner. There you will find exciting
demonstrations and exercises about smell and taste. While most of these activities have been developed with school-aged children in
mind, they can be adjusted to any age.
Chair(s): Valentina Parma & Yanina Pepino

2:00 - 4:00 PM

Parallel Room 1
Gut Instincts: The Role of Intestinal Signals in Regulating Brain and Behavior

Studies on the ‘gut-brain axis’ are gaining significant interest and fundamentally changing the way we think about the connections
between mind and body. The mechanisms by which the chemical contents of the gut are detected, which intestinal cells are involved
in this process, and how this signaling is conveyed to the brain via endocrine and/or neural pathways are topics of many new, exciting
studies. In this symposium, we bring together experts in gut chemosensation to discuss this emerging field, highlighting recent
breakthroughs, new techniques, and approaches to studying chemical signaling within the gut and from the gut to the brain.
Chair(s): Lindsey Macpherson and Hojoon Lee
Introduction.
Lindsey Macpherson1, Hojoon Lee2
1University of Texas San Antonio, 2Northwestern University
The Role Of Postingestional Feedback In Experience-Dependent Changes To Sugar Taste
Lindsey Schier
University of Southern California
Q&A
Gut Nutrient Sensing And Brain Reward Pathways
Wenfei Han
Mount Sinai School of Medicine
The presentation will discuss recent evidence supporting a role for the gut-brain axis in controlling brain circuits involved
in reward, emotion and motivation. It will be argued in particular that gutinnervating vagal sensory neurons function as reward neurons via their brainstem targets that in turn contact dopaminergic
brain reward circuits in midbrain.
Q&A
A Neural Circuit For Sugar Choice
Melanie Maya Kaelberer
Duke University
Q&A
(Don Tucker Award Finalist) Epigenetics Of Sweet Taste And Obesity
Anoumid Vaziri, Christina/E May, Morteza Khabiri, Brendan Genaw, Peter/L Freddolino, Monica Dus
University of Michigan, Ann Arbor, MI, United States
Diet composition can alter food preferences by changing the physiology of the sensory neurons, but the molecular
mechanisms for these adaptations are not well understood. In rodents, and fruit flies excess dietary sugar decreases
the perception of sweet stimuli increasing the preference for sweet foods and promotes weight gain. To understand
how this occurs, we investigated the effects of a high sugar diet on the responses of the sweet sensing cells (Gr5a+)
to sugar in D. melanogaster. In flies fed a high sugar diet, the Gr5a+ neurons show lower responses to sugar stimuli
because of changes in the activity of the Polycomb Repressive Complex 2 (PRC2). The PRC2 is a chromatin
modifying complex that mediates transcriptional repression through the repressive H3K27me3 modification. This
complex is both necessary and sufficient to drive the sensory adaptations mediated by excess dietary sugar in the

Gr5a+ neurons and prevent weight gain. Ribosomal profiling and targeted DNA Adenine Methyltransferase
Identification in the Gr5a+ cells revealed transcription factors directly targeted by PRC2 and changed by the high
sugar diet. This group of transcription factors target metabolic, signaling and synaptic genes that shape the activity of
the sweet sensory neurons. Manipulations of these factors affected taste function suggesting that PRC2 alters the
physiology of the Gr5a+ neurons by enacting a sugar-specific transcriptional program. Interestingly, sweet taste
defects persist long after the animals are removed from the sugar diet environment and only reversed if constitutive
maintenance by PRC2 is inhibited. Our results reveal how transcriptional pathways inside sensory neurons are altered
to instruct forms of behavioral and synaptic plasticity that allow animals to adapt to changing food environments.
Q&A
Panel Discussion

2:00 - 4:00 PM

Parallel Room 2
Olfactory Networks, Rhythms, and Behavior

Sensory information from the environment tunes cognitive processing by shaping neuronal networks. Olfactory inputs, which can bypass
the primary thalamic relay, are in an optimal position for directly shaping not only stimulus perception but also higher abilities, such as
engram formation, emotion and executive behavior. The proposed symposium aims at providing a comprehensive overview on the recent
advances in understanding how olfactory information controls the network dynamics and behavior across brain areas, ages (neonatal,
juvenile, adult) and species (zebrafish, mouse, rat). The presentations will bring together researchers using cutting-edge tools to discuss
olfactory modulation of functional circuits with the goal of integrating across fields to develop new models of olfactory-limbic cross-talk.
Chair(s): Ileana Hanganu-Opatz
Introduction
Ileana Hanganu-Opatz
Dev. Neurophysiology, University Medical Center Hamburg-Eppendorf, Hamburg, Germany
Olfactory Bulb And Piriform Cortex Interactions With The Hippocampal System Depend On Context
And Learning Stage
Leslie Kay
Department of Psychology, Institute for Mind and Biology, The University of Chicago, Chicago, IL, United
States
Q&A
Olfactory Cortical-Limbic Reciprocal Interactions And Their Impact On Odor Coding And Perception
Donald Wilson
Department of Child and Adolescent Psychiatry, The Child Study Center at NYU Langone Medical Center, New
York, NY, United States
Q&A
Integration Of Olfactory And Limbic Information At The Level Of Habenula
Emre Yaksi
Kavli Institute for Systems Neuroscience-NTNU, , *, Norway
Q&A
Olfactory Control Of Developmental Prefrontal-Hippocampal-Entorhinal Communication And Cognitive
Maturation
Ileana Hanganu-Opatz
Dev. Neurophysiology, University Medical Center Hamburg-Eppendorf, Hamburg, *, Germany
Q&A
Panel Discussion
Conclusions

2:00 - 4:00 PM

Parallel Room 3
Principles of Gustatory Coding

How do nervous systems detect and organize information about taste? A long-standing view is that gustation is simple: using a set of
labeled lines, the gustatory system informs the organism when one of a small number of basic tastes is present. However, recent results
from several groups challenge this model. This symposium highlights new views of taste processing in insects and vertebrates.
Chair(s): Mark Stopfer
Introduction
Mark Stopfer
NIH-NICHD
Coding Of Individual Chemicals By The Gustatory System
Yu-Shan Hung
NIH/NICHD
Q&A
Cellular Context Determines Appetite And Aversive Taste Properties Of The Conserved Drosophila
Gustatory Receptor 28 (Gr28) Protein Family
Hubert Amrein
Texas A&M University
Q&A
Combinatorial Cellular And Molecular Codes Underlie Salt Taste In Drosophila
Michael Gordon
University of British Columbia
Q&A
So Much Information, So Few Neurons: Taste Coding In Mammals
Nirupa Chaudhari
University of Miami
Q&A
Panel Discussion

5:00 - 7:00 PM

Parallel Room 1

All Bulb All the Time
The olfactory bulb is the gateway of olfactory information to the brain. There is a growing appreciation that the bulb is not a simple
relay station of sensory inputs to higher brain centers. Rather, the bulb serves as a dynamic filter of olfactory information. The response
of principal neurons in the bulb to odorants is influenced by a variety of factors, such as brain state, experience, and learning through a
variety of mechanisms such as local inhibitory circuits and centrifugal feedback that includes glutamatergic, neuromodulatory, and
gabaergic projections. This symposium aims to bring the latest findings on the mechanisms underlying flexible information coding in
the olfactory bulb.
Chair(s): Takaki Komiyama and Florin Albeanu
Introduction
Takaki Komiyama
University of California San Diego

Context-Dependent Plasticity Of Adult-Born Neurons Regulated By Cortical Feedback
AN WU1,2, Bin Yu1,2,3, Qiyu Chen1,2, Lu Chen1,2, Takaki Komiyama1,2
1Neurobiology Section, and Center for Neural Circuits and Behavior, University of California San Diego, La
Jolla, CA, United States, 2Department of Neurosciences, and Halıcıoğlu Data Science Institute, University of
California San Diego, La Jolla, CA, United States, 3Department of Electrical and Computer Engineering, University of
California San Diego, La Jolla, CA, United States
Q&A
A Non-Canonical Feedforward Pathway For Computing Odor Identity
Honggoo Chae
CSHL
Q&A
Fast Dynamics Of The Odour Landscape Are Encoded In The Mouse Olfactory System And Guide
Behaviour
Andreas Schaefer
UCL
Q&A
Exploring Granule Cells Diversity
Marta Pallotto
Center of Advanced European Studies and Research
Q&A
Olfactory Bulb Local Inhibition Improves Downstream Odor Representation By Synchronizing M/T
Responses
Rafi Haddad
Weizmann Institute of Science
Q&A

5:00 - 7:00 PM

Parallel Room 2
Gustation in Insects: From Sensation to Behavior (LIVE ONLY- NOT RECORDED)

Insects utilize olfactory and gustatory systems to detect various external chemical signals and take an appropriate behavior. In
comparison with the olfactory system, molecular and neural basis for the gustatory system has slowly been progressed. In this
symposium, we will discuss about recent progresses on the structure and function of gustatory receptors and how the receptormediated
signal is integrated in the higher brain to elicit the corresponding behavior.
Chair(s): Kazushige Touhara and Vanessa Ruta
Introduction
Kazushige Touhara1, Vanessa Ruta2
1The University of Tokyo, 2Rockefeller University
Structural Principles Of Insect Chemoreceptor Function
Joel Butterwick
Yale University
Q&A
Silkworm Gustatory Receptor And Feeding Behavior
Sayoko Ihara, Satoshi Morinaga, Shunta Suzuki, and Kazushige Touhara
Department of Applied Biological Chemistry, The University of Tokyo, Japan
Q&A
Odor-Taste Multisensory Integration In Drosophila

Hokto Kazama
Riken
Q&A
Neural Control Of Foraging And Food Intake In Drosophila
Nilay Yapici
Cornell University
Q&A
Discussion
Closing

5:00 - 7:00 PM

Parallel Room 3
Regeneration and Repair

Smell and taste disorders afflict a large and growing fraction of the population nationally and internationally. Their amelioration remains
an unmet medical need. Recent advances in our understanding of the cellular and molecular regulation of olfactory and taste organ
structure/function and their renewal potential present opportunities to develop therapeutic strategies to address chemosensory
dysfunction. This symposium will provide an update on potential regenerative strategies of both the olfactory and taste epithelia by
highlighting several of those advances.
Chair(s): James Schwob and Linda Barlow
Introduction to the Symposium
James Schwob
Tufts University School of Medicine
Understanding Smell Loss And Restoration In Chronic Rhinosinusitis
Vijay Ramakrishnan
University of Colorado
Q&A
Horizontal Basal Cells Of Olfactory Epithelium: Time To Wake Up And Smell The Roses.
Brian Lin
Harvard University
Q&A
Polycomb Group Proteins And Olfactory Neurogenesis
Rhea Choi
University of Miami
Q&A
Caloric Restriction Reduces Basal Cell Proliferation And Results In The Deterioration Of Neuroepithelial
Regeneration Following Olfactotoxic Mucosal Damage In Mouse Olfactory Mucosa
Kenji Kondo
The University of Tokyo
Q&A
Different Forms Of Smell Disorders And Its Therapeutic Options
Antje Welge-Lussen
University of Basel
Q&A
Regenerating A Sense Of Taste: Molecular Regulation And Taste Receptor Cell Lineage Relationships.
Linda Barlow
University of Colorado
Q&A

Tuesday, August 4, 2020
10:00 - 12:00 PM

Parallel Room 1
Emerging Technologies for Chemosensory Research (LIVE ONLY - NOT RECORDED)

“The progress in science depends on new techniques, new discoveries and new ideas, probably in that order” – Sydney Brenner
The last decade of the brain research is distinguished by an unprecedented development of novel technologies. Almost all fields of
neuroscience have experienced revolutionary transformation. Modern genetic approaches are used to identify the cell types with a
single cell precision, and to map connections between distant parts of the brain. Developing optical and electrophysiological methods
allows for simultaneous monitoring and manipulation of large number of cells. Machine learning significantly contributed to the
mining of animal behavior. These technologies are penetrating chemosensory research and becoming our daily toolkit for solving
specific problems. The symposium brings together a few leading scientists who push the boundaries of these emerging technologies
and apply them to studies of chemical senses.
Chair(s): Dmitry Rinberg
Introduction
Dmitry Rinberg
NYU School of Medicine
Multiplexed Transcriptomics Approaches To Olfaction
Catherine Dulac
Harvard University
Q&A
Wiring Logic Of The Rodent Olfactory System Revealed By High-Throughput Sequencing Of Single
Neuron Projections
Florin Albeanu
Cold Spring Harbor Laboratory
Q&A
Optical And Acoustic Bidirectional Interfacing During Olfactory-Guided Behavior
Shy Shoham
NYU School of Medicine
Q&A
High Throughput Behavioral Analysis With Deep Learning
Alexander Mathis
Harvard University
Q&A
Final Remarks/Discussion

10:00 - 12:00 PM

Parallel Room 2

Semiochemicals and your Social Life: Molecules, Receptors, and Circuits Underlying Chemosensory Behavior (LIVE ONLY
- NOT RECORDED)

Social behaviors are a fascinating model to delineate the links between genes, neural circuits and complex natural behaviors. They are
evolutionary conserved and prevalent across mammalian and non-mammalian species: social behaviors among conspecifics are
exhibited by virtually all animal species and are essential for survival, and reproduction. Impairment in social function is a prominent
feature of several neuropsychiatric disorders, such as autism spectrum disorders and schizophrenia. In mice, olfactory cues such as
e.g. pheromones have been shown to elicit social behaviors in addition to non-olfactory cues and intrinsic states. How the brain
organizes and integrates these extrinsic and intrinsic information to enable social behaviors is currently a major topic in neurobiology.
Work from many labs has demonstrated that the activity of olfactory as well as central circuits are important for different forms of
social behaviors. This symposium will highlight recent developments on the elucidation of neural circuits driving animal social
behaviors from different perspectives: e.g. at the level of the olfactory organs, and centrally in converging nuclei of the hypothalamus
and amygdala.
Chair(s): Markus Rothermel and Julian Meeks
Introduction
Markus Rothermel1, Julian Meeks2
1RWTH Aachen University, 2University

of Rochester School of Medicine and Dentistry

Pheromone Signaling And Complex Olfactory Behaviors
Pablo Chamero
INRAE - University of Tours
Q&A
Molecular And Neural Sensing Of Social Cues
Yoh Isogai
University College London
Q&A
Olfactory Circuits That Drive Courtship Behavior In The Mouse
Jingyi Chen
Q&A
(Don Tucker Award Finalist) Function-Forward Identification Of Bile Acid-Sensitive Vomeronasal
Receptors
Wen Mai Wong, Jie Cao, Xingjian Zhang, Wayne I. Doyle, Julian P. Meeks
University of Texas Southwestern Medical Center, Dallas, TX, United States
The mammalian accessory olfactory system (AOS) heavily influences social and reproductive behaviors.
Natural ligands for the AOS are found in secretions and excretions from other animals. Previous studies
revealed that bile acids (BAs), a class of AOS ligands found in feces, are potent AOS activators. However, the
physiological impacts of bile acids on brain function and social behavior remain largely unexamined. To

examine how the AOS encodes and process olfactory information, we investigated BA sensory space and spatial
representation using ex vivo volumetric GCaMP6f/s Ca2+ imaging in vomeronasal sensory neurons (VSNs). We
discovered that a subset of VSNs displayed broad BA tuning while other responded to individual BAs at submicromolar concentrations. We also observed some VSNs that were tuned to both BAs and urinary sulfated
glucocorticoids, suggesting that some VSNs are tuned to steroids that span biological classes. To identify the
receptors expressed by VSNs that responded selectively to sub-micromolar concentrations of individual BAs we
developed a functional strategy for identifying AOS ligand-receptor interactions, which we call Fluorescence
Live Imaging for Cell Capture and RNA-seq, or FLICCR-seq. FLICCR-seq allowed us to identify several V1Rfamily VRs that were enriched in BA-sensitive VSNs. Collectively, these data reveal fundamental insights into
the mechanisms of fecal bile acid sensation and improve our understanding of the organization of bile acid
information as it flows through this behaviorally relevant sensory system.
Q&A
Vomeronasal Receptors For Female Sex Pheromones And Their Contribution To Mating Behaviors
Ron Yu
Stowers Institute
Q&A
Discovering The Molecular Identity Of Steroid-Sensitive Vomeronasal Receptors
Tim Holy
Washington University School of Medicine
Q&A
Panel Discussion

10:00 - 12:00 PM

Parallel Room 3
The Bridge Between Taste and Smell, and All that Jazz

Chair(s): Monica Dus
Introduction
Monica Dus
University of Michigan
Lick-Based Coupling In The Central Olfactory System Associated With Retronasal Olfaction
Rui He
The University of Chicago
Q&A
The Role Of The Gustatory Cortex In Taste-Based Decision Making
Alfredo Fontanini
Stony Brook University
Q&A

Taste And Smell In Flavor Mixtures, Relationship Status: It&Rsquo;S Complicated
Maria Geraldine Veldhuizen
Mersin Ãœniversitesi
Q&A
A Systemic View Of Collaboration Between Forebrain Taste Regions In The Driving Of Preference And
Consumption Behavior
Donald Katz
Brandeis University
Q&A
Dietary Sugar Inhibits Satiation By Decreasing The Central Processing Of Sweet Taste
Monica Dus
University of Michigan
Q&A

2:00 - 4:00 PM

Parallel Room 1
AChemS Presidential Symposium: Central Circuits Underlying Chemosensory-Driven Behavior

This symposium highlights new work examining neural circuit mechanisms underlying sensation and learning in olfaction and taste.
Chair(s): Matt Wachowiak
Introduction
Matt Wachowiak
University of Utah
Neuronal Connectivity And Computations Of The Olfactory Bulb
Rainer Friedrich
Friedrich Miescher Institute for Biomedical Research
Q&A
Specificity Of Conditioned Taste Aversion Is Constrained By Homeostatic Plasticity
Gina Turrigiano
Brandeis University
Q&A
Parallel Olfactory Processing: Sniff Coupling And Beyond
Izumi Fukunaga
Okinawa Institute of Science and Technology
Q&A

2:00 - 4:00 PM

Parallel Room 2
Olfactory Gene Expression and Regulation (LIVE ONLY - NOT RECORDED)

Sponsored In Part By: Mars, Inc.
The perception of volatile chemicals, critical for flavour and the modulation of a variety of behaviours, is mediated by an array of
olfactory receptor genes which constitute by far the largest multigene family in mammals. This symposium focuses on a variety of
research approaches that further our understanding of the diversification of the olfactory system required to decipher such complex
odor cues and highlights variation among species - a reflection of the environment in which the species live and the consequence of
frequent gene gains and losses during evolution.
Chair(s): Scott McGrane and Julie Mennella
Introduction
Scott McGrane1, Julie A. Mennella2
1Research Manager, WALTHAM® Petcare Science Institute, UK, 2Monell Chemical Senses

Center,

Philadelphia, PA USA
Diversity And Evolution Of Olfactory Receptor Gene Repertoires In Mammals
Yoshihito Niimura
The University of Tokyo
Q&A
A Transcriptomic Approach To Deconstruct Smell
Luis Saraiva
Sidra Medicine
Q&A
Cooperative Cis-Acting Enhancers Govern The Expression Of Trace Amine-Associated Receptors
Thomas Bozza
Northwestern University
Q&A
Homeotic Regulation Of Zonal Olfactory Receptor Choice
Stavros Lomvardas
Columbia University
Q&A
Panel Discussion

2:00 - 4:00 PM

Parallel Room 3
How Odorant Metabolizing Enzymes Shape Odor Perception

Lingering in the background of every odorant-receptor interaction is an odor metabolizing enzyme. Over the last several years, a
fascinating set of studies in rodents, rabbits, insects and humans has demonstrated thatthese enzymes participate in the active
biotransformation of odorous molecules within the perireceptor environment. These mechanisms may exert two unique effects: first, to
maintain odor sensitivity by reducing receptor saturation, and second, to transform the local milieu of the odor components giving rise
to unique odor percepts. This symposium will focus on the impact of odorant metabolizing enzymes on functional and behavioral
aspects of olfactory perceptual processing.
Chair(s): Jean-Marie Heydel and Andrea Buettner
Introduction
Jean-Marie Heydel
University of Burgundy - Franche-Comté
Multiple Roles Of Chemosensory Proteins In Insects: Beyond Receptors
Thomas Chertemps
Sorbonne University
Q&A
Enzymatic Odor Biotransformation In The Human Peripheral Olfactory System
Aline Robert-Hazotte
University of Pennsylvania
Q&A
The Human Blackbox: How Behavior, Physiology And Chemistry Modulate What We Perceive During
Food Consumption And Smelling
Andrea Buettner
Friedrich-Alexander-University Erlangen-NÃ¼rnberg
Q&A
Peri-Receptor Factors That Influence Odorant Receptor Responses
Hiroaki Matsunami
Duke University
Maira H Nagai, Daichi Shonai, Corinna Probst, Claire de March, Aashutosh Vihani, Dennis Thiele, Kevin
Franks, Martina Ralle and Hiroaki Matsunami
Q&A
Conclusion
Andrea Buettner
University of Erlangen-Nuremberg

5:00 - 7:00 PM

Ancillary Room 1

Communicating During COVID: How to put your best digital self forward while networking, job hunting, and fighting for
social justice.

This mentoring and networking event aims to provide a set of virtual communication skills to aid science progress during the era of
COVID. Relax and enjoy a seminar followed by discussions with your colleagues.
Communicating During Covid: How To Put Your Best Digital Self Forward While Networking, Job 5:00 Hunting,
And Fighting For Social Justice.
Jackie Wirz, PhD
Oregon Health & Science University
Career Conundrum: Conversations From The Comforts Of Your Own Home (Byob)
Breakout Discussions and Happy Hour

Wednesday, August 5, 2020
10:00 - 12:00 PM

Parallel Room 2
Smells in Space: The Where Problem of Olfaction (LIVE ONLY - NOT RECORDED)

Chair(s): Matt Smear
Introduction
Matt Smear
University of Oregon
Using Intermittent Cues To Predict Where Is The Odor Source
Agnese Seminara
University of Nice Sophia Antipolis
Q&A
Following Your Nose To Find Your Way: Neural Foundations Of Human Olfactory Navigation
Jay Gottfried
University of Pennsylvania
Q&A
Odor Source Localization By Octopuses Presents Challenges For A Distributed Nervous System
David Gire
University of Washington
Q&A
Olfactory Search By Freely-Moving Mice
Matt Smear
University of Oregon
Q&A
Final Q&A

10:00 - 12:00 PM

Parallel Room 3
In Bad Taste: Sensors and Circuits for Bitter, Salty, and Sour

Chair(s): Emily Liman and Craig Montell
Introduction
Emily Liman1, Craig Montell2
1University

of Southern California, 2University of California, Santa Barbara

Cellular And Molecular Basis Of Taste Sensation In Drosophila
Craig Montell
University of California
Q&A

The Receptor For Sour Taste: From Function To Structure
Emily Liman
University of Southern California
Q&A
All-Electrical Signal Transduction And &Ldquo;Channel Synapses&Rdquo; Mediate Sodium Taste
Akiyuki Taruno
Department of Molecular Cell Physiology, Kyoto Prefectural University of Medicine
Q&A
Bitter Taste Receptors &Ndash; Are We Ready For More Applied Research?
Maik Behrens
Leibniz-Institute for Food Systems Biology at the Technical University of Munich
Q&A
Neural Pathways Controlling Sodium Appetite And Preference
Sangjun Lee
Caltech
Q&A

2:00 - 4:00 PM

Parallel Room 1
Chemosensory Science in the Age of Data Sharing

The recent explosion of digital data has made possible advances in computer vision, natural language processing, speech recognition,
and more. Large datasets like ImageNet, MNIST, and Google Ngrams drove machine learning competitions that, in turn, led to the
development of new statistical algorithms and domain insights. To date, the chemical senses have largely been on the sidelines of this
revolution. Here we will present current efforts to collect and share chemosensory data and highlight advances that have resulted from
making this data widely available. In this symposium the speakers will discuss the process of developing and curating databases of
chemical and chemosensory data, and illustrate how these data can drive innovation in the field.
Chair(s): Joel Mainland and Rick Gerkin
Introduction And Opening Remarks
Joel Mainland
Monell Chemical Senses Center
Pyrfume: A Library For Mammalian Olfactory Psychophysics.
Rick Gerkin
Arizona State University
Q&A
Applying Data Science Methods To Taste: What Have We Learned And Challenges Ahead
Masha Niv
The Hebrew University
The T2Rs subfamily has 25 members in human, and presents a separate branch of Family A GPCRs(1), with low
similarity to any experimental structure. The efforts to discover agonists targeting these receptors brought to the
identification of new ligands, bringing the total number of known bitter molecules to over 1000 (2).
Structurebased molecular modeling, integrated with experimental data, chemical synthesis and in vitro profiling,
lead to ligands with improved potency compared to the lead compound, suggesting a framework for structurebased discovery in the absence of closely related experimental structure(3).

Here I present a machine learning classifier “BitterIntense”. The model is trained with chemically diverse,
natural and synthetic compounds, and has above 80% accuracy in predicting intense bitterness of molecules.
Next I introduce a recommendation system that matches ligands to cognate T2Rs, based on known associations
and on structural and physicochemical properties of ligands and receptors.
These data-driven tools provide insights into the widely claimed, but hardly proven connection between bitter
taste and toxicity, and between taste and smell. The approach enables the development of high potency ligands,
which in turn, may aid experimental elucidation of the complex structure. The ligand-receptor recommendation
system can be adapted to other GPCRs, and shed light onto polypharmacology and complex interplay between
multiple ligands and targets.
1.
A. Di Pizio et al., in G Protein-Coupled Receptors: Signaling, Trafficking and Regulation, A. K. Shukla,
Ed. (2016), vol. 132, pp. 401-427.
2.
A. Dagan-Wiener et al., BitterDB: taste ligands and receptors database in 2019. Nucleic acids research
47, D1179-D1185 (2019).
3.
A. Di Pizio et al., Rational design of agonists for bitter taste receptor TAS2R14: from modeling to bench
and back. Cellular and Molecular Life Sciences, (2019).
Q&A
Building An Accessible Repository Of Odor Materials Assessments (Aroma).
Emily Mayhew1, Kelsie Little1, Huizi Yu2, Kadri Koppel2, Rick Gerkin3, Joel Mainland1,4
1Monell Chemical Senses

Center, Philadelphia, PA, United States, 2Kansas State University, Manhattan, KS, United

States, 3Arizona State University, Tempe, AZ, United States, 4University of Pennsylvania, Philadelphia,
PA, United States
Although machine learning models have begun to predict odor percept from molecular structure, they are limited by the
quantity and quality of perceptual data. We aim to generate a large, open-access database of odor character data that
improves on the consistency and resolution of existing data. Data consistency, resolution, and efficiency will vary by
method and by degree of subject training. We hypothesize that a quantitative profile method (Dravnieks 1985) will
provide higher resolution than free labeling (Arctander 1969) and will be more efficient than paired similarity ratings
(Snitz et al. 2013). We also hypothesize that trained subjects will produce more consistent data, but that using novice
subjects will be more efficient to produce the volume of data necessary for modeling. We tested 8 trained and 15 novice
subjects on 50 odor stimuli using six methods of odor characterization. We found that trained subjects were more
consistent as a group than novice subjects (trained homogeneity = 36%, novice = 27%), applied more descriptors to each
odor (5.2 vs. 4.2 descriptors/odor), and produced higher dimensional profile data (first 2 dimensions of correspondence
analysis explained 26% variance vs. 32%). However, trained subjects spent longer on each evaluation (145 s vs. 20 s per
odor, p <0.001). By measuring the data quality and the speed of evaluation for different methods and subject types, we
can select the approach that yields the highest quality data efficiently. By making high quality data openly available, we
aim to raise the performance ceiling for structure-odor modeling in olfaction.
Q&A

Deconstructing The Mouse Olfactory Percept Through An Olfactory Ethological Atlas
Diogo Manoel1, Melanie Makhlouf1, Charles J. Arayata2, Reem Hasnah1, Abbirami Sathappan1, Sahar Da’as1, Doua
Abdelrahman1, Senthil Sevaraj1, Richard C. Gerkin3, Joel D. Mainland2, Luis R. Saraiva1,2
1Sidra Medicine , Doha, *,

Qatar, 2Monell Chemical Senses Center, Philadelphia, PA, United States, 3School of Life
Sciences, Arizona State University, Tempe, AZ, United States

Olfaction plays an instrumental role in the way animals perceive the surrounding environment and is crucial for their
survival and reproduction. The human and mouse olfactory systems share many similarities at the anatomical and
physiological levels but these species have distinct olfactory receptor repertoires and odor preferences. While the human
olfactory percept has been the focus of many recent studies, the olfactory percept of mouse remains largely unknown.
Here, we exploited an existing video-library (Saraiva et al, 2016, PNAS) to quantify 18 distinct behavioral parameters in
mice in response to 73 monomolecular odorants, including a subset of 12 odorants with 2 additional descending
concentrations. First, we found that ~90% of the tested odorants elicited unique behavioral signatures in mouse,
reminiscent of the combinatorial nature of olfaction. Second, different behaviors correlate with unique combinatorial
signatures of physicochemical descriptors for distinct odorants. Moreover, a machine-learning approach revealed that
olfactory investigation time is the most predictable of all behavioral parameters analyzed. Third, like in human, valence
is the primary axis of olfactory perception in mouse. Fourth, using data and algorithms from the DREAM Olfaction
Prediction Challenge, we found no association between mouse and human olfactory percepts. Last, we observed that
odorant concentration and identity have an equivalent impact on mouse behavior, suggesting that the concentration
effect on the olfactory percept of mouse is greater than in human. In conclusion, our results allowed for a better
understanding of the mouse olfactory percept and on how it compares to human, providing a platform for future studies
focused on deconstructing and/or comparing olfactory perception across species.
Q&A
Collecting Odor Response Profiles - Beauties And Pitfalls In Data, Animals And Colleagues
Giovanni Galizia
Universität Konstanz
Q&A
Smelltracker: An Effort To Detect Covid-19 Using Web Based Odor Profiles
Kobi Snitz
Weizmann Institute of Science
Q&A And Wrap Up

2:00 - 4:00 PM

Parallel Room 2
Olfactory Circuits in Flies and Fish (LIVE ONLY - NOT RECORDED)

One of the most important functions of the olfactory system is to learn and memorize odor cues associated with reward and
punishment. For many animals, olfactory memory is important for foraging and to avoid danger but the underlying neural mechanisms
are not well understood. In this symposium, three young researchers will present their latest findings on memory formation,
maintenance, retrieval and rewriting in two well-established genetically tractable model organisms for olfactory research, zebrafish
and Drosophila.
Chair(s): Yoshihiro Yoshihara and Rainer Friedrich
Introduction
Yoshihiro Yoshihara, Rainer Friedrich
1RIKEN Center for Brain

Science, 2Friedrich Miescher Institute for Biomedical Research

Associative Conditioning Remaps Odor-Valence Representations
Thomas Frank
Max Plank Institute for Neurobiology
Q&A
Olfaction And Motivated Behavior In Zebrafish
Nobuhiko Miyasaka
RIKEN Center for Brain Science
Q&A
Disentangling The Role Of Dopaminergic Circuits During Odor Navigation In Drosophila
Vanessa Ruta
The Rockefeller University
Q&A
Concluding Remarks

2:00 - 4:00 PM

Parallel Room 3
Respiratory Modulation of Brain Activity and Behavior

This symposium will provide fundamental new insights into the link between respiration and cognitive function. Breathing and
smelling are tightly linked. As a result, respiration entrains activity in olfactory brain areas and impacts olfactory perception. A rapidly
growing field of research suggests that this respiratory entrainment also modulates cognitive functions beyond olfaction. While
research on respiration-locked activity in olfactory brain areas has a long history, these newer findings suggest that respiration
influences neuronal activity throughout the brain, modulating cognitive functions associated with those areas. Speakers will discuss
how breathing impacts non-olfactory sensory perception, memory formation and emotional behaviors.
Chair(s): Christina Zelano and Detlef Heck
Introduction
Christina Zelano 1, Detlef Heck2
1Northwestern University, 2University of Tennessee Health Science Center
Breathing Rhythm: Basic Mechanisms And Pathways For Modulation Of Cognition And Emotion.
Jack Feldman
University of California
Q&A
Olfactory Inputs Modulate Rhythmic Activity Of The Prefrontal Cortex And Freezing Behavior
Minghong Ma
University of Pennsylvania
Q&A
How Does Odorant Intensity Modulate Inhalation-Linked Temporal Dynamics In The Olfactory Bulb?
Shaina Short
University of Utah, , UT, United States
Q&A
Modulation Of Limbic Neural Dynamics By Breathing Across Brain States And Behaviors.
Anton Sirota
Ludwig Maximilian University of Munich
Q&A
Human Non-Olfactory Cognition Phase-Locked With Inhalation
Noam Sobel
Weizmann Institute
Q&A
Closing Remarks

5:00 - 7:00 PM

Ancillary Room 1
COVID-19: A Spotlight on the Chemical Senses

Smell and taste loss represent the main neurological manifestation of COVID-19, the disease caused by SARS-CoV-2. In this
symposium, we will characterize smell and taste disorders in COVID-19 and other respiratory disorders, provide mechanistic insights
on the COVID-19-anosmia (smell loss) and dysgeusia (taste distortions), as well as explore cutting edge research on therapeutic
strategies for COVID-19.
Chair(s): Valentina Parma and Paule Joseph
Live Introduction
Valentina Parma1, Paule Joseph2
1Temple

University, 2National Institute of Health

Dr. Matthew Frieman
University of Maryland School of Medicine
Q&A
Mr. David Brann
Harvard University
Q&A
Dr. Steven Rodriguez
Harvard University
Q&A
Dr. Valentina Parma
Temple University
Q&A
Dr. Shristi Rawal
Rutgers University
Q&A
Dr. Daniel Liang-Dar Hwang
University of Queensland
Q&A
Conclusion

Thursday, August 6, 2020
10:00 - 12:00 PM

Parallel Room 1
"Big Data" Approaches to Mammalian Olfaction (LIVE ONLY - NOT RECORDED)

Recent years have seen the advent of large-scale techniques across different fields, such as sequencing, connectomics,
electrophysiology and behavioural analysis. In this interdisciplinary symposium we will explore how such approaches have been, are
and could be used to elucidate the functions of the olfactory system. We focus on applications to mammalian olfaction, including
spatial transcriptomics for global mapping of olfactory receptors, volume electron microscopy and connectomics of glomerular
columns, scalable electrophysiological approaches to neural recording in the olfactory bulb, and machine learning-based behavioural
analysis for odor driven responses. By bringing together these diverse, data-driven approaches centered around a focussed application
we will stimulate discussion how “big data” can benefit olfactory research.
Chair(s): Andreas Schaefer
Introduction
Andreas Schaefer
Francis Crick Institute & University College London
Machine Learning-Based Behavioural Analysis For Odor Driven Responses
Bob Datta
Harvard University
Here I will describe a platform for data-driven behavioral discovery called Motion Sequencing, and its
application to olfactory science.
Q&A
(Don Tucker Award Finalist) Mapping Cell-Type Specific Connectivity In The Mouse Olfactory Bulb With
Correlative Electron Microscopy
Kara A Fulton1,2,3, Kevin L Briggman1
1Research Center Caesar, Bonn, *, Germany, 2Brown University,

Providence, RI, United States, 3National

Institutes of Health, Bethesda, MD, United States
In the mouse olfactory bulb glomerular layer, computations are largely mediated by the periglomerular cells
(PGCs). We hypothesized that PGC subtypes exhibit differences in synaptic connectivity with mitral (MCs) and
tufted cells (TCs), and therefore, have functionally-distinct roles in odor processing. Through a correlative
electron microscopy (EM) reconstruction of the lateral M72 glomerulus, we have investigated the differences in
synaptic connectivity between neurochemically-distinct PGC subtypes and projection neurons. Our aim is to
explain functional differences of olfactory projection neurons by the intraglomerular connectivity. We combined
cellular-resolution protein expression of neuronal cell types with synaptic connectivity and physiology in order
to generate network-level computational models. By preserving extracellular space in acutely fixed sections, we
developed a permeabilization-free immunohistochemistry protocol compatible with EM, which permits deep
antibody penetration and preserves ultrastructure. This approach allows us to correlate the morphological and
physiological properties of neurons through a dense reconstruction of the synaptic connectivity. To investigate
the PGC-subtype specific involvement in olfactory bulb computations, we generated a rate-based computational
model using the measured synaptic connectivity. We have demonstrated that a subset of PGCs selectively
inhibits MCs and allows for differences in projection neuron phase preference. The connectivity-based model
also predicts the mechanism underlying MC odor concentration encoding. This correlative glomerular layer
reconstruction and the subsequent computational modeling reveals previously unidentified wiring specificity
underlying OB computations.
Q&A
Wide-Scale Population Dynamics In The Olfactory System Using Cmos-Hosted In Vivo Microelectrodes
Mihaly Kollo
Francis Crick Institute
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Q&A
Constructing A Molecular Map Of The Mouse Olfactory Bulb With 3D Spatial Transcriptomics
Nell Klimpert
Brown University
Q&A
Wrap Up

10:00 - 12:00 PM

Parallel Room 2
Be Happy. Be Very Happy. Reward Learning in the Chemical Senses

The ability to learn about the smells and tastes that promise nutritive rewards is critical to the survival of virtually all animals. It is
therefore perhaps not surprising that much of the work on the neural basis of reward processing in animal model systems utilizes
chemosensory rewards in some fashion. This offers the relatively rare opportunity to discuss and compare results from some of the
simplest organisms to those of the most complex, all within the same modality. The aim of this symposium is to highlight recent
findings into the neural basis of chemosensory rewards in larval drosophila, rats, monkeys, and humans, with the ultimate goal of
broadening our understanding of how neural systems generate adaptive approach behaviors.
Chair(s): James Howard
Introduction
James Howard
Brandeis University
In Search Of Happiness: Learned Olfactory Behavior In Maggots
Bertram Gerber
Leibniz Institute of Neurobiology
Q&A
Making Decisions About Appetitive Outcomes: The Role Of Orbitofrontal Cortex In Rats.
Matthew Gardner
National Institute on Drug Abuse
Q&A
Taste Expectations And Motivated Behavior In The Macaque Orbitofrontal Cortex
Erin Rich
Icahn School of Medicine at Mount Sinai
Q&A
Taste In Context: How Contextual Information Shapes Taste Perception And Neuronal Processing
Kathrin Ohla
Research Center Jülich
Q&A
Discussion

10:00 - 12:00 PM

Parallel Room 3
Welcome to the Liminal Zone: The Mechanistic Space Between Sensation and Perception

There is a liminal zone in sensory systems research between peripheral circuits and central perception. In the former, the framework is
mechanistic, emphasizing receptive fields and how sensory representations are “encoded” and “processed” over a few layers of
circuitry. In the latter, rich psychophysical phenomena are perceived and learned, and their cognitive and affective impacts are
measured in nominally associative regions of the brain. But what about the middle part? This symposium brings together four
chemical senses researchers that are rooted in the mechanistic approach but are meaningfully pushing through this boundary region to
begin to ascertain how these more complex perceptual phenomena are constructed from afferent information and internal priors via
sophisticated neural circuitry. In each of the talks to be presented, active circuit dynamics, synaptic plasticity, a dependence on
memory, and coordinated interactions with other areas of the brain each play substantial roles in the capacity to link raw afferent input
signals with the construction, learning, memory, recall, and identification of meaningful sensory information.
Chair(s): Thomas Cleland and Lisa Roux
Introduction
Thomas Cleland
Cornell University
Implications Of Metastable Dynamics In The Gustatory Cortex
Giancarlo La Camera
Stony Brook University
Q&A
Rapid Online Odor Learning And Identification Under Noise In An Oscillatory Olfactory Circuit
Thomas Cleland
Cornell University
Q&A
Career Conundrum: Conversations From The Comforts Of Your Own Home (Byob)
Christine Linster
Cornell University
Dynamical Interactions Between Olfactory Bulb And Secondary Cortices Shape Odor Perception
Christine Linster
Cornell University
Q&A
Network Dynamics In The Piriform Cortex Of Freely Moving - And Sleeping - Mice
Lisa Roux
University of Bordeaux
Q&A
General Discussion And Additional Q&A

2:00 - 4:00 PM

Parallel Room 1
From Physics to Perception: Theory in Olfaction

Chair(s): Venkatesh Murthy and Ila Fiete
Introduction
Venkatesh Murthy
Harvard University
Physics Of Olfaction
Massimo Vergassola
University of California San Diego
Deepnose: Using Artificial Neural Networks To Represent The Space Of Odorants
Ngoc Tran
Cold Spring Harbor Laboratory
The olfactory system employs an ensemble of odorant receptors (ORs) to sense molecules and to derive
olfactory percepts. We trained artificial neural networks to represent the chemical space of odorants and used
that representation to predict human olfactory percepts. We hypothesized that ORs may be considered 3D spatial
filters that extract molecular features and can be trained using conventional machine learning methods. We
trained an autoencoder, called DeepNose, to deduce a low-dimensional representation of odorant molecules
which were represented by their 3D spatial structure. Next, we tested the ability of DeepNose features in
predicting physical properties and odorant percepts based on 3D molecular structures alone. We found that
despite the lack of human expertise, DeepNose features led to perceptual predictions of comparable or higher
accuracy to molecular descriptors often used in computational chemistry. Last, we showed that DeepNose
predictions can be readily interpreted to give insights to what functional groups might give rise to certain
activity. We propose that DeepNose network can extract molecular features predictive of various bioactivities
and can help understand the factors influencing the composition of ORs ensemble.
Q&A
Unsupervised Smelling
Peter Latham
Gatsby Institute
Q&A
Maps, Navigation And Olfaction
Ila Fiete
MIT
Q&A

2:00 - 4:00 PM

Parallel Room 2
Be Afraid. Be Very Afraid. Aversive Learning in the Chemical Senses

Chair(s): Max Fletcher
Introduction
Max Fletcher
University of Tennessee Health Science Center
Attachment Quality And Maternal Control Of Infant Threat And Safety Learning
Regina Sullivan
New York University
Q&A
Pheromone Communication Of Odor-Specific Fear In Rats
Qi Yuan
Memorial University
Q&A
Aversive Learning Increases Release Probability Of Olfactory Sensory Neurons
Janardhan P. Bhattarai, Mary Schreck, Andrew H. Moberly, Wenqin Luo, Minghong Ma
Department of Neuroscience, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA,
United States
Q&A
Distinct Changes In Mitral And Tufted Cell Odor Representations Following Aversive Learning.
Jordan M. Ross1, 2, Max L. Fletcher2
1Georgia State Unviersity, Atlanta, GA, United States, 2University of Tennessee Health Science Center,
Memphis, TN, United States
Associative fear learning produces fear toward the conditioned stimulus (CS) and generalization, the expansion
of fear from the CS to similar, unlearned stimuli. However, how fear learning affects early sensory processing of
CS and unlearned stimuli in relation to fear of these stimuli remains unclear. Previous work from our lab
established that olfactory fear learning leads to increased behavioral generalization and glomerular responses.
Importantly, glomerular representations of neutral odors appear to become more similar to the representation of the CS,
suggesting increased perceptual similarity that may prime fear generalization. While these findings lay the groundwork
for addressing the relationship between plasticity and behavioral, the extent to which these changes are reflected in
olfactory bulb (OB) output cells and underlying mechanisms by which such changes occur remain unknown. Both OB
output cell types, mitral (MC) and tufted cells (TC), project information regarding experienced odors to cortical centers
but are known to have several functional and anatomical differences. This suggests they represent parallel OB
processing streams that may differentially contribute to odor perception and behavior. Therefore, we used two-photon
imaging in combination with our fear learning paradigm to investigate these specific OB cell populations. Overall, we
find that both MC and TC contribute to the previously observed glomerular enhancements, but do so in functionally
distinct ways. Learning primarily increases the magnitude of TC responses but shifts the temporal response profiles of
MC. In addition, MC but not TC, ensemble responses to neutral odors become more similar to the CS throughout the
odor presentation, suggesting that changes specifically in MC could underlie behavioral generalization.
Q&A
Panel Discussion

2:00 - 4:00 PM

Parallel Room 3
Wiring the Sensory Systems

In order to properly function, sensory systems must connect the peripheral sensory cells with the central nervous system. To achieve
this a variety of developmental processes and guidance cues are used. The proposed symposium will explore these topics across both
invertebrate and vertebrate model systems. Speakers in this symposium will address the wiring and development of taste, olfactory
and visual sensory systems in order to highlight similarities and differences across these systems.
Chair(s): Jeremy McIntyre and Robin Krimm
Introduction
Jeremy McIntyre, Robin Krimm
Dept. Of Neuroscience, Center for Smell and Taste, University of Florida.
Primary Cilium-Dependent Camp/Pka Signaling At The Centrosome Regulates Neuronal Migration
Isabelle Caille
Regulation Of Glomerular Architecture By Combinations Of Igsf Cell Adhesion Proteins In The
Drosophila Olfactory Circuits
Pelin Volkan
Duke University
Structured Spike Series Specify Gene Expression Patterns For Olfactory Circuit Formation
Haruki Takeuchi
University of Tokyo
Wiring The Taste System
Hojoon Lee
Northwestern University
Neuronal Diversity In Sensory System Development
Kevin Wright
Oregon Health & Science University
Q&A

5:00 - 6:00 PM

Ancillary Room 1
Diversity Forum (LIVE ONLY- NOT RECORDED)

Join the AChemS Executive Committee and the AChemS Diversity Committee during an open forum to discuss experiences, concerns
and suggestions in helping AChemS to be a more supportive community for diversity.

Friday, August 7, 2020
10:00 - 12:00 PM

Parallel Room 1
Insect Olfaction: Molecular Advances and Evolution

Olfaction serves as a primary driver of behavior across insect species. This symposium will highlight recent advances in our
understanding of the molecular and circuit logic by which odors are represented in both the antenna and the insect brain. A
crossspecies perspective will provide insight into how insects launch robust behavioral responses to ecologically relevant odors and
how such olfactory signaling can be modulated.
Chair(s): Karen Menuz and Nilay Yapici
Neuropeptide Control Of Mosquito Attraction To Humans
Laura Duvall
Columbia University
Q&A
Learning And Modulation Of Glomerular Circuits In The Aedes Mosquito
Jeff Riffell
University of Washington
Q&A
Sensory Representation In The Drosophila Brain
Sophie Caron
University of Utah
Q&A
Dynamic Modulation Of Signal Amplification In Olfactory Receptor Neurons
Chih-Ying Su
University of California
Q&A
A Non-Canonical Odor Receptor For Ammonia In Drosophila
Karen Menuz
University of Connecticut
Q&A
Wild Flies And Wild Smells
Marcus Stensmyr
Lund University
Q&A
Conclusion

10:00 - 12:00 PM

Parallel Room 2
Representations of the Olfactory World: The Parts

Sponsored By: Firmenich
How do the different layers of olfactory systems capture and transform chemical stimulus information, and how does this
constrain perceptual outcomes? With the recent convergence of technological advances across systems neuroscience, critical
aspects of the process are being elucidated. This symposium will bring together some of the latest results, from flies to
humans, to examine what we know today and what questions still remain.
Chair(s): Jessica Brann
Introduction
Algorithms And Circuits For Olfactory Navigation In Drosophila
Katherine Nagel
NYU Langone Health
Q&A
Gene Expression Codes In Olfactory Receptor Neurons
Tatsuya Tsukahara
Harvard University
Map Independent Representation Of An Aggressive Promoting Odor Cue In The Mouse Main
Olfactory Pathway
Adam Dewan
Florida State University
Adam Dewan, Annika Cichy, Jingji Zhang, Sarah Kaye, Tiffany Teng, Kassandra Blanchard, Paul Feinstein and
Thomas Bozza

Q&A
Back To Primary Odorants: How Chemistry And Structure Determine The Olfactory Percept
Christian Margot
Firmenich
Q&A
Panel Discussion

10:00 - 12:00 PM

Parallel Room 3
Peripheral and Central Mechanism of Innate Response to Chemosensory Cues

Animals exhibit innate preference to chemosensory sources. Food odors and sex pheromones often attract whereas predator
smells repel. We bring speakers working on a variety of systems to share the recent advances in our understandings of these
innate responses from different sensory modalities and in different animal species. Identification of novel chemical cues that
induce aversion, previously uncharacterized behavioral responses, and brain regions that are differentially activated by the
innate cues will be discussed in this symposium.
Chair(s): Ron Yu and Sachiko Haga-Yamanaka
Introduction
Sachiko Haga-Yamanaka
University of California
Olfactory Alarm Reaction In Zebrafish.
Yoshihiro Yoshihara
RIKEN Center for Brain Science
Q&A
Coadaptation Of The Chemosensory System With Voluntary Exercise Behavior In Mice
Sachiko Haga-Yamanaka
University of California
Q&A
Functional Overlap And Redundancies: Failsafe Mechanisms To Avoid Feeding On Toxins In Drosophila
Anupama Dahanukar
University of California
Q&A
Circuitry And Behavioral Decisions In The Mouse Olfactory System
Hitoshi Sakano
University of Fukui School of Medicine
Panel Discussion And Concluding Remarks
Ron Yu
Stowers Institute
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2:00 - 4:00 PM

Parallel Room 1
AChemS Polak Award Presentations

The Polak Foundation Awards are funded by the Elsje Werner-Polak Memorial Fund in memory of our niece gassed by the
Nazis in
1944 at age 7: Ghislaine Polak and the late Ernest Polak
Chair(s): Max Fletcher
The Olfactory Bulb Contributes To The Adaptation Of Odor Responses: The Input-Output
Transformation.
Douglas A Storace1, Lawrence B Cohen2,3
1Florida

State University, Tallahassee, FL, United States, 2Yale University, New Haven, CT, United

States, 3Korea Institute of Science and Technology, Seoul, *, Korea
Humans and other animals exhibit adaptation to odorants. It remains unclear whether the olfactory bulb,
the brain structure that mediates the first stage of olfactory information processing, participates in
generating this perceptual adaptation. Olfactory bulb glomeruli are regions of neuropil that contain input
and output processes; olfactory receptor neuron nerve terminals (input) and mitral/tufted cell apical
dendrites (output). Differences between the input and output of a brain region define the function(s)
carried out by that region. We compared simultaneously measured activity signals from the input and
output to repeated odor stimulation using 1-photon imaging. Repeated odor stimulation of the same
concentration resulted in a decline in the output, while the input remained relatively stable. 2-photon
imaging measurements were made from separate anesthetized and awake mice in which input or output
were measured in separate preparations. The measurements were consistent with those carried out using
1-photon imaging, confirming that the adaptation was occurring in the glomerular layer. These results
suggest that the mammalian olfactory bulb may participate in the perception of adaptation. This
approach was previously used to show that the bulb contributes to the perception of concentration
invariance of odor recognition and should be useful for understanding the role of the olfactory bulb in
additional olfactory perceptions.
A Critical Period For Taste
Hillary C. Schiff, Alfredo Fontanini, Arianna Maffei
SUNY - Stony Brook, Stony Brook, NY, United States
Taste-motivated behaviors are critical for survival as they confer the ability to approach and consume
safe and nourishing food, as well as to avoid dangerous substances. As animals transition from relying
on their mother’s milk to foraging and consuming foods, they experience an abundance of new tastes and
acquire relevant information associated with consuming them. The gustatory cortex (GC) is involved in
processing tastes and is required for taste-based learning and motivated behaviors. How these early taste
experiences around the period of weaning affect the development of taste preferences or the maturation
of GC circuits has not been the subject of investigation. Here, we report that taste experience at the time
of weaning, but not in adulthood, affects preference for sweet tastes later in life. Using a brief access
taste test, we determined that sucrose preference is enhanced in mice that had been given a period of
exposure to a variety of tastes following weaning compared to mice exposed only to water and chow.
The same exposure given at eight weeks of age did not affect sucrose preference. The change in sucrose
preference did not depend on familiarity with sucrose. Within GC, taste experience at the time of
weaning affected the maturation of inhibitory circuits. Specifically, the association of parvalbuminpositive (PV+) neurons with perineuronal nets (PNNs) was increased by early experience, as was the
frequency of spontaneous inhibitory currents (sIPSCs) onto excitatory neurons. Disruption of PNNs with
intra-GC infusions of chondroitinase ABC in adults restored sensitivity to taste exposure. These results
point to a central role for PV+ neurons and their association with perineuronal nets in the maturation and
experiencedependent modulation of taste preferences.

Investigating The Effect Of Nasal Breathing On Memory Encoding Of Repeated Images
Evelina Thunell1,2, Artin Arshamian1, Gregory Francis2, Johan N Lundström1,3,4
1Department of

Clinical Neuroscience, Karolinska Institutet, Stockholm, *, Sweden, 2Department of

Psychological Sciences, Purdue University, West Lafayette, IN, United States, 3Monell Chemical Senses Center,
Philadelphia, PA, United States, 4Stockholm University Brain Imaging Centre, Stockholm University,
Stockholm, *, Sweden
Recent animal studies have demonstrated that nasal inhalation entrains brain oscillations, which are hypothesized
to improve performance on a variety of tasks. In humans, preferential processing at inhalation as compared to
exhalation has been reported in fear discrimination, memory retrieval, and visuospatial tasks. We tested whether
nasal breathing phase influences memory encoding for repeated images in a rapid serial visual presentation task.
Participants (n=86) detected and remembered repeating natural images embedded in continuous streams of
never-before seen items (each presented for 83 ms). The repeated images were chosen at random without any
specific criteria and appeared at random time points; it was thus not possible to foresee which image would
become the next target. During the task, we measured nasal respiration and correlated its phase at stimulus
presentation with performance on the subsequent memory task, where the repeated images had to be identified
among non-repeated images from the same stream. We found a 2 percentage point performance improvement for
inhalation as compared to other breathing phases when considering delayed effects of inhalation. This effect is
similar in magnitude to and conceptually replicates previous findings. However, when following our a priori
defined analyses plan which did not consider delayed effects, we found no immediate influence of breathing
phase on memory performance. Only when taking into account a signal transfer time of about 1250 ms in an
exploratory analysis did this effect appear. Our results indicate that preferential processing as a result of nasal
inhalation may occur after a delay.
Early Integration Of Multisensory Information In The Drosophila Larva
Jessleen Kanwal, Ben de Bivort, Aravi Samuel
Harvard University, Cambridge, MA, United States
The brain integrates information from different sensory modalities in order to enhance detection and perception
of external stimuli and to respond in the most efficient manner. For a Drosophila larva, this means detecting
chemosensory cues to locate the most nutritious food source in its environment. How the larva integrates
olfactory and gustatory cues, at both the neuronal and behavioral levels, remains largely unknown. To assess the
larva's behavioral strategy for chemosensory integration, we compared its navigation behavior on simultaneous
presentations of attractive olfactory and gustatory gradients placed in parallel compared to that on either sensory
gradient alone. Larvae show nonlinear multisensory enhancement in their navigation efficiency towards the most
attractive region of their chemosensory environment, and accomplish this by modulating their turn rate, size, and
heading direction. Using in vivo calcium imaging to record neural activity, we identified several local and
projection neurons within the antennal lobe (AL), the first olfactory processing center in the larval brain, that
respond to both odors and tastes or are modulated by odor-taste mixtures. These results indicate for the first time
that AL neurons have multisensory response properties. Our findings support the idea that multisensory
integration occurs at the earliest stages of sensory processing and begin to address how this convergence
enhances perception and shapes foraging behavior.
Discovery Of Skin Metabolites Enriched On Highly Mosquito-Attractive Humans
Maria E. De Obaldia1, Takeshi Morita1, Laura Dedmon1, Justin Cross2, Leslie B. Vosshall1
1Rockefeller University,

New York, NY, United States, 2Memorial Sloan Kettering Cancer Center, New York,

NY, United States
Aedes aegypti female mosquitoes need mammalian blood, preferably human, in order to reproduce, making them
efficient disease vectors. Additionally, mosquitoes prefer to bite some humans over others, driven by skin odor;
however, the mechanistic basis remains unknown. In order to identify humans uniquely attractive/unattractive to
mosquitoes, we screened mosquito preferences between skin emanations from 8 human subjects presented in 28
possible pairs. We identified several robust preferences, durable for over one year. Next, we tested whether
mosquitoes with loss of function mutations in individual olfactory co-receptors (orco, Ir8a, Ir25a, Ir76b) retain
preferences for specific human subjects. Though Ir8a or Ir25a mutants were less attracted to human odor overall,
all co-receptor mutants largely retained the ability to discriminate highly vs. weakly attractive humans. Next, to
identify metabolites enriched in skin emanations from highly mosquito-attractive humans, we performed
untargeted gas chromatography/quantitative time of flight mass spectrometry (GC/QTOF-MS). We identified a
handful of “known unknown” features (mass, retention time pairs) enriched on the skin of highly attractive
human subjects vs. less attractive humans. Chemical formula prediction from accurate mass suggests that these

features are acids or amines with 14-18 carbons. We are currently using tandem mass spectrometry to precisely
identify these metabolites, since the predicted chemical formulas each have several possible chemical structures.
We envision that understanding the mechanistic basis for the biting preferences of disease vector mosquitoes will
suggest new strategies to diminish mosquito attraction to humans.

2:00 - 4:00 PM

Parallel Room 2

Sensory Nutrition II: How our Senses Shape Food Choices and Affect Dietary Health – Focus on Other Senses

Many of our most serious and intractable health problems -- including obesity, type 2 diabetes, hypertension, alcoholism, heart
disease and cancer -- are linked to what we eat and drink. Why have public health measures been so ineffective in promoting
and enabling adherence to healthy diets? What we choose to eat and drink is largely driven by the sensory properties of food
encoded by our senses of taste, smell, touch (mouthfeel), vision and audition. Greater integration and interactions between
epidemiology, sensory, food and nutrition science is critical to the development of solutions for these diet-linked public health
epidemics. This symposium brings together presenters working across these areas to understand food choice, neuronal circuits
underlying feeding, and metabolic (dys)regulation through the lens of chemosensory science. Understanding the central
circuits and peripheral signaling pathways underlying the sensory experience of food, food preference and intake, as well as
how our sensory inputs influence gastrointestinal function and metabolism (and vice versa) could revolutionize the fields of
taste, smell and nutrition. This symposium will highlight the scientific gaps and opportunities needed to understand these
sensory processes, how they impact chronic diseases, with the ultimate goal of improving human health.
Chair(s): Bob Margolskee and Debra Fadool
Introduction
Robert Margolskee
Monell
Connecting Chemosensation With Diet-Related Health Outcomes In Epidemiological Studies
Valerie Duffy
University of Connecticut
Q&A
Role Of Olfactory System In Diet-Induced Obesity
Debra Fadool
Florida State University
Q&A
Auditory Influences On Food Perception And Eating Behavior
Qian Janice Wang
Aarhus University
Q&A
Effects Of Odors On Eating Behaviors: Brain Activity Underlying Olfactory “Gustatory
Synchrony Perception Using Event-Related Potentials
Tatsu Kobayakawa, Naomi Gotow
National Institute of Advanced Industrial Science and Technology, Tsukuba, *, Japan
Q&A
How Does The Food We Eat Influence The Brain?
Amber Alhadeff
Monell Chemical Senses Center
Q&A

2:00 - 3:30 PM

Parallel Room 3
Representations of the Olfactory World: The Whole

Chair(s): Anne-Marie Oswald
Structure And Flexibility In Cortical Representations Of Odor Space
Stan Pashkovski
Harvard Medical School
Q&A
Recurrent Circuit Mechanisms For Stable Sensory Coding
Kevin Bolding
Q&A
Plasticity And Piriform Cortex Circuits
Anne Marie Oswald
University of Chicago
Q&A

On Demand Symposia
Parallel Room 1
Sensory Nutrition I: How our Senses Shape Food Choices and Affect Dietary Health – Focus on Sweet Taste

Chair(s): Danielle Reed and Paule Joseph
Introduction
Signal Detection And Transmission Pathways For Sugars And Fatty Acids In The Mouse Peripheral Taste
System.
Yuzo Ninomiya1,2, Keiko Yasumatsu3, Shusuke Iwata4, Ryusuke Yoshida5
1Dept Of Sensory Physiol., R&Amp;D Ctr. For Five-Sense Devices, Kyushu Univ., Fukuoka, Japan; 2Monell
Chem. Sens. Ctr., Philadelphia, U.S.A; 3Oral Health Sci. Ctr., Tokyo Dent Coll., Tokyo, Japan; 4Dept Of Oral
Neurosci., Grad. Sch. Dental Sci., Kyushu Univ., Fukuoka; 5Dept Of Oral Physiol., Grad. Sch. Med. Dent. Pham.
Sci., Okayama Univ., Okayama, Japan
Effect of Inflammation on Taste
Hong Wang
Monell Chemical Senses Center, Philadelphia, USA
Sweet Influences On Early Food Preference Development
Sophie Nicklaus
University of Burgundy

Parallel Room 2
Learning with, and Learning About, Conspecific Chemostimuli
Chair(s): Steven Munger and Hannah Rowland
Introduction
Steven Munger
University of Florida
Introduction Opening Remarks
Adria LeBoeuf
University of Fribourg
The Superorganism&Rsquo;S Circulatory System: Collective Decision-Making Through A Socially
Exchanged Fluid
Adria LeBoeuf
University of Fribourg
Social Transmission Of Unpalatability In Wild Birds
Liisa Hämäläinen
Max Planck Institute for Chemical Ecology
The Social Acquisition Of Odor Preferences In Mice

Arthur Zimmerman1,2,3, Christina Nagy1,2, Zhi Huang1,2, Maria G Rodriguez1,2, Amanda L Shelowitz1,2,
Steven D Munger1,2,4
1University

of Florida Center for Smell and Taste, Gainesville, FL, United States, 2University of Florida

Department of Pharmacology and Therapeutics, Gainesville, FL, United States, 3University of Florida Graduate
Program in Biomedical Sciences, Gainesville, FL, United States, 4University of Florida Department of Medicine,
Gainesville, FL, United States
Most odors have no innate meaning. Rather, a meaning is learned when an animal associates a perception of the
odor with other sensations or experiences. This associative odor learning is critical for making appropriate
behavioral choices, including in social contexts such as conspecific interactions. One robust form of
sociallymediated associative odor learning observed in rodents and many other mammals is known as the social
transmission of food preference (STFP), where animals learn to prefer a particular odor (e.g., a food odor) when
that odor is associated with conspecific chemostimuli detected by olfactory sensory neurons (OSNs) expressing
the non-canonical olfactory receptor guanylyl cyclase-D (GC-D). Recent behavioral studies in our lab have
shown that the acquisition of an STFP is more specifically understood as the acquisition of an odor preference.
Furthermore, we found that odor preference acquisition mediated by GC-D-expressing OSNs (GC-D+ OSNs) is
not restricted to the STFP paradigm or to adult animals, indicating that this olfactory subsystem likely plays a
broad-based role in odor preference learning in a variety of social and learning contexts. While the neural
circuits essential for the acquisition of GC-D+ OSN-mediated odor preferences remain unclear, activity mapping
and neural tracing studies suggest that multiple regions of the olfactory forebrain contribute to these processes.
Social Communication In Mice: Specific Vomeronasal Receptor-Mediated Limbic Circuit Activation
Leading To Behavioral Output
Kazushige Touhara
The University of Tokyo

The Impact of Neurodegenerative Disease on Olfactory Function
This is an exciting time for development of biomarkers of Alzheimer’s disease (AD) and Parkinson’s disease (PD). AD and PD are
devastating neurological diseases which impact cognitive, motor, and sensory function, in particular, olfactory function. There is
tremendous interest in markers that can signal very early AD and PD in order to choose participants for clinical trials and for treatment
once it becomes available. This symposium is designed to stimulate novel thinking and encourage new approaches to studying the
unanswered questions regarding the impact of neurodegenerative disease on olfactory function. The speakers will discuss recent
findings, and highlight scientific gaps and opportunities, where research into structural, functional and neurochemical changes in the
olfactory system is needed to understand the substrates of olfactory dysfunction in AD and PD. Whether olfactory dysfunction
becomes an important functional marker in clinical trials and clinical assessment depends on how we navigate this moment.
Chair(s): Claire Murphy and Daniel Wesson
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Switching The Identity Of Vomeronasal Sensory Neurons
Jennifer M Lin, Ed Zandro M. Taroc, Raghu Katreddi, Alex Lemus , Paolo E. Forni University at Albany, Albany,
NY, United States
The diversity of neuronal types is established by defined transcriptional programs. The vomeronasal organ (VNO) is a specialized
olfactory subsystem responsible for the detection of molecules that define the social behavior of vertebrates. The VNO of rodents is
composed of two main types of vomeronasal sensory neurons (VSNs) that selectively express receptors encoded by two vomeronasal
receptor (Vr) gene super-families: V1r and V2r. V1r- and V2r- expressing VSNs bind different ligands, project to distinct areas of the
accessory olfactory bulb, transduce their signals through different G-protein subunits, and respectively reside in apical and basal
territories of the VNO. What factors underlie the neuronal diversity of vomeronasal sensory neurons is still unknown. Analyzing a line
of knock-out mice we previously demonstrated that the transcriptional regulator tfap2e/AP-2ε essential to maintain the neuronal
identity of basal vomeronasal sensory neurons. Moreover, we found that, after AP-2ε loss-of-function, basal VSNs can progressively
acquire molecular features of the apical VSNs. These data suggest a prolonged window of cellular plasticity for VSNs. To further
study the role of transcription factors in defining apical and basal VSNs we generated a Cre inducible AP-2ε mouse line, by inserting
AP-2ε in the Rosa locus. To test the genetic and cellular plasticity of mature VSNs we induced AP-2ε expressing in apical and basal
VSNs using OMPCre mouse line as Cre driver. In this presentation I will discuss the genetic and molecular changes, underling
switches in identity and connectivity of mature apical VSNs after ectopic AP-2ε expression. Our data support the idea that VSNs
retain a high level of cellular plasticity and that they can be, at least in part, reprogrammed after they reach maturity.
Species-Specific Differences In The Mosquito Olfactory Response To Repellents
Ali Afify1, Joshua F. Betz2, Olena Riabinina1,4, Chloé Lahondère3, Christopher J. Potter1
1The
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The effect of insect repellents on the mosquito olfactory system is not well understood. To gain insights into this problem, we
engineered transgenic Anopheles coluzzii mosquitoes to enable, for the first time, activity-dependent Ca2+ imaging in their olfactory
neurons. We found that natural repellents such as lemongrass oil activate a subset of olfactory receptor neurons on the antennae of
Anopheles mosquito. On the other hand, man-made repellents like DEET work indirectly by reducing the amount of human odorants
that reach the mosquito antennae. To behaviorally test these findings, we designed a new assay to monitor the direct effect of mosquito
repellents on An. coluzzii mosquitoes. We also extended our behavioral studies to examine the olfactory effect of repellents on two
other mosquito species, Aedes aegypti and Culex quinquefasciatus. We found clear behavioral differences in mosquito responses to
repellents. For example, we found that An. coluzzii mosquitoes were directly repelled by lemongrass oil but not DEET, while Ae.
aegypti and Cx. Quinquefasciatus mosquitoes were repelled by both repellents. In addition, we compared behavioral responses to
repellents with calcium imaging recordings of antennal olfactory neurons. We found that changes in An. coluzzii olfactory responses to
repellent mixtures reflected changes in repulsive behaviors. Our findings suggest that confusion about how DEET works is partially
due to species-specific differences in the mosquito response to DEET. Overall, our findings could be used to develop safer alternatives
to currently used mosquito repellents, help inform mosquito repellent choice by species, and guide decisions on effective repellent
blends.
Impact Of Dysosmia On Flavor Perception And Enjoyment In Community Dwelling Adults
Jordan Allensworth, Rodney Schlosser , Tina Storck, Zachary Soler
Medical University of South Carolina, Charleston, SC, United States
Background: Although dysosmia affects a significant proportion of the adult population, there is a paucity of studies addressing its
impact on flavor perception and enjoyment. This study aimed to compare flavor perception and food enjoyment of items considered
olfactory-dominant or trigeminal-dominant in subjects with and without dysosmia. Methods: Adult subjects prospectively underwent
Sniffin' Sticks olfactory testing from which threshold, discrimination, and identification (TDI) scores were used to identify dysosmic
(TDI <30) and normosmic subjects (TDI >30). Forced-choice, blinded flavor identification testing was performed using 8 flavor
extracts and 8 real-food items of either trigeminal- or olfactory-dominant flavor profile. Food enjoyment was quantified using visual
analog scales. Results: Forty-one subjects were enrolled, including 20 dysosmics and 21 normosmics, with no difference in age or
gender. Compared with normosmics, dysosmic subjects had significantly lower identification of extracts (55% vs 91%; p <0.001) and
purees (64% vs 84%; p <0.001). Among dysosmics, identification of trigeminal-dominant extracts and foods was higher than

olfactory-dominant extracts and foods. Compared with normosmics, dysosmic subjects reported significantly reduced enjoyment of
olfactory-dominant extracts (4.3±18.8 vs 18±17.8; p = 0.021) and foods (5.2±14.5 vs 15.2±21.6; p = 0.092), however there was no
significant difference in enjoyment of trigeminal-dominant extracts or foods (p>0.268 for both). Conclusions: Identification and
enjoyment of food items is reduced in dysosmic subjects, with the greatest impact in olfactory items. These findings suggest that diet
modification favoring trigeminal-dominant foods might lead to greater enjoyment in those with dysosmia.
Viewing Pictures Of Foods Elicits Taste-Specific Activity In Gustatory Insular Cortex
Jason A Avery, Alexander G Liu, John E Ingeholm, Stephen J Gotts, Alex Martin
National Institute of Mental Health, Bethesda, MD, United States
Grounded theories of cognition claim that the neural substrates involved in object perception support both the perceptual and
conceptual processing of those objects. Thus, the conceptual representation of food should involve brain regions associated with taste
perception. This idea is supported by human neuroimaging research showing that viewing pictures of food activates taste-responsive
regions of the insular cortex. While suggestive, these findings do not indicate whether these representations contain specific
information about the taste qualities of the depicted foods (i.e. whether a food is sweet, sour, or salty). To explore this question, we
examined foodrelated responses within the human brain using ultra-high resolution functional magnetic resonance imaging (MRI) at
high magnetic field strength (7-Tesla). During scanning, participants tasted sweet, salty, sour and tasteless liquids, delivered via a
custom-built MRI-compatible tastant-delivery system. In a separate task, subjects also viewed pictures of a variety of sweet, salty, and
sour foods, as well as non-food objects. All tastants (vs. tasteless) activated gustatory cortex within the dorsal mid-insula, a region also
activated when subjects viewed pictures of food (vs. non-food objects). As previously reported, we were able to reliably decode tastant
identity within this mid-insula region, using multivoxel pattern analysis. We were also able to decode the taste category associated
with food pictures within the dorsal mid-insula, as well as in the orbitofrontal cortex and the amygdala - regions located downstream
in the taste pathway. This suggests that these food representations, located within the neural structures involved in taste perception,
contain information specific to the sensory qualities of visually depicted foods.
Odor Similarity May Be Encoded At Specific Periods During Olfactory Processing
Jisub Bae1, Kwangsu Kim1, Sun Ae Moon1, Won-Seok Kang2,3, Cheil Moon1,3
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The mechanisms that the brain uses to discriminate between odors have long been a research focus. Previous studies suggest that odor
discrimination may involve multiple neurological processes within the brain (i.e., temporal and spatial neuronal activation and
systemic phase synchronization). However, there is limited evidence regarding temporally mediated mechanisms in humans,
especially processing in millisecond time scale. Here, we focus on how the brain discriminates odors at specific times during central
olfactory processing. Combined with multi-variable electroencephalography (EEG) analysis, we found that similarly perceived odors
induce similar EEG signals during 50-100ms, 150-200ms in theta and 350-400ms in gamma frequency. Furthermore, we found that
specific brain regions may play an important role in processing in early processing time (50-100ms), and systemic connectivity also
important as well during late processing time (350-400ms). Our findings provide the essential evidence that specific periods may exist
that mainly related to odor quality processing during central olfactory processing.
A Functional Agonist Of Insect Olfactory Receptors : Behavior, Physiology And Structure
Srishti Batra1, Jacob Corcoran2, Dan-Dan Zhang2, Christer Löfstedt2, Ramanthan Sowdhamini1, Shannon B.
Olsson1
1National
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Chemical signalling is ubiquitous and employs a variety of receptor types to detect the cacophony of molecules relevant for each living
organism. Insects are the most specious taxon and have evolved unique olfactory receptors with as little as 10% sequence identity
between receptor types. We have identified a promiscuous volatile, that elicits chemosensory and behavioral activity across multiple
insect orders and receptors. This known food additive elicits a behavioral response (Y-tube olfactometer) for several insects that
include mosquitoes, flies and cockroaches. In vivo and in vitro physiology experiments (Single sensillum recordings,
electroantennograms, heterologous exprssion of olfcatory receptors in cell lines and Xenopus oocytes, Two electrode volateg clamp)
showed that this volatile is detected by roughly 80% of the recorded neurons expressing the insect-specific olfactory receptor complex
in the antenna of Drosophila melanogaster. We present homology modeling and docking studies with selected olfactory receptors that
suggest a conserved motif potentially important for ligand binding. A broad-scale behaviorally active molecule non-toxic to humans
thus has significant implications for health and agriculture. This novel ligand thus serves as a unique tool to unlock molecular,
physiological, and behavioral relationships across this diverse receptor family and animal taxa.
Stable Macroscopic Representations Across Strains And States In The Mouse Accessory Olfactory Bulb
Yoram Ben-Shaul, Oksana Cohen, Michal Yoles-Frenkel, Rohini Bansal
Hebrew University Faculty of Medicine, JERUSALEM, *, Israel

The accessory olfactory bulb (AOB) is the first brain relay of the vomeronasal system, a sensory system largely dedicated to the
processing and directing behavioral responses to cues from other organisms. Because appropriate behavioral responses typically
depend on the receiver’s internal state, life history, and genetic

makeup, it seems reasonable to expect such aspects to modulate the neuronal representation of sensory cues. Several lines of evidence
indeed support the idea that vomeronasal, and in some cases AOB representations specifically, are modified as a function of state or
experience. Motivated by these observations, we employed in vivo electrophysiolgical recordings to compare stimulus evoked
neuronal activity in the mouse AOB, under three distinct contexts: 1. In female mice at different stages of their estrus cycle, 2. In
sexually naïve vs. mated females, and 3. In two different strains of mice. In each of these studies, we applied population level metrics
to quantify similarity in neuronal representations of behaviorally relevant chemical cues from conspecifics and from predators. In all
cases, we found that AOB representations are strikingly consistent, despite state or genetic based changes in the recipients. Taken
together, our results suggest that on a macroscopic level, AOB representations are highly consistent and not easily perturbed by an
organism’s experience or current state. Consistent with previous studies on sexual dimorphisms in AOB responses, our findings
indicate that state dependent changes in neuronal representations take place downstream of the AOB.
Regional Effects Of Capsaicin In The Oral Cavity: Comparison Of Sensitivity And Desensitization Among
The Tongue, Cheek, Hard Palate, And Lip Mucosae
Danica N. Berry, Christopher T. Simons
The Ohio State University, Columbus, OH, United States
Capsaicin sensitivity and desensitization were compared across several oral cavity mucosae. Capsaicin (100 ppm) or water (control)
were applied bilaterally to the tongue, cheek, hard palate, and lip mucosae and irritation intensity was recorded from each side over a
10-minute period. Following a rest period, capsaicin (100 ppm) was reapplied on previously exposed areas and subjects indicated
which side felt more intense and provided ratings over a 3.5-minute period. Results were analyzed using mixed design ANOVAs,
binomial tests and paired t-tests. Results from the initial task indicated significantly greater max and overall irritation intensity on the
tongue compared to the hard palate, hard palate compared to the cheek and lip, but not between the cheek and lip. The hard palate took
significantly greater time to reach max intensity than that of tongue, cheek, and lip. Findings from task two showed significantly more
subjects chose the control-pretreated compared to the capsaicinpretreated side as more intense on the tongue and hard palate, but not
on the cheek and lip. These results suggested that capsaicin was desensitized on the tongue and hard palate but not on the cheek and
lip. Given these data, a similar experiment was conducted at a higher capsaicin concentration (1000 ppm) on the cheek and lip. Max
and overall intensity were significantly greater on the lip compared to cheek. A significant proportion of subjects chose the previously
capsaicin-treated side as more intense at all time points on the lip, and the majority of time points after one minute on the cheek,
indicating desensitization. Based on differences in sensitivity and the extent of desensitization among the areas, these findings suggest
oral cavity mucosae respond to, but are impacted differently by, capsaicin exposure.
Coupling Of Olfaction-Olfactomotor Networks Enhances Olfactory Performance During Periovulatory Period In Females: An
Fmri Study
Yun-Ting Chao1,2,3, Tzu-Yi Hong2,3, Jen-Chuen Hsieh2,3
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It has been reported that the sense of smell fluctuates throughout the menstrual cycle. Female subjects may benefit from enhanced
olfactory capacity in the peri-ovulatory period for mate selection and reproduction. However, the neural underpinning of olfactory
performance changes across menstrual cycle remains unknown. In this report, we studied a neuroimaging dataset from our
comprehensive dysmenorrhea program to explore the change of olfactory neural network among the menstrual cycle. In brief, we
obtained the resting-state fMRI data of 91 healthy female participants (age: 23.79 ±2.66 years old) during their peri-ovulatory and
menstrual phases, respectively. The mean time-series activity in the a priori seed regions of olfactory network (piriform cortex, PC
and orbitofrontal cortex, OFC) was extracted, and seed-based functional connectivity (FC) maps were then computed. Paired t-test was
conducted for between-phase comparison, and significance was set at the uncorrected peak level p <0.001 followed by FWE-corrected
cluster level p <0.05. The results revealed hyperconnectivity of PC-cerebellum and PC-occipital lobe FCs, and the OFC-cerebellum
and -supplementary motor area (SMA) FCs. In a subset (n=13) of studied subjects, the difference of olfactory performance between
periovulatory and menstrual phases was assessed by sniffin’ sticks test. A better odor discrimination (13.62 ±1.39 vs. 12.54 ±1.61,
p=0.047) and TDI scores (35.19 ±2.18 vs. 33.29 ±2.45, p=0.002) were observed. Our work indicates that better olfactory function in
the peri-ovulatory period is associated with the coupling of olfactionolfactomotor networks (e.g., cerebellum and SMA). The findings
should be appreciated in the context of evolutionary perspective that facilitates mating and reproduction.
Manipulating Synthetic Optogenetic Odors Reveals The Coding Logic Of Olfactory Perception
Edmund Chong1, Monica Moroni2,3, Shy Shoham1,4,5, Stefano Panzeri2, Dmitry Rinberg1.4
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How does neural activity generate perception? The spatial identities and temporal latencies of activated units correlate with external
sensory features, but finding the subspace of activity that is consequential for perception, remains challenging. We trained mice to
recognize synthetic odors: optogenetically-driven spatiotemporal patterns of glomerular activity in the olfactory bulb. We then
performed precise spatial or temporal perturbations on trained patterns and measured how recognition changes. Changes in recognition
reflect the perceptual relevance of the modified feature. We modeled recognition as the matching of glomerular activity to learned
templates, and uncovered what forms a perceptually-meaningful pattern template: activation sequences ordered by latencies relative to
each other, with surprisingly minimal effect of sniff. Within templates, spatially-identified glomeruli contribute additively, with larger
contributions from earlier-activated glomeruli. Template matching with these perceptually-meaningful features can account for
animals’ responses, with the degree of mismatch predicting changes in recognition. The model accurately generalizes to novel spatiotemporal manipulations of patterns, and produces non-linear responses that resemble the non-linear responses in the data. This is the
first report to our knowledge, that not only establishes a causal role for neural activity sequences in perception, but also uncovers the
perceptually-relevant coding schemes governing these sequences. Our synthetic approach reveals the fundamental logic of the
olfactory code, and provides a general framework for testing links between sensory activity and perception.
Mapping And Remapping The Human Olfactory Perceptual Space
Sarah Cormiea, Jason Fischer
Johns Hopkins University, BALTIMORE, MD, United States
In visual perception, words are said “jump-start” object recognition. Similarly, learning the label seems to transform an odor – to snap
its perceptual features into sharper focus. Here, we present a novel method for mapping human olfactory perceptual space. We tested
whether assigning labels to everyday odors alters their perceptual similarity. Participants reported the similarity of odors by dragging
and dropping icons into a circular arena on a computer screen. In Session 1, stimuli consisted of sixteen unlabeled odors from common
foods (e.g.
onion, carrot, grapefruit, vanilla), delivered in opaque squeeze bottles. Subjects sniffed the odors and then arranged the icons on the
screen, placing icons for similar-smelling items close together and different items farther apart. In Session 2, participants performed
the same task, but this time with labels on the bottles identifying the odors. In Session 3, participants performed the arrangement task
based on labels alone. Perceptual similarity was reliably correlated, demonstrating shared structure in participants’ perceived
relationships among odors (N=20, leave-one-out correlation = 0.45; p<0.001). Further, the addition of labels in Session 2 altered the
perceptual space in a reliable way that was not fully accounted for by a linear combination of the odor-only arrangements (Session 1)
and the label-only arrangements (Session 3). Shifts in olfactory similarity space predicts that some odors will move farther apart and
become more discriminable. Consistent with this hypothesis, we found improved discrimination in an odor mixture classification task
with the application of labels (N=76, p = 0.041). These results suggest a reliable olfactory perceptual space that is systematically
remapped with the application of labels.
Stress-Induced Changes In The Odor Detection Of Healthy Children And Adolescents
Bernadette M. Cortese, Thomas W. Uhde, Casey D. Calhoun, Harlee Onovbiona, Molly Kegley, Curtisha
Shacklewood, Carla Kmett Danielson
Medical University of South Carolina, Charleston, SC, United States
Olfaction serves a primary role in the detection of potential danger in our food, environment, and social interactions. Accordingly,
short-term enhanced detection in response to acute threat has been reported. Yet other evidence suggests that chronic fear/threat may
cause long-term damage and deficits in detection. Thus, our study goal was to better understand the differential effects of acute and
chronic stress on odor function. Participants were recruited from the larger Charleston Resiliency Monitoring (CHARM) study. Odor
thresholds for phenyl ethyl alcohol (PEA), an odorant with low trigeminal action, and guaiacol (GUA), an odorant with high
trigeminal action, were obtained at baseline and after an acute stressor (Trier Social Stress Test, TSST) in anxious (n=27) and nonanxious youth (n=58). A mixed-effects ANOVA (anxiety x odor x time) revealed increased sensitivity to GUA versus PEA in anxious
versus non-anxious youth (Anxious: MGUA=-5.79±1.4, MPEA=-4.90±1.6; NonAnxious: MGUA=-5.28±1.3, MPEA=-5.35±1.5; F[1,
83]=5.9, p<.05). While the TSST had no significant effect on detection of either odor in the non-anxious youth, it caused a significant
reduction in the detection of PEA in the anxious youth (Mpre-TSST=-5.31±1.5, Mpost-TSST=-4.49±1.8, t26=2.3, p<.05). Increased
sensitivity to GUA in anxious youth aligns with our previous findings in anxious adults. The TSST-related reduction in sensitivity to
PEA, but not GUA, is consistent with a chronic stress-related mechanism that dampens pure olfactory function, while sparing
intranasal trigeminal function, shifting resources toward potentially threatening odors. Future studies should determine the
mechanisms that underlie stress- and anxiety-related changes in olfactory and intranasal trigeminal function.
Odorant Roles In Olfactory Receptor Odorant Interactions: A Novel Perspective
Chiquito Crasto, Anuththara Lokubandara, Vasanth Mandla
Texas Tech University, Lubbock, TX, United States
We present here a novel perspective in olfactory receptor (OR)-odorant interactions. Using the drug-design software BioSolveIT
(Sankt Agustin, Germany)* and drug-target, structure-activation notions, we performed comprehensive computational assessments of
odorants involved in the activation of three extensively, functionally-characterized mouse olfactory receptors: mOR-EV (Oka, et al.
Chem Senses. 2004 Nov; 29(9):81522.), MOR256-3 and MOR41-1) (Saito et al., Sci Signal.March (3); 2(60)., 2009). The cohort of
ligands for each OR was categorized into strong-, medium to weak-, and non-activators. Our aim was to determine the mechanism by
which odorants with disparate structural and functional features and could elicit similar responses. In pharmaceutical drug-design, a
reference, known to produce an efficacious clinical response, is chosen as a template for further drug design. In our analysis, for each

group, one odorant with the most varied structural and functional features was selected. The conformational space for this odorant
was scanned. Between seven-ten most varied conformations were chosen as references. The conformational spaces the odorant
molecules within each group were scanned. Each of the several hundred resulting conformations was then superimposed with the
reference for that group. We identified, for certain stable odorant conformations, specific molecular features within the odorant
structures that were consistently reproduced even for disparate looking odorants ligands. Within an OR binding pocket, odorants that
elicit a certain type of response likely adopt a unique conformation. This points to an odorant’s mechanistic contribution to OR
activation.
Exposure To Polyphenols Alters Sensation And Salivary Protein Profile
Lissa A. Davis, Cordelia A. Running
Purdue University, West Lafayette, IN, United States
Polyphenols, bitter and astringent compounds present in many healthy foods, induce varied responses across individuals. These
differences in liking and flavor intensity may be attributable, in part, to inducible differences in saliva. In the current study, we tested
whether subjects who varied in polyphenol consumption would: 1) differ at baseline in their perception of a bitter polyphenol, and 2)
differ in their sensory and salivary alterations to repeated exposure of a bitter polyphenol. Results from two-weeks of daily
polyphenol consumption (N=37) indicate that bitterness intensity of the polyphenol solution decreased after polyphenol exposure
compared to control (water) exposure. Surprisingly, high polyphenol consumers rated the solution as more bitter than either mid
(p=0.002) or low (p<0.001) consumers. Several proline rich proteins, cystatins, and immunoglobulins also changed in saliva in
response to the intervention. Interestingly, several of these proteins seem to correlate with perception of water’s taste as much or
more than the perception of the actual polyphenol. Further work will elucidate these differences among polyphenol consumers/nonconsumers, and how exposure to polyphenols, salivary proteins, and sensation all interact.
An Enhanced Evolutionary Capacitance Enables The Functional Expression Of Odorant Receptors With Cryptic Mutations
Claire A. de March1, Kentaro Ikegami 1, 2, Maira H. Nagai 1, Soumadwip Ghosh 3, Matthew Do 1, Ruchira
Sharma 1, Elise S. Bruguera1, Yueyang Eric Lu 1, Yosuke Fukutani 1, 2, Nagarajan Vaidehi 3, Masafumi Yohda2, Hiroaki
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Odor detection begins with odorant receptors (OR), which belong to the large family of rhodopsin-like G protein-coupled receptors.
In order to discriminate the vast number of volatile chemicals, the ORs repertoire gained a high functional diversity by rapidly
evolving, becoming the largest sub-family of G protein-coupled receptors. The mechanism allowing this rapid evolution while
conserving the functionality of the ORs remains unknown. Here, we sought to understand at a molecular level the ORs properties
underlying their functional expression in olfactory sensory neurons while they remain poorly expressed in heterologous cells. Using
a combination of in silico and in vitro tools, we demonstrate that the divergences from the conserved residues in this family are
cryptic mutations that increase OR repertoire diversity at the expense of functionality. The divergence from conserved residues
destabilizes the structure of the OR to decrease its cell surface expression in heterologous cells. The receptor transporting proteins
RTP1 and RTP2 compensate this structural destabilization by promoting most ORs transport from the endoplasmic reticulum to the
cell surface allowing their functional expression. We hypothesis that olfactory-specific evolutionary capacitors, such as RTP1,
RTP2, and other contributors yet to be discovered, enables ORs functional cell surface expression, supporting the rapid evolution of
ORs to facilitate sensory adaptation.
Discovery Of Skin Metabolites Enriched On Highly Mosquito-Attractive Humans
Maria E. De Obaldia1, Takeshi Morita1, Laura Dedmon1, Justin Cross2, Leslie B. Vosshall1
1Rockefeller University,
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Aedes aegypti female mosquitoes need mammalian blood, preferably human, in order to reproduce, making them efficient disease
vectors. Additionally, mosquitoes prefer to bite some humans over others, driven by skin odor; however, the mechanistic basis
remains unknown. In order to identify humans uniquely attractive/unattractive to mosquitoes, we screened mosquito preferences
between skin emanations from 8 human subjects presented in 28 possible pairs. We identified several robust preferences, durable for
over one year. Next, we tested whether mosquitoes with loss of function mutations in individual olfactory co-receptors (orco, Ir8a,
Ir25a, Ir76b) retain preferences for specific human subjects. Though Ir8a or Ir25a mutants were less attracted to human odor
overall, all co-receptor mutants largely retained the ability to discriminate highly vs. weakly attractive humans. Next, to identify
metabolites enriched in skin emanations from highly mosquito-attractive humans, we performed untargeted gas chromatography/
quantitative time of flight mass spectrometry (GC/QTOF-MS). We identified a handful of “known unknown” features (mass,
retention time pairs) enriched on the skin of highly attractive human subjects vs. less attractive humans. Chemical formula prediction
from

accurate mass suggests that these features are acids or amines with 14-18 carbons. We are currently using tandem mass
spectrometry to precisely identify these metabolites, since the predicted chemical formulas each have several possible
chemical structures. We envision that understanding the mechanistic basis for the biting preferences of disease vector
mosquitoes will suggest new strategies to diminish mosquito attraction to humans.
Adaptive Variations In Taste Detection Of Carboxylic Acids
Manali Dey1, Anupama Dahanukar1,2
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Studying host plant specialization in insects provides an opportunity to decipher how evolutionary forces affect ecological adaptation
and behavioral changes. Drosophila sechellia, endemic to the Islands of Seychelles, is an obligate specialist that almost exclusively
uses the fruit of Morinda citrofolia (Morinda) for feeding and oviposition. By contrast, its generalist relatives D. melanogaster and D.
simulans avoid the fruit. The short to medium chain fatty acids (FA) present in Morinda are toxic for D. melanogaster and D. simulans
but not for D. sechellia. We undertook a comparative study of gustatory responses in the three species to understand the basis of
adaptive taste variation. Results of two independent behavior assays reveal that D. melanogaster and D. simulans avoid Morinda FAs,
whereas D. sechellia prefers them. Comparative analysis of cellular responses from extracellular tip recordings identifies two
mechanistic changes in D. sechellia that may facilitate their interaction with Morinda fruit – first, their bitter taste neurons are not
strongly activated by FAs, and second, their sweet taste neurons are not strongly inhibited by FAs. We find also that D. simulans
appears to exhibit phenotypic parameters like those of D. melanogaster for some Morinda FAs, and different from both D.
melanogaster and D. sechellia for other Morinda FAs. Overall, our observations support the idea that multiple genetic changes account
for Morinda FA taste variation between D. sechellia and its sister species. In ongoing studies, we are working to identify the genetic
changes that underlie these taste differences.
Waterless Empirical Taste Test (Wett&Reg;): Clinical Validation
Richard L Doty, Crystal Wylie, Mark Potter
University of Pennsylvania Smell & Taste Center, Philadelphia, PA, United States
Objectives: Taste is rarely assessed quantitatively in the clinic, despite evidence that hypogeusia is associated with a range of diseases
and disorders and has both diagnostic and prognostic value. The goal of this study was to validate, within a clinical population, a
novel, practical, and portable taste test (the Waterless Empirical Taste Test or WETT®) that employs both perithreshold and
suprathreshold tastant concentrations and requires neither liquid tastants nor liquid rinses. Methods:The WETT® scores of 198
consecutive patients were compared, on multiple tasks, to those of two well-established taste tests -- the Whole Mouth Test and the
Taste Quadrant Test; 63 patients were tested twice to determine test-retest reliability. Split-half reliability was determined for all three
tests. The WETT® stimuli, embedded within pads of monometer cellulose located on disposable plastic strips, included blanks and 4
concentrations each of sucrose (sweet), citric acid (sour), NaCl (salty), caffeine (bitter), and monosodium glutamate (MSG;
brothy/savory). Results:The WETT® test-retest and split-half reliability coefficients were high (e.g., test-retest r’s for total WETT®
test = 0.95; sucrose: 0.82; citric acid: 0.56; NaCl:
0.78; caffeine: 0.84; MSG: 0.89). The WETT® exhibited comparable, in some cases higher, sensitivity than the WMT and TQT to
age, sex, etiology (head trauma vs. upper respiratory infections), taste phantoms, and phenylthiocarbamide (PTC) taste ability.
Conclusion: These validation data demonstrate that the WETT® is a reliable and sensitive clinical measure of taste function in
humans. Unlike extant chemical taste tests, this relatively brief test does not require water rinses between trials, making it practical in
clinical, including bedside, applications.
Taste Perception Profiles Are Associated With Adiposity Among Older Adults With Metabolic Syndrome &Ndash; PredimedPlus
Julie E Gervis1, Kenneth Kwan Ho Chui2, Oscar Coltell3,4, Rebeca Fernández-Carrión4,5, Rocío Barragán4,5,
Dolores Corella4,5, Jiantao Ma6, Alice H Lichtenstein1
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In humans, perception of each taste (sweet, salt, sour, bitter and umami) has been independently related to food intake and diet quality.
Yet, the collective influence of perception of all 5 tastes on diet-related health outcomes remains unexplored. To address this gap, we

analyzed baseline data of 367 older adults (55-75 years; 55% female) with metabolic syndrome (MetS) participating in the
PREDIMED-Plus Valencia trial. A data-driven clustering approach was developed to derive “taste perception profiles” from
perception scores of all 5 tastes (scale: 0-5; tastants: sucrose, NaCl, citric acid, phenylthiocarbamide and monopotassium L-glutamate)
and multivariable regression was used to evaluate relations of these profiles with BMI, body weight (BW) and waist circumference
(WC). The approach yielded 6 distinct taste perception profiles: Low All (n=85), High Bitter (n=41), High Umami (n=61), Low Bitter
& Umami (n=59), High All But Bitter (n=72) and High All But Umami (n=49), explaining 35%, 67%, 52%, 63% and 65% of the
variability in perception of each taste, respectively, among participants. After adjusting for age, sex, physical activity, smoking,
diabetes, medication use and energy intake, BMI, BW and WC were highest for the Low All profile (adjusted means: 33.3 kg/m2, 87.0
kg and 107.8 cm). Compared to Low All, mean BMI and BW were lower for High All But Umami (–1.7 kg/m2; –4.6 kg) and Low
Bitter & Umami (–1.4; –3.7) and BW was lower for High All But Bitter (–3.7 kg) (all P<0.05). There were no significant differences
in WC. In conclusion, taste perception profiles derived via data-driven clustering were related to adiposity in older adults with MetS.
Thus, perception of and interactions among the 5 tastes may collectively influence adiposity and its determinants, such as diet quality.
Precise Optical Probing Of Perceptual Detection In Olfactory Circuits
Jonathan V. Gill1,2, Gilad M. Lerman1, Hetince Zhao1,3, Benjamin J. Stetler1,3, Shy Shoham1,3,4, Dmitry Rinberg1,2,5
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Animals are capable of detecting odorants in a single sniff, at extremely low concentrations. This ability is crucial for survival, yet it is
unknown how the olfactory system supports detection at the perceptual limit. In the mouse olfactory bulb, inhalation of different odors
leads to changes in the set of neurons activated, as well as when neurons are activated relative to each other (synchrony), and the onset
of inhalation (latency). A key question is which features of stimulus evoked activity (e.g. rate, synchrony, or latency) are used to guide
detection behavior? Here, we probed the sensitivity of mice to perturbations across each stimulus dimension using holographic twophoton (2P) optogenetic stimulation of olfactory bulb neurons, with cellular and single action potential resolution and millisecond
precision. We found that mice can detect single action potentials evoked synchronously across <20 olfactory bulb neurons. Mice
exhibited this sensitivity for artificial ensembles of mitral cells, as well as mixed ensembles of mitral and granule cells. Further, we
discovered that detection depends strongly on the synchrony of activation across neurons, with detectability falling to near-chance
levels with an imposed stimulus spread ³ 30 ms, while detection performance was minimally perturbed by changes in the latency of
activation relative to inhalation. These results reveal that mice are acutely attuned to single neurons and action potentials in olfactory
circuits, and that synchrony across neurons may be a critical feature supporting the perceptibility of sparse ensemble activity signals.
Olfaction Contributes To The Learned Avidity For Glucose Relative To Fructose In Mice
John I Glendinning1, Jennifer Maleh1, Gabriella Ortiz1, Khalid Touzani2, Anthony Sclafani2
1Barnard College, Columbia
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When offered glucose and fructose solutions, rodents consume more glucose solution because it produces stronger postoral
reinforcement. Intake of these sugars also conditions a higher avidity for glucose relative to fructose. We asked which chemosensory
cue mediates the learned avidity for glucose. We subjected mice to 18 days of sugar training, offering them 0.3, 0.6 and 1 M glucose
and fructose solutions. Before and after training, we measured the avidity for 0.3 and 0.6 M glucose and fructose in brief-access lick
tests. First, we replicated prior work in C57BL/6 mice. Before training, the mice exhibited a higher avidity for fructose; after training,
they exhibited a higher learned avidity for glucose. Second, we assessed the necessity of the glucose-specific KATP taste pathway to
the learned avidity for glucose, using mice with a nonfunctional KATP channel (SUR1 knockout mice). Before training, SUR1 KO and
wildtype mice exhibited an equivalent avidity for glucose and fructose; after training, both strains exhibited a learned avidity for
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In most mammals, ordinary odorants are processed primarily in the main olfactory system (MOS), yet social chemosignals are
processed primarily in the accessory olfactory system (AOS). There is growing evidence that humans use social chemosignaling.
However, because humans purportedly don’t have an AOS, human social chemosignaling likely relies on the MOS alone. To verify
this, we set out to test the hypothesis that individuals with congenital anosmia (CA), who lack a functioning MOS, will also lack
responses to social chemosignals. A widely studied human chemosignal is the smell of fear (SOF). We collect SOF using underarm
sweat-collection pads on individuals during their first-time parachuting. Fear was verified by questionnaire and by levels of salivary
cortisol. We then used SOF or blank control as stimuli in double-blind experiments measuring the galvanic skin response, a powerful
indicator of autonomic arousal. To date, we studied 4 men with CA (age 29 to 39), and 7 men controls (age 20 to 40). We observed a
pronounced GSR response to SOF in controls (mean absolute difference in GSR fear vs. control = 3.07mS*sec ± 1.5, t6=5.93, p<0.001,
Cohen’s d = 2.26), but no response in CA (fear vs. control = 0.97mS*sec ± 0.97, t3=2.013, p=0.14), and the groups were significantly

glucose, indicating the KATP taste pathway is not necessary for discriminating the sugars. Third, we investigated the necessity of
olfaction by comparing sham and anosmic mice. The mice were made anosmic by olfactory bulbectomy or ZnSO4-treatment. Before
training, sham and anosmic mice exhibited an equivalent avidity for glucose and fructose; after training, sham mice exhibited a higher
avidity for glucose relative to fructose, whereas anosmic mice exhibited an equivalent avidity for both sugars. Our results show that
olfaction contributes to the learned avidity for glucose relative to fructose.
Lacking Response To Fear Chemosignals In Congenital Anosmia
Lior Gorodisky1,2, Reut Weissgross1,2, Shiri Karagach1,2, Tali Weiss1,2, Noam Sobel1,2
different (t9=2.69, p=0.025, Cohen’s d = 1.688). If we cycle through the 35 possible quadruplets of controls, all quadruplets had a
larger response than the CA quadruplet (all t>1.7), and in 15 of them this was significant (all p<0.017). These pilot data imply a lack
of response to social chemosignals in congenital anosmia. This lack may explain part of the social phenotype associated with the
condition. That said, a larger cohort is needed before final conclusions are made.
Bursting Bubbles In Beervana: Baselines Of Craft Beer Consumers And Widespread Enhancement Of Flavor Through
Retronasal Tasting Techniques
TODD HASS1,2
1Pacific Science Center,
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Despite the potential for beer tasters to use retronasal olfaction while imbibing (to detect subtle, ephemeral odors), published beertasting guidelines and evaluation criteria almost exclusively emphasize orthonasal (sniffing) qualities of smell and neglect integration
of retronasal odor inputs. Although these tendencies in beertasting seem well accepted, little has been quantified about consumers'
baseline habits with craft beer (compared to wine, etc.). In October 2019 I developed a brief set of 5-point Likert-style survey
questions to assess the habits of more than 100 attendees of a brewing science event in Seattle, WA (USA) to document how quickly
—or slowly—they swallowed beer in relation to how long they tended to hold beer (and agitate it) in their mouth. As a baseline,
almost 2/3 of participants indicated that they let beer linger in the mouth only ‘momentarily’ (or less) before swallowing, and only
10% let it linger long enough to exhale (or longer). All participants were then given a 4 oz. sample of a hazy pale ale to initially taste
using their personal technique. They then followed a simple set of instructions to enhance the detection of retronasal odors in
subsequent attempts. While the beer was in their mouth, participants attempted to slightly agitate it with their tongue, and let it linger
long enough to exhale through their nose before swallowing. Participants’ survey responses revealed that more than 80% experienced
a desirable enhancement in flavor and aroma on a 5-point Likert scale. Persons reporting a slight enhancement outnumbered those
reporting a strong enhancement by 2:1. My talk will: (1) describe the unconventional tasting technique, participants' baselines and
reactions; and (2) interpret results from a follow-up survey of tens of participants who practiced the technique for 2 months. I will
relate the findings to the gustatory neuroscience literature (Small et al. 2004) that suggest high potential for practitioners of the
technique to experience supraadditive sensory stimulation of related tasting integration pathways in the brain.
Encoding Of Behaviorally Relevant Synthetic Odor Objects In The Piriform Cortex Of The Mouse.
Pedro Herrero-Vidal1,2, Edmund Chong2, Cristina Savin*1,2,3, Dmitry Rinberg*1,2
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The piriform cortex is the first area of integration for all peripheral odor information and it is believed to generate a unique and
wholistic representation of behavioral relevance, sensory object. However, what properties of the cortical neural population activity
define odor objects remains unknown. To address this question, we recorded cortical spiking responses to synthetic odors made of
fully parameterized optogenetic activity patterns in the olfactory bulb, enabling independent and precise control of the incoming
neural responses unattainable with natural odorants. Then, we measured changes in the neural response to a range of controlled spatial
and temporal perturbations of the pattern for which we previously established their behavioral relevance. We developed an
experimental approach to systematically probe cortical neural activity and found features of the population code which represent
behaviorally relevant information.
The Pixels Of Taste And Smell
Thomas P. Hettinger, Marion E. Frank
UCONN HEALTH, Farmington, CT, United States
The 5 human senses are unique and as diverse as their stimuli. Vision, touch, hearing, taste and smell detect light, pressure, sound and
chemical solutions and vapors. Vision and hearing are distance senses, while touch, taste and smell are contact senses. Unlike vision
and hearing, touch, taste and smell do not function as quality detectors along a physical continuum such as wavelength or frequency.
The chemical senses detect stereochemical features that reflect the diversity of their receptors (Buck and Axel, 1991). A key
difference among the 5 senses is their ability to make spatial discriminations. Vision has by far the greatest spatial acuity, with the
foveal region of the eye being able to resolve objects separated by 1/60 of one degree. One visual pixel is the smallest detectable area,
estimated to be (1/60)(1/60) or 1/3600 of a square degree. Over the entire spherical visual space, the spatial representation of the

external world can be described by approximately 3600x360x360 = 467,000,000 pixels. For touch, using an average of 10 mm for 2point discrimination over the entire body surface of 2 square meters, there are 2x100x100 = 20,000 pixels. With a resolution of 4
degrees horizontal and 10 degrees vertical for a frontal stimulus, hearing is estimated to have 90x36 = 3,240 pixels. However, taste
resolution is approximated by 4 bilateral receptive fields on the tongue and palate, giving 4x2 = 8 pixels. Uniquely, smell has no
lateral resolution, but only discrimination between orthonasal and retronasal olfaction, giving 2 pixels. Quality and temporal
discriminations of the chemical senses are on par with the other senses, but the chemical senses are distinctly inferior in making spatial
discriminations, as shown by minimal pixel counts of their sensory worlds.
Factors Associated With Altered Taste Function In The U.S. Population
Howard J. Hoffman1, Susan E. Coldwell2, Katalin G. Losonczy1, Linda M. Bartoshuk3, Shristi Rawal4, John E.
Hayes5, Chuan-Ming Li1, Valerie B. Duffy6
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Taste alterations were examined in NHANES (2011-2014), a cross-sectional, nationally representative health and dietary survey.
Participants (n=7413; aged ≥40) answered questions about their sense of taste, including problems last year, changes relative to age
25, presence of dysgeusia (persistent, unexplained tastes last 12 months), and ability to perceive tastes (e.g., sweet, salt, sour, bitter)
and food flavors. In 2013-2014, a generalized Labeled Magnitude Scale (gLMS) was used to rate whole mouth and tongue tip
intensities of 1 M NaCl and 1 mM quinine (and whole mouth 0.32 M NaCl). Hypo- and hypergeusia were defined by 10th and 90th
percentile cut-points. Risk factors included sociodemographic variables and clinical conditions. Chi-square was used to assess
significance and multivariable logistic regression to estimate risk ratios (RRs) and 95% confidence intervals (CIs). Prevalence of
dysgeusia was 5.2% (7.6 million); common persistent tastes were metallic 30.4%, bad/foul 24.2%, and bitter 22.8%. Dysgeusia
increased 6-fold for report of frequent dry mouth and 3-fold for cancer malignancy (p<0.001). Dysgeusia was associated with oral
problems last year (among those with mouth aching very often 17.8% vs. if never aching 3.1%; p<0.001) and with health of teeth and
gums (poor 10.5% vs. excellent 2.4%; p<0.001). Risk of hypergeusia (quinine whole mouth) increased for women, RR=2.6 (CI: 2.04.2), low education, RR=1.8 (CI: 1.2-2.8), persistent cold/flu, RR=1.6 (CI: 1.2-2.3), and obesity, RR=1.5 (CI: 1.02-2.1). Hypogeusia
increased for men, RR=1.7 (CI: 1.3-2.3). Taste problems were discussed often with doctors for dysgeusia (27.6%) and hypogeusia
(12.6%), but only about one-third (9.7% and 3.7% respectively) reported taste problems interfered with their enjoyment of daily life.
Differential Axonal Projection Patterns Of Early- And Late-Generated Mitral Cells In The Olfactory
Cortex
Fumiaki Imamura, Uree Chon, Brandon LaFever, Yongsoo Kim
Penn State College of Medicine, Hershey, PA, United States
Generation of neuronal diversity is a strategy widely used in the brain to process complex information. In the mouse olfactory bulb
(OB), the olfactory information is received by OB projection neurons, mitral and tufted cells. Although mitral and tufted cells share
many morphological, biophysical, and molecular characteristics, they differ in the location of the cell body, projection patterns of their
dendrites and axons, and response patterns to the odorants. To advance our understanding of olfactory information processing, our
study focuses on mitral cell heterogeneity. As a starting point, we have studied the subpopulations of mitral cells that are determined
by the timing of neurogenesis (“neuronal birthdate”). We previously showed that the in utero electroporation performed on different
embryonic days can introduce plasmid vectors separately into the early- and lategenerated mitral cells. Using this technique, we
reported that early- and late-generated mitral cells are (1) differently localized in the mitral cell layer, and (2) differently extend lateral
dendrites in the external plexiform layer. Here, we focused on the axonal projection pattern. Labeling the early- and late-generated
mitral cells with GFP, we compared their axonal projection patterns in the olfactory cortex using the whole brain imaging with serial
two-photon tomography. The analysis shows that axon collaterals of the late-generated mitral cell are restricted to the anterior
olfactory nucleus and olfactory tubercle while those of the early-generated mitral cells innervate throughout the olfactory cortex. This
result suggests that the neuronal birthdate of mitral cells is a key determinant of, not only cell body location and dendrite projection,
but also axonal projection pattern.
Widespread Inhibition And Modulation In The Mouse Olfactory Sensory Neurons In Vivo
Shigenori Inagaki1, Ryo Iwata2, Takeshi Imai1,2
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Odor recognition starts from olfactory sensory neurons (OSNs), but this process is yet to be fully understood in physiological
conditions in vivo. Here, we performed two-photon calcium imaging of mouse olfactory sensory neurons in vivo and found that odors
produce not only excitatory but also inhibitory responses at their axon terminals. Robust inhibitory responses at OSN axon terminals

remained in two independent mutant mice, in which all possible sources of presynaptic lateral inhibition were eliminated. We then
examined the responses in the olfactory epithelium in vivo and found robust and widespread inhibitory responses at the level of OSN
somata. An in vitro assay demonstrated that some odorants act as inverse agonists to some odorant receptors. We also examined
how odor mixtures are represented in OSNs. Our in vivo imaging revealed extensive mutual modulation: In the binary mixture
experiments, an odor suppressed the responses to the other in some OSNs (antagonism), whereas the same odor enhanced the
responses in other OSNs (non-linear enhancement). Thus, extensive inhibition and modulation occurs already at the level of OSNs.
The bidirectional nature of OSN responses may be useful for robust odor coding under noisy sensory environment.
Calmodulin Regulates The Olfactory Performance In Drosophila Melanogaster
Kalpana Jain, Sofia Lavista-Llanos, Bill S. Hansson, Dieter Wicher 1Max Planck Institute for
Chemical Ecology, Jena, *, Germany Odorant receptors (ORs) are essential for the capability
of insects to detect volatile chemical cues with high sensitivity. ORs operate as ligand-gated
non-selective cation channels and are formed by heptahelical OrX and Orco (co-receptor)
proteins. A highly conserved calmodulin (CaM) binding site (CBS) 336SAIKYWVER344
within the second intracellular loop of Drosophila melanogaster Orco has been shown to be a
target for regulating OR performance. In the present study, we first asked how the point
mutation K339N in the Orco CBS would affect the odor responses in Drosophila olfactory
sensory neurons (OSNs). Using Ca2+ imaging in an exvivo antenna preparation, we first
elicited odor responses using the synthetic Orco agonist VUAA1 in all Orco expressing
neurons (OrX/Orco). In a next attempt, we restricted the OR spectrum to Or22a expressing
neurons (Or22a/Orco) and stimulated these OSNs with its ligand ethyl hexanoate. In both
approaches, we found that Drosophila melanogaster flies carrying the K339N point mutation
in Orco CBS display a reduced olfactory response. We also found that the K339N point
mutation abolishes OSN sensitization. Finally, we asked whether K339N might affect the odor
localization performance. By means of wind tunnel bioassay, we found that odor localization
in mutant flies was severely affected by K339N point mutation. Taken together, our results
show that the CBS in Orco protein plays a vital role in olfactory responses, in regulating the
OR sensitivity, as well as in the odor localization performance of the fly.
The Sense Of Smell Modulates Energy Homeostasis
Predrag Jovanovic, Edward Novinbakht, Nancy Morones, Yidan Wang, Kuldeep Makwana, Celine E Riera
Center for Neural Science and Medicine, Board of Governors Regenerative Medicine Institute, Cedars-Sinai Medical Center, Los
Angeles, CA, United States
Olfactory inputs are important for hedonic evaluation of food, resulting in food choice and possible consumption. Hypothalamus as
a master regulator of whole-body energy homeostasis, integrating internal and external stimuli to modulate energy intake and
expenditure accordingly. However, how the hypothalamus adjusts circuits regulating energy homeostasis depending on external
stimuli, such as smell, remains an intriguing mystery. Our previous work revealed that ablation of olfactory sensory neurons (OSN)
stimulates hypothalamic-driven autonomic tone and promotes catabolic pathways, enhancing thermogenesis in adipose tissue. Here,
we determined the role of olfactory inputs on energy homeostasis by using chemogenetic approach and chemical ablation of OSN
to inhibit or stimulate olfaction. Acute inhibition of olfaction changed gene expression of some of key neuropeptides in
hypothalamus in fasted and refed mice. Chemical ablation of mature OSNs decreases neuronal activity in olfactory cortex and in
ARC suggesting that loss of smell, in addition to impacting olfactory pathways, also affects neuronal activity in the ARC, and
therefore is likely to alter energy homeostasis. Acute stimulation of olfaction led to increased oxygen consumption and heat
production in females, mainly due to changes in creatine metabolism in brown adipose tissue (BAT) with no changes observed in
males. Acute stimulation of mitral cells layer in MOB increase neuronal activity in ARC as well as dorsomedial hypothalamus
(DMH). Observed increase in ARC is mainly due to increased activity of glutaminergic neurons. Further studies will be required to
determine specific neuronal cell type that respond to inhibition/stimulation of olfaction and therefor modulating energy
homeostasis.
Early Integration Of Multisensory Information In The Drosophila Larva Jessleen Kanwal, Ben de Bivort, Aravi Samuel
Harvard University, Cambridge, MA, United States
The brain integrates information from different sensory modalities in order to enhance detection and perception of external stimuli
and to respond in the most efficient manner. For a Drosophila larva, this means detecting chemosensory cues to locate the most
nutritious food source in its environment. How the larva integrates olfactory and gustatory cues, at both the neuronal and behavioral
levels, remains largely unknown. To assess the larva's behavioral strategy for chemosensory integration, we compared its
navigation behavior on simultaneous presentations of attractive olfactory and gustatory gradients placed in parallel compared to
that on either sensory gradient alone. Larvae show nonlinear multisensory enhancement in their navigation efficiency towards the
most attractive region of their chemosensory environment, and accomplish this by modulating their turn rate, size, and heading
direction. Using in vivo calcium imaging to record neural activity, we identified several local and projection neurons within the
antennal lobe (AL), the

first olfactory processing center in the larval brain, that respond to both odors and tastes or are modulated by odor-taste
mixtures. These results indicate for the first time that AL neurons have multisensory response properties. Our findings
support the idea that multisensory integration occurs at the earliest stages of sensory processing and begin to address how
this convergence enhances perception and shapes foraging behavior.
A Path To Identifying The Smell Of Fear
Shiri Karagach1, Lior Gorodisky1, Reut Weissgross1, Liron Pinchover1, Timna Soroka1, Shani Tamar3, Yuval Glick2,
Igal Bar-Ilan1, Noam Sobel1
Control - physical exercise. We then exposed ~25 experimental participants to these sources. We found that relative to control, fear
sweat was perceived as more intense, less pleasant and rated as more fearful. Measurement of the galvanic skin response (GSR), a
robust measure of autonomic arousal, implied pronounced GSR responses to armpit but not lower-back fear-sweat. In other words, not
only is there a smell of fear, but this also renders fear "contagious": People who smelled armpit fear became physiologically aroused.
Given that armpit sweat is a potential meaningful source for chemosignaling, further chemical analysis was facilitated with gaschromatography mass-spectrometry (GC-MS). Principal-component analysis (PCA) uncovered clear separation between armpit fear
and control sweat. This allowed us to identify a limited bouquet of chemicals evident in fear but not control sweat.
Neural Basis Of Olfactory Deficits In Alzheimer&Rsquo;S Disease
Prasanna Karunanayaka, Peter Castagna, Qing Yang
Penn State University, Hershey, PA, United States
Deficits in odor-memory and odor-identification are among the first clinical symptoms of Alzheimer's disease
(AD). These deficits have been shown to be predictive of progressive memory loss and dementia characteristic of AD. Disruption to
the olfactory network and related memory networks have been proposed to underlie these deficits yet, the neural basis of this
relationship remains unclear. The goal of this functional magnetic resonance imaging (fMRI) study was to establish the neural basis of
olfactory impairment in order to improve the specificity of olfactory testing as a marker for AD. We hypothesized that the medial
temporal lobe (MTL) would be significantly activated during odor discrimination. Ten subjects (between the ages of 20 to 40 years)
with normal smell function took part in an odor discrimination fMRI paradigm at 3.0T. We used general linear model (GLM) and
independent component analysis (ICA) to interrogate activity and connectivity patterns elicited by this task. Significant activation was
detected in the primary olfactory cortex, entorhinal cortex, Hippocampus, visual cortex, inferior temporal gyrus, and dorsolateral
prefrontal cortex. When this task was repeated with auditory instructions (instead of visual instructions) and comparable MTL
activation was detected. These results highlight the contributions of the MTL for olfactory processing. The relationships between
olfactory deficits, structural and functional brain imaging measures in AD remains unclear. Our results may provide critical
information to clarify whether deficits in olfactory identification/discrimination are to be linked to damage in primary and secondary
olfactory structures, or they reflect secondary effects of damage in higher-order cortical areas affected by AD.
Very Early Olfactory Event&Ndash;Related Potential Can Be Modulated By Odor Habituation
Kwangsu Kim2, Jisub Bae1, Youngsun Jin2, Cheil Moon1,3
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Several studies found that body odor collected from human participants in a state of fear has pronounced behavioral and
physiological effects on conspecifics. Body-odor can arise from sweat emitted primarily from two types of glands:
eccrine and apocrine. The relative contribution of these sources to human social chemosignaling remains unclear. The
importance of understanding this is not only the basic building blocks of social chemosignaling behavior, but it is a
critical methodological step towards the holy grail of social chemosignaling research, namely identifying the molecules at
play. To identify social chemosignals, from where should we collect emissions? From eccrine or apocrine regions? To
address these questions, we collected eccrine (lower back) and apocrine (armpit) sweat from ~750 individuals in two
states: Fear - first-time military parachuting, and
2 Monell Chemical Senses Center, Philadelphia, PA, United States, 2Jikei University School of Medicine, Tokyo, *, Japan, 3University
of Tokyo, Tokyo, *, Japan
Insulin signaling regulates glucose metabolism as well as neuronal survival and maturation. Our previous data suggested that the
regeneration of the olfactory epithelium (OE) was delayed after day 14 following methimazole-induced OE ablation in type 1 diabetic
mice that had reduced insulin levels compared to control mice. The impaired regeneration was restored by intranasal insulin
application during day 7 to 14 (unlike during day 0 – 6) post-injury. With these results, we hypothesized that insulin is not required
throughout the OE regeneration process and that a high dependency on insulin and insulin-mediated signaling may exist during a
specific time window between day 7 and 14 post-injury for drive complete OE recovery. To test this hypothesis, we made a conditional
knockout (cKO) mouse that specifically lacks insulin receptors (IRs) in mature olfactory sensory neurons (OSNs) that express
olfactory marker protein (OMP). Our results demonstrate that the OE of mice that lack IRs in OMP-expressing OSNs fully recovered
and that odorant-induced electro-olfactogram responses were similar at day 28 following injury compared to control mice. These
results suggest that insulin might be required for the maturation of OSNs at the earlier regeneration stage when the OSNs are
immature. We

Technology , Daegu, *, Korea, 2Department of Psychology College of Social Sciences Kyungpook National
University, Daegu, *, Korea, 3Convergence Research Advanced Centre for Olfaction, Daegu Gyeongbuk Institute of Science and
Technology, Daegu, *, Korea
Odor habituation is a phenomenon characterized by decreased responses to an odor after repeated exposure to it. The central nervous
system is involved in odor habituation. To study odor habituation in humans, measurement of event-related potentials (ERP) has been
widely used in the olfactory system and other sensory systems because of their high temporal resolution. Most previous odor
habituation studies have measured the ERPs of 200–800ms. However, several studies have shown that the odor signal is processed in
the central nervous system earlier than at 200 ms. For these reasons, we studied whether olfactory ERP within 200 ms may be changed
during odor habituation. To this end, we performed an odor habituation behavior test and electroencephalogram experiments. In the
behavior test, odor intensity was significantly decreased under habituation conditions. We found significant differences in the negative
and positive potentials within 200 ms across the conditions, which correlated significantly with the results of the behavior test. We
also observed that ERP latency depended on the conditions. Our study suggests that ERP in the brain within 200 ms of the stimulus
can represent odor habituation.
Time-Dependent Insulin Signaling Is Required For The Maturation Of Newly Generated Olfactory Sensory Neurons After
Injury
Akihito Kuboki1,2, Shu Kikuta3, Nobuyoshi Otori2, Hiromi Kojima2, Johannes Reisert1, Tatsuya Yamasoba3 speculate that timedependent insulin signaling plays a key role for OE regeneration after injury. This study was supported by NIH grant R01 DC016647
(Reisert).
Deepfragrance: An Embedding Based Approach To Solve Olfactory Stimulus Percept Problem
Ritesh Kumar1,2, Rishemjit Kaur2, Michael Schmuker1
1University

of Hertfordshire, Hatfield, *, United Kingdom, 2CSIR-Central Scientific Instruments Organisation,
Chandigarh, *, India
Chemical space is huge and to enumerate all potential odorant molecules is believed to be at the limit of today's computing capability
(Ruddigkeit et al., Journal of cheminformatics, 2014). Even more difficult it is to predict whether a given chemical structure has a
smell, and what smell that is. While supervised learning approaches have achieved initial success (Keller et al., Science, 2017), they
generally suffer from the limited availability of labelled examples. Unsupervised modeling approaches do not depend solely on
labelled examples, and thus allow to use a much larger training space. Such models build an internal representation of chemical odor
space, constraining the parameter space in which properties like "fragrance-likeness" or perceptual quality are modeled. We have
developed a novel unsupervised approach to represent "fragrance-likeness" that is based on embedding fragments of molecular
SMILES representations and Morgan fingerprints in a high-dimensional vector space. It showed a marked improvement in recovery of
the molecules than the physico-chemical and fingerprints methods on various databases e.g. on superscent at 10 % of the database the
recovery rate stood at 95% compared to 42%, 18%, 31% and 63% for morgan fingerprints, fpmaccs, physico-chemical properties
(RDkit and MQN) respectively. The recovery compared with randomised representations also showed significant statistical
improvement(p-val<0.001). We also trained a deep variational autoencoder on 60M "fragrance-like" molecules compiled from
different sources (Ruddigkeit et al., Journal of cheminformatics, 2014; Kumar et al., PloS ONE, 2015).The autoencoder can predict
the potential fragrance-likeness of novel molecules that have not been part of the training data set and thus assist the design of novel
fragrance molecules.
The Genetic And Functional Basis Of Olfactory Evolution In Monogamous And Promiscuous Deer Mice
Jean-Marc Lassance, T. Brock Wooldridge, Hopi E Hoekstra
Harvard University / Howard Hughes Medical Institute, Cambridge, MA, United States
Mammals have well-developed olfactory systems that mediate a wide range of stereotypic behaviors. Altering the reception of
chemosignals can lead to marked changes in behavior and thus may be a repeated target of evolution. Yet, we still know little about
the molecular logic by which biological information is extracted, how this logic evolves, or how it contributes to transitions in social
behavior. North American deer mice
(genus Peromyscus) occupy a large range of habitats, each with distinct conspecific competitors and predators, and have evolved
divergent mating systems, from highly promiscuous to both socially and genetically monogamous. Therefore, deer mice represent an
exciting system, as a complement to classical laboratory models, for studying the genetic mechanisms underpinning complex
behaviors and social recognition. Here, we use a reference-quality, chromosome-level de novo genome assembly for Peromyscus
maniculatus bairdii to first show contrasting evolutionary trajectories between the olfactory and vomeronasal (VNO) subsystems in
rodents. Next, by focusing on the evolutionary dynamic VNO, we identify genes with high divergence levels in gene expression,
specifically members of the Vmn2r class of vomeronasal receptors, as candidates for adaptation. Using the activation of these
receptors as readouts, we identify pheromone receptors for which differential regulation correlates with the transition between
promiscuity and monogamy. Together, our results provide new insights into the evolution of the mammalian olfactory system and
identify differences in the olfactory repertoire that likely contribute to adaptation and the transition in the social behaviors of deer
mice, opening new avenues for further investigation into the neural mechanisms underlying behavioral evolution.
A Psychological Stressor Conveyed By Appetite-Linked Neurons

Eun Jeong Lee1, Naresh K. Hanchate1, Kunio Kondoh1,2, Ai Phuong S. Tong1,3, Donghui Kuang1, Andrew Spray1, Xiaolan Ye1,
Linda B. Buck1
1Fred Hutchinson Cancer Research Center, Seattle, WA, United States, 2National
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Mammals exhibit instinctive reactions to danger that include specific behaviors as well as surges in blood stress hormones that rally
multiple tissues to cope with threat. Hypothalamic corticotropin releasing hormone neurons (CRHNs) control stress hormone levels,
but how diverse stressors converge on CRHNs to induce stress responses is not well understood. Here, we used single cell
transcriptomics to define CRHN receptors for neurotransmitters and neuromodulators and then viral tracing to localize subsets of
upstream neurons expressing cognate receptor ligands. Surprisingly, one subset comprised POMC (pro-opiomelanocortin)-expressing
neurons in the hypothalamic arcuate nucleus, which are linked to appetite suppression. The POMC neurons were activated by one
psychological stressor, physical restraint, but not another, a predator odor. Chemogenetic activation of POMC neurons induced a stress
hormone increase and their silencing inhibited the stress hormone response to physical restraint, but not predator odor. Together, these
results indicate that hypothalamic POMC neurons, which are implicated in appetite suppression, also play a major role in the stress
hormone response to a specific type of psychological stressor.
Spontaneous Activity Generated Within The Olfactory Bulb Establishes The Discrete Wiring Of Mitral
Cell Dendrites
MN Leiwe, S Fujimoto, S Aihara, R Sakaguchi, T Imai
Kyushu University, Fukuoka, *, Japan
In the mouse olfactory bulb, sensory information detected by ∼1,000 types of olfactory sensory neurons (OSNs) is represented by the
glomerular map. The second-order neurons, mitral and tufted cells, connect a single primary dendrite to one glomerulus. This forms
discrete connectivity between the ∼1,000 types of input and output neurons. It has remained unknown how this discrete dendrite
wiring is established during development. We found that genetically silencing neuronal activity in mitral cells, but not from OSNs,
perturbs the dendrite pruning of mitral cells. In vivo calcium imaging of awake neonatal animals revealed two types of spontaneous
neuronal activity in mitral/tufted cells, but not in OSNs. Pharmacological and knockout experiments revealed a critical role for
glutamate and NMDARs. The genetic blockade of neurotransmission among mitral/tufted cells altered the patterns of spontaneous
activity and perturbed dendrite wiring. Gain- and loss-of-function experiments revealed that a small GTPase, RhoA, mediates the
retraction of loser dendrites in an activitydependent manner. Thus, the discrete connectivity in the olfactory bulb is established by the
spontaneous network activity generated within the olfactory bulb.
Possible Multiple Tastes Of Fat As A Response To Different Fatty Acids Classes Yuanyuan Li1, Pavel Masek1
11,

Binghamton, NY, United States, 21, Binghamton, NY, United States

The free fatty acids (FAs) are likely responsible for the taste of fat in the fruitfly Drosophila melanogaster, as well as in mammals.
The fruitflies taste sugars through a subset of gustatory sensory neurons and subset of them is activated by FAs as well but FAs utilize
different biochemical pathway. The ionotropic receptor 56d (IR56d) was determined to be the receptor for FAs but only subset of
IR56d-expressing neurons overlaps with sugar sensing neurons. By modifying the Aversive Taste Conditioning assay, we
demonstrated that flies can distinguish FAs from sugars, and this discrimination is based on identity, not intensity as in the case of
different sugars.
These results support the notion that the taste of FAs is a unique taste modality distinctive from the sweet taste.
Moreover, the IR56d-expressing neurons are activated by short-chain FAs (SCFAs) and medium-chain FAs (MCFAs), but not longchain FAs (LCFAs), indicating that different clusters of taste neurons are involved in the sensing of different classes of FAs. Different
FAs from different classes showed different responses when measured in the proboscis extension reflex (PER) assay and multiple
feeding assays indicating the functional distinction between these classes and the ability to discriminate between them based on
quality. To our surprise, flies even discriminate between hexanoic and octanoic acid, both belonging to MCFA. In addition, other
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Background Asking for the sense of smell seems to be the easiest and most effortless way to evaluate olfactory function. However,
since flavor perception strongly relies on olfaction and the relationship between self-reported flavor perception and olfactory tests have
hitherto not been considered, investigations are anticipated to improve patient counselling. We investigated olfaction-related factors in
patients with olfactory dysfunction (OD) that might influence self-perceived chemosensory function smell (SO) and flavor perception
(SF). Methods We included 203 patients with quantitative OD. Group comparison, bivariate correlation, and ordinal logistic regression
(OLR) were employed to quantify the relationships between exploratory variables (age, gender, reason for OD, and olfactory
performance (TDI) by means of the Sniffin’ Sticks) and outcomes of SO and SF (“impaired”, “average”, or “good”). Results Group
comparisons revealed a significant difference between SO and

Drosophila species with different diets show different range of various FAs preference and avoidance suggesting that the diet
influences the taste(s) of FAs.
Identification And Characterization Of Compounds Contributing To Coffee Body
Brianne M. Linne, Christopher T. Simons, Devin G. Peterson
The Ohio State University, Columbus, OH, United States
Body is one of ten attributes defined by the Specialty Coffee Association (SCA) that contributes to the overall quality rating of coffee,
and, consequently, to the value ascribed to coffee beans. The SCA describes coffee body as the “tactile feeling” of the liquid in the
mouth. Therefore, in this study, in order to better understand drivers of coffee body, chemical compounds impacting tactile differences
in coffee were examined. A descriptive analysis (DA) panel was presented with a set of coffees receiving a range of body scores from
certified Q-grade cuppers and, through multiple tastings, identified four tactile sub-attributes that allowed differentiation among
presented coffees (“chalkiness”, “mouthcoating”, “astringency”, and “thickness”). A sensory-guided fractionation methodology was
then employed with the highest body coffee undergoing multi-dimensional separation on a preparative-scale liquid chromatography
system. After each separation, sensory analysis was conducted by the trained DA panel to screen for activity using a combined pairedcomparison and intensity rating protocol. Multiple dimensions of preparative-scale separation and sensory evaluation revealed
phenolic quinic acids and melanoidins as compounds that contributed to the mouthcoating and astringency perceptions of coffee,
respectively. Validation and psychophysical testing will follow to elucidate mechanistic underpinnings. This research will provide a
molecular basis through which to understand how processing and roasting conditions may impact coffee body and will also contribute
to the dearth of knowledge on tactile perception in the oral cavity and its relation to the food and flavor experience.
Association Between Olfactory Performance And Chemosensory Perception In Patients With Olfactory
Dysfunction
David Liu1, Gerold Besser1, Bernhard Prem1, Gunjan Sharma1, Bertold Renner2,3, Christian Mueller1
SF (p<.001). A higher correlation coefficient was found between SO and TDI (r=.64, p<.001), compared to SF and TDI (r=.27,
p<.001). Higher TDI (odds ratio [OR]=1.25, p<.001) was significantly associated with the odds of higher SO, but no significant
association was found between exploratory variables with the odds of higher SF (p>.05). Additionally, SO showed good diagnostic
accuracy (AUROC=.83) to discriminate between hyp- and anosmia in patients with confirmed olfactory dysfunction. Conclusion
Bivariate correlation between olfactory test results and SF was significant, but subsequent evaluation using ORL revealed that only
changes in SO, but not in SF, can be reliably predicted by TDI. Our results may be valuable for further research on self-perceived
chemosensory perception in health and disease.
Decoding The Mosquito Taste System, One Sensillum At A Time
Adriana M Lomelí, Anupama A. Dahanukar
University of California Riverside, Riverside, CA, United States
In an effort to minimize the spread of mosquito-transmitted diseases, the mosquito olfactory system has been studied extensively to
understand the sensory basis of host-seeking behavior. However, the functional organization of the mosquito taste system, which
drives important behaviors like the surveying of oviposition sites, food sources, or blood feeding, remains largely unexplored. To
better understand the taste system, we are performing a comprehensive survey of labellar sensillar responses in females of two
important anthropophilic species of mosquito: Anopheles coluzzii and Aedes aegypti. We are testing individual sensilla for responses
to a panel of various classes of compounds (sweet, bitter, salt, water, acid and amino acids) using single sensillum recordings. Our
initial results reveal both qualitative and quantitative differences between responses of different sensilla of the same species as well as
between the two species. Of particular interest is the mosquito’s ability to detect compounds found in sweat and on human skin. We
are identifying sensillar organization using cluster analysis and will compare that observed in mosquitos with the organization
described for Drosophila melanogaster. Although a definitive comparison awaits completion of the sensillar survey, preliminary
results indicate significant differences in the configuration of chemosensory neurons in individual sensilla in flies and mosquitoes, and
in the functional identity and distribution of sensillar types that emerge. Current efforts are also directed towards determining if any
sexual dimorphism exists in sensillar organization. Our findings will provide the groundwork for more specific inquiries of mosquito
taste sensing and behavior and may also help advance the studies of other hematophagous insects in the future.
Perceptual Interactions In Odor Mixtures: Focus On Intensity With A Set Of 222 Binary Mixtures
Yue Ma1,2, Ke Tang2, Yan Xu2, Thierry Thomas-Danguin1
1Centre des Sciences du
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Odors are perceptual representations of, in most cases, mixtures of odorants. Perceptual interactions, which occur when the olfactory
system integrates theses mixtures, are poorly understood. While it is known that when mixing two odorants, the odor intensity of the
binary mixture can be lower, equal or higher than the sum of the components’ intensity, the rules that govern each case are unknown.
One hypothesis is that the pleasantness of the single odors plays a role in mixture intensity. This study aimed to explore the impact of
perceptual interactions on odor intensity of binary mixtures whilst considering the intensity and pleasantness of the components. A set
of 222 binary mixtures, based on a set of 72 odorants, were rated by 30 subjects. The data included odor intensity (IAB) and

pleasantness (PAB) of mixtures, the intensity (IA, IB) and pleasantness (PA, PB) of the two components, and the intensity (IA/AB,
IB/AB) of the two components’ odor perceived within the mixture. The results showed that in most cases (74%), the mixture odor
intensity was close to the intensity of the stronger component; hypo-addition was observed for the other cases (26%). Within hypoaddition, partial addition was observed in 83% of cases regardless of the difference in components’ intensity and pleasantness;
compromise was observed in other cases (17%). Considering heterogeneous mixtures, in which the odor of each component is
perceived within the mixture, we observed a significant masking in most cases (71%), while synergy was significant in only four
cases. Interestingly, when unilateral masking occurred, the component with the highest pleasantness was masked in a majority of cases
(67%), which suggests that in heterogeneous mixtures, the component with the highest pleasantness was more likely to be masked.
Nasal Trigeminal Cool Sensitivity Not Resistance Dictates Obstruction Symptoms In Nasal Septal
Deviation Patients
Jennifer E. Malik, Barak M. Spector, Bradley A. Otto, Alexander A. Farag, Kai Zhao
Department of Otolaryngology - Head and Neck Surgery, The Ohio State University, Columbus, OH, United
States
Background: In the US, 260,000 septoplasties are performed annually to address nasal septal deviation (NSD) associated nasal
obstruction. Yet, we don’t consistently understand what aspects of NSD result in symptoms. Methods: In a blinded study, two
fellowship-trained surgeons reviewed CT sets of 45 healthy controls mixed with 9 confirmed NSD patients. All symptomatic patients
were correctly identified, however 30/45 or 66.7% of healthy controls were falsely identified by both surgeons as patients, which were
grouped as asymptomatic NSD (aNSD), while the remaining controls as Non-NSD (Healthy). Individual CT based computational fluid
dynamics and nasal sensory testing was applied to investigate the characteristics of the symptomatic NSD. Results: The aNSD have no
reported nasal sinus nor nasal obstruction symptoms - NOSE (Healthy:16.2±15.6;aNSD:9.65±11.5;NSD:62.5±13.3, p<0.05); SNOT22
(Healthy:16.1±18.1;aNSD:12.3±11.9;NSD:32.1±15.3, p<0.05); and visual analog scale scores (10 being most obstructed) on deviated
(NSD:6.4±2.7;aNSD:1.55±1.33;Healthy:2.19±1.99) and non-deviated side
(NSD:4.9±3.4;aNSD:1.73±1.88). No significant differences were found among these groups in nasal resistance, minimum crosssectional area, wall shear stress, and heat flux. However, the NSD had significantly poorer nasal cool sensitivity as measured by
menthol lateralization thresholds than both aNSD and healthy controls (p<0.05), with no significant differences between the latter two
groups. Conclusion: This study sheds light on the mechanisms of NSD symptomatology and further supports our previous hypothesis
that nasal obstruction complaints do not result directly from obstruction, rather from the capacity of our nose to subjectively sense
airflow.
Sensory Specific Satiety In Drosophila Reveals Concentrations Of Sugars Are Perceived As Different
Qualities, Not Intensities
Pavel Masek, Yun-Kyung Lee, Yuanyuan Li
Binghamton university, Binghamton, NY, United States
Flies can sense various sugars and show preference for them based on their concentrations and identities. Despite of that, our
previous data showed that flies are not able to distinguish sugars based on their identities but only based on their intensities that
represent different palatability levels (Masek & Scott, 2010). Using single fly capillary feeding assays, we show that flies have
specific hedonic satieties for various sugars and concentrations combinations. The satiety levels are hierarchical and additive – the
satiety established at low concentration allows for more drinking of higher concentrations but not lower, and the overall satiety
integrates the previous concentration ingested. These levels are independent of the sugar identities but depend on a palatability of the
substance. The same palatability can be achieved by combination of a specific concentration for different sugars supporting the notion
that flies cannot discriminate between sugars based on quality but only on their palatability. On the contrary, flies are still able to
discriminate between different taste modalities (sugar vs yeast) as their satiety levels are not hierarchical. In addition, the evaluation of
the sweet substances is based solely on its sweetness and is independent of its caloric content. The ability to discriminated different
concentrations of single sugar but the inability to discriminate different sugars from each other suggests that different sugars are
treated as different intensities of the sweetness (palatability) but it is the different concentrations that represent different qualities in the
sweet taste.
Cigarette Smoke: Key Odorants And Responsive Odorant Receptors
Tim McClintock, Yelena Alimova, Madeline Aulisio
Department of Physiology, University of Kentucky, Lexington, KY, United States
Cigarette smoke is a behaviorally important odor. Most nonsmokers find it offensive, but in smokers and reformed smokers its learned
association with the rewarding effects of nicotine causes it to trigger the desire to smoke. Cigarette smoke contains > 500 odorants but
perceptual mimics can be formulated with many fewer odorants. Working with a mimic containing 26 odorants we identified 2
odorant mixtures where the absence of an odorant caused perception to differ significantly from the full mixture, while mixtures
depleted of any of the other 24 odorants did not (p<0.01; n = 18 nonsmokers). Tested alone, most components of the mimic are
perceived as significantly different from the full mixture (p<0.01, n = 29 nonsmokers), but included among those not perceived as
significantly different are the 2 odorants most critical for perception of the full mixture. Not surprisingly, the similarity of individual
odorants to the full mixture is significantly correlated with their perceived pleasantness (r = -0.70; p = 0.016). In mice, the headspace
air above this same synthetic mimic of cigarette smoke odor evokes significant responses from 4 odorant receptors (ORs) in vivo, with
4 additional ORs nearly reaching significance. These 8 ORs are distributed widely across the phylogenetic tree of ORs but 3 of the 4
most responsive ORs are closely related Class II ORs. This distribution of responsive ORs across the breadth of OR diversity, with

occasional groups of similar ORs, is characteristic of in vivo OR response patterns in mice irrespective of whether the odor is a single
odorant or a complex mixture.
Human Tongue Electrophysiological Responses To Taste Stimuli And Their Relationships With Prop Taster Status.
Melania Melis1, Giorgia Sollai1, Mariano Mastinu1, Danilo Pani2, Piero Cosseddu2, Annalisa Bonfiglio2,
Roberto Crnjar1, Beverly J Tepper3, Iole Tomassini Barbarossa1
1Department of
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States
The electrophysiological recording from human tongue has been described as a robust and objective research tool for quantitative
measuring of the peripheral taste activation that is critically important for studies aimed at evaluating eating behavior and taste
function. In addition, the waveform parameters of signals recorded in response to PROP stimulation have been associated with PROP
genotype and phenotype and those evoked by oleic acid have been associated with CD36 genotype. Here, we present
electrophysiological recordings in response to taste stimuli representative of the six taste qualities (sweet, sour, salty, bitter, umami,
and fat) in subjects who were classified for their PROP taster status and in whom taste papillae densities were calculated.
All stimuli elicited hyperpolarizing voltage variations, except NaCl, which evoked depolarizing signals. Repeated measures ANOVA
revealed that the time course of the amplitude and rate of bioelectrical signals depended on taste quality (F20,820 >5.533; P ≤ 0.001).
ANOVA also showed that the time course of the amplitude and rate of signals evoked by each stimulus was directly associated with
PROP taster status (F40,772
>2.1256; P ≤ 0.00009). All stimuli produced significant potential variations, after 2.5 s, in all subjects (P ≤ 0.001), except oleic acid in
the non-taster group. In conclusion, the analysis of parameters describing the waveform of signals recorded in response to taste stimuli
indicates that each stimulus can generate its own electrophysiological fingerprint on the tongue. In addition, our results provide an
objective evidence of the direct relationship between PROP phenotype and general taste perception.
Elucidating A Potential Detection Mechanism For High-Viscosity Solutions In The Oral Cavity
Brittany L. Miles, Christopher T. Simons
The Ohio State University, Columbus, OH, United States
Multiple modelling studies have suggested that perception of high-viscosity (η>3000cP) solutions is linked to the directional
deformation of filiform papillae, although this has not been tested in humans. Thus, this study sought to further characterize the
detection mechanism underpinning the perception of these solutions via psychophysical testing. We hypothesized that discrimination
ability of high-viscosity solutions would be linked to filiform papillary attributes. Just-noticeable difference (JNDs) thresholds were
determined for participants (n=45) using the forced-choice staircase method for viscosities of glycerin/water/carboxymethyl cellulose
solutions (η=4798-12260cP). Participants evaluated solutions by pressing them against the hard palate while wearing retainers made of
moldable plastic allowing for isolation of the tongue. Additionally, optical profiling was used to characterize papillary structures in
tongue biopsies from the dorsal medial tongue. Papillary attributes were then related to psychophysical performance using causal
analysis. Perceptual data significantly correlated to multiple filiform papillary attributes including average papillary length (R2=0.272,
p<0.001) and average papillary density (R2=0.178, p=0.003). Moreover, causal analysis indicated that variation in these attributes
alone explained the variation in subjects’ JND (p<0.001). This study provides insight into the tongue’s role in the perception of highviscosity solutions. While some previous works propose filiform papillae may help discriminate varying viscosities, other studies
consider the structures to be primarily vestigial. The clear association delineated here underpins the likely relevance of filiform
papillae in viscosity discrimination and may indicate relevance for other texture precepts.
Undetected Body Odor Increases Trust In Anthropomorphic Non-Humans
Eva Mishor1,2, Maya Finkel2, Timna Soroka1,2, Noam Sobel1,2
1The
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Recent studies have found that odor can modulate trustworthiness - a key factor in human socialization. We set out to test the
hypothesis that the trustworthiness of anthropomorphic non-humans will increase if they have body-odor (BO). We developed a set of
identical manikins with olfactometers built into their torsos, such that they could emit odor on command. The manikins were also
equipped with internal speakers so they could “talk”, and with proximity sensors to gauge distance to participants. We devised a
structured task where participants played a spatial targeting game on a computer at one end of a room, but before each of 64 trials,
they were sent to one of two identical manikins at the other end of the room in order to receive a verbal hint regarding upcoming target
location. Then, participants returned to the computer to complete the trial. One manikin emitted subliminal BO (collected from 16
donors at rest), and the other manikin emitted a blank. Both manikins gave hints with 70% reliability. Following such a game we can
obtain an explicit trustworthiness rating for each manikin by simply asking the participant to rate to what extent s/he trusts the hints it
gave. We can also obtain an implicit trustworthiness rating for each manikin by measuring the reaction-time following its advice.
Twenty participants completed the task (9F, age: 24.95±2.44). We observed that explicit trust rating ware unaffected by BO (trust
BO=.17±.53, trust control=.26±.33, t(19)=.61, p=.55), but reaction-time implied increased trust in the BO manikin over the control

manikin (Good hints Blank: .41±.10, BO: .38±.10, Bad hints Blank: .66±.17, BO: .71±.20, F(1,19)=6.52, p=.02). These results imply
that body-odor can be used to increase trust in machines.
Cholecystokinin (Cck) Mediates Satiation After An Oral Gavage Of Lysine Or Leucine In Pigs
Maximiliano Muller1, Alan Tilbrook1, Robert van Barneveld 1,2, Eugeni Roura1
1The
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Studies from our group on pig intestinal cultures showed that several amino acids (AA) including Glu, Ile, Leu, Lys and Phe may
enhance the release of satiety hormones such as CCK and GLP-1. To test the hypothesis that these AA would also stimulate satiety
peptide secretion “in vivo” and decrease appetite, an experiment was designed to test the effect of orally administered Glu, Ile, Leu,
Lys and Phe on plasma CCK, GLP-1 and feed intake in pigs. Twenty 6 week-old male pigs (Landrace x Large White) were
administered an oral gavage with Glu, Ile, Leu, Lys, Phe or glucose at 3 mmol.kg-1 or water following an overnight fasting. During 5
days, blood samples were collected from 8 pigs (18.23 ± 1.06 kg BW) before (-5 min) and after the gavage (5, 15, 30, 60 and 90 min)
for hormone analysis. The rest of the pigs (n=12, 16.10 ± 2.69 kg BW) were monitored for feed intake (every 30 min) for 90 min post
gavage during 7 days. Mixed analysis of variance considering treatment and time as fixed effects and pig and day as random effects,
was used to compare CCK, GLP-1 and feed intake levels of treatments vs control. Plasma CCK levels (Area under the curve (AUC)
0-90 min) following oral gavage with Leu (1236.16 ± 150.26 pg.ml-1.min; p<0.05) and Lys (1236.42 ± 129.59 pg.ml-1.min; p=0.06)
increased compared to control (735.63 ± 156.81 pg.ml-1.min). However, no differences were observed for GLP-1 (AUC 090 min).
Cumulative feed intake (0-90 min) was significantly reduced in Lys (342.50 ± 25.97 g; p<0.001) and Leu (371.67 ± 27.86 g; p<0.01)
pigs compared to control (496.82 ± 53.07 g). No effects were observed for the other treatments. In conclusion, an oral gavage of Lys
or Leu strongly reduces food consumption associated with CCK secretion in pigs.
Odor Coding In Two Distinct Classes Of Principal Neurons In Piriform Cortex
Shivathmihai Nagappan, Bao-Xia Han, Fan Wang, Kevin M. Franks
Duke University, Durham, NC, United States
There are two main types of principal neurons in piriform cortex (PCx), semilunar (SL) and superficial pyramidal (SP). It is not known
how these cells differentially encode odor information. Studies in mouse brain slices have shown that SLs receive input predominantly
from olfactory bulb (OB) while SPs receive input predominantly from recurrent intracortical connections. This synaptic organization
has led to a two-stage model for odor processing in PCx, where SLs pre-process afferent OB input and transmit information to the
associative SPs. Here, we probe the validity of the two-stage model in vivo. We generated a netrin-G1-cre mouse line that selectively
expresses Cre recombinase in SLs and used cre-dependent AAVs to express archaeorhodopsin (arch) in SLs. We then recorded odorevoked spiking in populations of optogenetically-identified SLs and presumptive SPs in awake, head-fixed mice. SLs had significantly
higher spontaneous firing rates and were more broadly tuned than SPs, which could be a consequence of SLs receiving strong and
diverse OB input. However, both, the distribution of response latencies and decoding dynamics between SLs and SPs were equivalent.
We next injected a cre-dependent inhibitory DREADD, hm4di, in netrin-G1-cre mice to selectively suppress SLs while recording
from SPs. We found that SL suppression decreased both spontaneous and odor-evoked activity in SPs and altered the odor-evoked
activity pattern of SPs, suggesting that SPs use but may not require SL input. Together, we find that although SPs are influenced by
SL activity, a hierarchical two-stage model may not fully explain odor coding in PCx.
Studying Neural Codes Of Odor Perception Using A Novel Behavioral Paradigm In Mice
Hirofumi Nakayama, Dmitry Rinberg
New York University, Neuroscience Institute, New York, NY, United States
Perceptually similar sensory objects should evoke similar neural activity responsible for encoding these objects. Such a rule can be a
powerful guiding principle for studying sensory processing. This approach requires an understanding of the structure of perceptual
spaces, which is hard to obtain using model animals. Here we develop a novel behavioral paradigm to measure perceptual distances
between many odors in mice and apply it to study olfactory coding. To measure perceptual distances, we train mice to report if two
sequentially presented odors are the same or not. We assume that the perceptual distance between two odors is proportional to the
probability of mice categorizing them as different ones. We show that such behavioral readout is consistent with intuitive predictions
about perceptual distances between odor mixtures and with chemical similarities between odors. Using this behavioral paradigm, we
construct a matrix of perceptual distances and compare it to neural activity in response to the same set of odors at the level of
glomeruli and some of mitral/tufted cells, using 1p- or 2p-Ca imaging. We find that OB neuronal activity during earlier periods from
odor onset is more relevant to odor perception. This result is consistent with the previous behavioral studies, but the first time
demonstrated in a much more general behavioral paradigm, not limited to binary odor discrimination. Our approach can be extended
to other brain areas and sensory systems and allows us to find both the structure of perceptual space in animals and perceptually
relevant neural codes.
The Secret Flavor Of South Indian Curry. Perspectives On Using This Unique Flavor To Enhance The Taste With Added
Health Benefits.
Uma Narayanan, Neena Thomas-Eapen
University of Kentucky, Lexington, KY, United States

The food from the Indian subcontinent is world-renowned for intense flavors. Curry leaves (Murraya koenigii) are the quintessential
taste, smell and flavor of south Indian food. Curry leaf plant is a native of the Indian subcontinent. The aromatic leaves are used as a
herb cooking. Methods: Literature search in Google Scholar, PubMed and Science Direct. Literature review: Parts of the plant M.
Koenigii such as leaves, fruits, bark are excellent sources of bioactive molecules, particularly the leaves, which are used as a herb for
cooking. The leaves possess a wide range of properties due to its potential bioactive components. Volatile components from the leaves
give out the aroma during cooking. They are released during the cooking process like dry roasting or stir-fry in oil and enhance the
flavor of the food being consumed by patients with an altered sense of taste. Medicinal properties include antioxidant, antianxiety,
antidiabetic and anti-depressive effects. It is reported to have anti-inflammatory, hepatoprotective, antifungal properties. It is a rich
source of calcium. Traditionally it is used for its flavor and smell. The common technique used in traditional cuisine is tempering
where the whole curry leaves are fried in heated oil and added as a garnish to the dish. The leaves are added to the dish as a whole or
chopped. Discussion: Curry leaf is an easy and nutritious herb that can be added to any savory dish for flavor. It is subtle and hence
appeals to most. To optimize its medicinal values authors suggest it be added as a paste or added finely chopped. Conclusion: Curry
leaf plant is easy to grow. Leaves are aromatic and very flavorful for dishes. The importance of this medicinal plant should be
emphasized and the leaves should be utilized for its taste and flavor.
Odor Identification In Novel Olfactory Environments Is Impaired In Mouse Model Of Autism Gonzalo Otazu
New York Institute of Technology, College of Osteopathic Medicine, Old Westbury, NY, United States
Autism spectrum disorder (ASD) has a sensory component characterized by aversion to novel stimuli as well as difficulty in
identifying known stimuli in the presence of novel distractors. In fact, identification of known targets in novel backgrounds is a
complex computation that challenges current machine learning algorithms. We hypothesized that such complex computation would
require an intact nervous system that might be affected in ASD. We wondered if the difficulties of odor identification in novel
environments would extend to the olfactory system in mouse models of autism. Here we compared the performance of C57Bl6 mice
with the CNTNAP2-/model of autism in a novel olfactory detection task. We used an “olfactory captcha” task to test the generalization
capabilities in novel olfactory environments. We trained 4 head-fixed C57Bl6 mice and 4 CNTNAP2-/- mice in a go/no-go task using
a training set that included a mixture of target odors and background odors that animals were familiar with. Performance was >90%
after 8-10 days for both type of mice indicating that basic odor perception was spared in CNTNAP2-/- mice. We then used a test set
that included novel background odors that animals have never experienced before, similar to visual captchas used to distinguish
humans from computers. C57Bl6 mice were able to solve the task at 78% (p<2e-5). However, CNTNAP2 mice performed at 62% and
its performance was significantly lower than C57Bl6 mice (p=0.0019). Using intrinsic optical imaging, we determined that mice
performance could not be explained by a linear classifier, but mice used a sophisticated non-linear algorithm that was selectively
affected in the mouse model of autism.
(Don Tucker Award Finalist) Multimodal Learning Of Pheromonal Locations Meenakshi Pardasani1, Shruti
D. Marathe1, Urvashi Dalvi1,2, Nixon M. Abraham1
1Laboratory

of Neural Circuits and Behaviour (LNCB), Indian Institute of Science Education and Research

(IISER), Pune, Maharashtra, *, India, 2Institute of Bioinformatics & Biotechnology, Savitribai Phule Pune University, Pune,
Maharashtra, *, India
Male urine scent-marking in rodents is done to incite attraction in opposite sex. Memorizing the location of such scents is critical for
mating. It is unknown as to which modalities rodents employ to efficiently form pheromonal memories. In nature, mice encounter
urinary scent marks sprayed on fallen leaves, stones of various shapes & sizes. To discern if mice can actively associate scent marks
with the shapes & sizes of these entities using different sensory modalities, we developed a novel multi-modal pheromonal learning
paradigm. In this twochambered assay, mice were allowed to sense attractive stimulus, opposite sex urinary pheromones & neutral
stimulus, water through holes of specific diameters punctured on plates guarding the chambers. This allowed us to probe for the role of
whiskers & microvibrissae present on snout in learning & memorizing the pheromonal location. We trained mice on this paradigm to
strengthen the association between olfactory & whisker systems in encoding pheromonal location. Intact memory of location was
observed when checked 15 days after the training. This memory was not observed either in mice whose somatosensory inputs from
snout was blocked or when the pheromones were replaced with that of same sex. On investigating the neural correlates, we observed
increased neurogenesis in the main olfactory bulb (MOB) after two weeks of learning. Further, to probe if Whitten effect induction can
modulate MOB dependent non-pheromonal behaviors, we trained mice on a go/no-go odor discrimination paradigm. We did not find
differences in the MOB mediated discrimination learning pace for various non-pheromonal volatiles. Our study thus provides evidence
for associations formed between different sensory modalities facilitating memory formation in social & reproductive behaviors.
Reliable Readout Of Mixture Components From Small Populations Of Anterior Piriform Cortical
Neurons
Sapir Penker, Tamar Licht, Dan Rokni
Hebrew University, Jerusalem, *, Israel
Airborne chemicals emitted by multiple objects, mix in the air prior to reaching the nose, complicating the recognition of specific
odors of interest. The olfactory system is therefore faced with the task of identifying objects in the presence of rich and often
unpredictable backgrounds. Piriform cortex is thought to be the site of object recognition and scene segmentation, yet the nature of its
responses to odorant mixtures is largely unknown. In this study we asked two related questions. 1) How do mixture representations

relate to the representations of mixture components? And 2) Can the identity of mixture components be readout from mixture
representations in piriform cortex? To answer these question, we recorded single unit activity in the piriform cortex of naïve mice
while sequentially presenting single odorants and their mixtures. We find that the magnitude of piriform cortical responses increases
with added mixture components, and that the responses of individual neurons are well explained by a normalization model. Finally, we
show that mixture components can be identified from piriform cortical activity by pooling responses of a small population of neurons.
These results suggest that piriform cortical representations are well suited to perform figure-background segmentation without the
need for learning.
Reorganization Of Primary Olfactory Cortex In Congenital Anosmia
Moa G Peter1, Gustav Mårtensson1, Elbrich M Postma2,3, Love Engström Nordin1,4, Eric Westman1,5, Sanne
Boesveldt2, Johan N Lundström1,6,7
1Karolinska

Institutet, Stockholm, *, Sweden, 2Wageningen University, Wageningen, *, Netherlands, 3Hospital

Gelderse Vallei, Ede, *, Netherlands, 4Karolinska University Hospital, Stockholm, *, Sweden, 5King's College
London, London, *, United Kingdom, 6Monell Chemical Senses Center, Philadelphia, PA, United States, 7Stockholm University Brain
Imaging Centre, Stockholm, *, Sweden
Congenital visual and auditory sensory loss is linked to marked morphological and/or functional reorganization in cortical areas
normally devoted to the processing of the lost sense, but the effects of congenital olfactory sensory loss (anosmia) are still scarcely
studied. The cortical processing of olfaction differs in a number of ways from other sensory modalities: regions commonly referred to
as primary olfactory cortex consists of paleocortex (in contrast to the neocortical visual and auditory cortex), they perform more
complex tasks than normally done in primary sensory cortex, and they get input without any thalamic relay. Whether these clear
differences between early sensory cortices affect sensory-deprivation related reorganization, or whether potential general effects of
sensory loss exist, still needs to be established. Using structural and resting-state functional MRI, we assessed potential sensory lossrelated reorganization in brain morphology and connectivity of core olfactory areas by comparing 34 individuals with congenital
anosmia to 34 matched normosmic controls. Surprisingly, neither functional nor structural data indicated any alterations in primary
olfactory cortex; however, we did observe large morphological alterations in bilateral orbitofrontal cortex. Although we cannot
exclude the possibility of reorganization that our methods cannot detect (e.g. cytoarchitectonic or event-related), these results indicate
that the morphology and functional connectivity of primary olfactory cortex remains unaltered in individuals with congenital anosmia
despite a lifelong lack of olfactory input.
Elimination Of Olive Oil Pungency In Certain Foods: Interaction Of A Chemesthetic Compound With
Proteins
Catherine Peyrot des Gachons1, Abigail O’Keefe1, Louise Slade2, Gary K. Beauchamp1
1Monell Chemical Senses Center, Philadelphia, PA, United States, 2Food Polymer Science Consultancy, Morris
Plains, NJ, United States

The characteristic throat pungency evoked by extra-virgin olive oils (EVOOs) high in oleocanthal (OC), a phenolic α,β-unsaturated
dialdehyde, is well known among those who evaluate and savor EVOOs in their unadulterated liquid form, but many casual consumers
of these oils seem unaware of their irritating properties. Although there are many possible explanations for this, one is that EVOOs
rich in OC that are consumed in foods may not provoke the same level of throat irritation due to the interaction of the chemesthetic
compound with food constituents. Here we focused on EVOO compound interactions with certain food proteins (e.g. in foods such as
olive oil mayonnaise). We observed that in presence of these proteins the throat pungency of high OC containing EVOOs virtually
vanishes but not the pungency of capsaicin supplemented EVOOs. Apparently, when combined with some proteins, OC is no longer
available to activate the TRPA1 ion channel by which the throat pungency is mediated. This observation raises many fundamental
questions, including: the appreciation of EVOOs in foods compared to its consumption alone; the mechanistic nature of the OCprotein interactions; and, most importantly, how these interactions may affect the bioavailability and bioactivity of OC and structurally
related compounds present in EVOOs. Indeed, OC is a potent anti-inflammatory compound with high preventive and/or therapeutic
potential for several human illnesses such as certain cancers, neurodegenerative diseases and rheumatic diseases, and is, therefore,
believed to be a significant contributor to the health benefit of EVOO specifically and the Mediterranean diet generally.
Emotional Profiling Of Orthonasal And Retronasal Delivered Aromas
Alex M. Pierce-Feldmeyer, Adrianne Johnson
Mane, Inc. , Lebanon, OH, United States
In recent years, emotional profiling has been used in conjunction with traditional sensory testing methodologies to further enhance
product differentiation. Product differentiation can be complicated by flavor due to perceived differences between aroma delivery
routes: oral cavity (retronasal) or nostrils (orthonasal). Different flavor perceptions, depending on the aroma delivery route, may also
affect emotional profiles. The objective of this study was to understand if differences in emotional profiles are dependent on aroma
pathway. Subjects (n=40) used the Check-All-That-Apply (CATA) variant of the EsSense Profile® to emotionally profile strawberry
(food) and lavender (non-food) aromas delivered orthonasally and retronasally. The CATA function in XLSTAT was used to perform
Cochran's Q test. Lavender evoked differentiated emotional profiles across routes. Less differentiation was evoked for strawberry
which suggests a taste-smell integration. Results indicated delivery route as well as aroma quality affected emotional profiles.

Differences may be due to the congruency of the aroma and delivery experience, which may mediate the perception and emotional
responses. Findings promote emotional profiling as a complementary method to use when testing in a product-specific manner,
depending upon the appropriate route in which the product is delivered.
Engineering The Sweet-Tasting Protein Brazzein: Analysis Of The Effects On Stability And Sensory
Profile
Katja Riedel1, Fabrice Neiers2, Christine Belloir2, Isabell Geistler-Al-Madani1, Silke Meinecke1, Nicolas
Poirier2, Christian Naumer1, Loïc Briand2, Michael Krohn1
*, Germany, 2Centre des Sciences du Goût et de l’Alimentation, INRAE, CNRS, Université de
Bourgogne
Franche-Comté, Dijon, *, France
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Brazzein is a small heat and pH-sable sweet-tasting protein naturally found in berries of the West African plant, Pentadiplandra
brazzeana. Brazzein combines a high sweet potency, a long history of human consumption and a remarkable thermal stability. Thus,
brazzein has a great potential as a natural sweetener. Previous works using site-directed engineering of few amino acid residues
showed strong effects on brazzein sensory properties. To identify the impact of amino acid substitution on production level, stability
and sensory properties, a library of brazzein variants has been designed and characterized. Approximately 2000 variants were
generated covering the full sequence space of the protein. This library was expressed in Pichia pastoris and the level of expression of
each variant was evaluated. The best expressing variants were produced at higher scale, purified and characterized (thermal stability,
sensory profile including sweet intensity). Selected variants were also tested for their ability to activate the human sweet taste
receptor TAS1R2/TAS1R3 using a cellular-based assay. The data allow us to identify a wide range of new variants that were sweeter,
as sweet as the wild-type or less sweet than the wild-type brazzein. Sensory evaluations by a human taste panel performed the
comparative analysis of descriptors for temporal profile (late sweetness onset and/or sweetness lingering) and off-taste (bitterness,
metallic or licorice). Altogether, our data indicate that the expression level, the sensory profile and the overall performance of some
brazzein variants are much better when compared to the wild-type brazzein.
(Don Tucker Award Finalist) Pharmacological Manipulation Of Microglia Dictates The Timing Of
Developmental Pruning Of The Glossopharyngeal Nerve In Rats
Andrew J. Riquier, Suzanne I. Sollars
University of Nebraska at Omaha, Omaha, NE, United States
The gustatory branch of the glossopharyngeal nerve (GL) transmits taste input from circumvallate and foliate papillae on the tongue
to the nucleus of the solitary tract (NTS) of the medulla. During early rat development (postnatal day 15; P15) the synapse area of the
GL (‘terminal field’; Mangold & Hill, 2008) covers a 50% larger area of the NTS than at P40. This terminal field reduction
corresponds with microglia-driven developmental pruning observed in other sensory systems. To determine if microglia are
responsible for developmental pruning of the GL, we utilized our novel intraperitoneal injection protocol for the colony-stimulating
factor 1 receptor inhibitor PLX5622 daily to deplete microglia in rats from P1-P40. The GL was labeled with biotinylated dextran
amine at either P14-15, P25, or P40. As expected, the GL terminal field of vehicle-treated control rats was largest at P14-15,
decreased in volume by 50% by P25 (p = .023) then remained stable through P40 (p = .166). In contrast, PLX5622-treated rats
retained the large terminal fields present early in development through P40 (ps > .1), indicating that pruning did not occur. To
determine if microglia replenishment could induce GL pruning later in life, a separate group of rats was treated with PLX5622 from
P1-P40, and treatment was then ceased. Microglia returned to baseline quantities by P43 (p > .1). Three weeks after microglia
repletion, terminal field volumes between rats formerly treated with PLX5622 and vehicle treated animals were identical (ps > .1),
suggesting that microglia replenishment initiated the pruning process. Taken together, our results indicate microglia are required for
GL terminal field developmental pruning, and manipulation of microglia in turn modifies the timing of such pruning.
Odor Discrimination Ability Bidirectionally Tracks The Threat-Predictive Value Of An Odor But This Plasticity Is Impaired
In Highly Anxious Individuals
Michelle C. Rosenthal, Michael A. Bacallao, Adam T. Garcia, John P. McGann
Rutgers, The State University of New Jersey, Piscataway, NJ, United States
Associative neuroplasticity permits the brain’s sensory systems to tune their sensitivity to ecologically critical stimuli and optimize
discrimination between threat-predictive and neutral stimuli. This learning is bidirectional, so that sensory plasticity tracks the
changing meaning of a stimulus. However, dysfunctional plasticity has been hypothesized to underlie maladaptive fear learning such
as in PTSD and Generalized Anxiety Disorder. We used discriminative aversive conditioning and extinction training in human
subjects to investigate whether conditioning-induced improvements in discrimination between similar odors reversed when stimulus
meaning changed. We assessed each subject’s baseline discrimination between a pair of similar odorants. Each subject then
underwent discriminative conditioning where one
odorant (the CS+) was paired with a mild wrist shock and the other odorant (the CS-) was presented alone. Participants in the
extinction group then received additional odor presentations in the absence of shock, or a control period without
odors. After conditioning, participants exhibited larger CS+-evoked skin conductance responses (SCRs) than CS--evoked

SCRs and showed improved perceptual discrimination between the odorants. These improvements were not present in the group of
participants who received extinction trials. Control groups showed no differential SCR or improvements in perceptual
discrimination. Interestingly, subjects exhibiting high trait anxiety or clinically diagnosed anxiety disorders showed no
discrimination between odors in their SCR and lacked the normal perceptual plasticity. These findings highlight the rapid nature of
learning-induced olfactory plasticity in humans and suggest a clinically important interaction between perceptual plasticity and
anxiety.
Olfactory Stimulation Regulates The Birth Of Neurons That Express Specific Odorant Receptors Stephen
Santoro1, Carl van der Linden2, Pooja Gupta2, Ashraful Bhuiya2, Kelci Germann2
1University

of Colorado, Anschutz Medical Campus, Aurora, CO, United States, 2University of Wyoming,
Laramie, WY, United States
In mammals, olfactory sensory neurons (OSNs) are born throughout life, ostensibly for the sole purpose of replacing damaged
OSNs. Prior to maturation, each newborn OSN chooses to express, out of hundreds of possibilities, a single odorant receptor (OR)
gene, which defines the mature OSN’s identity. The relative proportion of the hundreds of distinct OSN ‘subtypes’ within an
individual’s olfactory epithelium (OE) is known to change over time due to the selective effects of olfactory experience on the
lifespans of specific OSNs. In contrast, the relative neurogenesis rates of distinct OSN subtypes are thought to be constant, as they
are evidently determined by a stochastic process in which each OR is chosen with a fixed probability. Using gene expression
analysis combined with RNA fluorescent in situ hybridization
(RNA-FISH), we found that olfactory deprivation on one side of the OE via unilateral naris occlusion (UNO) selectively reduces the
overall OSN abundance of approximately 4% of all OSN subtypes and increases the abundance of ~8%. To test the hypothesis that
at least some of these differences arise via selective changes in the neurogenesis rates of specific OSN subtypes, we combined EdU
labeling and RNA-FISH to quantify the number of newborn OSNs that express specific ORs. Using this approach, we found that
olfactory deprivation selectively reduces the neurogenesis rates of OSN subtypes that exhibit reduced overall abundance following
UNO (7/7 subtypes examined), but has no effect on the neurogenesis rates of subtypes that exhibit increased (0/5) or unaltered (0/3)
overall abundance following UNO. These findings indicate that the selective regulation of OSN neurogenesis is a second mechanism
by which olfactory experience can alter the relative abundance of distinct OSN subtypes within the OE.

A Critical Period For Taste
Hillary C. Schiff, Alfredo Fontanini, Arianna Maffei SUNY - Stony Brook, Stony Brook, NY, United States
behaviors are critical for survival as they confer the ability to approach and consume safe and nourishing food, as
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well as to avoid dangerous substances. As animals transition from relying on their mother’s milk to foraging and consuming foods,
they experience an abundance of new tastes and acquire relevant information associated with consuming them. The gustatory cortex
(GC) is involved in processing tastes and is required for taste-based learning and motivated behaviors. How these early taste
experiences around the period of weaning affect the development of taste preferences or the maturation of GC circuits has not been
the subject of investigation. Here, we report that taste experience at the time of weaning, but not in adulthood, affects preference for
sweet tastes later in life. Using a brief access taste test, we determined that sucrose preference is enhanced in mice that had been
given a period of exposure to a variety of tastes following weaning compared to mice exposed only to water and chow. The same
exposure given at eight weeks of age did not affect sucrose preference. The change in sucrose preference did not depend on
familiarity with sucrose. Within GC, taste experience at the time of weaning affected the maturation of inhibitory circuits.
Specifically,
the association of parvalbumin-positive (PV+) neurons with perineuronal nets (PNNs) was increased by early experience, as was the
frequency of spontaneous inhibitory currents (sIPSCs) onto excitatory neurons. Disruption of PNNs with intra-GC infusions of
chondroitinase ABC in adults restored sensitivity to taste exposure. These results point to a central
role for PV+ neurons and their association with perineuronal nets in the maturation and experiencedependent modulation of taste
preferences.

Taste Active Saponins In Licorice (Glycyrrhiza Glabra L.): Structure Determination, Psychophysical
Studies And Activation Of Sweet And Bitter Taste Receptors
Christian Schmid1, Corinna Dawid1, Anne Brockhoff2, Wolfgang Meyerhof2, Thomas Hofmann1
1Chair

of Food Chemistry and Molecular Sensory Science, Technical University Munich, Freising, *, Germany, 2Department of
Molecular Genetics, German Institute of Human Nutrition Potsdam-Rehbrücke (DIfE), Nuthetal,
*, Germany
Besides its medicinal benefits, licorice roots (Glycyrrhiza glabra L.) are highly appreciated by the consumer for its pleasant sweet and
long lasting licorice taste. Although the sweet and licorice impact of the saponins present in G. glabra L. is known for many decades
and, glycyrrhizin has been demonstrated to be the quantitatively predominating saponin present in G. glabra L., the data published on
the sensory attributes of the purified individual saponins is rather fragmentary and partially contradictory. Therefore, the objective of
the present study was to target sensory active key molecules in licorice roots by application of a SENSOMICS approach. Purification
of the key compounds with the highest sensory impact, followed by synthesis as well as LC-MS and

1D/2D-NMR experiments led to the structure determination of 28 sweet, bitter and licorice tasting phytochemicals, amongst which 11
are reported for the first time. To investigate structure-taste relationships of the isolated saponins and its synthesized derivatives,
human psychophysical studies as well as cell-based taste receptor studies were performed. These data highlighted distinct structural
features contributing to the sweet, licorice or bitter taste sensation of these saponins and led to a principal understanding of the
interaction of sweet and licorice sensation. Based on taste threshold data and a newly developed UPLC-MS/MS method, sweet,
licorice and bitter taste contribution of these saponins could be elucidated in different Glycyrrhiza species and licorice root
compartments. Taken together, a comprehensive overview of key taste compounds in licorice roots gave principal insights to the
popular licorice taste sensation as well its interaction with the sweet taste.
Satiety Decreases Behavioral And Neural Sensitivity To Meal-Matched Food Odors In Humans
Laura K. Shanahan, Thorsten Kahnt
Northwestern University, Chicago, IL, United States
Odors serve as important cues for guiding food search and intake. Previous work has demonstrated that sated participants find food
odors less pleasant than hungry participants, particularly when the odor in question is matched to a recently consumed meal. However,
whether satiety state can influence olfactory sensitivity is less clear. Here, we designed a novel olfactory paradigm to assess sensitivity
to food odors. Human participants engaged in a binary choice task where they smelled odor mixtures containing food and non-food
components (e.g., pizza and pine), and then reported which component they perceived to be dominant in the mixture. Participants
evaluated odor mixtures both before and after consuming a food odor-matched meal (e.g., pizza) to allow for comparison across
hungry and sated states. Behavioral results show that participants are less likely to identify the food component as dominant in a
mixture after consuming a meal. Interestingly, these effects are unique to mixtures containing the meal-matched odor, suggesting that
food intake modulates olfactory processing in a specific manner. Critically, participants underwent olfactory testing during functional
magnetic resonance imaging (fMRI). Preliminary imaging results indicate that neural representations of food odors shift in a statedependent manner, such that satiety selectively dampens encoding of meal-matched odors in olfactory cortex. These findings provide
insights into the complex relationship between food intake and odor perception, and may have implications for eating disorders and
obesity.
Bitter Taste Hyper-Sensitivity To Quinine And Amarogentin Is Associated With Food Allergies Zeping Shao1, Yun Liu2,
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Food allergies have been defined as an immune response occurring soon after ingesting an otherwise innocuous, dietary protein. The
activation of immune cells (i.e. T lymphocytes) occur after activation by specific peptides (referred to as epitopes) part of the amino
acid sequence of the protein. Interestingly, several peptides have been identified as bitter receptor (TAS2R) agonists. For example,
Gly-Phe-containing peptides have been identified as epitopes involved in peanut, tree nut, milk, and egg allergies among others.
Interestingly, Gly-Phe is a high affinity ligand for TAS2R4. With the hypothesis that sensitivity to bitterants may be involved in food
allergic responses, we performed sensory evaluations on 16 medically diagnosed food allergic (FA) and 16 non-food allergy (NFA)
participants. Best estimate thresholds (BET) for quinine hydrochloride (quinine), amarogentin, thiamine hydrochloride (thiamine), 6-npropylthiouracil (PROP) and caffeine were analyzed via discriminatory triangle test. The BET were significantly (P = 0.0226, one-way
ANOVA) or tended to be (P = 0.0671) lower in
FA group compared to NFA individuals for quinine and amarogentin, respectively. In contrast, no significant (P
> 0.10) differences were observed related to the sensing of thiamine, PROP, or caffeine between the two groups. Quinine and
amarogentin show high affinity to TAS2R4. Thus, it would appear that the bitter-hypersensitivity involving TAS2R4 observed in FA
individuals may be related to a defensive response to avoid consumption of potential allergenic proteins. In conclusion, a significant
hyper-sensitivity to bitter TAS2R4 ligands has been identified in FA compared to NFA volunteers. The potential role of TAS2R4 and
other TAS2Rs in food allergies warrants further investigation.

Does Umami Administration Alter Elderly'S Taste Sensation?
Minori SHIBATA1, Wataru MASUDA2, Hideaki SUZUKI1, Miki TOMOE2
1University of Occupational and Environmental Health, Kitakyushu, *, Japan, 2Kyushu Women’s University,
1 Rothamsted Research, Harpenden, *, United Kingdom, 2University of Nottingham, Nottingham, *, United Kingdom
Aphids (Homoptera; Aphididae) are major pests on arable and horticultural crops in Northern and Western Europe. Aphids
communicate using olfaction, employing semiochemicals such as the alarm pheromone, (E)-βfarnesene, and the sex pheromone
components, (4aS,7S,7aR)-nepetalactone and (1R,4aS,7S,7aR)-nepetalactol. An understanding of olfaction in aphids, specifically
molecular recognition and discrimination of odorants, can help when designing novel protection tools. However, little is understood
about the aphid olfactory system,

Kitakyushu, *, Japan
Taste is strongly related to quality of life. The aging of society has been progressing rapidly in many countries, and it is easy
to imagine that the number of patients who have taste disorder will increase in the near future. Umami (Glutamate) contributes not
only to making foods delicious, but also to modulating digestion, absorption and brain function.
Since little is known about taste sensitivity in the elderly, we performed a serial assessment of taste examinations, and also
investigated whether umami changes taste sensitivity in the elderly. We recruited 22 nursing home residents who can take meals
without assistance, among whom 6 dropped out because of hospital admission and rehabilitation. The final participants were 3 males
and 13 females between the ages of 70 - 102 y.o. (mean 88.3±9.1 y.o.). We compared a control group (normal meal with miso soup
every morning) and a glutamate-rich group (normal meal with miso soup containing 1g MSG every morning for 8 weeks). The levels
of serum zinc and taste sensitivity were investigated 5 times.
Many subjects felt difficulty in expressing their taste in words, and most subjects weren’t aware of having a taste disorder.
Some subjects had parageusia. There was no difference in taste sensitivity between the control & glutamate-rich groups. That might
have been caused by the lack of difference between the 2 groups in the serum levels of zinc.
Taste sensation is related to the central nervous system. The taste sensitivity of some of the subjects seemed to be affected
by insomnolence (bad sleep condition) the day before the taste exam. We found that assessment of taste sensitivity in the elderly is
difficult because of the variety of physical & mental abilities among individuals in the same age group.
What Is The Function Of Ecl3, The Shortest Loop Of The Odorant Receptor?
Tammy Shim1, Bonki Cho1, Jody Pacalon2, Jérémie Topin2, Jérôme Golebiowski1,2, Cheil Moon1
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Odorant receptors (ORs) consist the biggest part of class A G-protein coupled receptor which mediate odorant input signal by coupling
with G-proteins. In recent decades, ectopic expressed ORs have been reported in various kinds of tissues and focused as a therapeutic
target of diseases such as cancer, NASH, and so on. This fact encourages the research about those in structural point of view in-depth.
OR structure comprises a bundle of seven transmembrane (TM) helices that are connected by extracellular loops (ECLs) and
intracellular loops (ICLs). The structure-function studies have been revealed that functional importance of TMs and ECLs as ligand
binding and structural stability, and of ICLs as interaction sites with G-protein. However, research about the shortest loop of ORs,
extracellular loop 3rd (ECL3), has not been studied thoroughly. In this study, we demonstrate the function of ECL3 of ORs through
OR1A1 and its ECL3 mutants. Combined with cAMPdependent luciferase assay and FACs, we found that ECL3 mutants of OR1A1
produced low level of cAMP after odorants exposure compared to wild type because of disrupted functional expression on the plasma
membrane. Identical total protein level of OR1A1 and mutants indicated that this event is mediated by spoiled membrane trafficking
process. Taken together, we suggest that ECL3 of ORs has critical roles in its functional expression to the plasma membrane.
Molecular Mechanisms Of Sex Pheromone Recognition In The Pea Aphid, Acyrthosiphon Pisum
Cassie Sims1,2, David Withall1, Neil Oldham2, Robert Stockman2, Michael Birkett1
specifically, the role of odorant-binding proteins (OBPs) that are small, soluble proteins found in high concentrations in the sensory
organs (antennae). This project has tested current hypotheses relating to the molecular basis of olfaction in insects, specifically the role
that OBPs play in the process. Initially, aphid pheromone components were synthesised and Acyrthosiphon pisum (pea aphid) OBPs
were assessed for binding activity using homology modelling and ligand-docking, and the binding further assessed using fluorescence
competitive-binding techniques. Further methods, including mass spectrometry and nuclear magnetic resonance (NMR) techniques,
are being employed to fully assess protein-ligand interactions of the aphid OBPs. In future work, ORs will be cloned into a Xenopus
oocyte expression system, and electrophysiological recordings measured, indicating whether or not there is specificity at the OR level.
Studies on the interaction between OBPs and ligands will also be continued, including investigations into potential OBP-OR proteinprotein interactions.
Low Salivary Flow Does Not Appear To Affect Taste In Burning Mouth Syndrome
Nan Su1, Renee Poon1, Cassandra Wang1, Darling Mark2, Miriam Grushka1,3
1Dr.

Miriam Grushka Oral Medicine Specialist, Toronto, ON, Canada, 2Department of Pathology and Laboratory

Medicine, Schulich School of Medicine and Dentistry, University of Western Ontario, London, ON, Canada, 3Adjunct Visiting
Lecturer,Tuft University, Medford, MA, United States
Burning mouth syndrome (BMS) is associated with taste changes in up to 68% of patients. Unstimulated salivary flow (USW) has
been reported to be low and stimulated flow (SW) appears less affected in these patients. Changes in salivary content has also been
reported. Saliva function in taste by carrying taste molecules to the taste receptors. In this study, we are interested in determine
whether changes in salivary flow may affect taste in BMS. Method: A retrospective study was conducted at a private oral medicine
clinic. USW and stimulated, oral pH, and spatial taste testing were collected. Analysis was performed with ANOVA and spearman’s
correlation with a significance of p=0.05. Results: five male and 28 female BMS patients, age 56.4±9.3, oral pH 6.76±0.43 (within
normal range) were included in the study. Ten patients had low USW and 4 had low SW. There was no difference in reported taste
intensity to salt, sweet, sour, bitter or ethanol, in BMS patients with low USW or SW compared to patients with normal flows.

Reported pain intensity was not different between normal and low flows. No correlation was found between USW or SW and taste
intensity or pain intensity, except between fungiform salt intensity and USW (ρ=0.278,p=0.050) and fungiform sweet intensity and
SW (ρ=0.285, p=0.0045). Conclusion: Decreased salivary flows in BMS does not appear to affect taste perception. Taste changes
reported in BMS appears to be part of the sensory change.
A Culture-Specific Revision Of The University Of Pennsylvania Smell Identification Test For The Persian Speaking
Population
Shima T. Moin1, Amir H. Dehghan1, Richard L. Doty2
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Quantitative assessment of olfactory function is required prior to performing any olfactory task. Moreover, there is a growing body of
literature suggesting a correlation between the olfactory dysfunction and neurodegenerative related-dementia. University of
Pennsylvania Smell Identification Test (UPSIT), a comprehensive 40-item test, is the most widely used olfactory test with over 30
cultural versions developed. The goal of this study was to develop a culture-specific revision of UPSIT for Iranians. We first
examined 123 healthy Iranian participants with the British version of UPSIT to identify and replace the odorants difficult to identify.
Subsequently, the Persian revised version of the UPSIT was administered to another group of 103 participants without any specific
smelling-related disorder. The results showed an average of 4.36 units increase in the scores of different age groups compared with the
British version. Using the original normative boundaries to allocate the participants into clinically meaningful categories of olfactory
function, Persian-UPSIT outperformed in classifying over 80% of the participants as normosmic compared to the British-UPSIT
determining only 50% of the participants with normal olfactory function. There was a linear trend between the educational level and
the test score. Participants with a middle school education had a lower score compared to those having completed secondary
education. Age, smoking, and education were independent predictors of the Persian UPSIT score in the linear regression model while
gender was not an independent predictor. Taken together, our results suggest that the current version is an acceptable revision and can
accurately assess odor identification ability in the Iranian population.
Multimodal Expression Of Insect Chemoreceptors
Darya Task1, Chun-Chieh Lin2, Alina Vulpe3, Pratyajit Mohapatra3, Karen Menuz3, Christopher J Potter1
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To detect odors, insects mainly use one of two families of chemoreceptors: Odorant Receptors (ORs) and Ionotropic Receptors (IRs).
These require a co-receptor for ion-channel function as well as proper trafficking to the dendrite. The co-receptor for ORs is Odorant
Receptor Co-Receptor (ORCO), and for IRs it is either Ir25a, Ir8a, or Ir76b. Insect olfactory neurons are thought to express only one
type of chemoreceptor family per neuron.
New evidence from our lab calls this pervasive dogma into question. We generated QF2 knock-ins into Orco, Ir25a, and Ir8a. To our
surprise, we found Ir8a and Ir25a to be more broadly expressed than previously determined by transgenic promoter lines. Using
glomerular innervation as a measure of olfactory neuron types, we found Ir25a to be consistently expressed in 68% of all olfactory
neurons that also express Orco. These data suggest that the Ir25a co-receptor is expressed in many olfactory neurons previously
thought to exclusively express only a single chemoreceptor family. To determine the functional consequence of broad Ir25a
expression, we focused on the maxillary palps, a simpler olfactory organ in Drosophila previously considered to lack Ir25a expression.
By antibody staining, we validated that Ir25a is expressed in all 6 Orco+ olfactory neuron types in the palps. To identify odor-binding
IRs, we performed RNA-seq on maxillary palps, and identified 3 IRs enriched in this tissue. We used fluorescence in situ
hybridization to examine which subsets of neurons express these IRs. Finally, we performed single sensillum recordings on all palp
neurons in wild-type, Orco mutant, and Ir25a mutant flies, and identified olfactory activities influenced by Ir25a function. These data
suggest insect olfactory neurons have the potential to be multimodal odor detectors.
Thermal Taste Status Moderates Perception Of Binary Ethanol Solutions
Margaret K Thibodeau1, Gary J Pickering1,2,2,4,5
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Our sense of smell is triggered by the activation of odorant receptors (ORs) expressed at the surface of olfactory sensory neurons. ORs
are transmembrane proteins which belong to the family of class A G protein-coupled receptors and as such, their activation
mechanism can be split into two main events: the binding of the odorant to the OR and then, in the case of
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Ethanol (EtOH), present in all alcoholic beverages, is a complex stimulus that elicits multiple gustatory and chemesthetic sensations.
Alcoholic beverages also contain other tastants that significantly impact flavour, and flavour is a key driver of consumer preference
and intake. Thermal taste status (TTS) is a source of individual variation across multiple flavour modalities, however suppression
and enhancement phenomena have not been investigated in the context of TTS. In this study we sought to characterize the binary
interactions between EtOH and four orosensory stimuli; fructose (sweet), quinine (bitter), tartaric acid (sour) and alum sulfate
(astringent) and determine if/how these interactions are moderated by TTS. Female participants (21-22 thermal tasters (TT) & 16-17
thermal non-tasters (TnT)) rated the intensity of five orosensations (gLMS; sweet, sour, bitter, astringent, burning) in binary
solutions of EtOH (5%, 13% or 23% v/v) + a tastant (low, medium or high). For each tastant, 3-way ANOVAs (TTS, EtOH
concentration, tastant concentration) determined which factors impacted orosensory ratings. TTs rated the sweetness of fructose +
EtOH solutions (F=47,
p<0.001), astringency of alum sulfate + EtOH solutions (F=31, p<0.001) and sourness of tartaric acid + EtOH solutions (F=3.6,
p=0.059) higher than TnTs, but not the bitterness of quinine + EtOH solutions (F=1.1, p=0.302). Further results to be reported
include the indices of interaction (isobole method) which characterize the nature of the interactions between the tastants and EtOH.
Overall, our results show that the orosensory advantage of TTs extends to binary and sensorially complex mixtures, with
implications for alcohol preference and behaviour.
Investigating The Effect Of Nasal Breathing On Memory Encoding Of Repeated Images 2:45
Evelina Thunell1,2, Artin Arshamian1, Gregory Francis2, Johan N Lundström1,3,4
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Recent animal studies have demonstrated that nasal inhalation entrains brain oscillations, which are hypothesized to improve
performance on a variety of tasks. In humans, preferential processing at inhalation as compared to exhalation has been reported in
fear discrimination, memory retrieval, and visuospatial tasks. We tested whether nasal breathing phase influences memory encoding
for repeated images in a rapid serial visual presentation task. Participants (n=86) detected and remembered repeating natural images
embedded in continuous streams of never-before seen items (each presented for 83 ms). The repeated images were chosen at
random without any specific criteria and appeared at random time points; it was thus not possible to foresee which image would
become the next target. During the task, we measured nasal respiration and correlated its phase at stimulus presentation with
performance on the subsequent memory task, where the repeated images had to be identified among non-repeated images from the
same stream. We found a 2 percentage point performance improvement for inhalation as compared to other breathing phases when
considering delayed effects of inhalation. This effect is similar in magnitude to and conceptually replicates previous findings.
However, when following our a priori defined analyses plan which did not consider delayed effects, we found no immediate
influence of breathing phase on memory performance. Only when taking into account a signal transfer time of about 1250 ms in an
exploratory analysis did this effect appear. Our results indicate that preferential processing as a result of nasal inhalation may occur
after a delay.
Numerical Modeling Of Odorant Receptors Activation Dynamics
Jérémie J Topin1, Claire A de March2, Jérôme Golebiowski1,3
site-directed mutagenesis and functional assays with computational modeling our work reveals that agonistinduced activation of
odorant receptors can be predicted. It involves a dynamic network that spreads over highly conserved sequence motifs which control
the downstream signaling from the binding cavity to the G-protein coupling site. Mutant receptors at these positions consistently show
differential response upon agonist stimulation.[2] We recently identify two specific and highly conserved amino actids motifs in subclass I ORs. These are predicted to face each other at the extracellular portion of the transmembrane domain, forming a vestibular site
at the entrance to the orthosteric binding cavity.[3] Our protocol paves the way to deciphering the combinatorial code associated with
the perception of smell. [1] Bushdid, C., C. A. de March, J. Topin, M. Do, H. Matsunami and J. Golebiowski (2019).CMLS 76(5):
995-1004. [2] de March, C. A., J. Topin, E. Bruguera, G.
Novikov, K. Ikegami, H. Matsunami and J. Golebiowski (2018). [3] Angew Chem Int Ed Engl 57(17): 45544558. Topin, J., C. A. de
March, L. Charlier, C. Ronin, S. Antonczak and J. Golebiowski (2014). Chemistry 20(33): 10227-10230.
an agonist, the activation of the odorant-OR complex. Predicting computationally the activation of ORs represent the first step towards the
building of a virtual biomimetic nose.[1] By combining

Abnormal Function Of Bed Nucleus Of Stria Terminalis In Anorexia Nervosa
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The high prevalence of trait anxiety and anxiety disorders in anorexia nervosa (AN) implicates a critical node in the neurocircuitry of
anxiety. Anorexia is found predominately among females. The sexually dimorphic bed nucleus of the stria terminalis (BNST)
modulates not only responses to anxiogenic situations, but also mediates anxious temperament and feeding. The goal of this study was
to identify if there are significant functional and structural changes of BNST in AN related to food. 12 AN, 5 general anxiety disorder
(GAD), and 8 healthy control (HC) right-handed female teenagers participated in the study. BMI, STAI anxiety level, and taste
functions were acquired before MRI. The AN functions responding to the sweet and salty tastes were studied with fMRI. AN
morphology was studied with a whole brain MRI in 1 mm3 resolution. Most ANs and GADs had significantly high general anxiety
level. AN subjects had higher anxiety level than HCs during the milkshake paradigm. In contrast, GAD subjects had significantly
higher anxiety level than the HCs during both taste paradigms. BNST in ANs was significantly activated during the milkshake
paradigm, but not in the HCs and GADs. No significant difference was present in BNST volume between ANs and HCs. BNST was
smaller in
GADs than in age-matched HCs, however, not significantly. While there was no significant difference between ANs and HCs in the
pleasantness ratings of sweet and salty tastes, AN subjects had lower sensitivity to the lowintensity sweet taste. Conclusions:
Abnormal BNST function was discovered in AN subjects, which supports our hypothesis of increased BNST activity in AN related to
food “threat”.
Unexplained Repeated Pregnancy Loss Is Associated With Altered Perceptual And Brain Responses To Men&Rsquo;S BodyOdor
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In the Bruce effect, pregnant mice at an early phase of pregnancy miscarry following exposure to bodily odors emitted from a male
stranger. The effect occurs in ~80% of exposures, yet is negated by lesions to the female accessory olfactory system. Although Brucelike effects have been implicated in primates, whether body-odors are similarly involved in human miscarriage has yet to be explored.
The Bruce effect mechanism requires the female to remember and identify the body-odor of the fathering male. Consistent with this
underlying prerequisite, we observed that whereas 33 control women could not identify and discriminate the body-odor of their spouse
from that of strangers (28%±34% accuracy, p=0.18), remarkably, 33 women with repeated pregnancy loss (RPL) could (57%±41%,
p=0.004): RPL women were two-fold more accurate than controls. Moreover, models for the Bruce effect in rodents rely on an
accessory olfactory/hypothalamic mediated mechanism. Here, using MRI, we observed both structural and functional alterations in
RPL consistent with these substrates: Structurally, 23 women with RPL had slightly but significantly smaller olfactory bulbs (RPL:
45.9±12 mm3, control: 55.4±9.7 mm3, t(44)=2.96, p=0.005) and shallower olfactory sulci. Functionally, we observed a doubledissociation whereby the undetected body-odor of a male stranger caused increased activity in the hypothalamus of women
experiencing RPL, yet decreased activity in the hypothalamus of women controls. Human spontaneous miscarriage during early
pregnancy is a common event, estimated to end ~50% of all conceptions, and ~15% of documented pregnancies. Although we did not
directly probe for a causal mechanism, our results suggest a link with the olfactory system in this prevalent yet devastating condition.
Dynamics Of Spike Time Encoding In The Olfactory Bulb
Jesse C. Werth, Thomas A. Cleland
Cornell University, Ithaca, NY, United States
Gamma oscillations are generated within the earliest central circuits of the olfactory system, and reflect synchronized activity across
ensembles of principal neurons, such as the mitral and tufted cells (collectively, MTCs) of the olfactory bulb. The synchronization of
spikes in activated MTC ensembles, and the phases of these spikes with respect to the underlying gamma oscillation, are potentially
critical bases for neural information coding. Understanding the fundamental mechanisms underlying these phenomena is therefore
essential for understanding the construction of olfactory representations. However, it remains unclear which aspects of this dynamical

regulation of spike timing are important for odor encoding and olfactory bulb function, in part due to the limited capacity to control the
intensity and timecourse of odor delivery on fine spatial and temporal scales. We investigated the spike-timing properties of MTCs
using an in vitro bulbar slice preparation mounted on a 120-channel planar multielectrode array (MEA), delivering “artificial odor”
stimuli to sensory neuron axonal arbors using spatiotemporally patterned optogenetic stimulation. These “artificial odor” stimuli both
evoke persistent gamma oscillations in the local field potential and selectively phase-restrict the action potentials of an “odor”-specific
ensemble of MTCs. We present and discuss several alternative metrics for the spike timingdependent analysis of MTC activity.
Impact Of Diffusivity And Viscosity On Taste Perception &Ndash; Application Of A Porous Medium
Model For Human Tongue Surface
Zhenxing Wu, Kai Zhao
The Ohio State University, Columbus, OH, United States
Temporal dynamics is an important aspect for taste perception, yet it is complicated by the transport of stimuli through the papilla,
saliva, taste pore, etc. to reach the taste receptors, processes that are difficult to quantify. Last year, we computationally modeled the
surface of the human tongue as a microfiber porous medium and found that the stimuli time-concentration profiles within the papilla
zone rise with significant delay that well match experimental measured dynamics of perceived taste intensity to rapid stimuli pulses
(100ms to 1000ms, Kelling and Halpern 1986). In this study, we further applied our model to both steady longer classical “sip-andhold” as well as pulsated exposures experiments (0.2Hz and 0.4Hz) with varying viscosity added to the taste solution (0.1 Pa.s and
0.001 Pa.s). Our simulation again matched well with experimental measured taste perception dynamics in the literature and revealed
that the diffusivity of a range of sweet taste stimuli correlates greatly with time and slope to reach peak intensity(r=-0.689 and
r=0.789). Since diffusivity is determined mostly by molecular size, it implicates that tastant with smaller molecular size may have
quicker taste perception due to higher diffusivity and faster penetration into the papillae structure. However, higher frequency of
pulsated exposures and higher viscosity added to the taste stimuli lead to reduced taste sensation, due to impeding tastant penetrations.
This study re-affirm the validity of modeling the human tongue as a porous material to accurately capture the taste stimuli transport
dynamics and that this peripheral transport dynamics may significantly affect the temporal dynamics of taste perception.
Multiple Gingival Chemosensory Cell Types And Their Role In Innate Immunity.
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Solitary Chemosensory Cells (SCCs) in the airways, gut and urogenital tract are involved in innate immune responses. We recently
reported SCCs in mouse gingival tissue and their role in oral microbiome regulation as well as protection against periodontitis-affecting 64 million in the US alone (Zheng et al. 2019). Here, we investigated further the distribution and physiological role in
periodontitis of different types of chemosensory cells in gingiva from humans and mice. RT-PCR and immunofluorescence staining
and analysis of RNA-seq databases show that multiple taste markers are expressed in both human and mouse periodontal tissue and
cells. In mouse, SCCs are present in gingival junctional epithelium and dental pulp; in addition, chemosensory fibroblasts are found in
the periodontal ligament. In human, fibroblasts expressing taste makers are located in the gingival upper cortex and lamina propria,
while only a few SCCs are seen more superficially. By calcium imaging mouse SCCs and human fibroblasts from gingiva were found
to respond to bitter compounds and bacterial acyl-homoserine lactones (AHLs). Using qPCR, we found that primary human gingival
fibroblast upregulated the expression of T2Rs, IL-6 and IL-8 in response to AHL-C4. IL-8 is a neutrophil chemotactic factor that plays
an important role in periodontal immune system. In conclusion, SCCs and chemosensory fibroblasts are present in human and mouse
periodontal tissue and are activated by bitter compounds and bacterial metabolites. Further studies will be needed to determine the
downstream physiological effects. Results from the current study provide novel targets for the treatment of periodontitis and may lead
to better diagnostic tools and personalized treatments of oral infectious diseases.
Structural And Biophysical Analysis Of Ion-Binding To The Extracellular Ligand-Binding Domains Of A
Fish Taste Receptor T1R2A/T1R3
Atsuko Yamashita, Chiaki Ito, Yuriko Takashina, Nanako Atsumi, Norihisa Yasui Okayama University,
Okayama, *, Japan
Taste receptor type 1 (T1r) is responsible for the sweet and umami perception of vertebrates. One of the major taste substances for
T1rs are sugars and amino acids, which specifically bind to a site in the extracellular ligandbinding domains (LBDs) of T1rs, namely
the orthosteric binding sites. Recently, we solved the crystallographic structure of a fish amino-acid taste receptor, T1r2a/T1r3LBD
heterodimer, and found that the protein binds Na+ and Cl- at the sites distinct from the orthosteric sites. In order to address the
significance of the ion-binding to T1rLBDs, we performed the structural and biophysical analysis of T1r2a/T1r3LBD.
Crystallographic analysis of T1r2a/T1r3LBD substituting Rb+ for Na+ or Br- for Cl- resulted in the significant anomalous difference
Fourier peaks (6.0 ~ 14.1 σ) at the sites where Na+ or Cl- originally bind, verifying that the sites are alkali metal ion- or halogenbinding sites. In contrast, the crystal replaced with Sr2+ did not give any significant peaks at the corresponding sites, indicating that the
sites are specific to monovalent cations. Indeed, K+ is also found to be amenable to binding to T1r2a/T1r3LBD, by crystallographic
structure analysis determined at 2.2 Å, and isothermal titration calorimetry. These ion-binding sites in T1rLBD principally consist of
main-chain carbonyls or amides; therefore, the sites are likely conserved among T1rs. The ion binding to the corresponding sites in

several class C G protein-coupled receptors, a protein family that T1rs belong to, are known to regulate receptor functions. The results
suggested that those ions serve as allosteric modulators of taste substances-binding and responses of T1rs.
Salivary Protein Response To And Recovery From Cranberry-Derived Polyphenol Exposure:
Methodological Insight From A Time-Course Study
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Astringency is a tactile sensation which is often experienced when dietary polyphenols interact with salivary proteins. Although it is
standard practice in astringency research to provide breaks in between stimuli, there is limited consensus over the amount of time
needed to restore the oral environment to baseline levels. Here we examined salivary protein levels after exposure to 20 ml of a model
stimulus (cranberry polyphenol extract, 0.75 g/L CPE) or unsweetened cranberry juice, CJ over a 10 min period. Whole saliva from
healthy subjects (n=60) was collected at baseline and after 5 and 10 mins following either stimulus. Salivary proteins of five families
(basic proline-rich proteins (bPRPs), acidic proline-rich proteins (aPRPs), Histatins, Statherin, & Cystatins) were identified from
whole saliva by HPLC-ESI-IT-MS and quantified using the area of the extracted ion current (XIC) peaks. In comparison to baseline
(resting), both stimuli caused salivary protein levels to rise, although CJ elicited a more robust response than CPE. Levels of all
proteins (except two bPRPs) rose after stimulation with CJ, remained high at 5 mins (p<0.0007-0.0001) and did not return to baseline
even at 10 mins (p<0.05-0.0001). In comparison, CPE increased the levels of aPRPs, and selected Cystatins & Histatins
(p<0.04-0.0099) at 5 mins, which generally did not return to baseline even at 10 mins. Differences in bPRP levels with respect to
gender and PROP taster status were observed after stimulation with both CJ and CPE. These data show that the oral environment may
need more than 10 minutes to reset after an astringent stimulus, which is far longer than the typical break used in sensory studies.
These findings will inform sensory methodology and will be discussed in the context of interindividual differences.
Nonlinear Stimulus Encoding In The Olfactory System
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An odor landscape is a complex blend of discrete molecules that each activate unique, yet highly overlapping, populations of olfactory
sensory neurons (OSNs). Despite the rich diversity of ORN subtypes (~1200 in mouse and ~400 in humans), the overlapping nature of
odor inputs may lead to saturation of neural responses at the early stages of stimulus encoding. To prevent input saturation and
information loss, normalizing mechanisms are necessary. One such mechanism may operate through competitive antagonism at the
level of receptor-ligand interactions in OSNs. We first developed a theoretical model that predicted when OSN activation occurs
through a multistep pathway, where ligand binding and G-protein activation are decoupled, antagonistic interactions between odor
molecules may be readily observed and function to normalize olfactory input. Yet, it remains unknown whether antagonism is indeed a
central feature of how odor information is encoded. We next investigated odor mixture interactions, with a focus on antagonism, in
live, freely breathing mice. We used multiphoton microscopy to measure the dynamics OSN responses to naturalistic odor mixtures.
At the population level, we frequently observed antagonistic interactions that were predicted by our model. To exclude the possibility
that these interactions arose from lateral interactions, we directly imaged sensory neuron cell bodies within the olfactory epithelium of
live animals. Our findings provide new direct evidence that OSNs are far from simple relays, and their strong nonlinear interactions
fundamentally affect olfactory processing. To extend these findings, we now measure odor mixture encoding dynamics across
multiple stages of olfactory processing including olfactory bulb output neurons and cortical feedback projections.
The Zonal Organization Of Odorant Receptor Gene Choice In The Main Olfactory Epithelium Of The
Mouse
Bolek Zapiec, Peter Mombaerts
Max Planck Research Unit for Neurogenetics, Frankfurt, *, Germany
A mature olfactory sensory neuron (OSN) of the main olfactory epithelium (MOE) typically expresses one allele of one odorant
receptor (OR) gene. It is widely thought that the great majority of the 1141 intact mouse OR genes are expressed in one of four MOE
zones (or bands, or stripes), which are largely non-overlapping. But this view has been disputed. Here, we have developed a multiplex
method to map, in 3D and MOE-wide, the expression areas of multiple OR genes in individual, non-genetically modified mice, by
three-color fluorescence in situ hybridization, semi-automated image segmentation, and 3D reconstruction. We classified the
expression areas of 68 OR genes into 9 zones. These zones are highly overlapping and strikingly complex when viewed in 3D
reconstructions. There could well be more zones. We propose that zones reflect distinct OSN types that are each restricted in their
choice to a subset of the OR gene repertoire.

Nasal Airflow And Trigeminal Sensory Dysfunction But Not Aggressive Surgery Lead To Empty Nose Syndrome
Kai Zhao, Jennier Malik, Chengyu Li, Guillermo Maza, Alexander Farag, Jillian Krebs, Sam McGhee, Gabriela Zappitelli, Bhakthi
Deshpande, Bradley Otto
Department of Otolaryngology - Head & Neck Surgery, the Ohio State University, Columbus, OH, United States
Empty nose syndrome (ENS) remains highly controversial, with aggressive inferior turbinate reduction (ITR) frequently implicated.
We applied individual CT based computational fluid dynamics (CFD) to 5 patients receiving relatively aggressive ITR but with no
ENS symptoms (aITR), and compared them to 27 symptomatic ENS patients, who all had histories of aggressive ITRs, and 42
healthy controls. Patients’ symptoms were confirmed with SNOT-22 (aITR:6.40+-4.56; ENS:58.2+-15.9; Healthy:13.2+-14.9),
NOSE scores (aITR:4.00+-2.24; ENS:69.4+-17.1; Healthy:11.9+-12.9) and ENS6q(>=11 for ENS). Both aITR and ENS patients had
significantly lower nasal resistance (aITR:0.059+-0.020; ENS:0.052+-0.015; Healthy:0.070+-0.021Pas/mL) and higher inferior
meatus cross-sectional areas (aITR:0.94+-0.21;
ENS:1.19+-1.05; Healthy:0.42+-0.22cm2) than healthy controls, yet with no difference between them indicating a similar degree of
surgery. However, ENS patients have paradoxical less airflow in the inferior meatus (aITR:47.7%+-23.6%; ENS:25.8+-17.6%;
healthy: 36.5+-15.9%; both p<0.01), but higher airflow around middle meatus (aITR:49.7%+-22.6%; ENS:66.5+-18.3%;
healthy:49.9+-15.1%, p<.0001) than aITR and controls. This imbalanced airflow produced less inferior wall-shear-stress only among
ENS patients (aITR: 42.45 +-11.4%; ENS: 32.2+-12.6; Healthy: 49.7%+-9.9%). Only ENS patients (n=12) had impaired nasal
trigeminal function, as measured by menthol lateralization thresholds (aITR: 15.2 +-1.2; ENS: 10.3+-3.9; Healthy:
13.8+-3.09, p<0.0001). While significant turbinate tissue loss is often linked with ENS, our results suggest rather that the combination
of distorted nasal aerodynamics and loss of mucosal sensory function potentially lead to ENS symptomology, independent of the
degree of surgery.

On Demand Posters
How Olfactory Training Can Help Older People To Better Ageing
Anne Abriat2, Gesine Doelz1, Elodie Azema2, Thomas Hummel1
1Smell and Taste

Clinic, Department of Otorhinolaryngology, TU Dresden, Dresden, *, Germany, 2The Smell and Taste Lab, Geneva,

*, Switzerland
Aim: Ascertaining the impact a specific smell training in combination with and without visual elements has on both olfactory and
cognitive functions in older people. Material and Methods: 81 participants (48 w, 33 m) 50 years or older were divided in 3 groups: a
first group had to perform "simple" odor smell training.
A second group performed with "complex" odors. Each group was divided equally: one half trained solely with odors, the other half
with additional visual elements. A third group did not perform training at all. In a first appointment olfactory function was
comprehensively assessed using the Sniffin’Sticks test battery. Also, cognitive functions, quality of life, well-being/depression and
significance of odors were tested. All tests were repeated after an average period of 4 months with all participants. Results: First
analyses (ongoing study) in 50 completed participants indicated that olfactory training had a strong effect on cognitive function. When
comparing patients from subjects training with simple odors to those training with complex odors MOCA scores were significantly
better (p=0.007) in the “simple” group. Comparing participants with additional visual context to those without the addition appeared to
have less positive effects on overall olfactory function that smell training without visual additions (p=0.017). Conclusion: Overall,
these preliminary results indicate that olfactory training has beneficial effects on cognitive functions. The complexity of odors and
visual cues are significant parameters to be taken into account to optimize olfactory training. A analysis of the overall results will
allow us to better understand the impact of the sense of smell on cognitive functions, well-being and mood. It will help to develop
sensorial solutions to positive ageing.
Rapid, Sub-Sniff Temporal Information In Odour Fluctuations Is Accessible To The Mammalian Olfactory System
Tobias Ackels1,2, Andrew Erskine1,2,3, Debanjan Dasgupta1,2, Izumi Fukunaga1,2,4, Alina C Marin1,2, Julia J
Harris1, Tom Warner1, Sina Tootoonian1,2, Andreas T Schaefer1,2
1Neurophysiology of
2Department
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of Neuroscience, Physiology and Pharmacology, University College London, London, *, United Kingdom, 3University

of Southern California, Los Angeles, CA, United States, 4Okinawa Institute of Science and Technology, Okinawa, *, Japan
Intensity fluctuations inherent to natural odour plumes are modulated by the turbulent airflows in which they are carried. Notably, the
temporal dynamics of odour concentration variation occurs at frequencies that by far exceed the respiration frequency of mice.
In order to probe the temporal limit of the mammalian olfactory system, we presented pairs of 10 ms odour pulses at different
intervals within an inhalation phase while performing glomerular Ca2+ imaging. Responses were classified reliably, indicating that
sub-sniff information can be extracted from the sensory input. To determine the psychophysical limit of detecting temporal
features, we trained mice to discriminate the correlation of odour pulses and found that mice can discriminate correlation structure
at frequencies >40 Hz. Examining reaction times during behaviour and disrupting correlation structure of the stimulus onset
revealed that performance did not rely on the early part of the stimulus but that longer sampling time correlated with better
performance. Moreover, in vivo Ca2+ imaging, unit and whole-cell recordings from mitral/tufted cells showed segregated responses
depending on odour correlation with of tens of neurons sufficient to accurately reach behavioural performance.
Using simultaneous fast dual-energy photoionisation recordings of two odours, we found that the temporal correlation of odour
concentrations reliably predicts whether odorants emerge from the same or different sources. Animals trained on a source separation
task presented with pairs of correlated and uncorrelated odour plumes were capable of classifying the stimulus based on its correlation
structure.
We conclude that olfaction is a high bandwidth sense with temporal structure containing information about olfactory space that is
accessible to mice.
Identification Of A Putative Social Chemosignal In Human Emotional Tears
Shani Agron, Eva Mishor, Danielle Honigstein, Reut Weissgross, Timna Soroka, Tali Weiss, Noam Sobel Weizmann Institute of
Science, Rehovot, *, Israel
Mammalian tears contain social chemosignals. For example, both blind mole-rats and mouse pups cover themselves with their own
tears, and this reduces aggression towards them from adult conspecifics. Thus, tears can be thought of as a “chemical blanket”
protecting against aggression. Consistent with this, two independent studies found that sniffing human tears lowers testosterone in
men, but the identity of the active components in human tears remains unknown, and their impact on aggression or empathy has yet to
be tested. To identify active volatiles in human tears we harvested emotional tears from women donors. Saline that was trickled down
donor cheeks was collected as a control for non-tear originating skin volatiles. Samples were subjected to headspace analysis using
Tenax tubes for trapping volatiles, and gas chromatography mass spectrometry (GCMS) combined with dynamic headspace (DHS)
sampling. We identified DTBB as a primary tear volatile evident in 7 of 9 samples. Next, in a separate study, 14 men (age 27.3±3)

returned to lab day after day to conduct the same task, one day after sniffing saline and one day after sniffing 10 ppm DTBB (counterbalanced, double-blind). During the task, participants viewed emotional pictures from the IAPS registry, and rated their emotional
intensity on a visual-analogue scale (VAS). We observed that exposure to DTBB significantly increased empathy (Mean VAS DTBB
= 531.4±44.8, Mean VAS saline = 472.5± 41.6, f(1,13)=6.8, p=0.05). We note that this effect materialized while DTBB and saline
were perceptually indiscriminable (3AFC, p=0.8, SD=0.2). This approach combining analytical chemistry and psychophysics paves a
path towards the identification of human social chemosignals.
Odor Valence And Sensitivity Affect Action Withholding And Cancellation
Javier Albayay1, Umberto Castiello1, Valentina Parma2,3
1University

of Padova, Padova, *, Italy, 2Temple University, Philadelphia, PA, United States, 3International School for Advanced
Studies, Trieste, *, Italy

Withholding uninitiated actions and cancelling ongoing ones are key inhibitory strategies to adaptively adjust one’s behavior.
Perceptual stimuli, including odors, prepare the perceiver for subsequent action by activating predisposed action tendencies (e.g.,
pleasant odors promote approach). Although odors can efficiently alter action preparation and execution, it is unclear whether they can
effectively influence action withholding and cancellation. Here we aimed to determine whether odors affect action withholding and
action cancellation when presented at subjectively-determined supra- and sub-threshold levels. Thirty-two healthy adults performed a
Go/No-Go reaching task primed with a pleasant odor, an unpleasant odor and clean air via an olfactometer. By means of linear and
generalized mixed-effects models, we found that the supra-threshold pleasant odor impaired the withholding of reaching movements
as compared to the control odor (unsuccessful withholding rates: 37.3% vs. 31.7%, p = 0.029) and it impaired the action cancellation
of an already triggered response as compared to the unpleasant prime (unsuccessful cancellation rates: 12.0% vs. 6.0%, p = 0.040).
Our results support the so-called spillover theory which states that positively-valenced contexts require more inhibitory resources, and
aligns with previous evidence indicating that only high arousing emotional stimuli interfere with motor inhibition. These findings
extend the sparse literature on the impact of olfactory stimuli on goal-directed behavior, highlighting the role of valence and sensitivity
in the modulation of both action preparation and inhibition by odor cues.
Taste Function In Head And Neck Cancer Survivors
Raul Alfaro1, Sylvia Crowder1, Anna Arthur1,2, M. Yanina Pepino1,2
1Department of
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States
Head and neck cancer (HNC) survivors report persistent disturbances in their sense of taste even several years after their oncology
treatment. However, there is limited psychophysical evidence of chronic taste dysfunction. Therefore, we aimed to determine presence
and extent of taste dysfunction in HNC survivors who were treated with radiation (alone, or combined with chemotherapy or surgery)
3±2 yrs. ago (range: 0.5-8.4 yrs.). Forty HNC survivors (63±12 yrs., 24 males) and 20 age- sex- and smoking history- equivalent
controls (58±14 yrs., 11 males) were evaluated. We assessed whole-mouth (with and without noseclip) and regional (tip of the tongue)
taste-intensity perception of various concentrations of sucrose (with strawberry extract), citric acid (with lemon extract), sodium
chloride (in vegetable broth) and caffeine (in coffee). Participants rated taste-intensities using general Labeled Magnitude Scales
(gLMS). Except for reduced regional bitterness perception when tasting coffee in HNC (P=0.02), gLMS ratings for all other stimuli
were similar between HNC and controls (including ratings in whole mouth). However, a higher percentage of HNC than control
participants reported perceiving no sensation or an unexpected taste quality when tasting low concentrations of caffeine (70% vs 30%),
sucrose (28% vs 5%) and sodium chloride (73% vs 45%) while wearing noseclip, or when tasting low concentrations of sucrose (54%
vs 10%), caffeine (90% vs 65%), sodium chloride (87% vs 60%) and citric acid (67% vs 35%) at the tip of the tongue (all P<0.05).
Our results suggest there is a taste disturbance in HNC that is evident only when assessing regional taste or when blocking retronasal
stimulation, as stimulation of posterior tongue nerves and retronasal smell seem to mask the dysfunction.
Anosmia Induced Conversion Of Taste Mixture Suppression To Compression
Zainab T. Alqudaihi, Alan R. Hirsch
Smell and Taste Treatment and Research Foundation, Chicago, IL, United States
Introduction: While suppression, flavor reduction with multimodal interactions (ex. taste-smell) (Bartoshuk, 1977) with common food
items in a non-laboratory environment has been described (Bains, 2011), compression, flavor reduction of same modality sensory
stimuli (i.e. taste-taste, smell-smell) (Gillan, 1983) has not heretofore been reported. Method: Case Study: This 50-year-old right
handed woman was nasute until two years prior to presentation when she experienced upper respiratory infection followed by marked
reduction of her ability to smell to 10% of normal and absent taste except for spicy, salty and sweet. Cheerios smelled like Cheerios
and milk smelled like milk. When milk was added to a bowl of Cheerios, it smelled like Cheerios without the milk. Dry Cheerios
tasted like Cheerios at 100% intensity. Cheerios with 2% milk had 30% reduced taste of Cheerios with no taste of milk; it tasted the
same as it tasted when placed in a bowl of water. Results: Abnormalities in Neurological Examination: Motor examination: right
pronator drift with right abductor digiti minimi sign.
Reflexes: 2- 3+ throughout. Positive left Hoffman reflex. Chemosensory testing: Olfaction: anosmia on: Alcohol Sniff Test: 6; Phenyl
Ethyl Alcohol Threshold: > 2.0; Brief Smell Identification Test: 3. Gustation: Taste Quadrant Testing: ageusia to sodium chloride,
sucrose, citric acid, quinine. Other: MRI of the brain and sinuses: normal. Discussion: Her olfactory deficit may have converted an

otherwise cross-sensory modality, taste-smell, with associated suppression, to a single modality taste-taste interaction with
compression, which has a greater impact on flavor interactions than does suppression (Bartoshuk,1975). In those with olfactory loss,
assessment of compression is warranted to help facilitate healthier diet.
Bark Beetle Olfaction And Functional Characterization Of An Olfactory Receptor By Heterologous Expression In Drosophila
Byrappa Ammagarahalli1, Qasim Ali1, William B. Walker III2, Jothi K. Yuvaraj3, Rebecca E. Roberts3,
Xiaoqing Hou3, Martin N. Andersson3, Ewald Gross-Wilde1, Fredrik Schylter1,2, Blanka Kalinova1
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Republic, 2Chemical Ecology, SLU, Alnarp, *, Sweden, 3Department of Biology, Lund University, SE-222 62,
Lund, *, Sweden
Many chemical, neurophysiological, and behavioral studies aim to delineate pheromone communication in insects. A key step has
been to determine new routes to understand the specificity and sensitivity of olfactory receptors. However, very few of these olfactory
receptors are functionally characterized. Antennal transcriptome analysis of European spruce bark beetle Ips typographus yielded
several ORs and IRs, and electrophysiological characterization of olfactory receptor neurons revealed different response spectra.
Ligands in our study are comprised of pheromones of conspecifics, and closely related species, as well as ecologically relevant host,
and non-host volatiles. Our aim is to identify new ligands viz., attractants and deterrents through a single sensillum recordings (SSR)
and gas chromatography-SSR approach in transgenic flies expressing beetle ORs, and further compare observations with physiological
response spectra obtained from ORs functionally characterized in HEK293 cells and Xenopus oocytes. Results show varied specificity
and sensitivity to the pheromone compounds under testing.
Involvement Of Trp And Piezo Channels Expressed On The Superior Laryngeal Nerve Afferents In
Swallowing Reflex
Hiroshi Ando, Mohammad Z Hossain, Shumpei Unno, Junichi Kitagawa
Matsumoto Dental University, Shiojiri, *, Japan
The afferent neurons of the superior laryngeal nerve (SLN) play important roles for sensation on the throat and induction of
swallowing. In recent studies, we observed that many SLN-afferent neurons expressed TRPV1, TRPM8 and ASIC3 channels and
activation of them by their chemical agonists delivered to the laryngopharyngeal regions facilitated the triggering of swallowing
reflex. In the present study, we explore the localization of other channels (TRPA1, TRPV4, Piezo1 and Piezo2), in SLN-afferent
neurons located in the nodose-petrosal-jugular ganglionic complex (NPJc). We also examine whether activation and inactivation of
those channels using their agonists and antagonists have any effects on the evoking of swallowing reflex. Many SLN-afferent neurons
expressed TRPA1, TRPV4, Piezo1 and Piezo2 channels. They were expressed on both myelinated (neurofilament 200-positive) and
unmyelinated (NF200-negative) SLN-afferent neurons in the NJPcs. Topical application of an agonist for TRPA1, allylisothiocyanate, and an agonist for TRPV4, GSK1016790A, in the laryngopharyngeal regions evoked significantly more number of
swallowing reflexes compared to that of saline or vehicle for the agonists. Furthermore, prior topical application of TRPA1 and
TRPV4 antagonists significantly reduced the numbers of their respective agonists-evoked swallowing reflexes. Prior topical
application of an inhibitor of stomatin-like protein-3 (a protein that can regulate Piezo channel) increased the threshold of mechanical
stimulation-evoked swallowing reflex in the region supplied by the SLN. These findings indicate that TRPA1, TRPV4, Piezo1 and
Piezo2 channels are functionally involved in evoking of swallowing reflex, and the activation of them by their chemical agonists can
facilitate the evoking of swallowing reflex.
The Presence Of Salivary Proteins Alters Post-Oral Feedback
Verenice Ascencio Gutierrez, Laura Martin, Kimberly James, Ann-Marie Torregrossa
The State University of New York at Buffalo, Buffalo, NY, United States
We have previously shown that salivary proteins (SPs) are upregulated in response to a quinine diet and SP expression is correlated
with increases in meal size. As this suggested a role for SPs in post-oral feedback, we chose to examine the role of SPs in the gut using
a licking suppression paradigm. Male, Long Evans rats, implanted with gastric catheters, were trained to lick single bottle of KoolAid. As the animals licked they were simultaneously given a gastric infusion of 2mM quinine dissolved in water, or donor salvia (with
or without SPs). Donor saliva was collected from anesthetized rats, who were treated with injections of isoproterenol. All saliva was
combined into a homogenous sample. A subset was delivered to the catheterized rats with the SPs (SPS, 5mg/ml) and a subset was
filtered of all SPs and delivered as a control solution (S). There was no difference in total licks to Kool-Aid when animals received
either water or SPS alone in the
gut (p=0.17). Licking was suppressed within session (compared to the water control) when rats were infused with quinine (p=0.02);
however, when infused with quinine + SPS, licking increased to levels equivalent to the control group (p=0.94). To determine whether
the presence of protein itself rescued the lick response, the rats were infused with quinine + 5mg/ml bovine serum albumin (BSA).
Licking to Kool-Aid decreased compared to the infusion of quinine + PCS (p=0.03) and was equivalent to quinine + water (p=0.52),
suggesting the presence of protein alone does not reduce negative responding to quinine.
Separate Olfactory Sensory Neurons Respond To The Polyamines Spermine And Spermidine In A Basal
Vertebrate
Zeenat Aurangzeb, Gianfranco Grande, Barbara Zielinski

University of Windsor, WINDSOR, ON, Canada
Most mammalian olfactory sensory neurons are “broadly tuned” and respond to multiple odorants. Few sensory neurons are
“narrowly” tuned and respond only to one or two odorants that are similar in structure. The sea lamprey responds behaviourally to
highly specific pheromones, including the aliphatic polyamine spermine (Scott et al., 2019 PLoS Biol. 2019;17(7):e3000332). To
better understand the ability of the lamprey olfactory system to discriminate odorants, we used calcium imaging of the olfactory
epithelium and tested if separate cells respond to the polyamine odorants spermine and spermidine. Both are linear molecules, made of
hydrocarbon and amine groups. Spermidine had three fewer hydrocarbons and one less amine group than spermine. I found that
separate cells responded to spermine, spermidine, individual bile acid pheromones and individual amino acid odorants. The
concentration threshold for the cellular responses to spermine was lower than for spermidine. This study suggests that separate
olfactory sensory neurons respond to individual odorants in this basal jawless vertebrate. This odorant discrimination at the cellular
level may contribute to innate behavioural responses of sea lampreys to specific odorants.
Brain Integration Of Smell And Taste: Methodological Inputs In The Design Of In-Mouth Flavor Stimulation For Eeg
Christopher Aveline, Thierry Thomas-Danguin, Géraldine Lucchi, Isabelle Andriot, Charlotte Sinding
Centre des Sciences du Goût et de l'Alimentation, AgroSup Dijon, CNRS, INRAE, Université Bourgogne Franche-Comté, Dijon, *,
France
The study of brain activation in Electroencephalography (EEG) during olfactory-gustatory stimulation is challenging. Event-Related
Potentials (ERPs) require a high signal/noise ratio achieved with reduced motor artefacts, but in food studies subjects have to swallow
to perceive the odor components of flavor. Here, we have tested several stimuli designs to optimize the odor-taste perception while
targeting a maximal delivery of odorants in the nose during EEG recording. 20 participants were stimulated in-mouth with a solution
containing saccharose and a fruity odorant. To follow in-nose odorant release, an Atmospheric Pressure Chemical Ionization Mass
Spectrometer (APCI-MS) was used. Our objective was to increase the quantity of odorant released by adjusting three parameters: P1)
Swallowing or not: Subjects were either allowed to swallow (2-3 s after stimulation to not create artefacts during ERPs recording) or
not, in which case, they were equipped with a salivary cannula; P2) Long or short Inter Stimulus Interval (ISI): to prevent subject’s
fatigue due to a long sequence recording; P3) Velum instructions: to help subjects to control the opening of the velum in order to
optimize the retronasal flow of odorants. The APCI data showed first an increase of odorant release during stimulation before
swallowing when subjects were allowed to swallow (P1). Secondly, results showed no impact of the ISI on aroma release without the
salivary cannula (P2). Finally, we showed that the instructions linked to velum opening did not help to increase the quantity of aroma
released (P3). To simplify odor-taste EEG design, we recommend to allow swallowing after a sufficient delay following recording, to
use a short ISI whilst avoiding habituation effects, and to not train subjects to control the velum opening.
Gustatory Neural Responses To Sugars And Amino Acids In The Parabrachial Nucleus Of Type 1 Taste
Receptor (T1R1+T1R3) Double Knockout Mice
Kalyanasundar Balasubramanian1, Ginger D. Blonde2, Alan C. Spector2, Susan P. Travers1
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The T1R family of taste receptors is important in sugar and amino acid transduction but there is evidence for alternate mechanisms.
Recently, we recorded from the rostral nucleus of the solitary tract (rNST) in T1R doubleknockout (double-KO) mice lacking
T1R1+T1R3 (KO13) and T1R2+T1R3 (J. Neurophysiol., in press). Compared to wild-type mice, sugar and amino acid responses were
greatly diminished in both double-KO strains but residual responsiveness was apparent. Monosaccharide responses were altered less
than disaccharide responses and although umami synergism was missing in T1R double-KO’s, at 600mM, MSG mixed with amiloride
(MSGa, with or without IMP, “umami”) elicited robust responses in the KO’s. The present study extended these findings by recording
single-unit activity (N=57) from the parabrachial nucleus (PBN) of anesthetized KO13 and B6 mice using additional glutamate
concentrations and warmed stimuli (30oC) to optimize sugar responses. In PBN, 300 and 600mM MSGa (with or without IMP)
evoked strong responses in
KO13 mice. Suppression of glutamate responses was restricted to the lowest (50mM) umami concentration (P=.02). However, adding
IMP to MSGa enhanced responses only in B6 mice (50 & 300mM MSGa vs MSGa+IMP, P’s<.02). Proportions of T1R-independent
sugar responses were magnified in the 2nd-order relay (sucrose & glucose, P’s <.0005), with glucose-evoked activity particularly
prominent. Nevertheless, neurons with selective sugar and umami responses were present in B6 but absent in KO13 mice and cluster
analysis showed that these stimuli intermingled with other qualities in the KO’s. The underlying basis of the remaining sugar and
glutamate responses is unknown, but preliminary multiunit recordings (N=5) using the mGluR4 antagonist (MSOP), failed to reduce
glutamate responses.
Intracellular Signaling Mechanisms Underlying Flavor Preference Learning
Marena N. Bass, Cayla Newman, Thomas A. Houpt
Florida State University, Tallahassee, FL, United States
Conditioned flavor preference (CFP) is a robust form of learning in which an animal associates a flavor (e.g. Kool-Aid) with a
palatable taste or postingestive nutrient detection (e.g. glucose). Learning generally requires changes in the transcription and

expression of genes that underlie potentiation and structural reorganization of activated neuronal pathways. In turn, these
transcriptional changes are governed by reversible phosphorylation of intracellular signaling substrates. Kinases phosphorylate, and
usually activate, intracellular signaling substrates, while phosphatases respectively dephosphorylate substrates. Recently, sodium
selenate was found to be a specific activator protein phosphatase 2A (PP2A) (Corcoran et al., 2010; van Eersel et al, 2010), and our lab
has previously shown that systemic sodium selenate blocks conditioned taste aversion (CTA) learning and phosphoMAP kinase
induction in rats. To determine whether PP2A activity also underlies CFP learning, adult male Sprague-Dawley rats were given
injections of sodium selenate (0.5mg/kg, IP) or NaCl (0.15 M, IP) 2-hrs before conditioning. Animals were given 30-min access to a
solution of 8% glucose, 0.05% Kool-Aid and 0.05% saccharin (conditioning stimulus; CS+) on conditioning day 1 and 30-min access
to a different flavored Kool-Aid solution without glucose (conditioning stimulus; CS-) on conditioning day 2. Following conditioning,
animals were given 2 days of 5-hr 2-bottle preference testing, which revealed that selenate-pretreated animals failed to form a
preference for the CS+ flavor. This suggests that selenate interfered with the rats' ability to acquire a flavor preference, consistent with
phosphatase activation and attenuation of gene expression required for memory consolidation.
Odor Mixture Coding In Piriform Cortex Robin M. Blazing, Kevin
M. Franks
Duke University, Durham, NC, United States
Odors activate ensembles of neurons distributed across piriform cortex (PCx). Although natural odorants are generally composed of
multiple odor molecules, most studies of cortical odor encoding have used monomolecular odorants. It is therefore unclear how
combining odors alters their representation in PCx, especially in awake animals. Furthermore, it is unclear which features of the odor
component responses predict the odor mixture response. We therefore performed awake, extracellular recordings in PCx while
presenting a panel of binary odor mixtures and their components. Consistent with findings in anesthetized mice, mixtures evoked
levels of activity in PCx similar to that of their individual components. A large proportion of componentactivated cells were
suppressed by the mixture, while a similar proportion of component-suppressed cells did not respond to the mixture, indicating that
mixtures evoked increases in both excitatory and inhibitory drive to cortex. Because odors evoke strong feedback suppression in PCx
that selectively amplifies early inputs, we hypothesized that cells that respond to the component odors with the shortest latencies
would also respond to the odor mixture. However, the response latency of a given PCx cell to the individual component odors did not
predict the odor mixture response. Instead, the magnitude of the firing rate evoked by either of the mixture component odors showed a
strong positive correlation with the mixture response. This suggests that odor mixture responses in PCx arise through a simple ratebased filter. Future work will determine to what extent mixture responses are inherited from the olfactory bulb or shaped by
intracortical processes.
Cortical Taste Representations In Active Licking Mice
Cecilia Bouaichi, Roberto Vincis
Department of Biological Sciences and Program in Neuroscience at Florida State University, Tallahassee, FL,
United States
In the last two decades, a considerable amount of work has been devoted to investigating the neural processing and dynamics of the
primary taste cortex of rats. Surprisingly, much less information is available on cortical taste electrophysiology in awake mice, an
animal model that is taking a more prominent role in taste research. Specifically, existing data are limited to describing taste
processing when gustatory stimuli are passively delivered directly in the oral cavity. Here we present electrophysiological evidence
demonstrating how the gustatory cortex (GC) encodes information pertaining the basic taste qualities (sweet, salty, sour, and bitter)
when stimuli are actively sampled through licking, the stereotyped behavior by which mice control the access of fluids in the mouth.
Mice were trained to receive each stimulus on a fixed ratio schedule in which they have to lick a dry spout six times to receive a
tastant on the seventh lick. Electrophysiological recordings confirmed that GC neurons encode both chemosensory and hedonic
aspects of actively sampled tastants. In addition, our data revealed two other main findings. GC neurons encoded information about
taste identity in as little as 120 ms. Consistent with the ability of GC neurons to rapidly encode taste information, nearly half of the
recorded neurons exhibited spiking activity that was entrained to licking at rates up to 8 Hz. Overall, our results present for the first
time how the GC of mice processes tastants when they are actively sensed through licking, reaffirming and expanding our knowledge
on cortical taste processing.
Bitter-Taste Receptors: From Sequence To Structure
Cédric Bouysset1, Jérémie Topin1, Serge Antonczak1, MeeRa Rhyu2, Jérôme Golebiowski1,3, Sébastien Fiorucci1
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Among the multiple perceptions triggered by the gustatory system, bitterness is usually associated with the avoidance of food and is
believed to have evolved to alert us against the consumption of toxic plants. The human genome possesses 25 functional TAS2R genes
encoding bitter taste receptors that are differentially activated by a broad range of chemically and structurally diverse bitter
compounds. TAS2Rs belong to the G protein-coupled receptor (GPCR) family. While several GPCR structures have been

available. By combining with site-directed mutagenesis followed by in vitro functional assays, we show how our optimized sequence
alignment between TAS2Rs, olfactory receptors (ORs) and non-OR GPCRs accurately recapitulates and predicts experimental data.
(Achems Undergrad Award Finalist) Generating Consensus Functional Maps Of Sensory Input To
Glomeruli Of The Mouse Olfactory Bulb
Audrey Brown1, Shawn D Burton1, Kevin Zhu2, Hiro Matsunami2, Matt Wachowiak1
1University

of Utah, Salt Lake City, UT, United States, 2Duke University , Durham, NC, United States

To understand how odors are represented in the initial stages of the mammalian olfactory system, we have developed a platform for
efficiently mapping olfactory sensory neuron (OSN) input to glomeruli of the mouse olfactory bulb (OB). Using a high-throughput
odorant delivery device combined with ultrasensitive geneticallyencoded reporters of OSN activity, we have generated consensus
glomerular input maps across the dorsal OB for over 185 odorants. We have also begun defining which glomeruli of the dorsal OB
show the highest sensitivity to each odorant; threshold sensitivities typically range from nanomolar to picomolar concentrations. This
‘sensitivity map’ of glomeruli identifies principles of chemotopic organization across the dorsal OB, with spatial clusters of glomeruli
with high sensitivity to particular odorant classes. This approach also allows us to functionally define glomeruli based on their high
relative sensitivity and selective tuning to a particular odorant, generating a useful tool for probing OB circuit interactions. We are
further mapping the relative sensitivity of a subset of functionally-identified glomeruli, with parallel experiments in a subset of
genetically-defined glomeruli. To this end, we used targeted RNA sequencing of the dorsal OB surface to identify odorant receptors
enriched in dorsal glomeruli. Of these, we selected Olfr881 and Olfr1377 for creation of mKate2 labeled knockin lines, and designed
odorant panels based on their response to pS6-IP ligands. Subsequent in vivo imaging with our functional mapping platform confirmed
high sensitivity to these ligands, allowing us to link identified ORs with their cognate glomeruli and to characterize their response
properties in the larger context of glomerular odor maps in vivo.
Investigating Circuits Underlying Selective Attention To Odors
Hillary L. Cansler1,2, Estelle E. in 't Zandt1,2, Daniel W. Wesson1,2
1Department of

Pharmacology and Therapeutics, University of Florida, Gainesville, FL, United States, 2Center for Smell and Taste,
University of Florida, Gainesville, FL, United States

Sensory representations in the brain are shaped by various cognitive states, including attention. Our lab recently demonstrated that
single units in the olfactory tubercle (OT) exhibit enhanced signal to noise during selective attention to odors. However, the brain
mechanisms that underly this phenomenon are unknown. In other sensory systems, projections from the medial prefrontal cortex
(mPFC) to the sensory thalamus are critical for attentionrelated changes in sensory coding in the sensory cortex. Because the olfactory
system lacks this thalamic pathway, the direct projection from the mPFC to the OT provides an attractive candidate mechanism. To
confirm the existence of this pathway, we injected retrograde AAVs in the rat OT and found a dense population of neurons in layer 5
of the prelimbic (PrL) and infralimbic (IL) subregions of the mPFC. To determine whether these projections target any subregion of
the OT, we injected AAVs encoding synaptotagmin tagged with either mRuby or GFP into the PrL and IL cortex, respectively, of the
same rat. We found that neurons from both the PrL and IL cortices primarily target the medial portion of the OT. To examine the
functional significance of this projection, we recorded local field potentials in the mPFC, OT, and olfactory bulb while rats engaged in
a task that requires selective attention to odors. This approach allows for the analysis of network dynamics within and between these 3
regions, which may reveal potential mechanisms by which odor-evoked responses in the OT are modulated by attention.
Sweet Taste Biosensor Using Venus Flytrap Of Human Sweet Taste Receptor
Yeon Kyung Cha, Sae Ryun Ahn, Jin-Young Jeong, Seunghun Hong, Tai Hyun Park Seoul National
University, Seoul, *, South Korea
Sweet taste molecules are detected by human tongue, which is mediated by the activation of human sweet taste receptors. Sweet taste
receptors are class C G-protein-coupled receptors (GPCRs). They are composed of two subtypes of taste receptor type 1 (T1R) family,
which form a heterodimeric structure (T1R2/T1R3). Venus flytrap (VFT) of T1R2, one of the subunits of sweet taste receptor, is
known as primary ligand binding domain for sweet taste molecules. The production of heterodimeric T1R2/T1R3 in heterologous
expression system is challenging due to their complicated structure. In this study, T1R2 VFTs were used as biological recognition
elements and were combined with nanomaterials for developing sweet taste biosensor. T1R2 VFTs were successfully expressed in E.
coli and were purified after detergent solubilization. Purified T1R2 VFTs were refolded to its functional structure. Ligand binding of
various concentration of sweet tastants to T1R2 VFTs was observed by tryptophan fluorescence quenching assay. In addition, only
sweet molecules binding to T1R2 VFTs were measured among various sweet and non-sweet tastants. T1R2 VFTs were immobilized
on carbon nanotube fieldeffect transistor (CNT-FET) with floating electrodes for developing a protein-based sweet taste biosensor.
The T1R2 VFT-based sweet taste biosensor had high sensitivity and selectivity to sweet tastants. Analyses of stability and reusability
will be further tested. T1R2 VFT protein-based sweet taste biosensor is expected to become a practical and reliable sweet taste

experimentally solved, none of them are chemosensory receptors. Without such key structural information, predicting the activity and
mechanism of action of bitter molecules on TAS2Rs mostly relies on molecular modeling. Here, we present an optimized
computational protocol to build relevant 3D models of bitter taste receptors. Homology modeling allows us to model TAS2Rs based
on their sequence similarity with a template for which an experimental structure is

detecting device with high performance. Moreover, VFT-based sweet taste biosensor could be a useful ligand screening tool for
studying the direct ligand-receptor interaction.
Odor Valence Encoding In The Antennal Lobe And Its Behavioral Correlates
Rishabh Chandak, Barani Raman
Washington University in St. Louis, St. Louis, MO, United States
The olfactory system receives a plethora of volatile stimuli inputs from an organism’s surroundings. Predicting and understanding how
neural activities encode the overall preference to olfactory stimuli or valences, which guide primal behaviors such as fleeing away
from a predator or towards food, are open challenges in systems neuroscience. In this study, we used the locust (Schistocerca
americana) olfactory system to examine this issue. We began by examining innate preferences of locusts to a large panel of putative
attractive and aversive odorants and obtained a preference index for each odorant. We then probed the antennal lobe (directly
downstream from sensory neurons on the antenna) where we recorded neural responses of excitatory projection neurons (PNs) to the
same odor panel. We find that these PNs encode for odors in a manner that is indicative of perceived valence. We validated this by
applying a biologically relevant simple linear classifier, which was able to predict stimulus valence using PN spiking activity.
Interestingly, we also observed that PNs elicit responses at the termination of stimuli. The neurons that fired at the termination of an
attractive odor were active during the presentation of an aversive odor, and vice versa. Consequently, the linear classifier was able to
produce better-than-chance performance in predicting valence using the offset responses of the PNs. In order to understand the role of
these offset-responsive neurons, we applied an appetitive conditioning assay. Our preliminary results indicate that altering the timing
of a reinforcement (onset vs offset) can produce differences in behavioral responses.
The Discrepancies Between C57Bl/6 Substrains In Rule Acquisition During Olfactory Associative
Learning
Hung-Lun Chen, Chien-Fu F. Chen
National Defense Medical Center, Taipei, *, Taiwan
C57BL/6 is the most commonly used inbred mouse strain in research. This strain has two substrains, C57BL/6J (B6J) and C57BL/6N
(B6N). Previous study showed that B6J is higher than B6N in center entries and general locomotor activity in the open field test.
Moreover, B6N is significantly inferior to B6J in rotarod test and Morris water maze test. These data suggest that these two substrains
may be fundamentally different in their sensory, motor and learning capabilities. However, whether these two substrains have
different olfactory capability has not been investigated. In the present study, we used olfactory two-alternative choice test to examine
how these two substrains differ in olfactory learning. This task has two stages. In rule learning stage, mice will learn to acquire water
rewards via poking their noses to water ports (left or right) within 10 seconds after a center port nose-poking event that evokes a 2-sec
odor stimulus. In the following associative learning stage, nose poking in the center port will evoke two odor cues that each is
associated with a water port. Mice will only be rewarded when choosing the correct water port after the odor stimulus. We found that
proportionally fewer B6/N mice are able to pass rule learning stage (7/24 vs. 14/24), although for the animals that pass this stage,
these is no substrain difference in training duration. In associative learning stage, these two substrains did not differ in training
duration and success rate. Although, overall proportionally more B6J mice are able to pass the test (13/24 vs. 6/24), the major
difference between these two substrains might lie within circuits involved in higher processing such as rule learning.
Structural Alterations Of The Olfactory System In Early Blind Individuals
Christine Chouinard-Leclaire1, Simona Manescu1, Johannes Frasnelli2, Franco Lepore1
1Université

de Montréal, Montreal, QC, Canada, 2Université de Trois-Rivières, Trois-Rivieres, QC, Canada

So far, comparative studies between blind and sighted subjects regarding their performance during sensory and perceptual-driven
olfactory tasks revealed inconsistent results (Sorokowska et al., 2018). Because a growing number of studies report changes in the
cortex related to the remaining senses (Stevens & Weaver, 2009), we investigated volume within cortical regions known to be relevant
to olfaction as well as the olfactory bulbs (OB) to determine whether structural changes are present in early blind (EB) subjects.
Sixteen EB and sixteen sighted controls participated in our study. Whole-brain magnetic resonance imaging was performed using a 3T scanner. OB images were obtained using a coronal, fast spin-echo T2-weighted sequence covering the anterior and middle segments
of the skull base. A region of interest (ROI) on the T1 images was performed. The ROIs included bilateral areas of the primary and
secondary olfactory cortex (Fjaeldstad et al., 2017). Compared with controls, EB had significantly smaller volumes for the left OB
(p=0.01) and overall OB (p=0.03). Controlling for total intracranial volume, EB group showed significant reduced grey matter volume
within the ROIs compared to controls. We observed significant differences in secondary olfactory regions, including the orbital part of
the superior (right) and inferior (left and right) frontal gyrus and bilateral hippocampus (p<0.005 for all regions). Additionally, EB
group showed significant enlarged grey matter volume within the left superior temporal gyrus of the temporal pole and the medial part
of the right superior frontal gyrus (p<0.005 for all regions). Our current results show that visual deprivation leads to changes of grey
matter volume in the olfactory system; however corresponding behavioral changes have yet to be found.
Feasibility Of Novel Protocol For Assessing Multisensory Flavor Perception In Young Children
Sarah E. Colbert, Joost X. Maier
Wake Forest School of Medicine, Winston-Salem, NC, United States

Flavor perception plays a major role in determining food choice, which relates to health outcomes. Between ages 2 and 6 years old,
children experience changes in food attitudes and heightened reluctance to try new foods. This may be due to developmental changes
in sensitivity to sensory components of flavor, including taste and retronasal smell. Although preferences for sweet taste and dislike of
bitter are thought to be constant, there is no knowledge of the developmental time course of sensitivity to retronasal smell, mainly due
to the difficulty in assessing sensory function in this age group. The goal of this study was to test the feasibility of a novel protocol for
assessing taste and smell preference in children ages 2 to 6 years old. Subjects were recruited and tested in the local community (e.g.,
children’s museum). Children and their parent were asked to drink 8 solutions consisting of clear liquids with either a taste (sucrose,
quinine) or an odor (broccoli, pumpkin, hibiscus, apple, mango), or plain water. Solutions were presented in cups with lids and straws
to prevent orthonasal recognition. Participants rated the solutions on a 1-5 pictorial liking scale. We also recorded facial responses, and
amount consumed of each solution. Parents completed a food attitude questionnaire to assess child eating behavior. The results from
16 child and 14 adult participants revealed consistent negative and positive ratings for quinine and sucrose, respectively, thus
validating our testing procedure. Amount consumed did not reliably reflect known palatability of taste compounds. Odor ratings
yielded predominantly positive and negative ratings dependent on the odorant, and showed age-dependent changes in ratings. Current
work focuses on correlating sensory function with behavioral and health measures.
Prediction Of Odor Divergence Within Enantiomeric Pairs From Odorant Features
Liyah Coleman, Richard C Gerkin
Arizona State University, Tempe, AZ, United States
Enantiomers are pairs of non-superimposable mirror-image molecules. Some pairs have divergent odor qualities, e.g. L-carvone
(“spearmint”) vs. D-carvone (“caraway”), while other pairs do not. Existing theory about the origin of such differences is largely
qualitative (Friedman and Miller, 1971; Bentley, 2006; Brookes et al, 2009). While quantitative models based on intrinsic molecular
features predict some structure-odor relationships (Keller et al, 2017), they cannot identify, e.g. the more intense enantiomer in a pair;
the mathematical operations underlying such features are invariant under symmetry (Shadmany et al, 2018). Only the the olfactory
receptor (OR) can break this symmetry. However, features that predict odor divergence within a pair may be identifiable; for example,
six-membered ring flexibility has been offered as a candidate (Brookes et al, 2009).
To address this problem, we collected detection threshold data for >400 molecules (organized into enantiomeric pairs) from a variety
of public data sources and academic literature. From each pair we computed the within-pair divergence in detection threshold, as well
as Mordred descriptors (structural features) and Morgan fingerprints (shape features). While these molecular features are identical
within-pair (due to symmetry), they remain distinct across other related molecules, including diastereomers. The resulting
structure+perception dataset was used to build a predictive model of odor detection threshold divergence (ODTD). It predicted a
modest fraction of variance in ODTD (r2 ~ 0.3 in cross-validation), but the most predictive features remain difficult to interpret. We
speculate that most of the remaining variance likely originates from details of specific ORs that cannot be accounted for using a purely
odorant-feature-based approach.
Dimorphic Effects Of Prolactin Treatment On Puberty Onset And Olfactory Function
Rebeca Corona, María F. Del Valle-Díaz, Luis A. Luna-García, Teresa Morales
Instituto de Neurobiología UNAM, Querétaro, *, Mexico
In mammals, olfactory signals are necessary for the puberty onset (PO) and the ability of choosing a mate for reproduction. These
signals can modulate the reproductive axis through connections between the main (MOB) and accessory olfactory bulb (AOB) with
the kisspeptin neurons (Kpn) located in the hypothalamus and the amygdala, which are essential for the regulation of this axis. Since
PRL can modulate Kpn activity due to the high expression of prolactin (PRL) receptors in Kpn, we hypothesized that during juvenile
period adequate levels of PRL are determinant for the PO and the maturation of the MOB-AOB and its response in adulthood. To
evaluate this, juvenile CD1 female and male mice were treated for 10 consecutive days with PRL (5mg/kg), cabergoline, a PRL
inhibitor (500ug/kg) or vehicle. The PO was determined by secondary sexual characteristics. Before sacrifice, female and male adults
were exposed either to clean or to soiled bedding from the opposite sex to evaluate the Fos immunoreactivity (ir) of the MOB and
AOB cells. Results: 1) juvenile PRL and cabergoline treatment delays PO only on females, 2) the response of the OB was sexually
dimorphic: a) in the AOB of females, both treatments promote higher Fos-ir of the internal cellular layer when exposed to clean
bedding, no increase was observed when exposed to male bedding compared to controls, probably generating olfactory discrimination
problems; b) in male, the granular cell layer of the MOB of both treatments showed higher Fos-ir than controls when exposed to
female bedding, indicating a greater sensitivity of these cells. Overall our results suggest that PRL participates in the juvenile period in
sexual and MOB-AOB maturation in a sex dependent way.
Investigating Neural Circuits That Regulate Ingestive Behaviors In Drosophila
Xinyue Cui, Nilay Yapici
Cornell Univeristy, Ithaca, NY, United States
In normal individuals, food intake is strictly regulated by sensory, homeostatic and hedonic neural circuits, which balance energy
intake with energy expenditure. Failure to regulate food perception and appetite results in maladaptive eating behaviors and an
increase in the occurrence of metabolic syndromes and eating disorders. We use a genetically tractable model organism, the fruit fly
(Drosophila melanogaster), to understand the circuit principles of how the brain integrates the sensory perception of food with the
sensation of hunger to regulate food intake. Although feeding behaviors are delicately regulated in flies, the neural circuits regulating
feeding decisions are poorly understood. Previously, we identified a novel class of excitatory interneurons (IN1) in the fly brain that
regulates food ingestion. Here, we employed two-photon in vivo calcium imaging and optogenetics to investigate the presynaptic and

postsynaptic connections of IN1 neurons. We have shown that sweet sensing neurons but not bitter sensing neurons provide excitatory
input to IN1 neurons. We also performed an anatomical screen to identify candidate neurons that are connected to IN1s. The first class
of projection neurons (VP-IN1s) we have identified have cell bodies in the medial-ventral taste processing center of the fly brain.
Optogenetic activation of VP-IN1s is sufficient to inhibit IN1 neural activity in hungry or fed flies. The inhibitory functional
connection between VP-IN1 neurons and IN1 neurons is unidirectional. In the future, we aim to identify more upstream and/or
downstream neurons of IN1 and characterize their function. Our research will shed more light
on the neural basis of ingestion regulation in flies and may direct us to conserved circuit principles that regulate ingestive behaviors in
other animals.
Odor Characterization Of Braskem'S Polypropylene By Fast Gas Chromatography Electronic Nose, Gas
Chromatography-Mass Spectrometry And Gas Chromatography-Sulfur Chemiluminescence Detection
Paula M de Sousa Bezerra1, Ron Lutz2, Marduque J. dos Santos1, Roberta P. Manzini1 1Braskem, Mauá, *, Brazil,
2Braskem,

Pittsburgh, PA, United States

The objective of this work was to determine what molecule(s) caused objectionable odor in polypropylene from one of Braskem units
by analyzing samples of an odor complaint lot, as well as a reference lot, collected at different points (1, 2 and 3) throughout the
production process. The analysis were performed using three equipments: fast chromatography based electronic nose (Heracles II),
GC-MS (7090B GC System/ MSD 5977B) and GC-SCD (7090B GC System/ SCD). Principal components analysis (PCA) was
applied for the visualization of the dataset, allowing the separation of the samples in distinct well-defined groups: (i) odorless
reference samples collected at sampling points 2 and 3, (ii) samples collected at the sampling point 1 with odor and (iii) samples
collected at the sampling points 2 and 3 with odor. It also indicated that odor formation occurred at some point in the process prior to
the drying step. The main differences among the groups found by GC-SCD and GCMS analysis were the presence of an unidentified
sulfurous compound and unsaturated hydrocarbons only in the objectionable odor samples.
Structure-Wide Responses To Sampling And Eating Solid Food In The Nucleus Of The Solitary Tract In The Rat.
Patricia M. Di Lorenzo, Steven A. Pilato
Dept. of Psychology, Binghamton University, Binghamton, NY, United States
Recent work in nucleus of the solitary tract (NTS) of the awake rat has revealed that, in addition to tasteresponsive cells, there are a
variety of cell types, many of which track appetitive and consummatory behavior. In an effort to discover how these various cell types
cooperate during natural behaviors, we studied the electrophysiological responses in the NTS in awake unrestrained rats as they
decided to approach, sample and eat solid food. Rats were implanted with a drivable microelectrode bundle in the NTS and allowed to
recover. Rats were tested for 30 min daily with sucrose, NaCl, citric acid, quinine or MSG presented through a lick spout in an
operant chamber. One hour after the lick session, rats were placed back in the chamber that now contained a variety of solid foods
placed in “wells” positioned at the corners. Foods were: dark chocolate (90% cacao) or broccoli (bitter), milk chocolate chips (37%
cacao; sweet), Granny Smith apples (sour), salted peanuts (salty), and shiitake mushrooms (umami). An infrared beam across the
entrance to each well recorded well entry and exit. Food sessions were videotaped and scored offline for eating. Results showed that
1) nearly all NTS cells showed robust and stimulus-specific changes in firing rats or pattern when sampling (well exploration) and
eating solid food whether or not they responded to traditional liquid tastants and 2) many responses to well entry began ~500ms before
the rat’s head entered the well, suggesting the involvement of either olfactory or top-down influence. The structure-wide shift in firing
rate and pattern during sampling and eating may signal a network transition from an “idling” to a “sensory acquisition” state wherein
the multifaceted sensory and sensorimotor totality of food is evaluated.
Behavioral Expression Of Odor Hedonics In The Tg6799 Alzheimer&Rsquo;S Disease Mouse Model: Effect Of Sex And Age
Amanda M Dossat1, Elizabeth R Roberts1, Maria del Mar Cortijo1, Patrik Brundin2, Daniel W Wesson1
1University

of Florida, Gainesville, FL, United States, 2Van Andel Institute, Grand Rapids, MI, United States

Alzheimer’s disease (AD) is a progressive neurodegenerative condition, characterized by impairments in memory and cognitive
decline. In addition to these well-known features, individuals in early stages of the disease exhibit impairments in odor detection and
discrimination, which is consistent with reported AD-related pathology in the olfactory bulb and associated structures. These
prodromal olfaction deficits may affect hedonic responses governing ingestive behavior, and contribute to physical decline. We used
the 5XFAD (Tg6799) mouse model to explore if AD-associated mutations influence odor investigation behavior in a five-port odor
multiplechoice test. Across 5 days, we assayed non-reinforced odor investigation in males and females at 2, 4, and 6months of age.
Consistent with habituation to the task, all groups exhibited reduced odor investigation time across days. 5XFAD mice exhibited
significantly longer odor investigation time on day 1 vs. NTg mice. Examination of nose-poke time for specific odors revealed that 6month 5XFAD mice exhibited more investivation vs. NTg. In all groups examined, females exhibited longer investigation times for all
odors vs. males. Females exhibited longer nose-poke durations for each odor vs. males, with 5XFAD exhibiting more attraction
towards carvone vs. NTg females. Confirming that animals can engage in the task, we found no deficits in interpoke intervals (IPIs)
across groups. Taken together, these data indicate subtle differences in sampling of non-ethologically relevant odors in NTg and
5XFAD mice. The strongest differences were between males and females, where females investigated odors more than males. This
study should be followed up to examine the correlation between odor hedonic behaviors and 5XFAD pathology within olfactoryassociated structures.

Early Life Experience With Natural Odors Modifies Olfactory Behavior In Drosophila
Kristina V. Dylla, Thomas F. O’Connell, Elizabeth J. Hong
Division of Biology & Biological Engineering, California Institute of Technology, Pasadena, CA, United States
Sensory experiences in early life shape our perception of the world as adults. Animals, including the vinegar fly Drosophila
melanogaster, show altered behavioral responses toward an odor when raised in an environment where that odor is abundant. This has
been demonstrated using high concentrations of monomolecular odorants, which are uncommon in nature. We studied (1) the effects
of chronic exposure to an odor on behavioral responses towards that odor, using naturalistic paradigms; and (2) the behavioral
mechanisms underlying these effects. We exposed young flies for two days to the odors from either banana or onion. Their behavior
towards each odor was then tested using a modified trap assay; we monitored the dynamics of the flies’ foraging behavior at the trap
entrance, using custom tracking software, as well as the time of entry into each trap. Irrespective of prior experience, flies entered the
banana trap more than the onion trap. The average time of first landing and the number of landings on either trap was independent of
prior experience. These results suggest that prior odor experience does not affect how flies detect the odor. However, banana-exposed
flies inspected the entrance holes of the banana trap earlier, and entered the banana trap much sooner, than onion-exposed or nonexposed flies. Our results show that odor exposure in early life under naturalistic conditions can change behavioral responses towards
that odor. Our results also suggest that early exposure affects the meaning of the odor to the animal, for instance, by increasing its
appetitiveness and/or decreasing its perceived associated risk, and thereby lowering the behavioral threshold to enter the trap. We
propose that changes in olfactory behavior driven by odor experience are likely encoded in higher olfactory areas.
Contacts Between Type Ii And Type Iii Taste Cells Are Rare And Unspecialized
Kokouvi Y. Dzowo1,2, Courtney E. Wilson1,2, Ruibiao Yang1,2, Thomas E. Finger1,2
1Rocky Mountain Taste & Smell Center, Aurora,

CO, United States, 2Department of Cell and Developmental Biology University of
Colorado School of Medicine, Aurora, CO, United States

Mammalian taste buds contain four types of specialized cells termed Type I, Type II, Type III, and Type IV (or
Basal) cells. Type I cells are glial-like and often wrap around nerve fibers and other cell types (Yang et al J Comp. Neurol. 2020).
Type II cells express receptors for bitter, sweet or umami, and have specialized atypical mitochondria at functional points of contact
with nerve fibers. Type III cells mediate sour and have synaptic vesicles at their points of contact with nerve fibers. Previous studies
have suggested that Type II and Type III taste cells communicate with each other, yet no studies have reported specialized anatomical
contacts or synapses between Type II and Type III cells where communication might occur. Using Serial block-face Scanning Electron
microscopy, we examined the nature of cell to cell contact between Type II and Type III cells in the circumvallate papillae of mice.
These data sets include samples of five taste buds in two data sets, including 42 Type II cells and 29 Type III cells. Throughout these
taste buds, there were no substantial points of contact between these two cells types, except at the very apical area just below the taste
pore and at the basal region near the entry point of nerve fibers. In the taste buds examined, we identified only 8 apical and 1 basal
point of contact ranging in size from 0.2 µm to 1 µm in length and from 0.8 µm to 5 µm in width. None of these contacts exhibited an
accumulation of vesicles or mitochondrial or membrane specializations indicative of synaptic interactions. These findings suggest
interactions between Type II and Type III cells (e.g. Huang et al J.
Neurosci.2009) must be mediated by indirect, paracrine mechanisms or via Type I cell intermediaries.
Mapping In Vivo Olfactory Anatomical Connections In The Human Brain
Shiloh L. Echevarria-Cooper1,2, Guangyu Zhou1, Christina Zelano1, Franco Pestilli3, Todd B. Parrish4, Thorsten Kahnt1,5
1Department
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University, Weinberg College of Arts and Sciences, Evanston, IL, United States

The anatomical connectivity of olfactory brain areas has been studied in rodents and macaques, but it has yet to be characterized in the
human brain. Understanding human olfactory anatomy is critical for developing mechanistic models of human olfactory function. In
this study, we used an optimized diffusion MRI (dMRI) method to characterize human olfactory system anatomy. Young adult,
normosmic subjects (n=25, 13 female) underwent olfactory perceptual testing with Sniffin’ Sticks, and a 1.5mm isotropic resolution
dMRI scan (90 directions at b = 1000 s/mm2, and 12 B0 volumes). We used a multi-shot EPI technique to reduce artifacts and improve
signal in ventral olfactory brain areas. To identify anatomical areas, we collected 1.0mm T1- and 0.5mm T2-weighted scans. To
segment out the lateral olfactory tracts (LOTs), we performed probabilistic tractography using a constrained spherical deconvolution
model, with seed regions placed in the olfactory bulb and at a midway point along the LOTs. We were able to segment the LOTs in all
subjects. However, in some subjects a small area of signal drop-out near the crossing of LOT and optic nerve resulted in two disjointed
segments, one projecting from the bulb, and a second projecting into piriform cortex from the LOT seed. In other subjects, there was
no gap and the tracts were continuous from the bulb to the piriform cortex. Using this data, we will generate an olfactory pathway
template in MNI space, which may be used to identify the location of the LOTs in future studies. We will also characterize second
order pathways projecting from the piriform cortex. We will create "tract profiles" for each pathway using diffusion microstructure
measures, and correlate these with olfactory perceptual scores to provide initial evidence for the function of each pathway.

Odor Memory Training Interventions Show Transfer From Olfactory To Visual Memory In Young And
Old Adults
Ingrid Ekström1,2, Marta Zakrzewska1, Joanna Lindström1, Behzad Iravani3, Anna Stigsdotter-Neely4, Lars
Nyberg5,6,7, Johan N Lundström3,8, Sara Jonsson1, Elmeri Syrjänen1, Maria Larsson1, Jonas K Olofsson1,8,9 1Gösta Ekman
Laboratory, Department of Psychology, Stockholm University, Stockholm, *, Sweden, 2Aging
Research Center, Karolinska Institutet, Stockholm, *, Sweden, 3Department of Clinical Neuroscience,
Karolinska Institutet, Stockholm, *, Sweden, 4Department of Social and Psychological Studies, Karlstad
University, Karlstad, *, Sweden, 5Umeå Center for Functional Brain Imaging, Umeå University, Umeå, *,
Sweden, 6Department of Radiation Sciences, Umeå University, Umeå, *, Sweden, 7Department of Integrative
Medical Biology, Umeå University, Umeå, *, Sweden, 8Stockholm University Brain Imaging Center, Stockholm University,
Stockholm, *, Sweden, 9Swedish Collegium of Advanced Study, Uppsala, *, Sweden
Human and animal research converge to suggest that the sense of smell, olfaction, is intimately associated with visual-spatial
orientation and memory encoding networks. We devised an odor memory intervention to investigate potential “asymmetric” transfer
effects, i.e., that odor-based memory training would transfer to a visual-based memory task, but not vice versa. In two studies,
participants were randomly assigned to daily memory training for 40 days with either the odor task or a visual control task with a
similar difficulty level. Results from Study 1 (n=71 young adults) showed that while visual training did not produce transfer, olfactory
training produced transfer to the untrained visual memory task (asymmetric transfer). Odor training uniquely improved participants’
performance on odor discrimination and naming tasks. In Study 2 (n=41 older adults), the finding of asymmetric transfer was
supported, but not the transfer to other olfactory tests. Our results indicate that the olfactory system is highly responsive to training,
and the sense of smell might be a vehicle for transfer of learning to the visual domain.
Predictors Of Olfactory Decline In Older Adults: A Longitudinal Population-Based Study
Ingrid Ekström1, Maria Larsson2, Debora Rizzuto1,3, Tom Bellander4, Giulia Grande1, Lars Bäckman1, Erika J.
Laukka1,3
1Aging
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Stockholm university, Stockholm, *, Sweden, 2Gösta Ekman Laboratory, Department of Psychology, Stockholm University,
Stockholm, *, Sweden, 3Stockholm Gerontology Research Center, Stockholm, *, Sweden, 4Institute of Environmental Medicine
(IMM), Karolinska Institutet, Stockholm, *, Sweden
Objectives: Olfactory dysfunction is common in older age and associated with poor health outcomes. However, longitudinal studies
tracking change in olfactory ability in aging are scarce. This study aimed to identify predictors of interindividual differences in
olfactory ability change in the general older population. Methods: We included 1,780 individuals free from dementia and
neurodegenerative disease at baseline and with at least two olfactory assessments over 12 years of follow-up (mean age = 70.5 years;
61.9% female) from the Swedish National Study on Aging and Care in Kungsholmen (SNAC-K), Stockholm, Sweden. Change in
odor identification performance, assessed with Sniffin' Sticks, was estimated with linear mixed models. Results: Advancing age,
slower walking speed, carrying the APOE ε4 allele, higher cardiovascular disease burden, history of cerebrovascular disease, number
of medications, and PM2.5, PM10 and NOX air pollution exposure were associated with accelerated olfactory decline (ps <0.009). In
participants that remained free of dementia (DSM-IV critera) throughout the study (n = 1,531), age, the ε4-allele, cardiovascular
disease burden, and air pollutant exposure were still associated with an accelerated decline in odor identification (ps <0.03). Models
with competing predictor variables showed unique associations between age, the ε4 allele, and PM2.5 exposure and olfactory decline
in both samples (ps <0.026). Conclusions: Demographic, vascular, health and genetic factors, as well as the exposure to common air
pollutants, were linked to rate of olfactory decline in our sample. While some olfactory loss may be an inevitable part of healthy aging,
our results highlight the importance of managing vascular risk factors and minimizing exposure to environmental pollution.
Olfactory Dysfunction Predicts The Development Of Depression In Older Us Adults
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Olfaction is linked to mood due to neuroanatomic connections between the olfactory and limbic systems. Some (but not all) prior
studies have shown that olfactory dysfunction is associated with increased depressive symptoms. However, these studies were crosssectional and thus unable to shed light on the directionality of the relationship. We aimed to test whether impaired olfaction caused
increased depressive symptoms over time. We assessed olfaction and depression in the National Social Life, Health, and Aging

Project, a nationally representative, longitudinal study of older U.S. adults. Olfactory function was measured using a validated odor
identification test (5 Sniffin’ Sticks). Depressive symptoms were measured using a survey version of the validated Center for
Epidemiological Studies Depression (CES-D) scale. Multivariate logistic regression models, accounting for demographics,
comorbidities, alcohol use, smoking, and cognition, tested the association between olfactory dysfunction and depression. Older adults
with olfactory dysfunction were more likely to have depression at baseline (OR = 1.22, 95% CI = 1.04 - 1.42). Among adults without
comorbidities, those with olfactory dysfunction at baseline had increased odds of developing depression at 5- or 10-year follow-up
(OR = 2.22, 95% CI = 1.13 - 4.37). Conversely, those with depression at baseline did not have significantly increased odds of
developing olfactory dysfunction at 5- or 10-year follow-up, regardless of health status (OR = 1.21, 95% CI = 0.81 - 1.82). We show
for the first time that olfactory dysfunction predicts the development of depression in older U.S. adults. These data support screening
for depression in older adults with olfactory impairment and set the stage for disentangling the relationship between olfaction and
depression.
Microfluidic System For Measuring Olfactory Bulb Gliotransmitter Release
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Glial cells, including astrocytes, play a role in synaptic transmission, but the underlying mechanisms and potential pathologies are
unclear. Astrocytes respond to neurotransmitters released by presynaptic neurons by releasing gliotransmitters, including glutamate
(Glu), adenosine triphosphate (ATP), and D-serine (D-Ser), which act back on neurons and astrocytes. Despite reports of purinergic
neuron-glia communication in the olfactory bulb (OB), little is known about other gliotransmitters. Our study objective is to develop a
method to culture OB astrocytes in a microfluidic platform to enable real-time measurements of the intracellular Ca2+ concentration
and gliotransmitter secretions in response to various stimuli. Cultures of rat OB astrocytes were prepared as we have previously
described. We then used a micellar electrokinetic chromatography (MEKC) separation method to measure gliotransmitter release from
OB astrocytes cultured in dishes and incubated with artificial cerebrospinal fluid (aCSF) alone or aCSF containing 50 mM KCl, 100
µM ATP, 100 µM AMPA, or 300 µM Glu.
After 10 min, the aCSF was removed and derivatized followed by MEKC separation. Our results with 50 mM KCl show the presence
of primary amines including Ser, Glu, glutamine, glycine, histidine, alanine, valine, methionine, isoleucine, phenylalanine, and
arginine. Application of our newly reported chiral MEKC method, which allows resolution of serine enantiomers D- and L-Ser, to rat
brain homogenates from the OB, cortex, and hippocampus revealed D-Ser in large amounts. We are now beginning to culture
astrocytes within the microfluidic system. This device is the first tool for investigating gliotransmitter release in an automated manner,
providing insight into gliotransmitters involved in olfactory processing.
Brain-Behavior Associations Of Post-Traumatic Olfactory Loss
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Olfactory impairment often follows traumatic brain injury, with many affected individuals experiencing reduced quality of life. Recent
neuroimaging research demonstrates that olfactory impairment following trauma correlates with structural changes in the brain,
including reduced grey matter density in primary and secondary olfactory regions, as well as reduced olfactory bulb volume. Here, we
extend this research to examine changes in functional activation and connectivity following olfactory loss. 63 participants took part in
this study: 25 with post-traumatic anosmia, 16 with post-traumatic hyposmia, and 22 healthy controls. With increased olfactory ability,

1

Furman University, Greenville, SC, United States, 2Brandeis University, Waltham, MA, United States

Conditioned taste aversion (CTA) trains an animal to avoid a particular taste that has been paired with malaise. Pre-exposure to future
taste-conditioned stimuli (CS) has long been known to reduce the strength of aversion learning. Recently, we demonstrated that preexposure to “incidental” stimuli also influences later learning, but in the opposite direction: specifically, pre-exposure to salty and sour
tastes strengthen a later learned aversion to novel sucrose. Further work using immediate early gene expression (c-Fos) and
optogenetics identified gustatory cortex (GC) as a site responsible for this novel taste pre-exposure (TPE) effect (Flores et al 2016,
2018). To begin to investigate how familiarity with the pre-exposed tastes alters later CTA learning, we explore whether single neuron
GC responses to the pre-exposed tastes change over the three days of TPE using single-neuron electrophysiology. Our data suggest
that firing rates of held GC neurons (in response to the pre-exposed tastes (sodium chloride, citric acid, and water) become less
distinctive and more reliable with TPE. In addition, these changes appear to generalize to the entire taste response (i.e., 2.5s post-taste
delivery). Finally, we provide preliminary evidence that responses to a novel CS change more between pre- and post-CTA following
TPE than

we found a corresponding increase in activity in anterior insula (AI) in response to odor versus odorless stimuli. In contrast, with
decreased ability, we found unexpected increases in activity in posterior cingulate cortex (pCC), mediodorsal thalamus (mdT), and
ventromedial prefrontal cortex (vmPFC). Notably, we did not observe differences across groups in piriform cortex. Using a wholebrain, data-driven functional connectivity technique, we found a brain-behavior model that accurately discriminates between
participants with functional anosmia or normosmia. Regions with greatest connectivity in this model include vmPFC, AI, and pCC.
We therefore conclude that these regions’ activation and connectivity are integral to olfactory impairment in posttraumatic olfactory
loss.
Gustatory Cortex Responses Evolve Through Benign Taste Exposures
Veronica L. Flores1,2, Jian-You Lin2, Donald B. Katz2
in control learning. These findings begin to characterize the impact of incidental taste experience on neural dynamics of taste
processing and learning.
Single-Unit Responses In The Mediodorsal Thalamus To Orally Consumed Chemosensory Stimuli
Kelly E. Fredericksen, Chad L. Samuelsen
University of Louisville, Louisville, KY, United States
The mediodorsal thalamus is involved in sensory perception, value, and choice. This region responds to orthonasal odors and is
important for olfactory-dependent behaviors, including odor discrimination and odorreward associations. Psychophysical experiments
show that people with mediodorsal thalamic lesions have altered hedonic (pleasantness/unpleasantness) perception of flavor (i.e. odortaste associations). How single neurons in the mediodorsal thalamus represent orally consumed odors, tastes, and experienced odortaste mixtures remains unclear. We hypothesize that neurons in the mediodorsal thalamus represent both the identity and hedonic value
of intraorally delivered chemosensory stimuli. To investigate this hypothesis, rats were given repeated experience with a pleasant
odor-taste mixture (isoamyl acetate-sucrose), and an unpleasant odor-taste mixture (benzaldehyde-citric acid). Next, we recorded
single-unit activity in the mediodorsal thalamus (n=135) of awake and behaving rats during the intraoral delivery of individual odors,
tastes, and odor-taste mixtures. Our preliminary results show that the activity evoked by odors, by tastes, and by odor-taste-mixtures,
are differently represented in the mediodorsal thalamus. The activity in the mediodorsal thalamus may represent the hedonic value of
tastes and odor-taste mixtures. For example, the population is excited by odor-taste mixtures containing sucrose, but is inhibited by
odor-taste mixtures containing citric acid. Future analyses will examine how neurons in the mediodorsal thalamus represent the
hedonic value of odors, tastes, and odor-taste mixtures.
Influence Of Exercise On The Taste Sensitivity Of Elerly People
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Many researchers have reported the aging-related increase in taste threshold. But the effects of aging on the taste sensitivity are still
controversial due to the lack of consistency in the literature. It is required to find out the unclear physiologic factors to improve their
taste function and contribute their health maintenance. Our previouly reports showed that the taste sensitivity of young people changed
after exercise. However, research on the elderly people has not been carried out. In the present study, we performed the human
sensory test for the elderly people to evaluate the effect of light exercise on taste sensitivity and surveyed the relationship between
their fatigue and taste thresholds. After the exercise, the sensitivity increased with the detection threshold and the recognition
threshold for sweetness and umami, and the detection threshold of salty taste. It is assumed that the meal is felt delicious after the
exercise by increasing the sensitivity of these taste. Salty perception threshold and sourness detection/recognition threshold, however,
tended to decrease. It is thought that reducing the sensitivity result to be able to take the amount of consume by exercise.
Single-Cell Rna-Sequencing Analysis Of Mouse Circumvallate Papilla Reveals New Progenitor And Differentiated Taste Cell
Populations
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In adult mice, taste buds house ~60 taste cells that continually renew to ensure relatively constant taste function. Taste cells arise from
progenitors that self-renew to produce differentiated non-taste epithelium as well as generate taste precursor cells that in turn
differentiate into type I (glial-like), II (sweet, bitter, umami) or III (sour, salt) taste cells. However, the lineage trajectories and genetic
programs governing this process are not well understood. We used 10x Genomics single-cell RNA-sequencing of mouse circumvallate
papilla (CVP) to bioinformatically characterize taste epithelial cell populations and their lineage relationships. Clustering using Seurat
identified: five progenitor cell populations, one population of precursor cells, as well as one type I, three type II, and one type III cell
cluster. Seurat further recognized two non-taste epithelial clusters and one population related to Von Ebner’s glands associated with

the CVP. Taste receptor gene expression and GO term analysis defined two distinct type II cell clusters as bitter sensing cells and
sweet sensing cells, while Tas1r1 expression suggested umami sensing cells are spread across all three type II clusters. Interestingly,
Cd36, associated with fat sensing, was expressed by bitter cells only. Trajectory analysis with Slingshot suggested a third type II cell
cluster, which specifically expresses Dll6, may be an intermediate or immature population that differentiates into either bitter/fat or
sweet sensing type II cells. Further analysis is underway to validate and characterize progenitor cell groups and their lineage
relationships with other epithelial populations, including precursors, differentiated taste cells, non-taste epithelium and Von Ebner’s
glands.
Characterization Of The Trigeminal/Olfactory Interaction In The Olfactory Epithelium
Federica Genovese, Marco Tizzano, Johannes Reisert
Monell Chemical Senses Center, Philadelphia, PA, United States
Olfactory perception can be modified by olfactory and trigeminal interaction at the level of the central nervous system (CNS).
Trigeminal stimulation usually reduces odor intensity perception, but it has not been established if this inhibition also takes place in
the olfactory epithelium (OE), where the olfactory response is generated. Olfactory and trigeminal fibers that innervate the OE are
usually considered to function independently to detect odorants and irritants respectively, but most odorants can also activate
chemesthetic trigeminal fibers. Using electroolfactogram recordings from the intact OE, we could show that trigeminal/olfactory
interaction is not confined to the CNS but starts in the OE, where a pure trigeminal stimulus (CO2) induces a delayed decrease of
olfactory sensory neuron responses to an olfactory stimulus (β-phenyl ethyl alcohol). Such modulation is lacking in mice missing the
trigeminal receptors TRPA1 and TRPV1 (TRPA1/V1-double KO strain), and hence unable to detect CO2. In conclusion, we
characterized the responses of the OE to CO2 and determined the trigeminal and olfactory components to the olfactory response.
Unlike previously thought, the trigeminal and olfactory systems interact in the periphery of the nervous system, with the trigeminal
system reducing the olfactory signal. The slow temporal dynamics of the trigeminal modulation of the olfactory response suggests an
indirect mechanism of olfactory modulation, with ATP as a strong candidate as a mediator of olfactory-trigeminal interaction.
Purinergic receptors are expressed on both trigeminal and olfactory neurons, and ATP is released from the trigeminal peptidergic
fibers upon stimulation with irritants.
Excitable Axonal Domains Adapt To Olfactory Sensory Experience In Adults
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Synchronized neuronal firing patterns (oscillations) generated in the olfactory bulb (OB) must reliably travel long distances and
maintain precise timing to activate downstream cells in the piriform cortex. Cellular adaptations affecting the generation of
oscillations are well studied in the OB, but little is known about the myelinated axonal tracts, which must accurately carry these
signals to their downstream targets. Axon initial segments (AIS), which initiate action potentials (APs), and nodes of Ranvier, which
propagate signals along myelinated axons, strongly impact neuronal excitability, conduction speed, and AP reliability. Here, we
investigate the effects of sensory deprivation (unilateral naris occlusion) and olfactory learning (go-no go olfactory discrimination) on
the AIS, nodes of Ranvier, and myelin sheaths of mitral cells (MC) in the OB and lateral olfactory tract (LOT). Following 30 days of
naris occlusion, we found a significant lengthening of MC AISs in the open bulbs of occluded animals when compared to the occluded
bulbs and control animals. In LOT, nodes of Ranvier were significantly shorter in both the occluded and open sides compared to nodes
from control animals. Preliminary electron microscopy reveals no difference in myelin sheath thickness between open and occluded
LOTs. Whole cell patch clamp combined with cell filling and post-hoc immunohistochemistry indicate that MCs on the occluded side
are more excitable than MCs on the open side. We are performing extracellular electrophysiology measurements on LOT to determine
how the morphological changes in node length affect oscillation and AP propagation along the LOT. Together, our data supports an
additional form of plasticity for the olfactory system in which myelinated axons adapt to changing olfactory inputs.
Apoe Ε4 Status Affects Rate Of Decline In Odor Identification But Not Threshold In A Nationally Representative Sample Of
Older Us Adults
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Introduction: Impaired odor identification (OI) predates the onset of Alzheimer’s Disease (AD), but the mechanisms underlying this
relationship remain unclear. Prior studies suggest carriers of the APOE ε4 genetic risk allele have more rapid declines in OI, which
requires peripheral sensory function (detecting odors) and central cognitive function (recognizing and naming odors). Whether the
peripheral olfactory system (assessed alone by odor threshold [OT] testing) is part of the neurosensory prodrome in AD remains
unclear. Objective: To compare the rate of decline of OI and OT in APOE ε4 carriers and non-carriers in a nationally representative

sample of US older adults. Methods: Using data from the National Social Life Health and Aging Project, in which older US adults
were assessed in 2005-6 and again in 2010-11 and 2015-16, we used mixed effects ordinal logistic regression models to analyze the
relationships between APOE ε4 carrier status and both OI and OT over time. Genotyping of DNA extracted from whole blood was
performed using Illumina’s Infinium Global Screening Array. OI (n=1,487) and OT (n=1,176) were measured at each timepoint using
validated measures. Results: APOE ε4 carriers showed worse OT (p=0.005) overall, but we did not find evidence of a difference in the
rate of decline of OT. As expected, OI declined more rapidly (p<0.001) in ε4 carriers. Conclusions: Genetic variation in the APOE
locus is associated with defects in OT that appear to precede more rapid declines in OI. This pattern suggests that peripheral olfactory
function may be affected before the central cognitive components of olfaction in APOE ε4 carriers. Unraveling the relationship
between olfaction and cognition may prove useful in understanding both chemosensation and its role in neurodegenerative disease.
Effect Of Chemesthesis On The Sensory Evaluation Of &Ldquo;Koku&Rdquo;
Yukio Goto, Nobuhisa Mabuchi, Yoko Hosokawa
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In Japan, the word ‘koku’ is used as one of the expressions of palatable foods and beverages, often used as a phrase to stimulate
consumers' willingness to purchase. Based on a Japanese online survey, soups were the most expected type of food to have ‘koku’.
However, ‘koku’ has not been fully defined since there are few research studies on the compounds that impact ‘koku’ attributes
(Nishimura, 2019). Our previous study investigated on a consommé soup model that showed that the effect of aroma on ‘koku’ was
large (ISOT 2016). The aim of this study is to investigate the effect of chemesthesis on ‘koku’. Prototype Tom Yum (Thai hot and
sour) soups were prepared using a combination of basic tastes, Tom Yum soup type aroma, and hot sensation ingredients to evaluate
the effect of ‘koku’ perception. Sensory evaluation using the Multi-sip TCATA (Temporal Check All That Apply) method was
designed to capture and visualize the temporal changes in taste, aroma, and chemesthesis simultaneously, which are considered critical
elements for ‘koku’. Eleven flavorists evaluated the soups using this hybrid approach. Furthermore, the sensory evaluation of ‘koku’
was carried out by 51 nonflavorists, and compared with the results of the flavorists. The results showed the prototype that combined
all the basic tastes, the Tom Yum soup type aroma, and the hot sensation ingredients had the highest evaluation score for ‘koku’, and
the spicy chemesthetic material had a significant effect on ‘koku’ perception. Several detailed trends were observed, such as numbness
in the first half and middle of the soup after eating the soup, and pungency in the second half had stronger effects on ‘koku’. These
results showed that the integration of aroma, taste and chemesthesis all contribute to the overall ‘koku’ taste experience.
Elemental And Configural Odor Discrimination In App/Ps1 Mice, A Model Of Alzheimer'S Disease
Tanya A Gupta, Federico Sanabria, Salvatore Oddo, Brian H Smith
Arizona State University, Tempe, AZ, United States
Alzheimer’s disease involves marked cell loss and amyloid pathology in several areas of the brain. This pathology has a number of
potential impacts on cognitive performance, and in later stages of the disease it can lead to deficits in olfactory identification and
discrimination. Cognitive deficits are accompanied by amyloid pathology in the hippocampus. The hippocampus is involved in
configural learning (learning of stimulus compounds). Our study investigated potential deficits in elemental and configural learning in
the APP/PS1 mouse model of Alzheimer’s disease, which expresses pathology in the hippocampus. We developed an olfactory
patterning paradigm that requires non-spatial configural learning. Wild-type and mutant mice were trained in an operant chamber with
6 trial types, four of which involved presentation of a single binary mixture, and two of which involved presentation of a double
binary mixture. In single binary mixture trials mice receive mixture A, B, C, or D. In a compound trial, they receive compound AB or
compound CD. Importantly the reinforced response for a given set of elements (e.g. element A or element B = left head entry) was the
opposite of that for its compound (compound AB = right head entry), thus preventing the mice from using knowledge of the elements.
Analyses indicate that mutant APP/PS1 mice may have deficits in discriminating between odor elements and odor compounds.
Additionally, mutants may display more interference between elements present in compounds and those not present. But deficits
appear only in the oldest cohorts, which are expected to have the most profound pathology. Our data show that studying how the
hippocampal formation may be involved in analysis of the odor environment, specifically in relation to how mixtures are perceived
and acted upon.
Synaptic Organization Of Thalamocortical Input To Rodent Primary Gustatory Cortex.
Melissa S Haley1, Alfredo Fontanini1,2, Arianna Maffei1,2
1Dept.

of Neurobiology and Behavior, Stony Brook University, Stony Brook, NY, United States, 2Program in Neuroscience, Stony
Brook University, Stony Brook, NY, United States

Information about taste can reach the primary gustatory cortex (GC) via different inputs. Two prominent routes of taste information
include thalamic input from the parvicellular region of ventromedial nucleus of the thalamus (VPMpc), and the input from the
basolateral nucleus of the amygdala (BLA). Inactivation studies in behaving animals have been used to assess the contribution of these
inputs to taste processing. Studies from our lab elucidated the synaptic organization and properties of the BLA input, but to date, very
little is known about thalamocortical synapses in GC. Here we use ChR2 circuit-mapping and whole-cell patch clamp of GC neurons
to determine postsynaptic targets, laminar distribution, and synaptic properties of VPMpc afferents to GC. We show that VPMpc
synapses are stronger onto L4 than onto L2 or L5 neurons. The short-term dynamics of VPMpc synapses onto L4 excitatory neurons
depress at low frequencies and facilitate at higher frequencies. Additionally, we found that VPMpc recruits feedforward inhibition in
GC by directly targeting GABAergic, fastspiking, parvalbumin-expressing neurons, and the VPMpc evoked disynaptic inhibition is

larger than evoked excitation. Finally, we found that inhibitory tone in GC strongly modulates glutamatergic VPMpc synapses onto
excitatory L4 neurons via presynaptic GABA-A and GABA-B receptors. This is the first direct synaptic analysis of thalamocortical
circuits in GC. Our results indicate some similarities with other sensory thalamocortical circuits, including recruitment of feedforward
inhibition and the presence of presynaptic GABA receptors. Nevertheless, the anatomical and functional distribution of VPMpc
afferents and frequency-dependent short-term dynamics are unique to the taste thalamocortical circuit.
Investigation Of The Impact Of Flavors And Alcohol Levels On Beer Refreshment Perception Using
Consumer Tests
Amy Hampton, Xiaofen Du
Texas Woman's University, Denton, TX, United States
Beer is a known source of refreshment and the refreshment properties of beer likely come from a combination of different factors
such as low temperature, carbonation, and alcohol. Previous studies have investigated how carbonation and temperature impact
refreshment. Few studies have focused on the impact of beer flavor. The objective of this research was to investigate beer flavor and
alcohol content on the perception of beer refreshment. An online survey was conducted to investigate consumer perception toward
beer refreshment.
Participants (n=1,050) indicted a refreshing beer was predominantly acidic in taste (lime: 51.7% of participants, lemon: 43%, orange:
40.5%, grapefruit: 35.7%), had a crisp and clean flavor profile (87.3% of participants), encompassed a cold/chilled temperature
(95.4%), was carbonated (42%), and had a light flavor intensity (88.6%). A consumer test was conducted to determine if perceived
refreshment was impacted by flavor (lemon, cucumber, citrus,) and/or alcohol percentage (0%, 2.5%, 5%, 7.5%). Consumers (n=326)
evaluated their liking of refreshing, beer flavor, alcohol, carbonation, acidity, and bitterness attributes of formulated 12 beers using
ninepoint hedonic scales. Acceptance for all attributes was significantly different across all 12 samples (p<0.001). Pearson’s
correlation analysis indicated that the liking of refreshing attribute strongly correlated with the liking of beer flavor, alcohol,
carbonation, acidity, and bitterness. Cluster analysis (XLStat) uncovered four segments of consumers who were divided by
acceptance of alcohol levels. The results of this study increased knowledge of the impact of flavors and/or alcohol content on beer
refreshment perception which could guide beer development in industry.
Functional Imaging Of Taste Buds In Vivo With Genetically-Encoded Calcium Indicators
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Recent development of the microfluidics-on-a-tongue device allows comprehensive functional screening of taste cells in a living
animal. However, electrophoretic loading of a chemical calcium indicator had been the major limiting experimental step in reliable
quantification of intact cellular-level responses. To overcome this limitation, here we have adopted a transgenic mouse line expressing
both a green calcium-sensitive fluorescent protein (GCaMP) and a red calcium-insensitive fluorescent protein (tdTomato) for enabling
the geneticallyencoded ratiometric calcium imaging. Harnessing cell-type specific cre lines, we were able to label different types of
fungiform taste cells. Compared to the previous electrophoretic dye loading, the transgenic approach typically provided several-fold
higher calcium responses, and more importantly, resolved the issue of cytotoxicity introduced by electrophoresis. Consequently, we
were able to attain functional screening at higher sensitivity and robustness. Using this approach, we successfully quantified doseresponse relationships at a single-cell level and further demonstrated chemical inhibition studies to identify different subtypes of
saltyresponsive taste cells in vivo.
Greater Hippocampal Gray Matter Volume In Subjective Hyperosmia: A Voxel - Based Morphometry
Study
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Subjective hyperosmia refers to a self-reported olfactory ability that is superior to a normal, intact sense of smell (normosmia), and is
associated with olfactory emotional experience. The current study used voxel-based morphometry to investigate the gray matter
volume (GMV) in people with self-rated hyperosmia (subjective hyperosmia, SH, N = 18) in comparison to people with self-rated
normal olfaction (subjective normosmia, SN, N=14). Participants’ olfactory function were assessed by the extensive olfactory test
battery, the “Sniffin’ Sticks” test. A whole-brain search indicated that the SH had larger GMV of the bilateral hippocampus, the right
hypothalamus, the left precuneus, and the left superior frontal gyrus as compared to the SN group, and the left hippocampus remained
significant with the regions-of-interest (ROI) analysis (FWE corrected p <0.05). The ROI analysis also revealed positive correlations
between the left hippocampal GMV and odor threshold or discrimination scores across all participants. In addition, the whole-brain
analysis suggested that the self-rated olfactory ability to be positively associated with GMV in the cerebellum, superior frontal gyrus
and the precentral gyrus among SH participants. In conclusion, the current results found that subjective hyperosmia was associated
with increased GMV in several brain regions that were previously shown to be involved in olfactoemotional processing.

Human Taste Buds Have More Synapses Than Mouse Taste Buds
Brigit High, Mei Li, Ruibiao Yang, Thomas E. Finger
Rocky Mountain Taste and Smell Center, University of Colorado School of Medicine, Aurora, CO, United States
The innervation of human taste buds as assessed by the density of nerve fibers is approximately twice that of taste buds in mice (High
et al., AChemS 2019). Given this, we investigated whether human taste buds exhibit a corresponding increase in the number of
synaptic contacts made with taste receptor cells. The synapses between Type II taste cells – which mediate bitter, sweet, and umami
tastes – and afferent nerve fibers, identified by P2X3 immunoreactivity, are characterized by aggregations of ATP release channels
composed of CALHM1 and CALHM3 subunits. Immunocytochemistry for CALHM1 revealed that human taste buds, like those in
mice, exhibit scattered CALHM1-immunoreactive puncta within the taste bud. We counted puncta showing CALHM1
immunoreactivity as a surrogate for synaptic contacts between Type II taste cells and gustatory nerve fibers. Quantitative analysis
comparing the number of CALHM1 puncta abutting P2X3-immunoreactive nerve fibers shows that human taste buds have a
significantly higher density of synapses compared to mice. Ultrastructural observations of human taste buds (see poster by R. Yang)
confirm an increased number of nerve fibers in humans although the atypical mitochondria associated with CALHM1 puncta in mice
have not yet been observed. The increased neural density and higher number of synapses suggest functional differences may exist in
the transmission of gustatory signals in mouse and human taste buds.
Alteration Of Papillae Morphology In 129/C57 Mice Following Chorda Tympani Transection And Fgf20
Deletion
Jonathan W. Hollingsworth1, Sung-Ho Huh2, Suzanne I. Sollars1
1University

of Nebraska at Omaha, Omaha, NE, United States, 2University of Nebraska Medical Center, Omaha,
NE, United States
Transection of the chorda tympani (CTX) is linked to a morphological change of papillae, with overall outcome differing by species.
The present research examines this phenomenon in a 129/C57 mixed background strain of laboratory mouse. Mice received unilateral
CTX by evulsion of the nerve at 10 or 50 days of age, with tissue extracted 50 days later. Surface analysis was conducted on both sides
of the tongue and papillae were categorized by the presence of a taste pore, absence of a taste pore, or a highly keratinized filiform-like
morphology. Papillae morphology differed significantly between transected and intact sides of the tongue in all groups (ps <.05), and
no significant difference was found as a function of age (p > .1). To verify that this was not due to evulsion specifically, a subset of
animals received an alternative CTX condition where the nerve was sectioned instead of evulsed. No significant differences were
found in papillae morphology between the two methods of CTX (p > .1), indicating surgical technique did not contribute to the lack of
regeneration. We also examined fibroblast growth factor 20 (FGF20), a cell signaling molecule that plays a critical role in regeneration
in zebrafish and sensory system development in mice, to determine if FGF20 played a role in regeneration of the CT. We performed
unilateral CTX on mutant mice heterozygous or homozygous for an Fgf20 knockout. Papillae morphology was then compared
between genotypes and wild-type mice. No significant differences were found in papillae morphology between genotypes (ps > .1).
These findings indicate that 129/C57 mixed background mice lack regeneration of the CT, sharply contrasting rat models, and
suggests that FGF20 does not play a role in regeneration of the CT in mice despite its high relevance in other systems.
A Wearable Device For Measuring And Logging Nasal Airflow Provides For A Novel Biomarker In Anosmia
Danielle Honigstein, Lior Gorodisky, Aharon Weissbrod, Kobi Snitz, Abebe Medhanie, Noam Sobel
Department of Neurobiology, Weizmann Institute of Science, Rehovot, *, Israel
Precise measurement of nasal airflow is important in olfaction research. Moreover, several recent studies have identified a role for
nasal airflow in non-olfactory cognition as well, thus widening interest in precise measurement of nasal airflow. With this in mind, we
developed a portable stereo-spirometer we call the Wearable Nasal Airflow Recorder, or W-NAR. The W-NAR is about 5cm long,
1.5cm wide, 0.5cm high, and weighs about 6 grams. It consists of a flexible PCB with mounted pressure sensors for left and right
nostrils, 6-degrees of freedom position sensor, on-board memory, and low-energy Bluetooth. Two 675 hearing-aid batteries provide
power for 24 hours of continuous measurement and recording. The W-NAR is pasted onto the back of the neck, and linked to the nose
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Prediction errors encoded in the dopaminergic midbrain represent a fundamental mechanism by which reward predictions are updated
during learning. Recent studies have demonstrated that, in addition to signaling violations in value expectations, these responses also
signal violations in the perceptual features of chemosensory rewards. However, whether these so-called sensory prediction errors carry
information about the identity of the error itself, or whether they simply represent an unspecific error signal, remains unclear. To
answer this question, we analyzed functional magnetic resonance imaging (fMRI) data from a transreinforcer reversal learning task in
which hungry human participants (N=23) intermittently experienced violations in value-matched food odor identity. These violations
consisted of either experiencing a sweet odor while expecting a savory (SW→SV), or vice versa (SV→SW). There was no difference in
the magnitude of average midbrain activity evoked by these two sensory prediction errors (t22 = 0.86, p = 0.40). However, using crossvalidated linear support vector machines, we could decode the specific type of error (SW→SV vs. SV→SW) from multivoxel activity
patterns in the midbrain (mean decoding accuracy = 60.1 ± 3.9% s.e.m., t22 = 2.61, p = 0.016, tested against 50% chance). Importantly,
decoding of reward identity was only possible on error trials, but not later in the block when a given odor identity was delivered as
expected (t22 = 0.17, p = 0.87). This demonstrates that chemosensory prediction errors in the midbrain contain specific information
about the type of error. A further

by stereo cannula. We tested the measurement (data collected with an earlier version of the device) in 27 normosmic (NORM) and 9
congenital anosmia (CA) participants. A repeated measures analysis of variance on the nasal respiratory variability with conditions of
Sense of Smell (SoS: NORM/CA), andArousal(sleep/wake) revealed a main effect of SoS (F1,34=4.67, p=0.038), a main effect of
arousal (F1,34=163.95, p<0.0001) and a significant interaction (F1,34=8.271, p=0.007). The main effect of SoS reflected greater
variability in NORM vs. CA (NORM=0.11±0.03, CA=0.08±0.04, t34=2.16, p<0.05), the main effect of arousal reflected greater
variability in wake vs. sleep (wake=0.15±0.05, sleep=0.05±0.02, t35=14.96, p<0.001), and the interaction reflected that CA and
NORM differed in wake (NORM=0.16±0.05, CA=0.12±0.04, t34=2.59, p=0.01) but not in sleep (NORM=0.06±0.02, CA=0.05±0.03,
t34=0.82, p=0.42). This provides for a novel biomarker in anosmia.
Decoding The Identity Of Olfactory Prediction Errors In The Human Midbrain
James D. Howard1, Thomas A. Stalnaker2, Geoffrey Schoenbaum2, Thorsten Kahnt1
implication is that this specificity may be conferred on downstream representations to support learning of chemosensory reward
predictions.
Decreased Taste Thresholds In The Presence Of Low Concentrations Of Capsaicin
Thomas Hummel1, Lea Mueller1, Pengfei Han1,2
1Smell & Taste Clinic, Dept of
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China
Taste is affected by capsaicin. Little is known about taste sensitivity in the presence of low doses of capsaicin at threshold level. Aim
of the study was to explore whether thresholds for basic tastes are changed in the presence of capsaicin. A total of 57 healthy subjects
participated (25 men, 32 women, age range 19-85 years, mean age 33 years; BMI range 16.7-29.5, mean 22.2) with a normal sense of
taste as established by a screening test based on “taste sprays”. Based on their perception of PTC the group was stratified into nontasters (n=20) and tasters (n=37). Thresholds for bsic tastes were tested (sucrose, citric acid, NaCl, quinine-HCl, Na-glutamat) with
watery solutions containing no or 0.9 mikroM of capsaicin that had been piloted to be in the range of oral irritation thresholds.
Thresholds were estimated using a single staircase paradigm. Results indicated that the addition of capsaicin produced lower
thresholds for sweet, sour, salty, and bitter (p<0.02) but not for umami (p=0.15). “Tasters” exhibited a stronger response to capsaicin
in comparison to “non-tasters” in the sense that they had lower thresholds to tastants (p=0.008). With age the effect of the capsaicin
on sucrose thresholds decreased (r=0.30, p=0.022), but no such effects were found for the other tastants. In contrast, neither sex nor
BMI nor the self-reported preference for spicy foods affected these results. These results seem to indicate that addition of low
concentrations of capsaicin increases gustatory sensitivity.
Role Of Activated Microglia/Macrophage In The Recovery Of Olfactory Function After Axotomy
Masanao Ikeda1, Kojiro Ishioka1, Masao Horie2, Hirohide Takebayashi1, Arata Horii1 1Niigata University, Niigata,
*, Japan, 2Niigata College of Nursing , Jyoetsu, *, Japan
Olfactory function after axotomy in mice is known to spontaneously recover by regenerations of olfactory receptor neurons (ORNs)
that reinnervate to the glomeruli in the olfactory bulb. However, olfactory dysfunction after traumatic brain injuries rarely improves in
clinical practice. We hypothesized that activated microglia/macrophage cells (MMCs) seen after axotomy may interfere the
regenerations of ORNs through its inflammatory process. To test this hypothesis, expression of Iba1-immunopositive MMCs were
histologically counted 1 week after unilateral-olfactory neurectomy (u-ON) in the area adjacent to the damaged axons. Activation of
MMCs was identified morphologically, namely, short process with dense cell body. To assess the regenerations of ORNs, number of
Olfactory Marker Protein (OMP)-positive cells were examined after ON. Olfactory function was monitored until 4 weeks after
bilateral-ON (b-ON) by buried pellet test (BPT). Effects of intraperitoneal injections of activators (lipopolysaccharide, LPS) or
inhibitors (minocycline, MINO) of MMCs for 7 days on the histology and BPT after b-ON were also investigated. Results showed that
numerous activated MMCs were seen adjacent to the damaged axons at the axotomized side. Number of activated MMCs was
negatively correlated with olfactory function. LPS increased the number of activated MMCs and decelerated the recovery of olfactory
function after b-ON, while MINO decreased the number of MMCs and accelerated the recovery of olfactory function. Thickness of
OE and OMP-positive ORNs were decreased after b-ON in LPStreated mice, while the totally opposite effects were seen in MINOtreated mice. All these findings suggest that activated MMCs may have negative effects on regenerations of ORNs and recovery of
olfactory function after axotomy.
Type I Receptor Alk3-Mediated Bmp Signaling In The Tongue Mesenchyme Interacts With Epithelial
Wnt/Β-Catenin Signaling For The Formation Of Taste Papillae
Mohamed Ishan1, Zhonghou Wang1, Yuji Mishina 2, Hong-Xiang Liu 1
1University
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We have previously reported that knockout of BMP receptor 1A (BMPR1AcKO) in the tongue mesenchyme (Wnt1-Cre driven)
resulted in an absence of Shh+ taste papilla placodes at E12.5. To explore the mechanisms of how BMPR1A mediated BMP signaling
in the tongue mesenchyme plays its roles in the development of taste papillae, bulk RNA-Seq analysis was performed and

demonstrated that BMPR1AcKO in the tongue mesenchyme led to alterations of gene expression to a larger extent in the tongue
epithelium than that in the mesenchyme. Majority of Wnt/β-catenin signaling downstream target genes were downregulated in the
tongue epithelium of
E12.0 Wnt1-Cre/BMPR1AcKO mutants compared to that of Cre-/Alk3fx/fx littermate controls. Development of Shh+ taste papillae was
inhibited when the E12.0 control tongues were co-cultured with the tongue mesenchyme of Wnt1-Cre/BMPR1AcKO mutants indicating
an involvement of secreted factors from the mesenchyme. Lef1, a transcription factor of Wnt/β-catenin signaling known to be
important for taste papilla development, was absent from epithelial cells of mutant tongues in contrast to the abundant distribution in
those of littermate controls. Addition of LiCl in the medium to activate Wnt/β-catenin signaling rescued taste papilla development and
Lef1 expression in the BMPR1AcKO mutant tongue cultures. Together, our data demonstrated that BMPR1A-BMP signaling in the
tongue mesenchyme suppresses the secretion of inhibitory factors to maintain the proper activity of Wnt/β-catenin signaling in the
epithelium for taste papilla formation.
Integration And Disintegration Of An Odor Percept
Koichiro Iwai1, Kyle J. Mabry1, Aline Robert1, Clara U. Raithel2, Jay A. Gottfried1,2
1Department
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Odor perception is inherently an integrative process. Most naturalistic, real-world smells are mixtures of tens to hundreds of different
odorous molecules, and the olfactory system knits these molecular elements into unified wholes. However, in many instances, the
array of odor molecules arriving at the nose may differ, based on dynamic changes in air temperature, humidity, wind currents, and the
phase of the breathing cycle. Despite these ecological challenges, the olfactory system can reconstruct a fragmented presentation of
odor molecules into the original whole. The focus of this study is to understand the mechanisms by which integration (“pattern
completion”) or disintegration (“pattern separation”) drives formation of an odor percept. Here, we developed novel gas
chromatography/mass spectrometry methods to assemble or dissemble a well-known and familiar food odor, peanut butter odor (PBo).
Using this approach, we were able to reconstitute the whole peanut butter odor (rPBo), and were also able to create fractions of the
rPBo. rPBo and these odor fractions were then delivered to subjects during a behavioral task via a computer-controlled olfactometer.
Perceived similarity to PBo and intensity ratings were collected during the task. Our main prediction was that the perceived similarity
of an odor fraction (compared to rPBo) would decrease if the essential odorants comprising PBo were eliminated. Behavioral results
showed that perceived similarity to PBo in two of the fractions were significantly lower (p <0.05). In next steps, we will use these
different fractions -- some of which smell the same as rPBo and others which smell different -- during fMRI scanning to establish
neural foundations for pattern completion and pattern separation to a naturalistic odor stimulus.
Taste Information Appears Necessary For Diet Driven Changes In Salivary Protein Expression.
Kimberly F. James1, Verenice Ascencio Gutierrez1, Kristen E. Kay2, Laura E. Martin1, Ann-Marie Torregrossa1
1University

at Buffalo, Buffalo, NY, United States, 2Cleveland Clinic Lerner College of Medicine of Case Western Reserve
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We have previously demonstrated that exposure to diets containing either tannic acid (TA) or quinine (Q) alter salivary protein (SP)
expression in rats. Because sensory stimulation precedes SP changes, it is assumed that taste receptor activation is responsible for the
outcome. However, no studies have assessed the contribution of taste to SP induction. We explored this relationship in two
experiments. First, we examined SP expression in rats following exposure to various concentrations of bitter diets: TA (1.5%, 3%, or
4.5%), Q (0.125%, 0.25%, or 0.375%), or a non-bitter control. 4.5% TA resulted in higher expression of our SPs of interest (35, 23,
19, and 14kDa bands, p’s <0.05) than the other concentrations. Intensity of these bands was 2-5x higher than in the 3% group. We saw
a similar pattern with Q, band intensity increased with concentration (35, 25, 18.5, and 14kDa, p’s <0.05). Intensity of these bands was
2-3x higher in the 0.375% group than in the 0.125% group. These data suggest that SP upregulation is dependent on the stimulus
concentration, and therefore likely works through a system that is able to detect differences in concentration. In our second
experiment, we collected saliva from wild-type mice and mice that lack TRPM4 and TRPM5. This double knock-out (DKO) results in
mice that are unresponsive to “bitter” stimuli. Mice were fed a diet containing either TA (5%) or Q (0.375%). If astringency played a
role, we would have expected a change in the TA group but not the Q group. Wild-type mice showed SP upregulation (23, 19, and 14
kDa after TA, and 37, 18, and 14kDa after Q) and the DKO mice exhibited no changes in protein expression after diet exposure. This
suggests that the mechanism for salivary protein upregulation requires taste information.
Stimulation Of Melanin Concentrating Hormone Positive Hypothalamic Regions Results In Activation Of
Olfactory Regions And Loss Of The Melanin Concentrating Hormone Receptor Does Not Influence Novelty Identification
Behaviors Or General Olfactory Function
Kalene Jasso1,2, Thomas Everrett1, Viktor Beilmann1, Brian Lee1, Magdalena Moskal1, Jeremy McIntyre1,2 1Department of
Neuroscience, Gainesville, FL, United States, 2UF Center for Smell and Taste , Gainesville, FL,
United States

Sensory perception relies on the detection of external stimuli but is modulated by different physiological states that allow stimulus
detection to match the demands of an organism. Hypothalamic modulation of signaling in the OB through melanin-concentrating
hormone (MCH) is one mechanism by which hunger, or wakefulness may modulate olfactory function. Using an AAV with an MCH
promoter to drive a Chr2-eYFP, we show here that MCH neurons project in to the OB. EYFP fibers can be identified in both the
periglomerular and granule cell layers. Neurons in both of these regions express the MCH receptor, MCHR1. We show here that
activation of Chr2 expressing MCH neurons in the lateral hypothalamus results in cFOS expression in the granule cell layer. To
determine how loss of MCHR1 affects olfactory function we generated a MCHR1 knockout (MCHR1-Del) through CRISPRmediated deletion of the Mchr1 start codon. Immunohistochemical analysis confirms MCHR1 loss in this model. To rule out the broad
effects of MCHR1 deletion, we used tyrosine hydroxylase (TH) expression as a reporter for functional connectivity between olfactory
sensory neurons and the OB. We find loss of MCHR1 does not alter TH expression in the glomerular layer of the OB. To determine if
these animals will be suitable for assaying discrimination of novel odors, we tested gross changes in novelty detection, and if
MCHR1Del mice display deficits in their ability to detect a novel object. Mice were habituated to an arena and the time spent
exploring two different sets of objects, familiar or novel, was recorded. Results indicate that similar to their wildtype littermates
MCHR1-Del mice are able to detect novelty. These results establish important characterization data for future testing of olfactory
detection thresholds and discrimination.
Analyzing The Role Of Ms4A1 In The Mouse Olfactory Epithelium
Hao-Ching Jiang, SungJin Park, Paul L. Greer
UMass medical school, Worcester, MA, United States
The mammalian olfactory system contains a number of subsystems, each of which harbors anatomically and molecularly distinct
populations of olfactory sensory neurons (OSNs), which have evolved to detect different subsets of chemical space. In rodents, the
smaller of these olfactory subsystems are thought to sense ethologically-relevant odorants and to be required for innate, unlearned
behaviors, including foraging for food, pursuing mates, and avoiding predators. However, how these smaller olfactory subsystems
sense odorants to elicit behaviors has been less well studied,
Through a combination of immunohistochemistry and in situ hybridization we find that MS4A1, a member of Membrane-Spanning, 4pass A (Ms4a) gene family, is expressed in a small subset of OSNs in the main olfactory epithelium of the mouse. These OSNs do not
express markers for previously characterized olfactory subsystems, suggesting that MS4A1 is expressed in a novel type of OSN. As
other members of the Ms4a gene family have been shown to encode olfactory receptors in the rodent olfactory system, we
hypothesized that these OSNs comprise a previously uncharacterized olfactory subsystem and that MS4A1 functions as a
chemoreceptor within these cells. To begin to test this hypothesis, we ectopically expressed MS4A1 in HEK293 cells and assessed the
ability of these cells to detect extracellular chemical ligands. These in vitro experiments reveal that MS4A1expressing cells
specifically and selectively respond to particular extracellular chemicals. We further find that the activation marker Egr1 is induced in
MS4A1-expressing OSNs in vivo following exposure of mice to the in vitro ligands of MS4A1. Together, these findings suggest that
MS4A1 may act as a chemoreceptor in a novel olfactory subsystem in mice.
Predicting Olfactory Receptor Responses Based On Odorant Properties
Shiyi Jiang, Aashutosh Vihani, Hiro Matsunami, Krishnendu Chakrabarty
Duke University, Durham, NC, United States
Researchers still know little about key features of odorants that trigger distinct OR responses. Our project aims to predict OR
responses based on important physical-chemical properties of odor molecules. A series of machine learning algorithms were applied
using over 5,000 molecular descriptors to predict responses based on in vivo OR responses inferred from log2 fold change in OR
transcript levels generated by phosphorylated S6 ribosomal subunit immunoprecipitation (pS6-IP) followed by mRNA profiling with
RNA-Seq. We generated data for over 50 odorants across the mouse OR repertoire using pS6-IP RNA-Seq. To compensate for
response sparseness, ORs were grouped based on overall similarities according to the MOR nomenclature. Agglomerative hierarchical
clustering and support vector regression were applied to reduce feature dimensionality. Synthetic minority oversampling technique
with random forest and k-nearest neighbors, and extreme gradient boosting algorithms were executed for multilabel classification. The
average classification accuracy per group achieved 90%.
Altogether, our results suggest that structural information contributed the most to response prediction. Elucidating the association
between descriptors of odor molecules and OR responses could also be further applied to the perfume and food industry.
Package Color Of Sanitary Napkins Affects Odor Impressions: A Cognitive Neuroscientific Study With Fnirs And Test
Products.
Yinan Jiang1, Takako Fujii2, Shunji Seno2, Nobuyuki Sakai1
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Increases in obesity have coincided with the increased availability of ultra-processed foods (UPF). A recent study showed increased
adiposity and energy intake following UPF. However, the mechanism by which UPF promote greater intake remains unclear, but
changes in taste may contribute to increased intake and positive energy
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There are many preceding researches about interaction between olfaction and vision. This study adds an interesting data about brain
mechanisms underlying this interaction reveled with functional near infrared spectroscopy (fNIRS). Forty-one female participants
participated in this study. The participants were grouped into two age-based group; 20s group (AVG 20.2 yrs.) and 30s group (AVG
39.5 yrs.). All participants were asked to evaluate likings, energizing images of products' odors, and to rate congruency of the odors
with package colors. The test products were developed by Daio Paper Corporation with the commercial sanitary napkins. The color
variations of the products were pale red, thick red, pale violet and thick violet. The odor variations of the products were most popular
scent, popular scent with 30s, scent of the other manufacturers' napkins and no-odor napkins. During evaluations, the activities of the
participants' forebrain were recorded with 37-channel fNIRS (FOIRE-3000, Shimadzu, Japan). The evaluation data showed that the
odor of the product with pale red color and most popular scent is most preferable and gives energizing feeling to the participants.
fNIRS data showed that this product activated the Oxy-Hb signals from Ch 22 and Ch 29 (left frontal pole). These results were
discussed with data from the preceding studies, and correlations between behavioral data and signal changes of the forebrain.
No Significant Taste Sensitivity Or Preference Differences Following Ad Libitum Consumption Of UltraProcessed And
Unprocessed Diets
Paule Joseph1, Alexis Franks1, Rosario Jaime-Lara1, Juen Guo2, Amber Courville2, Ciaran Forde3, Shanna
Yang4, Abhrarup Roy1, Karen Taylor1, Kevin Hall2
balance. This study explored taste sensitivity and preference and associations between taste and clinical parameters following 2 weeks
on UPF or unprocessed diet(UP). In a crossover in-patient trial, 20 participants were randomized to receive UPF/UP. Taste preferences
and detection thresholds were measured using comparison-tracking and forced-choice procedures respectively following each diet.
Body weight and blood pressure were measured daily. Mixed model analysis was used to determine the effect of diet on patient
characteristics, including BMI and blood pressure. Spearman correlations and univariate linear regressions were used to analyze taste
measures by diet and taste(salt and sucrose) preference and detection thresholds. No significant differences in sweet
taste(M=12.8±SD=8.20;M=13.7±SD=7.14;p=0.541) and salt taste preference (M=1.6±0.45;M=1.7±SD=0.54;p=0.997) and sweet
(M=6.9±SD=5.55;M=7.0±SD=6.29;p=0.946) and salt detection thresholds(M=10.6±SD=14.80; M=10.7±SD=11.17;p=0.997) were
found between the UPF and UP diets. Positive associations were found between salt taste preference, BMI(r=0.503;p=0.028) and
blood pressure(r=0.588;p=0.008) following the UPF diet. This suggest that differences in eating behavior between diets unlikely arise
from taste related factors. Studies are needed to clarify the mechanism by which UPF promote greater intake, and the possible
relationship with taste sensitivity and preference.
Verbal Suggestions Of Nicotine Content Modulate Ventral Tegmental Neural Activity During A NicotineFree Odor Presentation In Cigarette Smokers
Akshita Joshi1, Vanda Faria1,2,3, Pengfei Han1,4,5, Paul Enck6, Thomas Hummel1
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Objective: Expectancies of nicotine content have been shown to impact smokers’ subjective responses and smoking behaviors.
However, little is known about the neural substrates modulated by verbally induced expectancies in smokers. Methods: In this study,
we used functional magnetic resonance imaging (fMRI) to investigate how verbally induced expectations, regarding the presence or
absence of nicotine, modulated smokers’ neural response to a nicotine-free odor. While laying in the scanner, all participants (N=24)
were given a nicotine-free odor, but whereas one group was correctly informed about the absence of nicotine (control group n=12), the
other group was led to believe that the presented odor contained nicotine (expectancy group n=12). Results: Smokers in the
expectancy group had significantly increased blood-oxygen-level-dependent (BOLD) responses during the presentation of the
nicotine-free odor in the left ventral tegmental area (VTA), and in the right insula, as compared to smokers in the control group
(Regions of interest analysis with pFWE-corrected p ≤ 0.05). At a more liberal uncorrected statistical level (p-unc ≤ 0.001), increased
reactivity in the right and left dorsolateral prefrontal cortex (dlPFC), and left orbitofrontal cortex (OFC) was also observed in the
expectancy group as compared with the control group. Conclusion: Our findings suggest that nicotine-expectancies induced through
verbal instructions can modulate nicotine relevant brain regions, without nicotine administration, and provide further neural support
for the key role that cognitive expectancies play in the cause and treatment of nicotine dependence.
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The Effect Of Black Tea Aroma On Cognitive Function And Autonomic Nervous System
Ayana Kanatome, Keiko Kobayashi, Yasuhisa Ano
Kirin Holdings Company, Limited, Yokohama, *, Japan
Black tea is one of the most consumed drinks in the world. It is reported that black tea aromas affect the balance of autonomic nervous
system (ANS). It has been previously demonstrated that treatments with black tea aromas from dimbula tea, geraniol (GE), linalool
oxide (LO) or 2-phenylethanol (2-PE) increase pCREB expression in the hippocampus and improve object recognition memory in
mice. However, the effects of these aromas on cognitive function in human have not been investigated well. In this study, we
examined the effects of dimbula aroma on ANS and cerebral blood flow (CBF) during neuropsychological tasks (UMIN000033569).
Seven healthy adults were exposed to 4 aromas (dimbula aroma, GE, LO, 2-PE). Distilled water was used as a control, and subjects
were blinded to condition. The ANS was measured by pupillary light reflex and CBF was measured by 34 CH near-infrared
spectroscopy (NIRS). Dimbula aroma significantly increased maximum velocity of mydriasis (VD), a parameter of sympathetic, and
significantly decreased contraction ratio of pupils (CR), a parameter of parasympathetic, compared with control. GE and 2-PE also
significantly reduced CR compared with control. These results indicated that dimbula aroma increased sympathetic activity, and GE
and 2-PE contribute to the effects as responsible ingredients. CBF analysis showed that tested sample did not significantly increase the
change of CBF during the cognitive tasks compared with control. Whereas, GE significantly increased CBF during Kraepelin’s test
compared with rest state within the group. These results indicated that GE is involved in the activation of cognitive function by CBF
increase. In conclusion, it is suggested that dimbula aroma and GE activate sympathetic nerve activity and improve brain function
during cognitive tasks.
Multi-Dimensional Taste Preferences And Daily Beverage Drinking: A Data-Driven Approach
Naoki Kato1, Takuya Ibaraki2, Takahiro Yamazaki2, Koichi Sashihara1, Yasunori Nakamura1, Jiro Shimizu3, Katsumi Watanabe4
Several studies have reported the relationships among sensitivities to specific tastes, taste preferences, food/drink preferences, and
personality traits. However, it is highly likely that taste preferences are not defined by single taste preference but structured with
multiple taste dimensions. We hypothesized that daily drinking behaviors of various beverages would be described more in details by
considering multi-dimensional taste preferences. We conducted an online survey of 973 participants and constructed regression
models of drinking behavior by using self-evaluation of sensitivities to specific tastes. We defined the pattern of regression
coefficients as the multidimensional taste preference for each individual, then analyzed the relationships between multi-dimensional
taste preference, daily drinking behaviors, and personality traits. We found that: (1) The multi-dimensional models of taste preference
varied among participants. (2) The regression coefficient patterns were clustered in several groups. And, (3) the grouped clusters of
multi-dimensional taste preferences were associated with specific types of drinking behaviors. Also, the results revealed that a few
associations between personality trait and drinking behaviors of particular beverages that were not reported in past studies (e.g.,
between sensation seeking trait and sugar-free carbonated water or probiotic beverages). These results illustrate the usefulness of
analyzing people's daily drinking behaviors of various beverages by using multi-dimensional taste preferences and the importance of
considering other individual differences including personality and health orientation.
State-Dependent Odor Representation In The Piriform Cortex
Kazuki Katori, Yuji Ikegaya, Haruki Takeuchi
University of Tokyo, Tokyo, *, Japan
The piriform cortex (PC), the largest region of the olfactory cortex, receives not only afferent inputs from the olfactory bulb, but also
massive top-down inputs from higher-order associative regions. Based on these connections, the PC has been considered to be an
olfactory association cortex which integrates incoming olfactory information with its associative significance. Although much effort
has been paid to understand how odors are represented in the PC, little is known about the function of the PC as an association cortex.
In this study, we investigated whether odor-evoked neural activity in the PC differs depending on the salience of the odor. To address
this question, we recorded multi-unit activity in the anterior PC of the mice performing an olfactory go/nogo task. We used water as
reward and therefore, they are highly motivated to discriminate between odors when they are thirsty, but poorly motivated after sated.
We found that odor response and selectivity of PC neurons decreased after satiation. Support vector machine classification confirmed
that the decoding accuracy of the odor-evoked neural ensemble activity in the PC also decreased after mice were sated. These findings
suggest odor representation in the PC changes depending on the salience of the odor.
Characterization Of Horizontal Basal Stem Cells In Vomeronasal Organ
Raghu Ram Katreddi, Ezinma Dennis, Paolo Forni
Department of Biological Sciences, University at Albany, Albany, NY, United States
The Vomeronasal organ (VNO) is a part of accessory olfactory system (AOS). The VNO plays a primary role in the detection of
pheromones, chemical factors that trigger a spectrum of sexual and social behaviors. The vomeronasal epithelium (VNE) is believed to
share multiple features with the epithelium of the main olfactory epithelium (MOE), however it has been less characterized compared
to the latter. Sox2 positive cells have been previously identified, in VNE, as the stem cell population that give rise to downstream
neuronal progenitors and neurons. On the other hand, in MOE p63 positive horizontal basal cells (HBCs) had been identified as a
second pool of stem cells that becomes active in response to injury. Currently no available studies in literature describe the existence
of HBCs or HBC like cells in VNE. Based on these premises we explored whether cells with features similar to the HBC are present in
VNO and how these develop. Our experimental approach includes immunolabeling, and in vivo Cre genetic lineage tracing in mice in

normal conditions and in response to injury. Our data suggest that p63+ve HBC like cells are present in VNO. We characterised these
vomeronasal HBCs (vHBCs) from embryonic, early postnatal and adult stages. Preliminary data from inducible Cre mouse models
showed that HBCs give rise to Sustentacular cells and vomeronasal sensory neurons even without injury. In conclusion, for the first
time we describe spatial and temporal expression pattern of vHBC stem cells.Future studies include characterising injury models in
VNO and to test whether HBCs in the VNO can regenerate post injury.
The Effects Of Flecainide On Taste Bud Organoid Growth And Behavioral Taste Responses In Mice Yuko Kawabata1, Shingo
Takai1, Ryusuke Yoshida2, Keisuke Sanematsu1, Fuminori Kawabata3, Noriatsu Shigemura1
molecules expressing in a subset of taste cells. This research could provide practical information to understand the pathophysiological
changes in the taste system, accompanying with the anti-arrhythmia drug treatment.
Measuring Emotional Associations With Odorants Using Sniff Olfactometry
Hannah Kelson, Marcus Weeks, Andrea Gomez, Jiayue Ni, Qi Tang, Terry Acree Cornell University, Ithaca,
NY, United States
Current research using sniff olfactometry (SO, Rochelle 2017) has focused on psychophysical aspects of olfaction, including response
time, latency effects, and perception of odorant mixtures. However, sniff olfactometry has not been used to investigate the association
between olfaction and broader perceptual issues such as emotion and memory. We propose a novel protocol to study the connection
between smell and emotion using SO based on a previously described affective misattribution procedure utilizing Chinese characters
(KunstWilson and Zajonc 1980). In order to obtain a baseline measurement of the subjects’ emotional response to odorants, nonChinese speaking subjects were asked to rate Chinese characters presented with hexanal (HEX) or 2,3,5-trimethylpyrazine (TMP) in
polyethylene glycol (PEG)-water headspace. High ratings of Chinese characters signify a positive emotional response to the paired
odorant, while low ratings of Chinese characters signify a negative emotional response to the paired odorant. Using classical
conditioning, we then trained participants to associate the HEX with happy images and TMP with sad images. After the conditioning
step, significantly higher ratings of novel Chinese characters paired with hexanal and lower ratings of novel Chinese characters paired
with TMP indicate that pairing odorants with affective images altered subjects’ emotional reaction to these odorants. These
experiments reveal the extent to which odorants can be conditioned emotionally.
The Prognostic Factors On Postoperative Recovery Of Olfaction After Sinus Surgery
Byung Guk Kim1, Jin Kook Kim2, Jin Hee Cho1, Jisun Kim1
1College of Medicine ,The
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Objective: Chronic rhinosinusitis (CRS) is one of the most common causes of olfactory dysfunction. After endoscopic sinus surgery
(ESS), olfactory function would be improved in most cases or not in some cases. Therefore the purpose of this study was to
investigate the prognostic factors for olfaction improvement after endoscopic sinus surgery in CRS with or without allergy. Methods:
107 patients with CRS who underwent ESS were studied. We performed olfactory function test for all patients using the Butanol
threshold test
(BTT) and Cross Cultural Smell Identification test (CC-SIT) preoperatively and postoperatively. The patients` subjective symptoms
were also recorded using the Visual Analog Scale (VAS) pre-and post-operatively. We also analyzed the duration of disease and
preoperative computed tomography. Results: The improvement of olfactory function after ESS in patients with longer duration of
symptoms was significantly lower than in patients with shorter duration. Alllergy, CT scores and involvement of ethmoid sinuses were
not influenced the postoperative improvement of olfaction significantly. Conclusions: The improvement of olfaction after ESS not
depends on the presense of allergy but mainly depends on the duration of CRS. Therefore, for the better outcome of ESS especially in
olfactory function, early and proper treatment for CRS will be necessary.
Self-Assessment Of Olfactory Function Using The &Ldquo;Sniffin&Rsquo; Sticks&Rdquo;
Marie Klockow, Theresa Lakner, Philipp Nahrath, Mandy Cuevas, Antje Haehner, Thomas Hummel Smell & Taste Clinic,
Dept. of ORL, TU Dresden, Dresden, *, Germany
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Drug-induced taste disturbance causes a decline in the quality of life. However, little is known about the molecular mechanisms
underlying those disturbances. In this study, we focused on the taste disorders induced by drugs used for electrolyte dysbolism. First,
we screened the drugs that affect taste cells growth by utilizing taste bud organoids derived from murine circumvallate papilla. One of
these drugs, flecainide, a potent antiarrhythmia agent reduced the size and the number of organoid colonies. Next, we investigated the
effects of flecainide on behavioral taste responses. The mice with long-term (30 days) intraperitoneal (i.p.) injection of flecainide
exhibited significantly lower licking rate to HCl as compared with the control mice, but not to the other taste solutions such as NaCl,
quinine, sucrose, KCl, monopotassium glutamate, even acetic acid and citric acid. We also examined the short-term effects (single
administration) of flecainide on taste sensitivity. Similarly, mice showed reduced drinking responses to only HCl compared to the
control mice in brief access and two-bottle choice tests. These results suggest that flecainide may affect taste bud organoid growth, and
enhance the aversive behavioral responses selectively to HCl taste in both long- and short-term administration via some specific target

A large portion of the general population shows olfactory dysfunction. Hence, it is important to find the best treatment for every
patient, starting with a precise, reliable and fast assessment of the disorder. This study aimed to examine if the assessment of olfactory
function using the “Sniffin’ Sticks” is suitable for self-assessment by the patients. “Sniffin’ Sticks” (based on marker-like odordispensers) comprise threshold, discrimination and identification (TDI) testing designed for execution by medical staff. For this study
a TDI set was split into two parts each containing a modified version of the original set. In one part medical staff administers the pens,
whereas in the second part participants apply the test themselves. The sessions are repeated to assess test-retest reliability. Currently 52
healthy participants and 11 patients completed both sessions. Preliminary results show a significant correlation between self- and
external assessment (r= 0.8). Further, there was a difference between self- and external assessment for identification (p<0.005), but no
significant difference for discrimination (p>0.44) and threshold (p>0.07). Comparison of TDI scores shows slightly better results for
external assessment in session 1 (Mself= 21.7, Mexternal= 22.3), yet identical results in session 2 (Mself= 22.8, Mexternal= 22.8). Results
of this ongoing study indicate that “Sniffin’ Sticks” are suitable for self-assessment rendering olfactory testing more cost effective and
thus more appealing to its application in larger segments of patients.
Context Effect On Temporal Resolution Of Olfactory&Ndash;Gustatory, Visual&Ndash;Gustatory, And
Olfactory&Ndash;Visual Synchrony Perception
Tatsu Kobayakawa, Naomi Gotow
National Institute of Advanced Industrial Science and Technology, Tsukuba, *, Japan
If odor and taste are presented in temporal proximity, they are more likely to be perceived as a flavor object.
Furthermore, people detect temporal differences in congruent olfactory–gustatory combination less sensitively than in incongruent
combinations. Based on these findings, we hypothesized that sensitivity to detect temporal difference between two stimuli (i.e.,
temporal resolution of synchrony perception) is lower when odor and taste are presented in a context with high temporal proximity
than in a context with low temporal proximity. To test this hypothesis, we required participants to determine whether olfactory and
gustatory stimuli were presented simultaneously in two contexts: one with a narrow range of stimulus onset asynchrony (SOA)
(narrow-range condition), and another with a wide range of SOA (wide-range condition). In addition, we also tested visual– gustatory
and olfactory–visual combinations. Temporal resolution of synchrony perception differed significantly between the two conditions
only for olfactory–gustatory combination. More specifically, our hypothesis was supported because the temporal resolution was
significantly lower in the context with high temporal proximity than in the context with low temporal proximity. In order for odor and
taste to be perceived as flavor, not only people must experience high temporal proximity of two sensations, but they must not be
exposed to temporal asynchrony between the sensations.
Function Analysis Of A Novel Putative Pheromone Receptor Ancv1R In Mice
Hiro Kondo1, Tetsuo Iwata2, Ken Murata3, Hikoyu Suzuki4, Kazushige Touhara3, Masato Nikaido1, Junji Hirota1,5
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In various animal species, intraspecific communication is mediated by pheromones. Pheromones are detected mainly by vomeronasal
receptors (VRs) expressed in vomeronasal sensory neurons (VSNs) in the vomeronasal organ (VNO). VRs are classified into two
multigene families: V1Rs and V2Rs. In general, V1R genes are highly diverse in terms of gene numbers and repertories. However,
recent genome analysis identified an exceptional putative pheromone receptor gene from the coelacanth genome, named ancient V1R
(ancV1R), which is exceptionally shared among most bony vertebrates from the basal lineage of ray-finned fishes to mammals.
Interestingly, genome analyses revealed that pseudogenization of ancV1R in some tetrapods correlated strongly with VNO
degeneration, suggesting important function of ancV1R in pheromone detection. Expression analysis revealed that ancV1R was
expressed in the almost entire VSN layer labeled by the olfactory marker protein probe, whereas canonical V1Rs and V2Rs were
sparsely expressed in the apical and basal layers of VSNs, respectively. Two-color ISH demonstrated that ancV1R was co-expressed in
both types of VSNs, apical V1R and Gnai2 expressing-VSNs and basal V2R and Gnao1-expressing VSNs. These results indicate that
ancV1R is distinct from canonical V1Rs in terms of evolutionary conservation and the expression pattern. To elucidate the function of
ancV1R, we generated and analyzed ancV1R-knockout (KO) mice, and phenotypes of ancV1R-KO will be also presented.
Mapping Chemoreceptor Expression In The Human Olfactory System
Lulu Korsak1, Sarah Kwon1, Sepideh Cheheltani1, Olga Lacki2, Sarah Kaye3, Ashley Ahn4, Minhtrinh Cao4,
Julia Noreck4, Abigail Presti4, Lark Yan4, Joseph DiRienzi5, Igor Tsimberg5, Virginia Lee5, John Trojanowski5,
Thomas Bozza3, Jay Gottfried1,3,6
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We have a long history of actively utilizing odorants to heal or alter our physiological conditions. A variety of herbal plants’ extracts
have been used to reduce stress and pain, and to promote recovery from injury or illness.
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Our understanding of the cellular and molecular organization of the human peripheral olfactory system is rudimentary at best. Indeed,
most of our current knowledge about the circuits and pathways subserving the sense of smell is derived from studies in model
organisms. Fundamental principles such as monoallelic and zonal chemoreceptor expression of olfactory sensory neurons (OSNs) in
the olfactory epithelium (OE), and the topographic axon convergence at dedicated glomeruli in the olfactory bulb (OB) have all been
elucidated via transgenic mice and the validation of chemoreceptor-specific antibodies. Here, we sought to map chemoreceptor
expression in the human OE and OB by generating validated antibodies against members of class I and class II odorant receptors
(ORs) and trace amine-associated receptors (TAARs). Examination of four chemoreceptors across seven postmortem OEs and five
corresponding OBs revealed a punctate expression pattern of ORs evenly distributed throughout the molecularly-defined extent of the
human neuroepithelium. Notably, the number of glomeruli expressing one OR throughout the OB was up to two orders of magnitude
more than in mice, and differed between subjects by at least one order of magnitude. Our approach provides an unprecedented
resource to uncover the cellular and molecular organization of the human olfactory system, and our data suggest a marked
heterogeneity and complexity of human olfactory processing quite distinct from the zonal and topographical organization established
in model organisms.
Beta-Caryophyllene Improves Cutaneous Wound Healing In Mice Through Multiple Mechanisms
Sachiko Koyama1, Anna Purk1, Manpreet Kaur1, Helena Soini1, Milos Novotny1, Keith Davis1, Cheng Kao1, Hiroaki Matsunami2,
Anthony Mescher1
Despite this long history of using herbal plant extracts, there is still a strong need of scientific evidences regarding the effects of such
extracts. Beta-caryophyllene (BCP) is an odoriferous bicyclic sesquiterpene found in various herbs and spices. It has odor (activates
olfactory system) and it is a ligand of cannabinoid receptor 2 (CB2). As activation of CB2 is known to have anti-inflammatory
impacts, we hypothesized that BCP may affect wound healing by decreasing inflammation. Here we show that cutaneous wounds in
mice treated topically with BCP enhanced re-epithelialization and increased cell proliferation. Primary cell cultures treated with BCP
showed enhanced cell migration. These results suggested that the greater re-epithelialization is due to both enhanced cell proliferation
and cell migration. When primary cell cultures from CB2 knockout mice were exposed to BCP, they did not show enhanced
migration in chemotaxis assays, implicating this pathway, but there were no migratory differences in scratch tests suggesting
involvement of other routes as well. RNA sequencing revealed large differences in gene expression between injured, BCP-treated skin
and controls. Genes related to embryonic growth as well as hair follicle stem cells were up-regulated in BCP-treated tissue. Transient
Receptor Potential channel genes were up-regulated in the injured skin exposed to BCP, indicating their possible involvement in the
improved re-epithelialization. Our study suggests that BCP has the capacity to improve wound healing through multiple pathways.
Α-Synuclein Perturbs Olfactory Neural Activity In A Mouse Model Of Parkinson&Rsquo;S Disease.
Aishwarya S. Kulkarni1, Maria del Mar Cortijo1, Elizabeth R. Roberts1, Tamara L. Suggs1, Heather B. Stover1,
José I. Pena-Bravo1, Jennifer A. Steiner2, Patrik Brundin2, Daniel W. Wesson1
1Department of
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Rapids, MI, United States
Parkinson’s disease (PD) is characterized by Lewy bodies and Lewy neurites which are composed of misfolded α-synuclein.
Aggregation of α-synuclein is observed in the olfactory bulb (OB) during early stages of PD, as are deficits in olfactory perception.
Further, α-synuclein seeded into the OB of mice impacts olfactory perception. This led us to hypothesize that accumulation of
pathogenic α-synuclein in the OB impairs neural activity in the olfactory system. Surprisingly, no studies to date have demonstrated
whether α-synuclein impacts neural activity in vivo. Therefore, we monitored spontaneous and odor-evoked local field potential (LFP)
activity in C57BL/6J mice simultaneously in the OB and piriform cortex (PCX) at 3 different time points post seeding of α-synuclein
in the OB (1, 2, or 3 months). Pathological α-synuclein, assayed with pSer129 immunofluorescence, was detected in the OB and PCX
in all age groups. During LFP recordings, compared to control-treated mice, we observed a transient increase 2 months post PFF
seeding in spontaneous LFP beta band power in the PCX. Further, odor-evoked beta band power was elevated in the OB during odorpresentation in PFF seeded mice compared to control-treated mice. PFF seeded mice, across all ages, often displayed prolonged
durations of odorevoked beta activity with high amplitude, versus the more transient bouts of low amplitude beta activity observed in
control-treated mice. These findings provide the first evidence that misfolded α-synuclein perturbs neural network activity in awake
animals and suggest an important role for aberrant beta band activity in olfactory perceptual deficits in PD. Supported by
NIH/NIDCD grants R01DC014443 and R01DC016519.
Development Of An Olfactory Experiment Method Through The Use Of A Portable Device For Odor
Presentation And Validation System

Satomi Kunieda1, Takanobu Omata2, Tatsu Kobayakawa3
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In psychological experiments using odor stimuli, it is essential to control quality and intensity of the stimuli. Filter paper sticks and
vials or squeeze bottles are often used in order to provide many participants adjusted odors as odor presenters in the experiments, but
the subjective intensities are likely to change due to the various ways in which the participants take in the odors. Therefore, in
conventional experiments, experimenters had to conduct experiments individually for many participants. In order to solve these issues,
we propose a new method for psychological experiments using odor stimuli to collect responses from dozens of participants. This
method can present equal odor stimuli and the participants can answer at their own pace individually. We used AROMASTIC which is
manufactured by Sony Corporation for odor presentation. This slim and compact device can release a localized odor gently with one
push of button and can be loaded with a variety of odor sources using a special cartridge. In addition, the device can provide users
loaded odors while retaining the quality and intensity equally without odor diffusion around other users. On the other hand,
presentation order of stimuli is often randomized in order to avoid the order effect, but randomization involves a risk that participants
choose wrong stimuli. To solve this issue, we developed a validation system including QR codes and a program which can confirm
matches between the presentation order and stimulus picked by a participant. This system could validate the presentation order to
expose a QR code which was located on the bottom of the AROMASTIC device. By using this system, randomized odor stimuli could
be presented to several participants at the same time properly.
Olfactory Discrimination Deficits In The Fmr1 Ko Mouse Model Of Fragile X Syndrome
Praveen Kuruppath, Frederic Pouille, Nathan Schoppa
University of Colorado School of Medicine, Aurora, CO, United States
Fragile X syndrome (FXS) is a commonly inherited intellectual disability disorder that is caused by the absence of fragile X mental
retardation protein (FMRP), an RNA-binding protein essential for normal synaptic plasticity and function. Animal models of FXS
have provided important insights into the role of FMRP in cognitive and sensory development and function. While FMRP is highly
enriched in the developing and adult olfactory bulb (OB), its role in olfactory sensory function remains poorly understood. Here, we
used a mouse model of FXS with knock-out of the gene for FMRP, FMR1, to test how loss of FMRP impacts olfactory circuitry and
behavior. In patch-clamp recordings in olfactory bulb slices, FMR1 KO caused a significant reduction in the frequency of spontaneous
inhibitory post-synaptic currents (sIPSCs) in external tufted cells (wild-type, WT: 3.2 ± 07, n = 10; KO: 1.3 ± 0.8 Hz, n = 9; p <0.05,
Mann-Whitney U test), consistent with reduced connectivity from GABAergic periglomerular cells. However, no changes were
observed in the frequency of sIPSCs in mitral cells that mainly reflect inputs from granule cells. In behavioral studies employing a
Go/No-go olfactory task, we also obtained evidence for FMR1 KO-induced impairments during discrimination of odor mixtures
(containing Ethyl acetate vs Propyl acetate or 2- vs 3-Heptanone). WT mice successfully discriminated the mixtures in 17 of 30 blocks
(pooled results from 3 mice) versus 0 of 30 blocks for KO (pooled results from 3 mice). Interestingly, in the same mice, FMR1 KO did
not impair discrimination of simple monomolecular odorants. Taken together, our results suggest that FMR1 KO causes deficits in
olfactory bulb circuit function and impaired fine odor discrimination.
Menstrual Cycle Phase Is Significant For Effects Of Male Axillary Secretions On Lh Secretion And Mood
In Women
Tatiana Laktionova, Ilya Kvasha, Vera Voznessenskaya
Severtsov Institute of Ecology & Evolution, Moscow, *, Russia
Hormones changes across the women menstrual cycle (MC) may lead to changes in perception of chemical signals and hormonal
responses to these cues. Pulses of LH are excellent indicators of the release of GnRH from the hypothalamus. Extracts of male axillary
secretions (EMAS) affect directly LH-pulsing and mood of women, advancing the onset of the next peak of LH after its application in
follicular phase of the MC (Preti et al., 2003). The goal of our study: to investigate the influence of EMAS on frequency and amplitude
of LH peaks as well as on mood of women depending on the MC phase. Axillary secretions were collected during 4 hours from 6
healthy heterosexual men. Test subjects were healthy reproductive age women (n=19). EMAS/control solution applied ones in 2 hours
to women either in follicular or luteal phase of their MC; observations continued for 8 hours. Saliva samples were taken every 10
minutes; LH concentration was analyzed using EIA technique. We recorded number and amplitude of LH peaks. We observed
significant increase in number of LH peaks (p=0.0464, n=10) and their amplitude (p=0.0469, n=10) when EMAS applied to women in
follicular phase of
MC compared to control. While the same application in luteal phase of MC did not affect number of LH peaks (p=0.3105, n=9) but
lowered the amplitude (p=0.0382, n=9). To assess the mood we used 2 tests: Positive and Negative Affect Schedule and visual analog
scales. EMAS applied in luteal phase of MC decreased “negative affect” (NA) (p=0.0209, n=12) and lowered score for “nervous”
(p=0.0125, n=12), while EMAS applied in follicular phase had no effect on NA (p=0.3452, n=12). We did not observe changes in
“positive affect” for all tested groups. Our data indicate the significance of the phase of MC for EMAS effects on LH secretion and
mood in women.
The Function Of Gonadotropin-Releasing Hormone (Gnrh) Neurons In Olfactory Computations And
Behaviors
Pradeep Lal1, Vegard Fiskum1, Anna Maria Ostenrath1, Fabrizio Palumbo1, Florence Kermen1, Daniela Weth1,
Robbrecht Pelgrims1, Nathalie Jurisch Yaksi1, Akira Muto2, Koichi Kawakami2, Emre Yaksi1
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Animals respond differently to sensory stimuli depending on their internal state (e.g. satiety/hunger).
Neuromodulators are crucial in modulating the internal state of the animals. Gonadotropin-releasing hormone (GnRH) is a conserved
neuropeptide that modulates feeding and reproductive behaviors. It is produced by discrete neuronal populations located in the
terminal nerve region of olfactory bulb (OB) and hypothalamus, innervating widely throughout the brain. Previous studies suggest a
direct role for GnRH in modulating olfactory responses. However, the specific role of GnRH neuromodulation in olfactory
information processing is still not well understood. To address this, first, we created a transgenic zebrafish line that labels the terminal
nerve GnRH3 neurons with Gal4 transactivator and expressed a genetically encoded calcium indicator (GCaMP6s). We imaged
GnRH3 neuron activity by using two-photon microscopy and observed that they exhibit a high level of ongoing spontaneous activity.
We showed that these neurons respond to a diverse set of olfactory stimuli and with strong preference for food related odors. Next, we
found that genetic ablation of these neurons led to a significant decrease in feeding and food odor induced behavior. Moreover, this
manipulation also led to decrease in food odor responses in OB neurons. Finally, by optogenetic manipulation of GnRH3 neurons, we
showed that these neurons directly modulate the activity of OB neurons. Thus, our results suggest a central role for the GnRH
neuromodulation in the regulation of odor responses and olfactory behaviors.
Functional Localization Of Olfactory Responses In Human Amygdala Subregions Goodwin A Lane, Torben
Noto, Gregory Lane, Guangyu Zhou, Christina Zelano
Northwestern University Feinberg School of Medicine, Chicago, IL, United States
The amygdala is comprised of several subnuclei, three of which are thought to receive direct input from the olfactory bulb: the
periamygdaloid complex, the medial nucleus, and the cortical nucleus. These subregions are therefore considered part of primary
olfactory cortex, yet little is known about their involvement in olfactory processing, especially in humans. Even basic questions, such
as whether all amygdala subnuclei are responsive to odors, or rather a subset, remain unanswered. Since the vast majority of human
amygdala studies have not considered its subnuclei separately, we lack even a basic understanding of odor-responsive properties
across the human amygdala subregions. Here we used high-resolution fMRI to perform an olfactory functional localization study
across the sub-nuclei of the human amygdala. We segmented the amygdala into eight subdivisions and examined odor-evoked and
image-evoked responses in each one separately. We found stronger BOLD responses to olfactory stimuli compared to visual stimuli in
those subregions of the amygdala that receive bulb input compared to those that do not. Moreover, we observe characteristic BOLD
waveforms in each olfactory subregion, reflecting either differences in the olfactory information each subregion receives and/or
differences in the computations each of these subregions performs. We plan to further analyze the multivariate patterns, waveform
shape and timing of odor-evoked response across all amygdala subdivisions.
A Mouse Model For Studying The Function Of Type I Cells In Gustation
Eric D Larson1,2, Aurelie Vandenbeuch1,2, Catherine Anderson1,2, Sue C Kinnamon1,2
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In taste buds, Type I cells represent the majority of cells (50-60% of the total number of cells) and have always been considered to
have a support, glial-like function in taste buds. However, recent studies suggest that Type I cells may have additional sensory and
signaling functions, including amiloride-sensitive salt transduction, oxytocin modulation of taste, and release of GABA in response to
trigeminal modulation with substance P. Nonetheless, the overall function of Type I cells in taste quality transduction remains unclear.
Here, we present a novel model for studying the function of Type I cells, using transgenic mice expressing tamoxifen-inducible Cre
recombinase under a specific Type I cell marker (GAD65). We crossed these mice with tdTomato or Channelrhodopsin lines to
explore the anatomy and physiology of GAD65-expressing taste cells.
Immunofluorescence reveals that the GAD65-driven reporters are specific to NTPDase2-immunoreactive cells, though not all
NTPDase2-immunoreactive cells express the reporter. We also used calcium imaging to determine whether Type I cells can receive
information from neurotransmitters within the taste bud. Indeed, we show that the majority of GAD65+ cells show an increase in
intracellular calcium to exogenously applied 10 µm ATP, but
not to extracellular potassium (55mM KCl). Lastly, lingual stimulation with blue light of GAD65/Channelrhodopsin mice show strong
chorda tympani nerve responses, indicating that direct depolarization of Type I cells is capable of transmitting information to the
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Working memory has been extensively studied in the visual and auditory domains. In stark contrast, evidence for a gustatory working
memory is lacking. We performed two studies to address this issue using a computercontrolled gustometer that delivered tastants to the
anterior tongue. Both experiments used a set of 10 different tastants (sweet, salty, sour, bitter, and their binary mixtures). Study 1
investigated whether a single taste can be kept in working memory and for how long. On each trial, one tastant (item) was followed by
another (probe) after one of five delays, and participants (n = 21) were to report whether or not the probe matched the item. We found
that recognition performance decreased with time - consistent with working memory. Study 2 sought to determine the capacity of taste
working memory, i.e., the number of tastants that can be kept in memory. On each trial, one to five different items, corresponding to
set sizes 1–5, were sequentially presented, followed by a probe. Participants (n = 20) reported whether or not the probe matched any
item in the set. We found that recognition

nervous system. Whether the signal is transmitted directly to nerve fibers or through an intermediate cell type is the focus of ongoing
study. This work was supported by NIH/NIDCD R01DC017679 SCK.
Odor Plume Dynamics Structure Glomerular Network Activity In The Mouse Main Olfactory Bulb
Suzanne / M Lewis1, Lucas / M Suarez1, Lai Xu2, Mohammad / F Tariq1, Venkatesh Gopal3, Agnese Seminara4, Merav Stern1, David
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Although mice can navigate and locate resources using turbulent airborne odor plumes, how they achieve this is poorly understood.
One of the main challenges for animals navigating in these regimes is plume dynamics, the stochasticity and intermittency of the
fluctuating plume. Population activity at the glomerular level is thought to help process this complex spatial and temporal information,
but how plume dynamics impact odor representation in this early stage of the mouse olfactory system is not known. We measured the
olfactory bulb’s response to natural olfactory scenes using a miniaturized odor sensor combined with wide-field GCaMP signaling
from mitral and tufted cells imaged in olfactory glomeruli in head-fixed mice. We precisely tracked plume dynamics and investigated
glomerular responses to this fluctuating input. Manipulating the airspeed of the wind tunnel created characteristically different plumes
where increased flow level resulted in increased intermittency. We found that 44% of glomeruli had significant cross correlation with
the odor plume dynamics. In addition, response variability and response magnitude correlate with a glomerulus’s ability to follow
concentration dynamics across plume encounters. (r=.60 and r=.60 correspondingly, p<. 01) These data show plume dynamics
structure glomerular network activity at the first stage of odor processing in the mouse olfactory system. Preliminary analysis of new
data will look at odor response stability and plume dynamics encoding at both the individual and global glomerular level across air
flow conditions. Differences could indicate whether glomeruli preferentially convey spatiotemporal dynamics of plume structure
differentially across odors.
(Don Tucker Award Finalist) Remember The Taste! Evidence For A Gustatory Working Memory.Â
Xue Li Lim1, Richard Höchenberger1, Shivakumar Viswanathan1, Iryna Ruda1, Gereon R. Fink1,2, Kathrin Ohla1
performance decreased with set size, with a robust recency effect, where the last item was recognized with high accuracy. Furthermore,
analysis of recognition performance for the different positions within a set suggested that gustatory working memory capacity is
limited to 4 items. Importantly, we confirmed that participants could perceive all stimuli. Besides, we excluded that confounding
factors such as physical mixing of consecutive stimuli, sensory adaptation, and perceptual overlap contributed to the effects observed.
Together, our results provide evidence for a gustatory working memory that shares basic principles of visual and auditory working
memory.
Exploring The Parameters Defining Synaptic Partner Choice Of Vomeronasal Sensory Neurons
Jennifer M. Lin, Alison M. Pehl, Alex Lemus, Paolo E. Forni
University at Albany, Albany, NY, United States
The functional identity of neurons is established and maintained by the tightly regulated expression of transcription factors that control
chromatin architecture and selective activation of genetic programs. The role of guidance cues and surface molecules in defining areas
of axonal convergence of neurons has been extensively explored, however, what molecular mechanisms establish the specific selection
of a defined postsynaptic cell partner instead of another remains largely unknown. To investigate this, we used the mouse accessory
olfactory system as a model to study the mechanisms behind postsynaptic target selection. The vomeronasal organ (VNO) is an
olfactory subsystem composed of two main populations, apical and basal vomeronasal sensory neurons (VSNs), which are responsible
for the detection of pheromones that inform social and sexual behaviors in many vertebrates. Each VSN selectively expresses one or
two VRs out of hundreds of genes available. Unlike the main olfactory system, where the olfactory receptor expressed strictly dictates
what glomerulus will be targeted, VSNs expressing the same Vr gene can innervate up to 30 different glomeruli. What variables lead
neurons expressing the same Vr to take different post-synaptic choices has not been clearly understood. Using a strategy of singlecell
sequencing (scSeq), we identified several surface molecule candidates with varied mRNA expression to confirm with protein
immunolabeling on EC2-LacZ mice, a vomeronasal receptor specific mouse reporter line. Our preliminary data suggest that VSNs
expressing the same VR express the same combinations of surface molecules but at a wide range of expression levels that may lead
VSNs expressing the same VR to choose different post-synaptic partners and different glomeruli.
A Cell-Based Food Freshness Monitoring System Using Mammalian Olfactory Receptors
Weihong Liu1,2, Chao Wang2, Hanyi Zhuang2, Yingjian Liu1,2

1 Virginia Commonwealth University, Richmond, VA, United States, 2Monell Chemical Senses Center, Philadelphia, PA, United
States

NaCl and CAP are commonly consumed by humans. Mixtures of CAP and NaCl produce a stronger salt taste intensity than NaCl alone
in some humans. Compared to subjects who disliked spicy food, subjects with high spice preference have lower salt intake and blood
pressure. We hypothesize that HS and CAP modulate salt taste responses in humans by modulating the expression of ENaC subunits in
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Humans evaluate food freshness by detecting volatile odorants and tastants associated with food spoilage and contamination. Mimicry
of this complex detection mechanism may be useful in applications of food safety control. Previous studies reported the use of
reconstituted olfactory and taste receptors in bioelectronic sensors assessing food freshness. Here we developed a method of food
freshness monitoring using mammalian olfactory receptors (ORs) that are functionally expressed in Hana3A cells. It is known that
volatile odorants like octanol and hexanal are indicators of bacterial contamination in meat and lipid oxidation in dairy products,
respectively. We pre-selected a list of cognate ORs for the two compounds from previously published results and narrowed down the
list to OR2W1, MOR203-1, and MOR261-1 for octanol and OR2W1 and rat I7 for hexanal by evaluating for significant responses in
our system as defined by a fold-change relative to the negative control that is greater than five. The four ORs were treated with an
octanol/hexanal mixture and various food samples. We found that the responses of MOR203-1 and MOR261-1 to the mixture were
comparable to their responses to octanol or hexanal alone. Among the five meat and two dairy samples tested, fish, pork, chicken,
beef, and cheese activated all four ORs to varying degrees. Notably, we found a transient peak for pork, chicken, beef, and cheese at
Days 2-3, which was different from the linear growth pattern of fish, suggesting the presence of different metabolites in the food
spoilage models. In addition to the above odors, various sulfur and amine compounds are also common protein degradation products.
The multiplexity and throughput of our system may be valuable in monitoring the characteristic odor profiles of rancid food.
Effect Of High Salt (Hs) And Capsaicin (Cap) On Enac And Trpv1 Expression In Cultured Adult Human Fungiform (Hbo)
Taste Cells
Vijay Lyall1, Shobha Mummalaneni1, Sunila Mahavadi1, Mahmet H Ozdener2
TRPV1 expression relative to control. Relative to HS+CAP, TRPV1 expression decreased with HS+CAP+IRTX. These results suggest
that HS- and HS+CAP-induced changes in TRPV1 expression correlate inversely with δENaC expression in HBO cells. U73122
attenuated the effects of HS and CAP on δENaC expression, suggesting involvement of PLC in HS and CAP induced regulation of
δENaC expression in HBO cells.
Characterizing Gustatory Cortex And Basolateral Amygdala Communication In Innate Taste Processing
Abuzar Mahmood, Jessica Steindler, Bradly T. Stone, Donald B. Katz
Brandeis University, Waltham, MA, United States
Neurons in Gustatory Cortex (GC) respond to taste administration with time-varying patterns of action potential firing, which reflect
taste quality and hedonic value in distinct epochs. Ensemble analyses reveal that these firing rate changes are rapid (i.e. ~50 ms)
transitions between different “states” of the collective GC neural population
—a pattern suggesting that GC forms a single node of a distributed attractor network. Basolateral Amygdala (BLA) also shows an
epochal structure in its firing-rate responses and the dynamics of single-neuron taste responses in BLA seem to run on the same
“clock” as GC; this observation motivates our general hypothesis that the putative attractor network includes both BLA and GC,
coupled via the strong recurrent connectivity between the two regions. This hypothesis gains support from work showing the
involvement of the BLA-to-GC connection in the appearance of palatability-related responses in GC, but as of yet there has been little
research into multi-regional emergent structure in taste processing, much less into whether BLA and GC can collectively be
characterized as a strongly co-modulatory ensemble. Through simultaneous (BLA and GC) extracellular recordings during passive
taste delivery, we computed the co-modulation of responses in both regions using correlation of single-neuron firing rates, phasecoherence in the local field potentials, and coordination in the population dynamics via Hidden Markov Modelling. Our results support
the hypothesis that BLA and GC are comodulated on a single-trial basis during taste processing, suggesting that stimulus-driven online
communication between the two regions may be important for accurate determination of taste identity and associated hedonic value.
Taste Responses In The Developing Gustatory Cortex Of Awake Rat Pups
Joost X Maier, Zihao Zhang, D Chad Collins
Wake Forest School of Medicine, Winston Salem, NC, United States
Cortex undergoes protracted changes in cellular and synaptic organization during development, and in many species does not fully
mature until weeks after birth. How these primitive cortical networks process information is poorly understood. Here, we focus on
information processing in the developing taste system. Animals use taste information to guide adaptive behaviors starting at birth,
emphasizing the need of the immature brain to process sensory information. We recorded local field potential (LFP) and spiking
activity from the gustatory cortex (GC) in n=4 head-fixed, awake rat pups ranging in age from postnatal days 8-12 in response to intraoral delivery of basic taste solutions. LFP activity was analyzed using time and frequency domain methods, and action potentials were
HBO cells in a TRPV1-dependent manner. Using specific δENaC and TRPV1 antibodies, dual immunofluorescense studies
demonstrated coexpression of δENaC and TRPV1 in a subset of HBO cells. Immunoprecipitation studies demonstrated δENaC
interaction with immobilized TRPV1 in HBO cell lysates. HBO cells were cultured in media containing 140 mM (control) or 160 mM
(HS) NaCl with or without CAP (2.5 μM), iodoresiniferatoxin (I-RTX; specific TRPV1 blocker; 1 μM) or U73112 (PLC blocker; 10
μM) for 7 days. Western blots were used to monitor δENaC and TRPV1 expression normalized to GAPDH or β-actin. HS increased
δENaC expression by 10 fold relative to control. Relative to HS alone, HS+I-RTX, HS+CAP and HS+CAP+I-RTX increased δENaC
expression by 0, 2.7 and 4.6 fold, respectively. These results suggest that inhibiting TRPV1 activity by I-RTX attenuates HS and CAP
induced changes in δENaC expression. In parallel experiments, HS decreased and CAP or HS+CAP increased

isolated from 8 stimulus-responsive single neurons, as well as 13 multi-unit clusters. The results show that the GC cortical network
responds to taste input with a short-latency, transient evoked potential, followed by relatively broad-band, sustained oscillatory activity
in the 15-50 Hz frequency range. Unit responses consist of short-latency, non-specific responses, followed by taste- and palatabilityselective responses. These data suggest that the developing taste cortex exhibits remarkably advanced information coding already in
the second week of life. Ongoing work aims to track the developmental profile of gustatory cortical activity patterns from birth to
adulthood.
Trpm4 And Trpm5 Contribute To Taste-Driven Behaviors.
Laura Martin, Kimberly James, Verenice Ascencio Gutierrez, Kathryn Medler, Ann-Marie Torregrossa
SUNY University at Buffalo, Buffalo, NY, United States
We have previously shown that TRPM4 contributes to sweet, bitter, and umami signaling along with TRPM5. To extend this work, we
conducted brief-access taste testing on mice lacking both TRPM4 and TRPM5 (TRPM4/5 DKO) and wild-type (WT) mice to fat,
starch, sour, and salt stimuli. We measured licking behavior (10s trials) to a range of concentrations for each stimulus and fit curves to
their averaged response across concentrations. We replicated our previous finding; WT demonstrate a concentration-dependent
increase in licking to sucrose, while TRPM4/5 DKOs are different (p <0.001) and lick to sucrose as they do to water. We saw the same
pattern to Maltrin, a maltooligosaccharide (starch) (p = 0.007), and corn oil emulsion (p = 0.032) – while WT licked avidly to both
stimuli in a concentration-dependent fashion, TRPM4/5 DKOs do not lick any concentration more than they do to water. Surprisingly,
we saw a similar response to citric (p = 0.010) and hydrochloric (p = 0.002) acids. TRPM4/5 DKOs licked the acids the same way
they licked to water, while the WTs decreased licking in a concentration-dependent fashion. We saw no difference in licking to NaCl
(p = 0.720) but found that TRPM4/5 DKO mice were less responsive to NaCl with amiloride (p = 0.011) and NH4Cl (p = 0.017). In
these cases
TRPM4/5 DKOs showed concentration-dependent decreases in licking, but did not decrease as much as the WT. These data suggest
that these channels may be broadly important in orosensory feedback. We are currently testing single KO mice (TRPM4, TRPM5) on
these stimuli, to explore the relative contributions of each.
Neural Circuits Supporting Olfactory Navigation In Walking Drosophila
Andrew M.M. Matheson, Angela M. Licata, Timothy A. Currier, Katherine I. Nagel
NYU Neuroscience Institute, New York, NY, United States
A classic algorithm for navigating in turbulent chemical environments is to surge upwind during odour and perform cross-wind casts
at odour offset. This strategy has been observed across species, but the circuit basis of these behaviours is unclear. In a previous study,
our lab developed a high-throughput behavioural paradigm for walking Drosophila where an attractive odour elicits upwind runs
during odour, and search behaviour at odour offset. Here, we used this paradigm to identify neural circuits that transform odour
information into navigational motor behaviours. To identify sites of motor program generation we performed activation experiments
on groups of olfactory neurons known to generate attractive behaviour. We showed that orco+ olfactory receptor neurons produce both
upwind runs and offset search. Further, we showed that activation of the attractive output neurons of the mushroom body and lateral
horn (MBONs and LHONs) also produce upwind runs and local search. This data suggests generation and sequencing of these motor
programs occurs downstream. To identify downstream circuits involved in the generation of these motor programs we used trans
synaptic tracing to identify the targets of the MBONs and LHONs. Both groups had putative partners innervating the fan-shaped body
(FSB), a region implicated in navigation. We performed an optogenetic activation screen of FSB input and columnar neurons and
found populations that promote exclusively upwind orientation or search behaviour. Using 2-photon imaging we found that some of
these populations respond to attractive odourants. These data identify the FSB as a site involved in the generation and sequencing of
olfactory motor programs. This work will make possible a mechanistic understanding of the circuit basis of olfactory navigation.
Intensity Of Unpleasantly Conditioned Odor Is Long Lasting?
Tomoko Matsubasa1,2, Saho Ayabe-Kanamura3
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Odorant binding proteins (OBPs) in Drosophila melanogaster are thought to play a role in olfaction by transporting hydrophobic
odorants through the aqueous lymph to their membrane-bound receptors, thus acting as a liaison between the olfactory receptors and
the external environment. However, OBPs can have pleiotropic roles in mating, development, and taste. We found that CRISPR-Cas9
mediated removal of the Obp56h gene has sexually dimorphic effects on physiological phenotypes, including recovery from a chillinduced coma and resistance to starvation stress. We introduced transgenes of allelic variants at the endogenous location of the
CRISPR-Cas9 deleted gene via an engineered Phi-C31 genomic integration site. These alleles comprise 11 nonsynonymous or
potentially regulatory SNPs that segregate in a wild-derived population, the Drosophila melanogaster Genetic Reference Panel. This
experimental design enables us to delineate the effects of individual naturally occurring polymorphisms on variation in multiple
phenotypes in an otherwise identical genetic background. In addition, we can assess how each allele affects a co-regulated ensemble of
transcripts. Results from these studies will provide insights into how molecular variants at a gene that contributes to fitness traits can
enable shifts in pleiotropic functions and thus contribute to adaptive evolution.

In this study, we examined how we could change human's odor perception, and how the perception of an unpleasantly conditioned
odor changes. Methods: Each experiment, participants were presented two pairs of odors and stimuli. One pair comprised neutral odor
and negative stimulus to make participants aversive. Another pair did neutral odor and neutral stimulus as control. We performed three
experiments, as the negative stimuli, we used unpleasant sounds (exp.1), facial expression photo (exp.2), and creature photos (exp.3).
We investigated whether odor perception was changed from neutral to unpleasant experimentally. Before and after conditioning,
participants were presented odors and evaluated subjective intensity, pleasantness, familiarity and arousal. In addition, we presented
odor to participants for 5 consecutive minutes, and asked to evaluate subjective odor intensity throughout while odor was presented.
Results and Discussions: At the average of all participants’ odor evaluation, there was no difference between an odor conditioned
unpleasantly and another odor conditioned neutrally. So did the continuous odor intensity. It was not clear that the olfactory
conditioning could modify the perceptual change. Then, we picked up the participants who evaluated negative about conditioned odor
more unpleasant than that of neutral conditioned odor, and analyzed similarly. In their odor evaluations of intensity and familiarity,
there was no significant difference between before and after conditioning. However, the cumulative value of the odor intensity
conditioned by unpleasant stimulus over the entire presentation time was slightly greater than that of neutral stimulus. Thus, if the odor
perception of participants' has been changed negative by unpleasant stimulus, odor intensity might be long lasting.
Effect Of Kokumi Peptide, Γ-Glutamyl-Valyl-Glycine, On The Sensory Characteristics Of Sweet Beverages
Naoki Mikoshiba, Nao Kawashima, Takako Hirose, Satoru Matsuba, Yutaka Maruyama, Motonaka Kuroda AJINOMOTO CO., INC.,
Kawasaki, *, Japan
Recent studies have revealed that kokumi substances such as glutathione (GSH) are perceived through the calcium-sensing receptors
(CaSRs) in humans. We also reported that kokumi substances modify the five basic tastes (especially sweet, salty and umami) when
added to basic taste solutions or food, even though they have no taste themselves at the concentrations tested. Moreover, it has been
reported that CaSR-expressing cells have been a different subset of cells from T1R3-expressing sweet or umami taste receptor cell. In
this study, the additional effect of γ-Glu-Val-Gly on sweet beverages was investigated using descriptive analysis method. The addition
of γ-Glu-Val-Gly to orange juice beverage significantly enhanced sweetness, thick flavour and juiciness, and addition of γ-Glu-ValGly to milk cocoa significantly enhanced middle to last milk flavour, sweetness, continuity and thick flavour. These results indicate
that the addition of γ-Glu-Val-Gly changed the intensities of several sensory attributes in sweet beverages, suggesting that γ-Glu-ValGly can be used to improve the flavour character of sweet beverages.
Functional Effects Of Allelic Variants Of Drosophila Odorant Binding Protein 56H
Sneha Mokashi1, Joel Johnstun2, Trudy Mackay1, Robert Anholt1
Multiplexed Bioelectronic Nose For Detecting Death-Associated Gaseous Odors Using Olfactory ReceptorEmbedded
Nanodiscs
Dongseok Moon1, Kyung Ho Kim2, Oh Seok Kwon2, Tai Hyun Park1
1Seoul National University, Seoul, *,
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Death-associated odors (cadaverine, putrescine) are derived from bacterial decarboxylation of the basic amino acids, such as lysine and
ornithine. These repugnant odors cause zebrafish to avoid from the odor source. The zebrafish recognizes danger situations by
detecting the death-associated odors. In recent researches, trace amineassociated receptor 13c and 13d (TAAR13c and TAAR13d),
olfactory receptors, from zebrafish (Danio rerio) selectively bind to cadaverine and putrescine respectively. For detecting the
repugnant odors derived from rotten tissues, we developed bioelectronic nose which can selectively detect the death-associated odors
using TAAR13c and TAAR13d produced from Escherichia coli. TAAR13c and TAAR13d were reconstituted into nanodisc form for
stabilizing the structure of olfactory receptors. The olfactory receptor-embedded nanodiscs were immobilized on graphene-based fieldeffect transistor (GFET). The signal of olfactory receptors induced by ligand binding could be transported to GFET. In this research,
we purified TAAR13c and TAAR13d from E. coli. Purified olfactory receptors were reconstituted into nanodisc form respectively
using membrane scaffold protein (MSP) and lipid. The average size of olfactory receptor-embedded nanodiscs was about 16 nm. In
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Introduction: Bitter taste receptors (TAS2Rs) are G-protein-coupled receptors, which are coupled to the G-alpha subunit, gustducin. In
humans, TAS2Rs comprise a large family with 25 isoforms, which are expressed in extraoral tissues, including airway epithelia and
the gastrointestinal tract, as well as taste cells in taste buds. To clarify the physiological roles of TAS2Rs expressed in the extraoral
tissues, it is first necessary to quantitatively characterize the tissue-specific expression of TAS2R isoforms. In this study, we developed
a discriminative realtime PCR method to determine the expression levels of each TAS2R mRNA. Materials and Methods: Human
enteroendocrine cell lines, HuTu 80 and NCI-H716, were obtained from the ATCC. The cells were cultured in DMEM or RPMI1640
medium, respectively, which were both supplemented with 10% FBS. Total RNA was extracted with the RNeasy Mini Kit (Qiagen).
Real-time PCR was conducted using ReverTra Ace qPCR RT Master Mix with gDNA Remover (Toyobo) and isoform-specific primer
pairs developed in this study. Calibration curves were generated using full-length, sequence-verified TAS2R cDNA clones in pENTR/
D-TOPO vectors. Results and Discussion: Isoform-specific primer pairs for 25 human TAS2Rs were designed, and the specificities
were verified using full-length cDNA clones. As a result, more than a 50-fold difference in PCR amplification efficiency was achieved
for the target and other TAS2Rs. To demonstrate the usefulness of the isoform-specific real-time PCR method, the method was applied
to quantitate the TAS2R mRNAs expressed in Hutu 80 and NCI-H716 cells. In both cell lines, TAS2R14 was the most abundant,
followed by TAS2R19,

fluorescence assay, the olfactory receptor-embedded nanodiscs showed binding affinity to target odors. Also, olfactory
receptorembedded nanodiscs immobilized on GFET showed dose-dependently signals for target odors which were at liquid phase and
gas phase. In further study, we would make patterns of the death-associated odors using nanodiscs and commercial ammonia and
hydrogen sulfide sensors for distinguishing the odors from non-target odors.
(Don Tucker Award Finalist) Diverse Dynamics Of Glutamatergic Sensory Input Drive Heterogeneous
Response Patterns Of Olfactory Bulb OutputsÂ In Vivo
Andrew K. Moran1,2, Thomas P. Eiting2, Matt Wachowiak1,2
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In the vertebrate olfactory bulb (OB), mitral/tufted (MT) cells display diverse temporal response patterns to odorant stimulation,
which have been thought to arise largely from processing by OB circuits. However, this diversity could also reflect differences in the
temporal dynamics of olfactory sensory neuron (OSN) inputs to MT cells. To test this possibility, we imaged odorant-evoked
glutamate transients onto MT cell dendrites in the OB of anesthetized and awake mice using genetically-encoded glutamate sensors.
We found a surprising amount of diversity in the temporal dynamics of glutamatergic inputs to MT cells, both within and across
successive odorant inhalations. We observed variable dynamics in the glutamate transients elicited by each inhalation; with latencies,
rise-times, durations, and response polarities varying across glomeruli and odorants. Simultaneous imaging of glutamate and calcium
signals from MT cells in the same glomerulus revealed highly correlated temporal patterns of pre- and postsynaptic signals. To
determine the contribution of disynaptic, feedforward excitation from external tufted (ET) cells to MT cell activity in vivo, we blocked
postsynaptic excitation via bath application of the ionotropic glutamate receptor antagonists, APV/NBQX, onto the OB. Surprisingly,
despite eliminating or sharply reducing sensory-evoked activation of postsynaptic neurons, APV/NBQX application did not lead to a
decrease in the amplitude of odor-evoked glutamate signaling onto MT cells. These results suggest that ET cell-mediated excitation is
not necessary to drive feedforward excitation onto MT glomerular tufts, and that diversity in the dynamics of sensory input alone
plays a large role in shaping the temporal patterning of MT cell activity that is thought to encode odor information.
Isoform-Specific Real-Time Pcr Method For The Determination Of Human Bitter Taste Receptor (Tas2R)
Transcripts
Yoko Mori1, Akira Aoki1, Yoshinori Okamoto1, Takashi Isobe2, Susumu Ohkawara2, Nobumitsu Hanioka2, Toshiko TanakaKagawa2, Hideto Jinno1
TAS2R20, and TAS2R31. As the most characteristic difference between the cell lines, TAS2R45 was expressed only in NCI-H716
cells.
Odorant-Induced Brain Activation As A Function Of Normal Aging And Alzheimer&Rsquo;S Disease
Jeffrey N. Motter1,2, Jason Steffener3,4, Matthias H. Tabert1,2, D.P. Devanand1,2
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Olfactory dysfunction consistently occurs in patients with Alzheimer’s disease (AD), beyond the mild and gradual decline in olfactory
ability found in normal aging. This dysfunction begins early in the disease course, typically before clinical diagnosis, and progresses
with disease severity. While odor identification and detection deficits clearly differentiate AD from controls, there remains uncertainty
as to whether these are determined by olfactory threshold. The primary purpose of the current fMRI study was to examine the neural
correlates of olfactory processing in healthy young and old adults and compare them with AD patients. We analyzed the interplay
between age and disease-related psychophysical olfactory declines and odorant-induced brain activation. AD patients had decreased
odor detection task-related signal in all regions of the primary olfactory cortex, with activity in the entorhinal cortex best
differentiating the groups. Within the secondary olfactory regions, AD patients showed decreased activity in orbitofrontal cortex
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Chemicals in the external environment are detected by the sensory cells such as olfactory sensory neurons, taste buds, as well as by
specialized receptor cells called solitary chemosensory cells (SCCs). The SCCs are epithelial secondary sensory cells that are
innervated by nerve fibers. In aquatic vertebrates, SCCs are located on the skin and play a potential role in searching for food and
predator avoidance. SCCs are located on the dermal papillae of the oral disc, nostril, gill pores and dorsal fins of the basal vertebrate,
the sea lamprey, however the function of these cells is unknown. The water collected from trout is a potent stimulus for neural
responses in the dermal papillae. It is not known which molecule or molecules within this trout water stimulate this chemosensory

compared to healthy age matched individuals. Moderated-mediation analyses on neuro-psychophysical relationships found that
increased brain activation in the entorhinal cortex moderated the negative effect of disease-related threshold decline on olfactory
detection. Even in the face of declining olfactory thresholds, older adults compensated for this effect with increased brain activation in
a primary olfactory brain region. fMRI activation induced by an olfactory identification task may eventually be useful in improving
early detection of AD and may, eventually, facilitate early treatment interventions in subjects at risk for AD.
Flavor Enhancement In Patients With Olfactory Dysfunction
Christian A. Mueller1, Verena Niebauer1, Martin Koenighofer1, David T. Liu1, Gerold Besser1, Bertold Renner2,3
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Background: Patients with smell loss frequently suffer from reduced flavor perception during eating and drinking. Use of flavor
enhancement (FE) in these patients is still not part of clinical routine. The aim of the study was to assess the potential benefit of FE in
patients with olfactory dysfunction. Material and Methods: Thirty patients (21f, 9m, mean/SD age 55/17a) with smell loss received in
a prospective, randomized, pseudoplacebo-controlled study in a cross-over design high and low concentrations of Tasty Drops for two
weeks each. Paper diaries were distributed to document patterns of FE use. During the first visit the following parameters were
recorded: orthonasal (Threshold, Discrimination, Identification-TDI) and retronasal (Candy Smell Test-CST) olfactory function, taste
function (Taste Strips-TS), Questionnaire of Olfactory Disorders (QOD) assessing olfactory related quality of life, Patient Health
Questionnaire (PHQ-2) screening depression. QOD and PHQ-2 were repeated at the end of the study. Finally, four questions had to be
answered on a Visual Analogue Scale (VAS, 1-no to 10-excellent) regarding improvement of flavor perception, benefit, intended use
and recommendation of FE. Results: Mean/SD test scores were 17/1.6 (TDI), 11/3.9 (CST), 10/3.2 (TS), with an equal distribution of
hyposmic and anosmic patients. QOD-complaint-scores yielded a non-significant drop from 38 to 32, PHQ-2 was in the normal range
without significant change. FE was used on 80% of all days. However, patients reported a sweet and artificial taste. The evaluation of
FE showed only slight benefit (VAS 2-3). Conclusion: Although the use of FE showed excellent compliance, further studies
optimizing FE use are warranted.
Chemosensory Neural Responses Of Sea Lamprey Dermal Papillae To Bile Acid Metabolites
Ahsan Muhammad1, Gianfranco Grande1, Zeenat Aurangzeb1, Gheylen Daghfous2,3, Ke Li4, Weiming Li4,
Réjean Dubuc2,3, Barbara Zielinski1,5
response. In this study the chemostimulatory metabolites within the trout water were identified through activityguided fractionation.
Mass spectrometry revealed a bile acid, taurocholic acid and one of the 498 g/mol bile acid derivatives (taurodeoxycholic acid,
taurohyodeoxycholic acid, taurochenodeoxycholic acid or tauroursodeoxycholic acid) in fractions prepared from this trout water.
Synthetic analogues of each bile acid elicited robust neural responses from the dermal papillae from all papillar regions of the sea
lamprey. Knowledge of specific trout metabolites that stimulate papillar nerve fibers in the sea lamprey will contribute to an
understanding of the functional role of the SCC system in vertebrates.
Detection Thresholds To Capsaicin And Genotyping Analysis Of Receptor Gene In Humans
Yoshihiro Murata1, Kiwamu Shibano1, Masahiro Yamaguchi1, Fumino Okutani2
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When spicy compounds in food, such as capsaicin, are received in the oral cavity, the information is conveyed through the trigeminal
nerve to the CNS for its perception. However, little is known about indivisual differences in our spicy sensitivities. In this study, we
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Genetic manipulation of protein levels is a promising approach to identify the function of a specific protein in living organisms.
Previous studies demonstrated that the auxin-inducible degron strategy provides rapid and reversible degradation of various proteins in
fungi and mammalian mitotic cells. In this study, we employed this technology to postmitotic neurons to address whether the auxininducible degron system could be applied to the nervous system. Using adeno-associated viruses, we simultaneously introduced
enhanced green fluorescent protein fused with an auxin-inducible degron tag (mAID-EGFP) and an F-box family protein, TIR1 from
Oryza sativa (OsTIR1), into hippocampal neurons from mice. In dissociated hippocampal neurons, mAID-EGFP fluorescence signals
rapidly decreased when adding a plant hormone, auxin. Furthermore, auxin-induced mAIDEGFP degradation was also observed in
vivo conditions. Taken together, these results open the door for neuroscientists to manipulate protein expression levels by the auxininducible degron system in a temporally controlled manner. We are now validating the efficacy of this system in a variety of cell types
including olfactory neurons.
Mucous Salivary Glands Associated With The Retromolar Taste Papillae.

examined oral capsaicin detection thresholds in our medical students. At the anterior part of the tongue, thresholds for capsaicin in
226 subjects with a median age of 21-year-old showed a bimodal distribution. To explore the mechanisms that underlie the individual
differences, we further examined the correlations of oral capsaicin thresholds with single nucleotide polymorphisms (SNPs) of
capsaicin receptor gene TRPV1. Oral capsaicin thresholds were measured by the filter-paper disc method. TRPV1 SNPs (rs222747,
rs224534, and rs8065080) were detected by TaqMan SNP Genotyping Assays using real-time PCR (StepOnePlus, Thermo Fisher
Scientific). Among the subject, we found a haplotype significant for those with the higher-threshold of oral capsaicin (haplotype
frequency, 0.029 for the “lower” group vs. 0.141 for the “higher” group; permutation test, P = 0.012; SNPAlyze, dynacom). Individual
differences in oral capsaicin thresholds could partly be caused by genetic factors. This study was approved by the Ethic Committee of
Kochi Medical School 23-102.
Smelling Sulfur In Wilson'S Disease: How Does Copper Metabolism Affect Olfaction?
Maira H Nagai1, Corinna Probst1, Claire de March1, Aashutosh Vihani1, Martina Ralle2, Dennis Thiele1, Hiroaki Matsunami1
1Duke
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Wilson's disease is a human genetic disorder caused by mutations in the copper transporter gene ATP7B, causing copper
maldistribution to progressively damage the liver and the nervous system. Curiously, there is anecdotal evidence that patients with
Wilson's disease have “selective smell”, making them indifferent to malodorous sulfur-containing odors such as skunk spray,
flatulence and the natural gas additive. Previous studies have identified several odorant receptors that respond to sulfur molecules only
when copper ions are present in the stimulation medium in vitro, supporting the hypothesis that the sense of smell is subject to the
copper effect. We found that Atp7B is specifically expressed in a subtype of olfactory microvillar cells, and Atp7B-/- mice have
reduced levels of copper in the olfactory epithelium. Using phospho-S6 IP/RNA-Seq method, we identified mouse odorant receptors
that respond to sulfur odorants in vivo and showed that their activation is abolished in Atp7B-/- mice. In vitro response of these
odorant receptors against the sulfur odorants requires copper. By site directed mutagenesis we identified two cysteins and one
methionine residues with the ability to coordinate with copper-sulfur odorant complex in their canonical binding pocket. Our results
suggest a novel mode for the modulation of odor detection, in which Atp7B-expressing microvillar cells participate in copper
distribution in the olfactory epithelium, that is essential for the robust activation of a particular group of odorant receptors. This study
also expands our knowledge about the biology of olfactory microvillar cells and may be useful to develop an innovative olfactorybased method to diagnose Wilson's disease.
Auxin-Mediated Rapid Degradation Of Targeted Proteins In Neurons
Riskao Nakano1, Naoki Ihara1, Shota Morikawa1, Ai Nakashima1, Masato Kanemaki2, Yuji Ikegaya1, Haruki Takeuchi1
Quan T. Nguyen1, Grace E. Beck-Coburn1,2, Bekir Karabucak2, Marco Tizzano1,2
1Monell Chemical Senses
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Taste bud (TB) papillae in association with minor salivary glands facilitate taste perceptions and maintain oral health. Salivary gland
secretions are necessary for lubricating food, begin digestion, buffering the mouth pH, and help prevent oral mucosa infections. The
oral cavity contains serous glands which secrete fluids, and mucous glands which secrete viscous saliva that contains glycoprotein
mucin. Recently, we reported a chemosensory structure in the retromolar region that consist of unorganized TBs surrounding the
orifice of ducts originating from a minor salivary gland at the rear of the mandible in mice. Here, we characterized histologically the
minor salivary glands associated with the retromolar taste papillae. Employing Hematoxylin & Eosin staining we observed that the
associated salivary glands are comprised of mucous acini that showed light cellular staining with nuclei positioned at the base of the
cell compared to the darker serous von Ebner gland. The retromolar gland acini are connected to intercalated ducts that empty into a
reservoir and orifice. We confirmed that the retromolar salivary glands are mucous type using Periodic Acid Schiff that stain
glycoproteins and in particular mucin. In addition, we observed TBs on the retromolar region of the maxilla associated with a ductal
orifice found posterolateral to the Geschmacksstreifen. Using transgenic mice expressing GFP under the promoters for TrpM5,
Gustducin, and T1R3, we observed on average ~20 retromolar TBs on each mandible and ~3 TBs on each retromolar maxillary
region. Further studies will determine: (1) the composition of the retromolar salivary gland secretion; (2) the triggering stimuli and
mechanisms involved in the saliva secretion; and (3) the role of retromolar TB/gland structures play in gustation and oral health.
Contribution Of Nasal Solitary Chemosensory Cells In Controlling Inflammation After Long Term Repeated Exposure To
Inhaled Denatonium.
Quan T. Nguyen, Sean P. McLaughlin, Marco Tizzano
Monell Chemical Senses Center, Philadelphia, PA, United States
A wave of recent research has revealed that nasal solitary chemosensory cells (SCCs) use taste receptors and the taste signaling
pathway to detect specific classes of chemicals. These cells serve as sentinels along the body's invasion routes, sensing pathogens that
may infiltrate the mucosae. Although not part of the immune or nervous systems, nasal SCCs interact with these systems to help
coordinate protective responses against the xenobiotic invasion. Interestingly, SCCs are also implicated in airway inflammatory
conditions such as asthma, chronic rhino-sinusitis, flu and allergies. Our data show that acute exposure to compounds activating SCCs
stimulate the immune system and pro-inflammatory responses, whereas repeated long-term activation of the SCC taste signaling

pathway triggers airway inflammation. By qPCR we found upregulation of genes produced by macrophages that are involved in
neutrophil attraction (CxCL1, CXCL2, IL-1ß) as well as TNF-α produced by activated macrophages involved in the systemic acute
phase of inflammation. Upregulation of CxCL1, CXCL2, and IL-1ß a few hours after exposure to denatonium (DEN) is dependent on
functional SCCs and is absent in TrpM5-KO mice. In contrast, repeated stimulation with DEN causes an early onset of the acute phase
of inflammation in TrpM5-KO mice (5-20 days) in contrast to the delayed TNF-α upregulation in wildtype mice (60 days). These data
support previous experiments that show inflammation and nasal epithelium damage after 20 days of exposure to DEN in TrpM5-KO
mice. In sum, SCCs contribute to delaying the onset of inflammation, shifting to an earlier time point in SCC-deficient mice. This
research could lead to novel diagnostic tools and new therapeutic agents for chronic airway inflammatory conditions.
All-Electrical Ca2+-Independent Signal Transduction Mediates Attractive Sodium Taste In Taste Buds
Kengo Nomura1, Akiyuki Taruno1,2
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Sodium taste, a distinct taste modality that is selectively induced by sodium ions (Na+), mediates behavioral attraction to sodium salts
and thereby regulates the amount of salt consumption. The amiloride-sensitive epithelial sodium channel (ENaC) is the Na+ sensor
located in the apical membranes of taste cells dedicated to sodium taste, which we can refer to as sodium cells. However, the identity
of sodium cells and their intracellular signaling cascade downstream of ENaC, including the involvement of action potentials and Ca2+
signals and neurotransmission mechanism remain long-standing enigmas. In this study, we show that a subset of taste cells with ENaC
activity fire action potentials in response to ENaC-mediated Na+ influx without changing the intracellular Ca2+ concentration, and
form an atypical chemical synapse with afferent neurons involving the voltage-gated ion channel CALHM1/3 as the conduit for
neurotransmitter release, which we have termed the “channel synapse”. Genetic elimination of ENaC in Calhm1-expressing cells
(ENaC cKO) as well as global Calhm3 knockout (KO) abolished the amiloride-sensitive component of the gustatory nerve responses
and attenuated behavioral attraction to NaCl. Together, cells expressing ENaC and CALHM1/3 constitute sodium cells, where the
entry of oral Na+ elicits suprathreshold depolarization for action potentials driving voltagedependent neurotransmission via the
channel synapse. Thus, from the sensor to neurotransmission process, sodium taste signaling bypasses Ca2+ signals by involving only
Ca2+-independent ion channels: ENaC, the Nav channel, and CALHM1/3 channel. Finally, the residual behavioral salt attraction in
ENaC cKO but not in Calhm3 KO mice revealed a novel salt attraction pathway that is ENaC-independent but CALHM1/3-dependent.
A Fast Fear Pathway From The Human Retina To Respiration
T Noto, G Zhou, G Lane, Q Yang, C Zelano
Northwestern University, Chicago, IL, United States
The olfactory bulb projects directly to the anterior and medial subdivisions of the human amygdala. Several recent studies in patients
with epilepsy have shown that electrical stimulation of these olfactory amygdala subregions disrupts regular nasal breathing.
Furthermore, oscillations in these amygdala subdivisions are entrained by nasal respiration. The amygdala has direct connections to
respiratory control centers in the brainstem. At the same time, a growing body of literature suggests that breathing and cognition are
intimately linked (see ISOT symposium on breathing and cognition). We hypothesize that the olfactory amygdala subregions may play
a role in mediating the link between cognition and breathing. Here, we recorded nasal breathing while 30 participants were shown
images of human faces and performed an emotion identification task. Importantly, presentations of face stimuli were triggered to
coincide with inhale and exhale onsets, using a realtime respiratory phase estimation procedure. We found that nasal inhalation is
reduced in response to fearful faces 177 ms after they were presented. This latency was significantly faster than reactions to neutral
faces. Moreover, we found quicker respiratory modulations when faces were encountered while participants were inhaling compared
to exhaling. Finally, we found that respiratory modulations correlated with participant’s reported trait anxiety level. Together, these
findings implicate a fast, fear-specific subcortical pathway linking the retina to the respiratory system. We hypothesize that the
amygdala is the crux of this circuit, as it receives direct input from the retina and projects to respiratory areas of the brainstem.
Changes In Human Female Axillary Odors During The Menstrual Cycle
Nozomi Ohgi, Kazushige Touhara, Mika Shirasu
Department of Applied Biological chemistry, Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, *,
Japan
Olfactory cues play key roles in mammalian reproduction. In numerous mammals, females advertise their fertile phase to attract
mating partners. Even in human, much research in recent years indicated that women's body odors during the high-fertility phase was
perceived as more attractive and pleasant than their odors during the low-fertility phase. Moreover, several studies reported that
axillary and vulvar odors around the ovulation phase increased the salivary testosterone level in men. However, it is still unclear what
volatile organic compounds composing axillary odors elicit emotional and physiological responses.
To investigate whether the chemical composition of axillary odors changes during the menstrual cycle, we analyzed female axillary
odors using both psychological and chemical analysis approaches. First, we performed sensory evaluation and confirmed that axillary
odor during the ovulation phase was rated less unpleasant than those of the menstrual phase. Next, we analyzed axillary odors by gas
chromatography-mass spectrometry and found that the axillary odor compositions change during the menstrual cycle. Specifically, we

found that the amounts of several compounds increased around the ovulation phase compared to those in the menstrual phase. These
findings support a hypothesis that these phase-related compounds contribute to pleasantness of axillary odors. Our findings shed light
on a chemical basis of menstrual cycle-specific axillary odors, which has implications for better understanding human olfactory
communication through axillary odors.
Characterizing Sodium Taste Cells
Makoto Ohmoto1,2, Masafumi Jyotaki1, Ichiro Matsumoto1
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Taste sensory cells are classified into five functionally distinct groups: sweet, umami, bitter, sour, and sodium taste cells. Sweet,
umami, and bitter taste cells have quite similar molecular features and share intracellular signal transduction pathway comprising
PLCβ2, IP3R3, TRPM5, and CALHM1/3. In contrast, little is known about sodium taste cells that are distinguished from sour and
Trpm5-expressing taste cells. Intriguingly, sodium taste cells require Calhm1 as well as sweet, umami, and bitter taste cells. We
wondered if there are any genes commonly expressed in sodium taste cells and sweet, umami, and bitter taste cells. Although we
didn’t detect any overlapped signals of Trpm5 with ENaCα, consistent with previous report, we observed partial coexpression of
Plcb2, IP3R3, Calhm3, and Skn-1a with ENaCα. Skn-1a deficiency extinguished amiloridesensitive chorda tympani nerve responses
to sodium chloride, and confined ENaCα expression to sour taste cells. Taste buds of Skn-1a-deficient mice are predominantly
composed of Pkd2l1-expressing sour taste cells and Entpd2-expressing putatively non-sensory cells in fungiform papillae. Sodium
taste cells exhibit molecular feature similar to sweet, umami, and bitter taste cells and require Skn-1a for the generation as well as
sweet, umami, and bitter taste cells.
Individuals With Autism Spectrum Disorder Show Altered Event-Related Potentials In The Late Stages Of Olfactory
Processing.
Toshiki Okumura1, Hirokazu Kumazaki2, Archana K. Singh1, Kazushige Touhara1, Masako Okamoto1 1The University of
Tokyo, Tokyo, *, Japan, 2Kanazawa University, Ishikawa, *, Japan
Atypical sensory reactivities are pervasive among people with autism spectrum disorder (ASD). With respect to olfaction, most
previous studies have used psychophysical or questionnaire-based methodologies, and the neural basis of olfactory processing in ASD
remains unclear. Here, we aimed to determine the stages of olfactory processing that are altered in ASD. To compare olfactory
processing in ASD with that in typically developing (TD) controls, we measured olfactory event-related potentials (OERPs) for 14
young adults with highfunctioning ASD (mean age: 21 years; 3 females) and 19 age-matched TD controls (mean age: 21 years; 4
females). We used 2-phenylethyl alcohol as an odor, because it is known to have little influence on the trigeminal nervous system.
Bootstrap t-test revealed significant group differences in OERPs in three time-windows 542 ms after the stimulus onset. The cortical
source activities in these time-windows, estimated by standardized lowresolution brain electromagnetic tomography, were
significantly higher in ASD than in TD around the posterior cingulate cortex, which is known to play a crucial role in modalitygeneral cognitive processing. In order to quantify the evidence levels for both the null (ASD and TD do not differ) and alternative
(ASD and TD differ) hypothesis, we also calculated Bayes Factors (BF), which are the ratios of evidence levels between the null and
alternative hypothesis. Substantial evidence (BF > 3) for the group difference was found in the later stages of olfactory processing, but
not in the earlier stages (BF <3). These results suggest that olfactory processing in ASD is altered at the later, modality-general
processing stage, while whether those in the earlier stage altered or not is inconclusive and requires further investigation.
Changes In Gaseous Concentration Of Alkylpyrazine Analogues Affect Mouse Avoidance Behavior
Kazumi Osada1, Sadaharu Miyazono2, Tomohiro Noguchi2, Makoto Kashiwayanagi2
1Nihon

University, Fujisawa, *, Japan, 2Asahikawa Medical University, Asahikawa, *, Japan

The Y-maze is a behavioral apparatus used to study olfactory behavior in mice. The concentrations of gaseous odorants in various
locations in the Y-maze, and how they change over time, was previously unknown. We developed a rapid and accurate method for
quantifying gaseous phase odorants using headspace solid-phase microextraction (HS-SPME) in conjunction with GC-MS, and used
our system to quantify alkylpyrazine analogs in the Y-maze. Rapid extraction of volatile compounds in the vapor phase achieved quick
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Hormonal communication between the gastrointestinal (GI) tract and oral taste buds is well established; however, the effects of gut
inflammation on this axis are poorly understood. Lipopolysaccharide (LPS), a bacterial product and normal GI component, is elevated
in conditions such as obesity and GI infection and inflammation. We previously reported that chorda tympani nerve (CT) responses to
sucrose are acutely decreased in mice that ingest LPS. Here we test the effects of enterally-delivered LPS on neural and behavioral
taste responses. We recorded decreased CT responses to the sweet tastants sucrose, glucose, acesulfame K, and saccharin, and to the
salt stimulus, 0.25M NaCl, in groups receiving acute LPS compared to sterile water. Acute enteral LPS also reduced licking responses
to sucrose and saccharin in brief-access tests, and microstructural analysis of licking to sweet stimuli in 23-hr tests showing increases
in variables associated with post-ingestive effects from the gut and decreases in variables associated with taste-mediated behaviors
indicating lower

and accurate quantitative analysis of gaseous alkylpyrazine analogs at several locations in the Y-maze. We also used a series of three
SPME apparatuses to quantify changes in the concentration over time. We conducted a behavioral test of mice in response to these
alkylpyrazines and identified a positive relationship between the rate of increase in gaseous concentration and the avoidance rate
induced. Our results demonstrate that the Y-maze is an ideal apparatus for behavioral studies of olfaction. The HS-SPME fast
extraction method can quantify how gaseous concentrations of alkylpyrazines change over time, and the time-dependent increase of
alkylpyrazine concentration is correlated with induction of aversive behavior in mice.
Neural Correlates Of Trajectory Encoding In Olfactory Perceptual Space
Ofer Perl1,4, Matthew Schafer4, Tali Weiss2,3, Aharon Ravia2,3, Timna Soroka2,3, Lior Gorodisky2,3, Ethan
Livne2,3, Edna Furman-Haran2, Noam Sobel2,3, Daniela Schiller1,4
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During spatial navigation, neural activity in the hippocampus and entorhinal cortex is correlated to navigational variables like location,
speed, and boundaries, providing a map-like representation of physical space. This observation, however, goes beyond spatial
navigation. Mounting evidence support roles for the same substrates in encoding and representation of multiple cognitive maps,
ranging from abstract knowledge to social status. Notably, the same mechanisms were shown to map sensory input such as visual
fields or acoustic spaces. In human olfaction, grid-like representations were reported in a mental navigation task within an olfactory
landscape. These signals were observed following intensive training in discrimination between binary mixtures of two constituents.
Given the innate and hardwired nature of the axes guiding olfactory perception we hypothesized the same circuitry will represent
trajectories traversed in a task-free subset of odors embedded in a larger, innate and naturally-derived olfactory perceptual space. We
further posited this will occur in the absence of training or navigation-related instruction. Two participants underwent multiple fMRI
scans while rating 4 odors (3s on, 26-30s ISI) amassing to 200 trials.We determined each odor’s location along the 2 main axes of a
computationally derived perceptual space and modelled trajectories between them according to their sequence of presentation in scan.
Rated pleasantness served as a regressor to dampen pleasantness-driven signal. A model accounting for inter-odor Euclidean distance
and angle change revealed that odor-induced activity in left HC tracked passive trajectories traversed in perceptual space, (x=−32; y =
−25; z =−15 SVCFWE P<0.02) providing initial evidence for hippocampal mapping of olfactory space.
Enteral Lipopolysaccharide Alters Neurophysiological And Behavioral Taste Responses In Mice
David W Pittman1, Alexandra M Brantly1, Tyler S Nelson1, Guangkuo Dong2, Lianying He3, Schuyler Kogan2, Julia Powell2,
Lynnette P McCluskey2
palatability. Chronic enteral LPS treatment at 7-day intervals for 5 weeks had no effect on body weight or food intake, though the
number of neutrophils in the small intestine and colon was elevated. CT responses to sweet and both concentrations of salty stimuli
were reduced by this treatment. Decreased taste responsivity to sweet stimuli in LPS-treated mice may contribute to protective
anorexia in response to bacterial infection.
Characterizing The Role Of Outcome Valence In Olfactory Conditioning And Generalization
Daria B Porter1, Lisa P Qu1, Thorsten Kahnt1, Jay A Gottfried2, 1
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The ability to learn associations between sensory stimuli and outcomes, and to generalize these associations to novel stimuli, is a
fundamental feature of adaptive behavior. Stimulus generalization holds unique relevance for the olfactory system, given the extensive
range of perceptually similar odors that may predict different outcomes.
Here we tested how outcome valence affects olfactory associative learning and generalization in humans. Subjects completed olfactory
conditioning where one odor mixture was paired with either an aversive
(footshock) or a neutral (air puff) outcome, while a closely related mixture was not paired with an outcome. Following conditioning,
15 subjects from the aversive and neutral outcome groups were matched for learning accuracy. The next day, during the generalization
test phase, subjects were exposed to a range of novel odor mixtures, in the absence of aversive and neutral outcomes. Results show
that outcome valence significantly impacts both olfactory learning and generalization. First, we found better olfactory learning for
aversive compared to neutral outcomes. Next, relative to neutral outcomes, aversive outcomes resulted in a narrower generalization
gradient, indicating more discriminatory responses. These results demonstrate that olfactory learning and generalization are strongly
affected by value-based properties of outcome. Our study indicates that outcome valence impacts olfactory generalization and supports
the idea that generalization is an active process that underlies adaptive behavior.
Olfactory Dysfunction From Acute Upper Respiratory Infections: Relationship To Season Of Onset
Mark R. Potter, Jonathan H. Chen, Nina-Simone Lobban, Richard R. Doty
University of Pennsylvania Smell and Taste Center, Philadelphia, PA, United States

Acute viral upper respiratory tract infections are the most common cause of chronic olfactory dysfunction. In light of seasonality of
numerous viruses, the question arises as to whether the frequency and magnitude of postviral olfactory disorders (PVODs) are
similarly seasonal. We determined whether olfactory deficits due to influenza and non-influenza-related viruses (I-PVODs & NIPVODs) vary in frequency or magnitude across seasons in a North American population and whether they are more prevalent or
produce more severe olfactory dysfunction during colder months when host susceptibility may be increased. A retrospective study of
587 patients presenting to an academic smell and taste center with either I-PVOD- or NI-PVOD-related olfactory deficits. Chi square
and analysis of covariance (age = covariate) compared dysfunction prevalence frequencies and scores on the University of
Pennsylvania Smell Identification Test (UPSIT) across calendar months and between months with the coldest and warmest air
temperatures. For I-PVOD-related cases, both the prevalence and magnitude of smell dysfunction were highest in the colder months.
However, for NI-PVOD cases, prevalence was higher in warmer months but, paradoxically, the magnitude of dysfunction was higher
in colder months. This study demonstrates that seasonal variations occur in both the prevalence and magnitude of PVODrelated
olfactory deficits in a North American population, and that such variations differ between NI- and IPVOD cases. The findings suggest
multiple viruses are involved in producing PVOD-related olfactory deficits.

Cephalic Phase Insulin Release After Gustatory Stimulation: Exploration Of Factors Involved Alexa J. Pullicin1, Juyun
Lim1, Daniel Wils2
1Oregon State University, Corvallis, OR, United States, 2Nutrition and Health Department, Roquette Freres,
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Cephalic phase insulin release (CPIR) is a brief pulse of insulin that occurs within minutes of oral sensory stimulation. While the
response is thought to facilitate normal postprandial glucose tolerance, its mechanism is not fully understood. Interestingly, studies in
humans have noted that some individuals do not produce a measurable CPIR to oral stimulation. As a first step towards understanding
the oral mechanisms that mediate CPIR, this work examined factors that may contribute to CPIR and that may differentiate individuals
who do and do not exhibit the response. We measured insulin release over 10 minutes to a 15cc gelatin-based sucrose stimulus
following a modified sham-feeding protocol in 29 healthy young adults fasted for over 8 hours. In a separate session, taste sensitivity
to glucose and a glucose oligomer preparation, salivary flow rate and α-amylase activity, and height, weight, and waist and hip
circumference were also measured. Responders were classified as those exhibiting an increase in serum insulin over baseline of at
least 5 pmol/L at 2 minutes post-stimulus presentation. Taste sensitivity to glucose and glucose oligomers was not significantly
different between individuals that showed or lacked a measurable CPIR. Surprisingly, lower salivary α-amylase activity was found to
be a significant indicator of the response (p <0.05). However, when this factor was analyzed as units of αamylase activity per minute,
it was not significant. Individuals classified as possessing a CPIR response were found to have a significantly greater height (p <0.05),
waist circumference (p <0.05), and waist-to-hip ratio (p <0.05) over those that did not show the response. Notably, responder status
was not related to sex.
(Achems Undergrad Award Finalist Investigating The Estrous Cycle€™S Role On Taste Reactivity And
Palatability
Oran M. Rahamim, Bradly T. Stone, Jian-You Lin, Donald B. Katz
Brandeis University, Waltham, MA, United States
Estradiol plays a role in female sex-specific behaviors. The normal estrous cycle provides a natural withinsubject experiment with
which to test this role: estradiol fluctuations across the estrous cycle impacts many behaviors, including consumption. While it is
anecdotally thought that this latter effect reflects an impact of estrous cycle phase on the palatability of tastes, this interpretation has
never been directly tested. Here, we do so, using a behavioral assay known as the Brief Access Task (BAT) which enables the almost
real-time quantification of preferences for large batteries of tastes ranging in palatability. Female rats were exposed to water, sucrose,
saccharine, sodium chloride, citric acid, and quinine multiple times across the ~5 days of their estrous cycles, while we simultaneously
tracked their cycle phases through vaginal smears and cytology. Overall consumption proved stable across the estrous cycle [F(1,4) =
1.54, p=0.08], but both consumption and bout size (a reliable measure of palatability) analysis revealed fluctuations in palatability:
specifically, we observed an increase in preferences for palatable and a decrease in preferences for aversive tastants during Metestrus
[F(1,4) = 3.73, p=0.005]—the phase of the estrous cycle during which estradiol levels are consistently higher than those of other
relevant hormones. This suggests that hormonal fluctuations across the estrous cycle impact palatability of tastes in female rats.
Assessing The Relationship Between Ambient Air Pollution And Olfactory Function: Revisiting The 1986 National Geographic
Smell Survey
Vicente Ramirez1, Joel D. Mainland2, Pamela Dalton2, Danielle R. Reed2
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Conditioned taste aversion (CTA) is a form of associative learning that resembles classical conditioning. It has long been known that
during the formation of a CTA the aversion transitions from a more general aversive

PA, United States
Olfactory function, which is of interest to health science researchers, is an important sensory mechanism used to help understand our
environment. Previous literature shows that exposure to airborne chemicals, such as those found in air pollution, has been associated
with decrements in olfactory function. However, the effect of pollutants in the ambient environment on olfactory sensitivity has
seldom been explored, and there is little known about the types of air pollutants that affect our ability to smell. Further, many of these
studies have focused on comparing high and low exposure groups, and thus do not address important aspects of this relationship. To
address these gaps, we examined the relationship between chronic exposure to ambient air pollution and olfactory function. We
merged the 1986 National Geographic Smell Survey with historic air quality data from the USA EPA data repository. Our findings
reveal small, but statistically significant, association between average air pollutant concentration and the perceived intensity of our
panel of odorant cues across multiple air pollutants, including NOx, lead, and suspended particulate matter. Further, exposure to air
pollution was associated with the correct classification of odors. Particularly, a standard deviation increase in NOx was associated with
increased odds of incorrectly identifying amyl acetate (OR=1.11, 95%CI=1.06-1.17) and eugenol (OR 1.14, 95%CI=1.06-1.22). These
findings are consistent with previous epidemiological evidence that exposure to air pollution is associated with impact on
chemosensory function. This analysis, which uses historic data, suggests that modern large-scale studies assessing individual pollutant
exposures and response to different odorants may help to understand the complex nature of these phenomenon.
Nasal Solitary Chemosensory Cell Response To House Dust Mite
Laylaa Ramos-Arriaza1,2,3, Catherine B Anderson2,3, Eric D Larson2,3, Vijay R Ramakrishnan2,3
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The immunological effects of solitary chemosensory cells (SCCs) in the nasal airway remain elusive. Using the taste signaling
pathway, broadly tuned bitter taste receptors (TAS2Rs) found on solitary chemosensory cells (SCCs) may detect classic allergens to
activate inflammation. TRPM5-KO and WT mice were stimulated intranasally for ten consecutive days with saline, denatonium
(DEN), or house dust mite (HDM). Nasal respiratory epithelium was collected 24 hours after the final intranasal exposure for RNA
extraction and immunofluorescent staining. The epithelial response was measured by qPCR for proinflammatory cytokines while SCC
proliferation was measured by qPCR and immunofluorescent labeling. SCC activation by HDM was evaluated by ex vivo fluorescent
intracellular calcium assay. WT mice treated with HDM or DEN had increased taste signaling and cytokine transcripts compared to
saline control. In TRPM5-KO mice these responses were abrogated or abolished. When comparing TRPM5-KO vs WT mice treated
with HDM or DEN, there was increased alpha-gustducin expression in WT mice for both treatments, corroborated by immunostaining.
Ex vivo calcium imaging of SCCs demonstrated a response to HDM. Together, these findings suggest a key role for SCCs to
contribute to the immune response to inhaled allergens using the taste transduction pathway. Further study of the role of SCCs in the
allergic immune response using an in vivo model can provide an opportunity to understand irritant-induced airway inflammation in
diseases such as allergic or nonallergic rhinitis, chronic rhinosinusitis, and asthma.
The Specificity Of Cta Memory Is Established By The Homeostatic Regulation Of Synaptic Strengths Raul A. Ramos-Garcia1,
Chi-Hong Wu1, Don B. Katz2, Gina G. Turrigiano1
response to one that is specific to the conditioned stimulus. The synaptic mechanisms that govern this transition remain unknown.
Previous studies have demonstrated that Hebbian forms of synaptic plasticity (LTP) initiate the acquisition of CTA. However, because
of the its positive feedback nature, LTP could give way to “unconstrained” changes in synaptic strengths and aberrant memory
formation. Thus, we hypothesized that synaptic scaling (SS), a form of homeostatic plasticity, could modulate synaptic strengths to
constrain LTP and support the transition from generality to specificity. To this end, we characterized the time course of a CTA induced
generalized aversion (GA). We defined a GA as occurring when an animal exhibits an aversive response to a stimulus that is like, but
distinct from, the original conditioned stimulus. Our behavioral results confirm that this GA is learning dependent and expressed
transiently during CTA learning. Additionally, we discovered that the persistence of the GA is correlated with strength of
conditioning. At the cellular level, we observed that neurons in GC demonstrate an upregulation of surface GluA2 levels as well as
increased synaptic strengths at time points during which the GA is expressed. Notably, these synaptic alterations disappear with the
onset of CTA specificity. Blocking SS using virus-mediated delivery of the GluA2-Ctail peptide into GC enhances the persistence of
the GA and results in a persistent increase in synaptic strength. Together, our work demonstrates that SS participates in sculpting the
specificity of CTA memory.
A Measure Of Smell Enables Creation Of Olfactory Metamers
Aharon Ravia1,2,3, Kobi Snitz1,2, Danielle Honigstein1,2, Maya Finkel1,2, Rotem Zirler1,2, Ofer Perl1,2, Lavi
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The significance of our sense of taste is typically underestimated until it is altered or even lost. Hypogeusia, a diminished capacity to
taste, has an influence on a patient’s life. Considering interactions between the oral senses loss of taste may also affect the
mechanosensitivity of the tongue. In order to study the tactile sense of the
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Over 100 years ago, none other than Alexander Graham Bell challenged: "we have very many different kinds of smells, all the way
from the odor of violets and roses up to asafoetida. But until you can measure their likenesses and differences you can have no science
of odor”. Such a measure of smell, as called for by Bell, can exist within a model of olfactory perceptual quality space, and several
such models have recently been put forth. These models typically rely on finding mathematical rules that link odorant structure to
aspects of odor perception within a predictive framework. Here we collected 49,788 perceptual odor estimates from 202 participants,
and building on one such model, finalize a physicochemical measure of smell. The measure, expressed in radians, precisely predicts
real-world odorant perceptual similarity from odorant structure alone. Using this measure, we met Bell's challenge by accurately
predicting the perceptual similarity of rose, violet and asafoetida, from their physicochemical structure. Next, based on thousands of
comparisons, we identified a cutoff in this measure, at 0.05 radians and less, where discrimination between mixtures becomes highly
challenging. Using this cutoff, we were able to generate three olfactory metamers, namely non-overlapping molecular compositions
that generated common odor percepts. Finally, we chose one pair of metamers and found that not one of 24 participants could
significantly discriminate between them. Characterizing the link between physical measures and ensuing perception in vision and
audition was important towards understanding their underlying brain mechanisms, and towards their ultimate digitization. We suggest
that the olfactory measure may similarly aid these goals in olfaction.
The Chemistry Of Social Chemistry
Inbal Ravreby, Noam Sobel
Weizmann Institute of Science, Rehovot, *, Israel
There is higher genetic similarity between friends than expected by chance (Christakisa & Fowler, 2014). The cues friends use in
order to identify genetically similar individuals remain unknown. Since human body odor is linked to genetic makeup (Jacob et al.,
2002), we hypothesized that people tend to befriend others who smell similar to them. To test this, we identified 20 dyads who
reported
“clicking” when they first met, and collected their body odor. In Experiment 1 we examined whether pairs of body odors collected
from such click dyads smelled more similar than those of random dyads, using an electronic nose (eNose) – an analytical device made
of sensors providing a representation of odor. We found that click dyads indeed have a more similar smell. In Experiment 2 to test
whether humans could do what the eNose did, 25 participants rated the odor similarity of dyads using visual-analogue scales. Click
dyads were rated as significantly more similar than random dyads. These results indicate that "click friends" may smell like each other,
but could similar body odor serve as a predictor for a future friendship? To address this question, in Experiment 3 we collected body
odor from 17 strangers and using the eNose we measured the body odor similarity between each possible within-sex dyad. Next, 66
dyads comprised of the 17 strangers played the “Mirror Game”, in which they had to move their hands in sync, when standing next to
each other to ensure smelling of their partner’s body odor, and later indicate their feelings towards the other participant. We found that
body odor similarity predicted positive social interaction and clicking. These converging results shed light on subliminal mechanisms
underlying friendship formation, a critical aspect of human social interaction.
Taste Loss Affects Lingual Mechanosensitivity
Jule/A Reinhard1, Antje Haehner1, Chris/T Simons2, Thomas Hummel1
tongue of patients with hypogeusia (n=37, 17 men, 22 women, mean age 59 years) and people with normogeusia (n=46, 21 men, 26
women, mean age 52 years), we used two tests. The first test as based on 3D-printed letters, from 2 mm to 8 mm. Participants had to
indicate which letter was presented. The second task included four metal bars differing in surface roughness. Here participants had to
decide which one was sanded rougher. Regarding the letters, there was a difference (p=0.005) between the control group and the
patients. In contrast, the roughness task did not reveal such differences. In conclusion, loss of gustatory function seems to negatively
affect the tactile sense of the tongue.
Assessment Of Qualitative Olfactory Dysfunction: The Sniffin` Sticks Parosmia Test (Sspt
Bertold Renner1,2, David T. Liu3, Sebastian Zapf1, Gerold Besser3, Antje Welge-Lüssen4, Christian A. Mueller3
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The apolipoprotein E-4 allele (APOE-4) is a well-established genetic risk factor for the sporadic and late-onset Alzheimer’s disease
(AD), the most common neurodegenerative disorder with olfactory dysfunction (OD) as a prodromal and early clinical biomarker. The
high OD prevalence in APOE-4 carrying populations supports a tight association between APOE-4 genotype and OD. However,
behavioral evidence supporting this association in animal models is fragmental. Furthermore, the functional mechanisms underlying
APOE-4 effects on olfactory processing are largely unknown. To bridge these gaps, we conducted a series of behavioral experiments
to probe for potential AD-associated cognitive and olfactory deficits in transgenic mice carrying the humanized APOE-4 followed by
functional analysis. Our preliminary results showed that APOE4 mice exhibited trending deficits in long-term olfactory memory,
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Parosmia is a common and underdiagnosed symptom that can have a profound effect on quality of life of affected individuals. In most
cases the hedonic value of the distorted perception is shifted to unpleasantness. It is most commonly associated with reduced olfactory
function and might serve as a positive predictive value regarding recovering after olfactory loss. While tests for quantitative
assessment of olfactory function have been studied extensively, there is still no reliable psychophysical measure of qualitative smell
disorders available. We have developed a new method which measures distorted odor perception based on the Sniffin` Sticks Parosmia
Test (SSPT). The newly developed method uses intensity and hedonic estimates of pleasant and unpleasant odors to assess hedonic
ranges of olfactory perception (VAS intensity 0 to 10; hedonic estimates -4 to +4). This multicenter study enrolled a total of 179
subjects in three consecutive experiments. Hierarchical cluster analysis was used to group odors into clusters with distinct hedonic
properties. Reproducibility of hedonic estimates was evaluated based on test-retest reliability and agreement between two visits.
Twenty-four additional odors were evaluated to expand commonly used Sniffin` Sticks items. Hedonic estimates of forty different
odors could be grouped into hedonic pleasant, indifferent, and unpleasant by selecting the clustering approach. Eleven pairs of
hedonically opposing odors were found to be suitable for estimation of hedonic ranges. Subsequent analysis of reproducibility
revealed high test-retest reliability and agreement. Based on this new test method, we predict that SSPT might emerge as a valuable
tool to assess qualitative olfactory dysfunction and recovery over time.
Perception Of Orthonasal And Retronasal Aromas Evoked By Single Compounds And Complex Flavor
Mixtures
Laura E. Riley, Christopher T. Simons
The Ohio State University, Columbus, OH, United States
The Duality of Smell posits aroma perception depends on odorant delivery route: orthonasal (via the nose) or retronasal (via the oral
cavity). A factor possibly contributing to perceptual differences is the microbiome that differentially occupies the nasal or oral
cavities. Compounds exposed to the oral cavity may degrade such that constellation of odorant molecules reaching the olfactory
epithelium differs from the original mixture. This study aimed to determine if perception of single odorant stimuli is affected by
delivery route. Participants matched 4 aromatic compounds (benzaldehyde, ethyl-butyrate, phenethyl-alcohol, benzyl-isobutyrate)
when delivered in 2 congruent (orthonasal-orthonasal, retronasal-retronasal) and 2 incongruent (orthonasal-retronasal,
retronasalorthonasal) conditions. To examine effects of intensity, panelists rated aroma intensity on a gLMS. To determine if the single
compound odors as a group were more different from each other than a family of fruit flavors (yuzu, papaya, longan), panelists
completed a degree of difference task with 3 of the single odorants. Panelists’ ability to match aromas of single compounds did not
significantly differ between the 4 conditions. Phenethyl-alcohol was significantly lower in intensity in both routes of perception
compared to other single compound aromas (p<0.01). Moreover, single odorants elicited sensations rated significantly more different
from each other than sensations evoked by the fruit flavors (p<0.05). These results are consistent with the hypothesis that single
odorants are less susceptible to degradation in the oral cavity making matching in incongruent conditions easier than when complex
odor mixtures are used. Moreover, results suggest differences in stimulus intensity and quality may aid panelists in the matching task.
Behavioral And Physiological Measurements Of Olfactory Vulnerability To Apolipoprotein E Genotypes
Natalie Rivera1, Corinne Perloski2, Eric Starr2, Dylan Gilhooly2, Shaolin Liu2
extracellular, single-unit recording approach revealed that neurons in the olfactory bulb and lateral entorhinal cortex of APOE4
mice exhibited elevated excitability at both the single cell and population levels compared to age-matched wild-type and APOE-3
mice. Ongoing studies will expand our preliminary work and focus on the functional correlates underlying these behavioral and
physiological deficits at the cellular and circuit levels in the olfactory system. Taken together, our findings will potentially provide
insights into the mechanistic underpinnings of olfactory dysfunction in AD at the cellular, circuit, and behavioral levels.
Evaluation Of The Physiological Effects Of Odors In A Visual Search Task
Kiyomi Sakakibara1,2,3, Koichiro Iwai2, Kazumi Hayakawa2, Katsuhiko Nakajima1, Kazuhiro Kato1, Keisuke Suzuki3

innate avoidance responses to aversive stimulus and social recognition but had no difficulty in detecting and discriminating between
odors. Interestingly, in vivo neurophysiological studies with the
1 Wake Forest University, Department of Biology, Winston-Salem, NC, United States, 2South Stokes High School, Walnut Cove, NC,
United States
Earthworms must overcome a unique collection of osmotic challenges as they are periodically inundated with rainwater, and there are
few apparent sources of salts in their ecological niche. A few studies on ion transport in earthworm epithelium have implicated
amiloride-sensitive ion channels in that process. Our de novo assembly of the European Nightcrawler (Eisenia hortensis) transcriptome
predicted many Na channels with amiloridesensitive domains. Amiloride sensitive epithelial Na Channels (ENaC) are implicated in
salt perception in most animals; we hypothesized that these channels were likely involved in the detection of salts by earthworms. To
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Olfaction is said to be directly related to emotions, and some kinds of fragrances have been shown to have physiological effects such
as increasing alertness or reducing the stress response. The physiological effects of odors were examined in a visual search task.
Twenty healthy adults were recruited, and 10 odor conditions (including an odorless condition) were tested. In addition to the task
performance and subjective report, the heart rate variability (HRV) was analyzed while performing the task. The study protocol was
approved by the local ethics committee. Under the odorless condition, the activation index and the motivation index in subjective
report deteriorated, which was assumed to be the result of fatigue caused by the task. The change in the motivation index under the
1,8-Cineol condition was improved compared to the Camphor condition, in which motivation deteriorated. Under four of the nine odor
conditions, Bornyl acetate, α-Pinene, Limonene, and 1,8Cineol, significant correlations were observed between changes in the search
failure rate (ΔFailure) and changes in the centroid frequency of the high-frequency component of HRV (ΔHFcentF). Under these four
conditions, no significant correlation was observed between ΔFailure and ΔlnHF, which was observed under the odorless condition.
These results indicate that under these four conditions, performance improved in conjunction with an increase in the breathing rate and
a maintenance of the parasympathetic activity levels. These findings imply that the mental strain induced by the task was attenuated by
the effect of odors on the modulation of the autonomic nervous system. It was also presumed that the changes in breathing patterns
caused by the odor supply could have prompted this effect.
Acute Nicotine Exposure Causes Polarized Palatability Effect
Alden J Sanford, Bradly Stone, Jian-You Lin, Donald Katz
Brandeis University, Waltham, MA, United States
Nicotine is commonly thought to be an appetite suppressant, but mechanisms that might potentially underlie this anecdotal effect have
received little study. It is possible that nicotine might simply reduce thirst, which would thereby alter consumption behavior.
Alternatively, nicotine might directly alter taste perception, causing a change in food-directed decision making. We decided to test
these hypotheses in rodents by looking at changes in consumption and lick microstructure in a brief-access task (BAT), offering
tastants varying in quality and hedonics to rats recently given single acute doses of nicotine or saline via subcutaneous injection. In a
pilot study, results suggested that a nicotinic state impacts appetitive behaviors through a selective reduction in thirst for palatable
tastes (water, NaCl, and sucrose). The interpretability of this effect was limited, however, by a floor effect in the consumption of
aversive tastants (citric acid and quinine HCl). We therefore ran a second squad of rats using milder (lower) concentrations of the
aversive stimuli, revealing a global reduction in consumption caused by acute nicotine injection. Further analysis suggested, however,
that this global reduction in thirst was layered on top of a polarizing effect of nicotine on taste perception—while nicotine injection
reduced consumption of all fluids, it also altered the pattern of consumption, such that a larger percentage of total intake was devoted
to consumption of tastes more palatable than water. This work suggests multiple mechanisms for the appetite-suppressing nature of
nicotine.
Amiloride Sensitive Sodium Channels Are Likely Involved In The Earthworm&Rsquo;S (Eisenia Hortensis) Detection Of
Sodium Salts.
Cecil J Saunders1, Mariel O O’Connor1, Elizabeth D Woollen1, Emma C Koeleveld1, Ione C Johnson2, Sarah J Lipson1, Wayne L
Silver1, Erik C Johnson1
and treatment with amiloride had no significant effect (10.00%). However, significantly more worms burrowed in 0.25 M Na Nitrate
with amiloride treatment (75.00%), than without (36.67%, p<0.001 Fisher Test). Taken together, these data implicate amiloridesensitive Na channels in the ability of E. hortensis to detect Na and suggest the presence of a second mechanism for detecting high
osmolality.
(Don Tucker Award Finalist) State-Dependent Olfactory Information Processing
Mary Schreck1, Liujing Zhuang1, Andrew H. Moberly1, Kate A. White2, Daniel W. Wesson2, Minghong Ma1
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In many animals, external stimuli typically lead to sensory perception during wakefulness, but not during sleep. Such state-dependent
gating of information flow likely involves the thalamus for most sensory modalities; however, olfactory information can reach the
olfactory cortices such as the piriform cortex (PC) and subsequently the orbitofrontal cortex (OFC) without the relay of the thalamus.
Previous studies suggest that olfactory gating occurs in the piriform cortex as odor-evoked responses are reduced during the
anesthesiainduced slow-wave state or natural sleep, but interpretation of these studies may be confounded by either the use of

test if earthworms could detect NaCl, we utilized a burrowing assay where worms were placed on soil containing the chemical of
interest (200 mL solution mixed in 800 mL of dried soil); after 10 min worms were scored as burrowed if their head was under the soil
(n=60). As NaCl concentration increased (0 to 1 M), significantly fewer earthworms burrowed (binomial regression p<0.001). At 0.25
M NaCl, 56.71% of the earthworms burrowed, and after treatment with 1 mM amiloride, 91.67% of the earthworms burrowed (Fisher
Test p<0.001). To determine if this effect was specific to NaCl, we tested KCl and found that significantly more worms burrowed in
0.5 M KCl (95.83%) than 0.5 M NaCl (17.50%, p<0.001 Fisher Test). Only 11.67% of the worms burrowed in 0.75 M KCl,

anesthesia or different odor stimulations due to state-dependent changes in breathing patterns. To ensure consistent peripheral inputs
under different brain states, we used an optogenetic approach by expressing channelrhodopsin-2 (ChR2) in all mature mouse OSNs
(OMP-ChR2). We optically stimulated these neurons while recording local field potentials (LFPs) and single-unit activities from
olfactory areas in freely behaving mice that naturally switch between brain states. In contrast to previous studies, we surprisingly
found larger stimulation-evoked responses during the slow-wave NREM sleep state in the olfactory bulb (OB), PC, and OFC (n=15)
as well as in the mediodorsal thalamus (n=6), which connects the PC to OFC. Similar to NREM sleep, REM sleep also showed larger
evoked LFP response amplitudes than wake in all regions (n=10). We are testing the hypothesis that the larger LFP responses during
sleep may be due to state-dependent neuromodulation that enhances OB inhibition during wakefulness. These findings suggest that
rather than reduced information flow into the olfactory cortex, the lack of smell perception during sleep is likely due to other
mechanisms.
The Avidity Of C57Bl/6 Mice For Two Rare Sugars: Allulose (D-Psicose And Isomaltulose (Palatinose
Anthony Sclafani1, Niki Williams2, John I. Glendinning2
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Allulose is a 'zero' calorie fructose analog and isomaltulose is a slowly absorbed sucrose analog. Both of these compounds are
promoted as 'healthful' sugar alternatives in human food products. Animal studies have explored the metabolic effects of allulose and
isomaltulose. Here we investigated their hedonic effects during brief-access lick tests and 24-h preference tests. C57BL/6 mice showed
similar concentration-dependent increases in licking for allulose and fructose, but less pronounced concentration-dependent increases
in licking for isomaltulose than sucrose. Following 1-bottle, 24-h training with a CS+ (i.e., flavored 8% allulose) and a CS- (i.e.,
flavored water), mice avoided both the CS+ and unflavored allulose relative to the CS- and unflavored water, respectively. Allulose
avoidance was not due to its lack of calories because other mice strongly preferred a noncaloric glucose analog (8% α-methyl glucose)
to water. Instead, allulose may have conditioned an aversion. This suggestion is based on reports that allulose produces gut discomfort
in some humans. In contrast to allulose, mice preferred the isomaltulose-paired CS+ as well as unflavored isomaltulose relative to CSand water, respectively. Yet, they consumed much less isomaltulose than sucrose, even when isomaltulose was made sweeter than
sucrose with the addition of a sucralose/saccharin mixture. Enhanced release of gut satiety hormones by isomaltulose may limit its
intake. Long-term studies of the hedonic and metabolic responses of animals to foods containing allulose or isomaltulose will be of
interest.
(Achems Undergrad Award Finalist Bitter Taste Avoidance Is Dependent On Olfactory Cues
Seneca Scott, Bradly T Stone, J.Y. Lin, Donald B Katz
Brandeis University, Waltham, MA, United States
Food’s hedonic value, coupled with an animal's prior knowledge of that food’s taste, drives decisions to sample or reject available
food; this is critical to an animal’s survival and well-being. The Brief Access Task is a behavioral assay designed to quantify a
tastant’s hedonic value while eliminating an animal’s ability to identify tastants prior to being sampled. However, previous results
suggest that rats may perceive some olfactory characteristics of tastants prior to licking them, providing a means to avoid aversive
solutions (specifically, quinine; QHCl) at much higher rates than other presented tastants F(4, 79)=53.9, p<0.05. We hypothesized that
the rats were either depositing and detecting a chemosensory tag on lick spouts as they drank, or they were perceiving the olfactory
characteristics of our supposedly-odorless tastants. To investigate, we used a taskmanipulation experiment which revealed that
avoidance does not scale with the number of times a vial has previously been presented during a testing session t(6) = 1.12, p>0.05. To
test whether the avoidance behavior resulted from the detection of tastant olfactory cues, we randomly alternated delivery of vials of
sucrose and QHCl, varying the number of presentations per vial, with and without a fan blowing, to disrupt olfaction. We revealed a
significant difference in avoidance with and without a fan present F(1, 7)= 4.6, p<0.05. We concluded that QHCl avoidance behavior
is likely due to rats perceiving chemosensory characteristics of QHCl, rather than a chemosensory tagging mechanism. We
demonstrate that Long Evans rats learn to perceive olfactory elements of the commonly-used quinine-hydrochloride tastant solution
and use these elements to guide decisions to avoid sampling behavior in a Brief Access Task.
A Novel Perspective On Olfactory Reference Syndrome And Some Other Obsessive-Compulsive Disorders Elizabeth A. Sell1,
Hussam Tallab1, Steven, M. Bromley2, Richard L. Doty1
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In the DSM-V, Olfactory Reference Syndrome is a specified obsessive-compulsive and related disorder characterized by fear of
having an offensive body odor (also termed Jikoshu-kyofu: a variant of taijin kyofusho). Anxiety and body dysmorphia are often
present in this disorder and patients frequently believe that others are negatively responding to them and their odor. Originally
described by Philip Pryce in 1971, the underlying etiology of ORS remains highly controversial. Like many disorders, patients with
ORS and associated disorders have not been tested for olfactory dysfunction, even though such dysfunction could be associated with
their symptoms. In this study, we describe four patients with ORS and associated disorders who had their olfactory function measured
using a well-validated psychophysical test. All were found to have genuine smell impairment analogous to that commonly seen in nonORS cases of dysosmia or phantosmia secondary to damage to the olfactory epithelium. These novel observations beg the question as

to whether many patients with ORS actually have objective alterations in their smell perception which may play a role in or underlie
how their obsessive compulsive disorders manifest. Our findings shed entirely new light on this poorly understood syndrome and
provide novel alternatives for patient management and therapy.
Impacts Of Region/Culture-Related Visual Cues On Chemosensory Perception And Liking Of Cooked
Rice
Han-Seok Seo1, Shady A. Jeesan1, Sara E. Jarma Arroyo1, Victoria Hogan1, Debra A. Wisdom2, Karen Moldenhauer2
1Department of
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Cooked rice serves as a distinct example for illustrating cross-regional/cultural variations with respect to dietary and cooking patterns,
familiarity, and rice varieties that are mainly cultivated and consumed. Considering that rice is the staple food of more than half of the
world’s population, it is worth investigating how region/culture influences chemosensory perception and liking of rice. Building on
previous research with respect to associations between visual and chemosensory cues, this project (consisting of two studies) aimed at
determining the effects of region/culture-related visual cues, such as surface colors (Study 1) and geographic indication labeling
(Study
2), on perceptions of, and emotional responses to aromas, tastes, and flavors in the context of cooked rice. In Study 1, 98 adults were
asked to check all the attributes that they perceived from 5 different cooked-rice samples: orange, green, yellow, white, and brown.
Orange, green, and yellow rice samples were prepared using flavorless colorants (P <0.05). Milled (white) and un-milled (brown) rice
without colorants were also presented as test and filler samples, respectively. Interestingly, although there was no additional
ingredient, participants associated colored rice with specific ingredients, e.g., green rice was associated with sweet peas and spinach
aromas. In Study 2, 99 adults were asked to evaluate cooked rice samples of 3 aromatic rice varieties in the presence or absence of
geographical indication (GI) labeling. Results showed that participants who valued GI information for aromatic rice more highly gave
significantly higher hedonic ratings of aromas (P <0.05). In conclusion, our findings provide empirical evidence that visual cues
related to region and culture affect chemosensory perception and liking of cooked rice.
Relative Androgenization Preserves Cognition In Community-Dwelling Older Us Adults
Jay A. Shah1, Kristen E. Wroblewski2, Kristina L. Pagel3, Martha K. McClintock3,4, Jayant M. Pinto5
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Introduction: Declining sex hormones are a hallmark of aging and result in many physiological changes, including potentially
cognition. Most studies of the relationship between sex-hormones and cognition are crosssectional and show mixed results. Some
suggest protective effects of increased sex hormone levels while others suggest the opposite. We aimed to elucidate this relationship
by examining the effects of sex hormones on cognition in a nationally representative sample of older adults. Methods: We assessed
salivary sex hormone levels and cognition in 4777 elderly adults in the National Social Life, Health and Aging Project, a longitudinal
study of older adults. Cognition was assessed using the Montreal Cognitive Assessment and the Short Portable Mental Status
Questionnaire. Multivariate logistic regression models, controlling for demographics, socioeconomic status, exogenous hormonal
medications and other health measures, tested the relationship between sex hormone levels and cognition. Results: Older adults (both
men and women) with increased levels of estradiol had decreased cognition at baseline (OR = 0.86, 95% CI = 0.78-0.95) and over
time at 5 and 10 year follow-up (OR = 0.90, 95% CI = 0.83-0.96). In contrast, older adults with an increased ratio of testosterone to
estradiol demonstrated better cognition at baseline (OR = 1.20, 95% CI = 1.08-1.34) and over time at 5 and 10 year follow-up (OR =
1.11, 95% CI = 1.03-1.19). Conclusion: Increased estradiol levels were associated with worse cognition and an increased ratio of free
testosterone to estradiol was associated with better cognition, both in cross-section and over time. These data support the concept that
relative androgenization is neuroprotective and argues against estrogen replacement therapy for improving cognition in older adults.
TgfΒ And P38 Mapkinase Signaling Affect Development Of Lingual Organoids Derived From Lgr5-Gfp+ Taste Progenitor
Cells
Lauren A. Shechtman1, Benjamin N. Tiano1, Jennifer K. Scott1, Dany Gaillard1, Peter Dempsey2, Linda A.
Barlow1
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Taste stimuli are transduced by taste buds comprising ~100 taste receptor cells (TRCs) that are continuously renewed by epithelial
progenitors, a process regulated by Wnt/β-catenin and Hedgehog (Hh) signaling. In mouse circumvallate papilla (CVP), progenitors
express a Wnt target gene Lgr5. LGR5-GFP+ cells isolated from CVPs of Lgr5EGFP mice generate TRC-replete lingual organoids

(Ren et al 2014). However, when we cultured LGR5GFP+ cells in conventional organoid media with Wnt3a, EGF, Noggin and RSpondin (WENR), organoid formation was limited suggesting progenitor clonogenicity and proliferation were impaired. In human
intestinal organoids, inhibitors of TGFβ and p38MAPK signaling are used to limit differentiation and support growth, respectively
(Sato et al 2011). When we added TGFβ (A83-01) and p38MAPK (SB202190) inhibitors to WENR (WENRAS), organoid growth was
robust but TRC marker gene expression was low, suggesting TGFβ and p38MAPK may promote TRC differentiation. To test this,
organoids were grown in WENRAS (Day 0-6) and maintained in WENRAS or switched to WENR as TRC differentiation occurs (D612; Ren et al 2017). Compared to WENR, WENRAS suppressed TRC gene expression assessed by qPCR. To determine if TGFβ
and/or p38MAPK affected expression of TRC marker genes, organoids were grown in WENRAS (D0-6) and moved to WENR with
either or both inhibitors (D6-12). Inhibition of TGFβ, but not p38MAPK repressed expression of some, but not all TRC genes. Wnt
and Hh target genes were broadly repressed, suggesting TGFβ functions upstream of these key regulators. We are now assessing
organoids via immunofluorescence to determine if differentiation of discrete TRC types requires TGFβ, and if Wnt and/or Hh
supplementation rescues the impact of TGFβ inhibition.
(Don Tucker Award Finalist) Interactions Of Breathing And Brain Rhythms Between Sensory And Limbic Systems For
Navigation
Andrew Sheriff1,2,3, Leslie Kay1,2,3
1Institute

for Mind and Biology, Chicago, IL, United States, 2Department of Pschology, The University of Chicago, Chicago, IL,
United States

Neural oscillations of the local field potential (LFP) in the olfactory system occupy both low and high frequency regimes. High
frequency oscillations in the gamma (40-120 Hz) and beta (15-30 Hz) bands have been associated with odor sampling in odor
discrimination tasks. The power and timing of these oscillations are strongly modulated by many factors associated with the odordriven context (Frederick et al., J Neurosci 2016). We add to this picture by showing that connectivity with hippocampal and sensory
neocortical (visual) systems occurs at the lower end of the LFP band, driven by sniffing (4-12 Hz) and the hippocampal type I theta
rhythm (7-10 Hz). This coupling and its directionality, as measured by coherence and Granger causality, are subject to the behavioral
context. We find that sniff-driven and hippocampal theta modulation of the LFP are significantly above chance in every cortical area
studied so far (olfactory bulb, piriform cortex, hippocampus, and visual cortex), but the pattern of influence depends to some degree
on the sensory and behavioral circumstances. Respiratory activity is faster or slower than theta depending on the behavioral context.
Granger causality shows widespread respiratory entrainment of olfactory, hippocampal, and visual areas. Further, strong bidirectional
involvement of olfactory areas with the hippocampus is seen during foraging with olfactory cues, and interactions between visual
cortex and hippocampus emerge during foraging with visual cues. Findings here, and application of similar analyses to future studies
on learning and memory, will contribute to understanding olfactory bulb driven interactions via the respiratory rhythm with ongoing
neural oscillations at behaviorally relevant timescales.
Atp Functions Among Taste Cells Examined From Multiple Points Of View
Toru Shigeoka, Hidenori Shimizu, Yukako Hayashi
Kyoto University, Uji, *, Japan
Taste cells receive information form not only taste substances but also neurotransmitters from neighboring taste cells. One of the most
common transmitters is ATP (adenosine triphosphate). The ATP is often referred to as intracellular energy source. In addition, ATP
may be related with taste transduction among taste cells. Recent studies proposed the existence of several subtypes of ATP receptors
in taste buds, which suggest several ATPrelated transduction mechanisms. However, the role of ATP among taste cells is not clear. In
this research, we aimed to clarify the function of ATP among taste cells by several methods: molecular and physiological techniques
as it had been previously done, and furthermore, behavioral technique. We investigated taste cell types of ATP-responsive taste cells
by physiological method (cell response for ATP) and molecular method(immunostaining using anti-PLCβ2 and anti-NCAM), which
suggested that those cells were at least Type Ⅱ (receptor) taste cells or Type Ⅲ (presynaptic) taste cells. Histologically, P2Y1, P2Y2
and P2Y4, which are ATP receptors, existed in Type Ⅱ taste cells, while only P2Y4 existed in Type Ⅲ taste cells. And it is previously
shown that P2Y1, P2Y2 and P2Y4 exist in ATP responsive cells. These ATP receptors could play roles in each types of taste cells.
Thus, we conducted behavioral method, two-bottle test, to clarify the function of ATP in mice. As a result, ATP did not show any
preference in density of transmitters(10μM), but it actually did show preference in higher density(10mM), which disappeared in the
highest density(30mM). This research showed interesting results that mice showed preference for ATP. However, further researches
are needed to clarify the function of ATP.
Gli2 And Gli3 Regulate Horizontal Basal Cell Mediated Regeneration Of The Olfactory Epithelium
Anna Shirazyan1, Ariell M. Joiner1, Justine Ra1, Melissa S. Kim1, Charlotte M. Mistretta1, Jeffrey R. Martens2, Andrzej A. Dlugosz1,
Benjamin L. Allen1
1University

of Michigan, Ann Arbor, MI, United States, 2University of Florida, Gainesville, FL, United States

The olfactory epithelium (OE) is a specialized neuroepithelium that is replenished by two presumed stem cell populations: rapidly
dividing globose basal cells (GBCs), and relatively quiescent horizontal basal cells (HBCs). While HBCs and GBCs both contribute to
OE regeneration, the signaling pathways that control this process are not well understood. Recent work indicates that HBCs contain
primary cilia, cellular organelles that coordinate signals from multiple pathways. Notably, primary cilia are essential for proper
mammalian Hedgehog (HH) signaling, making the HH pathway an attractive candidate in the control of HBC function. GLI proteins

are the transcriptional effectors of the HH pathway – GLI1 functions exclusively as a transcriptional activator and is also a target of
HH signaling; GLI2 is the major transcriptional activator of the HH pathway; conversely, GLI3 acts largely as a transcriptional
repressor. My preliminary data suggest that both Gli2 and Gli3 are expressed in all HBCs. Notably, following methimazole-induced
OE injury, Gli2, but not Gli3, is expressed broadly in SOX2+ cells during recovery of the OE. To assess possible GLI function in
HBCs, I utilized a constitutively active form of GLI2 to stimulate the HH pathway specifically in HBCs. Our data indicate that HBCspecific activation of GLI2 causes hyperproliferation of HBCs, which then fail to differentiate, resulting in defective OE
reconstitution. Additionally, to assess the requirement for endogenous Gli2 and Gli3 in OE regeneration, I conditionally deleted Gli2
and Gli3 using an HBC-specific Cre driver. My preliminary data indicate delayed OE regeneration and reduced p63 expression in
Gli2;Gli3 mutant mice at 14 days post-injury. These data suggest a novel role for GLI proteins in adult HBC function.
Saccharin Transit Time For Evaluating Nasal Mucociliary Clearance: A Simplified Technique
Dennis J Shusterman
University of California, San Francisco, CA, United States
Nasal mucocilliary clearance, an important respiratory defense mechanism, is impaired in primary ciliary dyskinesia and cystic
fibrosis, as well as by chronic inflammation (rhinitis, rhinosinusitis) or sustained exposure to environmental irritants (cigarette smoke,
industrial pollutants). The saccharin transit time (STT) - the time interval between instillation of granular sodium saccharin onto the
anterior portion of an inferior turbinate and subsequent report of a sweet taste - is a practical clinical assay for nasal mucocilliary
clearance, albeit not without its technical challenges. We sought to apply a novel and simplified method (application of a concentrated
sodium saccharin solution via flexible nasal swab) in place of the use of a granular stimulus and rigid applicator. In a pilot study, we
found this method effective and well-tolerated by ten participating research subjects on whom the procedure was repeated on three
separate days. By way of validation, we compared the response of the five subjects with self-reported allergic rhinitis with that of five
non-rhinitic controls. In addition, we asked subjects to rate the time course and intensity of sweet taste between initial detection (STT)
and the end of the observation period (30 min). Consistent with the published literature, the proportion of trials with a “normal” STT
(<30 min) was significantly reduced in rhinitic subjects (p <0.05) - and the mean STT was significantly prolonged (p <0.001) compared to controls. The subset of subjects with highly reproducible STTs also recorded highly consistent time-intensity curves. Of
note, during initial screening, one subject was disqualified due to a defect in saccharin tasting, emphasizing the importance of direct
screening for saccharin tasting aberrations as part of STT testing.
Biological Significance Of Zinc Nanoparticles In Olfaction
Melissa Singletary1,2, June W. Lau3, Oleg Pustovyy1, Ludmila Globa1, Iryna Sorokulova1, Vitaly Vodyanoy1
1Department of

Anatomy, Physiology and Pharmacology, Auburn College of Veterinary Medicine, Auburn

University, AL, United States, 2Canine Performance Sciences Program, Auburn University College of Veterinary
Medicine, Auburn University, AL, United States, 3Material Measurement Laboratory, National Institute of Standards and Technology,
Gaithersburg, MD, United States
Metals are found to play a multi-faceted role in biology, and some such as zinc, are ubiquitous and critical in biological organisms.
Metal nanoparticles such as copper, gold, and zinc have been isolated from human and animal blood. Of those, zinc nanoparticles
(ZnNPs) have been shown to enhance responses of the olfactory sensory neurons to odorants by about three-fold. Characterization of
the physicochemical properties of ZnNPs determined that only small (1.2 nm), non-oxidized, primarily elemental ZnNPs were capable
of olfaction enhancement. ZnNPs alone produce no odor effects, but increase the odor response if mixed with an odorant. These
effects are dose-dependent and reversible. The spontaneous removal of particles from the system provides an effective means of
olfactory control. Other tested metal nanoparticles such as copper, gold, and silver do not enhance the olfactory response. The
enhancement seen in-vitro through electrophysiological evaluation was also seen in-vivo through perception studies. Trained canines
undergoing functional Magnetic Resonance Imaging (fMRI) showed an enhancement in higher cognitive processing of odor with the
addition of ZnNPs. To evaluate the potential biological role ZnNPs have in the initial events of olfaction, both the presence of and
enhancement capabilities of, endogenous ZnNPs in the olfactory epithelium and olfactory sensory neuron cilia need to be
demonstrated. Using electrophysiological methods and analysis of electron diffraction, the metal nanoparticles extracted from
olfactory epithelium and cilia indeed appeared to be ZnNPs capable of enhancing responses to odorant. These data further support the
biological significance of ZnNPs through the identification of the endogenous presence of ZnNPs and their physiological enhancement
at the site of action.
Like Mother, Like Child? Concordance Among Mother-Child Dyads For Sweet Liking And Added Sugar
Intake Differs By Sex
Alissa D. Smethers1, Elizabeth Carney2, Valerie B. Duffy3, Jennifer O. Fisher2, Julie A. Mennella1
1Monell Chemical Senses

Center, Philadelphia, PA, United States, 2Temple University, Philadelphia, PA, United States, 3University
of Conneticut, Storrs, CT, United States

From the age of two years, an American is more likely to eat an ultra-processed food containing added sugar than a fruit or vegetable
on a given day. The home is where young children consume the most added sugar, and therefore parental guidance is critical in
establishing a child’s dietary pattern. In the present ongoing study, we determined concordance as well as differences in dietary intake
of added sugar and liking of sweet foods among 80 mother-child (41 girls, 39 boys; 3-10 y) dyads. Dietary intake of added sugar was

assessed from 24-hour dietary recalls with oversight by a Registered Dietitian and data are expressed as g/d or g/d/kg. Liking of sweet
tasting foods was reported by mothers using validated pediatric and adult liking surveys. Preliminary analyses revealed that added
sugar intake exceeded recommended amounts by health organizations (≥25g/d) twofold for both mothers and children. While mothers
ingested significantly more added sugar per day than children (80±7 vs 48±4 g/d; P<0.001), when intake was adjusted for body size
(g/d/kg), children exceeded adults (2.5±0.2 vs 0.9±0.1 g/d/kg; P<0.001), highlighting the vulnerability of children in the current food
environment. Overall, we found significant concordance within mother-child dyads in the liking of sweet foods (P<0.001) and added
sugar intake (g/d or g/d/kg; P’s<0.04). However, when the sex of the child was factored in the analysis, maternal added sugar intake
correlated with that of daughters (P’s<0.006) and not sons (P’s>0.54). Such findings are consistent with a body of research that
suggests sex is a powerful determinant in how and what mothers feed children that could, in turn, provide the foundation for later sex
differences in dental caries, metabolic regulation, and disease susceptibility.
The Role Of Carbonic Anhydrase In Trp Channel-Mediated Co2 Aversion In The Earthworm Eisenia Hortensis.
E Jordan Smith, Christine E Marlow, Jen L Ryan, Cecil J Saunders, Erik C Johnson, Wayne L Silver Wake Forest University,
Winston-Salem, NC, United States
The earthworm Eisenia hortensis lives in subterranean burrows containing high levels of CO2 and respires through its skin. In many
animals, carbonic anhydrase is necessary to perceive CO2 as a noxious stimulus, as it catalyzes the conversion of carbon dioxide into a
bicarbonate ion and a proton This reaction is essential for acidbase balance and CO2 transport in mucosal tissue like the earthworms’
skin. Weak acids, like carbonic acid, activate TRP channels responsible for the chemesthetic response, and our previous studies have
established a TRPA1 homolog in E. hortensis. In this study, we questioned whether functional carbonic anhydrase is required for TRP
channel-mediated CO2 aversion in this species. To study CO2 aversion, we timed how long earthworms stayed in a circle on a pad
emitting CO2 or room air. Earthworms exposed to 5% CO2 left the circle 35.41% faster than earthworms exposed to 0% CO2 (p<.05,
n=7-11). We will continue these experiments in the presence of the carbonic anhydrase inhibitor acetazolamide. Parallel to the
behavioral experiments, analysis of the E. hortensis transcriptome revealed homologs to several alpha-carbonic anhydrase orthologs,
including CA 1, 2, 4, 5A, 6, 7, 9, 12, 13 and 14. We are currently confirming the sequences of carbonic anhydrase 2 and 6 via PCR.
These data on the behavioral and molecular role of carbonic anhydrase contribute to our understanding of the mechanisms earthworms
use to detect carbon dioxide and provide yet another example of how the molecular mechanisms of chemesthesis are highly conserved
among metazoa.
A Formulation For Suppressing Bitter Taste In The Human Oral Cavity
Gregory S. Smutzer, Silvy Cherian, Dhruti Patel, Brian Sang Lee, Kevin Lee, Angelica R. Sotelo Dept. of Biology, Temple
University, Philadelphia, PA, United States
A model for oral drug delivery is described that successfully encapsules a bitter taste stimulus in lipid microspheres, and then embeds
these microspheres in rapidly dissolving edible films that contain masking and flavoring agents for diminishing bitter taste perception.
The hot-melt method was used to prepare stearic acid microspheres that encapsulated sucrose octaacetate. These microspheres were
then embedded in edible films that contained masking and flavoring agents in the film base for psychophysical studies. Taste intensity,
taste quality, and hedonic responses for this edible film formulation were then obtained. These results were compared to formulations
that contained either unencapsulated sucrose octaacetate only, unencapsulated sucrose octaacetate and masking and flavoring agents in
the edible film, or encaspulated sucrose octaacetate alone within edible films. In edible films that contained encapsulated sucrose
octaacetate along with bitter taste masking and flavoring agents, the bitter taste intensity of sucrose octaacetate was diminished by
nearly 75% when compared to films that contained unencapsulated sucrose octaacetate only. Participants also reported favorable
hedonic responses with this formulation. This decrease in bitter taste perception was caused by the rapid release of bitter taste masking
and flavoring agents as edible films dissolved on contact with the tongue, the sequestering of taste stimulus in lipid microspheres, and
the delayed release of sucrose octaacetate from microspheres as microspheres eroded. This approach is a promising delivery vehicle
for masking bitter taste, for minimizing choking hazards in both the young and the elderly, and for increasing drug acceptance and
drug compliance in these populations. Supported by a Targeted Small Grant from Temple U.
Impact Of Dysosmia On Dietary Quality Using The Diet History Questionnaire Iii
Zachary Soler 1, Allensworth Jordan1, Mace Jess2, Storck Tina1, Schlosser Rodney1, Smith Timothy2 1Medical University of South
Carolina, Charleston, SC, United States, 2Oregon Health & Science University, Portland, OR, United States
Background: Dysosmia could alter dietary quality through mechanisms including changes in appetite, food choice, and subsequent
nutritional intake. However, there are few studies which directly assess olfactory performance and dietary quality. In this study, we
aimed to measure dietary quality in dysosmic subjects compared with normosmic controls. Methods: Community dwelling adult
subjects prospectively underwent olfactory testing using the Sniffin' Sticks Test from which composite threshold, discrimination and
identification (TDI) scores were used to identify dysosmic subjects (TDI <30) and normosmic controls (TDI >30). Subjects completed
the Diet History Questionnaire III (DHQIII), a standardized and validated tool for nutritional assessment developed by the NIH. The
Healthy Eating Index (HEI) was calculated to determine compliance with the U.S. Dietary Guidelines for Americans. Results: Sixty
patients were enrolled, including 29 dysosmic subjects and 31 normosmic controls with no difference in age or gender across groups.
Compared with normosmics, dysosmic subjects were found to have poorer total protein (4.7±1.0 vs 4.9±0.0; p=0.064), total dairy
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(4.7±2.0 vs 6.1±3.0; p=0.056), and total saturated fat intake (7.8±2.0 vs 6.5±3.0; p=0.058) scores. A significant correlation between
TDI score and HEI component score was seen for protein (r=0.26; p=0.048), dairy (r=0.29; p=0.027), and saturated fat scores (r=0.26; p=0.043). Conclusions: This study found significantly altered nutritional quality in subjects with reduced olfactory function,
including decreased intake of protein, dairy and saturated fats. These findings are relevant given the high prevalence of dysosmia in
the aging population and previous studies showing associations with mortality.
Individual Ability To Smell Single Molecules And Its Association With Olfactory Status And Polymorphism Of Obpiia Gene.
Giorgia Sollai, Melania Melis, Iole Tomassini Barbarossa, Roberto Crnjar
University of Cagliari, Monserrato (CA), *, Italy
Most of the odors of foods and drinks are mixtures of molecules, some of which are sensorially relevant, while others could be masked
and therefore not be perceived. With the coupled Gas Chromatography-Olfactometry (GC-O) technique, single components of a flavor
mixture can be separated, identified and verbally evaluated by subjects. We found, using banana head-space as a complex odor
mixture, that the number of molecules smelled during the GC-O analysis was linearly correlated with threshold olfactory score in 53
subjects. By means of the “Sniffin' Sticks” extended test, subjects were classified as normosmic or hyposmic for their overall or
threshold olfactory performance, on the basis of the TDI (obtained by the sum of results for Threshold, Discrimination and
Identification) or T score respectively obtained. Subjects were also genotyped for the rs2590498 (A/G) polymorphism of the OBPIIa
gene, whose major allele A has been associated with a higher ortho and retronasal perception as compared to the minor allele G. Oneway ANOVA showed a significant effect of the overall and threshold olfactory status of subjects on their ability to smell single
molecules (F1,51>4.15; p<0.05). In addition, one-way ANOVA revealed a significant effect of the OBPIIa locus genotype on the TDI
and T score obtained from subjects (F2,50>6.39; p<0.01), on the number of molecules smelled by subjects (F2,50>5.80; p<0.01), and
on the intensity perceived by subjects when sniffing the complex odor of banana (F2,50=6.78; p=0.003). In conclusion, these results
highlight that not only the overall olfactory performance, but also the individual ability to smell single molecules can be, at least in
part, attributable to the rs2590498 polymorphism of the OBPIIa gene.
Mechanisms Of Gustatory Attraction To Lactic Acid In Drosophila Melanogaster
Molly Stanley, Britya Ghosh, Michael D Gordon
University of British Columbia, Vancouver, BC, Canada
Sour has been studied almost exclusively as an aversive taste modality. Yet, recent work in the fruit fly, Drosophila melanogaster,
shows that carboxylic acids differ in their behavioral valence and molecular mechanisms of detection. Lactic acid is particularly
relevant to insects, as it is produced by fermentative bacteria and is a component of human sweat that attracts mosquitoes. Lactic acid
smell is attractive to mammals and insects, but attractive taste qualities have not been explored. Here, we use multiple behavioral
assays and in vivo calcium imaging of fly gustatory receptor neurons (GRNs) to uncover the cellular and molecular mechanisms of
gustatory attraction to lactic acid. We found that lactic acid is appetitive to Drosophila, even without olfaction. Silencing of sugar
GRNs completely abolishes these attractive behaviors, and flips the valence to aversion, suggesting that lactic acid activates both
attractive and aversive sensory neurons. Calcium imaging of GRNs with labellar lactic acid stimulation revealed strong activation of
sugar GRNs and weaker responses in bitter GRNs. The calcium responses in sugar GRNs have unique kinetics with peaks
accompanying both stimulus onset and offset. Mutants for the broadly expressed ionotropic receptor 25a (IR25a) or the GR64 cluster
of sweet gustatory receptors each display partially reduced attraction to lactic acid, while combined mutants avoid it. Strikingly, each
receptor class is required for a distinct aspect of the sugar GRN calcium response: IR25a mutants show dramatic reduction in the
onset, while the GR64 cluster mutants have a reduced offset peak. Thus, lactic acid drives robust behavioural attraction by acting
through multiple classes of receptors to activate a single sensory neuron class in physiologically distinct ways.
The Regulatory Role Of Cckergic Superficial Tufted Cells In Olfactory Bulb Input Output Transformation
Eric Starr1, Corinne Perloski1, Rashika Budhathoki1, Xicui Sun2, Xiang Liu3, Shaolin Liu1
Medicine, Baltimore, MD, United States, 3Sun Yat-sen University, Guangzhou, *, China
Superficial tufted cells (STCs) coexpressing glutamate and cholecystokinin (CCK) are topographically organized to interconnect
“mirror glomeruli”, which are located on the medial and lateral sides of each olfactory bulb (OB) and targeted by axons of olfactory
sensory neurons expressing the same type of odorant receptors. However, the functional connections between STCs and their
synaptic targets in the OB, as well as the role of STC neuronal activities in olfaction remains unknown. We integrated
multidisciplinary approaches to address these questions with the following main findings: (1) Chemogenetic “silencing” of STCs
significantly reduced odor detection and sensitivity in mice, indicating an important role for STCs in modulating olfactory processing
in the OB. (2) Stimulation of the olfactory nerve (ON) evoked burst firing or glutamate-mediated excitatory postsynaptic currents with
consistently short onset latencies in STCs, substantiating monosynaptic ON-STC transmission. (3) Optogenetic stimulation of STC
dendrites or STC axons in the IPL elicited long-lasting inward currents and depolarization superimposed by action potentials in mitral
cells
(MCs). These responses have short onset latencies and are mediated by glutamate, suggesting monosynaptic transmission from STCs
to MCs. Taken together, these results suggest that STCs play a fundamental role in transforming ON inputs to MC output. Further
studies are currently underway to examine the effects of optogenetic silencing STCs on ON-evoked MC responses and to investigate
whether optogenetic stimulation of STC axons in the IPL on the opposite side of the

same bulb activates local MCs. Our results will provide insight into the functional significance of the CCKergic STCs to olfactory
processing in mirror glomeruli.
(Don Tucker Award Finalist) Representation Of Illness And Its Functional Impact On Gustatory
Processing
Bradly T Stone, Abuzar Mahmood, J.Y. Lin, Don B Katz Brandeis
University, Waltham, MA, United States
An animal’s reactions to sensory input are influenced by external (e.g. environmental context) and internal (e.g. health-related)
variables. These contextual variables shape the perception of a stimulus, thereby guiding decision making. For instance, systemic
illness, such as that induced by the intake of mild toxins (e.g. lithium chloride; LiCl), affects an animal’s feeding behavior, likely
because of modified taste perception: sickness is thought to change taste palatability, making even normally preferred substances
aversive. The specific impact of an ill state can be long-lasting, permanently changing the processing of a stimulus with which
subsequent (or even in certain circumstances contemporaneous) illness has been associated. This coupling between malaise and taste
makes it reasonable to propose that illness may manifest, at least in part, as network phenomena involving brain regions which carry
out behavior- and learning-related taste responses. However, research on the effects of illness on neural correlates of taste processing
are lacking. Using extracellular (single-neuron and local field potentials; LFPs) recordings of gustatory cortical responses to passive
taste delivery under two conditions (LiCl-induced sickness and healthy), I demonstrate evidence that sickness alters the network state
(reflected in changes in 812Hz power) at a latency of 12 min post-injection—the same time point at which concomitant illness-related
behaviors emerge. Furthermore, in comparison to a healthy state, illness reduces the neural correlates of palatability (indicated via
spearman rank correlations and linear discriminant analyses)–a feature which may elucidate the function that an animal’s welfare has
on the establishment and maintenance of reward valuation and associative effects of stimuli.
The Olfactory Bulb Contributes To The Adaptation Of Odor Responses: The Input-Output
Transformation.
Douglas A Storace1, Lawrence B Cohen2,3
1Florida
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Humans and other animals exhibit adaptation to odorants. It remains unclear whether the olfactory bulb, the brain
structure that mediates the first stage of olfactory information processing, participates in generating this perceptual
adaptation. Olfactory bulb glomeruli are regions of neuropil that contain input and output processes; olfactory receptor
neuron nerve terminals (input) and mitral/tufted cell apical dendrites (output). Differences between the input and output
of a brain region define the function(s) carried out by that region. We compared simultaneously measured activity signals
from the input and output to repeated odor stimulation using 1-photon imaging. Repeated odor stimulation of the same
concentration resulted in a decline in the output, while the input remained relatively stable. 2-photon imaging
measurements were made from separate anesthetized and awake mice in which input or output were measured in separate
preparations. The measurements were consistent with those carried out using 1-photon imaging, confirming that the
adaptation was occurring in the glomerular layer. These results suggest that the mammalian olfactory bulb may
participate in the perception of adaptation. This approach was previously used to show that the bulb contributes to the
perception of concentration invariance of odor recognition and should be useful for understanding the role of the
olfactory bulb in additional olfactory perceptions.
Neural Correlates Of Novel Taste Experience
Daniel A Svedberg, Bradly T Stone, Donald B Katz
Brandeis University, Waltham, MA, United States
Is the neural representation of a novel taste stable from the first taste, or does the representation change as an animal
familiarizes itself to a new taste? For decades, studies on the cortical activity coding basic tastes have primarily been
performed on taste-naïve animals, under the assumption that perception of the basic tastes— sweet, salty, sour, and
bitter—is stable from the first presentation. Nonetheless, behavioral studies on taste novelty suggest this assumption is
wrong. For example, rats exhibit taste-neophobia—aversion to novel tastes— that attenuates with as little exposure as 58 bouts of sampling. Clearly then, familiarization with a taste should be reflected in the neural coding of taste, but very
little research has explored what features of neural taste responses change across an initial session. Here, we have done
so, using tools developed to analyze single trials of neural activity: we compared responses of taste-sensory cortical
neuron ensembles in taste-naïve rats in a passive taste presentation paradigm; using Bayesian decoding and Hidden
Markov Modeling, we reveal that responses to novel tastants stabilize only after the first 5-10 presentations, becoming
more reliably taste-specific across the first session of exposure. These results suggest that an animal’s experience of a
novel taste changes across ingestion bouts during the initial encounter, and implies that shifts in the cortical
representation of tastes could potentially have a role in the resolution of taste-neophobia.

The Effects Of The Intake Of White Pepper Extract On The Human Brain Activity

Kaori Takahashi, Miyuki Takayanagi
Takasago International Corporation, Hiratsuka, *, Japan
Peppers are spices used all over the world to enhance the taste of dishes, as well to invigorate, or prevent sleepiness. Piperine, one of
the main components of pepper, plays an important role in providing its unique pungent stimulus. Piperine’s use in health products
aims to accelerate metabolism or improve blood flow. Besides its pharmacological effects, the pungent stimulus itself may also have a
psychophysiological effect such as making you active or energetic. In order to investigate this hypothesis, we tried to evaluate the
effects of piperine on the Human brain activities using white pepper extract. Event related potentials (ERPs) are EEG components that
are often used to evaluate brain activity. In this study, we chose Contingent Negative Variation (CNV) and P300 as ERPs. Our
previous data (ISOT2012) of CNV showed that intaking some of the trigeminal stimulants (ℓ-menthol, VBE, and spilanthol) affected
brain activity. CNV was used to evaluate the arousal level and P300 was used to evaluate the information processing speed of the
brain. More than 10 healthy women participated in the two experiments. They were asked to intake 100 ml of white pepper extract
aqueous solution. CNV or P300 were measured before and after the intake, then each component was calculated. In CNV experiment,
we revealed that intaking 100 ml of 50 ppm aqueous solution of white pepper extract showed a significant stimulant effect at least 10
minutes after the intake whereas, no significant changes were observed with water (ref. ISOT2012). Subjective report also showed that
the intensity of “uplifting feeling” increased just after the intake. Taken together, these results indicated that intaking white pepper
extract has an energetic effect on humans. We will also report the results of P300 experiment.
Insulin-Mtor Signaling May Regulate Mouse Taste Cell Generation
Shingo Takai1, Yu Watanabe1, Robert F. Margolskee2, Peihua Jiang2, Yuzo Ninomiya1,2, Noriatsu Shigemura1 1Kyushu University,
Fukuoka-city, *, Japan, 2Monell Chemical Senses Center, Philadelphia, PA, United States
The mammalian taste organ expresses multiple hormones and their receptors. Previously, insulin and its receptor were found in a
subset of taste cells, but insulin’s function in taste cells has not been fully elucidated. Here, we focused on the role of insulin and its
downstream signaling molecules. By RT-PCR and immunohistochemical analysis, insulin receptor (IR) was found to be widely
expressed among taste cells, including T1R3+ type II and GAD1+ type III taste cells. In 3-dimensional taste organoid cultures, the
number of taste cells and mRNA expression levels of taste cell markers, including nucleoside triphosphate diphosphohydrolase-2
(NTPDase2), T1R3, gustducin, carbonic anhydrase 4 (CA4), GLUT8, and SGLT1, in the colonies were decreased significantly in an
insulin concentration-dependent manner. mTOR (mammalian target of rapamycin), which is downstream from insulin and involved in
a diverse array of physiological processes including cell proliferation and survival, was found to be expressed in mouse gustatory and
non-gustatory epithelia, and Lgr5+ taste stem cells. Application of rapamycin, an mTOR complex 1 inhibitor, in organoid culture
medium counteracted insulin’s effects on taste cell generation. The expression of taste cell marker mRNA increased significantly in a
rapamycin concentration-dependent manner although colony size was decreased. These results suggest that insulin-mTOR signaling
may regulate mouse taste cell proliferation and/or differentiation.
Using Low-Cost Sensors To Establish Correlation Between Plume Contacts And Behavioral Changes In Freely Moving
Rodents Engaged In Odor-Guided Navigation
Mohammad F. Tariq1,2,4, Suzanne M. Lewis2, Aliena Lowell2, Sidney Moore2, David J. Perkel3,4, David H.
Gire2,4
1Graduate
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Odor molecules spread, over long distances, by the turbulent and chaotic motion of the air molecules. This mode of the spread of
olfactory information creates challenges for animals using olfactory stimuli to navigate to an odor source as the contacts between the
odor molecules and the searcher are intermittent and spatiotemporally varying. Furthermore, this intermittent nature of contact
hampers precisely correlating neural processing and decision-making to olfactory input in freely moving animals. We present a
method for real-time recording of olfactory information in freely moving mice by using low-cost, light weight sensors that detect
common solvent molecules like alcohols. Our results show that these sensors are highly sensitive to low concentrations of ethanol, and
can follow frequencies of fluctuations up to 15Hz. For our behavioral paradigm, we train mice to associate ethanol with a reward.
They are then tasked to navigate to the location of an ethanol source in a large, custom made arena designed to produce dynamic odor
plumes. Combining the sensor recordings with behavioral tracking, our results show a strong correlation between plume contacts and
behavioral events like head turning and speed changes. Additionally, when tested against neural activity in the olfactory bulb we find
that the sensor reliably indicates odor plume contact as assessed by GCaMP6f activation in mitral/tufted cells. Hence, this method will
serve as a useful tool for olfactory researchers to correlate olfactory information with neural processing and behavior in freely moving
animals.
Gli3 Is A Modifier Of Sox10 In Olfactory Ensheathing Cell Formation.
Ed Zandro M. Taroc, Raghu Ram Kattredi, Paolo E. Forni
University at Albany, Albany, NY, United States

Olfactory ensheathing cells (OECs) are population of Schwann like glial cells that that ensheath the axons of olfactory neurons,
vomeronasal neurons and terminal nerve. For several decades the OECs were believed to be of placodal origin, however, a series of
studies in chick, fish and mice have proven that, like the Schwann cells, the OECs are neural crest derivatives. Sox10 is a transcription
factor with a key role in neural crest cell survival and in the establishment melanocyte and glial cell lineage. In line with this, previous
studies have shown that the transcription factor Sox10 is also required for the correct formation of OECs. Sox10 loss of function
compromises the formation of a functional olfactory system. We recently found that also Gli3 loss-of-function is not compatible with
formation of OECs. It has been earlier shown that Gli3 can act as a modifier for Sox10 affecting melanocyte formation. To test the
effects of Gli3 as a modifier of Sox10 in OECs formation we analyzed mouse models carrying homo and heterozygous Gli3 null
mutation Gli3Xt and mice carrying the Gli3 hypomorph mutation Gli3Pdn alone or in combination with a Sox10null(+/-) allele. Our
data suggest an important dose dependent role for Gli3 in controlling OEC specification shedding a new light on genetic interactions
between Gli3 and Sox10 in the development of a functional olfactory system of mammals. Our data suggest that some forms of
anosmia may be attributed secondary to neurocristopathies.
White Matter Network Abnormalities In Patients With Anosmia
Divesh Thaploo1, Ben Chen1,2, Akshita Joshi1, Thomas Hummel1
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Background:Patients with anosmia exhibit structural and functional brain abnormalities. The current study explored changes in white
matter in non-neurodegenerative anosmia using network analysis. Methods:20 patients with anosmia and 16 healthy controls were
recruited. Participants underwent olfactory tests, neuropsychological assessment and diffusion tensor imaging measurement. TractBased Spatial Statistics, graph theoretical analysis and Network-Based Statistics were used to explore the white matter. Results:There
was no significant difference in fractional anisotropy between patients and controls. In global network topological properties, patients
exhibited higher γ and λ levels than controls, and both groups satisfied the criteria of small-world (σ>1). In local network topological
properties, patients had reduced betweenness, degree and efficiency, as well as increased shortest path length and cluster coefficient in
olfactory-related brain areas (anterior cingulum, lenticular nucleus, putamen, hippocampus, amygdala, caudate nucleus, orbital-frontal
gyrus).Olfactory threshold scores and retronasal score were negatively correlated with γ and λ, and the retronasal score was positively
correlated with FA values in fibers (middle cerebellar peduncle, right inferior cerebellar peduncle, left inferior cerebellar peduncle,
right cerebral peduncle, left cerebral peduncle, left cingulum [cingulate gyrus], right cingulum [hippocampus], superior frontooccipital fasciculus, left tapetum. Conclusion:Patients with anosmia showed significant white matter network dysfunction though their
structural integrity remained intact. Their retronasal olfaction deficits appear to be more strongly associated with white matter changes
compared with orthonasal olfactory scores.
Behavioral Effects Of Suppressing Gaba Neurons In The Rostral Nst
Susan Travers, Andrew Harley, Trevor Haas, Kalyanasundar Balasubramanian
Ohio State University, Columbus, OH, United States
The rostral nucleus of the solitary tract (rNST) contains many GABA neurons, constituting ~1/3 of the entire population. Optogenetic
activation of GABA neurons depresses neurophysiological responses elicited by both palatable (sweet and umami) and unpalatable
(bitter) stimuli (Travers et al., AChemS Abstracts, ‘15). However, the behavioral functions of these inhibitory neurons are unknown.
To explore this question, we made injections of a cre-dependent AAV virus driving expression of the inhibitory DREADD hMd4i and
mCherry (N=8) or mCherry alone (N=5) into the rNST of mice expressing cre under the control of enzymes or transporters in GABA
neurons (GAD65 or VGAT). After ~ 3-4 weeks, behavioral responses to sucrose (0.03M-1.0M) were tested in food-deprived mice in a
brief-access assay following injections of clozapine-n-oxide (CNO, 1mg/kg) or saline. In mice with AAV/mCherry injections, no
differences in the lick score (“lick score”= taste licks minus water licks), latency to lick, modal interlick interval (ILI), or trial number
were observed after CNO vs saline injections (P’s >.1). In mice with AAV/hMd4i-mCherry injections, there were likewise no latency,
ILI or trial number differences but lick scores were higher after CNO (ANOVA, drug, P=.003, drug X concentration, P<.0005). After
the last test session, mice were deeply anesthetized, perfused, and brainstem sections immunostained for Fos. There was an obvious
increase in the number of Fos-stained neurons in the rNST, parabrachial nucleus and reticular formation in CNO compared to salineinjected mice. Thus, sucrose responses in the rNST appear to be under a state of tonic inhibition even in hungry mice. Ongoing studies
are extending these observations to different homeostatic states and to bitter stimuli. Sour Receptor Otop1 Perturbs
Purinergic/Gpcr Cell Signaling
Heather/N Turner, Emily Liman
University of Southern California, Los Angeles, CA, United States
We recently discovered that the Otopetrin (Otop) gene family encodes proton permeable ion channels and that Otop1 functions as a
receptor for sour taste in mice. Otop1 was initially identified in a mouse strain with a vestibular disorder and proposed to function as a
regulator of purinergic signaling. A role in purinergic signaling is of importance to the taste system where ATP serves as a
neurotransmitter. To investigate the role of Otop1 in purinergic signaling, we measured calcium responses in HEK-293 cells that
express endogenous P2Y receptors, transfected with Otop1 or sham transfected. We found that Otop1 expression severely attenuates
or abolishes Ca2+ responses to ATP, in agreement with prior studies. This effect was not observed upon expression of Otop2 or Otop3,
which also generate proton channels, but with different activation properties. We next determined if an intact proton conduction

pathway is required for this effect by testing non-conducting Otop1 mutants. Expression of mutant channels did not impair purinergic
signaling. To test if intracellular acidification was sufficient to impair purinergic responses, we acutely lowered the intracellular pH of
untransfected cells with acetic acid; this did not affect the magnitude of the purinergic response. To determine if the effect of
Otop1expression was specific to purinergic signaling, we tested responses to angiotensin in cells transfected with the angiotensin
receptor. In cells co-expressing Otop1, calcium responses to angiotensin were significantly reduced. We conclude that Otop1 proton
channel activity broadly interferes with Gq-coupled GPCR signaling. Future experiments are aimed at further investigating the
mechanisms underlying interaction between Otop1 and GPCR signaling and its functional significance for the taste system.
Odor Information Rapidly Accrues In The Mouse Dorsal And Lateral Olfactory Bulb
Justus Verhagen1,2, Keeley L Baker1,2, Ganesh Vasan1,2, Vincent A Pieribone1,2, Edmund T Rolls3,4
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Recent work from various laboratories has shown that rodents are able to discriminate odorants within 200 ms after sniff onset. In fact,
the associated decisions occur well before the glomerular ORN responses in the rodent olfactory bulb (OB) reach peak amplitude. The
early responses of only a subset of glomeruli may be sufficient for accurate decisions, a phenomenon termed "primacy". It remains
unclear, however, how rapidly information becomes available about an odorant set over time, and over a growing number of
glomeruli. Additionally, work from several labs has also shown that temporal dynamics across glomeruli reliably differ in response to
different odors, and that such across-glomerular timing differences can be discriminated down to 15 ms (Rebello et al., PLOS Bio
2014). However, it remains unknown how much information is represented about stimuli by way of response dynamics. To quantify
the information across response time, glomeruli and glomerular dynamics we used information theory (Tovee and Rolls, Vis Cogn
1995; Rolls et al., Exp Br Res 1997). We recently described the spatio-temporal responses of the simultaneously optically imaged
OMP-GCaMP6f mouse dorsal and lateral OB (Baker et al., PLOS Bio 2019). We used this dataset to quantify stimulus information.
Firing rates were estimated by deconvolving optically imaged calcium responses with 140 ms decay times, based on "ground truth"
spike rates from visual cortex in mice (Chen et al., Nature 2013). The dOB and lOB separately provided 0.7-1.5 bits of information
about 2.45 bits of stimulus entropy. Consistent with the primacy hypothesis, and associated neuro-behavioral findings, glomerular
responses provided distributed information, which rapidly asymptoted 150-200ms after inhalation onset.
Multisensory Integration In Levitating Food And The Effect Of Vision And Smell On Flavour Perception
Chi Thanh Vi1,2, Asier Marzo3, Gianluca Memoli4, Emanuela Maggioni1, Damien Ablart1, Martin Yeomans2, Marianna Obrist1
1SCHI Lab, Creative
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Psychology, University of Sussex, Brighton, *, United Kingdom, 3Computer Science, Universidad Publica de Navarra, Pamplona, *,
Spain, 4School of Engineering and Informatics, University of Sussex, Brighton, *, United Kingdom
Eating is one of the most multisensory experiences in everyday life. All of our five senses (i.e. taste, smell, vision, hearing and touch)
are involved, even if we are not aware of it. However, while multisensory integration has been well-studied, there is not a single
hardware and software platform to test the cross-modal effect of different sensory stimuli in the context of eating. This lack of
platforms results in unresolved challenges in understanding and stimulating taste-based immersive experiences. Here, we present
LeviSense: the first platform designed for multisensory integration in gustatory experiences based on acoustically levitated food, using
20 kHz ultrasound. Using this system, we conducted two experiments to test the individual effect of vision (Red, Green, and no-light
condition) and smell (Lemon, Vanilla, and Air) on levitated sweet taste (10μl droplets). In the first experiment, we found that having a
single lighting condition, either Red or Green, increased the perceived intensity, pleasantness, and satisfaction of the sweet taste. In
other words, levitated sweet becomes sweeter and more satisfying with either light switched ON. In the second experiment, we found
that the presence of vanilla smell significantly increased the perceived sweetness intensity, compared to the air and lemon scents.
Surprisingly, having the lemon scent did not suppress sweetness intensity but slightly enhanced it, given that lemon smell is
incongruent with the sweet taste. Our LeviSense platform enables the systematic exploration of different sensory effects on eating
experiences. It also opens up new opportunities for other professionals looking for innovative taste-delivery platforms (e.g., molecular
gastronomy chefs).
Large-Scale Identification Of Odorant-Olfactory Receptor Relationships
Aashutosh Vihani, Shiyi Jiang, Maira Nagai, Xiaoyang Hu, Krishnendu Chakrabarty, Hiroaki Matsunamni Duke University, Durham,
NC, United States
Central to olfaction is the interaction of a large and diverse number of odorant molecules with a large and diverse set of olfactory
receptors. Here, we sought to quantify the degree of these interactions. Following olfactory receptor activation, olfactory sensory
neurons undergo phosphorylation of the ribosomal subunit S6. Therefore, odorant-olfactory receptor interactions can be inferred from
olfactory receptor transcript enrichment values from phosphorylated ribosomal subunit immunoprecipitation and associated mRNA
sequencing (pS6-IP-Seq) following odor exposure. We previously used this method against acetophenone and 2,4,5-trimethyl-3thiazoline. Now, we have used this method against more than 50 odorants to identify over candidate 400 cognate olfactory receptors

for the mouse in vivo. We find that, in general, olfactory receptors are narrowly tuned to specific molecules. Additionally, we find that
some olfactory receptors are enantiomer-specific and some olfactory receptors are enantiomer-degenerate. And finally, we find that
olfactory receptors over-represented in sexseparated female mice are robustly responsive to male-specific semiochemicals. Our data
provide a basis to compare molecular feature descriptors to olfactory receptor sequence and activation.
Long Lasting Exposure Of Norway Rats To Domestic Cat Chemical Cues Suppressed Plasma Testosterone
But Not Hair Corticosterone
Vera Voznessenskaya , Tatiana Laktionova, Ilya Kvasha, Maria Klyuchnikova
A.N. Severtsov Institute of Ecology and Evolution, Moscow, *, Russia
Our previous research showed that male rats exposed to cat chemical cues (urine/L-felinine) exhibited fewer mountings or mountings
with intromissions in presence of receptive females. Current study aimed to examine the influence of domestic cat specific compound
L-felinine on testosterone secretion in male rats. Test subjects were 3–4 months old Norway rats from laboratory population. Males
were placed singly 2 weeks prior to experiment. Cotton balls soaked with L-Felinine (0.05% w/v, 0.2 ml, US Biologicals), cat urine
(0.2 ml) or tap water (0.2 ml) in plastic perforated containers were placed directly into home cages of rats. We renewed test solutions
twice a week. Blood samples (50 μl) were obtained from rear foot pad. Plasma testosterone (T) was assayed (in duplicate) by enzyme
immunoassay method (EIA-1559, DRG). Hair corticosterone was measured before and after exposure to cat urine using ELISA
technique (EIA K014, Arbor Assay). Exposure of male rats to cat urine for 2 weeks significantly suppressed plasma T (p=0.002, n=10,
t-test). Analogous exposures to L-felinine (0.05 %, 0.2ml) produced quite similar effect (p=0.049, n=10, t-test) in male rats. The effect
was dose dependent: we did not observe suppression of plasma T when lower amount of L-felinine solution (0.05 %, 0.1ml) was
applied to home cage of male rats. At the same time long lasting exposure to cat urine did not affect hair corticosterone in rats (p>0.05,
n=13, Wilcoxon test). It appears to be that altered sexual behavior of male rats exposed to Lfelinine/cat urine could be explained rather
by significantly lowered T then by altered glucocorticoid secretion. The expression of the secondary defense reactions by laboratory
naive rats and the failure to habituate at the hormonal level may indicate an innate nature of the response.
Ammonia Detection In Drosophila Melanogaster Mediated By A Non-Canonical Receptor In Previously Unidentified Olfactory
Neurons
Alina Vulpe1, Hyong Kim2, Cesar Nava-Gonzales3, Sydney Ballou1, Tiffany Liang1, Chih-Ying Su3, James Jeanne2, Karen Menuz1
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Many insect vectors of disease are attracted to ammonia, a kairomone secreted by humans in sweat and breath. Other insects, including
the model organism Drosophila melanogaster, are also attracted to low levels of ammonia. In Drosophila, antennal ac1 olfactory
sensilla are highly sensitive to ammonia, and this response is thought to be mediated by the IR92a receptor found in IR92a+ olfactory
receptor neurons (ORNs). However, such receptors are poorly conserved across insect species. In Drosophila, ac1 ammonia responses
also rely on an ammonium transporter, Amt, found in the same sensilla. Here, we demonstrate that ac1 sensilla contain a previously
unidentified 4th ORN that expresses both Amt and a related ammonium transporter, Rh50. Surprisingly, neuronal ablation experiments
suggest that the 4th ORN mediates ammonia responses in ac1 sensilla. This was confirmed by analysis of ammonia responses in a
newly generated IR92a mutant fly line. GCaMP imaging and electrophysiological experiments suggest that ammonia responses in the
4th ORN do not rely on canonical odor receptor co-receptors and that these ORNs respond exclusively to ammonia. In other
organisms, members of the evolutionarily conserved ammonium transporter family are highly selective for ammonium, and some are
electrogenic. We propose that charged ammonium molecules are transported into the ORN by these transporters, and that ammonium
ions directly depolarize the cells. This is in contrast to all other odors, which act on ligand-gated receptors. Our preliminary data
indicate that misexpression of Amt in an ammonia-insensitive neuron confers ammonia responses to this cell. Thus, members of the
ammonium transporter family may act as conserved, noncanonical odor receptors for this ecologically important odor.
Scrnaseq Reveals Olfactory Sensory Neuron Diversity And Informs Circuit Wiring Mechanisms
I-Hao Wang, Elisa Donnard, SungJin Park, Hao-Ching Jiang, Manuel Garber, Paul Greer
University of Massachusetts Medical School, Worcester, MA, United States
By correctly sensing and interpreting chemical information in the environment, the olfactory system enables animals to avoid
predators, locate food, and find mates. In the mouse, chemical odorants are detected primarily by odorant receptors (ORs) expressed
by primary olfactory sensory neurons (OSN), whose cell bodies are located within the olfactory epithelium. Each OSN expresses one
and only one of the approximately one thousand olfactory receptors encoded in the genome. Each of these ORs recognizes distinct but
overlapping, extracellular chemical cues, and OSNs expressing the same OR project their axons to the same anatomical structure,
known as a glomerulus, which is located in a region of the brain called the olfactory bulb (OB). The glomerulus position representing
a given OR is largely invariant and stereotyped from animal to animal suggesting that the anatomical location of a glomerulus may be
important for olfactory processing. However, the mechanisms by which the glomerular map form and the biological meaning of this
map remain incompletely understood. Here, we applied single-cell RNA sequencing (scRNAseq) to profile the transcriptomes of tens
of thousands of individual OSNs. These experiments uncover a highly diverse transcriptome between different OSNs, and they have
revealed that OSNs expressing different ORs can be divided into subtypes based on their RNA expression profiles. Based on these
transcriptional differences, we are able to predict the glomerular position of a particular OSN. These results provide a new

understanding of how the glomerular map is constructed and provide insight into the connection between glomerular position and the
ligands sensed by the
OSNs that innervate it.
(Achems Undergrad Award Finalist The Development Of Epidermal Sensory Organs In The Earthworm
Eisenia Hortensis
Hannah G Watson, Andrew T Ashchi, Colleen N Riley, Alex L Caron, Cecil J Saunders, Wayne L Silver Wake Forest University,
Winston-Salem, NC, United States
Although the earthworm’s chemosensory capacity has been studied for centuries, little is known about the cells they use to sense
stimuli in their environment. We are interested in the development of sensory structures which purportedly detect environmental
chemical stimuli in Eisenia hortensis. The earthworm literature speculates that receptor cells responsible for detecting chemical stimuli
are clustered in structures known as epidermal sensory organs (ESOs). Our investigation used scanning electron microscopy (SEM)
and florescent confocal microscopy (FCM) to determine if ESOs are present at various stages of earthworm development. ESOs
consist of clusters of ciliated cells, which were visualized for FCM using an antibody against acetylated tubulin. Samples of the
prostomium (an organ analogous to the tongue) were taken from newly hatched, adolescent, and adult earthworms for analysis. ESOs
were observed at each of the three age points, both with SEM and FCM. Additionally, there was a significant correlation between
segment size and mass, which could be used to estimate earthworm age. Based on our results, ESO diameter significantly changes
from hatching to adulthood (1-way ANOVA, f(2,99)=15.556, p<.001). Analysis using Tukey’s HSD also showed a significant
difference between the number of ESOs at each age point (Adolescent-Hatchling=0.05, Adult-Hatchling=1.3e-6, AdultAdolescent=0.0069). We are comparing the estimated age using linear regression to the number and density of ESOs. We are also
conducting behavioral assays to determine whether newly hatched and adolescent worms respond to chemicals (such as ally
isothiocyanate, menthol and NaCl) in a manner similar to those we have shown previously in our lab for adult earthworms.
Olfactory Detection Thresholds Of Mice To Aliphatic Alcohols And M72 Ligands
Ellie A Williams, Adam K Dewan
Florida State University, Tallahassee, FL, United States
Functional experiments demand the use of appropriate stimulus concentrations – information which is most cases is severely lacking.
To help address this problem, we assayed the ability of C57BL/6J mice to detect a homologous series of primary aliphatic alcohols
(C3-C7) and several established ligands for the M72 receptor (acetophenone, benzaldehyde, and 2’-hydroxyacetophenone). These
odors were chosen because they are commonly used to probe the behavioral limits of odor discrimination and assess odor-structure
activity relationships. Olfactory detection thresholds were determined using a head-fixed Go / No-Go operant conditioning assay
combined with highly reproducible stimulus delivery. We found that mice are sensitive to these alcohols, responding at concentrations
below 10-10 M. Of the odors tested, mice were most sensitive to 1heptanol and 1-hexanol responding at 5.5 x 10-14 M and 6.4 x 10-14
M, respectively and least sensitive to 1butanol (8.7 x 10-11 M). Mice were similarly sensitive to M72 ligands, responding at
concentrations below 10-12 M. Of these M72 ligands, mice were most sensitive to benzaldehyde responding at 3.4 x 10-13 M and least
sensitive to acetophenone responding at 3.8 x 10-12 M. Lastly, our approach was not only highly consistent among a single cohort but
across cohorts of animals even when tested in different behavioral rigs with different olfactometers. In summary, we hope that these
updated measures of rodent sensitivity will guide experimenters in choosing appropriate stimulus concentrations for functional
experiments using these odorants.
The Life And Death Of A Taste Cell
Courtney E Wilson1,2,3, Yannick K Dzowo1,2, Ruibiao Yang1,2, Robert S Lasher1,2, Thomas E Finger1,2
the nuclei, nuclear fragmentation, golgi body degradation, and cell fragmentation. Dying cells tend to lie near the edge of the taste bud,
often abutting “edge” cells at the border between the taste bud and the surrounding epithelial tissue. From this observation, we suggest
that taste cells migrate outward from the longitudinal center of the taste bud over the course of their lives. Dying cells also tend to be
wrapped by Type I cells, which in some cases appear to be in the process of engulfing the dying cell or fragments that have separated
from the dying cell. We propose that Type I cells act as non-specialized phagocytes during the programmed death of a neighboring
cell. Our serial EM datasets only capture a snapshot of time in the taste bud. Cells caught in the process of cell death are relatively
rare. For example, in a single taste bud, we found evidence of only 2 apoptotic cells in a total population of ~100 taste cells. Since the
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Taste buds undergo continuous cell turnover throughout life. Our understanding of the processes and signals involved in taste cell
replacement has advanced greatly in the past decade. How taste cells die and exit the bud, however, has received scant attention. Using
serial EM images of murine taste buds, we identified cells that appear to be in various stages of cell death, based on their ultrastructural
features. These cells display morphological characteristics of apoptosis: reduced cell volume, changes in heterochromatin organization
within

lifespan of the average taste cell is 10-15 days, over 10% of the cells should be dying every day. We therefore conclude that
morphological apoptosis occurs rapidly in the taste bud.
The Taste Of Potassium Chloride
Paul M Wise1, Paul AS Breslin1,2
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Potassium chloride (KCl) has a salty taste, and is commonly used to replace lost saltiness in reduced sodium formulations of foods.
However, KCl has undesirable side tastes for many consumers which limit the amount of NaCl which can be replaced with KCl. The
off taste is most often described as “bitter.” However, we found that rated bitterness of KCl is not correlated with rated bitterness of a
diverse panel of classic bitter compounds, suggesting at least partially independent sensory mechanisms. Further, most panelists
trained in the concept of “bitterness” using classic bitter stimuli (like sucrose octaacetate and quinine) did not rate KCl as bitter.
Instead, both quality profiling and sorting experiments suggest that KCl shares a mineral taste with some other nonsodium salts, a
quality we term "sparry" (after fledspar, which often contains potassium or calcium), Most subjects trained to recognize sparry rate
KCl as salty and sparry, but not bitter (though they still rate classic bitter compounds as bitter, and rate some other non-sodium salts as
both sparry and bitter). Intensity vs. concentration functions suggest that the maximum intensity of sparry taste is much lower than
maximum saltiness. Whether intensity of sparry taste drives consumer rejection of KCl is unclear at this time.
The Organizing Principle Of Compartmentalized Olfactory Receptor Neurons In Drosophila
Shiuan-Tze Wu, Jen-Yung Chen, Vanessa Martin, Ye Zhang, Dhruv Grover, Ralph Greenspan, Chih-Ying Su University of California,
San Diego, La Jolla, CA, United States
In most sensory systems, neurons are organized into topographic maps which allow for comparison of adjacent inputs via lateral
inhibition, to selectively propagate salient information. However in olfaction, it is unclear whether a sensory map exists. Here we
address this question by examining the organizing principles underlying paired olfactory receptor neurons (ORNs) in Drosophila. By
means of optogenetic or thermogenetic activation, our systematic behavioral assays reveal that ORNs housed within the same
sensillum convey information of opposing hedonic value, which in turn mediates attraction or aversion. Remarkably, such valence
opponency is broadly observed between different ORN pairs, and is relevant in multiple behavior contexts including egglaying and
courtship. Moreover, at the level of the sensillum, we show that lateral inhibition between at4A and at4C ORNs — which promote and
inhibit male courtship, respectively — can significantly modulate behavioral responses to pheromone mixtures, thus providing a
peripheral mechanism for evaluating countervailing olfactory inputs. Together, our results uncover a valence map in the olfactory
system, whereby meaningful information from complex odor stimuli is processed at the earliest stage of olfactory coding.
Sniff Phase Modulates Perceived Odor Quality In Humans
Yuli Wu1,2, Kepu Chen1, Kai Zhao3, Wen Zhou1,2
1 State Key Laboratory of
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A sniff in humans typically lasts 1-2 seconds and is considered to produce a “snapshot” of the chemical environment that also sets the
temporal resolution of olfactory perception. To examine whether the temporal order of events within a sniff influences the perceptual
“snapshot”, we devised an apparatus that enabled us to phase-lock odor delivery to sniff onset and precisely manipulate onset
asynchronies of odorants in humans. Psychophysical testing showed that participants were able to tell apart two odorants presented in
the same or different order when the onset asynchrony was as low as 40 milliseconds. The performance improved with longer onset
asynchronies and was not based on the molar ratio of the two odorants. Meanwhile, they were consistently at chance in reporting
which odorant arrived first. These results provide behavioral evidence that human olfaction is sensitive to temporal patterns within a
single sniff and indicate that timing of odor-evoked responses in relation to the sniff contributes to the perceived odor quality.
Denatonium Benzoate, Bacteria And Allergen Exposure Elicits Intracellular Calcium Increase From Nasal Solitary
Chemosensory Cells
Jiang Xu1, Vijay Ramakrishnan2, Marco Tizzano1
1Monell Chemical Senses
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From the air we breathe, our airways are constantly exposed to countless compounds, including some that are irritating or toxic, which
can cause inflammation, allergies and other respiratory conditions. Solitary chemosensory cells (SCCs) are specialized chemosensitive
epithelial sentinel cells of the nasal mucosa innervated by trigeminal nerve fibers. SCCs, utilizing a taste receptor transduction
cascade, respond to a variety of substances, including bitter tastants, pathogenic bacterial molecules, and odorants. Upon activation,
SCCs trigger protective airway reflexes, as well as neurogenic pro-inflammatory and early-stage immune responses. Here we show
that SCCs respond to allergens as well as to the model bitter compound denatonium (Den) and bacterial metabolites (acyl homoserine
lactones, AHLs). SCCs are isolated from the respiratory epithelium of transgenic mice expressing GFP under the promoters for the

genes of TRPM5 ion channel and ChAT enzyme. Calcium imaging was performed and a total of 27 mice, 175 coverslips and 1208
cells were tested. The stimuli used included 20mM Den, 100-300μM C12-AHL, 100u house dust mite (HDM) and 100u Alternaria
alternata extract (Greer Laboratories, NC). We found that ~50% of the GFP cells were responsive to one or more stimuli and on the
contrary only 13-18% of non-GFP cells responded. On average, 20% of the GFP cells and only ~6% of non-GFP cells responded to
the allergens with a magnitude similar to Den. The increase in [Ca2+]i induced by Den, C12-AHL and HDM was partially blocked by
1μM U73122, a PLCβ inhibitor (n=27/34). In sum, our data show that a subset of SCCs respond to the allergens HDM and A.
Alternata and the [Ca2+]i increase in response to these compounds is partially blocked with inhibition of the PLCβ signaling
transduction pathway.
Cross-Frequency Coupling In The Human Piriform Cortex Multiplexes The What And When Of
Olfactory Working Memory
Andrew I Yang1, Heidi Jiang2, Gulce N Dikecligil1, Kyle J Mabry1, Joel M Stein1, Sandhitsu R Das1, Stephan U
Schuele2, Joshua M Rosenow2, Kathryn A Davis1, Timothy H Lucas1, Jay A Gottfried1
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The ability to remember a temporal sequence of odors is an ethologically relevant brain function conserved across species. Neural
mechanisms allowing simultaneous representations of the what and when of olfactory working memory (WM) is poorly understood.
We used intracranial EEG to record local field potentials from piriform cortex (PC) and anterior hippocampus (AH) in epilepsy
patients during an olfactory variant of the Sternberg WM task (N=8). In each block, subjects were presented with a sequence of 3 cue
odors, randomly selected from a set of 10 distinct odor types (encoding). After a short retention period (maintenance; ~4 s), subjects
performed 2 judgments on a final probe odor (retrieval): whether the probe matched one of the preceding cues (identity); which
sequence position it corresponded to (temporal context), as relevant. During all 3 WM stages, there was oscillatory activity in the theta
(3-8 Hz) and gamma (25-100 Hz) bands in PC and AH, suggesting that this activity is involved in more than mere stimulus coding.
There was significant interaction between these dual oscillations, whereby the phase of theta was coupled to the amplitude of gamma
(phase amplitude coupling; PAC). In PC, but not in AH, patterns of theta-gamma PAC specific to the preceding 3 cue odors were
reactivated during maintenance (delayed activity), with the information content predictive of subsequent performance on identity
recall. Notably, in both PC and AH, cue odor-induced gamma activity was biased towards distinct phases of theta oscillations
depending on its sequence position (phase coding). This segregation was related to successful temporal order memory. Our results
suggest that theta-gamma PAC may provide a neural mechanism for stimulus multiplexing in the service of dissociating the whatwhen of olfactory
WM.
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Multiple studies suggest that beta- (15-30Hz) and gamma- (30-150Hz) band oscillatory activity is associated with odor decoding,
learning, and discrimination in rodent piriform cortex. Though recent important studies have begun to examine oscillations in human
piriform cortex, their dynamics and characteristics are poorly understood compared to rodents. Here, we use intracranial
electroencephalography (iEEG) to study the temporal dynamics of odor-evoked oscillatory activities in different frequency bands in
human piriform cortex and their potential functional implications. Participants performed a cued-odor sampling task, in which they
were first given an auditory cue (either the word “rose” or “mint”), then the odor of either pure mint or rose. They were asked to
indicate whether the given odor matched the cue. Preliminary analysis of data from six subjects showed that odor could evoke
significant increases in both theta- and beta-band activities in human piriform cortex. Consistent with previously published findings in
humans, theta activity increases started just after inhale, peaked at sniff peak, and dissipated before exhale. Beta activity exhibited
different temporal characteristics, emerging after theta activity and persisting through exhale. Although preliminary, these findings
indicate that, in addition to theta, odor can induce higher frequency oscillations, and that these activations demonstrate different time
courses, suggesting that they may have distinct functions in odor processing and coding in human piriform cortex.
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Previous ultrastructural studies on taste buds in rodents show that different taste cell types form different types of synaptic contacts
with the sensory nerve fibers. Type II cells, identifiable by a large round nucleus and relatively clear cytoplasm, form synapses
characterized by large atypical mitochondria and the presence of the CALHM1

protein (Romanov et al 2018). In contrast, Type III cells, with an indented nucleus, form more conventional synapses with an
accumulation of presynaptic vesicles. Previous publications about human taste bud ultrastructure have identified the typical synaptic
features of Type III cells, but have lacked mention of atypical mitochondria or other synaptic features of Type II cells. Accordingly we
have undertaken a re-examination of the ultrastructure of human fungiform taste buds using immersion fixation and conventional
Transmission Electron Microscopy. As described also in the poster by B. High, compared to the situation in rodents, fungiform taste
buds in humans show many more nerve fibers distributed within the bud. Secondly, the nerve fibers contain abundant small clear and
large dense core vesicles, which although numerous, are evenly distributed in the nerve fibers, not clustered close to the membrane.
Further, taste cell types in the human bud are less distinctive; the taste cell cytoplasm and nuclear density differ between taste cells,
but do not fall into discrete morphotypes based on the features of rodent taste cells. We are examining the contacts between taste cells
and nerve fibers, however, no atypical mitochondria closely apposed to nerve fibers were observed so far although light microscopy
reveals the presence of CALHM1 puncta (see poster by B High). Further study using EM-immunocytochemistry will be necessary to
determine whether CALHM1 puncta in human taste buds are associated with any specialized mitochondria. The authors thank Mei Li
for technical support.
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Across cultures and religions, smells have long been used for their various effects on mind and body. Mechanisms subserving the
effects are not well understood but have generally been associated with olfactory intensity and/ or pleasantness. To examine whether
other factors are at play, the current study employed two single compounds citral and vanillin that were matched in intensity and
pleasantness. In a within-subjects design, we measured resting electroencephalograms and assessed attentional blink magnitudes – a
behavioral index of neural dynamics underlying access to consciousness – when participants were exposed to the two smells. Results
revealed that the exposure to citral as compared with vanillin induced grand-average power reductions in the alpha band (8-13Hz) and
enhancements in the beta (13-30 Hz) and low gamma (30-45 Hz) bands at rest, accompanied by reduced small-worldness in functional
brain connectivity, which pointed to a state with heightened attention and arousal. In parallel, participants in an attentional blink task
showed reduced attentional blink magnitudes and narrowed blink windows under the exposure to citral relative to vanillin. These
findings demonstrate that smells can exert different impacts on brain state and task performance independent of olfactory intensity and
hedonics. Moreover, they imply that “arousal” diverges from intensity as a unique dimension of olfactory perception.
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Although distinct phenotypic differences in hedonic responses to sweetness have been recognised since 1970, the impact of these
phenotypes on behaviour and weight status remains unclear. Here we focused on how sweet-liker phenotypes differ on various
psychometric measures, and in body composition. Initially, 283 volunteers completed a battery of psychometric tests and a sweet-taste
test (using 1.0M sucrose). Using the method in Iatridi et al. (2019), 244 volunteers (155 women: 79 men) were reliably classified into
three phenotypes: sweet likers (n=84), sweet dislikers (n=42), or moderate likers (n=108). 201 volunteers returned for a second session
to assess body composition using bioelectrical impedance. Contrasts of body composition found significant differences between
phenotypes. Sweet likers had the highest BMI (23.3 +/- 0.4 kg/m2), which did not differ significantly from dislikers (22.6 +/- 0.6
kg/m2) but was significantly greater than moderate likers (22.0 +/- 0.3 kg/m2). Sweet likers also had significantly higher fat-free mass
(54.3 +/- 0.7 kg) than moderate likers (51.7 +/- 0.7 kg), but dislikers had significantly higher total body fat (18.5 +/- 1.5 kg; 23.7 +/1.2%) than did either likers (14.0 +/- 0.9 kg; 20.1 +/- 0.8 %) or moderate likers (13.6 +/- 0.8 kg; 20.3 +/- 0.7%). These effects were
equally evident in men and women. We found few psychometric differences between the three phenotypes, although sweet likers
scored significantly higher on Arnett’s Sensation Seeking Intensity subscale and on the Three Factor Eating Questionnaire
Disinhibition scale. These data suggest extreme sweet-liking may reflect a wider phenotype of reward sensitivity, but surprisingly
extreme sweet-liking did not translate into increased body fat, questioning the relevance of sweet-liking as a risk for obesity.
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Leptin is known to suppress behavioral, neural and taste cell responses to sweet compounds. Previously, we demonstrated that the
sweet suppressive effect of leptin is mediated by the leptin receptor Ob-Rb, and the KATP channel expressed in some T1R3-positive
taste cells. However, the intracellular signaling pathway connecting Ob-Rb to KATP channel in T1R3-positive taste cells is still
unclear. In this study, we investigated the signaling pathway for the sweet suppressive effect of leptin in taste cells. First, we used
behavioral assays to test whether activation of KATP leads to suppression of sweet taste sensitivity in mice. Using the conditioned taste
aversion
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paradigm, we found that administration of the KATP channel opener Diazoxide selectively lowered sensitivity to sweet, but not salty,
sour, bitter and umami compounds. Thus, activation of KATP mimics the effect of leptin. Next, we examined the effect of
pharmacological blockers of leptin signaling components. We tested signal transducer and activator of transcription 3 (STAT3)
inhibitor (Stattic), Src homology region 2 domain- containing phosphatase-2 (SHP2) inhibitor (SHP099) and phosphoinositide 3kinase (PI3K) inhibitors (wortmannin and LY294002). Among these compounds, wortmannin and LY294002 blocked the sweet
suppressive effect of leptin whereas Stattic and SHP099 had no effect. In peeled tongue epithelium, leptin stimulated
phosphatidylinositol (3,4,5)-trisphosphate (PIP3) production in some T1R3-positive taste cells but not in GAD67-positive taste cells.
Such leptin-induced PIP3 production was suppressed by the PI3K inhibitors. Taken together, these results suggest that leptin
suppresses sweet responses of T1R3-positive taste cells by activation of Ob-Rb - PI3K - KATP channel pathway.
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The Islands of Calleja (IC) are dense cell clusters located in the ventral striatum, predominantly in the olfactory tubercle (OT).
Although the IC are conserved across mammalian species including humans, the neural circuit and function of the IC remain elusive.
Unlike the ventral striatum which mainly contains medium spiny neurons (MSNs) expressing the dopamine D1 or D2 receptor, the IC
contain tightly packed, GABAergic granule cells characterized by expression of the D3 receptor, allowing genetic access to these
neurons. Whole-brain CLARITY imaging reveals that D3-tdTomato neurons form a continuous, interconnected network rather than
individual islands, and ~95% of the OT D3 neurons are located within the IC. Optogenetic activation of the OT D3-ChR2
(channelrhodopsin 2) neurons initiates robust grooming behavior, a highly conserved and stereotyped motor pattern. Optogenetic
inhibition of D3-eArchT (archaerhodopsin 3) neurons shortens or stops ongoing grooming. Genetic ablation of these neurons via
diphtheria toxin decreases total grooming time by reducing the number of bouts but not duration per bout, supporting a role of these
neurons in grooming initiation. Interestingly, retrograde viral tracing shows that the OT D3 neurons receive direct inputs from other
brain regions (e.g., lateral hypothalamus and amygdala) implicated in grooming control. Anterograde tracing demonstrates that these
neurons mainly make synaptic connections within the ventral striatum. This is supported by patch clamp recordings of OT neurons in
which blue light stimulation of D3-ChR2 neurons evokes monosynaptic IPSCs (inhibitory postsynaptic currents). Our study uncovers
the neural circuit that striatal D3 neurons (predominantly in the IC) are embedded in and reveals a novel role of these neurons in
grooming control.
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A functional olfactory system is necessary for survival of most neonatal mammals, but it is unknown how olfactory information is
processed by the immature brain. Here, we focus on understanding information processing in the primary olfactory (piriform) cortex
of neonatal rats. We recently found that odor stimuli evoke network oscillations in the neonatal piriform cortex that are reminiscent of
the oscillations previously observed in the adult piriform cortex. To present study aimed to further quantify differences and similarities
between neonatal and adult piriform cortex network oscillations. We recorded local field potential (LFP) and multiunit activity in the
piriform cortex, along with respiration behavior, of awake rat pups during the first three weeks of life (P0-21), and applied frequency
and time domain analyses to the data. Our findings show that neonatal oscillations are increased in amplitude by odor stimuli and
modulated by respiration. Multiunit activity is locked to the descending phase of neonatal oscillations, thus revealing striking
similarities with adult beta oscillations in response to odor stimuli. We are currently exploring the neural circuits responsible for
generating oscillations in the neonatal piriform cortex by selectively manipulating cortico-bulbar and bulbo-cortical projections
through lidocaine injections and simultaneous recordings from piriform cortex and olfactory bulb.
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The human amygdala is a heterogeneous structure composed of multiple subregions, a subset of which receive direct projections from
the olfactory bulb. These olfactory amygdala subregions make up part of primary olfactory cortex, and include the medial amygdala,
the cortical amygdala and the periamygdala cortex. Their functional properties are not well understood, especially in humans.
Anatomical and functional segmentation of the amygdala has been challenging, partly due to its small size. Previous functional
magnetic resonance imaging studies have successfully parcellated the amygdala into subregions based on its whole-brain connectivity
patterns. However, these studies did not consider the olfactory subregions, and segmented the amygdala into a small number of
subregions, typically only three, including superior, inferior and medial amygdala. In this study, we used resting fMRI (N = 25) to
parcellate the amygdala into eight distinct nuclei, using k-means clustering and whole-brain functional connectivity patterns, with a

special emphasis on the areas that receive direct input from the olfactory bulb. We then characterized the whole brain functional
connectivity patterns of the olfactory subregions. These whole-brain connectivity patterns can be used to form hypotheses about the
distinct functional role that each olfactory amygdala subregion plays in olfactory perception.
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Volatile sulfur compounds are often associated with unpleasant odors that are present in rancid food, body odor, and the environment.
Various mammalian olfactory receptors (ORs) for thiols have been reported while the olfactory basis for thioether sensation is less
known. Most ORs for sulfur compounds reported up-to-date involve the participation of heavy metals, such as copper, as a cofactor in
receptor activation. Here we explored the molecular mechanisms underlying the olfactory detection of methional, a compound with a
thioether group and an aldehyde group that is a cellular metabolite of methionine and a sulfurous off-flavor commonly found in orange
juice and oxidized wines. We selected previously known mammalian sulfur ORs and screened this OR subset on methional. We
identified three mouse olfactory receptors, MOR256-17, MOR180-1 and MOR244-3, that responded to methional, possibly through
different mechanisms. Both MOR256-17 and MOR180-1 responded to methional independent of metal ions. While MOR244-3
responded robustly to methional in absence of metal ions, this response was significantly enhanced when copper ion was added. Sliver
ion was not responsible for methional stimulation tested in this study. Among the known human ORs for volatile sulfurous
compounds, OR2T11, OR2M3, OR2C1, and OR2W1 did not respond to methional with or without metal.
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It has been long known that a salty ageusia follows gingivitis treatment with the antimicrobial mouth-rinse chlorhexidine gluconate.
Recent observations show chlorhexidine treatment converts the sodium-benzoate bitter taste to sweet (Karpman et al, 2018). Here we
attempt to verify and clarify these findings. 12 solutions consisting of low and high concentrations of NaCl (0.1M,0.5M), Na-benzoate
(0.1M,0.5M) and Na-saccharin
(0.002M,0.01M) and 3 mixtures of sweet (sucrose), salty (NaCl), and bitter ((0.2mM,1.0mM Quinine) tastes and Water were applied
to the anterior tongue with Q-tips. 13 participants, after training to identify salty, sweet, bitter, sour or no taste were tested in 2
sessions, which occurred 1 week apart. First, stimuli were preceded by water (control); second, stimuli were preceded by 0.12%
chlorhexidine. Identification frequencies (Yes = 1, No = 0) were analyzed by t-tests in Excel. Secondary sweet taste of Na-benzoate
was again detected less frequently but identification of the primarily sweet taste of Na-saccharin was unaffected following
chlorhexidine rinse. In 2 to 3-component mixtures containing NaCl, sucrose and/or bitter quinine, the salty taste was detected less
frequently than non-salty tastes after chlorhexidine rinse. There is an alternate interpretation for a Na-benzoate quality change from
bitter to sweet. Reduction in a sodium-salty component of Na-benzoate by chlorhexidine may release its natural sweet component
from mixture suppression (Frank et al, 2012). Future studies on the effect of chlorhexidine rinse on varying concentrations of mixtures
of salty, sweet and bitter quinine would identify thresholds for unpleasant bitter and pleasant sweet qualities, which may be used to
adjust clinical compliance of chlorhexidine rinses.
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The accessory olfactory bulbs (AOBs) of both male and female mice exhibit changes in the balance of excitation and inhibition after
social experience. Here, we sought to better understand how chemosensory experiences shape AOB information processing and the
display of social behavior. We utilized whole cell patch clamp electrophysiology to identify specific physiological changes in AOB
interneurons that are activated by one or more bouts of social chemosensory experience. Using the immediate early gene Arc as a
marker for interneuron activation, we compared the electrophysiological features of Arc-positive AOB interneurons to their Arcnegative counterparts after single or repeated social experiences. In these experiments, we found that Arc-positive AOB interneurons
displayed increased excitability for several days after a single social chemosensory experience. Following repeated social
chemosensory experiences, the time window of increased excitability was extended. We also deployed chemogenetic strategies to
manipulate experience-activated AOB interneurons to determine how they shape social behavior. Preliminary analysis of residentintruder behavior following chemogenetic manipulation of the Arc-positive populations indicates a decrease in the number of
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aggressive behaviors in resident mice. Taken together, these studies will help to identify the fundamentals of central chemosensory
processing, experience-dependent plasticity in AOB interneurons, and their influence on mammalian social behavior.
Fear Enhances Perceived Bitterness.
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The taste of food and beverages can depend on emotional state, while emotional state may change our taste perception in terms of
cognitive influence. The purpose of this research was to confirm changes of taste perception by emotion. In experiment 1, we
manipulated the emotional state of participants by having them watch comedy which evoked low arousal positive emotion or horror
movies which evoked high arousal negative emotion before the tasting the juice we blended commercial goods. The juice was
prepared to be sweet, salty, sour, bitter, and not unpleasant, and was specifically designed to provide not familiar stimulus. Also, high
state anxiety was triggered among the participants who watched a horror movie, and high juice consumption was confirmed among
them. The perception of sweetness of the juice was found to be reduced in the horror movie group compared to the comedy movie
group, and the horror movie group participants were found to have tasted more bitterness than did the comedy movie group
participants. These findings suggest that our perception of taste changes depend on whether our emotion is positive or negative. In
experiment 2, we thought about difference in arousal level of positive emotion. Participants were assigned to high arousal positive
emotion group and low arousal positive emotion group by the movies they watched. However, no significant differences were
confirmed about taste evaluation and juice consumption. This finding suggests that difference in arousal level of positive emotion
doesn't affect our perception of taste. Taken together, we confirmed that our emotional state affect cognitive influence of our taste
perception. Also, this change isn't effect by arousal level only.

