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Zhejiang University

Hangzhou, Zhejiang, China, Close to Shanghal, largest city
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Zhejiang University iIs currently one of the largest and best universities |
China with a history of 129 years. It ranks third in various rankings at home
and abroad, after Tsinghua University and Peking University in China, and is
also one of the universities with the most comprehensive disciplines in China
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This is the Yuqguan Campus which is one of This is the building of our college of
seven campuses of Zhejiang University that  “Biomedical Engineering and Instrument
focus In Engineering and Information Science” and our lab in there
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2. Bioelectronic Nose & Bioelectronic Tongue /n
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3. Application of Bioe-Nose and Bioe-Tongue /n
vitro and in vivo



1st Part

Electronic Nose (e-Nose)

Electronic Tongue (e-Tongue)



Electronic Nose (e-Nose)

The term " Electronic Nose ' was presented iIn
the 1980’s.

It became apparent that the animal and human
olfactory systems operate on the same principle:
A relatively small number of nonselective &8
receptors can determine thousands of different
odors.

“Electronic Nose' I1s a kind of electronic or
optical analysis instrument and while it should

be a kind of bionic instrument.

Prof. Gopel, Prof. Gardner, Prof. D’amico etal ==







{.I Comparing e-Nose with Human Nose

Table Comparing electronic nose with human nose «

Bio-nose « Electronic nose « ¢
It uses the lungs to bring the odor to epithelium layer. It employs a pump to smell the odor. « y
It has mucus, membrane and hair to act as filter. It has an inlet sampling system that provides filtration. ‘

-

The human nose contains the olfactory epithelium, which  Electronic nose has a variety of sensors that interact differ-
contains millions of sensing cells that interact with odorants ently with a group of odorous molecules. -
in unique.

-

The human receptors convert the chemical response to Similarly, the chemical sensors in the electronic nose react

electronic nerve impulses whose unique patterns are prop- with the sample and produce electrical signals. A computer

agated by neurons through a complex network before reads the unique pattern of signals, and interprets them

reaching the higher brain for interpretation. with some form of intelligent pattern classification algo-
rithms. -




e-Nose for Health Monitoring
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Odorart  Chemical Vapor |dentified
Sensor Array Odor

! Styrene (ethenylbenzene) 1.3-butadiene, 2-methyl- (isoprene)
o Heptane, 2.2.4,6,6-pentamethyl Octane, 3-methyl
" Heptane, 2-methyl 1-hexene
o Decane Nonane, 3-methyl-
5 Benzene, propyl- 1-heptene
Undecane Benzene, 1.4-dimethyl
Cyclopentane, methyl- Heptane, 2.4-dimethyl
iy auis : : Cyclopropane, 1-methyl-2-pentyl- Hexanal
1 - Methane, trichlorofluoro- Cyclohexane
B o e e - wRed C " T " " Benzene Benzene, 1-methylethenyl

Benzene, 1.2.4-trimethyl- Hepatanal



Human Taste
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The "' Electronic Tongue "' was presented in the ag;-\\
1990's. F s
It became apparent that the animal and human
taste operating on the same principle.

“Electronic Tongue' is a kind of electronic(or
optical) analysis instrument and while should
be a kind of bionic instrument.

Prof. Vlasov, Prof. Toko, Prof. Legin et al

From Prof. Legin’s Lab



Human Taste and e-Tongue

LR Human Taste
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omimetic Electronic Tong

4

Artificial lipid-based membrane

From Prof. Toko’s Lab
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2nd Part

3

Bioe-Nose and Bioe-Tongue

In vitro and in vivo
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Biomimetic nose and tongue chips
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The development the device integrating FET array and culture
olfactory and taste bud cell on the device and detect the response
under stimulants of odor and taste.



i ion channels in the cilia
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Cell-based Olfactory Receptor

{. Synthesis and Expression
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immobilization methods for ORs
j. coupling with transducers




Receptor-based Bioe-Nose

Olfactory Receptors Sensitive Area

surface acoustic wave (SAW) !
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LAPS for electrophysiological sensing
of olfactory cells
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Fig. 3.2. Principle of the olfactory-LAPS system. (a) The schematic of cell-based biosensor
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Odorant-elicited Extracellular Potential of f/@)‘i
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Smell Sensors Based on Olfactory
Epithelium

*

(a) (b)

Cilia
Location of LU
electrode in .
sagittal slice ..
Location of / S\ /=" newon
electrode in ‘ W7e=—=
transversal slice Olfactory sensory lEazement

To olfactory neuron axons membrane

= bulb




The olfactory epithelium and MEA
j' bio-hybrid Bioe-Nose
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The Recognition Pattern Sensed by
Olfactory Epithelium-based Bioe-Nose
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Primary Taste Bud and Receptor Cells /
Isolated from Rats Cultured on LAPS chip
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Record Extracellular Potentials of Taste
Receptor Cells in Taste Buds by MEAs

(a)

(b)

V. [ 1
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Record Extracellular Potentials of Taste -% »&
j. Receptor Cells in Long Time by MEAs <«
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The Further Study on Bioe-Nose/Tougue
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The Research on Olfactory Neural
Network OE and OB /n vitro and Vitro
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Action potential (mV)
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Bioe-Nose and Bioe-Tongue Chips Using Olfactory (_
and Taste Cells Network in Vitro




Bioe-Nose and Bioe-Tongue with living
3D cells and Organoids /n Vitro

P s
Activin A . Minimal media
— N

Mesendoderm E m/neur
wnt3a Bmp4
Fgfa W Fefo 20% KSR . 1.5% KSR
Hindgut endoderm Intermediate mesoderm Neurocepithelium Retinal epithelium
Matrigel RA Matrigel 2% matrigel
agitation
Intestinal organoid Kidney organoid Cerebral organoid Optic cup organoid

O

SRR R
Cilia A Control group WWM

Support cells M’

Ethyl ether

B
Olfactory receptor
neurons C

Acetic acid

Basal cells
Ay ——————
D -

Butanedione

P © e Y

Za Acetone

M EA 50 pv | 30sec 50 pVI 0.Ssec

ARRRY




Oganoid-based Bioe-Nose /in Vitro
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j. Oganoid-based Bioe-Nose in Vitro
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Oganoid-based Bioe-Tongue /n Vitro
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jBioe-Nose in Vivo Using BCI Technique
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3

Bioe-Nose and Bioe-Tongue /in Vivo
Using BCI Techniques

Taste stimulation
system
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Bioe-Nose /in Vivo
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ignal Analys
of Bioe-Nose in Vivo
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Odor detection and Signal Analysis
of Bioe-Nose /in Vivo
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Odor detection and Signal Analysis

of Bioe-Nose /n Vivo
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Bioe-Tongue /in Vivo Using BC/
Techniques

liquid
flow

Biosensors and Bioelectronics, 2016, 78: 374-380
Sensors and Actuators B: Chemical, 2017, 239: 746-753
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i 3nd Part

Application Bioe-Nose and Bioe-Tongue

In vitro and 1n vivo



Bioe-Tongue’ Perception Resuits are
Similar with Human Taste

The in vitro bioelectronic tongue for bitter and umami detection
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Bioe-Nose for AD Detection
and Drug Screening in Therapy

Olfactory Bulb Neuronal Network Chip-based Biosensor of
Dysosmia Model in AD (Alzheimer's disease)
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for Hazardous Detection

user interface

Wi-Fi module

headstage MCU
recording
electrode — stimulation

array

pump

odorant
solutions

\ =
stlmulatmg
electrodes



Robots with Bioe-Nose In vivo
for Food Quality Monitering




Rehabilitation of Human Olfaction with Flexible
Micro/Nano Bioe-Nose in vivo

Olfactory regeneration and
intelligent regulation

The complex is implanted in
the nasal cavity

Flexible electrode and
cell/organiod complex
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Robot with Bioe-Nose/Tongue in vivo § .
for Hazardous Detection
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Sensing-Actuation System

Cell-based olfactory sensor array to - e Signals are analyzed to identify
detect chemicals patterns of chemical moleculars
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Brescia/Italy

Prof. Ping Wang, Department of Biomedical Engineering,
Zhejiang University, China:

“Progress in Biomimetic Artificial Nose and Tongue”

Prof. Peter Mombaerts, Department of Molecular Neurogenetics,
Max Planck Institute of Biophysics, Germany :

“How a Mouse Smells”

Prof. Alan Gelperin, Monell Chemical Senses Center & University of
Pennsylvania, USA:

“Olfaction with DNA-Coated Nanotubes”
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International Symposium on Olfaction and Electronic Nose

May 12-15 , 2024 | Grapevine, Texas

Prof. Andreas Schiitze Keynote Speaker

High performance gas measurement systems — bridging the gap between

sensors and analytics
Photo Credit — Oliver Dietze

Dr. Yogesh Gianchandani Keynote Speaker

On-chip sampling and analysis — a selective view

S e Keynote Speaker

Biosensor National Special Lab, Department of Biomedical Engineering,

Zhejiang University, Hangzhou, China
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