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Nano-Bio-Electronic NoseNano Bio Electronic Nose



Five SensesFive Senses

Chemical Sense Physical Sense

Smell Taste Hearing Sight Touch



The Sense of SmellThe Sense of Smell

 The most the most 

t i fmysterious of our 

sensessenses. 

 Human

 10-3 ppb

 10,000 distinct odors



2004 Nobel Prize2004 Nobel Prize
i Ph i l M di iin Physiology or Medicine

Discovery of y f

Smell Sensing Mechanism
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Olfactory Signal TransductionOlfactory Signal Transduction

Receptor



Receptor and Cell for BiosensorReceptor and Cell for Biosensor

Receptor-Based Biosensor

• E coliE. coli

• HEK-293 (Human Cell) 

Cell-Based Biosensor

• HEK-293 (Human Cell)



R t E iR t E iReceptor ExpressionReceptor Expression

inin E. coliE. coli



Cloning of Receptor Gene inCloning of Receptor Gene in E coliE coliCloning of Receptor Gene in Cloning of Receptor Gene in E. coliE. coli

Olfactory Receptor 6X his tag

GST

Ptac

pGEX
Amp

pGEX



Expression of Receptor in E coliExpression of Receptor in E. coli

Western Blot

Sung Ko and Park Biosensors and Bioelectronics 21 1981 1986 (2006)Sung, Ko, and Park, Biosensors and Bioelectronics, 21, 1981-1986 (2006)

Kim et al., Advanced Materials, 21, 91-94 (2009)



Purification of ReceptorPurification of Receptor

Song, Lee, Oh, and Park, Current Microbiol., 21, 91-94 (2009)



Receptor ExpressionReceptor ExpressionReceptor ExpressionReceptor Expression

on Surface of HEKon Surface of HEK--293 Cell293 Cell



Cloning of Receptor Gene in HEKCloning of Receptor Gene in HEK--293 Cell293 Cellg pg p

Amp

pINDpIND Neo

rho-tag Olfactory Receptor

For targetingFor targeting to cell surfaceto cell surfaceFor targetingFor targeting to cell surfaceto cell surface



D t ti f S f E iD t ti f S f E iDetection of Surface Expression
(Immunocytochemical method)

Detection of Surface Expression
(Immunocytochemical method)

C 2 li k d ti tib dCy2-linked anti-mouse antibody
Anti-rho tag mouse antibody

Import sequence (rho-tag)

Olfactory Receptor



Expression of ReceptorExpression of ReceptorExpression of ReceptorExpression of Receptor
on Surface of HEKon Surface of HEK--293 Cell293 Cell

118 KDaWestern Blot

84 KDa 79 KDa
(I7)( )

Ko and Park Biological Chemistry 387 59 68 (2006)Ko, and Park, Biological Chemistry, 387, 59-68 (2006)



Development of BiosensorDevelopment of Biosensor

Receptor-Based
Cell-Based

Biological Recognition 
Element

(Primary Transducer)

Receptor Based

Wh l C llWh l C ll (Primary Transducer)Whole CellWhole Cell

Biochip Hardware
Platform

Sensor Platform

(Secondary Transducer)



Primary TransducerPrimary Transducer

•• ReceptorReceptor--BasedBased
•• Receptor expressed inReceptor expressed in E coliE coli•• Receptor expressed inReceptor expressed in E. coliE. coli

•• Receptor expressed on HEKReceptor expressed on HEK--293 cell 293 cell p pp p
surfacesurface

•• CellCell--BasedBased
•• HEKHEK 293 cell with receptor expressed on293 cell with receptor expressed on•• HEKHEK--293 cell with receptor expressed on 293 cell with receptor expressed on 

the cell surfacethe cell surface



Secondary TransducerSecondary Transducer

QCM (Q t C t l Mi b l )• QCM (Quartz Crystal Microbalance)

• SPR (Surface Plasmon Resonance)• SPR (Surface Plasmon Resonance)

• Microelectrode• Microelectrode

• Nanotube• Nanotube
• Carbon Nanotube

• Conducting Polymer Nanotube



QCM



Receptor & QCMReceptor & QCMReceptor & QCMReceptor & QCM

Od (Di l)Od (Di l): Odorant (Diacetyl): Odorant (Diacetyl)

: Receptor (ODR10) 

: Gold layer: Gold layer

expressed in E. coli

yy
: Quartz crystal: Quartz crystal

ΔF =ΔF = F Δm / (AF Δm / (Arrt)t)ΔF = ΔF = --F Δm / (AF Δm / (Arrt)t)



Odor SpecificityOdor SpecificityOdor Specificity Odor Specificity 
& Dose& Dose--Dependent RelationshipDependent Relationship
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Sung, Ko, and Park, Biosensors and Bioelectronics, 21, 1981-1986 (2006)



Receptor & QCMReceptor & QCMReceptor & QCMReceptor & QCM

Od t (O t l)Od t (O t l): Odorant (Octanal): Odorant (Octanal)

: Receptor (I7) 

: Dried HEK cell: Dried HEK cell
: Gold layer: Gold layer: Gold layer: Gold layer
: Quartz crystal: Quartz crystal

ΔF =ΔF = F Δm / (AF Δm / (Arrt)t)ΔF = ΔF = --F Δm / (AF Δm / (Arrt)t)



Odor Specificity Odor Specificity Odor Specificity Odor Specificity 
& Dose& Dose--Dependent RelationshipDependent Relationship
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SPR



C ll & SPRC ll & SPRCell & SPRCell & SPR

OdorantOdorant HEK Cell



Lee et al., Enz and Microb Technol., 39, 375-380 (2006)



Dose-Dependent SPR Responseose epe de S espo se
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Lee, Ko, and Park, Biosensors and Bioelectronics, 25, 55-60 (2009)



Microelectrode



Cell & Planar MicroelectrodeCell & Planar Microelectrode

Oscilloscope

Reference 
electrode

HEK CellHEK Cell

Recording electrodeRecording electrode



Cells on Planar ElectrodeCells on Planar Electrode



RT-PCRRT PCR
of Receptor & CNGgust

1 kb

2 kb

Receptor (I7)
Ion Channel (CNGgust) 

p ( )



Field Potential Profile

Without CNGgustWithout CNGgust With CNGgustWith CNGgust

Field Potential Profile
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Lee et al., Biosensors and Bioelectronics, 24, 2659-2664 (2009)



Dose-Dependent Response

Stimulus

Dose Dependent Response

5

St u us

e 
(m

V) 0

A
m

pl
itu

de

-10

-5

A

-15

10
10 mM octanal
5 mM octanal
1 mM octanal

Time (sec)
0 50 100 150 200

Lee et al., Biosensors and Bioelectronics, 24, 2659-2664 (2009)



Si l E h tSignal Enhancement

by Electrical Stimulation



Electrophysiological Set upElectrophysiological Set-up



Cells on Planar ElectrodeCells on Planar Electrode

20 μm



Electrical ResponseElectrical Response

Before odorant stimulation

Odorant stimulation 



Electrical Responsep
Odorant stimulation

Before odorant stimulationOdorant stimulation with electrical stimulation

** * ** * * **

Lee et al., Electrophoresis, 30, 1-6 (2009)



Response to Electrical Stimulation

(1) Od t ti l ti
** * **

(1) Odorant stimulation

(2) Odorant stimulation
in Ca++-free solution 

(3) Non-odorant stimulation ( )

(4) Odorant stimulation( )
without receptor

(Cells with only CNGgust) 

Lee et al., Electrophoresis, 30, 3283-3288 (2009)



Carbon Nanotube



Receptor & Carbon NanotubeReceptor & Carbon Nanotube

Olfactory Receptor

Carbon 
Nanotube ElectrodesNanotube Electrodes



Current Change

Kim et al., Advanced Materials, 21, 91-94 (2009)
Highlighted by Nanowerk (2009)



Conducting PolymerConducting Polymer 
NanotubeNanotube



Receptor &Cond cting Pol mer Nanot beReceptor &Conducting Polymer Nanotube

Olfactory Receptor

Nanotube



Receptor Covalently Bonded
on Nanotube

Olfactory
ReceptorReceptor

Nanotube

Substrate



Sensitivity and SelectivitySensitivity and Selectivity

Yoon et al., Angewantde Chemie, 48, 2755-2758 (2009)
Featured highlight, npg asia materials, Nature asia-pacific (2009)g g , pg , p ( )
Highlighted by Chemistry World, Royal Society of Chemistry, UK (2009)



Odorant MoleculesOdorant Molecules

Amyl butyrate (AB) Butyl butyrate (BB)

Pentyl butyrate (PB) Hexyl butyrate (HB)Pentyl butyrate (PB) Hexyl butyrate (HB)



D D d t R l ti hiDose-Dependent Relationship

Yoon et al., Angewantde Chemie, 48, 2755-2758 (2009)
Featured highlight, npg asia materials, Nature asia-pacific (2009)
Highlighted by Chemistry World, Royal Society of Chemistry, UK (2009)



Cloning g
Whole Set of Human Olfactory 

Receptor Genes                 



H Olf t R tH Olf t R tHuman Olfactory ReceptorHuman Olfactory Receptor

About 370 genes are potential candidatesAbout 370 genes are potential candidates   

for full-length human olfactory receptor 

gene sequences.



Cloning of Human Olfactory Receptor GenesCloning of Human Olfactory Receptor Genes

Human genomic DNA 
Expression vector
(pcDNA3)

PCR

+ 
primer

(pcDNA3)

Gene of interest
PCR product

Enzyme digestion
PCR product 
purification

Enzyme digestion

Gel elution

Ligation
Gel elution

Olfactory Receptor GeneCloned DNA



Natural Nose & Artificial Nose

Rose Rose
SmellSmell“Smells like rose”
Smell



Natural Nose

Artificial Nose



ApplicationsApplications
 Standardization of smell Standardization of smell 

(classification, code for each smell …)
S ll I d t ( f ti i ) Smell Industry (perfume, cosmetics, wine…)

 Disease diagnosis
 Monitoring of food freshness
 Environment monitoring by smell sensing
 Process monitoring by smell sensing
 Public safety (explosive, toxitant)y ( p , )
 Smuggling (drugs…)
 Security (smell sensing security system) Security (smell sensing security system)


