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The most the most
mysterious of our

Senses.
Human
o 103 ppb

o 10,000 distinct odors




2004 Nobel Prize
In Physiology or Medicine

Discovery of

Smell Sensing Mechanism
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Receptor Expression

IN E. coli
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Western Blot
170 kDa™ <+ trimer

100 kDa=— = dimer

¥ <— monomer

(GST + hOR2AG1 )

Sung, Ko, and Park, Biosensors and Bioelectronics, 21, 1981-1986 (2006)
Kim et al., Advanced Materials, 21, 91-94 (2009)




5% Triton X-100 and
Centrifugation

0.5% L-lauroyl sarcosine

and Centrifugation
Centrifu gath \

Cell culture Cell lysis / S2
in flask by sonication

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




Receptor Expression

on Surface of HEK-293 Cell




Cloning of Receptor Gene in HEK-293 Cell

= rho-tag == Olfactory Receptor -

For targeting to cell surface




Detection of Surface Expression
(Immunocytochemical method)

x
) { Cy2-linked anti-mouse antibody

Anti-rho tag mouse antibody

Import sequence (rho-tag)

Olfactory Receptor




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




Cell-Based
WW Biological Recognition

Element
Whole Cell (Primary Transducer)

Receptor-Based

Sensor Platform Biochip Hardware

Platform
(Secondary Transducer)




* Receptor-Based
* Receptor expressed in E. coli

* Receptor expressed on HEK-293 cell
surface

e Cell-Based
« HEK-293 cell with receptor expressed on
the cell surface




Secondary Transducer

e QCM (Quartz Crystal Microbalance)

 SPR (Surface Plasmon Resonance)

e Microelectrode

 Nanotube

e Carbon Nanotube

e Conducting Polymer Nanotube







. Odorant (Diacetyl)

-  Gold layer
— . Quartz crystal

AF =-FAm / (Art)
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hexanal heptanal octanal decanal diacetyl

Odorants

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




. Odorant (Octanal)

: Dried HEK cell
-  Gold layer

— . Quartz crystal

AF =-FAm / (Art)




Odor Specificity
& Dose-Dependent Relationship

1 1 200 T T T T T T T T
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Aldehydes(Cg~C10) Concentration of octanal (M)

Ko, and Park, Biosensors and Bioelectronics, 20, 1327-1332 (2005)
Ko, and Park, Biosensors and Bioelectronics, 23, 1017-1023 (2008)







Odorant

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




Dose-Dependent SPR Response

Octanal 100 mM
Octanal 10 mM
Octanal 1 mM
Octanal 0.1 mM
Buffer

Octanal 0.1 mM
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Lee, Ko, and Park, Biosensors and Bioelectronics, 25, 55-60 (2009)




Microelectrode




Reference
electrode —>

Recording electrode







RT-PCR
of Receptor & CNGgust

™ <— Receptor (17)
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10 mM octanal

10 mM octanal
_—— 0 mM octanal

— — — 0 mM octanal
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Lee et al., Biosensors and Bioelectronics, 24, 2659-2664 (2009)
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10 mM octanal
5mM octanal
1 mM octanal

100 200

Time (sec)

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




Signal Enhancement

by Electrical Stimulation




Teflon
chamber

Odorant
QO  Reference

electrode

AC
Amplifier

Working
electrode

*
Glass substrate

Heater

Acquisition

l

Computer

Biphasic current

stimulator







Before odorant stimulation

Odorant stimulation
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Electrical Response

Odorant stimulation

Odorant stimulation with electrical stimulation

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




Response to Electrical Stimulation

(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
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Carbon
Nanotube




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




Conducting Polymer

Nanotube




Olfactory Receptor

Nanotube |
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Substrate




Receptor Covalently Bonded
on Nanotube

Olfactory
Receptor

O
/ "/ \‘ Substrate
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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)




Butyl butyrate (BB)
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Pentyl butyrate (PB) Hexyl butyrate (HB)




Dose-Dependent Relationship
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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
Whole Set of Human Olfactory

Receptor Genes




Human Olfactory Receptor

= About 370 genes are potential candidates
for full-length human olfactory receptor

gene sequences.




Expression vector _
_ (pcDNAD3) Human genomic DNA
+

primer e
Enzyme digestion Gene of interest

__ Gelelution burication

Gel elution purification

Enzyme digestion -

Gel elution

Ligation

/_
> <

Cloned DNA

Olfactory Receptor Gene




Natural Nose & Artificial Nose
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l a " ; recognition

Fattern
recognition

“Smells like rose”




Natural Nose

Artificial Nose




Standardization of smell

(classification, code for each smell ...)

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)

Smuggling (drugs...)

Security (smell sensing security system)




