2017 July | vol.3 [ no.7 ISSN. 2465-8456

g0z

Convergence Research Review

UM

. Convergence Research Policy Center




Contents

&t 2|E | Convergence Research Review
2017 July vol.3 no.7

01 SEa=

04 ADIESHIA AAHS 9

32 0Nz 2EE e

P S LA

Convergence Research Policy Center

W 20174 07€ 10

WOl Sz

Ol Q15 25

WA SRS |SUTY SHATYHEY

02792 ME2EEAN 457 AHZ 14245
Tel. 02-958-4984 | http://crpe.kist.re.kr
3t SUDICHIEFAS|AL Tel. 070-7416-4124




| 'AMZS KL, XEMICH BO|2 HX2 7=

IsP|Ez QIS RAUARS ZUoI A} 5h= =2 A4S ZAke
Z{o| ADtEE EX|0f O|27|7HA| F:&=5| 2Tl ATt £5] 0
Of otz YO, MAMCZ U B0 7+ SM 1S TSt U 2|12 ASCH SiER W 371

I-)i

710 HAE 742 71X HE|HE 27| 59 TIA'S BNt 722, 3 HOj B 74K WA U0 SR8
2 QIQIT 7HAT} 04 ALl SRRIZ0IIC 0[2{3 BAKS I=5HTAL A0| HAYS 2= 2iIE 012
5101 B0 FXITE 3t ZO0ICh 5, Q71| Rro| 524 £BHE QHTE|SS 0124 E20] TS
T,0/2 MK 22OE 224 H0|Q HALS K3 Z0|L

O} BEf 3 I OIS S KpAITH B10|2
3ICH, BO|Q HAFIE Qafet HMSAS ZAIS Mok ofLjet A=

=1t
, LIOP} Q1710 RS &8

HJ-IO

00f =& 150z HH0|2 FXR, FXIS{ 20| HLARIRI M
HAIZ 7120 CHoll ATHE A}

, Ofoft datstRr| 27| &

a4 2

UE

S Lish 20i0) 280[ 7Hse A2 7|HE|
of RAICH LI ALY |20 382 + S A= 7| E L,

=

| 208 WIA|A IS 2ESICE, ZOIMTE 2E J|E

| OIS 214)7| B 7142 E5ID|, M 013 LIz ZWHOZ o= Fiayshn QUCk 20134 0JZ014
'BRAIN Initiative'S WHSH 0|8 QXIS U= 53 50| LI5S 27} (e T2HER £5 Z0|H 0243t
w202 & Y5t S0o| IRt 9151 7| HSO| HLEQIT T USHOR 2014101 EWHNE F01HS
1 M| 0| TYSIAFSOI -2 SH3HAI0| FOIRT k| Tt 7120 et EAl0| A7 =Rk

71Z0 JHE ZIohYE SI0|F2 FHIM S 301Z0| ERotd, SN2 ZXIS HESH| HleiM= SES Al
12 MIT Of|E 20|E I
+ G SS0= LIS 20 S2 11 O WA
QUL OIS 2lah X[t 20151101 WL 4.6 | W& 7|&(EEHTEIF vol.2,n0.1)S &7|1X2Z T 16107 k|

o
! Lot 7715 208 =2 50K 0l WRAIZ 4= A TS

0|0 2 3 220M= S 2l ZIY WS Solf =2 ZO|MFEE 2HEol7| I3 24 7150) Cioh AT
ARt} 0] 7|52 Y=510|He 22 HEeto| HPIS Ofeiol X|=#S JHaok=H fEol4 282 X0|H,
M

| 2Ot & G, ST ME 2, 22 M WY S CISH Z0[0)| A2 4 AS AO2 7|



galoia

Convergence Research Review 2017 July vol.3 no.7

http://crpckist.re.kr



Ol

ADIESH MM AJARIS 9

HIO|HXIZ 7l=

NSt Ststy
TE[Z AR Ll HEEYS

(hwijinko@snu.ac.kr, thpar




(=1
&
s
g
=l
=
T
e
2
o]
<
[5)
S
o
)
g
8
a
S
g
=.
(5]
2

000 @ ANIES WY AAHEIS RIeh HIO|RTAIR Tl

QAR T2 Q7 o] QlojA] mie- Fa% AL szttt WAIE SoiAl 22419 AlAR T R
o {9t ok 2t gt ofFHE ok wiEe SHAot 22 AT AR AR 200430 F24f 712
< ARt F2E Aot uj=9] Linda Buck(P/JE )2t Richard Axel(Z @ H]or)oll Al Ay 2] o] st
ol FoEQlAL, o F AV E B AFAREC] T4 LA Q1 A Ht ofy e} $249] 755 HAFhE
A Aol FolE itk F2ole W F9ol 23 AAA 88 7o =E AsiA § B2 A+ 1F
S0| 45 HASHE A5 AlA o] Higt A5-E ARSI 71&9] JAAE et 22 B9 3toH] aAlE
AREStol A W= oA AREE & Sl SFHA 24 70 AR QlsiA thget S High A
g/do] HojFth. o]Zet AT = Wil ZERA] 7]&d] 7[9ke FiL Q= 2 S01A o|A Y Wi
= Fo AR EAZ 0] gt A8 =7t HojX]= @ g falleFH A B} ERHAAE 7|HHe] AlA
A& Sl F5517] 93t A7 APE L k. E3], F2oA HAE FHEsk=
S8 IS ol Ut FHE AR 37 841 E ARE-She Hio] A (bioelectronic nose)ol T
T A= T4 752 BASH: 229 Hho] 41K 9] Fldolhe At Q17H] F24o] in vitro ! o]l A A
HE e HollA & 29 Z=th R BESH #oke} Ui 7]& FoFS] g2 B9f 7180l AAF e T2
AA S0l 7Hle W eehs A 34 847 7l w2 Addlkshe A3 A5 Az 79
Hho] QMM 2= AollA F83t Au|E 7HAA| Het. o] Hold 324 #8419 AN} e 22
U 7]&0] -2 vho] Q AR}3 0] 52 SR FHAIF.
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9] A& ZAAs= H| AESH FE(non-biological part)o|tt. 12} A HEAZEE AlE(cell), THElA
(protein), YAl E(nanovesicle), HEIO|=(peptide)2t 2= F2H Amso] AREH L, 24 Ao
A2 = v A=Hmicroelectrode), B ZF2E FH(surface plasmon resonance; SPR), &% &
A} A&(quartz crystal microbalance; QCM), ©¢Y AR A §3} EHRAE(single-walled
carbon nanotube-field effect transistor; swCNT-FET), 712E431E E2|0& Yl FH A 83 E
WA AE(carboxylated polypyrrol nanotube-field effect transistor; CPNT-FET), ZLej® 7|4te] A
A7} EHAAH(graphene-based field effect transistor)2} 22 thfsgt L AAFE0] ARE-EHI T3 1D 0] A
E, Blo] AT 9] 52 o] ARt Ui XS HETro 2 As] FHE UL, o]t vro] 2. 7d%}
FO Hhgg ofA] Ao Ak, AZAN, o BE A, o9 HUHY, FE L AdE A
£ e HEHE % 35T} 22 =ofoll A vl 7851 ARg-E & okt Bo] LA E o] 83 WA
Of A48} Bl #231E FolA EA] 2 wdoll F2of dieh A Al #52 EHE & s AVIE vEg

T2 1. HO|QFAITY] LIS SRE0F '
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WIS B ol50] ofwe WARlA) HolA] QUASHe Bge thewt 2k Autom WA Xt
£ A2 27] 3] wrhit s5bel #450] 28 59} vow ST, Hde Ho] g F7 4
S o] EFele] 32t AiAo] EAehe 57 480 RS FoRA o]FoiATh 2 R
37} 58 40] AsHE AL o] ATHT 14 AR 371 AAALE BATT, o714 BREE
#7] A15:50] W] A7 A (glomerulugell HZHo] Felsich, 1 5w} Y55z HIwo] Seprh w2
& WS AR B Aolth. A7HS WS TEsH T2 S-8A1S oF 3000152 7ML Sl i
3 WAEALS ] ThE ARAYIR F2 S8A10] AR She 2l e, oF 18l ol4e] WSS
83 4 QJek 1910 F2bof Tt AT QB o] ol SAEk olgieh & ATk Al ElThl 2004
o] 37} A Rofoll 14 Aeljstijo] SelslwA o]  EolA7] Heln, $248 BARHE vo]
QAU Fo] B2 7] AlApsIgct Y

o

ZIM S HMEIPY(Olfactory Signal Transduction)

ok

-+

HO|QFXI ] TH

2.2.1 11X} HUSHEX

QoA 7143k vt o] lo] QAR Fold T /AL A0 deidl AR 2413 A
AN} AR 5-S SEA7|E ol e art QA ASHEANO] H2E oA 2ot T3 eo] #
oA LA (18 2)

SHEXHPrimary Transducer)

CHIRE &S] AxlEo] Hio] QANIA 9] 14} Al IAFE AREE 4= 9121, o]7]oi= DNA, B4, T4,
e, 77 84 5] Sltk. DNA= £74 G714 Dol gt Sol4 EALe A% 4= ol&st= A
oz Ex A4yl B Eo]F DNA ¥7|MGLS 7AF 4 9lon, 7120 PCR (Polymerase Chain
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Reaction) 7140] 0] Aleto] ALgslold SOtk @A it 7]8ke] DNA AE AMgstel o &
2708 54 DNAZ 24 5 A Feieh 0 Tht 7120 e 590 2gsen A 4ue
o §3He 0|2, 90 Rl FUL T Bl 7] 40] Bold oz Agshe EA02 QI8 ulo 24142)
abaQl 717 472 AAGET 9 H Sof go] ASE T gl ARt Sk 38 Wefo|= 2 wEolA]
1), 54 eh 3400 2O RA 14 ASAGAR A18E 5 Ak? A7t 4-8AE B4 2430 5
o2 AS B AL W ASE AIsHs EHS AT o] Bol ABEE 13} AP Al o]
¥ 1A ASASARA G20 AARE] 20 L A ThE Tkt WA BA1Se] 4] 9l 2ol
A USHe BAZERS AE 0 sk Zoltt st 14 ASHRAE Fo4 37 7158 LA
A S S5 AR F7F 5-8R1S o] 831ee ejSo] Bo] ojoiX7] AlkstEAl QF F2A)
X, 57 58 B, 57 LA S 9 921 eto]S 5 Tt FeE A 57 £8A5L o8
3t vl 0 xks1 477} o] o]0l 4|1 gl

T3 2. HIO| QAT O| A E(Lee et al., 2012, BiomaterialsOlA 22) '
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2.2.1.1 Q13 SZtM|Z(Artificial Olfactory Cells)

19909} o]%F @2 A7 IFE°l 5= 4T 2oy 7722, C. elegance®, A|Hatu| 4
(zebra fishp?, F ZAAE ol &5t 2 A5 FASHL 37 -8Ao] Sol4l HAEdS ose
S ot SN SERRE A& 57 24)o] FARI 755 St AASH fASkE Aol &
7FeRaL, 22 F9Y s=0lgte 5Ye 20 7= R4S AHH R Fgshe Ao| A E7FsSt
et olof| tiste], FEENE o= 57 4l
TEAIES Eol4 7tof tigh vH5 E415hs ¥ 5ol HA| ekttt 2 Aol it o] 2%t Al e
AFAEE stola AA| FZA| e} FARE 7|6 ol Qg SAAIZE FA538H] 718 ARg-sto] A2t
SHA| sFITtE. A0 AT A GHAE(Xenopus oocyte)?”, L5 AED I ELFEA| L2300 Gk
A FAA A 5T olF AR, AT 0 R whEolXl T2 A E(engineered olfactory cells)
7t HEE AT 0% ThE o]F9] I AIARERTE QIZHe] 37 Al 9] 715-S o & M| fliA] &
£ EBAR0] k] 97 484 $AAES YA A2 FAHEA AREAT, 0| 0| 83to] T2 4l
SIof Higt AHE obd 2t ST WERIA] 2 2 8419 Sol4 FTIEE Hole o ARE

O

mlm
S

A 254l FEE o fe AoA B AEsH Hot o]ZA AZH 37 -84 SE2 o] F9] X f
A ZONA THEHA o] BpzlEo] Ho gl HX|sHA Hal, dAlE o] gl TdE 24 A
AT} ARsH Al WolA Aledgo] dojub, A7} 7HA]= A9 o] 2AdS oA AE = 2
F0l29] f}lo] Yofdtt. webA] ol2dt e FUE Ze oln ofAlol(calcium imaging assay) %

S o]-8oto] 245IAY cAMP response element (CRE) 2|2 oJA]|o], bioluminescence resonance
energy transfer(BRET) ]A|o] S-2 1} A 9] ojA|o|(membrane potential assay)s SolA SFSHOZH,
15 FZPA| 2 0] HAZAO] Tt B ofy 2t WA Y] Fo] wE WH-o] H e E gl 4= Qlrt. o] et
12812 8ig A7 225 BHE $24 +8A47 Bol4] dAEES skl AAE 4 vhe

7Fe /& Hof F1aL, vio] A 9] o] F83 7127F 2 &= AT

[¢]
0

57_
o
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2.2.1.2 $Z+-83| THiZ(Olfactory Receptor Protein)

57 84 a2 G-HE 92 +8A(G-protein-coupled receptor)e]l &3k o iR &
271l A BAEEES FESHL QIASk=t 1A o8 Fa37t Aghg gtk Qo] 37 84| &
A= QAA Aol oF 90071 F=7F EASHARE AA R 97 842 WHE0] 715E St ¥4 &
Al FARF = 390097) AHrEolet 3 57k 28 S A uhe A W FIdl 9 Tl A(seven-
transmembrane protein)°]iL o]t X FZF FEAVE WA EALSE EolF oz Ajlel=t| 5875
th (1" 3) Q7R 39001719] A2 A0 7t 84 Tl A O] £3k0 7 oF 19t F o]0 WAEAES
TSk AL 5 Qitk. of#et 4L Be AFAER stoig 34 7EA DA S o811 Hio] QAN
O] 7]l ik SRS FEEIAL, S 8AIE 01F 9] W AL A 75 TR RS HAAT= 7
&2 TR 2ol 4 2849 e ARtE HESH 1o Hio] @ AAtF So] JiEE =],V
o|2igt o] @ A} 3.9] FHojt P FEL Thgt 12} ATHIAE FollA 7 8415 AH8-oIHA
S FFE QI
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T2 3. 57t A2 SHRI| A (Stuart Firestein, 2001, NatureOlA 23) '
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N

2.1.3 &2t LI-HIA|Z(Olfactory Nanovesicle)
37 7152 7HI Aololis AXolE 32 758 7Hg & mAHE B8 ALY AAdolt), ofefet

AEZSL 52 A7 A =43 2gohe 182

st 7MY H40) 84S ABH E 5 9l Aol
ShollA] A3 AAY o ARE 5B F4 22 o83 A NS Aot AlE et ohet,
%7158 MRS BE AF $ZHRE 1} ASHIAR S

FZF FEAIE ofF 9 Ao A EAA $2
< HRo| AEE St = Almsel A A
oM A9 288 SEAE & AAAE, Blo| AT & o E da 2470 P84, A %
e 55 TEA7|A] Rtk ERE 20| 2717 22 ASHGAR ARGElE Uteaate] 27]0] HisA]
S ofyz}, Aofols AlZolA dofubs Hhefet b 28 AYSE ko] 25 R Yiek
A Ao R QIS Ay FE5 o] oldint. ofel /T FAAEe] o
A2} T 752 SHAITE oA YobA, FAOIA B Hold 1A ASGA] 2 UieH]A]
20| AFE I ARGE AT T2 A Z2 1 FAAZRTE E2]ofehd e Bl TR,
717} 200nm g == ZobA] Ao H]sA ThF7]7}F golotal UieiAo] QP A o2 IASPt 7hssted,
A|ZE AREShe Hho] 2487k=0] BIsiA Aot s do] Hojuthe e 7.

_\1

i)
a
filo
e
¢
_?L
=
r [¢]
oK
o

2.2.1.4 32} HE}O|=(Olfactory Peptide)

2 84 719Ee] Hio] QAR 7|E2 A Hi 20| IS SES1] M FESHA HEE O L,
32 A% - 22 FEEN UEEE 2 Bl AT T E U 3030 ghof A dget AAY 2t
T8 I Y W Sehe R, A o]F5ol AdE S W AAAR] 2t 2A] Vs
S 4= Utk SRR Hho] @ A SO A SHIE FE2E T EE FAISHHA 32 F8A) AU $4-8A1E
THE T2 FREES YAt S3E g F o g IHshe AL o Tl FAAE Ae 7t
¥ A}loltt. o]2fgt o]t F2F - 8A o] WAIEA ASF-AHE HEfo| =2 FAIsto] ARSRITH, LA}
J5E AllA S50l 27 o golsid & 3L o AL 4= S Aolnt. 2o ¥ -84 S
HAREA LTS BEFElL C-2e ool Hs A2lE 2o A 52 Heto| 2ot e
FrHo| A0 WS e E n-n Aol Tt AT AR A 1788k Bio] QAR APEE R
o} ofefet Wepol= F]ute] vo] AT | THE Weho] F7 SRS olold 14 AlsgA
77 Tt A FEstel, 3 B QIR APo] Hold Hlol 9A1Rta e 7R B Aol

N
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2.2.2 2x} NS M X Secondary Transducer)

Hpo] Q AT oA mIAJSE A2 E SEote g 22 AR AL Stk 23 A2 G R = H] A
EoH HRo® 13 Aladgatf s fHE 54 WARAS A7)4 A E FEste] 4eE St
A7) 98 gt} 23 A5G vlAl - T (microelectrode), 74 X&A A& lquartz crystal
microbalance (QCM)], £H Z&}2 % F[surface plasmon resonance (SPR)], AA &3} EHAAH
[field effect transistor (FET)] 5= € 4 U=t o]&2 Hlo| HAT Y] 12} AT HGA oA o= AT
£ SENIE 9L st o] oA HE F=o] Holidt Hio] Q Ao} Ui A} 7]HEe] AlA S3HE2
HEe Soto] Hio| QAT = B &2 T EY AEE 7S JPEE 4 AUSITh o714 7hdsHA oA

B3 22 A GRS 2 vl e 2.3 ol 1A o] T Fgo A AASHA AT & Zleltt.

2.3 Pl
o] QHA T ToR 13} ALBATAET} 23 ALSHRAES] 23S FohH AL o] Py

He. o7 As T ER EEE o] & gt et FEl<) il k= tisiA Z]sste

2.3.1 D|HIH= 7|2 HIO| 2 HXIHE (Microelectrode—based Bioelectronic Nose)

2000t 297H2] 3] 7]6ke] Ho] @ AR o Tt ThedRt A-Eo] X E|of et BAIAF A 7
A|7][Light-addressable potentiometric sensor (LAPS)], T]AI7}s- B3 A=Hmicrofabricated planer
electrode), 18]l ZtA|§ v]A|A=(interdigited microelectrode)7} AJE 7|49 37t AlAE Q8] A&
= QIch LAPSE= AP 7|9ke] AR &2 9ol H714%1 A 919] R2E5 S45l=H| LAPFI] 1783k
AlZo] QF 917t Hshd 377t ofo A8dhs Te2 frEsHAl HaL, o3t AlXE < F 41 9e] Mol
off o2t FHFO whsS ST =M A 2FoflA dojuh= 22 HotES HUEF & 4= ATt o
23t 3-89 A2, LAPSE ARGRE 32t & 7|9ke] 417 o] /e Qlet 94D et A7) ekeha e A
£4=4(Electrochemical impedance spectroscopy measurement) 'Ho] oA HA7F A 4=
Q3ich2 gro|A HdE 57 847} self-assembled monolayer (SAM) 7|H-& o]-&slo] & A=
TSI, AT A 2 -8A 0 Eo]2]<l Hie] @ Elo] AjtH FA = 7|5atE lon wHEejof o
© 324 #8A0l E= . ol2fet WS E5to] AES & Soll 4 -84 Thiido] & 2EH A

2 ok 4 %M, 32 s 8Allet WAEARE 1] W2 E ST ¢ i

Eu)
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2.3.2 SPR 7|t2| HI0| X3 (SPR-based Bioelectronic Nose)

HH SH2RE F9Y(surface plasmon resonance) 7]&- AlA Q] IHA Pofif= 22 #3HE T Y
Jot7] Aol £ S22 THsurface plasmon wave)s ARSoH= F5H4] Bifoltt, 1 S22
oot W 22 89 Qhe] AR} WETE JARgo] o5 MEEe AS AT SPRE 230 54 AARA
GAFFE(free electron-like metals)E0A] Lojdth S04 AREL AoE & FEAH U] &+
FEA AU Hlo] & 1o YSHW 31 2700] WEoiA| Al Ho s e HHO] HAZ ouA|7t H
et giaRgo] 002 "olAl= B4 7+ 3 ZHresonance angle)o]etal oh=t| WHARES EH 2] of
3 oS 52 9 A4 9] Aekiks 5ol 2 sk 4= Qlrt. 0|9} o] SPR AIAEE: AAJZES.

2 TR AR BRI S0 4B H85S AXSHs o] QAR A48 4 ek 89

o

18

r°"
S
>

19839 #Z2% SPRo| Hlo| QA= ARGE LA, olF & = Ag2, AlE Fac, Ao,
DNA-DNA, DNA-THE, o d-chaldl o -2 5] thofet AEehs] §-850] AHL St
) Fofl& o|#3t SPR A|AEE o]&5to] GPCR(G-protein coupled receptor)?] j7tE A7
W AeAg A7 AFEH AT D9 o2t 7le EIH WA EAR} 32 8 A7 At A 9
3 AREE =T, o714 F19] ORITH Gear?t EROA FAo THEHI ORI7H Georg 7HE Uied
(nanosomes)s°] B84 255 &3 AR2RE FojHth of23t UieFE2 thA] SPRO| o] 11
SFE| L HAEAR] Rt 32 8419 243t A 0]FF2REE GeorS BolZT= A SIS
SPR A|&8HS o] 83t A3 7]9ke] HAEE ZA7F E3t = =t o17] 4= SPRO| AlA 3ol &7
84 ORI7Z H&h= A5 A7 o F= UL, B4 HANS] A=l 2t 324 A3Lo] wk-go] Hhake:
o] Hg}E FofA] TAE Q050 o]t Aol A SPR A|ARIS WAfof| ofafA ftE Al o] WS &%
o 8ot opy 2}, WARZAE @i (odorant binding protein)?] 7154 FahE Aok HlE ARE Lt

2.3.3 QCM 7|Ht9] H0| 2 MX}3(QCM-based Bioelectronic Nose)

& IKpiezoelectric effect)E °]&ok= W52 E(quartz crystal microbalance; QCM)2 &}
< 2ARE 7 AR AEE AT 4 Utk B2 AFAREC] HAEAE AAISH] flsiA S, A, &
4, Hepol &, ey} 22 ot Al Axes ] Z™E QCM AlAE Akt QCME 7t
o}l w2 WIS Hel S 7 £ 7hA BAREC] QCMOl R EO Y= 4 Atetd EH Y

=

i



S&T2l'7  Convergence Research Review 2017 July vol.3 no.7

A Aol S7IskL, o2’ AiFe] Maprh 9] 37 Fur(resonance frequency)g #aAII. 7}
2 BAES AR AT 4 e QCMY] 58 Bl siekal o s HoldE QCMe| #HE Aok
A FA AL AiEsh] f13 B2 A5l o] FolAlth dlEH, EFE(alcohol), IAH E(ester),
AHacid), €H8]=(aldehyde) 22 thfst HARARSS AAI517] 984 pegylated lipid®} calixarene
filmo] QCM9] 28 =42 ARGE U0 T2yt 3oha] Mg 0 2 whEoj QCME 24 02 [ARE
HAES FHEoke die IS 7HAL Qi o] 23 TRES Hest] feiA 52 484 Thijdo] 19
= QCM A7} 7= SITt. A=M, C. elegans®] $2F 4-84<1 ODR10°] td=tollAl T 2 A=A
QCM9] & #Hf ZFEQIH. A2 QCM AlAl= EolAQl 2j7E=sl thojobd|E(diacetyl)e 28
A= oty 1072-10° mM7HA] 9] T8 HAISk: 582 HojFIth10 o9t RASH] F2A| 2 |
9 37 +-8AIQ 17+ Easte 5 A 2E a1, o] 5 A EE QCME] = 39 i
taL ARAAA AZE QCM AlA = 1700 Eol Al HAEAR] thefst 5=2] e (octanal)ol ¥H-&-st
o, olet tlEo] thE WARAEZ R EH ZEdS 5ol3 o0& 850 HA|ohe 2TE HolFql?

EOE A= 24 84 7] EFHEe| =7 QCMO]l A SHE o] 10ppm o] W 52 ot EARS
A 4= AU o2t AME2 QCM A7t 2 Aot FE5ES 7L WARASS AAsh

g 7-&5HA AMEE o1 4= ke AZ HojFal Tt

ol

R

)

olr

2.3.4 TA| g1t EMX|AE 7[Hto| HIO| @ HXIH(Field Effect Transistor-based Bioelectronic Nose)

AT ERAAE O 7123 U] 2719 AA7E S o] g}, 22 S0l T BatieFE
A 8T EHR|AE(single-walled carbon nanotube field-effect transistor)2} 7|2 E-A15}1E Z&] 10 &
BB AA 87 ERWAAE(carboxylated polypyrrol nanotube field-effect transistor)7} 32F &
Aot HEEo], e &2 NHEe} FHTYS Ko So]2Ql WAl #AE AAT & Qi A=A, o
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Odor compounds

Visualization

2.4.2 'HM2| HEZ3HSmell Standardization)
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2.5.1 9|&H=20f(Medical Field)
Afgo] BolA U 144 712

qe ge WIS Fa% BARL D 4 Uk 0
AEe 7, Assol W, 3, WY Tel3 U 5 ChRE F9I01A Lhor A9 71, BAAel &

off
oL
ol
)
=
2,
Jo
N

= S

Ed, o] ", 2] 7 53 22 ] A7 AJHol Hidt BEE A Fo ol A" &
o] FollA 5ol dmoz TAtE Ut FTA R71EdS2 vl LRE ofs A= of &6A A
< AT = ot 2] HYhe Adshe vro| 427} = gled ol FERd (heptanal)Z A7

off oJsf Heks A 7 AT, LA 71220 AEES wdof SolZl vhol enprz dxtelo]
oAt gl FHof| of wol At Ho] QAL A|ZS A el EolF g Ateh= 2l
Tt 52F - EAE 3909F oY A3 FHQlA, 0|59 FEAE TAAA FAAEE TE F
AEZ2RE 7k A Zo] BHEo1A 13} Aledgata ARREQIth o3 A whsoldl 97F YleHAlZ
2 22} Al AGAC] GdE gAY B AA g7 EWXAE(Single-walled carbon nanotube field-
effect transistors)o]l IHSHE oA Al BFC=RE 100 IMO] W2 =] detdS 85t 4
A 4 A, o]e} o] upo] @ A = QIZe] thefdt AXS 7S] £719] Adelo] MiE A28 7
SHA| StaL, A% ARRIE ThE 4 2 £ ofUEt IR VHee sRlet $8% 922 ¢ Al Y|
e

2.5.2 24 20KEnvironmental Field)

A ARl Ao 524 o s SEet S J9AoHAl HAARE 1o diet dte 2HE Q=
Aol Z7I5FAH. o2t A=A E2 A AlAIY DA ofyzt $-219f 27t A 1ol Holgth
THLHL A 34 oM CO2 W=y vfst =4 £2E0] ti7]o] BEse t71 9% BEY,
At FAEo RN IEE EY 9 $ELGEC] Atk ofet 4 2459 e folie I Bt
ofyzt Zi71 A7dE ASiAE ZRYHFEIL Aok 5FH, oS s Axk Rl A Al2ge] I
[3ftt. Ho] QAT = 023t B He KU B Foh=t Adet WY 4 ok ot +E 9] B¢
= @) Elo] gl BRI Hlol o AT 9] ARgo] 15T 4 QAR Ti7l.le] A9 14 AT HEA
1 7} -8A| g o] A A7 opd AR AFHiolA t7] LEEE S SYsfoF Sttt whebA T

rOll

Ol

20



S&HT2l57  Convergence Research Review 2017 July vol.3 no.7

l 2 H8A7E Azt 2ZM e 3] 755 TR = e A9 o7t F2oiH. & AT IF0
ol T2 +8A 9] FAIE T4 FEto|=F AREte] 2stAet AR 2 ¥4 HEo|E=
F A 37] L9=EY B Eomly FR Yo EtA o s AASIn: E3t tigatoll A EdH

el o] 7HEASHE &8 9E WeFH (carboxylated polypyrrole nanotube)2t 2
ZZ5tAM HAEEZ AR ol QU0 o] Hio] 412 2= 7hA g E o] WARE 0.02 ppt
7HA] APED ghg ARIRES 7L A A 0 = ARSI, o] A= ¥4 847 AR A2 5t
7] §1iAM A1 o550l AdE AE7E Hok she 272 REEAI7IA] XA 5013 Aok o]Fofxl 7
Folt}. FZole T4 UHAISH 9ds el RE AA 8 ERALEE ARSI 29 292 A
AZEeZ HAIh= o] AT} AL E QIS o] 23t dlSollA & & %ol Hlo| AT s B 2%

ES
4SS Aol @3S RYHPekL 2okt ST d¥e T Zlos 7|dEn

—

l

2.5.3 ME&0KFood Field)

AF0] FEE AR e 9l AEo] wofjgy} BHsH fele] jloug AlFo] 4S5 Helske A
A1F Aol Fa3t olroltt. PHHH o ® Rufjet ZA 02 RE U= WA= WE ot w30l
2 249] @lolu}-24]0] Alufol] SJ3A LTIk o] H Bafet S0 A= AT A7
A FEStEE A% AES FHEshL, A0l AIASE 41 FHEsto] AFohe A Hie- A%t
ol & Zoltt. of=gt AT ARere] Ik gdsf AT Z7lle] whet QIA sl tEN ALt W

74,

v

M 1o rfo

e,
to m[m

]
=

89

AE9] A Ax R MY L5 =9] o] RS} AHARS] Alslo] ofsiA] HlFHoR F7IRITH= A
Z g7l Apd o]t} vio] AR aof it XL AFe A9 AR A g el HEQl dard
(hexanal) Holtt TE5n} THIAEE AT & YSg HojFho o] AFoAE 13 Aed

A2 A9 37 £EAE AR 23k Al s HgRtE Ty et
ot 1 fMO] W2 FE = SAPES AT S QIS & ofet A’ 9-foll EAjole FArd T FHsto]
A E o2 vlo] QAR T o it Ak sjANES] FAS AR sjibECIA Yo Ejrdotyl
(trimethylamine)& £75t0] 24l =t o] 49+= T4 HE|E 849 HdY SAYLFE AA &
3} EFAAEE AFLEIATEY o] AAL & A FAH 7S A8 JRHES 29 EOlE, 4117 59

rlo

5;1
|
)
)
o
i
|m
o,
~
>~
-,
f



(=1
&
s
g
=l
=
T
e
2
o]
<
[5)
S
o
)
g
8
S
g
=.
(5]
2

000 O ANiESHHIY AAES 2[5HHIOIREXIE J|1&

AT ©40 2RE TESGS Bt o} ko] A% AR wAEE 245 5 A olgh Ak
X710 E3olo] ST TEES AA|SHe vlo AATE ATEGHr] of2fat vlol o ARTE HolA B
o ol Aol A 4] 9 A B0 B2 BAskR Aotsly] 919 Y A18E Aow FdE

=
i

2.5.4 Ct2 222 0KOther Application)

AA A 0 7 Hlo] QAT 0] 715t S-8Eoke TRt woboll WA xS 4= k. 7] 49 Hol &
T 5 ¥ T ARdE S FEE 4 AL, Bro| A=} ofHjt Bl e F42 2Fsk=H| ANgE
T 2 Aotk 378 RYE T E3 1F5A Y ka2 ABAsl] HsiAl vho] R FF9] =l-2 otof &
A e A AAZCR s, 545 59 gl tigh gl At ARl ol 35
B4 ArdEo] Bol Hol= 3584l B, 29, ASH, 54 2 37 5olA Hiol A = HeEd
= APHof| HESHAL fAJsto] 919 Q2 RE ANIES H ook $a7F e T Aojnk. T1Eal ujef g
o R 359 A7 Y1g ke ARt A ootk Aol e 2 S 2w g o] niokg

19} A= skl AR FAAS TAA7IEH S0V W& LAEt AHA R ARGC= Q1% 7.9
2 52 g gAY TR 1 52 Aol il itk AT S-8-2oks o] <fof] Hio| AT =

&t Zopf A8 WA S 7= Al AlAF o] skt

N

rlr

03 %%

A Asl TS Basto] Ql7ke] 1202 QXS AelekA] ke e BgEe] EAt B3t
54 W A USRS BERES ook 24 SHOR BRE ASIHAAT B AN WS
9 G717 HEAEE QAASAL HAlo] AMHEES ol §5te] AAS AW 4+ Urk. o et ohuet
SHE Qlal WAsHE ZhAnt 9712 AISHe SH AR A4, AER SEta] 7)) TaEle 949
2 ke BAAA, G S FBAN, UL el SR 5 5 e AN7E 98 29

oA 219 dtofl FFE F= A ARgfofl AL AAs et AlA 2 Ado] 0] F0i 2|2 ekE Alte]

22



S&T2l'7  Convergence Research Review 2017 July vol.3 no.7

© Feo] &gl 2oid o Aol A FH7E 7hdelobs BAEE o] &ied ol Fhecl 2R =
7R FBhe =7EAe] fEE 237171 ot Rl A E WU HIEA Bl e @R dokald
= QU SRl skt o] 7o) ofnte QIZto] o] &3t Al Q] AlzolA] eRkE7t. oA ™ 4 |d AR
B ARSI A biAlste] Hoh o wigdstal HEsH Akee AAIShe Al 9] il of
S 7HAAL i om Aol vl B3t A Atglef] QlojA el ] et ohEt [IZHYE
25 371 fsiA thdst 2ol Tt 72 AlAEo] /dE o] ARS-E Zloltt. o213t &4
A F o skl wst AIME et e St el S04 U] S T BARE
Hio] 217 3e] digt wilE S7MAIZAL B2 ATAREE Stoia Tt 2okl AREE Bhol 4Rt
ML 7Rs3HA shAet. 2120 vraret Feie] 32 8419 AR Uil 2 A=t e E
o] T+ AllAof BIsA HFet vho] AR 9] 7 o] F AL Yot FHi7t ks stol delA AL
2 AAT £ A oA Ve HESt] Bt ARl HAES EE o A HodH ol Ves
< A © HefRt Eopoll Hio] 24227t 3-8 H 01 ¢ e 7hs e E3leH old wste] Mgk v
ol HAH) Alzetel EEoP7E 7Rs oA Hof WA ZA o= Hs] sk gtk A9
Z#E o] AR 7|ttt

¢

o

O

1

4> o

o]
S

rr

1o

””f

st3 MS0sty ME5t5tg5t Bkt 48 W) MSUsty ArEus
Ao Etistn =St MAL f1) University of Massachusetts Instructor
Ao Etistn FMISt StAL #1) Pennsylvania State University Post-doctoral
Research Fellow /
H —
An ufEf 8
st3 ENRIHEW 3t5t5st HiAt 48 1) NSy SISYESsE e
ot ket | =7 afetg st AAL 1) St=0kSHRO|THE OALE
METHetul stetS st StAL 1) OfA|OHY HZ S ABIM H 5|5
) AMUSR7 &S

oz fou
-

23



(=1
&
A
g
g
=
T
e
2
o]
<
[5)
=)
o
)
g
8
a
3
g
=.
(5]
2

24

O AntEst iy AAES ffeh HIO|RMALE 7|

Hu25

Lee, S.H. and Park, T.H. Recent advances in the development of bioglectronic
nose. Biotechnology and Bioprocess Engineering, 15 (1), 22-29. (2010)

Ko, H.J. Recent Update of Nanobiosensors Using Olfactory Sensing Elements and
Nanomaterials. Biosensors Journal, 4:129. doi:10.4172/2090-4967.1000129. (2015)

Kim, T.H., Lee, S.H., Lee, J., Song, H.S., Oh, E.H., Park, T.H., and Hong, S.
Single—-carbon-atomic-resolution detection of odorant molecules using a human
olfactory receptor-based bioelectronic nose. Advanced Materials, 21 (1), 91-94.
(2009)

Yoon, H., Lee, S.H., Kwon, O.S., Song, H.S., Oh, E.H., Park, T.H., and Jang,

J. Polypyrrole nanotubes conjugated with human olfactory receptors: high-
performance transducers for FET-type bioelectronic noses. Angewandte Chemie
International Edition, 48 (15), 2755-2758. (2009)

Goldsmith, B.R., Mitala, J.J., Josue, J., Castro, A., Lerner, M.B., Bayburt, T.H.,

Khamis, S.M., Jones, R.A., Brand, J.G., Sligar, S.G., Leutje, C.W., Gelperin, A.,

Rhodes, P.A., Discher, B.M., and Johnson A.T.C. Biomimetic chemical sensors
using nanoelectronic readout of olfactory receptor proteins. American Chemical
Society Nano, 5 (7), 5408-5416. (2011)

Park, J., Lim, J.H., Jin, H.J., Namgung, S., Lee, S.H., Park, T.H., and Hong, S.

A bioelectronic sensor based on canine olfactory nanovesicle—carbon nanotube
hybrid structures for the fast assessment of food quality. Analyst, 137 (14), 3249~
3254. (2012)

Kwon, O.S., Song, H.S., Park, S.J., Lee, S.H., An, J.H., Park, JW., Yang, H.,
Yoon, H., Bae, J., Park, T.H., and Jang, J. An ultrasensitive, selective, multiplexed
superbioelectronic nose that mimics the human sense of smell. Nano Letters, 15,
6559-6567. (2015)



S&HT2l57  Convergence Research Review 2017 July vol.3 no.7

10.

11.

12.

13.

14.

15.

16.

17.

Lim, J.H., Oh, E.H., Park, J., Hong, S., and Park, T.H. lon—channel-coupled
receptor-based platform for a real time measurement of G-protein—coupled
receptor activities. American Chemical Society Nano, 9, 1699-1706. (2015)

Ko, H.J. and Park, T.H. Piezoelectric olfactory biosensor: ligand specificity and
dose—-dependence of an olfactory receptor expressed in a heterologous cell
system. Biosensors and Bioelectronics, 20 (7), 1327-1332. (2005)

Sung, J.H., Ko, H.J., and Park, T.H. Piezoelectric biosensor using olfactory
receptor protein expressed in Escherichia coli. Biosensors and Bioelectronics, 21
(10), 1981-1986. (2006)

Park, S.J., Kwon, O.S,, Lee, S.H., Song, H.S., Park, T.H., and Jang, J.
Ultrasensitive flexible graphene based (FET)-type bioelectronic nose. Nano
Letters, 12 (10), 5082-5090. (2012)

Katz, D.B., Matsunami, H., Rinberg, D., Scott, K., Wachowiak, M., and Wilson, R.1.
Receptors, circuits, and behaviors: new directions in chemical senses. Journal of
Neuroscience, 28, 11802-11805. (2008)

Buck, L. and Axel, R. A novel multigene family may encode odorant receptors: a
molecular basis for odor recognition. Cell, 65, 175-187. (1991)

Jiang, Y. and Matsunami, H. Mammalian odorant receptors: functional evolution
and variation. Current Opinion in Neurobiology, 34, 54-60. (2015)

Malnic, B., Hirono, J., Sato, T., and Buck L.B. Combinatorial receptor codes for
odors. Cell, 96, 713-723. (1999)

Hallem, E.A. and Carlson, J.R. Coding of odors by a receptor repertoire. Cell, 125,
143-160. (2006)

Star, A., Tu, E., Niemann, J., Gabriel, J., Joiner, S., and Valcke, C. Label-free
detection of DNA hybridization using carbon nanotube network field-effect
transistors. Proceedings of the National Academy of Sciences of the United
States of America, 103, 921. (2006)

y

25



000 @ ANIES WY AAHEIS RIeh HIO|RTAIR Tl

18. Li, Z., Chen,Y., Li, X., Kamins,T., Nauka, K., and Williams, R.S. Sequence—specific
label-free DNA sensors based on silicon nanowires. Nano Letters, 4, 245-247. (2004)

19. Wang, J. Nanomaterial-based electrochemical biosensors. Analyst, 130 (4), 421~
426. (2005)

20. Nambiar, S. and Yeow, J.T.W. Conductive polymer-based sensors for biomedical
applications. Biosensors and Bioelectronics, 26 (5), 1825-1832. (2010)

(=1
&
A
g
g
=
T
e
2
o]
<
[5)
S
o
)
g
8
a
S
g
=.
(5]
2

21. Tombelli, S., Minnuni, M., and Mascini, M. Analytical applications of aptamers.
Biosensors and Bioelectronics, 20 (12), 2424-2434. (2005)

22. Revial, M.F., Duchamp, A., and Holley, A. Odour discrimination by frog olfactory
receptors: a second study. Chemical Senses, 3(1), 7-21. (1978)

23. Sengupta, P., Chou, J.H., and Bargmann, C.I. odr—10 encodes a
seventransmembrane domain olfactory receptor required for responses to the
230dorant diacetyl. Cell, 84, 899-909. (1996)

24. Friedrich, R.W. and Korsching, S.I. Combinatorial and chemotopic odorant coding
in the Zebrafish olfactory bulb visualized by optical imaging. Neuron, 18(5), 737~
52.(1997)

25. Duchamp-Viret, P., Chaput, M.A., and Duchamp, A. Odor response properties of
rat olfactory receptor neurons. Science, 284(5423), 2171-4. (1999)

26. Minic, J., Persuy, M.—A., Godel, E., Aioun, J., Connerton, |., Salesse, R., and Pajot—
Augy, E. Functional expression of olfactory receptors in yeast and development of a
bicassay for odorant screening. FEBS Journal, 272(2), 524-37. (2005)

27. Yasuoka, A., Emori, Y., and Abe, K. Addition of signal sequences to the N-termini
of olfactory receptor proteins enhances their expression in Xenopus oocyte.
Bioscience, Biotechnology and Biochemistry, 1688-95. (2000)

28. Raming, K., Krieger, J., Strotmann, J., Boekhoff, I., Kubick, S., Baumstark, C., and
Breer, H. Cloning and expression of odorant receptors. Nature, 361, 353-6. (1999)

26



S&HT2l57  Convergence Research Review 2017 July vol.3 no.7

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Ko, H.J. and Park, T.H. Dual signal transduction mediated by a single type of
olfactory receptor expressed in a heterologous system. Biological Chemistry, 387,
59-68. (2006)

Krautwurst, D., Yau, KW., and Reed, R.R. Identification of ligands for olfactory
receptors by functional expression of a receptor library. Cell, 95, 917-26. (1998)

Kajiva, K., Inaki, K., Tanaka, M., Haga, T., Kataoka, H., and Touhara, K. Molecular
bases of odor discrimination: reconstitution of olfactory receptors that recognize
overlapping sets of odorants. Journal of Neuroscience, 21, 6018-25. (2001)

Touhara, K., Katada, S., Nakagawa, T., and Oka, Y. Ligand screening of olfactory
receptors. In: Haga, T., Takeda, S, editors. G Protein—coupled Receptors: Structure,
Function, and ligand Screening. Boca Raton: CRC Press, p. 85-109. (2006)

Niimuts, Y. and Nei, M. Evolution of olfactory receptor genes in the human
genome. Proceedings of the National Academy of Sciences of the United States
of America, 100 (21), 12235-12240. (2003)

Glusman, G., Yanai, |., Rubin, ., and Lancet, D. The complete human olfactory
subgenome. Genome Research, 11 (5), 685-702. (2001)

Zozulya, S., Echeverri, F., and Nguyen, T. The human olfactory receptor repertoire.
Genome Biology, 2 (B), research0018.1-research0018.12. (2001)

Lee, S.H., Kwon, O.S., Song, H.S., Park, S.J., Sung, J.H., Jang, J., and Park, T.H.
Mimicking the human smell sensing mechanism with an artificial nose platform.
Biomaterials, 33 (6), 1722-1729. (2012)

Lim, J.H., Park, J., Ahn, J.H., Jin, H.J., Hong, S., and Park, T.H. A peptide
receptor-based bioelectronic nose for the real-time determination of seafood
quality. Biosensors and Bioelectronics, 39 (1), 244-249. (2013)

Wu, C., P. Chen, H. Yu, Q. Liu, X. Zong, H. Cai, and Wang, P. A novel biomimetic
olfactory—based biosensor for single olfactory sensory neuron monitoring.
Biosensors and Bioelectronics, 24, 1498-1502. (2009)

y

27



000 @ ANIES WY AAHEIS RIeh HIO|RTAIR Tl

39. Stein, B., George, M., Gaub, H.E., and Parak, W.J. Extracellular measurements
of averaged ionic currents with the light-addressable potentiometric sensor.
Sensors and Actuators B: Chemical, 98, 299-304. (2004)

40. Xu, G.X,, Ye, XS, Qin, L., Xu, Y., Li, Y., Li, R., and Wang, P. Cell-based
biosensors based on lightaddressable potentiometric sensors for single cell
monitoring. Biosensors and Bioelectronics, 20, 1757-1763. (2005)

41, Liu, Q., Cai, H., Xu, Y., Li, Y., Li, R., and Wang, P. Olfactory cell-based
biosensor: a first step towards a neurochip of bioelectronic nose. Biosensors and
Bioelectronics, 22, 318-322. (2006)

(=1
&
A
g
g
=
T
e
2
o]
<
[5)
S
o
)
g
8
a
S
g
=.
(5]
2

42. Hou, Y., Jaffrezic-Renault, N., Martelet, C., Zhang, A., Minic-Vidic, J.,
Gorojankina, T., Persuy, M.-A., Pajot-Augy, E., Salesse, R., Akimov, V., Reggiani,
A., Pennetta, C., Alfinito, E., Ruiz, O., Gomila, G., Samitier, J., and Errachid, A. A
novel detection strategy for odorant molecules based on controlled bioengineering
of rat olfactory receptor I7. Biosensors and Bioelectronics, 22, 1550-1555. (2007)

43. Harding, P.J., Hadingham, T.C., McDonnell, J.M., and Watts, A. Direct analysis of
a GPCR-agonist interaction by surface plasmon resonance. European Biophysics
Journal, 35 (8), 709-712. (2006)

44, Szabo, A., Stolz, L., and Granzow, R. Surface plasmon resonance and its use in
biomolecular interaction analysis (BIA). Current Opinion in Structural Biology, 5 (5),
699-705. (1995)

45, Alves, I, Park, C., and Hruby, V. Plasmon resonance methods in GPCR signaling
and other membrane events. Current Protein and Peptide Science, 6 (4), 293~
312.(2005)

46. Fagerstam, L.G., Frostell-Karlsson, A., Karlsson, R., Persson, B., and Ronnberg, .
Biospecific interaction analysis using surface plasmon resonance detection applied
to kinetic, binding site and concentration analysis. Journal of Chromatography A,
597 (1), 397-410. (1992)

y

28



S&HT2l57  Convergence Research Review 2017 July vol.3 no.7

47.

48.

49.

50.

51.

b2.

B3.

54,

b5,

56.

Homola, J., Yee, S.S., and Gauglitz, G. Surface plasmon resonance sensors:
review. Sensors and Actuators B: Chemical, 54 (1), 3-15. (1999)

Navratilova, I., Besnard, J., and Hopkins, A.L. Screening for GPCR ligands using
surface plasmon resonance. ACS Medicinal Chemistry Letters, 2 (7), 549-554. (2011)

Chen, K., Obinata, H., and Izumi, T. Detection of G protein—coupled receptor-
mediated cellular response involved in cytoskeletal rearrangement using surface
plasmon resonance. Biosensors and Bioelectronics, 25 (7), 1675-1680. (2011)

Lee, S.H., Ko, H.J., and Park, T.H. Real-time monitoring of odorant-
induced cellular reactions using surface plasmon resonance. Biosensors and
Bioelectronics, 25 (1), 55-60. (2009)

Lee, J.Y., Ko, H.J., Lee, S.H., and Park, T.H. Cell-based measurement of odorant
molecules using surface plasmon resonance. Enzyme and Microbial Technology,
39 (3), 375-380. (2006)

Wyszynski, B., Somboon, P., and Nakamoto, T. Pegylated lipids as coatings for
QCM odor-sensors. Sensors and Actuators B: Chemical, 121 (2), 538-544. (2007)

Koshets, I.A., Kazantseva, Z.1., Shirshov, Y.M., Cherenok, S.A., and Kalchenko, V.I.
Calixarene films as sensitive coatings for QCM-based gas sensors. Sensors and
Actuators B: Chemical, 106 (1), 177-181. (2005)

Oh, E.H., Song, H.S., and Park, T.H. Recent advances in electronic and
bioelectronic noses and their biomedical applications. Enzyme and Microbial
Technology, 48 (6), 427-437. (2011)

Panigrahi, S., Sankaran, S., Mallik, S., Gaddam, B., and Hanson, A.A. Olfactory
receptor-based polypeptide sensor for acetic acid VOC detection. Materials
Science and Engineering: C, 32 (6), 1307-1313. (2012)

Lim, J.H., Park, J., Oh, E.H., Ko, H.J., Hong, S., and Park, T.H. Nanovesicle-
Based Bioelectronic Nose for the Diagnosis of Lung Cancer from Human Blood.
Advanced Healthcare Materials, 3, 360-366. (2014)

y

29



000 @ ANIES WY AAHEIS RIeh HIO|RTAIR Tl

57. Son, M., Kim, D., Ko, H.J., Hong, S., and Park, T.H. A portable and multiplexed
bioelectronic sensor using human olfactory and taste receptors. Biosensors and
Bioelectronics, 87, 901-907. (2017)

58. Gottfried, J.A. and Dolan, R.J. The nose smells what the eye sees: crossmodal
visual facilitation of human olfactory perception. Neuron, 39, 375 - 386. (2003)

59. Dalton, P. Psychophysical and behavioral characteristics of olfactory adaptation.
Chemical Senses, 25, 487 -492. (2000)

(=1
&
A
g
g
=
T
e
2
o]
<
[5)
S
o
)
g
8
a
S
g
=.
(5]
2

60. Keller, A., Zhuang, H., Chi, Q., Vosshall, L.B., and Matsunami, H. Genetic variation
in a human odorant receptor alters odour perception. Nature, 449, 468 -472. (2007)

61. Zhuang, H. and Matsunami, H. Evaluating cell-surface expression and measuring
activation of mammalian odorant receptors in heterologous cells. Nature Protocol,
3, 1402-1413. (2008)

62. Zhang, A. and Lieber, C.M. Nano—bioelectronics. Chemical Review, 116, 215~
257.(2016)

63. Son, M., Cho, D., Lim, J. H., Park, J., Hong, S., Ko, H.J., and Park, T.H. Real-time
monitoring of geosmin and 2-methylisoborneol, representative odor compounds
in water pollution using bioelectronic nose with human-like performance.
Biosensors and Bioelectronics, 74, 199-206. (2015)

64. Kim, Y.D. and Morr, C.V. Dynamic headspace analysis of light activated flavor in
milk. International Dairy Journal, 6 (2), 185-193. (1996)

65. Hu, M., McClements, D.J., and Decker, E.A. Lipid oxidation in corn oil-in—water
emulsions stabilized by casein, whey protein isolate, and soy protein isolate.
Journal of Agricultural and Food Chemistry, 51 (6), 1696-1700. (2003)

66. Gardner, H.W. Oxygen radical chemistry of polyunsaturated fatty acids. Free
Radical Biology and Medicine, 7 (1), 65-86. (1989)

67. Shahidi, F. and Pegg, R.B. Hexanal as an indicator of meat flavor deterioration.
Journal of Food Lipids, 1 (3), 177-186. (1994)

30



o)
O
D
<F =2
=R
1)
= 3
KO D
©
-
[&)
o]
=




000 O | =DMTE BEIIE

01 4e

A 174)7] Aujgo] Loz JfuE o]#f& dn| AL Lol B 2 olojd thofst A
WA sfiso = Argatel 9l ofste] o] & 711 itk At 30017t &v]
OHFRE A7t A=, 3] 11 FolM e =S & o #ol7] A% B S0l A
+ o] 7Fs% T B4 Atel9] 24 ARE SRl 194171 M| mhs2] Agdo] AL 3o gt
OJ2AR] A7t ofFofAl o] F, AwEe s EolE SEH Rl AVE Atk Alo] EEA A oR
Fet AnlE Y] sidee 1L ool vlEeto] ARgshs W9 3ol HeE e ST Hoh FA

@n|74 9 s E+= 200 - 250 nm &, o]i= F 0] 200 nm E} 7170l E0f U= B F RQUA
Shte] 2 AQ1A] Fsk] offth= 2E uleth (IE 1

(=3
k=)
St
3
A
2
=
aT
Y
o)
&
3
D
(%)
[5)
=)
Q
@
&
192
@
)
E
a
=
g
<.
5]
=

32



S&HT2l57  Convergence Research Review 2017 July vol.3 no.7

A 20149 =8 Sheb2 Al o] E24] s AIE Holdw 7] 7] 7]oqgt Al Bgo] wfst
ZHEric Betzig, Stefan Hell, William Moerner)o|A] 015t} o] Al Ho] skalr} 7Hist ®sL 37 &+
7HA &, = Stimulated emission depletion (STED) microscopy®]il,? T2 stk Photoactivated
localization microscopy (PALM)O|th 34 o] &= 7|2 A& M5 thE HAIHS ARSSHRAT 1 712 ¢
gl 2 919 (U™ DE B SokEAL 118 1(A-O)°fAe T Hol 5 SAlo] HE Wil JlofA =
o] A7t 7L 7B o] F AL sk I7F ol gk 19| whef & Ho] AR E Fil We e
5 9E o o ojg7t 9F o] WA WS Wil Q8% o] I thZof W Wkl 7PYsiEAL o] &
e Ao r BEUTH Aole 9 HollA v o] wEE Zolal, I thZo] 28% HojM

3} o}
AAZ A1l o] oFF A F(20-50 nm)oIA] ko MEhe EATICEY uheta] BHEHIA 5
L ARE ofF 2L AR v ¥ o] Shte] G BTl ZUYEE Ak PALMOIAE
N2 A OR Hestel AR o] %o W 9 BaS0) AR P2 A gk AT
£2 §HEChY 1 5 @0)40E A2 BHHAN SYYE P

of gA1E AAIA 7120 o R AIIA shield FEg 4

N

N
I=]
s
ks
o
Sha
>
ol
ol
el
oftl
ot
L
1=
iy
ulr

Optical Reconstruction Microscopy (STORM)< PALM} 22 ¥ & AREsl=d|, o] uf Fgthizlo]
o JURAES A8t (1 2)

500nm .y
— 2

I3 2. Y8 &0|Z2t STORM 0[O = MIE LI clathrin-coated pit (CCP)E ZH&SH 21t
(A) LB 30| ARRI (B) 2D STORM AFEI(C) 3D STORM AR

33

(2]
ES
o
Al
__'.L
x
f
=
=
=
2
st
X
x|
|
X

7|
s




o
8
St
3
i
2|
=
aT
Y
o
&
2
D
Q
@®
=)
2
)
&
192
@
)
0
a
=P
(';EJ
<.
o)
=

000 O Z0|MTE BEIIE

A2 A7 AAE Bdom B Uit Aol 02 THES BL 4 Y HSo] WaEH T 9
o RS BAoR BN AL T SolH AaR B sto|=2 A hydroge)e] A8
itk sto|=2 YEYAS AR o] BEw, Solsed-AR BYAE 240 Yol BYAL 4 9
o}, o] u} sfo]=2o] YA AR Uhsio] s EAHES Wolul] 8415 7k0] A7} HolxA] =
wtebA] B Aol SWE Bk 77jo] o] glo] Ut Anl o PEY 4 YH TATEEE BY 5
o 8% 4 A BEk? (1Y 32 MBS BT A 2o Leid YO ol AR BHo] o
A7o] QA Bold Tgolch, A4S 4 Ho] B 18E Te3 AYo] Hie Boldol 47
WA AR, 9 Aol 4 HolX) Qo vIAE 1PSol W F Ast) 2 mol AS X % 9k
o] oA ThaR AR A MPHS THohA] A7H5HE o] WSl of A A2 4 Q=Rlo] e 4
et

39cm=
calculated
10cm

34



olo
ol

X225 Convergence Research Review 2017 July vol.3 no.7

07 ==

0l2{3t o] W3t 0|
AJEOA 2T WIEE|T Qs B 7] o] A wpHSe] thal 7kl A71ct ShAlg o)s) ety
5o s oR 2VINES AL 5 Y WSl EAh Tkl of ol B 7] ofnly

Eo] AT ofd 2opollA FagtA|o] gokE WAzt it

O

Agpe] M ARl ole 7] BolA g Bakstch, Rle) Wi oe 8609} o) A7 AR o]
A Qa1 7 417 Al A4S B He) o A9 che A7 A} daslo] glek ) mrebd] 49l ek
wofl= ok 1502(1.5 x 101479) A[dA7E ERfeie). Q17k9) Q1A S ofefet H3et 417 WE A
23] A7 Hebd YAZE0] AR o8] AZAHo] e AT 4 ek ko] w7t ofwA &

55}, ofH 790] ¥ Agho] Wgshed, o] olA X2 4 JAlo] a4 olahE 4= YA B Helck

370 ool 155] B 417 AE L AT} Sol g7 tho] ofel e FRES Ty AL ol
% SIS} o9 Spolof Bk, WAL S5} w9 wejok STk, (1 )l B 4 Qo] Wi e
et FAOR oA 93 2 JHUR 27] B 715 Fsta ek UebA Ho] A HEUS o]
w2 SAI ¥ A7} o] B A SHA ofshE 4 gick. webA 2 Hu2 wiEA ofulg T 4 gl
o] BRI}, nhAEOE B RS BAF 4 glolo ek M PAIRA Gl BEFele] W
A oRE I S Soltt Bt ot 7|29 2TIE BHAL 1 EE ¥4, S5
23] wiEA) QAL BEGE ¥ 233 BEP] AshHE ) 23 ofF e YHOE wSolo} 3= of

2lgo] giet

35

(2}
ES
o
Al
_T.L
2
"
=F
=
=
¢
Tl
ok
=
I
x|
o
E3]
7|
s




o
8
St
3
pa
2
=
aT
Y
o
&
2
D
Q
@®
=)
2
)
&
192
@
)
E
a
=P
(';EJ
<.
o)
=

000 O | =0[MFE 2HE Vs

B9t AoflA] et 2 vsATE Fst du) 7| H(STORM, PALM, STED) &2 H &2 SJAI=(~ 5 nm)
£ 4& 4 9= AR F(Scanning electron microscopy, SEM)& ©]-&st0] k& st} = tf
T A= A SHAIRE A= 0] glo] Abgt wf2o] STORM, PALM, STEDS} 22 21t gt
HHF 2= ofF QRS AT TES 4= lloH, AR B8, AR AR YRR A9 FHE XA
oot A& o] BT WAL & Uit olof] TSI IA Sh= AR (H)E 35 - 70 nm FA 9] EHO = oA
#ol A STORM 32 AAAN] 402 Hasl1A; sk A|L7} 9lojgie} 1910 31x|at o] AL A|7E gke
AW o g A27] QoA E45F Au|7E Rstal, ZF HH 9| o]w]2|F thA] o]o] &ojof l= EXT 2¢jo]
2ol (1" 5)

36



12|55 Convergence Research Review 2017 July vol.3 no.7

A

Serial
sectioning,
etching

Tissue collection Postfixation,

Serial section alignment
and fixation Immunolabellng dehydration

and image reconstruction
and embedding

and imaging -
Q»o» ~ 12

= (A): 5 Y 2XS W0 AL IAS Sl THEO| B2 HXISE 70 nm FHQ| HHOR Qi H0{ LY,
1= STORM 7|o= 2} ZHS 0[O ot = 2t O[D|AISS 010 201 Y2 2Z0| 3xtH F2E Mottt

= (B) : SR MiT-gE Y HF ME

u (C) : Y A1 MZEQ AlA, 1% Of2H: STORM 0|0 Zt, Q2% 9f: YU 40| 0[0fF Zupo

olof s |22 BHAA TINES S ofnlg e Sl Lk o o]u| o] 4] 7K AFEAR
A, &5, B9 FA0 BHEAZ 4
% Qe 0|4 9) SRES 346 2 4 9k, Qe An)74e) Saksh o 200-250 nm o2, RS
WA OZHA 60-80 nm LS AL 4 9k T AAZ, BN ARE o]n)4 7} uhe Hw)
o FAo A e w2A) ¥ ofn S AL 4 Uk kel ZTHYE A4S AL ol wE
SE8 ZTHYE o|u NS B ol 44 ettt ST ARS BAAA BT AL T AR
WA Ao s 2RI, ofnlg SEi Wm0 So] el A o] RS
Yolme|x] 9k o} W SER 2 BN ofm)y T 4 itk Al AR, So|=RAR HE BYA Y
g T TSN 5L ()] St SHE] vjo] w7 £EsiAA Het. webd Hg of
Fgre gHom UEA T 1 RS B 5 oA Bt

P

mlm

37

(2]
=
ol
A
_T.L
~id
jﬂ,
=}
=
=
%]
p
st
e
I
x|
g
=
Al
1




(=3
k=)
St
3
&
=
g
=
T
O
o)
2
jo]
(%)
[5)
=)
Q
@
@
1]
@
)
£
a
=
g
<.
5]
=

000 O EOMTE 2 IS

A W 71t

20159 1Y€ F3 7]5F o]u]d 7|¥(Expansion microscopy; ExM)o] 4202 LHEIct? ExM
L sodium acrylate 3Fo]E2(sodium acrylate hydrogel)S AME-3to] Al@E FAA7)= 7|Holct,
sodium acrylate StO]E2A2 153t of7] 7|40l @o] ARgE SR A% AT gz A v &5
545t 4= 9t Sodium acrylate 3FO]ER2AL sodium acrylate HEARS JZSto] TEALR THEL, 0]
A TEAEE AR AZst TE = At oFf (O# 6(a-ii)< sodium acrylate SlO|E2A0] 12 &
Hoj&t}, o] slo|E2 A4S B4 YA HH sodium acrylate®] £0] AW AF o]2(Na)o] BojA 1o
Al =o sfol=zd Wi-of IFA W E(polymer backbone)o] &7d5HE A ©tt. o]t 275} Ato] €]
o] A FETESH 5A A LA HE (C17 6(a-i)yo] A HAA = o] sfo]=z o] st
A =}, o] sodium acrylate StO|E2AZ ] AH £of] ThE1L & £of WolsH, (¥ 6(b), ()M B

73} o] o] FHS BAAY 4 Ue.

38



X225 Convergence Research Review 2017 July vol.3 no.7

olo
ol

x| Y Foll= X9 25 ARl Q= vhfet 9l FRE0] SAR ¥ Wi sodium acrylate
sto|E2AS ol BAAZ|A Y oY det i fLxE5 Wil X7t FAsHA BAS
A =t A BE A dsH A7) HsiAe H W] il x5S AlASSEeloF jitt. o]
£ 98 ExMollA= EadS E5A12 o e GHE 7R s Ei(proteinase)E ARESIAH. H HiF
o sodium acrylate SO|E2AE THEolE &, Tl VMR aAR X R EAjcts BE wHd
< B33 & stol =2 EIHE 50 dol HAAZIA ot shAut o]FA] RE TS Fofjs)
A = S27F WESIAL Sk A7 Al 2 AlYAE WEE o QA "ot webA dhldo] E5fjEof
T PSR ok EES BET 4 Qe el RSt ofF f8 ExMolA= (1™ 7)01A Hol
+ A% 22 DNA 7[5t AE ZA6IATE. WA X o] st she A2 A3 AR 14
b %, DNAZ} &0] Sl oAt A= #ARIT. 1 5, o] DNAQF AH ARl DNAE ©]2t @4 DNAY| 4
SHhybridization) A|AZL}. o] wj AFE DNA ¢ & Eofl&= 337 B2/ @801l ©hE & Eofl&= sodium
acrylate®} 3F5H4 0 & 1|43} o7 g|tho] E(acrydite)7} ©2Uct. WekA] o] & sodium acrylate 5H0|=
240| BEofAl= BHYolA ot E|tio|EV} sto| =l wiEof Sleh o AAEA Hoy I 5 i
ZFrEdlass GAE RS e EHES ool 2SH 0% slo|erAof= 3% A7 20 A
+ DNAYH A Hh

rol

H 5 Oligonucleotide 3
Methacryloy! Chemical
Group Fluorophore )

u (A) | ExXMOIA AtSHe OfR} EHA

u (B),(C) : YAt SHH|Z EEOIIXL oH= HHUAS HX[SHZ, DNATL 20U O|X}F SIHZ BEX[SICH 1 5 2 2Xtet
0t=2|C}0|ET} 201 Qli= A2 DNAZ 0|t 22 DNAN Z-AIAZL}. 0t32|CI0|E= sodium acrylate
SHO|=2 0| S &= D0lA] StO|=2 S0l HZ=[H| HCh

39

(2)
e
oJ
Ml
_T.l
gr
s
5
=
&
=
¢
9
st
=
ES]
x|
g
5
7|
A
&




(=3
&
&
=
g
=
s
e
2
o]
<
[5)
=)
Q
)
g
8
o
3
g
=.
5]
2

000 O L ZOMFE BEHIIE

Q10] 4L B4 F 1] 9] thild-S M B A (immunostaining) 3t & WA

F QU B Al G AFA wAN F2E TS S QA ek o (1E 8(a)= B A 7] ¥ HH o]

. (C1E 8(b)+= 44l B 9] T2 | AW ojufx|ot}. 4u] BHE= 52t ¥of A A K

o] 24 W3letA] I A2 & 4= Ark (1H 8(oh+= (1H 8(a)d 22 A Y|i FiZ et Igos
a}

A2 T AIHA A Bassoons, B2MS A EAWA TR0l Homerl

Y
=)
o,
o3
)
=2
fr
e

= 8(dh (1 8(choF &2 Y] HH & ojulxjolrt. 33 Hof= HolA] FH Al
7 A R A2 vlA] F27F Holes AZ & 4= vk (1E 8lel)e (1d 8(dp2 & Hx WrE &
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X A= 13S 0123 RNA 0j0f%

AE Bgste] Gl Bt oheh A & 27 URo] RNAE T 4 itk Gl ofm)gz
2ol RNAZ olm43l7] sl RNAS Slol=2o] (12 4 9l 977k Bastch 2016 8o

1% =5 (Expansion Fluorescent In-Situ Hybridization; ExFISH)°|A+= LabelX&k= SIsHE2-S o]
|3t o] sFeEA2 BE it e AEE of= AES 7HAAL =T, LabelXE AZ 52 24 Y9
LE it dAstal, AoflA] A7HSH AcXE LabelXe} slo|E2 4 AAsHH AL 32 22 419] RNA
£ so|=24of AZAT &= it} o] WL 0]&3lo] o} (17 13)0)|A] Kol Az} o] F | Awo]A
mRNAS| £2E5 TG ER o|u]4 & 4= it}
u N LT
n H2M X : (a),(b) Digd mRNA, (c) Camk2a mRNA
u S AF|UHE: () 10 um, (b).(c) 2 um
8 13. ExM2 0[235t0{ 3 | HHO| RNAZ &t 25 '

A2 (1F 13)°1M F2M M2 42 mRNA THEAto|o}, oA H2ARE oluAst7] HsiA ¢ ==l
A= Hybridization chain reaction (HCR)°]2h= 7]®Ho] ARZEIQitt, 22 mRNA TEALE o]u]d] 517
K3l chakst FF Als SF 7]&0] HEH I et HCRE o8et 35 7|% 3 sfuolch.” 7|2 el
mRNAO] AEA<Q1 714 42] DNA(FISH probe)E €011, o] DNA £°f 334 7H 1L 8l= DNA
£ 9% 07 Eol Hr}. o] S 55 mRNA THEAF shto]l o 7)) PFEAS B 4= QlojA I
2 Av7 02 mRNA TEARE TEsh= Aol 7hssixl. (1™ 14)
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o3t EAIE s Zst7| Yol At 2017¢ ¥HEA WA (terative expansion microscopy;
iExM)oleh= 7]&o] AL EQILh10 o] 7]&& AMESHA sto]=2d-g 104, 204, S-2 50H) oldo& 3
71 Aol 7hssitt o] 7142 Alg Uil sto] =2 vHEAL ]F Hlofl 10-50817HA] A 7]= o
Al Al Yl io] stol =2l whEo] 4.58) A7 3L WAgH sto| =2 Yiof| A2 stol =z of

get & BHAA WA ArE TA o § BHA7 = TS ARSI o] RS AMESt] AlRE 4
v 5= o A A A EE AR 2080(4.5 x 4.5 ~ 20) AR 5= QA ek 45904 Al ¥ A
# 9 1008 BFA7= Ak 7hsste. (1" 17)

e

oju] YFH A WA Sto|=2AS F WA sto| =2 A=z ThA| BHA7]7] HsiAe BAAE A WA Stol
C2AE A AT of g}, o] & fl5f o] WH (A WA, Tterative expansion microscopy)©ll
A= A WA slo|E2 A SFekA 0 & 7ol 7Rs 3t 7k Al (crosslinken) 2 TS0 ATE?Y BAE A WA
Sto] =2 Yifof = WA Sstol=2AS Mt & A WA sto| e shekA APE S5 A7
AlEE B B AL 4= QlTh Al W B EA7)7] AeiE F Al SRS 7HAl7E 283, A HA
T WA stol=2 A2 slakH 0 7 #af 7e%t ZHAlE ARSEIL mhAE Al MRl Reli7E HA] ok 7h
AE ARgR. o] [ A WA sto] =240 7hlA|9 F WA slo| =2 7hiAl= & o SFehA R B
8 7FsSHAIRE 1 3tet4] A o] gt A& ThE 270014 a7t He 7HAlE ARt (C1H 18)
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