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o]#3t ¥-AE Ay Y&, drdeidel FAD Sl Ayt
= WNEAES 7|A AZvE 289 (gas chromatography) WOz
A ko] Foldl= A7 WA HUT6]. ©]E &3 3—methyl-1-
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2. A8 A5 U "9y

2.1. feto|= FA

MNEZ (www.peptron.com, Republic of Korea) S E3] 90% ©]7429]
55 I HAEEEE {8 fEko]l=(odorant  binding

= °olgdtel 1 peg/ml = &3AA HE 5 1 mM & H=3ith 3
BfelE=a =20 ° C ofl ®ekstar, AREst7] Aol vpz =ejA] ARE-shal

.



B Ao = 3—methyl—1—butanole] ¥H&3t x| Ay=E vlw 4
w45 98l R FAeEAIRE, dF #AET)7F g ERES AFESH
At FuldA A= 1 mM 9 3—methyl—1—butanol, 2—methyl—

butane, 3—methylbutanone, 3—methyl—1—butanethiol, isobutyl

ofN

acetate, 3—methylbutanal, 3—methylbutanoic acid Z} €& 2xf

Ahg-3t

rlo

52 olgdl 1/10 4 NN FU Fuld INEAE

71 A7A 4 0 C YA Baskith

B Ao AFE-3F 3—methyl—1—butanol ¥3F A E2 &9 &4

£ et 2

(1) 3—Methyl—=1-butanol (Sigma - Aldrich, USA)

(2) 2—Mehtylbutane (Sigma - Aldrich, USA)

(3) 3—Methylbutanone (Tokyo Chemical Industry, Japan)

(4) 3—Methyl—1—butanethiol (Tokyo Chemical Industry, Japan)
(5) Isobutyl acetate (Tokyo Chemical Industry, Japan)

(6) 3—Methylbutanal (Sigma - Aldrich, USA)

(7) 3—Methylbutanoic acid (Sigma - Aldrich, USA)



2.3. ARt AAFLE AN HF AE

< H|

2.3.1. ARdz

B oA AFgSE ArdletitS Salmonella typhimurium LTZ2

ol

AbgsEl . F8 5% (0Dsoo) #kel 0.57F & wj7zb+] 37 ° C, 220

i

=3
rpm ZANA #lgFstel 4 x 10" CFU/mL 749 # vlls A9

[20].
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2.4, 98 BAULFBE-AA &3 EARAFH
(single walled—carbon nanotube - field—effect
transistor, SWNT—-FET) ¢ A& 4 Iglo|=

1R

2.4.1. SWNT-FET 9] A&

SiOy wafer 71 $]oll AZ5214 photoresist (PR) & ©]&-3}o] I E
dL 3Ytl. Octadecyltrichlorosilane  (OTS)  solution (OTS
hexane = 1 : 500) °f 7%t waferg 97} self—assembly
monolayer (SAM) £ ¥/J3F3th. Hexane, acetone, ethanols ©]&

ato] a2l = AlFHete] PRTe A7 F, @AhuynRFH G4 (0.02

Y
iV
N
)
2
s
-z
M
2

mg/mL in 1,2—dichlorobenzene) ] waferE 30x%
AaA o7 BAYL-FHE Y. PRE ol&3ty g 3+ =

Pd/Au (10/30 nm)E& <&t Lift—off #4dS &3l source,

A7k ABol AHgH sk



2.4.2. SWNT Agd ¢ Hetol= 1H

B
FEHZ  4AZE EqE ARl FAT o] AIRF &9t OBPPEX
SWNT-FET $lel :®eo] vt (Figure 1). 712 AL 9o C—dw
of F7HA oz A 3719 #d el (phenylalanine, Phe, F)o| &

cuwRBsl Al BwEs wg Alle] 1oz A4E4EE A
5!

(AFM) system (MFP—-3D, Asylum Research, USA) < A}g3}3it}.
22 TaE olgd & Feel= 1A}t A FAESEZ(scan
rate) 0.2 HzZ =438, 143t = 0.05 Hz2 =48t o
=% o], FARSLE 9o & 2UES 1S A% FdstA S3st

it

(1) Set point voltage : 560.97 mV

(2) Scan size : 20 x#m



(3) Scan angle : 90 °

(4) Scan point :

512 x 512 points
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w/ peptide -~
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OBPP (Odorant binding protein-derived peptide)

Figure 1. Fefo]= 143} 159 SWNT-FET 224 %



g garuveSH-AA a3 EAAAEY #A77F AL probe
station (MS tech)¥} Keityley 2636A sourcemeter (Keityley,

USA)E AFg3le] A3 E St (Figure 2). 0.1 VO S sources}

(G

drain A5 Abole] AelFolth, 54 A% A 9 pLe 23 RS

o

e ez Y Yol "ojr=y] 7] A (base line) S FAEAT. 7]

i

#

o

g4 olFl 1 uLel oy B4

=
=

Az GoEgry. o

=
=
source®} drain A= Apo]o] M7 WstE wEeEA AisS EASHA

il

2

o] Wsk= 4G/Go = (G=Go)/Go oIty o714 Ge AAZte =

=
=
S35 A7 #teold, Goe 271 AF gholth

% ey
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ii o
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(a) (b) (c)

_________________

Channel 1
Channel 2

5 mm

DiD:S

(S: Source, D: Drain)

Figure 2. A7|A1% =4S 93 #x]. (a) Probe station, (b) %7]
AA 9 A AA(sensing chip) & probed =, (c) AZE AlA

]
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tehxl 52 #MElo] = (odorant binding protein—

I

derived peptide, OBPP)&= 7]¥ Ad C-ddte] 3719 FHddzd
(phenylalanine, Phe, F)& F7}sto] 438k th(Figure 3). o= U3
SRR Hddebde] WEE a1 Aol - AEAE A
2 1437} 7FsshA H Tk Atomic force microscopy (AFM) o] w]

A 2L B8 AdE ngo] =R FAT S Utk OBPP7F 1

o= 2-3 nmZE AAE & Jut. AdxH o7 OBPPEo] SWNT ¢

o

Hlw 2 #dstA 2 HA0S AT (Figure 4).
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Figure 3. WAlAda w2 #d E}o] = (Odorant binding protein—

derived peptide, OBPP) 2] A<
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w3t OBPP 1143t A% #7178 EA
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32
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av)
i
=
o,

A7171 A F¢ SWNTO AR-Ad-V) F4& B4, 14 F
source®} drain A= Alo]e] A& gho] Frhstlvt (Figure 5). A% #
o] W3t Estal, OBPPEC ®BAauvkiFHEH AHd 9 14
p—type AA &3 EWHAIAEHO 5L YR FAES AsSH
(Figure 6). p—type Al°]E A= (gate electrode)l 9 At
(positive voltage) & AoF& o, SWNT g2 8HA (carrier) Q1
¥ (hole) 7} #o]&59] AE%E (conductance) 7} SolA Al H &= &4
= ZHn. olek e AUH BEAes SAMF =M, OBPPE=
SWNT g ol 1dstst nfo] A7 AIMEAS] 7es AF2Ae
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Figure 5. 3 E}o]

Ips (WA)

2 -+ OBPP-SWNT
-= Bare-SWNT

04 02 00 0z 04
Vps (V)
Tt 143 4% SWNT AF-—4dd (1-V) =24



(a)

Bare-SWNT

Ips(nA)

0.0 1 L L L L 1 L L L
0.4 -0.2 -0.0 0.2 0.4
Vg (V)
(b)
OBPP-SWNT
0.4 T T Y T T T v T
£
g
0.0 -OI.4 . -OI.2 . -OI.O . 0:2 . 0:4
Ve (V)

Figure 6. JElol= 143} d(a), ()2 SWNT-FET #A7|% 54

>
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i,
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7 sEe}lo]= (OBPP)E 1A 3}
% 9dd gavheRE A4 53 EAXNAEH

AN Y AAZL AE 2F

A8 AFEoME= 1A A =ZrE 1Y (gas chromatography) WH
< &3 AFel Ardeto] 2AHAS W Soldow WAstE =4
£S5 BAs9 k6], ©] W, 3—methyl—1—butanol® 1—hexanol®} %

o BTEFY WATAE] FEI FolHow Frste Zlo] H1HY

4, 2 AFelAE OBPPE SWNT-FET AlAe] wAsgist &
3—methyl—1—butanol®} 1—hexanole] 2AA|ZtOE ojH HFS-S Ho|E=
A gRlstglty, Ay or ookt w2 WAlEds FUPE 9 1
fM2] 3—methyl—1—butanol®} 100 fM2% 1-—hexanol HEFE EF

OBPP-SWNT-FET #A7] A5 & #zs ¢ A (Figure 7, 8).



OBPP7} WAIEA# AgstdAA 271 oAl a1, 2 FAelA] 3
Efol= A 9] <FdstE "= 2holal(ysine, K)&E°] SWNT Ao
T A A A G A (positive field) $HES WHEOlFE= Zlow Az
o} olgl & mTF 4 M-S S7HAA p—typed SWNT-FETE]
AEL7F 4% Aoz sddn, 2 Ao olgjdt Ay Ao
71z AEEA (limit of detection, LOD) ZdeollA =t} F2d

3—methyl—1-butanol& T A A|&EAZ AME-3}SIT.

#;rﬁ'! _CIJI_ ]—h -_.fJ]_ T_III_



105- li”' 1"1"“ 1010 ™M1 iM
32 100-
]
o 9
90{ — OBPP-SWNT
— Bare-SWNT
85 .

1 I L ]
0 50 100 150 200 250
Time (s)

Figure 7. tFoFst 552 3—methyl—1—butanol®l| ©fgt

OBPP-SWNT-FET?2] Azt wk-3
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X 100
1
e 957
904 — OBPP-SWNT
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85 Y v T
0 200 400
Time (s)

Figure 8. theFsk =% 9] 1—hexanole] W3t OBPP-SWNT—-FETY]

AIAIZF HE-S-

1l v o
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3.3. ¥

i,

gdua {3 Helo]=(0BPP)E 133}

3.3.1. 3—Methyl—1—butanol®]] tjdF 1A= &<l

b AdA oA 3—methyl—1—butanolel] 3 OBPP-SWNT-—

FET® AAZF 9F-g-S &Qlst v} Qlth(Figure 7). 99714, 3—methyl—

b4

1—butanol ¢ T Lo wWE HbeS g1tz AYHE s}t

32

th el E7F G H A 2 Ao e =T SUtsto = vhgo] #
zhe 2] okskrt. oo wls fEte]l=rF nd¥ SWNT-FET Ao+
3—methyl—1—butanol %¥%7} Z7}&¢] o}t Sx A (sigmoid
curve) o] 1HAS AR (Figure 9). AAZ AAZF 98-S #2

AN o 1 nM F=oA5E *E3F(saturation) 5= A

o
i
B
ol
ol
s
o



-~ OBPP-SWNT

-
o
=]
T

& Bare-SWNT

o =
[=] on
T

Normalized sensitivity (%)
]
o

tT - = = = - = =

i i i i A i [l
107 10 10" 10°
3-Methyl-1-butanol Concentration (M)

Figure 9. 3—Methyl—1—butanol &%x°] W& OBPP-SWNT-FETY]

[e]
Hk-&



3.3.2. 3—Methyl—1—butanol®] 3t A= 3l

OBPP-SWNT-FET Al ZHFe A¥Es Rlstia gt =
AEe Tt 2 vHgE ZAFsEATE 3—Methtyl—1—butanol# %
7b fARstARE 28717 thE =l e s vl wA etk w2 RS
B3 Y 3—-methtyl-1—butanol> 1 pM XA, & =42 EF

I nM FxlA Blasitt. Aol AHEE ¥l 28452 F 67149

by

o, E5F

rir

= e

(1) 2—Mehtylbutane

(2) 3—Methylbutanone

(3) 3—Methyl—1—butanethiol
(4) Isobutyl acetate

(5) 3—Methylbutanal

(6) 3—Methylbutanoic acid

3—Methyl—1—butanol = 1 pM FUH= o AF Y W= 1

Heh 107 W ¥ OE BHES

L

=
6uf o] s & AS &l (Figure 10).



(a)

a b c
3-Methyl-1-butanol 2-Methylbutane 3-Methylbutanone
CHa CHg o
CH HSC\(U\
H3C/j\/\0|-[ H3C/I\/ S CHa
CHs;

d e f g
3-Methyl-1-butanethiol Isobutyl acetate  3-Methylbutanal 3-Methylbutanoic acid
CHg ' CHs O CH; O

HsC P 9
H
Hsc)\/\SH \C[;:O CH, H3C/K/U\H H3C)\)LOH
(b)
6k - a: 1 pM of 3-Methyl-1-butanol
) b : 1 nM of 2-Methylbutane
iy 4 i ¢ : 1 nM of 3-Methylbutanone
o d : 1 nM of 3-Methyl-1-butanethiol
% [ e : 1 nM of Isobutyl acetate
2 . f: 1 nM of 3-Methylbutanal
g : 1 nM of 3-Methylbutanoic acid

MEAES Pz, () trg BAES FYRS W e

OBPP-SWNT-FET®9 3—methyl—1—butanolel] thdF A=

v =4 L



CEET S

o

=

WAl &2 =37 3—methyl—1—butanol

L

1

H

TC 7:51.
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O
~
file}
nnfmo
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o3y
~l

Bl
o
o
o

AN B3

OBPP-SWNT-FET ]

OBPP

|

T

A EolA

L

stle o A7)

S

] 2

e}

=

7} 919l o1}, 3—methyl—1—butanol

.

1531 o (Figure 11).
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(a)

a b c
3-Methyl-1-butanol 2-Methylbutane 3-Methylbutanone
CHs CHs O
CH HSC\HK
H 3C/K/\O H H 30/1\/ 3 CH3
CHs
d e f g
3-Methyl-1-butanethiol Isobutyl acetate  3-Methylbutanal 3-Methylbutanoic acid
CHa 0 CHs O CHs O
HsC J 9
H
chJ\/\SH 1.9 o H3CMH ch)\/u\OH

CHs

(b)
1200, d e f 9 a T
_ 11 11 111
R 10 Concentration
S of each substrate : 1 nM
o 80

L. — OBPP-SWNT b
sob — Bare-SWNT 4

100 200 300 400 500
Time (s)

Figure 11. OBPP-SWNT-FETS] AA|7F HF-8 072 3—methyl—1-
butanolel] tjgt AT 2ol (a) AFEH WANEAEZS 3%, (b)

OBPP-SWNT-FET®9 AA7F H-S-

SRk

TUl



3.4. AA Ardatd 28 AZFA AAEHE

3—methyl—1—butanol ZA &<l

LUSH?| A&H9] (binding site) dF AGutS AFF o2 FAd3}o]
FA X EAA 2 (Quartz crystral microbalance, QCM) & ] 12743}
sto] YA 7]E9] AF7F 8] ol E AT W W ER <
af Arrdietgto] @9 E AA| AFolA BHHE HME HESHAE X
Poke= ARl AT & AFelAE ol AN E Hol Hol A

A AED AT T Y Serolne] AHoR HRATS 09

Frdege] eduA e AA® AH Zelolx @elqt A5

oA kAR, ARdEyto] edE FeMe [ 259 ¥R
e AT e A 33l
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GIiGy (%

150+

1004

50+
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1. w/o Salmonella (fresh ham)
2. w/ Salmonella (contaminated ham)

1 2

!

— OBPP-SWNT
— Bare-SWNT
¥ L] LA L} ¥ L] 3 L} ¥ 1
0 20 40 60 80 100
Time (s)

Figure 12. ARdglito] A% HAx7] 7l & &ol A9k

=] SR

MZo] tg OBPP-SWNT-FETS] A7+ 5k-3
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=
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Abstract

Development of Biosensor
Using Odorant Binding Protein—derived Peptide
for Real—time Detection

of Salmonella Contamination in Food

Jinkyung Kang
School of Chemical and Biological Engineering

The Graduate School

Seoul National University

Salmonella contamination i1s one of the major causes of food
poisoning, where the foodborne illnesses include fever, abdominal
pain, diarrhea, and nausea. Various methods were applied to

detect the Sal/monella—contaminated food, low differentiation



efficiency 1s the bottleneck due to low sensitivity. Thus, we
developed a single walled—carbon nanotube (SWNT) — based
field—effect transistor (FET) functionalized with odorant binding
protein—derived peptide (OBPP) for the detection of Sa/monelia
contamination with high effectiveness. For detection of
3—methyl—1—butanol, which 1is generated when Salmonella
contamination occurs, a peptide was synthesized based on the
sequence of Drosophila odorant binding protein; LUSH which has
high binding affinity with the alcohol. The C—terminal of
synthetic peptide was modified with phenylalanine cluster and
then easily immobilized on SWNT channel using 7 — 7 stacking
interactions. After functionalization of the synthetic peptide on
SWNT-FET, the p—type FET properties were clearly maintained
in the biosensor. This biosensor detected 3—methyl—1—butanol
concentration down to 1 fM with high sensitivity and selectivity
in real—time condition. Using those characteristics of the
biosensor, contamination of Salmonella in sliced ham was
successfully assessed. Thus, the biosensor with the
OBPP—functionalized SWNT exhibited a potential novel method in

detecting food contamination at an early stage.
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