HIO|QA|ABIZS} (J. of Biosystems Eng.)
Vol. 34, No. 4, pp. 254~259 (2009. 8)

B oEHN MY xEE

Evaluation of Antibody Immobilization Methods for Detection
of Salmonella using Impedimetric Biosensor
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Conventional methods for pathogen detection and identification are labor-intensive and take several days to complete.
Recently developed biosensors have shown potential for the rapid detection of foodborne pathogens. In this study, an
impedimetric biosensor was developed for rapid detection of Salmonella typhimurium. To develop the biosensor, an
interdigitated microelectrode (IME) was fabricated by using semiconductor fabrication process. Anti-Salmonella antibodies
were immobilized based on either avidin-biotin binding or self assembled monolayer (SAM) on the surface of the IME
to form an active sensing layer. To evaluate effect of antibody immobilization methods on sensitivity of the sensor, detection
limit of the biosensor was analyzed with Salmonella samples innoculated in phosphate buffered saline (PBS) or food extract.
The impedimetric biosensor based on SAM immobilization method produced better detection limit. The biosensor could
detect 107 CFU/mL of Salmonella in pork meat extract. This method may provide a simple, rapid, and sensitive method

to detect foodborne pathogens.
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Interdigitated
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Fig. 1 Impedance sensor that has a large number of interdigitated
electrode pairs.
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Fig. 2 Scanning electron microscopy (SEM) image of the intedrdi-
gitated electrode pairs (500x).

o 9N 1Y Y

QTR Hlo) Q4N A1) YA AN A Hee]
FudelFe A2Y 5 ot FANELE AL oA
ARG vlol 2 AN S| Fwie] BAAERE 7]
JaHE BAZ Al olor sheu] g =
e G0 A el wet ® JRE v 5 otk A
BEGE FAF A5 P voloAN B
et al, 2006)°] SJaka MEolL TEH ¢

[e]

oA 17gs)
B o2 x F&H(Adsorption) T} o] o Ay

e

X
o] g-1jo] @ El(Avidin-biotin) W, ZHATL o] 43t &
712 21KSelf Assembled Monolayer, SAM) W4 5
o Al 71 A sE 7P Wl ARRElL Qe A

O ZAEI

256

i
T
o
4
ol
o
o,
o
ol =

)

3} zho] ALgo] kst
= AU @A vlol 2 Alx A7l wel AME

Hlo] o'l A W FRATE ARl 2ol %
2% SAM S A ws W oE AMgsta 1 A
£ ME vlusigivy Zzke] 34 st S o9 33 2
< & Tl FAE AT mHol HAsiglen, 7y

o AAG e tewt ek

o5 b o i

Adsorption [ ]
+

o £ Y == X fo

>
o
23]
(B
=
=l
ol
«
N
N

s

5
to
=
o,
Fo{u
o
o

Avidin-biotin reaction
+

Avidin-biotin reaction
* Avidin-biotin

Gold surface

Covalent bonding
¢ Self assembled
monelayer

Self assembly
4

Gold surface

Y :Antibody

|
— : Streptavidin ﬁ' : Thiol

<9 : Biotinylated bovine serum albumin

X : Biotinylated antibody

Fig. 3 Antibody immobilization processes of the biosensor.
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Fig. 4 Schematic diagram of impedance sensing system for Salmonella
detection.

Ardlet A ARS 42 g wne ARt
ek Aol vl AN Y] AEE BXeke o R Y
STk AES Hste] Yuld vlo] @ Ax ] F ASE
ﬁlﬂ* S A 2ol At PBS §H o 135 AHE o
& Aol FAHA ook vl 7iE A g E ST 7
=A% 45 474 e vy Andet AEE d9d
Ea H}omﬂwoﬂ 557k 9ke-A7] a1, 1% Triton-X 100 Bj3)

2 33| AFE ohg ARde Aol 9% Jludxs WEls
ATk
U] F5(10°~10° CFUML)Z o]Fojzl 8 HES) 4

et A&l AREE Jalds vlol ildE ANERE
A HHE o] galo] RAH Mg AAT T, ASHS
ANA ARt dEel AALE Stsich vlele A A
Z5 A Bi5)E= 100 mM glycine-HCI(pH 2.5 ARR-31S)
t}. ol W o ® 10°~10° CFUMLY 55 dis] A%
A8 33 w23 ok, ZHE oluclae] FHEghs B
of o]-g3}ct. YA H}OIMMM A HAE es
daldo] HEEA] & AER ZA3 712450 3 v
SAEO 2 e H3 9 2)(Standard error of the mean, SEM)E
T, o] BFELAF ghS 3wl @ V1FALE ghe Y @

H:}

.l)"

1. of Biosystems Eng. Vol. 34, No. 4.

Ho} & 9udx Asghs 2 A $58 AEWAZE A
B3k

YA vlo] A FA n P Andelt A&
% A4S 7479 3o s Zﬂ’“ﬂ ﬂ}olﬁﬂ A& ol
g3}0 107-10° CFU/mLS] AR detr& A% ok, vjo)
QAM9 BHg AR H o7 S & ?E Fg B3
= eE St A 242 8 44 o
59 Ardelt AlEE d9EA Hjo] oAl of s¥E-7t

]

r{m r

Hb3A)7) 2, PBS HHE 33] AMdsio] FAlof F2HA| o
< 2EdE AdE Rl o v, ANE Axs 9E
FYste R FYsigivt

3. 34 A 0%

. TRANE ENE ST FRAEY Y

—_

of

s
o o
ot ofnt

AR Z(ISM-5500LV, JEOL, Japan) 4t ¥4
3 ZAMG Hlo] @AM G AR e} AeEd A& AF

¢

A s w2t Zpo)7t Ao, F 7R 1 Ed
¥ B 2R gkl wet AX e 28 4R

dekel 71 vla|R o Hslod vlo QAN Y A&7t A
H2 REhe A BAT 5 Yotk 27 5 ohulelujo]
oF IRFPEOT ALE Ho| 2N e PRkt BT
o e A% 9Y 23S ehigich

(a) (® ()

Fig. 5 Scanning electron microscope image of Salmonella detected
impedance biosensor prepared by avidin-biotin immobilization
method: (a) 107 CFU/mL (b) 108 CFU/mL (c) 109 CFU/mL.
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Fig. 6 Detection result of S typhimurim in PBS with an impedi-
metric biosensor fabricated by avidin-biotin immobilization
method. Error bars represent SEM.
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Fig. 7 Detection result of S. typhimurim in PBS with an impedi-
metric biosensor fabricated by SAM immobilization method.
Error bars represent SEM.
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Fig. 8 Detection of S. typhimurim in pork extract with an impedi-
metric biosensor fabricated by avidin-biotin immobilization
method. Error bars represent SEM.

SAM & 1793t Wi el HE AW(Fig 9) EA AE
o] At w57} Fobdol e} YujdAe] o] Fkehk= A
2 VERISTE PBS AEE 0]8% 53 A¥H VA
2 AR Andiht #4E AsS 3R IAE
FASAT SAM FA g% HHe] &4 25 o Fot
AEdet 55 71wk vlol eAlM e dud gk S7b
7tg & Aoz Jeikth &4 23 ") FEEA
S, typhimurium®] 7Z3H1= 10’ CFU/mL ©2 PBS AJ£9
AZ Al v3l AZ HAVE F7RISITE ol AEA R
off Eoi9l AFRA7IY k& Al gt 7 wiEel vt
0] QA &N Ar ko] st AgAl E3 o]
2R, I Q1S ¥ 54 21 Blolrt FUsIsl] R
] Aoz gt



|

'
1
I
|

A Impedance, kQQ
= INd w
- w nN (4] w L4,

o
&

Control 2 4 6 7
S. typhimurium, log CFU/mL.

Fig. 9 Detection of S. typhimurim in pork extract with an impedi-
metric biosensor fabricated by SAM immobilization method.
Error bars represent SEM.
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