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Recognition of Microorganisms Using SPR Biosensor
Immobilized with Thiolated Antibody
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Y. J. Cho N. S. Kim
ABSTRACT

This study was performed to fabricate a batch-type SPR biosensing system using a thiolated E. coli antibody
coupling, and to explore the feasibility of real-time detection of E. coli in a stagnant sample solution. In
advance, “O” and “K” antigenic serotype E. coli antibodies were thiolated with sulfo-LC-SPDP and dithiothreitol,
and immobilized by chemisorption in the gold surface of compact SPR sensors. When the SPR biosensor
immobilized with E. coli antibody monitored a E. coli solution, it took 3 to 5 min to stabilize. The SPR
biosensing system developed in this study was able to detect E. coli in the range above 10" CFU/mL at the 0.05
significant level. Also, the SPR biosensor had possibility to significantly detect E. coli in the range of 1(° to 10°
CFU/mL in E. coli solutions. Meanwhile, when the SPR biosensor immobilized with E. coli antibody was
cleaned with NaOH solutions, its ability to detect E. coli largely decreased due to wash-out of the immobilized
antibody. In order to reuse the SPR sensor, it should be antibody-immobilized newly.
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3o A&3ge] LHEHS BF
2HEZA oFE FT A=
Fano(1941y= ©] #/del 9 &
plasma waves: SPW)s} T&do] SIE-E o|EAC
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Nylander 5(1982)%} Leidberg 5-(1983)2 74 A
HFAKattenuated total reflection)ol] F§ Kretschmann
7)8}8H(Kretschmann  geometry)oll sl SPWS] EA4&
FAsG) 1984l SPR A ¢l 7 Wiz
(angular modulation)$} 2HE Hx(spectral modu-
lation)7} =%)5)% 2(Matsubara 5, 1988), 3AZ A}
(Cullen 5, 1987) ¥ HA 33 =w¥(planar optical
wavequide)(Kreuwel 5, 1987)°ll 7]& ¥ SPR AlA 7}
Axolrx do] F7F R3ls EA) A% SPR %
Alg sEsAdel =l B7tE|IvH(Yeatman?}t  Ash,
1987) (A28 Liedberg 5, 1995; Homola 5, 1999).

19900 3] 2y, Hxe] BFAHF SPRAlX(fiber
optic SPR sensor)’} X1 %% (Jorgenson®} Yee,
1993), 19903 Fule] FHeElzolql G4 S
(heterodyne  phase  measurement)®}  7+4d Al(inter-
ferometry)Nelson 5, 1996)°] 7123 ¢4 @z
SPR AlA(phase modulated SPR sensor)7} 27=]<]
tHA) 24 Liedberg 5, 1995; Homola 5, 1999).

SPR AlA 7171 ¥ ghe] 2AL SPR AAE ol 4
sl EeE)d, 3ehA, a2ln AESE 43S A
Aoz ZAY 5 ¥ /H54S 3A FIANZG
E.3], 1990\ Biacore International ABel] 2J3] 24]
sogd #Hxe] ARE SPR ulo]|AAME= AEHAH
S8 FopoilA ZFE A =Hew, 4L Bia-
coreoll = 7+ A¥kAl ¥AlF)l angular modulation
wrA)8] Kretschmann 7)3}8te)l 7123 d+§ SPR
BANE ALy AERA T EH(bio-
molecular interaction kinetic analysis), X133 244
(affinity measurements), 418 Y ¥E F7A(screening
and concentration assays) 52] -7l SPR wlo] 24l
A 7lEe] ol£" 4 I chLiglerst Rowe Taitt,
2002).

IBIS system(British Windsor Scientific Ltd., UK),
SPR-670  SPR-CELLIA system(Nippon Laser and
Electronics Laboratory, Japan), SPR system(Johnson &
Johnson Clinical Diagnostics, UK), Spreeta SPR
sensor(Texas Instruments Inc, USA) SolA SPR Al
A Adsigen, 22 SPR AAe Y Fake
AeA9 M, T8 A9 233, AEa
o 2% S AL w1 glci(Liglersd
Rowe Taitt, 2002).
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Fig. 1 Schematic diagram of a SPR
biosensor immobilized with E. coli
antibody.

—~168—



B FALIY SPR WOl AN E ol§8 T4 A4

9j4 LEDelZ, 128 Ao X ETio]R= ofgo]
(photodiode array)”’} WY £A4-o2 Aabso
et

A4 A= 0" & “K” T A Y (antigenic
serotype}(YVS1001, Accurate Chemical & Scientific
Corp., Westbury, USAYE AH8-81% 0w, €]&3] 4
2o 7)¥(thiolated antibody coupling)ll <3} SPR Al
A mdo] mAsEQd M A= Fulo
e]27)(-SH)$}  3}3HE- 2 (chemisorption)dl= A&
o]g3slo] oloRA}. F, wA &3} stasiA|
(thiolation cross-linker)ell Jsto} -SH 71& =&
¥ SPR AlAe] Fate]] speFAAA FAE A4
satgich. AT FAE nAFAE FAAY
wle O3 20 Yehjgin

Surface cleaning
Immersion in 1.2 M NaOH solution for 5 min and
wash-out with dH,O
i

Immersion in 1.2 M HCI solution for 5 min and
wash-out with dH;O
{

Immersion in ¢-HCI solution for 1 min and wash-
out with dH,0O

Antibody immobilization
Antibody solution (3 L, 0.5 mg/mL / 20 mM
Na-acetate buffer, 0.15 M NaCl, pH 7.5)
i
Reaction with thiolation cross-linker for 1 hr :
sulfosuccinimidyl
6-[3-(2-pyridyldithio)propionamido}hexanoate
(sulfo-LC-SPDP)
d
Mix with dithiothreitol (DTT, 0.1 M Na-acetate
buffer, pH 4.5, 2 «L)

1

] Reaction for 30 min |
i

I Spread in sensor surface '
i)

| Drying in room temperature ]

Fig. 2 Procedure of E. cofli antibody immo-
bilization.
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Fig. 3 Schematic diagram of a SPR bio-
sensing system.

D SPR biosensor;

@ height-and-angle-adjustable amn;

@ sample liquid; @ height-adjustable platform;

® dark room; ® RS-232C; @ A/D converter;

® laptop computer.
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SPR ulo]e Al AlA¥le] A &Y HiE
A3 A¥E AAsgck AYdl A8 HFE
(strain: KFRI 272, ATCC 25922)-2 &-=4FsLd
TR FFshol M #oF ol MacConky ¥}
(Sigma Chemical, USA)ell 4E3te] wfekaigict. w
F ¥ widE QALY AAG dRF
golel 7] ¥EE 1.2X10° CFUmMLeIgeH, 10
CFU/mL7}HA] 2)4ste] Yol AHg-spgirt.

AR "\AE AAS] St e 273}
}AE AReH, 74 AT F5HE 3 v 5F
st = ZAANZY {ol4E FAsG

2t SPR HIO|2MAM Q| THALE MY

Ga4F AT eHest ¥$A 3o ssiEH
{thiolated antibody coupling chemisorption)ol] 2}&f 3
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Fig. 4 A SPR curve obtained by detection
of E. coli.
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Fig. 5 Measuring unit of a SPR biosensor
with respect to time during ligand-
analyte binding.
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1% 6& 10'~10°CFU/mML 778 A7 Fxo
s SPR ulo|e AN oiFF HEYE FHre
A#E Jehd Zojth. aPoA T FrEE
24 BAE AEAE T4 A g
00504 #2a7l A=A EE YehiE Aol
o}, Aol AL dFF 3= oM Jehd
ZAF N2 Sigmoid 22 FAY £ 9y Ao
Yeiget &, 2 7oA AR PR wlholeAln
2l AZE 10 CFUML ©)8te] a7 ExdA:
E5A4% ez £33 Y€ 2goH, 10° CFU/
mL °}48] FEAAE =Yg SR Yoz 53
T £ glE PsAE BeFn Qo

Zt Fxde 3 U A3 T S35
el A Duncan®] tEFHZel & 43 94
A% Ax, 005 FFFA 100 FUmL7EA
AT AE5Fe] 3 Aoz eyl duh
10°~10* CFU/mL F2tellA #2937} Yephga) o2

1.368000

The same letters do not mean
significantly different at P<0.05.
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Fig. 6 SPR biosensor response to E. coli
detection.
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Table 1 Reuse of the SPR biosensors immobilized with an E. coli antibody.
(concentration of E. colii 10° CFU/mL)

Reuse after spray cleaning with 1.2 M NaOH

Assay number Refractive index ARI® Relative scale 1? Relative scale 2%
1 1.358263 0.025263 100 100
2 1.333681 0.000681 98.19 2.70
3 1.333418 0.000418 98.17 1.65

Reuse after stagnant cleaning with 10 mM NaOH for 2 min.

Assay numbet ) Refractive index AR Relative scale 1 Relative scale 2
1 1.357801 0.024801 100 100
2 1.343619 0.010619 98.96 42.82
3 1.333352 0.000352 98.20 1.42

Notes: " 4RI = (Refractive index of a sample from the SPR biosensor)
— (Refractive index of pure water from a SPR sensor with clean surface: 1.333000)
? Relative scale 1 = Refractive index at an arbitrary use / Refractive index at the first use
? Relative scale 2 = 4RI at an arbitrary use / ZRI at the first use

< A¥e Ao Asko] tha =ZA YEeP}Z] dl¥  Relative scale 2 = 4RI at an arbitrary use / 4RI at
Ql Re g weksc) the firSt uSe «c-cceeceroreerennses )
¥ o, 10° CFU/mL °]4e] A

T2 i B oA Ausl SPR wle]eAl RoA B ulel 7o), relative scale 1o 23}
Ao AT Aol EAAes A8 4 e A A AAE $HE HI1s15E 9 NaOH F=0)
L2 wodsid TR 33 FAA7IA 98% o)de AMPEE 2
Aot o] WL J1ES AlA dTelA E3) AR

Ct. SPR HIO|MIAQ| TYALR I} &= B7polc).

a2, relative scale 20f o3 Hrigk Az AA
E 12 SPR ulo]2 AN AAE 715 ors A Fxe o) i Hel glou} SPR AlA
7k ARE Jehd Zolth 2 AFoMe £9 o FAE AN A3 AEE e A+ A
% SPR wlo] L AT o]&sle 337l wkE ALg A9 AHAETHL FAHI] Fide ez Jept
3} W yehbs 334E 4 @~@ez 84
He 259 AdAHETE AEsl AAY s 5 ol AAE £ w, FAE TAING npojeat
J& Fristqt A8 ARG TS ol 3ERE Rew wrldt
4 ek ol AR’ SPR ulO|RAINE FE3
4RI = (Refractive index of a sample from the SPR  AAT ¥, %Jiﬂa oAl 17 3}3te] SPR AlME A
biosensor) — (Refractive index of pure water Z&¥ 5 ASS At
from a SPR sensor with clean surface:

1.333000) «rveeerrrereenneane s ) 4. R al A=z
Relative scale 1 = Refractive index at an arbitrary use theFdt nle]2 AlA Sl SPR ulo] 2AME B
/ Refractive index at the first use -------- 3) o3} AHEEA EHoA Feldo] wjl& =& A
22 3 Qo & A7E vAE e 9
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FdlA] SPR ulo] 2. AA A|AE] S
&@H‘Li/ﬂ F=d. &, &3} f‘z
HE A3l AMEAAE vl diFo s A4
3te] ZA AN A A7 wiRE WA
< 53 AANT FAA2WE FHstnA sl
FQ AFAINE gofsid ohgal 2l

D diAd FA7E A3k SPR ulo] L AIAE o)
23l AP SAE SAHS=T 3~580] 485
+ ZA2® Jelygn

2) 2 dFelA g HRFF SAL SPR Hje]
2AAE 005 $94F0A 10° CFUML7HA %
T HAE 5Y0) Q& Aoz FA=ch

3) 10°~10' CFU/mL F7t8] A<, 005 593
oA EEAHo g FoAF AZFeHol i}ﬂf%?iﬁ}.

4) 3] FAuANE T3 SPR nlo]eAAME
AAR F AAgsrle 293 Aoz B0
22, AHES SPR AlA & EHd] oA #AE 2
Al A 4 gl
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