I HIO|RAIABIZS) (J. of Biosystems Eng.)
Vol. 31, No. 2, pp. 128~ 134 (2006)

ZAEZI0L ASSZ HES

4718

Development of a Fiber—Optic Biosensor

do
Ol
k1
]

2t &S] HIO|MIA JHY

for the Detection of Listeria monocytogenes
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Abstract

Frequent outbreaks of foodborne illness demand the need for rapid and sensitive methods for detection of these pathogens.
Recent development of biosensor technology has a great potential to meet the need for rapid and sensitive pathogens
detection from foods. An antibody-based fiber-optic biosensor and an automated reagents supply system to detect Listeria
monocytogenes were developed. The biosensor for detection of Listeria monocytogenes in PBS and bacteria spiked food
samples was evaluated. The automated reagents supply system eliminated cumbersome sample and detection antibody
injection procedures that had been done manually. The biosensor could detect 10* cfu/ml of Listeria monocytogenes in PBS.
By using the fiber-optic biosensor, 2x10° cfi/ml of Listeria monocytogenes in the food samples were detectable.

Keywonds : Fiber-optic biosensor, Listeria monocytogenes, Food safety

1. M B

YAH o} BAP)EAUX(Listeria monocytogenes)::
FQ ATEAE SPEA Ao Fol F| 2L B9
o] Q7H 1 itk FAH o} HiAl|EAYAE 17
¥ A ZJAHE O S RefolH, 1~44T oA A
Fohe ALAdoZA ALY AFES dogd o] #&
7% AbEe] Aol F2do] AV 7e 4, BE, HA),
TE, 7% 55 dor|Aul wodgo] kst ok} ¢Jalg
o] A% HEF, Hrud e AL Yo7 5 9k o]
ASETE BEY Bx TE9 B, AR, & 5 A9A
o &3] EAslH, AFE ANEFL FE A& 45
HHE GEAET olo| AT, BA, &7 T tsith o]
T2 T 0] nlgoA 2% it 455 ARAE 9
& tis=g #Ee A HL, o o} 238 &R gu
B 7Y AFY &HPt BoURA o] Fo= QI 4
5 24 A84e] o AXA =HAThCDC, 2002).

gaHEo BirAP|EAUAR g 255 Y A3S
#AaA7V7) fsiME o] AFHwe A&E HE0] B o]
Ak, BEFES HIEE 712 AE WL od ARkl
2e¥E 2 A9 wikdA} dasitt A 9
AF & SlE Elisa 71EE HIZE 9 7HA] HosA W
o] FNLZHIAL, o] WHE A 18~48 Alto] AQHE=
HAAE Bew vt

H B0 AETA 247 o|Fo HAAEHE ol &%
Hlo] @ A7} 9588 X3 ofF] AEollN 2 &§
7Fe/dE BT Jlom, AF 9 - FAHE A Eopel
ME A5 AGHE7e e A 2 VeEA
22 7IdE 2o ok vlolealxE AREHERE Hol
A AT} 7 wHEPe] wel B3, 7158, i
T o8l 7R ERE o8 TR vl el
sh19] & FR B vlol M E Be HEWA, At
€ 7, 181 el B AR 9 38 7EY 444
A FAe W e T B Eolol A 2851
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FAA vlo] QAN = o] E3dt = 9lu &
of A& FAFE B3 7oA FS mula, Al B9
FHAETT FEE T dore HFE PolEnt ¥
oA o] <3 AAYE o Hl<EETHevanescent wave)oll 2|3
AR S AR B 7o) Bolsly FgaAIAke
1} #eo] QltiMarazuela 5, 2002).

0)9} -2 AEEH ) 93] Donaldson $(2004)2 &3}
A " S 2710 HH3] A3 AATE dovle
AlUeKVaccinia) Hlo]|H 25 FA1G vlo] 2 AIxE o] 8310
2.5x10° pfwml 9 FE7H] 72&5E 4 91921, Anderson
S(1999) F1&7of AAF At TG 9} F95 vlo)
RAXE o] &3t 37 7<) v okBacillus globigii) ¥
& AZ3ISck

AEFLAYT Bo] Qe AFSts AEsHE AR
DeMarco “5(1999)°] {IAlell XHAQ1 Escherichia coli O157:H7
s HF vl AME o)gate] HESH 2, Tims}
Lim(2003)%c. 22 Fe|2) nlo] M E o884 Escherichia
coli O157:H7 & 7AZ&3e 5 PCR "9 Aol n]wslo]
o] 9] AE 7S RoIFqnh Bl AFE Al A
W7} =& Listeria monocytogenes$} Salmonella enteritidis
% Bhunia 5(2004)°] F4]F Hlo] QAKX E o] &3] HET
T UUTE Tims F(2001)2 FAAH vlo] LM E o] 8314
gAH ol F HAES $% AT 7 v Ao A2
A el S5 s fE A494E 48 7 sk

o]g} o] FAH Hlo| QAN E o] gslo] B FH AFE
T AEol #e A7 T vk QLo ofx AR Al gl
om, vbNI T wx] oRx|nt H3 ] Aol & Bl
of 9] HEE AT A7 A ZobE & glth FAHES
S Fol7] e fal AFseel gadHe ot
&3] A28 7 Qls 0] 7EHY, webA o] A
T fAgE]ol BrAlo|EAl AFEd-E A48 S48 ¢
WUE A vl AN E JHRsE] flste] A

=

2. N= 3 g

. FER HO|QHA 2

FAR vl 2 e S dEE 19 19 2ok AN #
9] W=E F31] 635 nom o] #lo]A Fol FAH WF-E 2ol
A, F& 7FFol T E¥Y(cladding)o] AAR A4 W
& 3310 9 o7k oMulEESYT TEEkA et o]
oHUIEET= Al 1ol F-ald FFEH JuAE A
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g3l g3 doinh dAE FE oA A R
Sol9l A =Rl ghgdo} Sl FHEV|E AdEo] 4
714 Ass TP

Aol A8 TR Z0] 4 om, 47 0.8 mm?] 2
2~E]@(polystyrene) A= 74} Research International X {Monroe,
WA, USA)ZHE F4sto] ARSI R 2). B4l Ht
o] QAME WHEY] &l A FHE B I %
S AT S AAN JaE Al YrkE vhge]
golAFo] FAF wrog wALpt AAs dodle= A
Hx)akgleh. QAS A3 o 244]3)0] Bt Y7t F
13 vE &, BH 29U 73 =] At 50%2
0] ¥ 2 yhix(Isopropanol) €N FAFE B7F 233 Al
72 AF3 ok SRR A 24417F FF AZAFTH

FARY B 2ladEohts HEY T s B
22 PAAZ o 2H nlo] QAL SHEAA Al Hi=d|, 17
32 npo)AlM el IS yERdth A WA SAZA,
gAaglolt £88 1AFAS P2 B 3184717
A8l 100 pg/mle] AEEo|H] 431¥ PBS (phosphate
buffered saline) £ A2 4T olA] 18~24A2E B7)F&
W oz AEMEHUZE FYAZE the ©A1Y FAlaL
Asl Aol BH Qs AEAEoM|HEE PBS-Triton(0.05%
Triton X-100& 363 0.02 M PBS) A3 L o] 8310 33]
Aoj Witk o] & 7+ 173} DA Atoje] miyEA] i O
2 Bgost BHES AAIT 7 HA GAled AER]

Eopuldo] FAwA] ok FAf i Wl F3He w57
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Fig. 1 Principle of fiberoptic biosensor.

Fig. 2 Fiberoptic
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Fig. 3 Capture antibody immobilization process.
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£ d2lA 1A7E B AsliSith Al Al dAlo) A, wiol
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o FERE Ad2olM 1A7E T @R EAH okt S
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7 = BAEAo] T’Z]'E]O"%l\: A& WA3L7] lste] v W
A Al FAEFE 1 mg/mle] bBSA(biotinylated bovine
serum albumen) %°—‘1] of] A2ox 1AI7F F2F B B
Fr BlO| R AIME AABIGITE Hlo] QA AFte] FQgh o]
AXZoRs AEYEH|Y, PBS, Triton X-100, ¥jo] ¥l
59 Aeke SigmaAKSt. Louis, MO, USA)ZHE T3l
ARE-3IST
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¥
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o} P46 Hjo) oA
Ae :L%‘ 48} 71%01 5‘401 T3 ¢ —t— 1"1 Tl AA]3}aL,
Al59 FFEAEA] A HEE 22HAIE xR
"ﬂ/‘iiﬁ"ﬂ A FIRE Z?J/‘]?Jl-zrﬁ} =3 AE T4

A FYAel, 23 AEYA 9] Fol PBS £4&
01%3}01 Hlo] @ AXE HP“OF’% =t} o]y e dH2] Ao
A AEZA L FYUZel e ATHHAE Fol1, wHEFH
FUAP o= Qg AR wFHE F0)7] HOM £ A
M AESFAE AFHE AS0E FYATE AXNE
Ndate] AMg8ltE T4 AFSEAE I9 SHY nfola
EH3(120SP, Bio-chem valve, New Jersey, USA)E |83}
o] AELA AZL7IZHE 200 we) AEIAE AME
HE FUsiieh 2AAs3AY F2 HZA)7](Solenoid
controller, Cole Parmer, USA)S} A|o18 S 2GZAFE ] 2
3 o} Fo|A|m, AFEFR Y] Ao} TZ WL Labview 6 &
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Fig. 5 Detection antibody immobilization automation device
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Llnsert biosensor into sensor holder I

I Rinse biosensor with PBS—|

| Measure blank sigﬁ‘

1 Incubate biosensor with labeled antibody | 5 min
+

LRinse biosensor with PBST

|Measure background signeﬂ

I Incubate biosensor with sample 10 min

| Rinse biosensor with PBS—I

'
[ Incubate biosensor with labeled antibody | 5 min
v

Binse biosensor with PBS7

| Measure fluorescence signa—l|

Fig. 6 Flowchart of fiber-optic biosensor sandwich assay.

Fig. 7 Fiber-optic biosensor measurement system (from left, control
computer, Analyte 2000, reagents immobilization automation block,
pump controller).
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zellM 712 E W ahe SaEHEokt AEAE 4
ol g3ttt 19 67 7o) ¥ eA =} AEAE et
RlAie

=f. SHEOr HiA|

W vle| AN E o8t BladHlol HE AP 4

& 59 ikt g A HF’]Q’“ x1¢] ’\J
= E4skes A og Faegint A3l AR Al
oAl BEl® Listeria monocytogenes strain V7(Purdue Uni.,
IN, USA)S o]g&k3itt A7I7ke] ®3-g $18to] BHI(Brain
heart infusion) WiA|o| & AFElE 25T o4 EiER] g AH)
Hohtg HAAE A3l 37C A 16117 viFsto] 843t Al
7 O ol F Ael o] g3tk BlAH oY FhE &
FF T A(DU-640, Beckman-Coulter, USA)S ©|-&3}o] oF
10° cfwml2 Z7g3 vhe, PBS SUo] 10818 3450 4
Yol o]g33irk

AR AFA R Hell 299 HaH o AFEte] HEA
5 A2 AlSolA FYUs 72 2 17](Roasted beef) Z &
Z1RBologna)E thd o2 FasIgith AFA 5 il
A kel A3 SN2 AEAEC] oAFE F
FES 93 YA o] FEE iHgoltg AYHew
AEehe wom Flsl.

]E Al

Of. ZH 3

ZHE 1AFAE Bt B i ohtg vlo] 2 AlA
EH FEAA77] A E7)elA AHAT HEETA
LiteriaPAb(Purdue university, IN, USA)E AR-313it) &
HEAE FABe] HE) AREE 22l 2 A8
© 7 Listeria monocytogenes®|Wt AT E T5 FH AL A =)
3 GEEHQ C11E9(Purdue university, IN, USA)E
ARESISITE Aol AR ] el HEESAE wid A
ZH tEEdAE oA G Y-S 0] 8319 (ActaPrime;
Pharmacia-Amersham, Sweden) A3 F F%E 2 mg/ml
2 A8l vlo] @AM E o] &3 elAHElolt HEAS
& op7] Aell, 133Ag) B 18)ar e FAVE A=
SHEAE 962 ZE|AEH FHo|EE o] &3 g4AHY
AHoz ERISITE w3t Cﬂ*}%% TR A A
st aiﬂﬂ AP EEE A3l
iE ot f5-E delT JaLE ]X]'i* Cy-5 &
E(Amersham Biosciences, USA) & ARSI, 9= Xﬂz/\]'
oA Alge o & el wek 2xK3A| °ﬂ et
(Tims$} Lim, 2003).
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Fig. 8 Determination of an optimum concentration of polyclonal
antibody to capture Listeria monocytogenes.
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Fig. 9 Determination of an optimum concentration of monoclonal
antibody to bind Listeria monocytogenes.
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Fig. 10 Response of biosensor for different concentrations of L.
monocytogenes. The line shows detection limit (123.4 pA).
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Fig. 11 Detection of L. monocytogenes in PBS buffer.
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Fig. 12 Detection of L. monocytogenes (2><108 cfw/ml) in roast beef
(RB) and bologna (B) matrix.
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Fig. 13 AFM image of an unused fiber-optic biosensor. Small
particles in the image are immobilized antibodies and BSA.
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Fig. 14 AFM analysis of fiber-optic biosensor with a captured L.
monocytogenes cell. A L. monocytogenes cell was observed on the
surface of the used fiber-optic biosensor.
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