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Detection of Pathogenic Salmonella Using a Surface Plasmon Resonance Biosensor

H. K. Cho

G. Y. Kim

W, H. Kim M. S, Sung

Rapid detection of foodborne pathogens has been a major challenge for the food industry. Salmonella contamination is
well known in all foods including pasteurised milk. The possibility of specific detection of Salmonella Enteritidis by surface
plasmon resonance (SPR) biosensor was explored using a commercially available portable SPR sensor. Self assembly technique
was adopted to immobilize anti-Salmonella antibodies on the gold sensing surface of the SPR sensor. The concentration
of polyclonal antibody for use in the SPR biosensor was chosen to 1.0 mg/mL.

Experiments were conducted at near real-time with results obtained for one SPR biosensor assay within 1 hour. The limit
of detection for Salmonella Enteritidis was determined to be 10° CFU/mL in both PBS buffer and milk samples. The assay
sensitivity was not significantly affected by milk matrix. Our results showed that it would be possible for employing the
SPR biosensor to detect Salmonella Enteritidis in near real-time.

Keywords : Biosensors, Salmonella Enteritidis, Foodborne pathogens, Food safety, Milk, Surface plasmon resonance (SPR).
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Ak Salmonella spp )= 2%, TR, A, S5 =
24E S 2l LA ATEs WA=
o1 YA MO Z Enterobacteriaceae familyol] £3h= o}
thmeke] kel #7149 Al 71 8Astel e ARt

o s g e W AfE o) MEAE e
Pl & ol R e HAdAEoT el
tHLee et al., 2009). o] FEZ Y%= QlFo AL
19703ty ?HP—FH A &ete] A AAA w7 Zrkeba Q)
Felele] A A AR O S P v
T 9lil(Lee et al, 2009), 2007\ o] WSt AFE 3ka}
9686Uﬂ Z Andale] o3 A= 1,497 07 -ghlo)d]
2, ot 9 7 B WSS AIskaL SITHKEDA,
2007). w|olA) WSk AF5e) o 30%E sk

B

EvlE 337F Ak Qi
lﬁo H/ﬂ u] }\]tﬂo _'45]_ q.p]_
Jo] @ F%|oj(Rose, 1998), FH o]
Aeat Eelebr] flsto] A

St A& HeAo TR Lﬂﬂ o112 (Enzyme-linked
immunosorbent assay, ELISA)Y} <3} Jq__,_OﬂJHHP——(Polymer—
ase chain reacton, PCR) 5°] o] &%=t 3~5 AJ7to] &

Hlof AJ3F Aok ks ahARt e wioks et At
Satetal AEd8oR AAH o Al Aol o
oF4S 73 9ItK(Schneid et al., 2006). W-57]%2] ©hAllF
A3t 94 Z7M W ThE BAHEY] R fEOR AR
255 AR WAE flaiMe V1S BAN e 2AIE &E
2 % 9 vl A e g A%F AE71%9) el 2
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o AEE vHPolET. RAg BARE GA|, A
CER N ESECI D P A S e
S, Y3, A H& GAPA, EAAAEFET) S BESP
s Soll 7|22 T gk vle] QAN EE HAFS B 2
el A2% 4 glo] A Beito] WA u) A%
& 248 AT 5 9ol AnlAHe RS B 5 Y

e gHEolv &% A EolA Hrk

FHZ =2 Y (surface plasmon resonance, SPR) H}O]
QA 34 o] edlol % oAzt S5 o Slof
= ZwZel=util(surface plasma wave)2] FHEIAS o]
stel 45 dutelq gk 9 Ao FEAE ol
A W) ske AEEh B4R flolE ¥4l 7}
sot AAIE Yol AYE R & vk RS 2t
Ik SPR £121% o83 B Fe) ujol L AN} Al ws)
I o} thFE AlME= Liedberg 5(1983)0f A7E 7]

NS w=an glok 24 200 5<?F SPR vo] @ AllA o] gk
%491 Q1 AR FHEsk 3 Akl kgl b5
3k A E A3k SItHHomola, 2003; Hoa et al., 2007). &
2l SPR Hjo] @AM E o] g-sle] Akl AFaks vk
TS SA] Yot A9F S3E Sl (Yang and Cho,
2005; Kim et al., 2009a), 2= de}t v} o) gt v} 22 v
o= AEs] Y3 A77F BaEUTHON et al., 2004;
Meeusen et al., 2005; Waswa et al., 2006; Mazumdar et al.,
2007).

1 9= Spreeta” SPR 10| 9 414(TSPR1A170100, Texas
Instruments, USA)E o|-&3}o] W} FAISE o=
A2}t (Salmonella enterica serotype Enteritidis) 2] 414
3 AE 7HsAe AP S8 F3EgleH, sk &
2] A9e B Aehn, et B EAE AL
3, ARt A dist SHAEE 7l

il

2. N2 o ury

If. SPR H[O|QAIA

FHETZEFY(SPR)S FA] AT 4537} A9
Al S U 9o A Ak etk 9iRg B
RilLER) e B e e e N G B = e il
T A AeAES 0}741 ok FEEepEe] grgol W
b YAk eluAs S50 R s o] i) A
7} 53] Aok FHAS 54 GARolA s

heLe
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A F& ] ISl wjH o] =4 E(Refractive index,
R1)e] w}e} ulgich R #sR= vjde] Akt 7400 nlae
oh Fawe] P o P, SPRE Uo7t
PAHES: EAfsh= @Al 7149 ofell whEtk ¥4 e
wtoll 5o}l FAE AHgeto] ZHE WskE S48k, A
gl Sl W] k& 54T 5 A FrkMeeusen et al,
2005).

Andelts AE37] 918 SPR 2|2 AlzbE o] 48]
™ #7121 Spreeta” SPR H}o] 2 ANE ARGEISILE o] AlM =
840 nme| 29408 LED 34l 7). 38 7wk
7AW zEto]or Wi Bx7)2 AP Alrdalte)
A7 A EE ] a3k AeellA ARt E3kE
A7 FYEE A7 kek B9 wES o] RI W
07 Z3o] FsaIek ot 91 AAle] Riel uket Fuel
Qo 2ol kAl A Havh ek o] Hagke 4
mEgol Akslo] A7ke] thgt RIg) Wz T 4l
Ao) AATAE A2 G FHE U A 9la) wF BE
A= GoIQlrk. Spreeta” SPR A Z ZAE = RI 4ke] W9
= 1.29~1.420]1, Z} A|52] RI= 4.8% 7HAH O Z FAFFE <
=T AZIED) A5 248 2 Qprlo] HeT
(Kim et al., 2009a)ol|4] 433t Spreeta” SPR H}o] @ AlA] =
ANARE AHgale] Sasisl

/;E}UHTE]. H OJ%LO] SZ?‘SLQ /\]E_E. t‘%i]ﬂ. —rxﬂglrﬂ Aﬂ}ﬂJ
ok el flow cell F28lal AeHIE 58 283t
of Ardlel eyt A RS st FYE AREe Al
9] 22 29 Oﬂfﬂ Ao} A shal WA= wiEE

= 51tk S-FA Heol] oJgh Aghg- oz Al ol A
‘f‘e“gﬂ% o= AEEARS-2320)8 A2 AlolE=
sto A/D W7o o] tiAd Wgkem, Wy Ao
= A%E PCo A9 5, 5 A& S8l AdE =R sl
ol A dlojE= A8 AT EO(SPR EVM, ver. 6.45)
£ ol &3 AsAYE Fall 1eiZe FAFTE SPR 419
12} HHlEE 7] 4f 0.85% ”‘gﬂ‘i’iﬂfﬂ TrE /o R
3t A 245 % SPR 44135 YERAITHCho and Kim,
2003).

. A% O el

SPR Hlo| 2 A4 9] 74 H7tel| I Q3F FA|TS Salmonella
Entritidis(KCTC 12401)= St=rAlg o8k -9 AEARd Al
B4 F5 wokth R s vk AdEolem] Al
ujoko 2 H3 tryptic soy broth(TSB)ef| @o] 37 C oA 16
AIREE] A7 AX ASids Asielth v A=
St vjoko 2 80T oA 10% glycerolZ R &3S

Abdla) g4 KPLAKKirkegaard & Perry Laboratories,
Inc., MD, USA)ZFE sl AFE-381%3.© 1, PBS, Triton
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EYZR=23Y BloIAME 0187 dRdEt AE

X-100, DMSO, DSP 2] A|ek2 SigmaiKSt. Louis, MO,
USA)ZHE F3iA] ARSIt

=9 3%R(gold surface)ol] 1Y A9} AjFe ElL7|
(-SH)Z FE3s}7] 93l €23} 7} A|(thiolation cross-linker)
= DSP(3,3’-dithiodipropionic acid, Sigma, USA)E A}E3s
%o, DSP+= &1 DMSO(dimethyl solfoxide, Cica, USA)
o 4 mgmLol L& galetel ALgaAATh

PBS ¢g-ole- Aglo] o3t gl fuf L= Al
Ao T TS AlFshe AR e o]gsigion, 1 4
Al(tablet)©] PBSE 2% 3%} 282 200 mLoj £35}H]
Aeol nashn Abgelsick

gk FAE g AA e AR flste] A
’JAJ91 Triton X-100(Fluka, Japan) 1%%E 333 PBS-Triton
A& ARSIl 1w AL v At oAlE 9
3 A E A)hE] = Blocker™ BSA(10% in PBS, bovine
serum albumin, Pierce, USA)S -¢J&}o] 4C Yo X
Hepas ARE-skGIT:

WA A2 F9E el 245 0.03~1.00 mL/minS-
Zb= Ag5 W o513 (KH-73160-00, Cole-Parmer, USA)
¢} Viton 7 AEE ARESISITH

SPR Hlo| @A e] HEAT Ads 218 PBS HHof 4
BAF#S 10'~10° CFU/MLE 3|48k A&} A]Zo)A] &
& FA AR ol ARdehte A R TS
AEARE AHEE,

o, A g

1) et 4g=u

SPR Hjo] @Al o] 574 AIE o] g5} 4Fo] AR
of ede F Aot ARbE 5t Ardet 4
& Tl A8 H SRt AETAE 98 )
P2 3 AETL Al FREom, 107 CFUMLS] b
I mLE 375 100 mLel| 3]4sjo] 207) 2 £ - 30
702 10A3F 59 100 uL9| Wgle £ 0% 3]
afo] HEBYUS olgalo] Ad4E Sk

ol 1M ng

0%
ML I P 2 C

2) SPR HIO|MIMC| =7|8} 2 S| T1X3}

AN 271812 8 498 23S Ass & AlA g
o, A5, RS-232C, H7H 9k A4 AHiE g<ls
Yot 2HAEE 7-mediumS 4F-A]7Hintegration time)-<-
05 mss MEIET, §3 ALRE s, 37] T
A AME 2718kekal, A ARRESE SRR Al ¥
wote] 7S gsiglth

A s 28l Heshd gieg w5 ol 38
0% FANTIE WS AR o BHE oplenjo]

- ==
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o' A3 Y A Re ARgete] AdEo] wig- st
A7) ZH 2o Self Assembled Monolayer, SAM) =]
o7 de] &85 1yst i ow el QlriLazcka et
al., 2007, Kim et al., 2009b).

A HS geks] dyshd, ¢4 Suhs Triton
X-100% AlHatar A2ellx] F3Es] 1Ax3F ok, 100 pLe]
DSP/DMSO -§-9(4 mg/mL)< 7Fsar 24204 3027+ v
&Fate] WS ElE7Igksltk T DMSO §9o % 2~3
1 AlFEte] v] F3E EEY)E AAS § SRR 23
1 AAste] Ble71e] SEE =30k FA(1~2 mg/mL)
£ PBS H|# o] g3fiste] 150 uL 2 404 7H4 0= 33] 7ha
oA REEAIA FHATEE F3l FA S5 FAIFT
mpxoko 2 PBS B2 125 7F A]H 3 10% Blocker™
BSA®E 103 3+ v]deld A3k oA A& sk

3) &Ml =2 8%

GA 1173k Fl5to] SAM W o = DSPS} DMSOE ©]
28 4, A9 AHe 5 1~2 mgmLE AR 3
THThermo Fisher Scientific Inc, 2008). webr FH242] T %
AL 9al SAE 1.00, 1.25, 2 1.50 mg/mL2] FE7 5
Hste] AFsleint @12 w5 Hslol] wE SPR ulo] .4l
Ae) Hke-E B8] $lste] Amdlele] Hrjseel 107
CFUmML A& ARSIt @A 529 ®igtel] wkE SPR
Hpo] @ AlA 3He] fasgh xlolE ERlshy] Qe A=
At SR} sk, Adre EEEERoE 54

=3k

4) SPR HIO[24IA FH|, MY} H FF

AR HES S T EH e AlF, A ags)
gl SIS 11 190 AAIS] A=si3itk SPR HEo] 2.4
o] F9< RHETEEaye] BT we] FEERI]
], AlEe] RI 5743k izl ©J3k RI S444e] 1<l
JHEEE(ARD S T3k

R

5) HiZME MY H H[MEM A 1Y
b qAE FsA 2 AT

Hlo] QAA 9] w7 xS A v} nfol e Al el ARl
o] vl A 0w Ajsh=A] FAtel] A3l FAE 1Y)
314 ok Al ArdEat Alge) ARdeito] HEE A
2 i TSB AlFEE 7M7) RESAIT = AgS s8Ik AlA
0= 73 wAlelA Eet PBSE A tlAl ARESH= A
AQlstae 19 1o el Aol wsht) Andelt
= TSBoA] wieksl 10° CFU/ML 5%9] #& Hi PBS
108] A 4214 0 7 3|43 10'~10° CFU/MLE 4|3}
th o] HEEA o2 Hif TSBARE AR det Als
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Surface cleaning

1. Wash gold surface with PBS or Triton X-100

2. Dry with air spray at 24C

Antibody immobilization
. Coat gold surface with DSP/DMSO(4 mg/mL) solution
. Rinse gold surface with DMSO
. Wash gold surface with pure water
. Incubate antibody (1 mg/mL of PBS in 247C)
Wash with PBS buffer

© N U AW

. Block with BSA

Measurement

9. Add sterile water for zero control

10. Add Salmonella samples

11. Read refractive index of SPR biosensor
12. Rinse gold surface with PBS-Triton

Fig. 1 Procedure of surface cleaning, antibody immobilization and
measurement.
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EEEES
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o A AR S EE(10~10° CFUML) 2 343}
©f 38] WH AFagick. Aol A A== TSBellA v
e AR PBS el 3lajsto] ARgsiaint A%
o e dRdehte] AEUPE fAs) AstriEdA
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A7 NEANEE e
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AREA Q1 m = kel A 9F o] A]A7](0~2A131), T4
i]71(8~14’\]7})§ 2 veRfar glom wiek

& AlAska 5Al {F 303 Foll= & ARdelA] ARS-E SPR 1}
o] MM HE3Tt ](10 CFU/mL)o| =23}3it} ELISAS}
2 A *]‘9‘0]"1] o} &2 A3 &7 2IEH 18~40
/\]ﬂ 7@59] l"f:’\ Al7to] & Q3 Bioline Salmonella ELISA

Concentration, CFU/mL
Suw
1

Time, hr

Fig. 2 Representative growth curve of Salmonella.
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al
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L. SPR H[O|QMA ZH| I IH|1732}

SPR Hjo] © 44 9] Fu] g3 RSl njE A%
9] W3}l= 79 3¢ YeRlth SPR Hlo] A AlA dhAE
ZA%E WEE Asud, ANE 27563 22 PBS-
Triton 02 A= The Agoly 23] Azsle] 249
FABL 1.3352(18 39] 1-2), PBSE A|H3hd =
HEL 1.3353(1% 39 2~3), DSP/DMSO £-94-& 7}5}0] E]
)7} SaEw FABLS 1.3365(1 39 4, 5)0] ). o}
& DMSO gle] oo} ZR47 AFahe ZAELS 133610]
Ai17 39 6). ol WAE wATeE FAFE 13380
o] \ul(71% 39] 7), PBS M¥E AH F 2wy Aesiol
FAFE 1.33810] FTTH 39 B). 7ol 1w niel
2ol AT Feelo AN Fulaio 147 AR
7} 208E Aow FAEgL.

Zul o
==

Y=

3]

(

KN
=

.
= ) =5 A4 98 842 5= 1.00, 1.25,

O

1.339

1t02:
2t03:
3to4:
4t05:
5t06:
6 to 7 : Antibody
7t08:PBS

8toend:BSA

Initialize
PBS
DSP
DMSO
Water

1.338 4

1.337 4

1.336 4

Refractive index

1.335 4

1.334 T T T T T T T
40 50 60

Time, min

Fig. 3 Change of refractive index during each process in the prep-
aration of the SPR biosensor.

2 1.50 mg/mLE sto] ZH7h A2k wlo] @AM & o] gt
PBS HHo]] HEH 10° CFU/MLS] Andelt A% A3S
Feigitt. 18 4% Ao uE FEE WEE 1o
7Tk ANOVA 4 Tukey 4] A}, 5% o)l A3
of] ARS-¥ 34235100, 1.25, 1.50 mg/mL)<] &4 o] u}
A E Wslel= 2lol7t gl AoR Ueith uleiA o]
AgE M) i Aol s FALTFS HAR

1.00 mg/mLe] FA s AH-SIITE

[SARSS
AT

et ot

<
T

—t

Change in refractive index

125
Antibody concetration, mg/mL

1.00

Fig. 4 Change in refractive index with standard error using three
concentration of the antibody.

2. gL
GAE YA ek A5 Wit TSBS Awdehiiol
oJgt nlo] @AM 8] FAZE BE FEoA] BAIKCE Alo]

7§l AOE YEFTHTable 1] 1~6%). AR dle}aro
59 TSBO| gkl Addglo] mldase] A717F o9 4k
o7 yehdt AL A7) §le AAe S TSBE &8

Table 1 Average response(ARI)of the SPR biosensor with and without attachment to sterile TSB and Salmonella inoculated TSB

Without antibody immobilized With antibody immobilized
Sterile TSB TSB inoculated with Salmonella Sterile TSB
TSB Average (0\% Bacteria Average (0\% TSB Average (0\%
dilution | ART (x10°) % conc. ARI (x10°) % dilution ARI (x10°) %
10° 162.03 12.67 10° 181.43 70.82 10° 123.32 41.28
10 204.03 32.67 10" 164.61 90.91 10° 86.73 53.20
107 146.49 81.69 10? 56.15 144.02 107 382.79 23.49
10°¢ 181.99 11.08 10° 73.70 223.98 10 105.97 226.88
107 22242 100.80 10* 57.94 355.26 107 96.12 98.21
10% 270.08 48.92 10° 51.08 155.36 10 93.56 1.47
10° 251.59 23.06 10° 64.05 222.48 10° 322.80 37.66
102 109.26 129.87 107 77.60 99.73 102 68.98 131.91
10" 309.09 49.73 10° 36.24 16.28 10" 793.77 37.23
10° 2812.74 2.94 10° 11.26 1215.36 10° 2024.92 3.45
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el AN BE %Eoﬂﬁ %ﬁl@g
2 zol7t gl AeE YEkET(Table 19] 7~99), o]+=
A= gl o) Wit TSBol|i= uh3-3t 3h¢lo] EA)81A] oo}
ME WRgEHA] Eel7] wiEe]th

7% st Awektel 250 ) Be P-4 2
=

& Wkee] Avks eIt Aol ARSE ARkt

T 10" CFUML ©]3, 89] 55 1 mgmL o]gic) &

HE A ok el Anbgol 7o) ek kgkar,

AE B Aol dEkee] waEAl AdE ZleR

BT 332310 247} 53t Blsh Ag-nn vhE s

T/ Ao vehged] 539 7 At Eaw <)
=

A5t

1.342

1.341
1.340- 3 min
1.339 5 min

1.338 4 Control
1.337

1.336

Refractive index

1.335 4
1.334 4

1.333 4

1332 . . . . . . . . . .
0 200 400 600 800 1000

Time, s

Fig. 5 Sonification effects of Salmonella cells on antibody-antigen
bindings.

Hf. SPR HIO|QMIN9| HE/MS

1) PBS HEHAIZ

SPR ulo] 241N 9] AEsHA= AR Dkt
o vlusto] A C R Fad M3t Sil% %
2tl. ANOVA #48 %3] SPR Hlo| @
AEIAE HH 49 10° CFUMLE g}omg;
CFU/mL ©]3}2] lﬂtoﬂfﬂh 10° CFU/mL?] 7-$-s}
Aol(5% R E FHE HolA ATk 1% 6 4
o] A dlet(s 5 10°~10° CFU/mL) 9 HM/\]E
SPR H}o] 24114 ] *Prﬂ%ﬂa S HojFt] 7fEES Any
Bt FEE, ARHFS FAE Ao] ghe A7 AU

J. of Biosystems Eng. Vol. 35, No. 2.

= O 2 YERY L Q). gt vl AEdeiato]
i E R APeAAS HasHoR et 4
1} 7127)9} ARL 717} 0.6458) -8.527 %, AGAGE 0.998
2 Felg ek
AZs= Son 5(2007)9] Spreeta”E AFEEF ATLAT}
21 10° CFU/mL, Mazumdar $(2007)2] Plasmonic“(HS Sys-
tem, Wallenfels, Germany)< AFg3F 7479l 5x10°
CFU/mL, Mazumdar $(2007)] Plasmonic® of ¢]8t 1.25
x10° CFU/mL @ Kim 5(2009b)2] 3|E1A nlo] @ Alx <]
10" CFU/mL 53} §AFsH Ueldel SPR 2]E npgow
3t O o] A 52 ARAvte} vwd u dAAZA =
T 7Fsd AEslE Ak
B o] M3y AAT el WhEW Spreeta® SPR Hjo] .
AA ] AR TEE 55] AREA] 75%, 63]9) 73]l Z}7}
55%, 27%% AavE ZoR Buwgloy, Ardelel 7+
2 o] AR wli= 18] AREsls Zo) w4
o7 FtEtiKim et al., 2009).

log y = 0.645 log x -8.5267
r?=0.998

Chnage in refractive index

10° T T T T
10° 10 10° 10°
Salmonella concentration, CFU/mL

Fig. 6 Linear detection range of the SPR biosensor based assay for
Salmonella in PBS buffer system.

2) LRAE

AZA719] ANOVA 248 E3)] SPR o] QA1 9] Agt
Jal AZsHA= PBS W A2 4<% 10° CFU/mLZ 3
A=} A2 %OME PBS W3 A|ZelA s} v}
7122 10° CFU/MmL ©]3}9] 5ol A= 10° CFU/mL2] 7
-9} FAA Apol(5% KT FH)E HolA Yokt a7 7
AEW9) Ue A ek (EE 10°~10° CFU/mL)°] %]
FTH A5 tigh SPR vlo] @AM o] AtEdES Kol

o} 7252 Andelto] g, AR5 2HE 20
7] EJLJOE VR Qlet AR el A
SO Uigt Aol d Eate] tiggk Aol

rlo

i, 2 HN of
[o
N
N
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BEYZex22Y blo|QMIAE 0|20} Alpulel HE

o HaAsHE olgste] AFuALE & A3 72719}
992 742} 0.3259) -5.648%, AAAFE 0.9000.%
A

PBS ‘ﬂfﬂ A=} vl v
Lo SHs] ARl Ak gAY Tt tha YolA =
Aoz SRIHTE Al Fel thet HEEl= Mazumdar
=(2007)2] Plasmonic® SPR AX|(HS System, Plasmonic
Biosensoren AG, Germany)& A8t -2 7}91 5x10° CFU
mLS} fAFSH PR SPR 1215 sheko o THE wh
oloanEe] g ATt W W Al A4 ol s
oM AAEANE 7§ 7Fedt HESHAE AdEnh

5]

g
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