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Detection of Salmonella in Milk by Sandwich ELISA using Anti-Outer
Membrane Protein Immunoglobulins

Suk-Ho Choi
Department of Biotechnology, Sangji University

Abstract

The specificity of sandwich enzyme-linked immunosorbent assay (ELISA) to detect Salmonella in milk was
determined in this study. The antibodies used in sandwich ELISA were egg yolk immunoglobulin G (IgY)
obtained after immunization of hen with outer membrane protein (OMP) fraction from Salmonella typhimurium
and rabbit IgG obtained after immunization of rabbit with the purified OMP with the molecular weight of
40,000. The immunoblot assay showed that the IgY reacted strongly with OMP with the molecular weight of
6,000 and the rabbit IgG reacted strongly with OMP with the molecular weights of 40,000, 35,000, and 6,000
from the bacteria including Salmonella which belongs to Enterobacteriaceae. The IgY and rabbit IgG also
reacted with other proteins from Salmonella typhimurium in immunoblot assay. Competitive ELISA showed that
IgY showed specifity to react with two strains of Salmonella typhimurium and Salmonella cholerasuis but not
with Escherichia coli and Yersinia enterocolitica. Two strains of Salmonella typhimurium added to UHT milk
showed the highest absorbance of all the bacteria used in the sandwich ELISA. Some strains of Salmonella
cholerasuis showed higher absorbances than non-Salmonella bacteria.
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ELISA(Wyatt et al., 1996; Thorns et al., 1996; Ng et al.,
1996), dot blot immunoassay(Yoshimasu®} Zawistowski,
2001) 2 colony blot assay(Hoszowski et al., 1996)& ©]-£-3}
) Salmonellag Z&38t7] 943 VA Wyoex /T
A9.ow Tl B WA} Ao zA o83
Ak

Outer membrane protein{ OMP)E-2 T3-S ATFe] 9t
of EAste dRAEZA A4Y FAES TS A
e o Fa% g 3tk o] dRAEe] LHEL AT
2] AR A4 ue}l pEri(Nikaido, 1994). Salmonella2]
OMPEE o] &3l Wil S /g & glom 3dyd
283 4 lttm BaE vl ¢ viUdhayakumar®} Muthuk-
karrppan, 1987; Isibasi et al., 1988). Arockilamy$} Krishnas-
wamy(2000)-2 Salmonella typhi2] OMP Fol|A| ThE 2R
st Alde] o¥el] :=E =] SlE porin @A OmpCE
‘e staTth

B FF = Salmonella typhimuriumQ 2 B-E| F-2]3 OMP
FRAES T B9 HIFASH AL @3 immuno-
alobulin G(IgY)™ E7] immunoglobulin G&] Eo]A]& ZA}
#1od Salmonella &S ¢35t ELISA B 0 2 9] 715A1S
EALBA T
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TFET ATCC FFE5L 24zt
W F8A 79 S48 7 American Type Culture Col-
lectionol| 4] T+ 83t Table 1). Z+ M- Tryptic soy agar
9} Tryptic soy brothol|Al wje¥stch - el €
Salmonella® 71&3+= sandwich ELISA A& dA A]S:ol|A
7438 UHT /& A&t

Outer Membrane Protein(OMP) £&[2| 22|

Salmonella typhimurium XCTC 2421-& 1 L2] Tryptic soy
brothol] F3le] 37Tl Al 18A17F wjeFatAtt. 3,000 X goll
A 3083 AAste] AAR AlFE 20 mM Tris, pH 7.4 &
“¥A)71 & Vibra cell(Sonic & Materials Inc., USA)-& A}E-3]
«d  37% amplitudedl|~] 3E3ZF sonicatedle] Bl FHHTh
10,000 xgoll A 2087 A4 FEst] EaiEX] &S dAE

Table 1. Sandwich ELISA to determine specificity of
antibodies in detecting Salmonella in milk

Bacteria Strain number A::Sngsanl:le
Salmonella typhimurium KCTC 2421 2.49+0.06
Salmonella typhimurium KCTC 2514 2.2520.04
Salmonella cholerasuis KCTC 2425 1.26x0.02
Salmonella cholerasuis KCTC 2930 1.51£0.04
Salmorella cholerasuis KCTC 2931 0.99+0.03
Salmonella cholerasuis KCTC 2932 0.69+0.03
Salmonella cholerasuis KCTC 2933 1.48+0.09
Escherichia coli ATCC 43895 0.57£0.03
Escherichia coli KCTC 2441 0.29+0.01
Shigella sonnei KCTC 2009 0.43£0.20
Klebsiella preumoniae KCTC 2208 0.46+0.01
Citrobacter freundii KCTC 2006 0.13£0.01
Enterobacter sakazakii KCTC 2949 0.29+0.03
Yersinia enterocolitical ATCC 23715 0.31x0.01
Listeria monocytogenes KCTC 1945 0.57+0.03
Enterococcus faecalis KCTC 3512 0.59+0.01

At FEAE 45000 x gl A 1A1ZF YA R8Tt A
E-2 1.5% sodium N-lauroyl sarcosinate(pH 7.4)2 #7}3}
A7) TR Aol 3087 §Eg-A1Z1 ) 45,000 Xgel]
AEelsle] A9 OMP 238 20 mM Tris, pH 7.4

W

Gel Filtration Chromatography

OMP 282 50 mM Tris, 2% SDS, pH 7.7 BAA]A 37
TollAl 18417 wke-AjZith 50 mM Tris, 150 mM NaCl,
0.1% SDS, pH 7.70.% % 33l% Sephacryl S-400-HR gel
filtration column(2.5 cmx48 cm)<S A}8-3}d outer membrane
proteins chromatography3}it}. 8292 280 nmol|A &
F=E Z2Rstgct 24 282 3 ste] SDS-PAGER &Y
49 2¥E 2ARIAT

0

04 O3 F= AL

=2Fo| Freund complete adjuvant® OMP ©Hiz A]F.o
Wi} AzE F39E g2 2l FeFAle o
u] 25 74 © 2 Freund incomplete adjuvant® 7}3F £-3}<H

& 2799 1919 43 FAET

HoACiE Al o] 2a|
Akta®} Nakai(1992)9] ®HHHo| wleh d3ke] lipoproteins
FANA de 84 EYoary IgYs st B
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719] WA A2 Johnstone?} Thorpe(1987)2] o whe}
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Competitive ELISA

Microplate(96 well)ol OMP £#(1 ug/mL) 100uLE %]
st WAL Eollx wEo] coating® well2 0.05% Tween
S &5l phosphate-buffered saline(PBST)SZ 33] A%
gtk A TFES Tryptic soy brotho|A] 24A)17F vl gt F
7,000xgollA] 1087 ARl AHE MFTE phos-
phate-buffered saline(PBS) £<jo} #AtA]#A McFarland
nephlometerE ©]-831] 1 mLZ 2x10'%] EjA] BE Z o] &
108) A FA3IHc) A E ATt PBST 2ol g
218k IgY(1:500)2] 1:1 EHE wellol] 713F & 37TolA 1
AZE yrgslgnk. W& wEls PBSTE 33 A3¢ ¥
10002 rabbit anti-IgY immunoglobulin G alkaline pho-
sphatase conjugate(1:10,000)2 7}3F & 37CollA] 1A]7F QES-
3l vkgle We]lm PBSTE 33) A|H X p-nitrophenyl
phosphate 8918 W1 37CelA 30837 ¥H8A1Z1 F 3N
NaOHZ 50 uL& AFg-8l] ¥k-g-& A3 the 405nme] =}
Aol 4] ELISA reader(Bio-Rad, USA)Z FF=Z 2%38}%
=3

Sandwich ELISA

Mircroplate(96 well)o} PBSel 34 ® E7] IgGE 100 uL
A BEG F 4TAA g5 A3 E7] [gGE AlA
3 ¥ welle PBSTZ 33] MAHIIATE AlFAAM T
UHT iRl Mg £AAA 100 uld 53 o3 37T
AAl 1412 ¥hg-EtATh F-& A AT ¥ PBSTE 33 Al
slgc). PBSTol 3149 IgYE z4z; 100 ul &) wellol] 713k
3 37TolA 24717 ¥ESIIATE IgY &89S AAY F
PBSTZ 33] 33}t PBSTo| 3|41 rabbit anti-IgY
immunoglobulin G alkaline phosphatase conjugate(1:10,000)
Z welld)] 7}8 F 37T A 1A]7F vl oF3134 T} p-nitrophenyl
phosphate 893-& Wi 37CoA 30837 ¥kg-A|Zl F 3N
NaOHE 50 uLE AME-3t ¥hg A2 v 405 nme]
54 ELISA reade r(Bio-Rad, USA)Z ZB=E 233}
At

X7|d=2} iImmunoblot

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
£ Laemmli(1970)2] ®hgol wa} stk £ei9 e
L 100VIA 2417} A7)gE-3ted nitroceliulosedl] ZTh
Nitrocellulose S 2% bovine serum albumin2 &-53l PBS &

ofof 1A|7F BHEAl7) 1L PBSTE A& 3%tk 1:20000.2 3]
M IgY E= E7] A3 F73 PBSTAA 143E §H3-A)
71 % PBSTZ 43] |23} t}. Rabbit anti-IgY immunoglo-
bulin G alkaline phosphatase conjugate Z=+ goat anti-rabbit
IgG immunoglobulin G alkaline phosphatase conjugate® &7
3 PBST 89 0 2 1At ¥hgA|71 $ PBSTZ 43] A3 3813
th. M nitrocellulose S BCIP(5-bromo-4-chloro-3- indoyl-
phosphate p-toluidine salt)/NBT(p—nitro blue tetrazolium chlo-
ride)(Bio-Rad, USA)ol| 4] REGAIA TAA|7] F SR ¥
of TAlE FEAZ

Zdn g TE

OMPe| 22| Y SeiFA}

Salmonella typhimurium KCTC2421© 2 5E] sodium lau-
royl sarcosinate 715t} A F2]3F OMP £ oll= £
o] 40,000, 35,000, 17,000, 6,000%1 4F2] OMP(40K-OMP,
35K-OMP, 17K-OMP, 6K-OMP)E &-8-3}%thFig 1, B). 0|
OMP #3 2 Ho] ATt G2 HE IgYE 2
t}. OMP 28< Sephacryl S-400-HR Aoizta2wle 1)
0Z 4 B30z Halsle] SDS-PAGEZ EA5taArkFig. 1
o] C, D, E, F). 2x}2¥o] 40K-OMP(Fig. 19] C)7} Addza
Zoteagd F¢ £go|Urh o] 40K-OMPE E7]d] &
AFAkel de Yo vRE HATA S ST

ghale| Immunoblotof|AM 2] £

Salmonella typhimurium KCTC 2421, Escherichia coli
ATCC 43895, Shigella sonnei KCTC 2009, Enterobacter
sakazaki KCTC 2949, Klebsiella pneumoniae KCTC 2208,
Citrobacter freundii KCTC 20069 M F289d) i3k IgY
<} E7] [gGe] BRhg 542 AT 2t Alg-& SDS-

17K

6K

Fig 1. SDS-PAGE of OMP fractions obtained from gel
filtration chromatography.
A; Marker proteins, B; crude OMP fraction, C-E; OMP fractions
isolated from gel filtration chromatography.
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PAGE®l| <9J8] A7|9E3le] nitrocellulose . blotting3t 3
vamunoblot&} tHFig. 2). IgY+T Salmonella typhimurium
K.CTC 24219] 6K-OMPS} 87 m¥xleke] Bl A S 733}
o gEgEIATE e aRS ATl A= ExF#o] 6K-OMP
o] FE2 ¥R E7| FA S Salmonella typhimuriumol)
| BA}eFo] 40K-OMP, 35K-OMP B 6K-OMPdl| 73} st
SRS B ohiT TE BUAEAE BT
thE agdA 7ol = ExF#e] 40K-OMP, 35K-OMP,
L 6K-OMPe] thahH 2 wrSSach et Igysh 571
kA 7} A A 0.2 Salmonella typhimuriumel] t)&l ¥k-2-A o)
e € F Uey e aESgHTE 4] v
i & 4 ek =3 OMP £33} 40K-OMPE gglo =2
padtad Zbzt AL 1gY el §7) Aol Salmonella typhumu-
wum®] g DA S| et FA = FPe] EATE & 5
2131t} SDS-PAGES} A sa 2 rtE o4 OMP ¥
o] A 40K-OMP7} &= ©ZAQIHI=  immunoblotol| Al IgY 7}
FAgo] 40K-OMPETE 6K-OMP|| ©] 7}eA whgetm
i Bz}aFo] 6K-OMP7} 40K-OMPET}E 8¢l o 2] &
Aol ddiF ez o ZEE & F AUtk E3 E7] A E

I

Fig. 2. Immunoblots of bacterial extracts reacted with IgY
and rabbit antibody.
A; marker proteins, B; Salmonella typhimurium KCTC
2421, C; Escherichia coli ATCC 43895, D; Shigella
sonnei KCTC 2009, E; Enterobacter sakazaki KCTC
2949, F;, Klebsiella prneumoniae KCTC 2208, G;
Citrobacter freundii KCTC 2006.

A7) 93] AFE-3F 40K-OMPE gel filtrationo]] 2]3}e] £z
F .21} 35K-OMP$} 8K-OMPE H| &3 t}2 vz o] of
& 29=AR Aoz AFzteErhFig 3).

Competitive ELISA

Salmonella typhimurium XCTC 24212] OMP £ )3}t
IgYe] #H8-o] Eo)A& FAISH7] 98ked competitive ELISA
£ 35t} Microplate?] welle] o] &2 OMP £3 o
&)  Salmonella pphimurium KCTC 2421, Salmonella
cholerasuis KCTC 2930, Escherichia coli KCTC 2441 %
Yersinia enterocolitica ATCC 237152] #A|7} IgY7} OMP
g AFste A& A=A 44 1 mL Z 10°, 105,
107, 10%, 10°2] M E IgYS} & wello] 715t th. Salmo-
nella typhimurium KCTC 24218} Salmonella cholerasuis
KCTC 29302 AlFrt $718el wel 3457 2283
O} Escherichia coli KCTC 24418} Yersinia enterocolitica
ATCC 237152 Ald<e] S7ol wet F3=e] st gl
o}, wt2bA T Salmonella 571 IgY7F OMP ¥& o) A
ke Ae ooz dAlde AL € F Utk
Salmonellaz} 1 mL B 107 o]’do] =lojof FRT o] 77}
Ueht mzkes) wsich

Sandwich ELISAE 0|25t 5 LH Salmonellac] 4
s

SalmonellaZ UHT $-f-9 3718}ed sandwich ELISA9)
AREsHTE UHT $f+& 135T ol4e] gxlglz A s o]
RS Dol ¥R M FdE s F4A]
7122 sandwich ELISAS|A ®¥hgo] wkglt),

0.9

08}
o7 ‘_’_’_,‘,__,—4————\

DB |

0.5
0.4
03}

Absorbance at 405nm

0.2

0.1

5 8 7 8 ]
Log Bacterial Number

Fig. 3. Competitive ELISA of Salmonella typhimurium

KCTC 2411(@), Salmonella cholersuis KCTC

2930(M), Yersinia enterocolitica ATCC 23715(A),

Escherichia coli KCTC2441(¥) in binding of

anti-OMP IgY to OMP fraction coated on the well.
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E7] FAE welld FFA71z2 UHT 8o Hrle
Salmonella T@#F& ¥ %3 & 16719] AHES] ¥Hg-& =4
3ttt IgY9} E7] anti-IgY alkaline phosphatase conjugate
£ o] gsla] 23 ATS A28 tHTable 1). Salmonella
typhimurium 2 TF7F 2.0 °]3e] 2 FFEE Byl
Salmonella cholerasuis TF22 0.69~1.512] FHEE Ho
AfAd o g ekt E38| Salmonella cholerasuis KCTC 2932
= 0.692 "¢ it} ole @AM TER Enterococcus
Jaecalis KCTC 35129} 0.59¢] H]&] =}o}r} it

olE E7] dH ot IgY A F A4 et Salmonella
typhimurium KCTC 2421& AME-31997] W&o Aujdes
Salmonella cholerasuis®l| Y3+ A E2] ¥k-go] XA lelyt
o BZE ). Salmonella AA | & W=7} =& FAS
Aer] st 8 Alse] TFES BHFA o] &3
= o] v e Aoz Y4 =3 IHEE Z7147)
7] 918 OMPE &Alol 233l 218 AZ2ntead 9 E 3}
o Ao G7HE Folgla Al=dld oy OMP £33 2}
Zro] 40K-OMP7} E-&A4lo|o]A] cynogen bromide-activated
Sepharosed]] A= 2] gfo} 28 AZvlEIYAE x| F
skt

B AFoNA  Salmonella typhimurium®] OMP 23}
40K-OMPE 212} el FAbsle A IgYeh 69 B7])9] v
7HAE o] 83t SalmonellaE & & Y& AIHH S
et AlEstth 28y OMP 3o F ghFel
40K-OMP7} §3 E7]90A A& P 58 o] LUt
ol& IgYE AH&3 immuno blotol| 4] 40K-OMPo| tjj 3t vk&-
< 2 F g9 ZoA & 4 Uik v BEabEo)
6K-OMP: immuno blotolA] Igysl £7] a2 Adsis
Ag B 6K-OMP2] g4 34 58] & Ao] Yegth
IgY st E7] A7} Salmonellar}t obd THE ATl = A}
£ A& Ho} 40K-OMPS} 6K-OMPE 18-S A T 2%
Aoz ZAste Aoz RYcth Competitive ELISAS
sandwich ELISA7} Salmonellas Y-EAH 02 Eolxom 4
28 £ J2S ¢ = Yt Competitive ELISA| A AR
W AEF7E 107 o] woll 12 7158100 Sandwich
ELISA9) X Salmonella typhimuriumol= D73 E7} 2o} o
X Salmonella choerasuis®l] W34 ¥Hgo] Aja oz oks}
il @F3tel| pojrt wskoh

Salmonella typhig B %3 213-4A TS 372 ¥l
A-g3t7] 8td OmpCe} OmpF o} 22 ouirhalz o] 2y
o] Z2dEvtn B35 tHMartinez-Flores et al., 1999). S.
hphie 878 AFEste ¥l Aol OmpCE TL3
FEd dE AT T2 AFY A7 OmpCE
W& o). Arockiasamy$} Krishnaswamy(2000)7} S. typhi©.

¢

2

2XE OmpCE <5314 £88tatt. ¢ 223y Ag
A2l OMP E# oA+ lipopolysaccharider} 282 o2 ¢4
Ho] H7|dES X silver stainingd}H AEAT H9]oA
dadET Rudith. OmpCe ExlEge] & 79
40K-OMPe} A8t} 6K-OMPS}  lipopolysaccharide:=
SDS-PAGE Aol|A o]F A7} F35hol] fAMG 2oz B2
¢lth. webr] immunoblot(Fig 2, A)oljA] 6K-OMP ]| <A
73t g2 6K-OMP #71 ol] g} lipopolysaccharide 2 913F
Ao 2 AFHr)

Anti-OMP HA T Z & o] 83 Sandwich ELISAE o] &
Blo] foll 2R Salmonella typhimuriumE &2 5
J=S ¢ 4 Utk 221t Immunoblot assayol| A & ule} 2
o) WA THE AT $RHOE TANVLE FE I 4
ARt g AEEIHAE oAV e wrlA
€ o] &3t RIAEE Holx FolAo] & Wy Med
287} Slth. OMP7} outer membrane®} ZAgHE o] Q&= =gt
HAol7] wjFo] &5 SHAR Az o] wEo g
o2 Bo] g o= AlgdTh

Salmonella®d AEE & e FAE B A%
o254 g1 3 AlTA(Liu et al., 2001), fimbriae (Sojka et
al, 1998), flagellin (McDonough et al.,, 1998) 55 A}-&-5}c
A7 w} gtk Outer core lipopolysaccharidedl| o3t w73}
A& o] &3 ELISA 33§ o] 83l £ Soldzn Iidx
2 SalmonellaZ 7423131 THNg et al,, 1996). 2 AFA] B
13t Salmonella®] OMP ¥t ofu]z} T} 2 gglol sl Bo]
Ao ¥hgIle WIFHA e WEAE ALy Ast
o F71¥1 d77F a3t

2 o

5N SalmonellaZ 71%3}7] Y3t Sandwich ELISAS]
Eo)4& ZAMEIth Sandwich ELISAY] Al&3 SxS&
MP £33 < Hol AgFAlsle] AL Igys} OMP E3&
gel filtrationdlod A& E-z}eF 40,0002] OMPE E7|0] HY
FAEl] 42 E7] 1gGE AF2-3H9 T Immnoblot assay<l] A]
IgYE E2F 6,0009] OMPol| 7}alA] ¥bg-3l5on E7)
IgGE EA18F 40,000, 35,0003} 6,0008] OMPE || 73&}A
L3t IgY o E7| 1gGi Salmonella typhimuriume] Th2
dl Aoy ¥ke-3l9ith.  Competitive ELISAC)A IgY7}
Salmonella?) F 7 @5 i8] EolAdS veldon] Esh-
cherchia coli®} Yersinia enterocolitica®l €]8ldX = W&
VeRA] gkt ol AlES AH7ksked AAI%E sandwich
ELISAY X Salmonella typhimurium 2737} 744 =& &
F=F B3t} Salmonella cholerasuis #5558 Aoz

Q
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BB r) dgton] o)|& X Salmonella cholerasuis 3% 191.
2. ¥ Salmonella TFE3}+ z}o)71 gldth 10. Ng, S. P,, Tsul, C. P., Roberts, D., Chen, P. Y., and Ng,

#ZAre| 2

E dATE 20018 s AR tEm anfd ] ALl
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