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Analysis of virulence gene profiles of Salmonella spp.
and Enterococcus faecalis isolated from the freshly slaughtered
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In order for monitoring of pathogenic bacterial contamination in the freshly slaughtered poultry meats pro-
duced in Gyeong-Nam province, we first isolated 4 strains of Salmonella spp. and 32 strains of
Enterococcus faecalis from the total 164 samples, then we analyzed potential virulence gene profiles of
the bacterial isolates by PCR using species-specific primer. The potential virulence genes we selected in
this study were stn, invA, fimA, spvR, and spvC for the isolates of Salmonella spp. and those of esp, cyIM,
cyld, cylB, gelE, fsrd, fsrB, and fsrC were for the isolates of E. faecalis. The PCR results showed that
all 5 virulence genes were detected simultaneously in the all isolates of Sa/monella spp. However, there
was a diverse occurrence pattern of the virulence genes in the case of E. faecalis. The gene for enterococcal
surface protein (esp) was not detected among the isolates (0/32), and the haemolysin gene prevalence rate
of ¢ylA, cylB, and cyIM were 3.1% (1/32), 9.3% (3/32), and 9.3% (3/32), respectively. Moreover, the genes
of gelE, fsrd, fsrB, and fsrC that associated with gelatinase activity were detected in the rate of 53.1%
(17/32), 53.1% (17/32), 53.1% (17/32), and 53.1% (17/32), respectively. In conclusion, in the isolates of
Salmonella spp., all possessed 5 virulence genes tested, suggesting that they are all related with each other
clonally. However, in the case of E. faecalis isolates, the occurrence of the haemolysin genes (cyiM, cylA,
cylB) and the gelatinase genes (gelE, fsrABC) was highly variable among the isolates.
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(Hernandeza -, 2013), salmonella®] .G =] 117] Salmonella spp. 28] X £

9 R A7) 7hEAE-E QIAol salmonellosis2 1t
A7l =8 dRlste s A ltk(Smith 5, 2010).
HIEH QL Salmonella spp.2] =73 QA= AARE
WSt= Salmonella enterotoxin (stn) (Chopra &, 1999)
T A Ao HEo] A%t inv (Darwini} Miller,
1999) Salmonella pathogenicity island-2 (PAI-2)9] type
3 secretion system (T3SS)E E3f 3 A|ZY 2 o|F
o] AEZE=AS 485t spv (Donald¥} Joshua,
2011) 283 Salmonella spp.2] 74 =71 & Aqt
o syl WAL Fag A4US St fim
(Adrianus 5, 1998)21%} Fo] &AY 3t}

Enterococcus spp.~= AFgF 9 719 9AFo]| A A]
Bukopdet &, =, AE 9 oM E, A SelA
o] A ti(Hammerum, 2012). Enterococcus spp.
9% 9 a2 5o BUe dorlm A%
degot & 7 Fath aQlew o
535 A W FAAE oE Bt
ofof| Q= Aoz g F
thRichards 5, 2000). E. faecalis® Z=A]21x}9] &
2t 884 0 AE §oh0) 2 54T Uehs
cyld, cylB L cyIM A} (Gilmore 5, 1994), Al
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Nasco swab® 1 mL-2 Buffer Peptone Water (BPW)
9 mLoj| Yo 36°Cof| Al 18~24A|7F vljoF &, 0.1 mL
2 do] Rappaport Vassiliadis Broth (RV) 9 mLof @
o] 42°Cof|4] 20~24 A7t v eFslict. vieF $- RAMBACH
B v x]of = 5 37°Cof| A 48A17F Bkt -,
2 9 A H2hS MacConkey B v o] £
shaL 37°Co) A 48A13F Bjksteich WleF ¥ Euar
A2re glarez VITEK MS™  (BioMérieux, Inc,
France) 0.2 FA3}% ).

pax

E. faecalis 22| ¥ ™

Nasco swab®¥ 1 mLS Azide Dextrose Broth 9mL o]
o] 37°Co| 4] 16-20A]7F vjeF & m Emterococcus
Agar (mEA) B3 vfx]of rgsio] 37°Cof| A 48A|7F
vjeFaloich 34 ek oo &2 thA] mEA HiA|
of st 22 oA vieF =, Trypticase Soy
Agar (TSA) 2k vjx|of gFsto] 22 27004 Y
oF & 1ok K2k thAko & VITEK MSTM (BioMeérieux,
Inc, France)© =2 FA3}9ich

PCRE 0|8% =d Xt HE

Genomic 2! plasmid DNA F&: E2|% Salmonella
spp. 2 E. faecalis®] 7|l DNAE FE317] HalA
Exgene™ Cell SV kitZ o]8-3}0] A|2ALS] A=
AABLE Ty TS Salmonella spp.25E Zh=u|=
DNA &2 984 Hybrid-Q™ kitZ o]-83to] A=
Ae) AF ez AAlshe .

PCRZ 0|E¢t Salmonella spp. ¥ E. faecalis = QI
Al AE: PCRES 0]|-8-3}9] Salmonella spp. 2 E. faeca-
i Ao 54 QIAE 2AE] fstol,
Ale 4 Eet=u]E DNAE o2 PCRE
At} PCRo|| o]-&3%t primer A€ Y anneling =712
Salmonella spp.~= Table 19f, 18|31 E. faecalis<=
Table 2¢f A|A]3}9 2w, PCR ZZ-& initial denatura-
tionS 94°Cof| A 1087+ A A5} 31, denaturation 94°C
oA 15, extension 72°Col|A] 18 ZACE Z 353
AIA|EFH S0, last extension 72°Col| A SEZF AA|5}
%t} PCR S AHE-2 2% of7F2 A 7o DNA 7]
& HHE o]gste] H7|%¥ES HAISH.H, GelDoc
(Bio-Rad, US.A)E ©]-&3te] A& glskqicth
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Table 1. PCR primers and conditions for detection of virulence factor from Salmonella spp. isolates

Gene Primer sequence (5°-3") Annealing (°C)  PCR size (bp) Ref.

fimA F CCTTTCTCCATCGTCCTGAA 56 85 Cohen et al, 1996
R TGGTGTTATCTGCCTGACCA

spvC F ACTCCTTGCACAACCAAATGCGGA 60 571 Pasmans et al, 2003.
R TGTCTTCTGCATTTCGCCACCATCA

SpvR F CAGGTTCCTTCAGTATCGCA 57 310 Pasmans et al, 2003.
R TTTGGCCGGAAATGGTCAGT

iny F GTGAAATTATCGCCACGTTCGGGCAA 63 284 Betancor et al, 2010.
R TCATCGCACCGTCAAAGGAACC

stn F CTTTGGTCGTAAAATAAGGCG 55 260 Makino et al, 1999.
R TGCCCAAAGCAGAGAGATTC

Table 2, PCR primers and conditions for detection of virulence factor from E. faecalis isolates

Gene Primer sequence (5°-3") Annealing (°C) PCR size (bp) Ref.

gelE F ACCCCGTATCAGTGGTTT 55 419 Eaton et al, 2001
R ACGCATTGCTTTTCCATC

esp F TTGCTAATGCTAGTCCACGACC 58 933 Eaton et al, 2001
R GCGTCAACACTTGCATTGCCGAA

fsrA F ATGAGTGAACAAATGGCTATTTA 55 740 Ogier et al, 2008
R CTAAGTAAGAAATAGTGCCTTGA

fsrB F GGGAGCTCTGGACAAAGTATTATCTAACCG 60 566 Ogier et al, 2008
R TTGGTACCCACACCATCACTGACTTTTGC

fsrC F ATGATTTTGTCGTTATTAGCTACT 55 1,343 Ogier et al, 2008
R CATCGTTAACAACTTTTTTACTG

cyld F TGGATGATAGTGATAGGAAGT 52 517 Eaton et al, 2001
R TCTACAGTAAATCTTTCGTCAG

cylB F ATTCCTACCTATGTTCTGTTA 52 843 Eaton et al, 2001
R AATAAACTCTTCTTTTCCAAC

cyiM F CTGATCGAAAGAAGATAGTAT 52 742 Eaton et al, 2001
R TGAGTTGGTCTGATTACATTT

A 1} (Fig. 1).

S ARE e By e Festo] VITEK
MsS™Me g =S A} 43459 Salmonella  spp.
(2.43%)9} 32459 E. faecalis (19.5% d35)7} Eg]

Salmonella spp. A QIX}: PCRE o] L3lo] Hajg
Salmonella spp.2] =4 AR} fimd, spvC, spvR, inv “1
23 ame] A% Aah, welE 42el A 0 Sof
%= DNAZNE RE =4 Qlzrl #AZHic

E. faecalis 54 9IX}: B2 32459 E. faecalisE
Ao 2 =4 AR} esp, cyld, cyIB, cylM, gelE, fsrA,
SfsrB, 12|11 fsrCE PCR=E ERIgE A}, yld+= 1+
(3.1%), cyIB2} cyIM= 34-5+(9.3%) 2 AEE AL, esp
A= HEol HA LUTHFig. 2). gelE, fsrd, fsrB 1
23 frCe 17742(53.1%)2 UEhton], 179423 o
5= gelE, fsrd, fsrB 1)1l firC JAAE 7FA] AL Q1 QiTh
(Fig. 3).

1o

UARHH O &2 Salmonella®] 7% 7ute] K2k 7r o
A

=
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Fig. 1. 2% agarose gel electrophoresis of virulence factor PCR prod-
ucts from Salmonella spp. isolates. M : 100 bp DNA size marker, 1 ~
4: genomic DNA of 1~4 Salmonella spp. isolates, 5~8: plasmid
DNA of 1 - 4 Salmonells spp. isolates.

Fig. 2. 2% agarose gel electrophoresis of virulence factor PCR prod-
ucts from E. feacalis isolates. M : 100 bp DNA size marker, 1 ~322:
isolated E. faecalis 1 ~32, respectively.

2o THE F& 7)ol i HYom(Clegg 5,
1985; Cleggi} Gerlach, 1987) £3] Type 1 fimbriae7}
EA] QIAFe} THo] 9= Ao 7 K X @It Kurkkonen
=, 1993). Salmonella®|| X = fimbriaeE FASI= G4
A7} cluster FEAR 4 EHo| eHl, IF fimd=
fimbriae®] /ol SQlo} 7 FSa3Fh {FAAolth
(Purcell 5, 1987). oo & AtolA] EejH 4459
Salmonella spp.& A C. 2 fimdE =3 231} 100%
2, oE 189 9T Awsh weshl vekwt
(Alphons} Jaap, 2005; Naravaneni¥} Jamil, 2005;
Chaudhary 5, 2015). invA+= Salmonella®l| X o} Z-
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Fig. 3. 2% agarose gel electrophoresis of virulence factor PCR prod-
ucts from E. feacalis isolates. M : 100 bp DNA size marker, 1~32:
isolated E. faecalis 1 ~32, respectively.

nzEo] i SUAR B ATAE T2 AT
I Swamy 5, 1996; Oliveira 5, 2003)2} A5
= HE HFFo|A 100%E XAt Salmonella enter-
otoxin (stn)> Zd|e} =4, o] 54 9 ADP-
ribosyltransferases&] ZHAJEjel A R OJE 71X
o glon), FEATH AEEL BAE AT Yot
Huwglom(Chopra 5, 1999), & <+ A}
(Dinjus 5, 1997; Soto &, 2006)%} FASHA 2 A
o A= 100% HZIE ATt Salmonella plasmid virulence
(spv) A A= positive regulator@] spvRI} spvABCDZ
A o= v o] Qltk(Fang 5, 1991). 53] spvC
+= Z| pohsphothreonine lyase &4Jo] Qo] h-Af3E
AE QIZHE & Al71+= p38 MAP kinase A A] A
NEZAEE Swsls 2oz BEQrKLi Z, 2007).
olofl spvR W spyvCE AN & A3}, spvC= Alm Y
Zet2u|E DNAC| A glo] 4t 5 1F5(25%) 5
AEol H3lek ZEu, spvRe] A AlsolAe 1
F(25%) 1Eal EetRu|Eof A= 4F5(100%) 25
oA AHZEo| Tt} Araque= 20099 S. enteritidis
9 S pphimurium 32955 AH OS2 spvR W spvCE
A& A3 BE J2] 7oA spvRS HEE A
gk spvC= HE HA a5 Eil 34914l Chaudhary
T (2015)9] Ayto|w 2 AR JERTh shA| L
Soto 5(2006)2 E& ¥ 60472 S. enteritidis Ol 4]
spvC7F BE HEEE HArh & AtolAds 1 9]
2 A9T 5 fleu spCe A 25%0] HEa=
HA, spyvRe L ZFXu]= DNA9] 100%2] 7
S&2 Bt & AtolM = EeE Salmonella <t
Fof Fro| YR A1, FAFo] ogt 2AP} o)
| x| 2] ¢kot F&s| Tehst 4= QLo fimd, invA, stn
23 spvR E4AA7F 100% 2 YElUY= Aog H
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Enterococcus®] =782 1A ol Aets}, EEE
A2, gEHY 9 HERUEY 22 AZejr)d
el bol Hab, e AujAEete] Fabe| o3|
A7) E tH(Fisher} Phillips, 2009). Extracellular surface
protein (Esp)= F-2F, Fetalo] #oisim, H4A W
Aol oy st=(Foulquié Moreno %, 2006) =A <I#}
24 & A ok 2 AolA esp= HEO] HA
oFo} t}2 o3L9] A}2HEaton?} Gasson, 2001; Dupre
S, 2003) Tt2A YElST E faecalis®] 850 &
olsts §aL AEURel CyMe] ols) 44 o
A|sEH o] £23}= CylB ATP-binding transportero] 2]
s Amelnz e 5, Cyladl ola] B4o] o]zl
A tHGilmore %, 1994). wabA, cyid, cyiB 1811
IME E. faecalis®] E 2 Q2 54 Aol &
AFNA = yld= 19E7(3.1%), cyIBL} cyiMi= 335
O3%)2 qlde] A&o] 23 WA YA e o
T(Poeta =, 2006)2} v]=3t Aa}E Holil Qith E
Jaecalis®) A B3| F A gelE+= fsr locus (fsrA, fsrB
124l fsrC) downstreame] EAsHH, HE FHARTF
Aoty Fofjad 24 FHolth(Qin 5, 2001).
webA] gelES} for locus W5 o] Eojof Alutd
Eflaa B4 7R =, detdl Eejaa 24
o] Y= E. faecalisi= MH§-2~ HE oA upg-A0] Y&
e /e =4 dA=2 d9A UAtHQin 5,
2001). & AN gelE [firdBC = 324 SOl A
17:\F_7‘—r(53.1%)§, gelE [fstABC &= 15+4-3(46.8%) =
o2 A Akl A9 H|sHA UEH th(Poeta 5,
2006). 2 AFoA B H E faecalis® =4 AA=
22k 9 ksl Bolshis B4 AR} WA gk
wh kel 84 9 Aok Belas 54 AR}
GeRd Aoz wol, @e RelRisl B4o] &8
Ao = werET

zEdom wrl o obd

d HAE ATE 99
}\O

S Sl A A el 9 o
E A B 23, B89 Salmonella spp. X E. fae-
caliso| A 5730 =& ZA0 & PAotEH, FAESY =

% 9 ZAFE Aako] glo] Bt $Ael 728 o 7]
gofob Hrky Azheeh
7 =2

e AN TS =4 9 2 164

Aol Nag oz Way ngEe Hee 23t
4559 Salmonella spp. (2%), 324-F2| E. faecahs
(19.5%)7} R = £e¥ 2 5E =4 At
£ PCR& o] &3to] BAS Ax}, Salmonella spp.2)
45 e EelFolA fimd, spvC, spyR, inv T12] 51
stno] AZEQTh E  faecalis?l 7L cyld= 3.1%,
cyIBS} oyIM= 93%= HEEHUIL esp A= HEH

A QkQYTY. gelE, fsrd, fsrB 181 fsrCe= 53.1%%2
Ebtom, 1745 25 gelE, fsrd, fsrB 18]l fsrC <l
S 7FA AL QlQit) A to A= BalEl Salmonella
wre 1 EEo] Ui Aa, AP g =AML
o017 ghol AH3Hs| WHI = YOLL fimd,
invA 1811 stn =X Q1A 100% =2 Ve = Aoz
vol He FE wE AR W AUl 0P S

Ao g WAEW, E faecalis®] F4 QA= Bzl o
] E]-ﬁ]—(‘)ﬂ J-]—Of} o]—.L_—_ E/H o] 11_7]‘ 1/]‘74] L]'-Q]'X] ]:*l__,_

o gu4 L Aetd BEA A7} e Ro®
Hol, ghe BeR@FF B40] 1S Ao ekt
AeRoR, wrh o QHAS HAE AR 913 &
AE] B B HAHE At glo] SaTeE o
A8 ok st
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