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To characterize genotypic and phenotypic traits of Staphylococcus aureus isolates (n =86) from lettuces and raw
milk, major virulence-associated genes and antibiotic susceptibility were detected using PCR-based methods and
disk diffuson method, respectively. All isolates possessed coagulase gene and showed five polymorphism types
[500 bp (2.4%), 580 bp (17.4%), 660 bp (61.6%), 740bp (17.4%), and 820 bp (1.2%)] due to variable numbers
of tandem repeats present within the gene. Two or three different loci of hemolysin gene family were dominant
in isolates, 47 of which (55%) possessed combination of hla/hld/ hlg-2 genes as the most prevalent types. Among
enterotoxin-encoding genes, sea was detected from 32 isolates (37%), sed from 1 isolate (1%), and sea and sed
genes were co-detected from 4 isolates (5%), whereas seb, sec, and tsst-1 genes were not detected. All isolates
were susceptible to ciprofloxacin, trimethoprim/sulfamethoxazole, oxacillin,and vancomycin, 85 isolates (99%) to
penicillin G, 54 isolates (63%) to chloramphenicol, 51 isolates (59%) to erythromycin, and 7 isolates (8%) to
clindamycin. Among resistant isolates, seven displayed multiantibiotic-resistance against two different antibiotics.

Key wor ds. Slaphylococcus aureus, coagulase, hemolysin, enterotoxin, antimicrobial susceptibility.
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Staphylococcus aureus 22| % ol

2003 7€¥ 949, A% e SR wESH Mg 7t
T TR AN YT A5 A &) B HA=R
FE ZAFE 488 474 59 T2 B5mLH FaFos FH)
o] 225mL¢] 0.1% phosphate bufferol] ¥ 32 stomacher(Casta
Brava, Span)E ©|&3te] 287F #3483t A7l & A5 F
1mLS bran heat infuson(BHI, Difco Laboratories, M,
USA) brothell &3t 37°CollA 24A17F w3ttt vl el
1mLE ©A] 10% sodium chloride’t $H+-2 tryptic soy broth
(TSB, Difco Laboratories, M1, USA)ol| FHEsle] 37°CollA 24
A7 S ogstdch SdE 42 Bard Paker plae(BPP
Difco Laboratories, M1, USA)ell 24 wljksle] 37°CollA] 244
7+ vjeket 3 A4 2 dear zoneo] LiERS HEol| thal &
1 AES AAEAT

S aureus®] 1 AFS 9J9f Fo] ] widE Ho iR
el ekl tiste] thast o] AAsIslth 28-S ERlst
= WHOZ gram daining, cataase test, gdatinase production,
egg-yolk reaction, mannitol3} glucose fermenting test 12|32
Maduux2} Koehng(15)2] o w2 API-ldent System(API
Stgph, Bio-merieux, France)S HAISIATH E3 A8 S <1
She WO Z S auweus’t 7= femA F-317H(16), nucA F3
2H17) 28]3L S aureustt AE1FQ] Sadd2 FH2H18)E AE
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EETF: 2 23 daphylococca enterotoxin typeE £ 4%
o] S awreus EFHFTEC] AMEESH, SEAZE KN556,
SEBZ+& H288a, SECEZ+ ATCC 19095, 12]3 SEDZE 1634/
930] 7tzt ARS-E A

Tota DNA #Z: S aureus 2] +FE LuriaBertani(LB)

broth 2mLell HE38 5 37°CollA] 180rpmo.2 & w3l
th. 7 wUAS ELISA reader(Molecular Devices, CA,
USA)Z 600 nmel| A}
Z2A% & 247 1mly Fste] 15000rpmeZ 57 YAE
2tk gl e 2R ASds Wil 942 pdlas 4%
Chelex 100(Bio-Rad Laboratories, CA, USA) 400uLE il
=07 FERAZIh 28 FEelE 95°C water batholl A 15
w7F 2B tA] 15,000 rpmellA] 5E7F dAEE sl S
S AEE A PHLE {7]3 o]F PCR 412 9I¢ template
DNAZ AR&-3t3ith.

w g

PCR ¥4 & 3Q1: PCR W3- &3> 5uLe] 10X reac-
tion Buffer(2% ¥%=-400mM KCl, 15mM MgCl,, 100mM
TrisHCI, pH 9.0), 5uL2] dNTR 1U¢] Tag DNA polymerase
(Bioneer, Dagjeon, Korea), 25pmol Z} primer 1ul 2 DNA
template 20puLe] &jtelol] FHTE HF S0uL7F HES A
7Fste] PTC-100(MJ Research, Inc., MA, USA)IA SZA17t)
Ao AM-E primerss Table 10 VERIQIS ™, PCR 4F
52 15% agaross(1X TAE) gdollA 120VvE 1A7F 271953
I ethidium bromide(5ug/mL)Z F3 3 trandlluminator 2
gelslaith. 4HEe] =7]= 100bp Plus DNA Ladder(Bionesr,
Dagieon, Kored) S A1-&-3le] 43T

Coagulase 38R 2% Hookey 5(20)0 <]3ll 229l coag
ulese A2 A& primers A3, ©] o] AR-3F PCR
o] A & 7S tEH ) oCAllM 4E7r rrdgt
T, denaturations= 94°Coll4 1%, annedingS 55°CollA 18, 1
2]l extenson 72°C 1702 30 cyde WHE-61$aL, mEX 2ol
72°ColA 1087 B WRSAIF T

Hemolysn 522} A& Jaraud 5(21)°] 29H a-hemolysin
(hla@), B-hemolysin (hib), y-hemaolysin (hlg-2), 8-hemolysin (hid)
FAAE HEL & JE PCRE 3] hemolysin typeS 274
stttk Hemolysin 34} &S 918 PCR &7 95°CollA
pre-denaturation2 583t 3 denaturaionS 94°Coll A 1%,
amnedingS 55°CollA] 12 2 extendong 72°ColA 1¥2 30
oycle RHE3Iom 72°Colx HF extensons 10%3tL HA|

St

Staphylococcal  enterotoxin - A&+ ZAZ:  Stgphylococca
enterotoxing A-DF o= 8% 4 9= Rosc 5(22)°] Lt
g primersE 7HEX122 PCRS 48993, PCR Z27& o33t
2t} 94°Coll A pre-denaturation 3E3H ¥ 94°C denaturation 30
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Table 1. Sequences of the primersused in this study and sizes of their amplicons

Genes Primer names Primer sequences Amplicon sizes (bp) References
fomA femA-1 5-CTTACTTACTGGCTGTACCTG 686 16
femA-2 5-ATGTCGCTTGTTATGTGC
A nucA-1 5-GCGATTGATGGTGATACGGTT 280 17
nu NucA-2 5-AGCCAAGCCTTCACGAACTAAAGC
2 Sad42-1 5-AATCTTTGTCGGTACACGATATTCTTCACG 108 18
Sad42-2 5-CGTAATGAGATTTCAGTAGATAATACAACA
mecl 5-AAAATCGATGGTAAAGGTTGGC 533 19
mec2 5-AGTTCTGCAGTACCGGATTTGC
coal 5-ATAGAGATGCTGGTACAGG . | h 20
coa a2 5-GCTTCCGATTGTTCGATGC SiZe polymorphisms
Ha hla-1 5-CTGATTACTATCCAAGAAATTCGATTG 209
hla-2 5-CTTTCCAGCCTACTTTTTTATCAGT
hb hib-1 5-GTGCACTTACTGACAATAGTGC 300
hib-2-2 5-GTTGATGAGTAGCTACCTTCAGT n
hd hid-1 5-AAGAATTTTTATCTTAATTAAGGAAGGAGTG 11
hid-2 5-TTAGTGAATTTGTTCACTGTGTCGA
a2 mphlg-1 5-GACATAGAGTCCATAATGCATTYGT 390
& mphlg-2 5-ATAGTCATTAGGATTAGGTTTCACAAAG
seu SE-f 5-TGTATGTATGGAGGTGTAAC -
sea sear 5-ATTAACCGAAGGTTCTGT 270 2
seb sb-r 5-ATAGTGACGAGTTAGGTA 165
SeC ST 5-AATTGTGTTTCTTTTATTTTCATAA 102
sed sed-r 5-TTCGGGAAAATCACCCTTAA 306
1 tst-1 5-ATCGTAAGCCCTTTGTTG 578 -
) tst-2 5-GTGGATCCGTCATTCATTG
%, 40°C anneding 302 2 72°C extension 1#-& 30 cycle ¥t 3} el nEt

e em vl 72°CollM extenson 2E-SkaL AT

Toxin shock syndrome toxin 1 (tsst-1) A= AZ: Moore
5(23)°] agtet pimers ARt PCRE AAIEHAL, PCR
Z7E o°CollA pre-denauration 33 T 94°C denaturation

30%, 40°C anneding 30% % 72°C extenson 132 30 cyde
HHEELG o™ 72°CollA] HF extendons 273 A ST

SHliN| Z=d HAL

Bauer 5(24)9) disc diffuson methodol] ¢Jate] 3A8A] 8%
st 2 A1ES AT B8] 455 Muler-Hinton
broth(MHB, Difco Laboratories, MI, USA)ol| H3Esle] 37°Cell
A 24X 7 ettt WS ELISA  reader(Molecular
Devices, CA, USA)E 600 nmellA] &322 =43t OD. #
< 052 gAste] 243 F 158 ojuld] HaE HES o
&3l 4mm A2 =43 Muller-Hinton Agar(MHA, Difco
Laboratories, M1, USA) plaed] #d3tA EZsigich &2 &
57 BRI E AR v HeE wAle s 7hzte] g
AA 23 AR T2=(Fluka, MO, USA)E 20mm o]
AE FAIHAA HaR] 9ol IHAATE Disk’t G
BRI E 37°C vl g7IoA 2477 v ger & A5 AR gk
A73e SAATE A A3 AA w2 Z3= Nationd
Committee for Clinical Laboratory Standardization(NCCLS)<ll
T3t A oJRE AEIIATHD).

S. aureus &2| ¥ gtol
UutH o S aureuss gram daning catdase tegol] 4
o|a gelating slsted 4T 4 AL eggyolkell 23 A5
o] AsHA] ¥om F71d Z7ANA glucose®}t mannitolS ©]
A Aok AFek Al A
ate] zhzh ®Eig 124009k 100719] Feldaol
tisted HAF2 Q1 el o8 S aureus %1 S 3 A
= Table 200419} 7¥o] Gram daining 1427 (634%)14 %
A5 B9, catdase test= 907-(40.2%), gdatinase A4k
& 13175 (585%), Egg-Yolk resctionS AAPSw) & A3
= #FE 2087F(92.9%), 233 glucose?t mannitolS HE
stod 7St e 16205 (72.3%) AT L8y o dollA
3k 6572 S aureus IR WHE Aol wF 3 ekE o]
T BEolM e BAAAESE Wlou PCRE ©]&-
el H|ste] o] Romz el oA Eeg
YFFE USRS aureus’t 7HAI= femA(16), nucA(17),
mecA S-424(19) ZE]al S aureustt Al Sadd2 FHAL
(188 ©]&3 PCRS AAISIATh = A3 S auwreus®] target
AT Sadd20] 79 86 (384%)0ll Al SRIE AL, femA
AA] 86T (38.4%)01 B =, nucAs 1447-5-(64.3%)
oA FRIFUTE £ Ao E Sdd2, femA, nucA FHA7}
25 3RIEY S awreusE A3 EH F 867F(38.4%)7t
S aureusdo] 1=t 2y MRSAZF 7HRE mecA -4
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Table 2. Numbers of bacterial isolates from lettuces and raw milk showing various phenotypic and genotypic char acteristics

No. of isolates (%)

Typing methods

Lettuces Raw milk Total
Sdlective media 100(200.0) 124(100.0) 224(100.0)
Gram staining 63(63.0) 79(63.7) 142(63.4)
Catal ase test 39(39.0) 51(41.1) 90(40.2)
Gelatinase production 59(59.0) 72(58.1) 131(58.5)
Egg-Yolk reaction 88(88.0) 120(96.8) 208(92.9)
glucose and mannitol fermentation 73(73.0) 89(71.8) 162(72.3)
API-kit 37(37.0) 49(39.5) 86(38.4)
nucA gene 85(85.0) 59(47.6) 144(64.3)
Sa442 gene 37(37.0) 49(39.5) 86(38.4)
femA gene 37(37.0) 49(39.5) 86(38.4)
mecA gene 0(0.0) 0(0.0) 0(0.0)

Table 3. Results of PCR detections on coa gene of S. aureusisolates from lettuces and raw milk

No. of S aureusisolates (%)

Amplicon sizes

Lettuces (n=37) Raw milk (n=49) Total (n=86)
500 bp 127 1(2.0) 2(24)
580 bp 0 15 (30.6) 15 (17.4)
660 bp 36(97.3) 17 (34.7) 53 (61.6)
740 bp 0 15 (30.6) 15 (17.4)
820 bp 0 1(2.0) 1(1.2)
Tota 37 (100.0) 49 (100.0) 86 (100.0)

A5 HE3HE PCROAM = ofE #FollM = tid Fdx7F 4
ZHA] ghol B Ao Aol dF=EHE E2ld S aureus
a4FE BF MSSAQl Zoz AEQn) Ed %4 W
PCR "olx UdX¥ A4S 1ol gerfe] Eajirol thalr
APl saph kitZ ©]-&3l] S aureusy)S ERlIsH Az}, zbzte]
RE #F7F S aureus (P=97.8%)%0] SeI=Qiet. Axpgo=s
B ApoMe 9R2RE 4 F5(395%)9 dF=RE 37
N FFET.0%)E S aureusE BN, 0|52 Ha Y
HIE = 384%0)0t) o]8 Kang 5(2)°] EUFERE e
24.6%Ht} =2 HEERlrolt)

Coagulase |%X} A=

Coagulase= €A 9] extracdlular enzymeS ZA4 YA
T 540 S8 AH7F HY S50 dsE-S e
ste] HAAAE 283ttt o]R % gaphylococtiE &7 3=t
71 483k WhHel coagulase testoll = SEtol = I A H I
o] Stk ey EEfol=He S Ee AdAHE 29T
T dom, AlFHES st A WS e = A,

HRSAIZME Q8 e o] ). 22B=E Hit B
WE A7) #=gk £ JE coagulase FHAAE AMEE
PCRYo| It=glown, 2 AFX= Hookey 5(19)°] <t
3 coagulase A2 AEE PCR primerS 71X coagulase
test= 33T

coa(coagulase) A= 81bp short tandem repeat sequence
£ 7KL Qlom d it viEEE STt thekete] AR
S =2 amplicon sze7t #5ve} oAl YERATH(26). ol gt
A2 T3 F2oll Scherrer 5(27)°0] 94t o] HREFH
2% S aureus?] coa A thg amplicon sizeZt 500 bp

il

‘(F

(2.7%), 580bp(15.4%), 660bp(32.4%), 740bp(23.2%) = 820bp
(235%)Z Tt AEHATE Hada 3918 4= o)
2 AFoA e dRE5EH 228 8o7le] S aureus £
4TE 7KL coa A4 AE tets AAISH Aol <3t
Table 3Ae} 7o) BE HaldFolA coa Akl FAdnke
< Yepdnh 28] =3 PCR AHES] amplicon sSze=
500 bp(2.4%), 580 bp(17.4%), 660 bp(61.6%), 740 bp(17.4%) =
820bp(12%)= T /7T HE=HIATH

Hemolysin S8t &

S aureus’t 7HAAL e E4 EZF| exotoxing! hemolysin
(Ed52)0] Utk S aureus?] hemolysin typeS 5%2] sheep
blood”} 3H+2 blood agar plaeBAP)OIA AETE gafsl=

e HojFo] 287} F1 B-hemolysne A% 888 B
o]F=o] dear hemolysis zoneg FAJ33L y-hemolysine &34
o] glojA &8yt Holx| ket 13y o]d 31FC

o] BF71EL o] E3hAe o] ol BFAl B #
ARE op7lgttt olge TS Hebstaal mEF | &3t
A 31 PCRE ol&5}e] hemolysin §32Hs AEshe W
2 gol AgdoiX 2 . B AHeA 86712 S aureus
275l g hemolysin %} A& AFE 2ARF d3e
Table 49} 7¥o] RE #FoA hemolysn 327 AEE AT
gk AA2RE 2 M9 5 (hd 32 RAE)E A
%t 2E HElgdF+= hemolysrell tlale] 2% o tg £F7
o] multiple geneS 2831903, 2 = 4770 IF(54.7%)7F hla/
hd/hg2 fAAS 2% 248 3524 71g Be Bxs

YeIEE o= Kang 5(15)°] H-frellr £2I3t S aureus &
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Table 4. Results of PCR detectionson hla, hlb, hid, and hlg-2 genes of S. aureusisolates from lettuces and raw milk

No. of positive S aureus isolates (%)

Hemolysin genes

Lettuces (n=37) Raw milk (n=49) Total (n=86)
hid 0 48.2) 4(4.7)
hlaandd 17 (45.9) 14 (28.6) 31(36.0)
hid and g-2 1(27) 0 1(1.2
hla, dand g-2 19 (51.4) 28 (57.1) 47 (54.7)
hib, d and g-2 0 3(6.1) 3(35)
Total 37(100.0) 49 (100.0) 86 (100.0)

Table 5. Results of PCR detections on sea, seb, sec, sed, and tsst-1 genes of S. aureusisolates from lettucesand raw milk

No. of positive S aureus isolates (%)

Enterotoxin genes

Lettuces (n=37) Raw milk (n=49) Total (n=86)
sea 11(29.7) 21 (42.9) 32(37.2)
seb 0 0 0
SEC 0 0 0
sed 0 1(2.0) 1(1.2)
sea and sed 0 4(8.2) 4(4.6)
tsst-1 0 0 0
Totdl 11 (29.7) 26(53.1) 37(43.0)

2l 5 multiple hemolysin gene &-f-d7F 55.6%3th= &
319} Sdasia 5(28)°] 1=UIAoFe] centrd Javar| el €-frol
Al 223k S aureus E2ldF % multiple hemolysin gene 4~
dF7h 21.8%% el F 7P w2 ZEPEE v
ool Bug Aol fFAFSHIAT

Enterotoxin, TSST-1 98X} A=
Staphylococca enterotoxin Al Al gastroenteric syndrome
< 427 AY toxic shockS doZ 4 U&= extracdlular pro-
teinelth. S aureus’t 5241 W 4R enterotoxing FH150]
4ol wa} SEA, SEB, SEC, SEC, SEC, SED, SEE, SEG,
SEH, SEI 3! SEXF] 1K &d¥o] Base] 3lom, SEF(E
© TSST-l)= 1873 F o] Harxo] Qlrk B3k 2ol Owin 5
(292 superantigenicity, pyrogenicity, enterotoxin®] X|Al& 72
ST Bl AAERE 7HXE SEKE sl
H 3T
Staphylococca enterotoxine in vivo 5= in vitrooll A A&
2 Aol o8] AEE F Jorz A Yol a5
latex agglutinationel] €13t HE Wgo] dnbzlor de] o]8x
o] gk}, 18y post-genome At 2ol flollA BaE
staphylococcd enterotoxin -312ke] H7IAMHol =] 15
o] &3 PCREMEC] &s] AFEo] AP ORE o]

HATE sl el YRE5E #e$t S aureuss PCR
WS- o] 8-5lo] gaphylococca enterotoxin FHAAS AAE 2
3}, Table 50419} 7o) 867112] S aureus EEld5 5 3rdF
(43.0%)7} enterotoxin FFAAE AF3HTE HEEE By
sa AL RHAFE120EA PP R Uehton | sd
T2} 17 (11%), sa9t sed A 25 HEE 2
FE 4745 46%)FTE ©lE= Lim $(30)0] Bis A-f=5E
EZgt S aureus FE F sea RS &S 57T 19.3%
2 7K A et 23l Xt 3 ofE £

1]
o
=

FAF2EE EAS enterotoxin A7 AEEH 2
oAlA 1 FHAZHFE SFEE enterotoxine] HHE =
dEHA JoEZ(31), PCRE T3l A2 £ A3 A= ¢
HkE o2 2Fo|A EE|H 4FF enterotoxin type A7t
AEHYL By 7|1Ee] APEAREY AL & 5
t}. Casmen 5(32) vl=4t WEAEs folr] Ealg
EEATHOE H4 A AYEES 3 23 enterotoxin type A
9} UE typed] £330l 50% °)4S A st FHoIME
enterotoxin type A®} D7} A|2] 3v5%E *FAI8I5eH, E3] =
2AET AEAEFY S 6%} enterotoxin type A9t TFE
typee] S olzta B3t B, Sokai 5(33)2 UolA|E
oF 21 &A|FolA enterotoxin type A, B, D % Ce] H]&o] 7t
7} 57%, 15%, 6% 2 5%ty Bt SEvEke] Aew
AxtolA E2g S aureus 5l hall enterotoxing Al &g
Zs}ol 2|3 enterotoxin type A7} 425%= 7% =7 YEr
v B AoA s AT 22 NEE 7HEE Aol o
X3 THE).

3, B Ao e shet sec B tsst-1 FARE HAEHA
2okt ol ASAIENA s B sd FHAT Hol HE
Atk theo] Byl Aolslsith. Hazariwda $(34)9 71+
F fd S aureus 250l st enterotoxin AR A&
ANES 3 Aol o5 sen, seb, sec ¥ sed AR A2t
12.2%, 2.4%, 2%} 244%= 7V7} AEE0] sec B sed 3
2k & Hlw=rt =90t B$o| Sdada (282 Y9 Hese
Ak e Be S awreus FFEEL w9 sd FHAE
z+7} 57.9%9} 158%% H-gslal ok B skt EE
Sharma 5(35)°1 olste] Yo =HE E2¥ S aureus ]t
Fo|ME s FHAT 3.0%, sec SHAE 61.2% 283 sea
o} sc A7 9.0%H bzt AEHIUL, THFOA E2lE
S aureus ¥2ldFolME sed FA7F 500% HAEFATL B
3T} A Klotz 5(36)2 4/delx EeElst S aureus £
dToIME s, s, sec ¥ sed 3R] AE g 129%,
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Table 6. Results of antibiotic susceptibility testson S. aureusisolates from lettuces and raw milk

No. of isolates (%)

Antibiotics Sources - - - -
susceptible intermediate resistant
L ettuce (n=37) 23(62.0) 13(35.0) 1(3.0
Chloramphenicol Raw milk (n=49) 31(63.0) 15(31.0) 3(6.0)
Subtotal 54 (62.8) 28 (32.6) 4(4.7)
Lettuce (n=37) 37(100.0) 0 0
Ciprofloxacin Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0
L ettuce (n=37) 3(8.0) 2(5.0) 32(87.0
Clindamycin Raw milk (n=49) 4(8.0) 6 (12.0) 39 (80.0)
Subtotal 7(8.1) 8(9.3) 71(82.6)
Lettuce (n=37) 23(62.0) 12 (32.0) 2(6.0)
Erythromycin Raw milk (n=49) 28 (57.0) 11(22.0) 10(21.0)
Subtotal 51 (59.3) 23(26.7) 12 (14.0)
Lettuce (n=37) 37(100.0) 0 0
Oxacillin Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0
Lettuce (n=37) 37(100.0) 0 0
Penicillin G Raw milk (n=49) 48 (98.0) 0 1(20)
Subtotal 85(98.8) 0 1(12)
. . L ettuce (n=37) 37(100.0) 0 0
Sj?;“ﬂﬁ‘ﬁggz“(;e Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0
Lettuce (n=37) 37(100.0) 0 0
Vancomycin Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0
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