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Molecular Typing of Staphylococcus aureus Isolated from Blood on the Basis of Coagulase Gene

Polymorphism and Toxin Genes

Yong-Kyun Kim, M.D., Jae-Seok Kim, M.D., Han-Sung Kim, M.D., Wonkeun Song, M.D., Hyoun Chan Cho, M.D.,

and Kyu Man Lee, M.D.

Department of Laboratory Medicine, Hallym University College of Medicine, Seoul, Korea

Background : Coagulase is produced by all strains of Staphylococcus aureus. The 3" coding
region of the coagulase (coa) gene contains varying numbers of 81 bp tandem repeats. S. aureus
produces a variety of extracellular protein toxins. Here, we typed S. aureus strains isolated from blood
by coa gene restriction fragment length polymorphism (RFLP) patterns and toxin gene profiles.

Methods : A total of 120 strains of S. aureus were isolated from blood cultures during 2003-2006
at Kangdong Sacred Heart Hospital. The isolates were typed by PCR RFLP analysis of the coa gene
and by multiplex PCR for detection of genes encoding enterotoxins (sea, seb, sec, sed, and see),
toxic shock syndrome toxin-1 (tst), exfoliative toxins (efa and etb), mecA and femA.

Results : All the S. aureus strains were classified into 16 types on the basis of coa gene RFLP
and could be further differentiated into 34 types according to the combined patterns of coa gene
RFLP and toxin gene profiles. Of 85 methicillin-resistant S. aureus (MRSA) strains, 43 (50.6%) and
36 (42.4%) belonged to the RFLP pattern L5 and pattern L1, respectively. MRSA strains belonging
to pattern L5 frequently carried tst (93.0%) or sec gene (81.4%), and strains belonging to pattern
L1 frequently carried sea (88.9%) or see gene (44.4%). The rate of the pattern L5 in MRSA strains
increased over the past few years and was higher in intensive care unit than in other wards.

Conclusions : We typed S. aureus strains isolated from blood on the basis of coa gene RFLP and
toxin genes. The strains belonging to coa gene RFLP pattern L5 and L1 appeared to be the major
types of MRSA isolasted from bacteremia and revealed specific toxin gene profiles according to
the coa gene RFLP patterns. (Korean J Lab Med 2008;28:286-92)

Key Words : Staphylococcus aureus, Coagulase, Restriction fragment length polymorphism,
Enterotoxins, Methicillin resistance
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Staphylococcus aureus= HUHEL XA 5749
o] 9 WA O & thFet AeS otk wE MY g +

ZF9o] 3 o|% methicillin—resistant S. aureus (MRSA)°||



Coagulase Gene Typing of S. aureus

ozt HArde A AAH & Fagt ZAZE =lon, S
= o|g2 7|3l A BelH S aureus 5 MRSA+ 68.8%2 H
= 1. S. aureusoll &3t HEF9] ¢ 1 AL 4
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S. aureus w5-9] 8] £AS 913 7 2= A W
A¥, 49, EElE, wAlEelE, pulsed—field gel
electrophoresis (PFGE) ¥ PCRe] 7|9t Wl So] AR-¥
th. PCRel| 75kt W2 1650l 4 5-€] 233714]2] rRNA inter—
genic spacer region, coagulase 44+ 2 protein A -4}
5 o]&=_ItH2l.

Coagulaset= BE S, aureus w54 AAte= A3Ze]
o g HAMOA S, aureusE FAsH=Yl dlo] F837ES
2 AME T Q3] Coagulases A ZREEZHIS ZHAS
AA RS sk, T 5o taiA = =7kl SiTHA4l
Coagulase® Y3l fAAke] 387 7] et 9jol= 81
bpo] WHEEE A A7 gEe] EAst=, ol ot
71 RHEE = 420} 7] A Hofl AtelE HRITHS, 6], o213t coag—
ulase frAAFS] thg ol 7IRbsto] RS EA5H] S8l
PCR % AgtaAZHZAo|ttg A (restriction fragment length
polymorphism, RFLP)H-& ARESE of 2] Hi50] QIeH7-11],
s 3001 7l o] Qlmass Aiteh, tiA el
EAREE A=A(staphylococeal enterotoxin, SE), toxic
shock syndrome toxin—1 (TSST-1) ¥ E3]4}2]&= 4 (exofo-
liative toxin, ET) G°] QItH12], SEt= thA 7H9] 8 3%
(SEA, SEB, SEC, SED 9 SEE)S #Z3Fsto] 22717 19719)
gegol deA glom[13], TSST-1+= 7HS] EFF o] ¢~
Qltt, ET+= ARl Al A staphylococeal scaled skin syndrome
(SSSS)¢] Ale] Ejw, WETH S AR 11 FdF
A ETAS} ETBZ &5€rH14]. ol2fdh 549 d452 9%

o

S. aureu

AbETE wE L gIzksh | A A o] W Tt Akglo] o
O] AR RE AlF8h= S 7S, 16],

B Ao A= 2003 5E 2006E7H] A7 3R Y
sixto] Follo A Bel® S, aureus #FES AR coagu—
lase §787F 3" o] th¥4d £915 PCR RFLPH 2 4
1, S 2 2 mecA F-HAHE TS A A

o PEste], 1 HAF WS Tkt S,
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1. 2L ANEE

Lo

20039 1€+5E 20061 129704 SHel ot Z-5/d A o]
ARl Q=) FHufFHA 55U el 2% o) =
Hol #8350 deler AAE= S aureus 120575 L=
skt #59 548 coagulase, DNase ¥ mannitol salt
agar HAF} Microscan WalkAway 96 (Dade Behring Inc.,
West Sacramento, CA, USA)S ARSI ow A A
FAR= Microscan WalkAway 96 (Dade Behring Inc.)& Al
ottt BelE e AR &g ol —70°Cefl 2
watelct,

HAZE ol=j5 2hat AF ) SRS 61441011, 671 HolA
A 7HA] Theket RS EgFelaith. hAke] e EA4t 69
g, ok 517el i), ARhEsolA 705, FEAEOlA 475
7F &Sl e, 35= AF A7 IR btk deo]
2t 2003l 212, 200440 425, 200540] 247 2006\
o 3357+ A=

of

2. DNA &

=70°Ce]l H=|Qd 5 AP Aol HE5te] 37°C,
5% COy 7oA 24A17F v} 3 InstaGene Matrix (Bio—
rad, Hercules, CA, USA)& AMg-sto] A|2ALe] 2| Z T2 DNA

£ F=319.
3. Coagulase 3% XHcoa) PCR RFLP

A= coagulase 2] 3W F7ILTHRES] e w
S FHES =oeHEA AMEA ol o B97t 23R
RS 7|E] Ak AS ARk o, 9714 EE COA-1
(ATAGAGATGCTGGTACAGG)T COA-2 (GCTTCCGAT-
TGTTCGATGC)®]tHIl. BF-HL 10X buffer 5 L, 22+ 2.5
mMe] dNTP 4 xL, 20 pmol®] Z- A[ZA(COA-1, COA-2),
1.25 U9] Taq polymerase (Roche Diagnostics, Indianapo—
lis, IN, USA) 9 InstaGene (Bio—rad)2-2 23+ DNA tem—
plate 10 uL& FA4I5}F0] & 50 uL.& THEQITh Hh3-2 Master—
cycler gradient (Eppendorf AG, Hamburg, Germany)E A
gto] 94°CollA] 4527 AW - 94°C 202, 57°C 45%,
70°C 152 7] =2 353] HhEstglon, FAHS2 72°Co

e
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A 1087 AR, WhgARES 2.0% oF7FR e 20| Yar,
1X TAE buffero 4 100 V, 30& 52t #17]953ko] Eelsl
t}, o] % BhARE 20 uLE Alul (Hlo] Yo} oA, oigtyl=)
2 UE AHgsto] Al2Are] A2 A ziTh Adhe S354k
E2 2.5% opfRe =7l Yol 1xX TAE buffer, 100 VoA
30+ 53t 715 = Felsialet,

e

4. Multiplex PCRE S8t S4 |8 U mecA |MAL 4

A= Mehrotra -5[17]2] ¥ ol whel = 742 9] Z23H(set
A, set B2 A5} Set A 289 H-3-H0- 10X buffer

Marker S M L

XL Marker

Fig. 1. Agarose gel electrophoresis of PCR-amplified coa genes
from S. aureus strains. RCR amplification with primers COA-1 and
COA-2 [9] resulted in single fragment bands of four different sizes:
S, M, L, and XL. Marker Lanes contain molecular size standard
(100 bp ladder).

2 S 2
®'§ > & &K \\$ 3

S e e

10 L, 22} 2.5 mM2] dNTP 4 4L, 0.5 mM2] MgCls 2 zl.,
20 pmol®] Z AJEHAI(SEA, SEB, SEC, FEMA), 40 pmol9]
SED A, 60 pmol2] SEE A[EA|, 1.25 US| Taq poly—
merase (Roche Diagnostics), DNA template 10 L2 43}
o] & 50 ul = W=} Set B &3] HRS-olS 10X buffer 5
4L, Z¥7+ 2.5 mM2] dNTP 4 4L, 0.5 mM2] MgCls 1 uL, 20
pmol®] ZF AIA|(TST, ETB, MECA, FEMA), 50 pmol®] ETA
ATEEA] 1,25 U9 Taq polymerase (Roche Diagnostics), Insta—
Gene (Bio—rad)2-= DNA template 10 L& +43}¢] & 50
pLE TEQIL HES-& Mastercycler gradient (Eppendorf
AGYE AR, 94°CollA] 5E7E A & 94°C 135, 53°C 13,
72°C 302 7|2 353 WHnohal, HF AR 72°C oM 7
B AT HhGARES 3.0% o R e 2 o] Yol IXTAR
buffer, 100 VoA] 35 5 A719E S =Helskairt.

g
1. coa FHX 3719| Ctkd
S, aureus 1205 25X coa AR} HEE R LW, Ishi-
no S10]0] gt A7] B771Ed et S, M, 1, XLE &3}
Ral(Fig. 1), ZF2}F 655(6%), 1352(10.8%), 975%(80.8%), 45+(3.3
%)7} 3Gk oAct.

2. coa §HA2| PCR RFLP &8

coa §7749) PCR $EAMES Alulo.2 X235 F H7|9%
sto] PslAckFig. 2). & 1671419 RFLP §-30] vehge

Fig. 2. Agarose gel electrophoresis of PCR-amplified coa genes digested with the restriction endonuclease Alul from representative strains
of S. aureus. Marker Lanes contain molecular size standard (100 bp ladder).
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), S 2719 coa FHAAE 37HA(HF S1-83), M Z7]%= 57}
A8 MI-M5), L 27| 77H(&F LI-LD), XL 2719] 7
& V¥ XL D] 58S YeRfdet. 1205 3 RFLP
L1799 Looll Sgshs #5471 242} 375308909 465
(38,302 %& MES AAFAC, Yoz fREL 150
A 85714 alfstithTable 1.

3. S2 RUAL A U mecA |RMAR| AE

1205 & 945(78.3%)°M1A 3t o9 =4 A& 24l
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Ao sear 4977(40.8%), sece 40533.3%), see= 247
(20.0%), tst= 475(39.2%)°l4 HEE STt seb, sed, eta E
= eth7} AEH FF= ST femAs 1205 RROA HE

EJom, mecAs 855(70.8%)M14 AEH ik
4. HEIME! Yol E RFLP REM =2 |FUX G4

Microscan WalkAway 96 (Dade Behring Inc.)2] &tA|
Ul @Al Al MRSAE AA] 1205 5 855(70.8%)¥oH, &
T mecA 777} &= %tk MRSA 855 RFLP #9 S1

I

Table 1. A number of 120 S. aureus blood isolates according to RFLP patterns, staphylococcal toxic genes, mecA gene, and methi-

cillin resistance

PCR-amplified RFLP

- : N Toxin gene mecA gene MRSA (N=85) MSSA (N=35)
coa gene size pattern
S (N=6) S1 1 sec, tst + 1
S2 1 - + 1
tst 1
S3 4 sea, tst - 2
sea, see, tst - 1
M (N=13) M1 1 - - 1
M2 1 - - 1
M3 1 - - 1
M4 2 - - 2
- - 1
M5 8 sea - 3
see - 1
sea, see 3
L (N=97) L1 37 - - 1
- + 4
sea + 16
sea, see + 16
L2 3 - + 2
sec, tst + 1
L3 3 sea - 1
sea, see - 2
L4 1 sec, tst + 1
L5 46 - - 1
sea - 1
sea, see - 1
- + 2
tst + 6
sea, sec + 1
sec, tst + 32
sea, sec, tst + 2
L6 4 - _ 4
L7 3 - - 1
sec - 2
XL (N=4) XL1 4 - - 4

* The categorization of size of coa gene is based on the size reported by Ishino et al.[10]; ", The coa gene RFLP patterns are arbitrarily categorized in

this studly.

Abbreviations: RFLP, restriction fragment length polymorphism; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S. aureus.
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S2, L1, L2, 14, L& Yepdon Z2h 15:(1.2%), 155(1.2%),
365-(42.4%), 37(3.5%), 15:1.2%), 435(50.6%)HTHTable 1).
MRSA 855 F 765(89.4%)°1A4 st} oide] =4 FHAE
7k 9l9l o sea, sec, see, tst7} 27t 355(41.2%), 385
(44.7%), 165-(18.8%), 435-(50.6%)°l14 HAZEAct. MRSA
T 38 9 L1} LoolA 242 B4 E4 Ak Rl=rt
k=t 73 L19 365F 3 3277(88.9%)01 A seas 2+l QL
on o] & 165(44.4%)NH= sea?t T sees 2+aL Q)
o}, 8 159 4350014 405493.0%)014 tstE 2831 Q)3
o o] F 345(79.1%)°1 Al tstel FAlON secE ZEaL AT

Meth1c11hn susceptible S. aureus (MSSA) 355+ RFLP

3 83, M1, M2, M3, M4, M5, L1, L3, L5, L6, L7, XL1Z
yepon deldd Widtel Bis) AiHor ohekst £
ZZ HgtHTable 1). MSSA 355 % 185:(51.4%)°] 4] 3k} o]
AL HEE0] MRSA H]8] W& RI=E e}
WO sea, sec, see, tst7t 22k 145(40.0%), 25+(5.7%), 85
(22.9%), 145+(40.0%)°1 A HEE| At}

MRSA®} MSSA7} -sAloll Uebd RFLP 3 L1d L%
on Yz foi= Rl w5 vE A WA
o] FEF ), RFLP 438 L1} L5 #5358 i MRSAS
ow L19] #3F % MRSAE 97.3%, L59] #3 % MRSA=
93.5%%tt,

32 32 M}r

Ao Ea

4

=

5. AT o

i
HI

Sz wel MRSAY] WlEl 20034 57.1%, 20049
69.0%, 20054 79.2%, 2006 75.8%%ch. MRSA % 7V4 %
23 RFLP 43¢ L59] #552 Aol what MRSACIA] 2¢

Ash= HlEr} S718H= 2A1E BATH20034, 25.0%: 2004
W, 55.2%: 2005Y, 47.4%; 20064, 60.0%).

6. ECIE HI mE A

MPPEANN T0%, FEAAA 4757} Relggion] 3
Fe gaE T 47} gl om}bﬂiow BejE 105 %

MRSAE 455(64.3%) A2, 323 RFLP 432 L1¥} L62

K Zv2} 227(48.9%), 205444 P sfgatlet. SEAA
A BelE 47F % MRSA= 38T( 0.9%)% A¥hgso] vls]
Hw=7) =gkon) Q3% RFLP 432 L1} 152 212 135
(34.2%)2} 235+(60.5%)7} S G3FACE.

S. aureus® coa §74+9] 3 W] iAol 7|Hste] £
& B8 WH 225 PCR RFLP Wiolu 23 947141
g Bajo] AMSHETHT-11, 18, 19]. F71NF £4o] &2 it

S Hol: 2R gefA YoHI8, 19], & AtelAs U
Wgel weldat a4 9 goleke olF2 PCR RFLP W&

»—-,t:O

9k AFHE A9 *dE“oﬂ E}E} coa A 3719} RFLP &
GollA] 2ol 5 Holu[7, 9], AA7IA] B3 HHE Qict, 2
AFolM= coa FAAS] A719F RFLP F-&0] Z2H2; 47hA)9}
167HA17F Yettont, 2 Aot Fdeh Wils ARE-SE Hookey
S9]9] Ruo A 22k 471419} 10714], Ishino ${10]9] Rl
ofH= 22 87kA19k 317FA17F Urekytet, d-tell whek RFLP
T2 ot 57 th=2A Yehve S i =59 9
2 A1 9 A5k w7 5o Apolof|A 7]QlshE Ao A
o}, 2 Aol coa f-HAFS] A7) Ishino F{10]0] B
7)o whet S, M, L, XLE 2535194, RFLP 432
Al dlolelE Blask=d] o#&o] §lo] & Aol U=

s
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ZAAFe] RFLP §-&ofl 2 S, aureus w52 £42

71X E EAolu PRGE WHe] vlsf E o] 3 2o
cH18-20]. 3}k RFLP o] tﬂrﬂ} o722 HE
dFE TET = ], Y 24 vsiA=
25 Ho|H arbekacin—resistant MRSAE -3}
}u}b Bk QIoH10l. F=rolAl S5 MRSAE
B M= coa §-42F RFLP f@&40] Al%5
—“%’ﬁl, upA|eto] g of WP} Hlwsto] th5et RE Y
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7]29] HiEof A MRSA #5552 RFLP #%2] 4= MSSA

of wlal AjHor AL Agi UERdtH7, 9, 1], &¢It
A% MSSA9] #EEoll4= 24 16 7FA] 2] RFLP 43 % 12
7HA7F bk on MRSAS] #EEo A= AdH R A2 5
7FA 9] §3o] Yelytt), E3F MRSA 853 % RFLP &3 L1
3} 157} ZH2F 3659 4352 MRSAS] thH-5(93.0%)S 24|
1=, ol2fet YA MRSA @55 71 & 4147 oA
Tk A QlE Ao m 721,

B oA Z4 AR HIEE sea, sec, see, tst ZVZ)
40.8%, 33.3%, 20.0%, 39.2%%2H, seb, sed, eta, etb= 7
SEA] ot MRSAoIA 9] 54§72 WI=(89.4%)+=
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MSSAA(51.4%) Rt} =A Yepgttt, ol2fgh -2 el
A e St 2 B At fAksklcH22) sAIRE
=Y x99 FHufFHA oA EelE Foll A= sea (17.4%),
seb (5.9%), sec (8.7%), sed (10.5%), see (0.5%), tst (18.3%),
eta (0.5%), etb (0.0%)] EEE Ko 2O 2 seb, sed’t
=2 RIES YehaL, WEAR Yol whet S ke vl
L7h o8k Aol & KoA] ¢h= A o' Yeh=t[23, 24], ©]
313} 54§ HXP‘—’J FE atoli= A Yof| whet Eazsts F

2og g7t

B Ao M= coa §-4AH] RFLP 433 3 54 f44
74%5 Foto] FHF 9 FdS werstarat sql E} e
Z1A19] RFLP -3l whet 167HA = BR=glom,

= %XJZH ol wet 347kA1 9] fE o' AlEE 4= S
tHTable 1). MRSA 855 & F83% §-43 9 #5% sec@t tst

£ 7231 Qe 157} 325(37.6%), seas Zal QJ& Lio] 165
(18.8%), sea, seeg 21l 3= L1°] 165:(18.8%) %t 53,
RFLP #% L5+ Ishino 5{10]0] YA EejE MRSAS]
T1%% AFAFHRIL HAg RFLP 83} 5Ug 2 o2 471E]
£, 422 MRSAIAE secd} tsto] & RIw=7} Bl vf
ATH25].

Aol w2t MRSA 5= 3 3 L5 #59 WlEe F7Fk=
FAjolH, FeEAA ol A o] M%7} URE HFH Tk =THB0.5%
vs 44.4%). o|2gt oFdel UL wel7] gk F7HEl AT
= 2% o8 Az,

B A Lol A Fape] oA BelH S, aureus TS Of

FO & coa A RFLP 33 54 %XJXPOH et A
FS Theretoit. coa §-44 RFLP 3 L % L19] #5327}
% Ao A HelE) 20 MRSA #5322 42
=, RFLP #-3¢ w2t 54 54§42 43S 2ok

S. aureus &

o ot
o
BH& : .= Staphylococcus aureus= coagulaseS AJAFst

t}, Coagulase +32Hcoa)2] 3" Wito= 81 bpe] HHAE=
H71M Dol EZARITE S, aureuse o2 EaE AAkRiTh
B AL M= coa FAA] AlstEAEH ]olﬁ}%*é(restnc—
‘L]. A=
w25 S, aureus iL-r*g-—J A

tion fragment length polymorphism, RFLP)
7R ool uret HelolA] B
gL Bt

T o= 1

2 : 2003958 2006 37H4] a4 ] danigd
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AlollA =8% S, aureus 12055 L2 3F3Tt. coa 741
A= Ao 2 PCR RFLP B4 Algistglon], AE4G2%)
(sea, seb, sec, sed, see), toxic shock syndrome toxin—1
A tst), Fo|ere] 54502 eta, eth), mecA 2 femA 541
At E SRR A eSS Al3stSint

A BE S aureus #FE coa AR RFLP §-30l
et 167H4 = EFE e, a4 fARke] bt dAnx|of
347 R ERE %t MRSA 85¢F % 4375(50.6%)+=
RFLP % L501910m, 36w542.4%) +3 LI1glth 42
L5¢] MRSA -FL—rOﬂHh tst (93.0%)2} sec F-2K81. 4%)7}
=0 uEg AZE 44 119 MRSA w50l A= sea
(88.9%)2+ see & JX} 44.4%)9) W=7} =90tk MRSA w5
T 1% L5 o9 Wl Ao et S7lste FAloM, &
SRR o] A 0] W=7} dRbs R ok =Sttt

Z2E PN Z2lE S, aureus = HIAL
2] RFLP 3% 54 f-3%k] o) 7413

o

= coa 1 o
BAEIAE coa S-AAF RFLP §3 L5 9 119 #5327 4383
Rfof A Hejel= 20 MRSA w52 AZEv, 247 E4 &

4 A R3S Uehigict,
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