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Correlation between Saul Restriction and Modification Complex Type
and Coagulase Serotype or SCCmec Type of Staphylococcus aureus

So Yeon Kim, Soo Myung Hwang and Kyung Soo Chang

Department of Clinical Laboratory Science, Catholic University of Pusan, Busan, Korea

Staphylococcus aureus coagulase serotype I to VIII isolated from clinical samples could be classified into two groups,
methicillin-sensitive S. aurues (MSSA) and methicilln-resistant S. aurues (MRSA), by antibiotics susceptibility and
existence of mecA which is a gene related with methicillin resistance. Coagulase serotype I, VI, and VIII were MSSA
which showed different antimicrobial susceptibility. Coagluase serotype II-V and VII were MRSA in which mecA and
SCCmec were detected. To analyze Saul restriction and modification (R-M) complex types by coagulase type and
SCCmec type, saulhsdR, saulhsdM and saulhsdS genes involved in Saul R-M complex were detected by PCR, we
found five complex types such as M1, R,M2, R2ZM2, R,M2S1, and R2M2S2. Coagulase serotype I, VI, and VIII of
MSSA were M1, R;M2 and R,M2, respectively. SCCmec type Il and coagulase serotype II, SCCmec type III and
coagulase serotype III, SCCmec type IV and coagulase serotype V, and SCCmec type IV and coagulase serotype 1V,
VII of MRSA were Saul R-M complex type R,M2S1, R2M2, R2M2, and R2M2S2, respectively. Taken together,
correlation between Saul R-M complex types and coagulase or SCCmec types of S. aureus was found.
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g 7 5 F39] Y Altvre] methicillinel] W43
S =3ty 2y, 2 SElvketel EeE e
MRSAE UlH-¢] homogeneousd &2 Sk 5= F
9] Alxte] metheillinol] gk MIC7}F =T} (8).

S. aureus®] W53 A} F AL ER[GMAIT O 2=

coagulase, Panton-Valentine leukocidin (PVL), staphylococcal

B v

enterotoxin, toxic shock syndrome toxin-1 (TSST-1) 5-°] A2
™, ©]% coagulasei= prothrombins &/d3}ste] A4
< AfaR WA s SaTIE 2, A4
| Abel A EEE dTol e 859 EHE (VI
Lo Bold #FolE 2% d3F (IX-X)o] B
YT} 4, 9~12). 19801 F-E] 19943¢]] H-2]¥ MRSA
9] SCCmec type@} coagulase types H|ulshH EHAA| oY
A AET} 24E38] 352 coagulase 13 2 SCCrmec type IV
Fol - A8 (13, 14).

MRSAS] WA FHx 2 F4A Wg A=
mobile genetic elements (MGE)2] =3 A 3}ol o3 &4k
ok oF 15%9] S aurues™ bacteriophage, transposons,
plasmid®} #-2 MGEE 7HA|aL Qlt} o]l MGEZ A+t
T S 21T 5 e AL Al A 2%
2zt g dek (15~17). Aol €159 DNAE
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restriction-modification (R-M) system ©]-&3}= Z o]t}
R-M system> Al 47}A] 3ol EA8HH, type I R-M
system= T3AQl EIAE FAJ3IH  endonucleolytic
activityS 13l ATP, Mg2+2} S-adenosylmethionine (SAM)
o] a3t} Type II Al¥FE A 100 kDak vt} 22 &
Ao @ ol T1716lal endonucleolytic activityE 913
Mg2+it B w s, diike] 54 F-elvke el A
WA ESE Aol g AREskar Qlvk (17, 18). Saul
type I R-M system= GAA o Ax3H & M| hsdR
(restriction) A%} F 7H¢] hsdM (modification) ™} hsdS
(specificity) frAdAHE 7FAaL Qlom, o] 5 M2S B
R2M2S9} 22 B35 FA ST M2SE SAMO 24 E
adenine 7|0l WA7] Aol& FHullslH, Algta A2 HE
DNAE R& 3} ROM2S H3HA= Alta a2, target 4
71D T wA77E ZolUA B2 FHES Q1A Eke] H]
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o] S B UIAT (7). 28U, coagulase type©ll
wre} B A SCCmec type®] HFE71 digh dig-S 24|
. w2 AFeA s A A Ak
ol B geste] &S WX Saul R-M system?]]
grelol = Al JHel AR saulhsdR, saulhsdM 3
saulhsdSE #-213}9] coagulase type™H = o3t A5
FX5HH, SCCmec 74X 2 methicillin WA 2Fe] Ak

e FEsas ¥ ATE Fasg

ke

=

type I~VIIIE 55 3 (Catholic University of Pusan,
Busan, Korea) 0 2 H-E| #oF wlo}l Ag3a A3l
1, coagulase type™H 2 5T ©°S A E3IATE Coagulase
4% A 8F< % (Denk Seiken Co, Tokyo,
Japan) S AME-3}o] Hwang 59 WHHS o83l A3}
STt (13). T Z coagulase type I, VI, VI MSSA©] %]
o1, -V} VI MRSACIRIT. REdT2= ATCCOl
A BOEO. S qureus (ATCC25923)3 AHg-aloith #5
T 2 A= mannitol agar (MSA, BD Diagnostics,
Hunt Valley, MD, USA) 2! nutrient agar (NA, BD Diagnostics)
of st & = == brain heart infusion (BHL
BD Diagnostics) brothol] ] %3} coagulase test, 345 Al

A AE 9 genomic DNA 55 G333t
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SR 24 NE
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T 48A1%F v Fate] Al Al TS AR QD] A
Ao} CLSI =52 E 7Fo =2 AA8S A48 Abs
W AERA7]9] GPS 451 kitE o]-&3te] A TS

LB S A=
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HH° NG 4ColA 12,000 pm o= 1027
QUEAT T ARG AAD
(0.0015 gml) 300 ul= F7Fske] Aekmukaieich. 2k
F710NA 37CE IAIRE W7 &

Al ZF vk &
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pl H7pet
25:224:1) 700 plE 743 5
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F 70T 65TelA 1584 FAgE 2
33] AA|sH3AT Phenol/chloroform/isoamyl alcohol (PCI,
Gagkek £ 12,000
BT NS A beell &

W F 9

Table 1. Primers and predicted sizes of PCR products for SCCmec type and Saul R-M complex genes

Primer names Primer sequence (5'to 3') Amplified sizes Target gene
Primers for SCCmec type SCCmec type
A CIF2 F2 TTCGAGTTGCTGATGAAGAAGG 19
S I
CIF2R2 ATTTACCACAAGGACTACCAGC
KDP F1 AATCATCTGCCATTGGTGATGC -
B I
KDPRI CGAATGAAGTGAAAGAAAGTGG
MECI P2 ATCAAGACTTGCATTCAGGC
C 209 I1, 11
MECI P3 GCGGTTTCAATTCACTTGTC
DCS F2 CATCCTATGATAGCTTGGTC
D 342 LILIV
DCSRI CTAAATCATAGCCATGACCG
RIF4 F3 GTGATTGTTCGAGATATGTGG ™
E I
RIF4 R9 CGCTTTATCTGTATCTATCGC
RIF5F10 TTCTTAAGTACACGCTGAATCG
F 414 I
RIF5R13 GTCACAGTAATTCCATCAATGC
G 1S431 P4 CAGGTCTCTTCAGATCTACG 381 A
pUBIIORI GAGCCATAAACACCAATAGCC
IS431 P4 CAGGTCTCTTCAGATCTACG
H 303 A
pT181RI GAAGAATGGGGAAAGCTTCAC
Primer for Saul R-M complex genes Saul gene type
hsdM1-FL TTA GCT TCA AAG ATG GCA GT
1,577 SaulhsdM1
hsdM1-RL GGG AAC CTC AAC TCT GGC AC
hsdM2-F CCT GGG AAT CTC AAC TCT GG
1,535 SaulhsdM?2
hsdM2-R GAC ATT CAC CCA ATC CTG AC
hsdR1-F CGA AAC AAG CGT ATT GTT GC
258 SaulhsdR1
hsdR1-R TGC TCT ACA ACT TGT TCC AC
hsdR2-F GCG TTG ATT GTA TTC GGG AC
2,810 SaulhsdR2
hsdR2-R CCT ACA CTA ATC TGA CGA GG
hsdS1-F CAA CGG CAT ACCATT TTT AAG
327 SaulhsdS1
hsdS1-R AGA CCT TCT CGA CTACCTC
hsdS2-F CAA TTA ATA GGT TGT TAT CA
1,220 SaulhsdS2
hsdS2-R ATG CAT ACC TGA AAG AACTT

Reference, Cha, et al. (7), Waldron, et al. (18)
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BTk s S Al wbeoll %71 F AFFA ] 2.54)
volume?] 100% ol&2S F71ek 3 20To|A 22417k
AN A 4TAA 12,000 pm & 2057 A F
70% oleteR AlFH o}°ﬂ°ﬂi Aol A Az
buffer?2 5o L5 43 $ PCR template=
,-20Coll A Btato] ARSI

SCCmec type & Saul R—M complex genes A&
2 28 PCR

S. aureus coagulase type™ methicillin®l] Tk WA 2L
A} Holol] #HoJ3Fi= Saul R-M complex FHAE £
7] $3l coagulase type I~VIIZH-E] =53 genomic
DNAZ o]&3lo] PCRE 883t} Methicillin WHA]
A mecA FAAE FSZ3)7] 218 primeri= GenBank
of A3 A7 gl wEbA Bio ToolKit 3202] Primo DOP
3.4 (Chang Bioscience, Castro Valley, CA, USA)E- ©]-8-3}¢]
AASIR 2™, SCCmec FAAE FE317] 218 primer

+ Cha 5 (7)°] AF&-%F primer®] Q714G wheka A
75}6]—919_‘51%, Saul complex FHAE FZ3}7] fJalA =
Waldron 5 (18)¢] A&-3F primere] 37|14 el ufe}A]
A ZFH3A T} (Table 1).

1% :10

PCR g &N 4ecuPower PCR Premix Kit (Bioneer,

AHE-8Fe], DNA A&
10 pME 2H2F 1w ¥ 53] 20 pl7}
A At mecAS FZ3}7) Hfﬂ PCR WHg-Z271S
94°C 30%, 55C 30%, 72C 139] HFo= 303 v}
1 7% Ao 7 PCRE F43)
5% agarose gel> E3fo] A
7]“5& /\]0} i, 7 %ﬂ‘:ﬁ*}”—q A7)k A7 LE
S &8t mecA FAAE SHHUES STk

Seoul, Korea)E (25 ng) 0.5 pl, primer

SY Kim, et al.

Z12]al SCCmec FAAFE S AA317] 918 A, B, C, D, E,
F, G, H 499 s|F= = primerE ©]-83 PCR WHg-271
2 94ColA] 537F 7] Whg, WHRRAL 94T 30%,
58°C 30%, 72C 139 #4& 303] WHEeRglom, vz
o @ 7TA 7% AFS=Z PCRE F =
H DNA A|5F 1.5% agarose gelS &3] H7|9&S
AA B AL, 7F FEAES] A7)9F F7IME
sko] SCCmec T AAF SEHH A5 21831t Saul
complex AR hsdM, hsdR, hsdSel Tlgt primerE ©]-&
3k PCR WHS-Z712 WbEZ7AYF 94°C 30%, 53T 30z,
72°C 239 HAE 303 Wk = ::4 DNA A&
+ 1.0% agarose gel-S &3t H7195S AAISH3aL, 7}
SEES] A7)9F A7 ERA]S F35H] Saul complex
AA7E SEEAS FRIEIh

2

:{o

Z2 1

S. aureus coagulase type's SMUA| L§AM H|m

S. aureus coagulase serotype™ A|EH TS W5t
AR FAAE AR FAA g A
Table 22} #9kT}. Coagulase serotype I, VI, VI oxacillin
(methicillin)¥} cefoxitin®l] 7748 Ho] T5F MSSA ¥
dA3g o= YT ©]F coagulase serotype 1< penicillin
o S Yeisley, coagulase VIE I VIIE-
penicillin®l] WS YERNITE Coagulase serotype II, 111,
IV, V, VI penicillin®} methicillin®l] W3S YER L
™, coagulase serotype VI cefoxitin®ll 74383} WA H
o] #FE ATt MRSAY MSSAE E& 7} vanco-
mycin¥} teicoplanin®] 754 YERN AT

Table 2. CLSI disk diffusion antimicrobial susceptibility of S. aureus isolates according to coagulase types

Coagulase type
Antimicrobial disk
1 1I 1 v A% VI VII Vil

Penicillin SorR R R R R R R R
Methicillin S R R R R S R S
Cefoxitin S R R R SorR S R S
Vancomycin S S S S S S S S
Teicoplanin S S S S S S S S

R: resistant, S: susceptible
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Figure 1. Agarose gel electrophoresis of DNA fragment
amplified from the SCCmec (locus A, B, C, D, E, F, G, H) by
PCR with specific primers. Lane M: the marker (100 bp plus DNA
ladder), lane C: S. aureus (ATCC25923), the molecular size of
locus A to H are 495 bp, 284 bp, 209 bp, 342 bp, 243 bp, 414 bp,
381 bp and 303 bp, respectively.

Methicillin L #FE28E SCCmec FTAH &7

MSSA FolA coagulase type®] W&} mecA T HAAE
7} 3L glo} olel tigk SCCmec types E1ste il
SCCmec types 73 4= U= A-H G tjgt 5o
primerE ©]-83}] PCRS AA|SH A3} MRSAZE #rE 4
coagulase type I, 111, IV, V, VII-> SCCmec type I, TV, III, TV,
IVE #H =)o), MSSA #2520 coagulase serotype I,
VI, VIOl A= SCCmec types H-7317] 93 A-H 49
of th3t 5ol primer®E SHAFEC] AY7]1A] o} SCCmec

type =7t =7FE SIS (Fig. 1).

(@)

Z39| Saul R—M complex

Saul R-M complex®ll 3E= = Al 79 F-HA}F Saul-
hsdM (M1, M2), -hsdR (R1, R2), -hsdS (S1, S2)°l| T3} Eo]
primerE ©]-&3% PCR Z¥}, 8712] coagulase serotype®l
A1 Saul complexi= =LA T F7F (M1, R;M2, R2M2,
R,M2S1, R2M2S2)7} A AT = M1E-E saulhsdM1
AR HEE ¥, RM2E S saulhsdR29}; saulhsdMI-2
AR AEE &, RoM2E2 saulhsdR1-29}F saulhsdMI-
2§ & &, RIM2S18- saulhsdR2, saulhsdMI-
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S. aureus coagulase serotype
Vo vl VIE VI

M C | Il n v

hsdS1
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20
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Figure 2. Agarose gel electrophoresis of DNA fragment
amplified from the Saul (hsdM, hsdR, hsdS) gene by PCR with
specific primers. Lane M, 100 bp plus DNA ladder marker, lane
C: S. aureus (ATCC25943), the molecular size of hsdM1, M2, S1,
S2, R1 and R2 are 1,577 bp, 1,535 bp, 2,810 bp, 258 bp, 327 bp
and 1,220 bp, respectively.

29} saulhsdS] AT AEFE ¥, RaM2923 2
saulhsdR1-2, saulhsdM1-2%} saulhsdS1-2 B5 A7}
HE=% Yolt} (Fig. 2).

Saul R—M complex®@t coagulase serotypedto| A
Al

el
el

e FHAE dol, 53] YA W At o] Al
type 1 RM 9&-& 3} Saul R-M complex typeE=
coagulase type'd = =213} T) 8712 coagulase serotypell
5579 Saul complex’} A2 HESHA 40| Hof )
ol FAEA saulhsdM-> Qg EeE BE
S. aureus coagulase serotypell X AEE o, EFTF
M= HEHA FUTh Saul-hsdM2 type coagulase
serotype IO AIWF HE= 2] k9o, SaulhsdSIZ} hsdS2
© MSSAZE #7 ¥ coagulase serotype I, VIZ} VIIIE o]
e AEHRA 9o MRSA Tol A= coagulase sero-
type I, TV, VII®IA] SI typeo] HEH NS, S2 type
coagulase serotype TVe} VIIIATE A& AT SaulhsdR
42} F Rl type coagulase serotype IO A1 TF HEF] A
9L o ™ R2 type> coagulase serotype II1, IV, V, VIO A2t
HEF AT} =, coagulase serotype <> M1, serotype VIZ};
VI R,M2, serotype 11 R,M2S1, serotype IIIZ} V&=
R2M2, serotype IV} VIS R2M2S22 [ Qlom,
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Saul R-M complex type< coagluase type = AF34do] 3l
wo] ER1% 31T} (Fig. 2, Table 3).

Saul R—M complex@ SCCmec S A& 1tol Azt
A

=

Saul R-M complex 283} methicillin W4 22| A+
A1 S PolE vl Table 39 & Hl9} o] A4S A
FAd o] lee] EIEAT MSSAT Saul complex 5 M1
TE RM20|%12 1, MRSAE R2M2, R,M2S1, R2M2S2%
e Saul R-M complex % DNA2] A|3tg A2 H-E
DNA " &3}ell oJsl| W53V saulhsdM < SaulhsdM1
< MSSAH MRSA® #AIRhe] 7HA]aL glo] 2l
At MSSAE SaulhsdS RS HEEA
SaulhsdR S-AA= SCCmec type VIZ} VIIONA SaulhsdR2
FrAAmE HEE Aok

SCCmec type' = Saul R-M complex typeS H]al3l|
W, SCCmec type IIi= R,M2S1, SCCmec type 1lI= R2M2,
SCCmec type IVE-S R2M2, R2M2S2 2 L ERHO] SCCmec
type I IV 25 saulhsdMl, saulhsdM2, saulhsdRl,
saulhsdR2 +AAE 743l AR} SCCmec typeE =
Saul R-M complex genotype@} E-o]ido] glg-o] #zhx

ATt

e

r\:\‘

o)
grom,

Table 3. Summary of relationship of Saul R-M type, coagulase
type, SCCmec type, and methicillin susceptibility

Saul R-M type

Types
M1 R,M2 R2M2 R,M2S1 R2M2S2

VL VI 1L, V o IV,VI
ND ILIV I v

Coagulase type I
SCCmec type ND

Methicillin type  MSSA MSSA MRSA MRSA MRSA

SY Kim, et al.

S. aureus= 7173Q12] HZFo|y Tl Jetslehy W
d B AGats] e S Fagk Yliteolth MRSA
w59] Skt AEEAdAAke] A B MRSAC] vanco-
mycin WA ARl HYdoez 7]2% superbacteria®]
SHOR Qlete] Aol oS B8 XA A9
Ha7b 553kal ATt (19, 20).

FEvet AbsrelA 7 Weol & MSSA9
coagulase serotype= I°A4] VIII 5 VII, V, IV, 113, 111, 1
Follemn, 2000 ©1F I, N¥L Hasta vEoel $7t
Skl QJt} (13). Coagulase serotype VII-> Al7]H & &k
W] ekl 7P wol A& E= A Folth Hwang 59
B3 (13)9] w2 Al7] s}l wE} coagulase serotype
I3 MRSAS] Fe]&o] 19940l 27.0%1A4 2005
odli= 0.9%= 743F3 S L coagulase serotype V&S 1994
d 0.0%°l 4 200513 18.5%%=, coagulase serotype VII=
0.0%N1 4 4% oldo= F43] F7tetalen, <3 &
2]%¥l MRSA] coagulase®d™d RI%=+= 10, 1V, V, VIL, 119
o)tk oleldt A= A7)l webA] A EE MRSA
37} &d30] coagulase serotype, TFeFA| WA
(SCCmec) B WA 2k Mol e Solaist
o] d5e &+ Utk

Saul R-M system< type 1 R-M system 2.2 U2 A<t
59] R-M system¥} 5Alo] Frfa B At} Saul
R-M complexi= §+ copy?] saulhsdR, 7 copy2l saulhsdM,
saulhsdS, AR o8] FAF A Eo] HgA +

Aol o]ste] M2S W R2M2S FENZ FAE 9T}

I HAEAEE (17), ¥ A E oA 7HH FE
e 42143 228842 457391 458940 1936393 1937585
1 sauthsdR1 sauthsdR2 sauthsdM1 sauthsdS1 sauthsdM2 saulhsdS2 2879728 b
(309 bp) (2790 bp) (1557 bp) (1212 bp) (1200 bp) (1557 bp) P
42451 231631 458947 480151 1937592 1939141
@ 208190 477049 478598 1913468 1914658
1 sauthsdR2 sauthsdM1 sauthsdS1 sauthsdM2 saulhsdS2 2809422 b
(2790 bp) (1557 bp) (1212 bp) (1200 bp) (1557 bp) P
210979 478605 479809 1914665 1916214

Figure 3. Genetic maps of type 1 Restriction and Modification system of S. aureus (A). S. aureus (USA_TCH1516) strain, (B). S. aureus
(COL) strain.
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Saul R-M system®] A=t} < Waldron? Lindsay
(18)= S. aureus (USA_TCHI516) strain®] 7| genome
ZF hsd FAA BA0lA A7) UEARE F copyd
saulhsdR FAZ7F FRAHA S-S Bkt (Fig 3).
bAoAl A= 6719 Akl et PCRE
T3} 21 coagulase serotype’™ = M1, R,M2, R2M2,
R,M2S1, Ram282% o] o] A=& Saul R-M
complex type®] ¥ZE ATt 53] MSSAIA = M1E 2}
RM2E 0.2 MI1E-2 methcillin® E2 penicillin®l] 7~
41?1 coagulase serotype 18] dFE AN o™, RM2E-S
methicillin®| = 753 ©]X] 9} penicillin®l] = W44 MSSA
2 coagulase serotype VIZ} VIII©] 3lE= T,

MRSA Saul type> R2M2, R,M2S1, R2M2S2& o] ¥z
5o R, M, S& E5F5 7HaL $IAY RI}F MYHE 7HA]
3 Qo S saulhsdMl, saulhsdM2, saulhsdRI,
saulhsdR2 +737HE 7FA1aL Q)ATh Saul R2M2S2% &
coagulase serotype IVIZ} VII 2 SCCmec IV7} 43819,
SCCmec IVE F AF-+= R2M2E S Z coagulase serotype
VE cefoxitin®l] 733 WA P o] sidHrh. RaM2 ¥
o= SCCmec &S] coagulase serotype %= &3}=1|
22|l coagulase serotype M= A3t Vi F718le
4] 72 Saul R-M complex R2M29tol| 4 o] W 3}7} ¥z
H AT} (7, 13). Saul RIM2S13 > coagulase serotype 119}
SCCmec type NH o= A7) FHAglo] 74 & HE
H5 HER L Qlvh A WA Al doele] RIzHg
¥} #do] 9l Saul R2M28232 FH < £ &o] T7ts)
T o, YekAl WAdS Holi= coagulase serotype IV}
VIS FoRt: Al Feldo] S7HE Aow 4%
t} (7,13).

Coagulase serotype =2 SCCmec type % Saul R-M
complex typeo] ‘g% FHHo] o] ERIHA o, E3F
Saul R-M complex type®] &AA] UlAd=t Akado] 918l
31} 2Fo 2 Saul R-M complex type™s &= 214} A
o] & At el owgh J3Fs WA= Aol g
A5 T3} coagulase serotype} SaullR-M complex
typedll w2} & SCCmec type©] TFEA YERF= Aol o
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