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Methicilin-resistant Staphylococcus aureus (MRSA) has been known to be resistant to many kinds of antibiotics and causes a
problem of nosocomial infection since the third generation of cephalosporines has been introduced in the 1980s. As antibiotic
sensitivity tests which have been routinely used to detect MRSA in the laboratory depend on the culture conditions such as, pH,

temperature, and time, elc.,

it is difficult to decide in the case of borderline- or low-level of MRSA. Therefore it would be

necessary to develope a new method based on the molecular biological technique to overcome these problems. In this study, we
extracted DNA from S. aureus and performed polymerase chain reaction (PCR) to amplify mec A gene, encoding penicilin-binding
protein 2 (PBP-2), which is known to confer bacteria resistance to the bacteriostatic action of methicillin. The results were
compared with those of minimal inhibitory concentration (MIC) test. When MIC test with oxacilin was performed on the 120 isolates
of S aureus from each patient's specimens, 64 of them were MRSA and 56 of them were methicilin-sensitive Staphylococcus

aureus (MSSA). In pus specimen, more precisely, 61.9% (26/42) of MRSA was detected, and 44.2% (19/43),

60% (9/15) and 50%

(10/20) of MRSA were detected in sputum, body fluid, and other specimen respectively. When 40 isolates of MRSA and MSSA
were tested by PCR method and compared with the results of MIC method, different results were obtained from 1 isolate of
MRSA (25%) and in 2 isolates of MSSA (5%) suggesting that PCR method should be performed at the same tme for mora

accurate clinical test of MRSA.
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TA] B3lE GAA Are) PBP2' 2] AAFHAHmec A gene)E
FRILAYHLPCRIYLE HAEeE Ao H43dn B
=51 Adeh4-7). old) B 2PN E MRSAY mec A FAA
£ PCR(Polymerase Chain Reaction)& ©]€3ld #elsln 3
295 EHAAN S aqureus & MRSAS HE, Z AAR
MRSA £32 8g, MIC test®} PCRY AHAH S ZAH81Y v
3 A3 PCREY F847 44384 9784 2840 &on
A2 E7ld Bashe bhelt)

Nz A daidy

a4 F

19943 99 19%H 19953 29%7x 67047 fxEyd
At 9 E Z B YA4HEA 120 TF(F 2F, 4
2433, Ad 15F, g 55 AW 8F, BF 7H)A 229
S. aureus® o Z 4t

T Y

A vk AAE € FHu)X(Blood Agar Plate, Korea
Media, Korea Ltd.)9t MacConkey agar(Korea Media)o]l B2
sto] 37T wjg7IoA 18~24417 wigat gt

4FEY 9 MIC HAE

o oo A wlge a8 FAFTOZA colony HH
7} EAZo)n beta-hemolysisd) WA T FAg Hol: A
g8 InA FToE FAHE T catalase test, coagulase
test, 7.5% manitol salt test, DNase testl %¥Aol AF& S
aureus® EAsI¥ L}

S. aureus® FAE #F9 colonyE Muller-Hinton brothel
BEAA 37CAA 2~3A17F ¥i¥ F McFarland(8) 8% 52
AlgzA4E AR df FF4E Muller-Hinton agar(Korea
Media)ol #5384 =2de] 2 9ol sensitivity discE sensi
dispenser2 FAo YA Aoz g8 AANF| I, 35~37C
A 16~1847F M9gste H4E ATdS Ay AR E =A
& Kirby-Bauer®(9)el 7]12% ¥ National Committee for
Laboratory Standard(NCCLS)(10)o] #IAl® tia3 &g
T4 ute} Table 13 2o] A3 £ F=del s A

Table 1. Interpretation of zone diameters of test cultures
(mm).

Antimicrobial
Agent

Oxacillin <10 11-12 = 13

Intermediate  Susceptible™

Resistant"

*Resistant : Methicillin-resistant Staphylococcus aureus
**Susceptible : Methicillin-sensitive Staphylococcus aureus
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A S. aureus(ATCC29231) & AN ETFE AHE3ISth MIC test
AA = oxacillindl ¥ HAHAFE} 4 yg/mL o)A #FF
& MRSAZ #4stn HAAAFE 4 pg/mL ol3] FF&
MSSAZ B4t

DNA &

Thioglycolate brothol Al ¥ S. aureus TFE 2447
¢ wlgs F 7000 rpmollA 583 FAE S harvestst
Aok did" AE lysozyme(50 pg/mL) ¥ EDTA(l mM)E
#7kete] 37CAA 3087 HSAIFch ¥s F SDS(1%)E 3
7t AIEE B3 ¥ phenol-chloroform W] 28
DNAE F&3¥tl. #%%¥ DNAE 2 M sodium acetate$}
ethanolZ HAAZ F FHF =0 260 nmolA HFE ¥

PCRY) AH&-3k5ith

S84 o4 8L3(PCR)

Primer= Song E(11)¢] B2 PBP-2' $AHzte 7)<
o wa} Table 29 oligonucleotides(Bionia, Korea, Co.)& &
el

05 mL# microfuge tubee] dNTP Zz+& 10 mM, primer
Z %7 50 pmole, template DNAE 100 ng, 0.3 units® Tag
DNA polymerases 7}t & #HZd 30 yL7t HA & F
denaturation 4C 30%, annealing 55C 30%, extensione 72T,
18 1 cycleZ 3l 40 cycle® Thermocycler(TC-480, Per-
kin Elmer, USA)olA utE& 9t PCR AHE-S Ethidium bro-
mide(EtBr)7t 4% 2% agarous gel2 TAE bufferdtol A
A7) 9% F9T ¥ UV ZAlstolA 23=He EBr 338

gJahid.
2 =

MIC BAEof 2|3t MRSAS| vl 2 AAY u|g

Figure 1904 Yebdl A3} o] clear zoned A4 2 WAL
2459 z+ #8249 specimenolX £d& 120839 oxacillin
o d3 9744e 2R3 Oxacillind 3 F2AA5=7
4 uyg/mL ©|49) #FE MRSAZ, 4 pg/mL &l #52
methicillin-sensitive Staphylococcus aureus(MSSA)Z #H3}
At Table 3¢ Ry vie} o] MRSAY H&E 53.3%
(64/120)% Hashimoto 5(12)°] B33 1993 L£9 xjdd
MRSA Z&E 60%(Disc diffusion ¥)3 56.7%(MIC-2000 H)
Bo} 247 67%9 34%9 ¥ v &g By

Z AAd MRSAY H&2E ForE MRSAJ} 619%2
MSSA 381%1rc} o 164 7hsF wo] EIHn, AGoAe
MRSA7F MSSART} 1.54] Bten, 7jel AadHEs MRSA
¢} MSSAZF v|&& v &8 Jebddh ay o9 et Ag
o ME MRSA 44.2%, MSSA 558%2 MSSA7F MRSAXRT

Table 2. Sequence of a pair of primers used for the detection of mec A gene.

primer DNA sequence Map position
S 5'~AAA-ATC-GAT-GGT-AAA-GGT-TGG-C-3'- 1282 - 1303
AS 5-AGT-TCT-GCA-GTA-CCG-GAT-TTG-C-3'- 1793 ~ 1814
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Figure 1. The photographic appearance of clear zone by
oxacillin-resistant and ‘susceptible S. aureus. One pug of
oxacillin was spotted on nitrocellulose acetate filter paper.
A, oxacillin-susceptible S. aureus; B, oxacillin-resistant S.
aureus.

Table 3. Source of isolation of MRSA and MSSA.

No. of isolates(%)

Source
MRSA MSSA Total
Pus 26(61.9) 16(38.1) 42(100)
Sputum 19(44.2) 24(55.8) 43(100)
Body fluid 9(60.0) 6(40.0) 15(100)
other 10(50.0) 10(50.0) 20(100)
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MRSA9 49 mechicillin-resistant® 7}2& B -lactam?|
obqle] Hzgozx w02 AMEE penicillin-binding
protein 2'(PBP-2')¢)g} Ele M2¢ AXY FHF4e A
o] 1 4 ¢9lo] "tk PBP-2'E mec AT B FAAl
o8 gzgEe de EAF 76000 xR whdel, HI
mec A AR G7)udo| BEFd utel So]3 DNA ©
#He ZZ8 4 9lE PCRYS o843t MRSA #F9 mec A
FAAE AEstarh 2 249 A8 primere MRSA DNA
22X 530 bpy PCR AHES A s92e0 1 AAE figure
2¢} 2t} Figure 2904 positive control(S. aureus ATCC
29231)3 MRSAZ HAY ooM7 530 bpd) PCR AHEo] #
Zg A0Z Hol mec A FAUAY Foly RES AYHoE
g Aow HPH)

MIC¥H 2} PCRel Xjsid

PBP-2' ©ialg o453sle FHAR mec A FHA9 A
Zo| MRSAEZ FAsh=d A AdAol Az B9}
7} $jsted PCRE-S wtEA sty 1 478 MIC test At
st Z sate) ZRo2HE Byd 12085 F F3Y
2 MRSA 40759 MSSA 40FFE Agsgic. dd¥d
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Figure 2. Agarous gel electrophoresis of amplified 530 bp
fragment of the mec A gene. Lane A, size marker; lane B,
positive control, lane C, negative control; lane D, methicil-
lin-resistant S. aureus; lane E, methicillin-susceptible S.
aureus.

Figure 3. Agarous gel electrophoresis of amplified 530 bp
fragment of the mec A gene. M, A phage HindIll cut size
marker; P, positive control; N, negative control; S, me-
thicillin-susceptible S. aureus determined by MIC test; R,
methicillin-resistant S. aureus determined by MIC test.

Table 4. Precision of MRSA and MSSA by MIC test and
PCR.

Method Strain st 2nd
MIC MRSA 40/40 39/40 15+ MSSA
MSSA 40/40 38/40 2% MRSA

PCR MRSA 40/40 40/40

MSSA 40/40 40/40

MRSA, MSSA Z+ 40752 oxacillin MIC test9t PCRS &
Y zAaseA 23] wE AAFd Jeld ARE vlusgth
Table 4914 ¥ nle} 7o) PCR w8 AddMe $4 2
#E we WA MIC testllHE F A ubE A4
MRSA & @57} MSSAZ @950l 25%(1/40)9 28 B
Aok E3 MSSA A9l M= £ FF7F MRSAZ Jel
v} 5%(2/40)9) a2 Bo PCR #his %47 ©& AdE
elch olEd ZAxE 2 u PCR UHoZ MRSAE 534
He A& MIC testdll 93 SAPEDE APl glon ¢
AAQ W oz JAordth Figure 3& MRSA 2 MSSA #Z+
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Table 5. Correlation of mec A gene and antibiotic sen-
sitivity test for S. aureus by PCR.

No. of strain

mec A
MRSA MSSA
Positive 39 2
Negative 1 38

40 TFEY mec A ENAFEE PCR HHLE FEo &
&1, o] MIC testd} Hlwsl] o]l Hol: FFES
W Aolth Figure 3914 Ex B9 2] lane 4(Nob)9t lane
9(No.38)& MIC testoll e MSSAZ #4Eoy PCR 2%
mec A #FAA7 ZHAE=Ho] MRSAEZ #IEHACH, lane
11(No. 29)& MIC testollAq{+= MRSAZ ##H=H%2Y PCR 2
HojME mec A FARAI AEHA Yo} MSSAZ EHAHA
o} o] & FE3h] Yeld Ao] Table 52 MIC testoll A
H¥ MRSAZ} PCRAME 40 % 39 F975%)7F mec A *
A FHE 29 BE MSSAE 40 3% 38 F(B%)7t mec
A TR RS 2o A 24 HAY 4 25%9 5%
o] zol& HYth
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MRSAE 197094 FubRe ReWlzr) F7kaldleon 93
gl M 19779 9 5(13)2 S aureus?] 5%7F MRSAYS
B1uddn 1985939 4 5(14)2 MRSA £ v &8 2%E K
J_s}c;i_ua 1 ¥ MRSAY #gH&o] A% F7kstoq 42 o
2 padME o] F(15)9] 70%, % 5(16)2 81%cl7tA] o]&
gn Basgy. 28y £ dFeAE MRSA7E 54.2%2 #
T 9 ujgS Kol gloy, oy HAY HERT
7He Aoz SejveelA A dg Wdde] £3
A% Z7HE L dvke 24 $AIS oy d WA
9 MRSAY A& } AES 7o) F83F A
2 gFHI gtk MRSA9 Al&d e ddez 593
EAlo]u MRSAS HAZE ”}E}i-‘r 4Rzel 841, &
3] borderline 2 low-level 435 methicillin W3S #¢
7)ol ogggel HIHX 3
Table 59 A4 MIC test9} PCRYA MRSAE 25%,
MSSA¥E 5% zo]& Bt} ol Murakami §(4)0] Bud
mec A F+ARE FAH AT oxacillin/methicillin 249 T
F& 1114 F 34, mec A F3A AU oxacillin/me-
thicillin WAl #FE 94 F 24%9ts 439 gL
Y oxacillin WAQ 27FE 2% MIC AAANE veldde
Bugl B AddA Jehd 24 & oxacillin MIC 2 pg/mL,
05 ug/mL3be 27+e] Aol Holm gltk. ey Tokue 50
(7) 18 methicillin 54 AR #7343 MRSA 194 AF
01]*1 mec A FAA FAHE BHY, MSSA 74 A¥ANA mec
FAA $AE BYtE BugE Aolagd ol XA
Z}"l'“ FAA AFA AAA A A FFHRE st
A2 ALty & F dg Aotk
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heterogenous, thermosensitive heterogenouse® U0zl A
7HAEE vk e &%, A7 wilY pH, NaCl 3% Sol
2} methicillin WA 2do] €32 4 Utk &M MIC testd
vy Aryt B odpdA ta2A Jehd olfE  hetero-rt
esistant MRSA9] H]&o] & wle MRSAZF MSSAZ el
U MRSAS ZHE§o] yolal Ao Algd o9 o] Hol
A3 Adbe YARRY ZoE YT B ohle} AFE Yo
A Adelz FA7t & 5 gluh 53] MRSAY 4 #HY
7ol B2 g H4d EA2 dFH1 ¢le] MRSA
7o AAdg ARE YsiME MRSA T34 AEd 249
o 2 7Hx ok gty PCRES 49 AR #5474 A4
2ot QEA, Aol Holu otAd ZRE dg F 9l
Hog wAES RoldME I rger i
o vl ¢ uztzo)y] Wi DNA ¢ £¢go= Qi 9%
Ao 9gS Uxstn ok 28eg o F#¥FE MRSA #F
9 AL HAAE 7129 FAA A4 HA g4 PCRY
£ Haste} Ag3le Aol nigtzEn,
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Methicillin-resistant Staphylococcus aureus{MRSA)= Tt
&3t FgAA AFHE UERY Al 3*1|EH cephalosporin Al 7}
g 1030dd o}F du e F4 9U9FeE gEFH1
At 23y MRSA $A9 FU 442 3 ¥H4E A8
TA7E o Ao efoF Qg YA WA HE]
ool Aztet #al7k Ha glok webAd MRSA 7H4de] A4
& A5E o 99 T Asdn dg 5 gk FHE e
.-
£ dFdA e &4 A FAUE F¥sty] Hstd &
AR W 717 sUAE A 99d 2/(PBP2)E ¢E3)
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s} vldte] MRSAS FAsIEY PCRYEC $-£8A2 #As
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Z ge o AAEZREY S aureus 120TFFE Fd3lo
oxacillin®2 MIC testg& 3 23 MRSAZ} 64, MSSA7} 56
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MRSAZF 619%2 71 =4 @9=t 12085 F MRSA
0EF, MSSA 0FFE JEstd PCR wHoeE FAH
MIC test$} vl 3 A3, MRSA 1TF(25%), MSSAE 2T
F(5%)9) Aolgre] MIC test® AoldS& Jehlgit) ol e
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