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A Study of the mecl, mecA and femA Genes of Methicillin-Resistant Staphylococci
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Background : Staphylococcus aureus and Staphylococcus epidermidis are those of the impor-
tant pathogens that have revealed the increase of methicillin resistance. Because of increasing
prevalence of staphylococci resistant to one or more antimicrobial agents, it is necessary to deter-
mine the antibiotic susceptibility of these microorganisms. Methicillin resistance is due to the pro-
duction of PBP2’, which is encoded by mecA gene in the chromosome. PBP 2" shows low affinity
to the all of s-lactam drugs. Therefore, the determination of gene is considered as a correct
method for the antibiotic treatment procedures.

Method : In order to examine effectiveness of detecting mecA and femA genes for the identifica-
tion of methicillin-resistant S. aureus (MRSA) and mecl gene in high-level-resistant MRSA, the pres-
ence of these genes in S. aureus and S. epidermidis was investigated by PCR. The types of genes
were compared with phenotype by agar dilution method and investigated with MIC of methicillin.

Results : 1. The mecA gene detection was useful for the identification of MRSA with MRSA 100%
and methicillin-susceptable S. aureus (MSSA) 2.7% (P <0.001); and not useful for the identification
of methicillin-resistant S. epidermidis (MRSE) with MRSE 93.8% and methicillin susceptable-S. epi-
dermidis (MSSE) 52.9% (P >0.001). 2. The femA gene detection was useful for the S. aureus iden-
tification (P <0.001) and specificity 100% with MRSA 100% and MSSA 100%, MRSE and MSSE
being 0%. 3. The mecl gene detection revealed MRSA 59.4%, and high-level-resistant MRSA was
not detected in 39%. There was no validity of existence and nonexistence between the degree of
methicillin MIC and the detection of mecl gene (P >0.001).

Conclusion : The study concluded that the detection of both the mecA and femA genes from
staphylococci by the PCR method had been considered as a correct and useful method in the iden-
tification of MRSA. mecl gene has been deemed as a repressor gene for high-level-resistant MRSA
that is clinically useful as a standard. However, it is considered that the investigation should be done
with later detected nucleotide sequencing of the mecl gene. (Korean J Clin Pathol 1999; 19: 62-9)

Key words : Staphylococcus aureus, Staphylococcus epidermidis, Agar dilution, Polymerase
chain reaction, Comparative study, mecl gene, mecA gene, femA gene
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0% F2390), oldE 71 MRSA A9 B/ 9z
HFOEA Mzt ¥} offks 2 ErH7-19]. MRSA
749 X Fol& BE B-lactam Al penicillin, cephalospo-
rin, carbapenem % monobactamA|7} 37} ¢l amino-
glycoside® X7 o2 Ao oAl WS Uepfio] AR 7t
S HAZE Wi At 53] WgRAgE Y] 34 FelA 2
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mecA SRR 24-271= MRSA® ol)g} tE methicillin W
A ZEol s BAEUCH28-29]. T2y methicillin WA
o] BEFHAQ fem (factor essential for methicillin
resistance) A FAA+= S, aureusel Eo|3HA EAsh= AL
B AT 30-33]. H e mec] AT mecA A o
A 722 A methicilin WAgol WA= A] EalA ek g%
3, mecl FFRAAZE EABA AV mecl A} F528 AL BB
=oo] So] Al71W methicillin®] thate] TEWAS VERATH
¥ BIECH34, 35] dEv AEWAIF Qo] WA dde]
mec AR} BAGlo] TE 71de CJgitte B¢ TEo] me-
thicillin W/do] ©<e3] mecA 27 firoll S3EA] Gerhe
=iho] JT{36-41].

olo B AxA= S, aureus9t S. epidermidis2] methicillin W]
A3 AT DA E mecA FAAE 7AZ3H9 methicillin
WA Bl digk §-845 ARSI, S, aureus F789 AN
femA 72 A& AJAAL AR, MRSAYA mec]
AZE AEste] YT dolM MICS mec HEE9] A4
& ZARIALA} ESiT
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AIZE B ket Jehe] 8 Ao A Xefo] Boke] gk
A} o] 2, mannitolo| A 4HS- AJAJ5H, DNase9} coagulase %
AFFE S, aureusZ AL DNase®} Coagulase &4
F5 novobiocin®] 7ZHFAJ0]2 mannitol B]YE, maltose 2
sucrose WATS S, epidermidis® RN F 745 BF A
A 9 A A AFsE417]9 Microscan (Dade Microscan
Inc. Sacramento, USA)e°ll Posi combo 6 panels ©]€3t 7
At ool WO R FAE MRSA 37F, MSSA 34,
MSSE 34F, MRSE 1655 A+ tlAC2 sl9ith

~
=]

ek O ZEE{9| DNA F=

g g3l x SAE Al F=HE PBS buffer 850 pL 9%} glyc-
erol 150 pLE Y-S microcentriguge tubed] #3224
FAt}h 0] 500 pLE microcentrifuge® 9,000 rpmellA] 587}
AALSA A5 HE thr A= 500 pLe] wash-
ing solution (10 mM Tris HCI (pH 8.0), 1 mM EDTA, 1 mM
KC) el $Pds] F5A171 F 9,000 rpmell A 527+ A48kl
t} o] FAS 23] WhEet & AALE] 30 pL9 lysis buffer (50
mM KCI, 10 mM Tris HCI (pH 8.3), 1.5 mM MgClz, 0.01%
gelatin, 045% Tween 20, 045% Triton X-100)E 21 &+
AR QAR 3 mineral oil 3 &S Y7 microtubeS mi-
crowave oven (750 watt)<l] ¥o] 1587 A28 th& 1,300 rpm
ol A 1027 AT st F5 3 uLE PCRe o]&-at5ich

2) Oligonucleotide &M

mecA, femA% primere IFAYTFAIAHNA, )9
MRSA kitE ©]-83} nested PCRS A3}, mecl prim-
er SEAFol 9F3to] DNA synthesizer2 FAI ST
mecA® 1st primer2% MR1 (5 -ATGAGATTAGGCATC
GTTCC-3 )3 MR2 (5 -TGGATGACAGTACCTGAGCC-
3)E, 2nd primerE% MR1 (5 -TGGGTACAAGATGAT-
ACCTTCG-3")3 MR2 (5 -TAACGATTGTGACACGA
TAGCC-3") & AHE-8I3 T femA9) 1st primer2E MR3 (5'-
CATGATGGCGAGATTACAGG-3" )3 MR4 (5 -GCTAA
AGGTACTAACACACGG-3")E, 2nd primerE2+ MR3 (5 -
TGATCCTGTGCTACAAATTCG-3" )3 MR4 (5 -TCAT
CACGATCAGCAAAAGC-3" )& AM-8tth mecl®] primer
2E 5'-ATACAAATGCAAAAGGACTGG-3 ¥ 5 -TTC
AACGACTTGATTGTTTCC-3' & AHL3I9iTh

3) PCR

2ol AZE PreMix™-PCR HHe E§(10 mM
Tris-HCl (pH 8.3), 1.5 mM MgCl, 40 mM KCl, 2 U DNA
polymerase, 10 mM dNTP)o| mecA, femA<®}t meclE 7}zt
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10 pmol & ¥o] A9 mecA$} femA+E nested PCRS
Al&89 3. mecl= 13 PCRYF A3t mecA 9t femA 2] 1
2} PCRE 94C, 5% predenaturation A]7] 3, denaturation 94
CollA 30%, annealing 55°CollA] 45%, extension 72°CelA] 30
25 1 cycleZ stod 303] Algaith 12+ PCRoIA Qojzl A
ES 14 PCRY 5Us #L AA 303 Ad3tsich. mecl?]
PCR-& 94°C, 5% predenaturation A171 &, denaturation 94°Col
A 60%, annealing 55ColA 60X, extension 72ColA 60%E
1 cycle® 3] 303] A&ttt PCR AHE-2 1.8% agarose gel
A A7|9F0E B335} ethidium bromideE FA3ISiTt 2
94 %] oA mecA (1} 554 bp, 22} 296 bp), femA (13}
372 bp, 22} 218 bp) 9 mecl (327 bp) 9] 7} band & 23S,

4) SHEEMEHE 0|88 ZIAIE(MIC)

National Committee for Clinical Laboratory Standards (©]
3t NCCLS) % slgAwel wel Algstaeh. AdAd=
tryptic soy broth (Difco)dll FHE3le] w3t Sof] AAFE K
A &5 McFarland9] 05%9] £%(10%/mL)d] %51 oJA&
thA] 1:102.2 348 & Steer's multiple inoculatorE A
methicillin®] 0.12 pg/mLolA 1,024 ug/mLE ¥4 44 2%
NaClo] 3718 Muller-Hinton WiAJol 3}tk HEMAE 35C
of 24A7F WG & Al S0 fle dAl HAFEE MICE
=319, methicillin MIC7} 16 pg/mL o)A 7 WA o2
8 ug/mL °]3lQl 734 A o2 Wgsisla, T AAN] A
A4S 98] S. aureus ATCC 292135 SA|dl AlF 33T

5) AZEM
SAS (version 6.02)E o]&3}o] mecAS] MRSA 2 MRSE #
Aol gt faA 2 femA9l S, aureus BA 3t FEAS B
7] #1&tod= Fisher? A= A4S 319tk Methicilin MIC
et mecl FRAAY] AE 59 84S 8] st 7+
olAF AAE 3Tk

1. mecA RMXIS| HE HIE

S. aureus®] mecA FAA 7AEE&E MRSA7Z} 100% 2 375
7} BE Ao, MSSAVF 27%=E 34F Z 1571 44
(methicillin MIC, 4 ug/mL)°]lo™, =4 E44 MRSA %
ol Zgdol AATHPL0.001).

S. epidermidis®] mecA F3A AEEE MRSE7} 938% 2
165 = 157} 4 (methicillin MIC, 128 ug/mL)°IR} oY, M
SSE+ 529% = 175 = 957} %¥Adol9len MRSE HA o+
Aol ISITHP )0.001, Fig, 1, Table 1), £3] MSSE®|A

218 bp—

- 0152t 9 42
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Fig. 1. Agarose gel electrophoresis of amplified 296 bp frag-
ments of the mecA gene. The samples in each of the lanes as
follows: lane M, size marker; lane 1, 3, 4, 5, 7, methicillin-resistant
S. aureus; lane 2, 6, 8, methicillin-resistant S. epidermidis.

Table 1. Detection of the mecA gene in clinical isolates by PCR

Organism Methicilin - MIC of methicilin No. of Strain mecA
(#g/mL) tested  Positive Negative
S. aureus Resistant >16 37 37* 0
Susceptable < 8 34 1* 33
S. epider- Resistant >16 16 15! 1
midis Susceptable < 8 17 9t 8
*P <0.001: 'P>0.001.

Fig. 2. Agarose gel electrophoresis of amplified 218 bp frag-
ments of the femA gene. The samples in each of the lanes as fol-
lows: lane M, size marker; lane 1, 4, 5, 6, 7, 8, S. aureus; lane 2,
3, S. epidermidis.

mecA FAAE FYQA 95 F 75(77.7%) = methicillin®l] T gt
MIC7} 8 pg/mL<l 359 4 ug/mLSl 45731 2102 eyttt
2. femA SAAIQ HE HIE
femA A7 AEE&S MRSAS MSSA7F 5 100%,

MRSE$} MSSE7} 25 0% 2 S, aureus ol A3+4do] 919l
oM (P{0.001), Eo)|%E 100% |} tHFig. 2, Table 2).
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Table 2. Detection of the femA gene in clinical isolates by PCR
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Table 4. Distributions of the mecl gene in MRSA strains

Organism  Methicillin No. of Strain femA* MIC of methicilin No. of Strain mecl*
tested Positive Negative (u#g/mL) tested Positive Negative
S aureus  Resistant 37 37 0 64 1 0 1
Susceptable 34 34 0 128 4 3 1
256 4 2 2
S. epider-  Resistant 16 0 16 512 19 12 7
midis Susceptable 17 0 17 1024 6 5 1
>1024 3 0 3
* P<0.001. Total 37 22 (59.4%) 15 (40.5%)
*P >0.001.
o E

Fig. 3. Agarose gel electrophoresis of amplified 327 bp frag-
ments of the mecl gene. The samples in each of the lanes as fol-
lows: lane M, size marker; lane 2, 4, 5, positive samples; lane 1,
3, 6, 7, 8, negative samples.

3. mecl RHX} HE B2l SHAS|ME| 25t MIC £H

Ao A

S. aureus®l| ™3 methicillin®] MIC H¥+ MSSA thal 2-
4 pg/mL, MRSAS] W3} 64-1,024 pg/mLol’dolAtt S, epi-
dermidisell ™3+ methicillin®] MIC ¥ $= MSSE®] sl 0.5-8
ug/mL, MRSE®] W3] 16-256 ug/mL o] tH Table 3).

MRSAS] mec] F32 AEEL 594% = 315 F 2257} %
X017, methicillin®] MIC AE2} mecl 44 A4S 5 Alo]
o= AAo] QI1TH P 0,001, Fig. 3, Table 4). Methicillin®]
MIC7} 128 pg/mL o]l Y= d59] mecl F3A AEE&S

61% 2 365 = 2257} FA o1tk

mecA §7A= Matsuhashi 5[24]9] &Jstd 2 (clone) &
I Ryffel 5391l 9Ja] d71Mge] WAt 1 & PCRS ©]
&3l mecA FHAE] HEo] AEHo| Sl MRSA g
mecA FAA] AEEE 90%14 100% 2 BI[42-46]190C
o B AL ME 100% 2] ZEEE methicilin WA 3 mecA?]
Aol AHAS BolFEdth MSSA tiatdE 21%[44]9
29%[43]122 BAE ub 3lof & A5 2AH 29% 9 frAkIR S
W 0%[46]1F 16.7%([45]2 BI9R= =pol7} Atk mecA &
AAE 7R M A methicillin A4S Hol= S, aureust & A
A3} MRSA 165 3 1594 methicillin®] MIC7} 4 pg/mLE
UL o) 83k ofo] PBP 2 & Ak Ealew 71913
O sy, olget #& o= W TEAAK T Ao U3ty
=&o] Ao mecA7F oA WS Awighs R
FHIAE w BAAHO0Z MRSAS ¥W3o] Qojof & A
T &tk T3 MRSAE S-lactamAlol] =252 o W
FEEBE wjdzzdolyd HAlFE Tl o3 Y W]
4w, WA Ldo] A AejoA MSSAE BAE o] A
Woll Al MRSAR H3Hd 7hsAde] Atk skth43, 45].

Coagulase &4 XX (coagulase negative staphylococci, ©]
3 CNS) & <& 225+ S, epidermidis®] methicillin A&
2 70%Z B0 3, MRSES] 95%09A] 2% o|4}e] okAld]
WAS Btk &t 13]. Tesch S[28]9l 2J& S, epidermidis
9] mecA FAA} Z2E I, Ryeffel[29]59 9l S. aureus

Table 3. Activities of methicillin against S. aureus & S. epidermidis determined by agar dilution test

No. cumulative % of isolates inhibited at (#g/mL):

Organism Methicillin
05 1 2 4 8 16 32 64 128 256 512 1024 >1024
Susceptable 44 100
S. aureus Resistant 2 14 24 6 92 100
S. epidermidis Susceptable 6 12 41 65 100
Resistant 19 50 63 94 100




9} S. epidermidis®] mecA FAAS] A7|M Lol 99% o)A 7+
& 202 g7l ol 2 CNSAM S mecA {32 AZo] U
ALt 2 A A3 MRSES] thek mecA 4712 7
82 938%EA, 815%([32]2 ByHE AdHot %Y,
methicillin WA coagulase &4 T T (methicillin resistant
coagulase-negative staphylococci, ©]3} MRCNS)ol|A HI ¥
92.3%[42], 96.0%[43] B 96.8%[47]1%= FAFSHS T
Murakami=[43]& MRCNS & S, haemolyticus$} S. sapro-
phyticusel Al mecA FRAA7F AEHA FATkaL HHA peni-
cillinase] #9) Aatel] 2J57u, PBP 2" ¢] o}d T2 PBP Al
AFF Rigle] ogitky sigith & AFellA] MSSEX¢] mecA
AR AEEL 529% % Yelstet ol 40.0%[32]2 Bid
A Aol H]3te] 2k7) =& A9 © ™ methicillin susceptable coag-
ulase-negative staphylococci (©]3F MSCNS)el thste] B H
105%[4819} 13.3%[49]% Aol B 2o]E B o) Hack-
barth® Chambers=[50]2] B9} B] W ] MSSAIA mecA
AEgo] =/ vehues 99l dstds CNSIlA WS /&=
sk A FRol wel PBP2 A4t FEo] 98-S s &

s
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o}A, cephamycin Al¢] AL A wl st PBP2 A
& 3538k methicilin WA #elF7t 97] Welekal &)
o} T3 York 5[51]& CNSolA t]23 FihHE o9}
o]} £ N mecA FAAE HESE Aol o FEsirty
Stth g mecA AR AEEH vste] CNS9 Aol
tlgk NCCLS9] MIC 710 A A= ol sl Ul #4571 AA
FAHTY 31901, Oxacillin MICS] WA B4 7129 4 ug/
mLE 2 pg/mLE AA3FATE McDonald $[52]% S. aureus
ol th3t methicillin®] MIC7} WAl AL ZH5AdQ EA S o] A
(bimodal) X WFE Holy ol9ke @ S, epidermidisd]
ME AALE )RR F5 7} oxacillin®] MIC7} 1-2 pug/mLol
AT BFHA, mecA FAA AZ] ZASIHE W oxacillin
o WA W 7139 MICE 1 pg/mLOE AA ST B At
A3 mecA FAAY] HAEEE MRSAYE 938% = IX&9
EQAT MSSES] A4 529%E & & MRSEY] 7444
Algo] Fdgstn #ert Bg 208 AZ4EAY CNSE S
aureus BT} F2]0] =g]7] W&o methicillin®] A et 744
Algo] o} +-EE methicilin WA A1ES $eiME ARR ox-
acilin JAIAYOE 35Co 24A17F Wik, F7F AAdeld
THA] 35Cell 24417+ 1 wlekst & 9=31m, E/ 2 oxacillin agar
AEHO R 35Ce] 48417 WY & Fxste ZA0E AFHY 9l
TH53]. 71 €Jell PCR #gellA £308 &4 5ol ot 9194, wl
A9 FF 2 U Ao weh AEgo] tE F Ut AAE
ATH 541,

femA FAA+ methicillin WAS] BEZFAXNZA mecA
Az EANG AR o fo BAgle] S, aureusel A B
T AZEOY &9, A AMEH pentaglycin 7kl §HSo] F
93 93re soky By E Y 30-33]. S. aureusdl] td femA
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SRR AZEL oJATHA 100%E BIEQT[32, 55], &
TAAE 100% 2 F 4dde BT

Methicillin W 289 28FH2= 1990 Tesch {34]
o &8 mec FHAF GG ARl e F M FHA mecRI
3} mecl7} B35k mecl= PBP 2" A4t 941914 MeclE
codedl™, mecRI PBP 2" 9] Ak ol ZQ3 signal g
el MecR1E code®tthal feifieh el #el=e e
MRSA9| g2 mec 2477442 339} plasmidiHe] 8-
lactamase operondl] &3 A9 F EAS 7HY vkl €A 9)
tH7, 34]. Suzuki 5& MRSA ZJXE MIC7} wj$ =&
S FAAM mecl FRAE ZARGE A3 405%7F AEEA &
XY, meclt AEE 657 EF7F AEAHIE UG 319
o1, mecl AR o] AAZ FAo] AAE o] mecA
Axre] AAFEAZE @A =l WAds vedty st
Methicillin X EWAS PBP 2" AjAkzl MICHEAoofl = AHak3
A7} Q131, mecl 7] EA) 5ol Q)] @8] BAEE A
| obm, WAQ HEg mec ZEFHAAS] EAl e 4
Aol itk skt o9k 2l Ryffel S[39]2 MRSAS
SAdo] mecAYt femAS o] §le GEAA E2 oW 9
A Ape] EWold] ogitky Bystglry £ ¢ A3} MRSA
37F % MIC7} 64 pg/mLol 155 A3k 3657} MIC 100 u
g/mL o] ITEWAFHI, 365 5 145(389%) 14 mecl
SR} AEHA &9k methicillin® MIC B%E9} mecl &
ZAzke] EA) ek Aol flof Suzuki 514713 AAEE 2
FE A& F At THER o] AnE FHHEA PCRE
o] 4319 mecA, femA FAAE A& A3 MRSA ol 4
Aol 9= Ao 7 AZAHJYT, mecl FAAE AEE A3 1
SUAFe] 39%01M HAEHA GROEZ AAFAAEA A4
oA 83 ABZ AANE § gloze ALHAL Jy FF
mecA AR HAFAANA L] AT T3} ogd] HEH mecl
FHAAR HEdolU AE 52 FFHLEE Mg HAHnucle-
otide sequencing) 52 Eaf AFEojAok & Ao Z AFRH UL
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FQ WAFo 2 HZ A methicilin WA Z712 B
1tk Methicillin WA =0l 23 492 BE f-lac-
o WAY ¥ ohel kAl WAS YEREE o] Al 7
A&7} o]tk Methicillin Aol #olsls FAAZE U
W A2 mecA, 1 REFAAC] femA B WA A 54
mec] 5] BiF] glom & vepls 714 Aol
A Well mecA FHAE G539 RS0l 22 AxE
A MOl penicillin binding protein (©]3 PBP) 2" & AjAt
el Aog dHA Juh IHE HIE WATFE
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T729] mecl, mecA R femA [T

WAt NEAAE AN FHO2A F4AF HEo] wig- A
g3l v o AT Yok
Higd o o) AAA ol A B2 Staphylococcus aureus (methi-

cillin-resistant S. aureus ©]3}, MRSA % methicillin-suscept-
able S. aureus ©|8}, MSSA)$} Staphylococcus epidermidis
(methicillin-resistant S, epidermidis ©]3}, MRSE % methicillin-
susceptable S. epidermidis ©]3}, MSSE)E Ao 2 Z3ta s
A3 kS (polymerase chain reaction, ©]3} PCR)¥< ©]-&3}o]
methicillin WA2] F2AAAQ] mecAE AE3I] Yehd £
AHE sAHAY et $8F 3 W wEta, methicillin
AeAA mec] A2} methicillin WA S, aureus
methicillin 494 %% (minimum inhibitory concentration, ©
B MIC)Z Wzdlel WAZIHE ZAHTA AT Ea
MRSAS} MSSA® tislel= S, aureusell SolsA EAle=
AR U4HX femA FAAE A& T4 AFHe] g
< FESAH

21 1. mecA G| HEE&E MRSAZF 100%, MSSA
7} 27%2 MRSA Ao AraAo] 912 (P<0.001), MRSEZ}
93.8%. MSSE7} 529% MRSE #gol= A#Ao] giith
(PY0.001). 2. femA +47¢] HE& MRSASH MSSA7H &
5+ 100%, MRSE$} MSSE7}F 25 0% = S, aureus Al A
o] AL (P<0.001), Sol%e 100%°1%Utt. 3. mec
AR AEEE MRSAZF 594%°107, TEWAl MRSAA
£ 61%°]30t}. Methicillin MIC A%X9} mec] F4A A% #%
Atolell & Aol fITHP)0.001).

ZE : -7 olM PCRHEE o] €3 mecAS} femA A7}
ZAAZE MRSA #gel] QlojA ggatal 8¢ Wl 2eE A
ZtE Atk &= mecl S AET A3 Y5 MRSA]
HAFHAAZA A &3 ARE AANE 5 sl A4

ZHE ATk

o 12
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