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Different Responses of MSSA and MRSA to Oxacillin
of Their Respective MICs
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All of the methicillin-resistant Staphylococcus aureus (MRSA) strains exhibit resistance to oxacillin by producing
PBP2a encoded by mecA, whereas methicllin-susceptible Staphylococcus aureus (MSSA) strains do not. To investigate
phenotypic differences other than oxacillin resistance level in responses to oxacillin between MSSA and MRSA, we
compared alterations of viability and ultrastructure of MSSA by oxacillin treatment with those of MRSA. When MSSA
and MRSA strains were exposed to oxacillin of their respective MICs, and then were assayed for viability and observed

by transmission electron microscope, increase in thickness of cell wall was more prominent in MRSA strains than in

MSSA strains, while decrease in number of surviving cells was more evident and change in morphology of growing

cross wall was greater in MSSA strains than in MRSA strains. It is assumed that these different responses to oxacillin

between MSSA and MRSA strains may be due to activation of some PBP2a unbound to oxacillin. In conclusion,

MSSA and MRSA showed different functional and morphological responses to oxacillin, although they were treated

with oxacillin of concentrations that respectively inhibit their proliferation.
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Figure 1. Growth curves of MSSA and MRSA strains.
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Figure 2. Viability of MSSA and MRSA against oxacillin.
Oxacillin of their respective MICs (MSSA, 0.5 pg/ml; MRSA,
1024 pg/ml) was added at 4.5 h (arrow).
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Figure 3. Electron micrographs of MSSA grown in the absence
(A, B) or presence (C, D) of oxacillin of its MIC (0.5 pg/ml) for
180 min. Bars = 260 nm.
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Figure 4. Electron micrographs of MRSA grown in the absence

(A, B) or presence (C, D) of oxacilln of its MIC (1024 pg/ml) for
180 min. Bars =260 nm.
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Table 1. Comparison of MSSA and MRSA in ultrastructure observed by transmission electron microscope

MSSA MRSA
Control Oxacillin-treated Control Oxacillin-treated
Thickness of cell wall 322473 32.8+8.3 419154 85.7+10.4"
Thickness of cross wall 352+10.2 133.6+31.4" 62.0£10.2 167.1£20.7"
Surface of cell wall Smooth surface Not changed Rough surface Rougher surface

Shape of cross wall Thin and cone-shaped

Center of cross wall

Thick and club-shaped

Thin and cone-shaped Thick and cone-shaped

Obvious splitting system  Obscure splitting system  Obvious splitting system  Obscure splitting system

*p < 0.05 compared with their respective controls

W RHS U AZoAA AR Edol o wWol #
=T} (Fig. 4, Table 1).

A3 (daughter cel)E THEO] U= &< ZHolA Y
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S A3 MSSA 553} MRSA #F5 Afo]o A 2]
zfo]Z o] BRI} Oxacilling #2544 25 MSSA
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Zlo] HHEAA, AL £ Aol #7150 H=
=2 T8k vehd A3
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% ZF (club-shaped)2] W44 2 A&t
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o] #AFY o™ MSSA TTFE2] cross wallZ} H| a3} A
HUE x}o]Z Holx| &t} (Fig. 4A). 121} oxacillin
8] MRSA 59 cross wall oxacilling *2]3}4
ok wieh Hlaste] HIAAH o7 FANA AN eH,
Fefoll A= oxacillin 22| MSSA #FEoA &
Hd e EYTE UE 95 2 (cone-shaped)<]
el = FHsta AATh (Fig 4C). I MRSA HFE°IA]
oxacillin 2ol 23} cross walle] FEfZS] M3} MSSA
of vlsiA oA ow o AA Yebstth 1y MRSA
TTE 9A] oxacillin 2] Alol|& splitting system©] T2
¥]A] ekdt} (Fig. 4C). HE3F cross wallo] $H43] g3
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THA cross wallo] A== HENQ] pseudomulticell®] ¥H
Hod=d, ol FEl= oxacillin % 2] MSSA -5l A
Bt} oxacillin 212] MRSA 554 24 ¥ 22 1l
w2 AR

A3 §ol o]FAZ cross walle] FENE v B
A, oxacilling A &84 &S MSSA 79 7% cross
walle] 7F=7] b= =] Sl el dd=
S0l e A el splitting system©] TH2HE T
(Fig. 3B). Oxacillin *]2] MSSA #F¢] +8 E% cross
wall> 27 AHHA] Eabal =S FASHHA e
H5ol oM, cross walle] 7%= oxacilling 2] 2] 3}4]
izt ol vlsiAl 3ul o] FAYA A,
MEELD Al HQ3F splitting system= FH2HE|A] eFghT)h
(Fig. 3D). MRSA ol A% oxacillin 2]l 2]3} cross
wall®] F7A7} 28] o] FAYH 2™, splitting system &
Al TS AEE A ekttt (Fig. 4D). 124 oxacillin
2] MRSA 7552 cross wall?] &3> oxacillin ] 2]
MSSA 55l Hlal] Z=re] 7]9] glo] rtsiA| &4
AT} (Fig. 4D). o/de] AE nigo s, Fahxtdn|
gl A ¥ MSSASH MRSAS] oxacillin #] 2]l <] &
e QI WstE FhefshA A skete] YERT (Fig. 5).
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Figure 5. Schematic diagram of alteration in cell wall and cross
wall of MSSA and MRSA treated with oxacillin of their respective
MICs. A, C, E, and G are control cells, and B, D, F and H are
oxacillin-treated cells. cW, cross wall; pW, peripheral cell wall; Sp,
splitting system.
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2 /\—luﬂo] 7]__‘:81— 74_9_; /@71— 1_1’4—.
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7o = PBP2a7} A A 55X oxacillin 4] s}l
/\1 zlx% u1 ok;d o7 7(3 @91 7] Tago}_x] E@}\
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o] A7 Al ] T FFS mAA Lo, Al
ERE A% cross Walloﬂ/\i A olal Adek e
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