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Molecular mechanism of Cladonia stellaris against MRSA
based on metabolomics and molecular docking

ZHU Jia-na, TIAN Hong-qiao,LIU Meng-long, DING Hai-yan *

School of Public Health ,Dali University ,Dali 671000, China

Abstract: The extract of Cladonia stellaris has good in vitro antimicrobial activity. To clarify its antibacterial molecular mecha-
nism, this study used methicillin-resistant Staphylococcus aureus (MRSA) as the indicator bacterium. Metabolomics were used
to obtain the changes in intracellular differential metabolites of MRSA treated with C. stellaris, and molecular docking was
used to verify the affinity of differential metabolites with relevant proteins and antibacterial components of C. stellaris , analy-
zing the antibacterial mechanism of C. stellaris. In vitro antibacterial experiments showed that the methanol extract of C. stel-
laris had a broad antibacterial spectrum and was highly sensitive to MRSA. Metabolomics and molecular docking results indi-
cated that C. stellaris acted on four potential different antibacterial targets : histidine kinase, penicillin-binding protein PBP2A |
quinolone resistance protein NorA and S-adenosylmethionine synthetase ,enhancing adhesion to MRSA cell membrane and in-
hibiting the action of efflux pump NorA , interfering with histidine and methionine metabolism to exert antibacterial effects.
This study provides a basis for exploring the molecular mechanism of C. stellaris against MRSA.
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T TC P 9% A s e 205 SRR 50, 48 A SR PR B X 2
BURE B0 T B AT B4 1 AR ST TS A, G H X
MRSA Ji& B H o B BUR B HU TR v 1, HAT iE— 2B TF
RG240 G W R v g, SR M H AT I Jo SCk
7R EPT MRSA FEHIALE], Kt , A< SC L MRSA
SyFea i, R 22 0 X R B IR R E A
5T MRSA IUHLEEL, 9 J5 SEHRIT 46 41 8591 MRSA L
R0 BEER AR
1 #MR5HEZE
1.1 ##4

%A & (Cladonia stellaris) ( W& 4 2.5
e, FRTAT 2 WK 8 28 6 6 K 45, 5 SRAW 3 B P 4%, 30 Tt
Ui LA =0 DU S T SO RH D 5 A R UL, WA
o TR s AR A A, NS i) RE T
= RIRAE L, 22 BB AR P i 7 A5 D AT
T YE NG AT T R R 22 A S A 4 B S5
Hts 4 CUKAR o T 420G PR 4 B 657 2 BR T (MR-
SA ATCC 43300, It 5t L 0 QIR A= W BRI 5E B ) 5
48 B H 4 Bk B ( Staphylococcus  aureus ATCC
25923) . #r G Z= 7 4% B ( Listeria seeligeri CICC
21671) (BARSZRHR LT ( Listeria monocytogenes CMCC
21633) B B & 15 FE A T ( Salmonella paratyphi-A
BNCC 336664 ) . K735 % [ ( Escherichia coli CM-
CC(B)441027) A& &P ( Shigella flexneri CMCC
21534) jli % 55 F51H & ( Klebsiella pneumoniae ATCC
4352 ) ph R B BT o AR W 25 5 A T e B AR
BTG (#5 . 240228 A 10, b 5T Bl 5 2 A BEAS A
BRA WD) 5 IR R SR NE 55 92 5L LB AW (L5
230207A10,1102841, )" R AP A= Py FH A BR 2
) OROTHR . —H WK (246 =99.9% , fit 5.
240104E1,67-68-5, [ 4 vi Ak A= LB HCA R
Al s I O V=K S (g 4, LS 67-56-
1.75-05-8 ,1336-21-6 .67-63-0, CNW Technologies /v
H)) ; OFREE \OTR (3590, it 5 :631-61-8 64-19-7,
Sigma-Aldrich 23] 5 i B FG#E 217K 5 $h R Zc AR b
AR (5 :6210250121 , 111 78 % ik 24 1 48 A e Ay
FRATH) o

Vanquish %I #3 5 2 4 . Orbitrap Exploris 120
R = HE 3% ( 35 [E Thermo Fisher Scientific 23 F]) ;
JXFSTPRP-24 RISTHAL ( L5 VS BHECA R
) ;Scientz-ND %Y 2 51| ¥ Vi 1 4 Hl. . SB-5200DTDN
AU S P VEAL (77 I8 2 AR R R A BR A
A]) ;RE-3000 #YJiE % 2% Je AL (¥ S 2 2F AR AL A
J7) 5-1300L-U B ¥ T AR 65 (4 48 P 28 22 > W] il

1) ; GHP-9270 Rk X fE iR 774 \DKZ-3 AR
KA HWS-28 e P E R K 7 5% (i —fE R AN
AR E]) ; GZX-9160MBE %1 % i & X T 18 #L
(_ RSV A RA R BT RS ) .

1.2 SKEHZE

1.2.1 EBEFEFIPYEIRIREA FE
1.2.1.1 284385 R By il £

EASRIEUE  BCEHA T 50 CTREET, By
e E ot 60 H i, #e R HE 1: 10 (g/mL) i A 75% H
LR 75 124 30 min JE g, A LR BOE TR
SWRJEEE BB, 45 C &M ez ks, a5
TR 12 h(ABHEIEREZE-25 C, B25FEBEE N 50
Pa) B R , B F-20 CyKAR B2 B H
1.2.1.2 B %

AR T PRAT B B P T AR B K R SR B
Fo I K TR VR FR T LB A (2% ) ,37 °C 4k 15
FEd T, I HWAE R R ,4 500 r/min Z5.0> 15 min, 3
2 W, G T AR BEER K 1 45 B R 1 x 10° CFU/
mL £ H
1.2.1.3 2640 85 W R4 B R e v 308 2 B o/
TRV B B 00

R AR AT FLk O R 50 4 0 5 R B iy
PRI TG, 48 A 88 F BERR Y F DMSO %
100 mg/mL £ F . K8 2505 A 1 x 10°CFU/mL ()
PR, 4% 20: 1T HUBINR A1 EIMS H1es o ] 100 L
TCwIAE Sk TP AR LA THLIE Bk AL N B9 35, A 1L
A 20 WL 928 £ 88 FF BE R ), FHPEXT IR 5
mg/mL A 225G TD &, B3 Xt R S DMSO,37 °C 85
J% 24 h RSB K/, 2% Li &0 gyt e
A P E E 48 S R AT S 0 5 N
XT MRSA #4785 /MI B R E (minimal inhibitory con-
centration , MIC) | %8 , 45 4 & $2 B4 FH 3% DMSO
B, JCW MH R B A — VR B RR
(10. 000 .5.000 .2.500 .1.250.0. 625 .0.313 0. 156 ,
0.078.0.039 .0. 020 mg/mL) . A [R) H B kE 5 42 b
2% (V/V) iSALJGE M (1 x 10° CFU/mL) , & F
37 CHEJRIEF 46155 24 h, LUin A SR FR 0 3%
DMSO fRE R EUYIME R 25 L R 5597 18 h S A
TTC B WA A AR IR B 2 MIC,
1.2.2 %55 T B3R 4 32 MRSA 5 69 K5t
oM
1.2.2.1 MRSA 4b 3% i N 4G5 il 1 B

SR E 2% e (1 x 10° CFU/mL) f1 3% 4

FHEHUY (1/2MIC) T 50 mL MHB i, & T



1734 KIRF=YIB R 5T K

Vol. 36

37 CHIRIRG 24 KT EUN, B850 R WK DLE,
WA 10 s, Tk EA#UR, LA PBS Z2 i, 13 7R
BLL R BT IR TLTE , 80 CIAEA T . R e
AU I 3 4 X BR 2, B AR L o A = A A
Ve s, RIRFRI2S mg FF AL T EP &b ALY
IR, A 500 L SR HUGR (B L) K =2:2:1)
(V/V) , FRISLRPRCNIRIR G , IR 30 s,
A SIFAL 5] H (35 Hz,4 min) , FE56 5% 2 pkoK
A S min WAPBRE S 3 K, 40 CHFE 1 h R
i 4 °C,12 000 r/min(Z.0> 17 13 800 xg,R=8.6
em) B0 15 min, JCETE TR AL
1.2.2.2 LC-MS %

{#i ] Vanquish ( Thermo Fisher Scientific ) #8 & %%
W AH %Y, il 1 Waters ACQUITY UPLC BEH Am-
ide(2. 1 mm x50 mm, 1.7 pm) BAHEIEFEXT H ARk
BT AT 5 8 WA A5 A AH KA, & 25
mmol/L Z,FR% A1 25 mmol/L Z /K ,B #H N LG, FE
IR 4 C, R RH 2 wLo Orbitrap Exploris
120 [57 15 {3 B8 8 70 45 il #11F ( Xcalibur, fiiA< - 4. 4,
Thermo ) £ il T #E47 — 90 . Bk F iR 5.
MSENT S 50 Arb, Aux S 15 Arb,
BANEIRIE 320 °C, 42 MS 43 #1560 000, MS/MS 43
PEA 15 000, filf i §E 12 : SNCE 20/30/40 , 1 55 Hi,
53k 3.8 kV (1E)5(-3.4 kV (1),
1.2.2.3 R geit o b J 22 = AR )
KEGG & 0

K H SIMCA 16.0. 2 347 Hr b B 55 % iR 21
i) MRSA 22 5 A9, 3 5 32 B 43 43 At ( principal
component analysis , PCA ) W22 & FE A [6] () S A 23 i
Fo AT R AR E M | IR 1 52 Ml e/ N — 3fe 12 -
5143 #r Corthogonal projections to latent structures-dis-
criminant analysis , OPLS-DA ) 4t 3 25 £ %f B 2H A9 22
SR, AR 43 B 45 A5 2 2% A 4 1 A2
52 B (variable importance in the projection, VIP)
F1 P-value {H, L VIP >1 H. P-value <0. 05 “FrAEd
RS . B2 RIET TR T
TR 5 3 K 40 H BF 4 45 (kyoto encyclopedia of
genes and genomes, KEGG ) i % & 047, R E R
YT 2 5 A B, O 56 T H 4 1 45 AR
25 iR
1.2.3 EnZHRANREGYE ZFRGthiaxEa
o - F x B

weHE2E AP R LR E A 1 A5 MRSA i
LT EZ Y5 E 1 PBP2A( penicillin binding

protein PBP2A | PBP2A ) 11 i i 2 it 24 7K 11 NorA
( quinolone resistance protein NorA , NorA) {E H 21K,
O TYEA S Y NBECAK, FI ] ChemOffice |
AutoDock %14 X UnipProt %% 4% FE ( https ://www.
uniprot. org/ ) , AT/ FxHE " I — L RIEE A
A RE A o S . BLAR (9 7575 2 < UnipProt
Bl e bR 2 1, R AutoDock Tools 47 4b 34t
JGHE M 3% 48 ; {#i Fl ChemOffice &z AutoDock Tools %5
A BB ;s R AutoDock vina #4743 X 4, LA
XSS G e m TR L A L LA 5, F PyMOL %R/
PEAT XL R AT WAL i
1.3 HiEahiE

AR I Ak 3 S S 2 S Hr s ) SPSS 26. 0 4T
PARIE I LT, P <0.05 KX FHG G55
o K ProteoWizard FRAHE A 4 27 I b £ 4 7%
# 4 mzXML #% X, - 3L XCMS 1) R HF &N
PRREFPHEAT I (R ARG DU L B R X S AR G SRR
£ F1 Biotree DB (V3. 0) #EATRBIYI %€
2 HRESW
2.1 EASHERIIHEIMIEEE

TRAMTI A2 LR, 48 0 S8 X 4 B 2 [C M
SO BRURN 2 s = TG 0 TR AT R R B v T
(WL 1), o o FY AR 43 FE T 1 B i, %F MRSA
) MIC 4 0. 156 mg/mL, i I 2 £ 58 HA B bt
B, X MRSA A BT 1

F1 EASRERRIRMEIMIEEE

Table 1  In vitro antibacterial effect of methanol

extract from C. stellaris

0 P EAR
Diameter of
the inhibitory

zone ( mm)

FEERRE

BUEAT S oo
Antibacterial object .
staining

MRSA G+ 17.0+1.7¢
GO ERE Staphylococcus aureus 12.8 +0. 4
PSR FC T Listeria monocytogenes 12.5+2.1¢
W [RZEHHR QA Listeria seeligeri 20.3 £1.8"
R B 55 FEFF 1 Salmonella paratyphi-A G- 24 £0.01°
iR S THAAFFE Klebsiella pneumoniae 20 +0.00"

FRICEBE Shigella flexneri _
K34 IRTE Escherichia coli -
7 : 9 B 4% ( diameter of the inhibitory zone , DIZ) <6 mm Wi}y JC
PR TG 6 < DIZ<8 mm, K JF ;8 < DIZ< 14 mm, UK, 14
<DIZ <20 mm, 5 EHUE; DIZ =20 mm , HEHIE, AE/NEFRER
REREE(P<0.05),
Note ; Diameter of the inhibitory zone (DIZ) < 6 mm was considered as
no antibacterial activity;6 < DIZ < 8 mm, low sensitivity;8 < DIZ < 14
mm , moderate sensitivity ;14 < DIZ <20 mm, highly sensitive; DIZ = 20
mm, extremely sensitive. Different lowercase letters indicate significant

differences( P <0.05).
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2.2 ERGFEREALE MRSA FRE S

2.2.1 R#nmEBHTAAE

AR P B O AL B MRSA B A5, 2 LC-

MS F I AT FRAS L P9 AR P B i . B 1 AT
A1, 1E B 7452 ( positive ion mode, POS) A1 B T4
Z ( negitiveionmode , NEG ) T, 48 /1 &5 20 5 X HR 2
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a \
|
!lﬁ ‘ A
\ { \
\ j [ J | J \
“3\ | NI «/‘\ W
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ERABHESWRA MRSA R 2= FRE
Fig. 1 Total ion chromatograms of MRSA metabolites in C. stellaris group and control group
1S ~ SR AEHN 3 N FEATEERA, DL ~ D3RRI AR 3 M EATEEFEA, Note;S1-S3 represent three parallel replicate

samples of C. stellaris group,while D1-D3 represent three parallel replicate samples of the control group.
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AR 4 8 1 03 A7 A2 W 2 22 57 ol a2 T
XCMS #) R JT % N B AR e R A7 e (E ARG 00 | 482 B %)
5t B, HF4E 4 Biotree DB (V3.0) B{F#r, JhA
SETFE 80 LY.
2.2.2 PCA #= OPLS-DA 4547

FET A FEA P MRSA g N AC Y o S
AT PCA 55 OPLS-DA 73 #r, PCA 73 #r & 44>
RS AR, HUS B O ADIE AR TR A R 1Y

TR sz, ARSI 22 5ok .
2a HAT DLW & BRAS AL N Y 3 AN FEAR TS B T AR
T SR AR U B A N ) 5 1 B e i, AR 4 21 AR
o 2840 SR FE Y A HR AL 55 X} BR 2 (] % A B S A5
AR T ARGy, X UL A TE 2 5. HHH
PCA ,OPLS-DA 153 2|5 b 4320 25 5%, i &l 2b s, 48
A1 B HRIUY Ab BEZH 5 0] R ZH S ATREAS 20 0 R A
— B X3, HOR[FIAbBRAAS 2] 1 0 8 X 4, A2 41 48

Oy, S AR T, URRHFE AR A RS RT SR R SR AR AR B R

a 400 b 200

200 100

n

—_— ‘ —
I 9 . o EANA
E 0 . ] g 0 ° = Cladonia tellaris group
§ ° g B L] Sg‘ﬁﬁiﬁ

~200! = -100| ontrol group

-400| -200|

-300 0 300 -400 -200 0 200 400
PC1[50%] t[1]P[40.4%]

2 ERHRIGIZATMIEA MRSA Rt PCA(a)F1 PLS-DA(b) £4F
Fig.2 PCA(a) and PLS-DA (b) analysis of MRSA metabolisms in C. stellaris and control groups

2.2.3  E54RKMt4himit

FR A 0 1 b o, Fe 3K A% VIP > 1 H P-value <
0. 05 Ay 2= A 20 Fh, 5XFRRZHAH L, FoAY 2=
SR 13 A, 5 SR R TSR0 b
Wil R FIRR S R . T — AR N-C I H &

R N- LB MURERR | 3-RAE TR H Il AR S -l i PP 8 IR
6-FFEC R S N, R IR 22 =AY 7 A,
WA AR NER (S-IRH TR 2R WL £ R |
BEARIEALAL B A 3-E AR R (W 2) .

®2 ERREMAIHE

Table 2 Screening of differential metabolites

zR iRk A

A=y e

Changes in the expression N éﬁ—ﬁ‘lﬁj% . VIP P i
. . . Differential metabolite P-value

levels of differential metabolites
W TawiiLY] [k Cystathionine 1.32 0.01
Up-regulated metabolites ., o

FRPIfR Urocanic acid 1.32 0.02

AR Leucine 1.22 0.01

i R Valine 1.29 0.01

AL R Isoleucine 1.36 0.00

203, Betaine 1.22 0.02

N-Z B EEER N-Acetylmuramic acid 1.39 0.00

——Hkfi# Heneicosanoic acid 1.51 0.00

N-ZE:H %R N-Ethylglycine 1.38 0.02

3-#2 H M2 3-Phosphoglyceric acid 1.48 0.01

5-1 R B2 IR Mevalonic acid 5-phosphate 1.50 0.04
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2:5% 2 ( Continued Tab. 2)

2l Ris AR

- . 255 PE

Changes in the expression . . . VIP

. R . Differential metabolite P-value
levels of differential metabolites
R vl 6-5 LR Caplamin 1.36 0.00
Up-regulated metabolites
i 124 Thioguanine 1.40 0.00
R . S-RHE H B Z AR S-Adenosylmethionine 1.36 0.02
Down-regulated metabolites

Wl £ W#H2 Phosphoglycolic acid 1.49 0.00
B HNE Sulfatide 1.46 0.00
KA Arginine 1.28 0.02
ZH2 iR Histidine 1.45 0.00
3-8 0 B R 3-Oxostearic acid 1.53 0.00
NS WENEDE Phosphatidylcholine 1.51 0.00

Metabolic pathways: ®
Biosynthesis of cofactors
Biosynthesis of amino acids
ABC transporters
Valine, leucine and isoleucine degradation
Valine, leucine and isoleucine biosynthesis
Glycine, serine and threonine metabolism
Glycerophospholipid metabolism
Cysteine and methionine metabolism
Aminoacyl—tRNA biosynthesis
Sulfur relay system

KEGG Pathway

Sulfur metabolism

Pentose and glucuronate interconversions
Nucleotide metabolism

Histidine metabolism

Glyoxylate and dicarboxylate metabolism
Carbon metabolism

Ascorbate and aldarate metabolism
Arginine and proline metabolism

alpha—Linolenic acid metabolism

—logo(pvalue)

2.0
L5

0.050
Rich factor

0.025 0.075

3 RN KEGG BEEEENH
Fig. 3 The KEGG pathway enrichment analysis of differential metabolites

2.2.4 EZFR#t4ey KECG g £ oM R LA £ %K
G B

22 AR KEGG & &£ 45 A o, 20 F
225 AR A 16 DM BT R R KEGG £5 48
2 5 35 FAQHaE i, 2V S H B IR A H
FAMR 2 A TR IR 2 TR G e 2 e A i iR 1§
W R L RN s AR AR A S R A

ZWE-(RNA LR85 B B A A% IR ARG | SOHE A1
2 B TR A B AL DOk i iR S e A Rl . S
M A R IRA I BT | o YRR R AR K 2 IR AN
IR AT A 2 MR AU A5 , LT 20 25 ACI5HE i
2 S I (LI 3) I 53 il 20 S5 AR5 B% 5 M
(28 A R AR S-IR T R AR A
S ( S-adenosylmethionine synthetase , SAM) | H 2 ik
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1 Fifi ( histidine kinase, HK ) . GTP3’, 8-¥f {k fif
(GTP3’, 8-cyclase, GTPC) | W iR £ I FR W iR 1§
( phosphoglycolate phosphatase, PP) | ZH & & 7K & it
(urocanate hydratase, UH ) . FH 3 i i f5 =( ¥ ( beta-
ine-aldehyde dehydrogenase, BD ) . 41 & % fit & 1
(histidine ammonia-lyase , HA ) | FA Nt g i 04> BAL 3 i
4 Jl B ( cyclic pyranopterin monophosphate synthase,
CPMS) . HrPZHERTE HA fEHI N IE sUR TR , it
— B 7E UH AEHIT I B 4- WK b -5 - Y R T g 56 T
HAMRCE R, 55 5h, HK (T Rk m L, ki
VERFE L E AR S LT E2TR i oS v B e = B B
£ BD AEHI I A, & 4 TR % ABC #1548
F L H R 22 R SR 2R A o S-IR AT AR
M SAM HEAL 5 B, v 5 T 2 LR 10 AR W5
HA B9 E G L BRACE P DR AT A R A

W G 208 AN I 2 B A0 38 . W TR O BE TR 7E PP
YTER TR, & & T LR . R s i,
2.3 ERAEREAKEYEERKEMEXEAN
HFXTE

TR A RE UL, T FE R, — A
Xt 2 45 A g /N T-5 keal/mol H) W ok 45 &
GO AR YO 45 B B R PBP2A  NorA LA % R
TR LR | FE SR ma . S-Re 1 Y A iR 4 22 S Al
YIvs K B B 53 0 -5 A S T AR B R BRI
MAZCHRE PRSI AR (4> T 3)
AEEAW T (W3R 4) WP EUE TS 2= r 25
[A]HsF 2 B PBP2A \NorA nJ g 24 f1 85 Y P0 ba #E Ao
PEEZE A BE/NT-8. 0 keal/mol 43R {5 Bl (A kA 42 it
175 TR A R AL (LI 4) , E5 R R & EH
g 5405 PHRBEIE S S BAEH o

R3 EOARFHAELEY

Table 3  Antibacterial compounds in C. stellaris

75 farty AR Bk
No. Compound Molecular formula Reference

1 FAEMR Unsic acid CigHy60, 18

2 ZRIER Perlatolic acid CsHy, 0, 18

3 HAEIE Atranorin CoH 504 18

4 FZHHFERR Evernic acid €, Hy60, 9

5 W3R Linoleic acid Ci3Hy, 0, 19

x4 HTFMNEEARE
Table 4  Molecular docking binding energies
ZiaHe
EHLFR Binding energy ( kcal/mol)
Protein name ZH A PR BEBIR Bt RIATH
Evernic acid Unsic acid Atranorin Perlatolic acid Linoleic acid

NorA 8.8 7.0 8.0 6.4 5.9
PBP2A 7.9 8.5 7.3 6.6 5.5
SAM 6.8 6.9 8.2 6.3 5.7
HK 7.0 6.0 8.1 7.0 5.3
GTPC 7.4 8.0 7.7 7.4 4.9
pp 7.7 8.0 7.4 7.8 5.5
UH 7.8 6.6 7.9 7.8 6.1
BD 7.9 7.1 7.0 6.2 4.9
HA ) 7.0 6.8 6.7 6.0
CPMS 6.7 6.2 7.2 6.7 4.6
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A

LYS-219
LYS-218
0

929

LYS-215

3.2

ASN-340
)
33

4 ERBTENSSERRAS FIETRLE
Fig. 4 Visualization of molecular docking between antibacterial components and protein targets of C. stellaris
F:A:PBP2A 58S ;B NorA 5 EH M EER;C.SAM 5HBAHE ;D HK 5825752, Note:A:PBP2A and unsic acid;B:NorA and evernic

acid;C;SAM and atranorin; D;HK and atranorin.

3 5%t

OB ZMEBE BRI TR KIS
YRR R M R BRI DI RN, B M i
M RS o T B 3l 5 R TR A B B S
JB BT W 2 25 SR G AR s
T A AR HT B AE (5B A 470 57 B A B A A
AR . Rt — BRI B DU AR P, A3
A MRSA S 4575 B, I 2H 2 A1 o3 X BF 5T
A1 EEPT MRSA BIBLER, Ny Ja a8 5046 A1 S5 Bt MR-
SA B AL FHSLUEHCHE , S A S IR 4 3
MRISHURE P BV AL S 2 i dle

FERITAE A1 B BT MRSA PLHE 2 A7, FR AR H 1A
ST S S I B LT R A, S5 SRR, 4 4 AR
227 22 PR PR R AN BR R , LR o3 5 22 R BR
U HY B R O FERT R L e BT I B R AR
SMUTE T, 5 A A L, & A B R T
o SEIARIRR QA LE, 78 0 S X0 FR 2 i
PRI /1 S 5, SR B AR SR, X5 P 2ty
R R TR B R IR AL 2 ol BB A 6 2Rt
Fr G R B R AF AP 6 1k, R A S B AT
Je RV TECEL iy R AR DR BRI BT RE . (A R TERYJE,
FEA1 X MRSA BOSBUBME o T4 8 (0 3 4 R A, T

MRSA i 24 7 Az 1 fi AR 38 5 H AN 1 it 24 285 1
PBP2A 354 J1 A Fk MRSA 40 i s - 1) £ 24 41
HEAEAESTAE 2 A A A HE L 30 20 B o, DT et e
MBI R e PBP2A 1 % 25 M HE S 44 7T g
VE A2 A ES 4T MRSA 2 0 5

B 8 A0 80 MRSA HA B SR TR 2 )5,
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