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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, Yunnan Province, China
Abstract: The extract of Cladonia stellaris has good in vitro antimicrobial activity. To clarify its antibacterial
molecular mechanism, 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, analyzing the antibacterial mechanism of C. stellaris. In vitro
antibacterial experiments showed that the methanol extract of C. stellaris had a broad antibacterial spectrum and
was highly sensitive to MRSA. Metabolomics and molecular docking results indicated 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
inhibiting 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
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MRSA.
Key words: Cladonia stellaris; MRSA; antimicrobial mechanism; metabolomics; molecular docking

i FF 420 PG R 42 35 (3 & BR - (methicillin-resistant Staphylococcus aureus, MRSA) f:H
EREREESORE . —, BARROI 250, B E T 8L I AL SR Il 1k
RPESCHT R FEIEIR SE L7 SRS, BOER IS 63.1%). 4K, MRSA TE & K6 i Pl
Krth, B2 A S NS RRDY. T ROHT BB VE R 5 LA R B MRSA K
RANAEGE . AR HANE AV E IR IEE, I 50% 1A IE S BAT R ATt
HETE, HE S ZMMA NS HH S simE G me. K R EAMAaREESE, Hh
A BHAR T E A VERR IR, TR REVRERS ., #4388 (Cladonia stellaris)
RETHEATEEARBIA, 2T am. Bl BRI, 2umEmnE
ZORPED), KR S ERRO. BT, MATI RGN E PR ROE, WIPHESL R RIF
RITTRE AT . SR, X LEW 5 AT B AL E AR B B o AT U0 B i P 75 A 4 R s, 2
A SESREUNS 22 b Er VR SO B B A U RSN R, IR MRSA B e UK
MIPTRE G, A BB R OB R 2 &g ae, SR B AT TC SRR IR R 2 A 8
P MRSA 1EFFLH], Rk, A3CLL MRSA AR, RIS R T3 B P IR R
HAEEPT MRSA [FIHLEE, 95 SR FU 8 AT MRSA HUHAIR F 3R 4318 1K 47 .

1 MRE5E
1.1 #4%}

# A8 (Cladonia stellaris)  (FHEFEL) 2.5 cm, R ERKAGOEERERKE; Ry
B, EWembh =X, WXERLXSEE R, TEEHW, e, Tk, oEa s
g, WELEHFR. ) RETEMREEIL, SPRBEY AT AT QAT R A%
SRR, RAETRELR S AL P A B s g ot 4 °CUKAR o i 420 P AR 4 3 €0 2T Bk B
(MRSA ATCC 43300, dbmtdbghaIpAmE AR5 « SO E % IKE (Staphylococcus
aureus ATCC 25923) . Hi KA 845 i (Listeria seeligeri CICC 21671) . B4 2= i 4%
( Listeria monocytogenes CMCC 21633) . W RIRIGIEF B (Salmonella paratyphi-A BNCC
336664) « KWpa# K (Escherichia coli CMCC (B) 441027) . #& K& E (Shigella
flexneri CMCC 21534) . i e 51 (Klebsiella pneumoniae ATCC 4352) i K HEJH Jiii &
AR B AR b 04 BIREE (5. 240228A10, JbaBEMFrBAR B A R A

) o FEEKEEEERIEIE. LB A (Hit5: 230207A10. 1102841, | ZRIAPLHEY



FHEARARD ; LB WA (AifE>99.9%, fit'5: 240104E1. 67-68-5, Liff
EMANRIARARD « HEE. 28 20K, Rl (A%, #its 67-56-1. 75-05-
8. 1336-21-6. 67-63-0, CNW Technologies A7) ; LM#H . 4 (ai%d, #t5: 631-
61-8. 64-19-7, Sigma-Aldrich A ) ; JEEKBE4AK; HMBAARDER (5.
6210250121, WZARDREERBAAHRATD .

Vanquish 7 # = S0 A . Orbitrap Exploris 120 7 & 43 #% 5 i (35 [@ Thermo Fisher
Scientific A7) ; JXFSTPRP-24 HBI51 ML ( LifEi5(5 VS BHAR/A ) ; Scientz-ND 7Y
RIVAHETHHL. SB-5200DTDN AL B IH Bl (T Bl ZAEMRHEIR B AR AR
RE-3000 B Jig#% 28 A% (LR AANER) D ¢ -1300L-U B4 TAE G (GREEHIZR 2 A
mlfIE) 5 GHP-9270 BURF/K A MHIRRET 7246 DKZ-3 B4R /KIS, HWS-28 AL L #uiE I K
Wl ERHE AR AT 5 GZX-9160MBE A ¥ & i R THEHL (g mselr g
FRAFIEIT & D .

1.2 LW F53%
1.2.1 # & 3% P EER B 9 kS U &k
1.2.1.1 A58 H R S B ) 46

EARERE, WEMAETT 50 )C T, #irjEid 60 B, R 1:10 (g/mb)
TN 75% R V0RE P IR 2 30 min JEHilUE, A BRIRBOPR = E U EIHR, 45 °C
FAF PRI, HAWETE 12h GABRRZRFE-25°C, BFEREN 50 Pa) kK,
B T-20 CCUKABEN 2 B RAF 5
1.2.1.2 BRI 4

I HUARSHIE PR AT (K B AR T AR B #E K, SR 22 IKEL RS R T LB g (2%)
37 °)CHR i A, R ISR, 4 500 r/min B0 15 min, 725 bW, PTG 2R PR EE
K1l 2% B AR 1x10° CFU/mL %% H
1.2.1.3 A58 Y SR U (A AT I Vo M B /N0 AR (1

SR ISP BT FLVR TR 0 28 A 88 P B R B IR AR A TR VS 1, A A R R SR U
DMSO ¥ fif 4 100 mg/mL # il K& FRBEM 1% 10° CFU/mL YR, 1% 20 1 1 HiiR 2]
IR A E & . A 100 pL ke Sk F-FAR BT LIk FL A B s, A FLF A 20
uL (2 S AR B, BHMEXT R S mg/mL (2 S B 2, BAPEXT A DMSO, 37 °C
BE 9% 24 h JE SN B K/ . 255 Li S0 0 48 40 SR BT B IE R 45 SR AT 0T s B2 F B Y
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%iENY, % MRSA #E47 /NI W E  (minimal inhibitory concentration, MIC) %€, K48
FESIREY A 3%DMSO £, T MH R FBRE M 2 — 2R (10.000. 5.000.

2.500. 1.250. 0.625. 0.313. 0.156. 0.078. 0.039. 0.020 mg/mL) . /N [&] ¥ & ¥ b
2% (V/V)IEWE B (1x10°CFU/mL) , BT 37 CCIEEBE MBI 24 h, UM/

FA) 3%DMSO B SEEIME A FOR IR, Bi 9% 18 h G TTC &40, KA &0 e ik
JEHIE N MIC.
1.2.2 % & & FER R B & 32 MRSA B 89 Rt 4 5 41
1.2.2.1MRSA AbF K fil A AR ) () 42 B
I3 R 2% B (1x10° CFU/mL) M 3% A &4 ) (12MIC) T 50 mL MHB W
Hr, BT 37 CCREIRIRG AKX HON, B OWCERBARTTE, AR 10s, TUK Ef#E,
TN PBS SR, AR 5O JE SR B A DTTE, -80 CCIRAFE& FHUS, AN # A SR B ¥ 43
HUNKTHIRAL, ARSI & AN EYEEL . RIRAKEL 25 mg F£ 5T EP &, A%
Bk, A 500 pL $RBUOKR (FHEE : 25 - Kk=2:2:1) (V/V) , SR EFRICHIRES
Y1), WIS 30s, NSRRI (35Hz, 4min) , FHHEBEVOKHHA S min,
WL IRE R 3. 40 °CHHE 1 h, KM 4°C, 12000 r/min (0277 13 800 xg, R=8.6 cm)
BS0 15 min, HCEIE T HEFER S AL
1.2.2.2 LC-MS £l
{4 F Vanquish (Thermo Fisher Scientific) i fmy 20 #H o 3% 4%, ik Waters ACQUITY
UPLC BEH Amide (2.1 mmx50 mm, 1.7 pm) AHEEAEX H AR G237 B0 58 . W)
FHETE A AHKAH, & 25 mmol/L Z TR %A1 25 mmol/L Z /K, B A A ZNE. Ff iR
4°C, BFEAFL: 2 uL. Orbitrap Exploris 120 Ji X AEWE(EfHI 54 (Xcalibur, iAS: 4.4,
Thermo) &Ml FIET —4 . UG EIRKE. FHFAHSEWT: B RE 50 Arb, Aux
JUE 15 Arb, BAIE R 320 °C, 4> MS 73713 60 000, MS/MS 73 #1315 000, fill 4 GE &
SNCE 20/30/40, W% HE7m18 3.8kV (IE) #i-3.4kV (f) .
1.2.2.3 R Geit 400t Je 22 AR ) KEGG & 490 bT
K H SIMCA 16.0.2 3 {73 Hr Ab B 4H 15 %) R 4H (1) MRSA 22 AR, @i 3 iy 0 4
(principal component analysis, PCA) W% & FF AR [A] 1 S AR 73 AT Aoy M i B B AR E 1%, IF
K FH IE 22 i B /N 3R k- H 51 4> B Corthogonal projections to latent structures-discriminant
analysis , OPLS-DA) Kb 2 FIXS HE20 i 22 S A A, JFRHE 2307 45 A5 B S AR B i A2
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ERHEEM (variable Importance in the projection, VIP) Fl1 P-value {&, LA VIP>1 H. P-
value<0.05 MAREITE 2 F AU . 4k, IBH RIES ST BAEIAT sUA L R 55 2 R 4 B
Rl4=4 (kyoto encyclopedia of genes and genomes, KEGG) B & /01, 1ER 2 AR
VIS 5 I0RE MR, IFEET H gl R AR B R R A
1.2.3 BASETEAEY 52 AU R E 1510

w2 R AR LT E A &5 MRSA i 25 /1 56 1) 75 % K 45 & & [ PBP2A

( Penicillin binding protein PBP2A , PBP2A ) Fl ¥ i fid 2% i 25 & (1 NorA ( Quinolone

resistance protein NorA, NorA) 1ENZMK, EHETPEL SV NEAE, FH ChemOffice.
AutoDock #F 5 UnipProt #4f& % Chttps://www.uniprot.org/) , #EAT/r T X404, #—H
UF 78 A1 88 ) BB O F A 2 JO@ . B 775 UnipProt 04 FErh F#E A, R
AutoDock Tools #HAT kb3 J51E N2 4&; {8l ChemOffice % AutoDock Tools % {4 4b #H fiit 4 ;
FIF AutoDock vina BEAT 7y X%, BAXH 45 A RE BRI i i AR O A M &, FH PyMOL #fF
BEAT X He 5 RAT WAL 43 BT 09,
1.3 HiEaLE

B ) b PR K S Py rig B SPSS 26.0 HEAT BRI R U7 2401, P<0.05 B4 4H 1A H
HREMZR . R ProteoWizard F{F1E AR 40 5% S5 4 B85 #5469 mzXML #20,  FEA8
BT XCMS [ R FF R SRR P AT WA A I . $REL. X5 A% S . KA R Biotree DB

(V3.0) BATAMEE

QERS S
2.1 EAEPEREIR M EE M

RN S5 R, A AN 4 Pl 22 B PR P S50 B AT 2 bl 22 PR 1R 305 1 40 e 30
HPEEME (R D, Hrh, XTH BRI FEMT B &8, X MRSA ) MIC 4 0.156 mg/mL,

BN ERABRERTEE, X MRSA AEAFFUREFEE.

1 A B ERBESMUE E
Table 1 In vitro antibacterial effect of methanol extract from C. stellaris
- M‘ Vg L
PR R 2% [ . o
Diameter of the inhibitory zone
Antibacterial object Gram staining
(mm)
MRSA 17.0+1.7¢
ST A E BRE Staphylococcus aureus G+ 12.8+0.4«
PN AS WL BQBE Listeria monocytogenes 12.5+2.14



Wy IRZE W IR Listeria seeligeri 20.3+1.8°

R EGFEFT 1 Salmonella paratyphi-A 2440.012
fiti % 50 B {AFT B Klebsiella pneumoniae 20+0.00°
1 RGP Shigella flexneri -

K17 A5 (R Escherichia coli .

VE: HIESPE B2 (diameter of the inhibitory zone, DIZ) <6 mm H|Wiy LHIH EME: 6<DIZ<8 mm, K/E
BU; 8<DIZ<14 mm, TEHUK; 14<DIZ<20 mm, HERUK; DIZ=20 mm, WK, AR/ 5
FoRZEREFE (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).
2.2 EAGRERRIIIAIE MRSA FRIR G
221 Rift ey & 3 TR A

A S RS AL B MRSA WA 5, 242 LC-MS kil nf 3145 i AR S B i 1
B 1A H, EE PR (positive ion mode, POS) Fl4 & 70 (negitive ion mode,
NEG) F, #ASEAASIRAMEM I E T A e 2R, sl T XCMS [ R
TFPR A FTEFP AT I AT . $RH. XI55, ®H, JF45E Biotree DB (V3.00 #AFr#fr,
LU R4S 3] 80 AR .
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Fig. 1 Total ions chromatograms of MRSA metabolites in C. stellaris group and control group



T SI~S3AEREAEHN 3 M TATEEMA, DI-D3 ARIMLALN 3 ST EEREA.
Note: S1-S3 represent three parallel replicate samples of C. stellaris group, while D1-D3 represent three parallel
replicate samples of the control group.

2.2.2PCA #= OPLS-DA 447

BT MRSA A AR K & 34T PCA 5 OPLS-DA 73 #fr, PCA 73 #fr
B AR AR =R, BB ERTER B R AR F R4, B i EEL, 1
FEA AR RO RN AN 3 Sl AR AL ez, HREARARUI K 22 ok . M 2a A n] DLELW
RIS A ) 3 MREARTG R B IR AR, WA A R B LR, B AR AL

OSBRI HEA S X AR B ML, B3] TAERIX ), RUHNHAEESR .
HIEL PCA, OPLS-DA G2 4F 7 A5 R, 1l&l 2b fFror, #4083 A PEAL S X i 20 Y

AT REA ) B BRARAE — € X3, HANFACBAG R 7R X5, R A SRR AL # 4

50 A A B ) EAAE B35 7
a b
400 200
@
] * —_
5 S o 2EEA
P n
E 0 ‘ ﬁ 0 ° Cladonia stellarigroup
g . g = u WfHBA
2 500 = -100| Control group
-400f -200|
-300 0 300 -400 -200 0 200 400
PC1[50%] [1]P[40.4%]

B 2 A BRI A B AN A MRSA REPIK PCA (a) F1 PLS-DA (b) 7347
Fig. 2 PCA(a) and PLS-DA (b) analysis of MRSA metabolisms in C. stellaris and control groups

223 £ F Kt it it

WRIE G bR, FE3R1F VIP>1 H P-value<0.05 (22 AR 20 Fh, SxfiE41MLL, I
TR Z A 134, ARl wEiR. SR e, Dt RTIR. »RaiR. —
TR N-CHEHER . N-OBE R . 3-BEIRH AR . S-BER W ERR . 6-m O
B SRS, IR ZE AW 7 A, N HERR . KRR S-IRE AR . BR R
g BEMRMEARGR. fRE NG, 3-AMMERR (WK 2 .

R 2 ZRABWIRITHIE

Table 2 Screening of differential metabolites

ZAGRIE B ZRA VIP PH
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Changes in the expression Differential metabolite P-Value

levels of differential metabolites

[t #ilk Cystathionine 1.32 0.01

JRFIE Urocanic acid 1.32 0.02

%R Leucine 1.22 0.01

4R Valine 1.29 0.01

SRR Isoleucine 1.36 0.00

#1278 Betaine 1.22 0.02

LD N-Z. Tk i BEER N-Acetylmuramic acid 1.39 0.00

Up-regulated metabolites

. —%HR Heneicosanoic acid 1.51 0.00

N-Z.FEH &2 N-Ethylglycine 1.38 0.02

3-TEER H IifZ 3-Phosphoglyceric acid 1.48 0.01

5-T 2 H ¥4 4R Mevalonic acid 5-phosphate 1.50 0.04

6-28 2 CLIK Caplamin 1.36 0.00

i & M4 Thioguanine 1.40 0.00

S-JRE AR &R S-Adenosylmethionine 1.36 0.02

R 2. F#H& Phosphoglycolic acid 1.49 0.00

fi H i Sulfatide 1.46 0.00

TR & B Arginine 1.28 0.02
Down-regulated metabolites

Z R Histidine 1.45 0.00

3-ACAE IE IR 3-Oxostearic acid 1.53 0.00

T IR MWEAH AR phosphatidylcholine 1.51 0.00

224 23Rt 489 KEGG & £ 5 AL AKX & 6 85

72 5 AW KEGG & i 45 R on, 20 F2 AW A 16 SR
KEGG ##i ek, 325 35 5 ANHEER, T2 R HMBEIRAOSH . HER. LZRMITR
FRARH I BRA A R A . AR SRR R LRI S Bl k-
tRNA AW E R A R AU TRoBE A0 A1 46 B P TR PO A LA . PSR IR 5 e 1R
R SRR R A B a- AR R IR A A A . AR
S, RFERT 20 SAREHE R 2 B (LB 3) IR AT ET 20 SR AR B B A ) 22 AR
M ETNEER, O ST HME KRG KA (S-adenosylmethionine synthetase, SAM)

HEIRPMEG (histidine kinase, HK) . GTP3',8-{kLE¢ (GTP3',8-cyclase, GTPC) . TR
9



W% B W B2 B (phosphoglycolate phosphatase, PP) . 4% #2/K &8 (urocanate hydratase,

) . HSEHHES S MG (betaine-aldehyde dehydrogenase, BD) . ZHEFZ AR5 EGF Chistidine
ammonia-lyase, HA ) . AL g i 04 5 8% 2 5 BB (cyclic pyranopterin monophosphate
synthase, CPMS) . HAHRMIE HAMEFH FIBURTIER, HE—B1E UH 1EH R B AR 4-0k
WA K I - 5 - AT PR T e 4R T A AT % . 534, HK A R Ak, k1 3R 5 400 18 1) 25
JIR 2RIk . ESREAT FHE SRR AE BD AEF NIERG B A TARBNERE . ABC #ig i H .
HEW. 228K ERNREHEE. S-IRFFHmMERE SAM UG, BETRERNA:
PG TR G . BRI R R R RS R R R AR i
o R CRERRTE PPAEF FIEHL, WAET MR, RRBRH. BRACH.

Metabolic pathways: ®
Biosynthesis of cofactors:
Biosynthesis of amino acids- .
ABC transporters- s
Valine, leucine and isoleucine degradation-
Valine, leucine and isoleucine biosynthesis-
Glycine, serine and threonine metabolism-

Glycerophospholipid metabolism- —logo(pvalue)

<§‘ Cysteine and methionine metabolism- ! 12;)
§ Aminoacyl-tRNA biosynthesis- (1):(53
8 Sulfur relay system- p—
ﬁ Sulfur metabolism- : 150
Pentose and glucuronate interconversions- : '250

Nucleotide metabolism-

Histidine metabolism-

Glyoxylate and dicarboxylate metabolism-
Carbon metabolism

Ascorbate and aldarate metabolism-
Arginine and proline metabolism

alpha—Linolenic acid metabolism-

0.025 0.050 0.075
Rich factor

B 3 ZR R KEGG BH EEMT
Fig.3 The KEGG pathway enrichment analysis of differential metabolites
2IEABMELAYSESRIFYHEXEAN S FXIHE
T RES A R, RS AUl — AR XHR S & RE /N T =5 keal/mol FI Iy
gEA RPN T K YO R4S R PBP2AL NorA DL JRTIRR . AR IR. #eml. S-IRis

HB 2R 55 22 A e B A Bl S A ST P IR IR . BROLIR. BRTIR. £
10



WML (77 AR 3D WHESE T (R4, YIBRIE 7AGRHA SR,
[Fl iy % W] PBP2A . NorA A A /& A A1 S P I #E Al e HUSS & RE /N T7-8.0 keal/mol IR H 5
P A K AT 20 T XSS BT LI 4D, &5 R EOR&E A8 S0 A YR aETr B
HEAEH .

RIBABTHHBELEY

Table 3 Antibacterial compounds in C. stellaris

] e 4 E= DTN
No. Compound Molecular formula Reference
1 ¥AE R Unsic acid CisHi607
2 ¥RGHE Perlatolic acid Ca5H3,07 18
3 51 Atranorin C1oH150s
4 X HI I Evernic acid C17H1607 9
5 Wy Linoleic acid CisH3,0; 19
R4 HTRBL AR

it
EAHLK Binding energy (kcal/mol)
Proteinname EHFREER PR  BEFR BRI TR
Evernic acid Unsic acid Atranorin  Perlatolic acid Linoleicacid

NorA -8.8 -7.0 -8.0 6.4 5.9
PBPZA 7.9 8.5 73 6.6 5.5
SAM 6.8 6.9 8.2 6.3 5.7
HK -7.0 -6.0 8.1 7.0 -3
GTPC 7.4 -8.0 7.7 7.4 4.9
PP 7.7 -8.0 74 7.8 -3
UH -7.8 66 7.9 78 6.1
BD 7.9 71 -7.0 62 4.9
HA 7.2 70 6.8 67 -6.0
CPMS 6.7 6.2 7.2 6.7 4.6
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A B

LYsS-219
LYS-218
02. )
¢

LYS-215;

B 4 BAEIE RS 5EBE L2 THEA LA

Fig.4 Visualization of molecular docking between antibacterial components and protein targets of C. stellaris
7E: A: PBP2A 5#IE; B: NorA 5EHMEER; C: SAM 5MIHIER; D: HK 5EKHIER.
Note: A: PBP2A and unsic acid; B: NorA and evernic acid; C: SAM and atranorin; D: HK and atranorin.

3FigSSR

AR T ZMEE. MREMAMIRRL Y, RIUR R EZSRIER, wHERY,
YIRS I ARy IR IS R T 2l R R AR A M . B e R e 1. 02 255 R 4t
G SRBLAA G e S5O AR BUR A, (H BRI ST R S A AT A 2 . it —2D
IO EPTEAEPLE], AR SCLAMRSARZR T, A A AL A0 70 7 XA T84 A0 88
FIMRSARIHLEEL, e 2R4R F A A SEHUMRS AN RIS FHER KA, RIS, MRS
Ay BRR P ) B AR FIML A 3R B 5 5 1R 5

FEPRTUAE AT S PIMRSANLEL Z 1T, AR A ST G Sei6 e W L s ik, 45 RR
WY, AT X 22 R o 2L IR VE T A Bk, DA SR 2 IRPAE TR, W R B 05 AT 3 i
R FAATHE BA REFRRSNUREGTE, 5HAMMBARME, ERARENTIREIE. 558
RS IR L, 0 0o 307 IR s IR B b A I S 5, SRBUOAIREBUK, X5 g2
Jors PR R S SR R PTAL S B RE V0 A R, 2R B IR R I 1 AP IO e e, R W4
A FE AT RV T IR REEFI R e . (A3 RIERIE, 0 SR MRSA I BURE =
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T WO AR, MMRSAT 257 £ IR IR 5 B LK 25 5 A PBP2ASK & /1 F¢
IR AT EMR S AZH i JiE 1 1) 22 24 S HER AT HU AR 2 AR P9 BB HE 1 B4 B 5, AT e B 202k
REERD, R IEPBP2AM 2 25 SN HER 2 T REVE N A I DIMRSA R AL A

BB 2 1 85X MRSA B BUF st a2 ), ia AR 4 2 07 23R B A 88 b 3
MRSA J5 (12 5 AR A K IAHREE, U HrHAmE L. 45 R EoR, Enfas
MRSA F )5, k2] 20 #h&82% 2Z Y. SYRAME, &K, #RER. R
MRiw 2 L, WHFURY], Bim S BN SCRERUIE IR = 2 PR R SR A AU, AT 2 4 T 1
g a2l TR B, RTIR A E IR B =20 R s R A R R, BERe
BRI A 2 Ma-T K RS 5 =R, RIS TR Z R A AT 520
=R . (R RIER A, AT DT M2 B MRSA (XU 7> R4 (Two-
component systems) , MRSA AUE N HIRNAL Iy RGURIESANFHEL . PH 55 & Fhfid, M
T 98 7 [N 5 S 25 PERAE, IXAN XU 7> R GU A4 17 2 PR S S S 45 AR — > 2L 1 1
HH (response regulator) 4, 2§ MRSA 852 I 4h FFqul S, A AR 1 1K) HK f 41 20 0% 1k
AL, BEJe, RIEBINVIETE A L, NIRRT AR N, TR
FEAH T N AL S IE AR ETE AR . SRR, B R, SR = R,
HIH Z R AL i, R B E s, R AIREITER, M=t £ =
PR S BRI INCY . —TJr L, SR O R AME, S 5 R EIRAW, 5
R B N A K, RSP MRSA J5, 3305 4 N 528 S A A ALE AR
SR S-BHFFMEAIREE TR, S-BEFFREAIR R —MAEAE T Py L vk b 10 B 24
B EAR, B SAM AL IR = BRI B EIR & A, ARIHAE R AL . Fem A AL 2 T 2k 1Y
PERIRS), HR R A LU AL IB) i R 2 5, (L1 SR WAL 2R R, WA
FETTREMA] 1 SAM RO Pk B IR 1 HAEY G R NI TR S-BRE BRI . AR
FEAU SR LA S- R PR R O R I, K B R B £ I e e O Al X P e 4 (1 B
POE TR VE RN E, R AR AN Y e ek P AR R, R, Rk
RSN R IR, & B 3 R, T I 5T J2 v VR g 00 TR 5 8 T v T 8 4 L
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