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Z8 BAEMALIE G USA300 B M 1R I 45 14 s 385 45 4 45 G (vl 2 B A X USA300 A48 BT R 1) 5%
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Antibacterial mechanism of thymol to methicillin-resistant
Staphylococcus aureus

YUAN Zhongwei', CHEN Zhiying', GAN Yingying, LI Ting, GU Kexin, YIN Lizi
(College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: [Objective] To investigate the antibacterial mechanism of thymol to methicillin-resistant
Staphylococcus aureus (MRSA), and provide a reliable theoretical basis for the exploitation of high efficient and
low toxic anti-MRSA medicine. [Method] The minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of thymol to MRSA standard strain USA300 were determined via microbroth
dilution method and colony counting method. Bacterium solution conductivity and DNA amount were detected
to investigate the effect of thymol on USA300 cell membrane. SDS-PAGE was used to detect the effect of
thymol on USA300 soluble protein synthesis. The ultra structure of USA300 cell treated by thymol was
observed through transmission electron microscope. The effect of thymol on USA300 biofilm formation was

investigated via crystal violet staining method. [Result] Thymol had definite inhibitory activity on USA300,
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both MIC and MBC of thymol to USA300 were 256 mg-L"'. Compared with the control group, after treating the

strain with 512 mg-L™' thymol for 1 h, the conductivity of bacterium solution was improved by 18.08%+1.80%,

and DNA exosmosis amount increased by (123.40+8.06) mg-L™'; after treating for 24 h, the soluble protein

content of USA300 was reduced 68.20%=0.15%. Thymol destroyed cytoderm and cytomembrane of USA300,

disturbed its normal binary fission, and inhibited biofilm formation at subinhibitory concentration.

[ Conclusion] Thymol can inhibit bacterium growth by changing its cytomembrane permeability and

disturbing protein synthesis and normal binary fission, and depress biofilm formation at subinhibitory

concentration in the premise of not affecting bacterium growth. Thymol has the potential of developing as anti-

MRSA medicine.

Key words: methicillin-resistant Staphylococcus aureus; thymol; conductivity; DNA exosmosis amount; soluble

protein content; ultra structure; biofilm
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YEM o AR FAE R TAE &I A B EFE X MRSA
HAMSIER, EAEHLE M AE . B, AR5
AL MRSA FrifE B vk USA300 JyBf 5ixd &, @i it
FCE LAm USA300 418 iE 1. rlE &R H
JoR 5 B T A G5 R R AE MDA T RSG5 T T PR 520, [
A H BEAB I MRSA [F/EHMLI, BF 7845 ok
TR EREEE AT MRSA 294 M AT SE A B 14

http://xuebao.scau.edu.cn

1 MR57EE

1.1 #H

HEEM[LEE (w)>98%, ik 4l F &4l i
55 B RE A 5], H DMSO(Sigma-Aldrich, 3
) 55 A, TR REIR N 40.96 g L (BRI 4% s
MRSA F5#f B# #k USA300(ATCC® BAA-1717)
W 1 3 [ b v B8 A 2 pHL 7.0 PR R 22 vh 268 711
(1xPBS, L8 5E) M A Z K E AR AR A A, #%
1 F U WA BC B 2 000 mL () PB'S M 2 2% vh v WK s
BCA & HKE e & B Bl = RAEMH
RARAF] . Wi H NG (BHL AR 775
JERE E R 10 g 20 B 17.5 g, SN 5 g, Hi %
W2 g T KBEREA 48 2.5 ¢ HRBKERSE
1 000 mL, pH 7.4; i.Coi= tH R B lG (BHI [ 4435 77
B): iR 4 g F0RK 4 g AN S g BREH
Ik 16 g, |ALIN 5 g, HIETHE 2 g, BERRA N 2.5 g,
il 13.5 g, HZEM/KEZZ 1 000 mL, pH 7.4;
TSB 55953 BREE AN 17 g KEEAM 3 g &k
BN S g, HIEINE 2.5g, BERRE AN 2.5 g FHZRTEKE
%% 1000 mL, pH 7.3,
1.2 BEEMX USA300 RIEMNERE. RIEF

BR FE A4 K 2N E

K R R M R0 8 B LA X USA300
HIBAKIE ¥ (Minimum inhibitory concentration,
MIC), H A5 1 LA 8 fLH B &M &Ik 5 5
N1024.512.256.128.64.32.16 fl 8 mg-L'; 5
9 FLARHPEXT R, 5 Hon 5 uL B 28 10 4L
DB R, B R Hon 2.5 pL R A 24,
BLILAT AR, 37 C 404 FiERFF 24 h,
PR RO 82 T 1 AR K I AT 2R FE AL B LA B
JREIRE A MIC. HRHE MIC W& 45581, WNER A K
AL AR 100 pL 3577 55, 5] 140 T BHI [l 14
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RiFEIE, 37 C M NERE IR 24 h, IAEKHIHTE
ANFCABIE 5 AN H A W i B R N Z 2 1 i
KA B Z (Minimum bactericidal concentration,
MBC). 5% 3 IXEKE, BCFIIME.
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TR B BHI W AR RE 7R B AR 12100 ke, B
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¥ 3 IRES, BCFIIME.
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3.0r
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0
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1 AEREREHRESEH X USA300 £ BHI /& FE
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Fig. 1 Effects of different mass concentrations of thymol
on USA300 growth in BHI liquid medium
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NS B AT X USA300 20 i 530 575 1 1)
SN, AR NN H B I IS I B S R AT
Mg, B2 BoR, 553% 0 h AL, 5538 1 h JG @K
I HL S 3 18.08%+1.80%, 1557 2 h Jo B HEL 5
N 22.86%+0.42%, H5 754 8 h I R B F 3%
9 22.06%+0.83%, 325 AH [F) 55 77 I 1] 1) ) fR 20 22
SR (P<0.01). X REZHEL RN A A 1 22 8 h, HL
SEEREE B WIS R ] DL
USA300 B A2 Mo iy 3% VE 22 40, N B BL& W
Ji > BRVRFEL S R, U B T LA I T DA R A 2
I B P 308 35 1 160, A T R AN LSRR U B T A T

30; —=512mg L HREMH

-=-DMSO
20_ Kk
&
o 10
R
0p—a—s i e
2 4 6 8
“10l tyn/h

<ok T ) 5 2 1] 0k AL 512 mg- L' T B 75 W b 380 40 1) 2
TR (P<0.01, ¢ K 5%)

2 512 mg L BEEEX USA300 BB SRS
Fig.2 Effect of 512 mg-L™' thymol on conductivity of
USA300 bacterium solution
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NG AIE T B F Y% USA300 4H i JIE 3 3% 1k
S, ARG I A8 5 ARG KT
YI)ii (DNA) 4ME AT 7€, g5 R Wk 3
o FEREMEMEME 1h 5, 512mg- L & BEEmAL
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0100 F
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Z 50t
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QU
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2 4 6 8
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kxR R P IR (K 06 B LR 512 mg- L' HLA Y AL B 4L I7) 2%
SRR (P<0.01, ¢ Ki)

E3 512 mg L' BEFEX USA300 DNA SMEE I
Fig.3 Effect of 512 mg-L™' thymol on DNA exosmosis
amount of USA300

24 BEERMI USA300 AT AMHEHAREEW

20

R E BEm X USA300 @k m] iw & G
JR R, AR SN A W S B AR T
PEE AR ST Tl E. SDS-PAGE 4R &
ENNEREE NV Al E A i Ry S N N
(Kl 4). BCA & A& &M e ol 70 & e 45 3L 5o,
IONTT BAEMVE 16,24 h 5, 17 HE &My Ab F2H 1)
PR R AT 1 B 5 i) B R L DR/ 68.10%+
0.23%- 68.20%+0.15%(P<0.01). Z5BE W, 7 HE
Py ] DLGE I 520 USA300 B 44 ] 5 1 2 A 5 i 4K
RPN AE

M M 1 2 3 4

250000 *
150 000 # s

100 000
75 000

&
50 000
37000 —
25000 3 .
20000 S
—

M: e 5> F 58 [ Marker; 1: 16 h X845 2: 16 h 512 mg L' H BF&
By Rb TR ; 3: 24 h XFHE4H; 4: 24 h 512 mg L' 7 BBy Ab B4

4 512 mg'L" BEEERX USA300 AIAMERRNAHK
SN
Fig. 4 Effect of 512 mg-L™' thymol on soluble protein
synthesis of USA300

2.5 BEBEFEXT USA300 F7AsLEH80 5200

FER RS R BN 512 mg LT T B EWE
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Al:4h H REMILIIA; A2: 4 h SR B1: 16 h 7 AMALEIL; B2: 16 h XA C1: 24 h i AR AL FEAL; C2: 24 h WHHE4L
El5 512mg L’ BEFBMTRERAERX USA300 EiAAMBHLSHIMRNT
Fig. 5 Effects of different treating time of 512 mg-L™' thymol on ultra structures of USA300 cells

YA AR, HF B AR M IR R, L
3R AT 512 (B 5B C)o S5 HE 2H B 1 4
0 225 ) 5 RE T BT, T A TR e, R A A M 4 1
B, To 2, oy B IR, A TE T 0 24
RER (F 5SA2.B2.C2). W EH EEMBIR T
USA300 HI4H &6 1) 52 e H 43 2L
26 BAEEFHITHIEKEIT USA300 % EH

I A:0pAl

KT MIC 23R RN WA IR . %
S F HLA My VA B 9 BE X USA300 A= 4 Bl B T 1k
fie J1 )5 ma), AREe X B BLEF MR S USA300 1
ARG IEEAT T I5E « S5 R BN, MR Dy 12
KT HARL (K 6). 4 8 mg- L[ BREMAATG,

1.5

=1.0 >

Q
0.5

0
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R RO EEMOHEASHIRAERKE X (P<0.01,
1 A 58)
6 FEREREEEEEHI USA300 S P4 R AR 4E
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Fig. 6 Effects of different mass concentrations of thymol
on biofilm formation ability of USA300
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MIC. MBC %R W ([ LA By X USA300 FA &%
AR 0 ) AN R KA L U B A R B T R T
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