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(# ZE] HE: KTKBEHRACEXFEIIRE (E. faecalis) T25TERISZIE , I I B AR FHLE .
Ji¥k: W E. faecalis bR I 88 TR E TR 1040, IC 5B — YA U A RARIM B (MIC)
. WAES 10/CE MICHE MM, BN E. faecalis A E E T R Bk (E. faecalis-Cs) . 2 2 Fp i
MRAERK L, B R T BB L 2P AR TR A 3R L, 45 S 58 U G v R N 2 o Ak At v 2 4 TR i
MAEMEEWREAEY (MATH) AR 2 F0 B RN HE B KR, SER 288 e 8 PCR (RT-qPCR) K
T2 b A e A T A B S-ROME R R D R AR S (LuxS) mRNA RIBAKF . GF.: ME SRR
(55 0~104%) By, E. faecalis ¥ MICAEZ Wi T+ o E. faecalis F1 E. faecalis-Cs () 4= K i1 4 TC W
WES., BHHEE, E. faecalis M E. faecalis-Cs ¥R BIE sl WERTY | A1 BELS M 5838, A&, @
JRLJBE o3 A 1350, 2 AR BRI AR O/ N RN A0 L BE JE B e SE R Ve Ty T TE A 25 . AhAn R LA E, S E. faecalis
Hiz, E. faecalis-Cs W EIE R B30 (P<<0.05). MATH®:, SE. faecalis tb#, E. faecalis-Cs )
A T B K R B A E (P<<0.05) . RT-qPCRIE, 5 E. faecalis L3, E. faecalis-Cs 4l 17 2 ) B v
LuxS mRNA ik K FH BT (P<<0.05). 458 E. faecalis T8 R i TR E G &= 251k,
i 25 o BRSO BE T B 5E . BEMRIERAT (QS) R4 LuxS i A 5 3% 08 A HE 5 19 41 1 A= 9 IS 1 8 0 7T 6
JE E. faecalis X G CE 77 AL T 251 B9 WETEBIL A
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Effect of chlorhexidine on drug resistance and pathogenicity of
Enterococcus faecalis and its mechanism
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ABSTRACT Objective: To discuss the effect of long-term use of chlorhexidine on the resistance of
Enterococcus faecalis ( E. faecalis ), and to clarify its mechanism. Methods : The standard strain of
E. faecalis was repeatedly exposed to chlorhexidine for 10 generations, and the minimum inhibitory
concentration (MIC) was recorded at each passage. The bacteria collected from the 10th generation with
increased MIC values were designated as the E. faecalis chlorhexidine-resistant strains (E. faecalis-Cs). The

growth curves of two strains were drawn; the morphology of two strains were observed by transmission
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electron microscope; the number of biofilm formation of two strains was detected by crystal violet staining;
the bacterial hydrophobicities of two strains were detected by microbial adhesion to hydrocarbons (MATH)
method; the expression levels of S-ribosylhomocysteine lyase (L.uxS) mRNA in the bacterial biofilms of
two strains were detected by real-time fluorescence quantitative PCR (RT-qPCR) method. Results: From
the Oth to the 10th generation, the MIC values of E. faecalis were gradually increased. The growth curves
of E. faecalis and E. faecalis-Cs showed no significant differences. The transmission electron microscope
observation results showed that both E. faecalis and E. faecalis-Cs appeared oval or diplococcal, with intact
cell wall structures, smooth edges, and evenly distributed cytoplasm. There were no significant differences
in the morphology, size, cell wall thickness, or integrity between two types of bacteria. The crystal
violet staining results showed that compared with E. faecalis, the number of biofilm formation of
E. faecalis-Cs was significantly increased (P<C0.05). The MATH results showed tha the hydrophobicity
of E. faecalis-Cs was significantly higher than that of E. faecalis (P<<0.05). The RT-qPCR results
showed that the expression level of LuxS mRNA in the biofilms of E. faecalis-Cs was significantly higher
than that of E. faecalis (P<<0.05). Conclusion: E. faecalis develops the resistance after repeated exposure
to the chlorhexidine, and the pathogenicity of the resistant strain is enhanced. The high expressin of quorum
sensing (QS) system LuxS gene and stronger biofilm forming ability of bacteria may be the potential
mechanism for E. faecalis to tolerate the chlorhexidine.
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MM ERE (Enterococcus faecalis, E. faecalis)
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MRS JE R e WL AR 22—, W A T M4 BE 1) F
A INE W BRI L RR R R IA YT A AL
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At 254 . EMILSON % 0 MK 301 4 4 & 52 ik
F1 7K B B 1 40 85 ) 580 O B0 R AIC 1
BERREE . WFoT 7 KW . E. faecalis ¥ Z Ry E £ K
it 25 PR, (H BTG T E. faecalis X5 C A€ Tif 25
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BLAL 0 QS ZR G0y 4 TR Pl R 25 3 AR 9 BIL
Y EE S5 A 2z A T aE o A5 %5 (autoinducer, A1)
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1 MREFE

1.1 &@m &, £ &2 & MNHFNREBE E faecalis
ATCC29212 (J"ARAILM AR ARAF), ik
0¥E % (brain heart infusion, BHI) ¥ 3%t (3%
M Oxoid AH]), A (I EKERLARL
A, ARt (LR R AR AR, 5l

(S-ribosylhomocysteine lyase,
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¥(50% H3W 202445 A

Wi A T AW TR (B ROARAFE G, &
RNA #2500 & . 30 % s a0 & 70 S8 I 9 O 0 &=
PCR (real-time fluorescence quantitative PCR, RT-
qPCR) il & (LR X AEYRHE RO A RA
Al). RT-qPCRAY (#I%. CFX96, 3[E Bio-Rad
AT, EHEARER EHE O (B Sorvall STS,
% Thermo A H)), FEpriL (A5 . Synergy-HT,
K Bio-Tek A w]), BEHFALFRMEE (5. HT7800,
HAHITACHIZAH) .

1.2 #st#F F a2 Fa IESKEFRMN
E. faecalis, ¥ J5 ¥ H 5 & T8 &f 19 BHI K 57 5
Hr, PR LUE B 1X10'CFU-L™' . i f# T BHI
AP A C e ES MBS, B 100 pL 2
SEVEW, KI5 100 pL VR S 9 BE R R 3R [ A
96 L4 M 55 TR A, RUOK 3% R 40 B (19 BHI 85 57 2%
FyxEER . T 37 CHAF R R SR 24 h, 0 R AR B
# % (minimum inhibition concentration, MIC) ff.
FF R MIC B 20 T 2 i W, 13 22 35 AT A (] e
JE SR O RE BT B BHT B IR 3 b, 4R 2205 JR 24 ho
Bfi J5 5 000 r-min~' & 0> 5 min, B fR £h & o W
(phosphate buffered saline, PBS) ¥ % 2 ¥k LI Bk
ERBNACEWW . W& 05 WA EE T
BHI¥; 5= 5, BT, HEHEE 10k, &iE
— WU B AN B R E. faecalis @& C % T 245 T8
¥ (E. faecalis strains,
E. faecalis-Cs) o A O & K HM 5 T Tl 25 & bR 72 A &
SO E M BHIBE A F g fa 5k, MaiLsy
Yying 52 Pt WAL EAFTE , IF T —80 CHRAF T A7k,
PLEAT T~ — 20525

1.3 H2HFERE KRB L HIRERM
E. faecalis M E. faecalis-Cs W& Fk 73 5l 58 2 T £ 19
BHIK: = 5, SR 5 In A 2= 96 L 40 i 15 3% A v
FEAL 200 pLo T 37 CHRM T EH TR0, 2. 4.
6. 8. 10, 12, 24 FI48 hi, SR FHEEFR ORI JF i
P 600 nmABIREIE (A) {H, PLA (R BANER
B s, 26 E. faecalis M E. faecalis-Cs
PR A Kl £

1.4 EHETEIRBEAL2HNEARBERA 7o
Wt E. faecalis M E. faecalis-Cs B #k LA 5 000 remin™
B0 5 min, PBSZErhinhie 2k, A 2.5 %~
P i W 2 b G 18] A2 30 min, 4 CUKFE . XA
m PEAT AL IR B, SR DI 5 L 0 R B W% 2 A
WHRIE SR .

chlorhexidine-resistant

1.5 ZRh¥PLrerhn2HEshed LWESX
F RS 1% R BHIRE R I E B E. faecalis
M E. faecalis-Cs W bk, 4B 4w E 2= 1X
L10°CFU-L™' R 40 T & W m A 96 L 48 Jid 5% = i
o, T 37 CEAME T 3855 24 he 5B Y IR
Ji, EBRLERFRE, PBSE P b vk 3. AL
FIA 100 pl. B B[ %€ 15 min, F00A 100 pL 0. 1%
gEINERE TR, FIRY 5 min 5, PBSZ iRk
ZRGRHE KT . EJaRALTmA 200 ul. 95% &
B, IR BEOGIR Y 30 min J5, R EE bR AR T 3
£ 550 nm &b A B, DAA= W R A (AR 3R TR bR 4 T AR
Yy RETE 14

1.6 %% W % % 2 &4 4 (microbial adhesion
to hydrocarbons, MATH) Z 4w 2 # & #k 40 & 3 K
£ S E I [16] Mk, KRR 24hE
W LL5 000 remin™' B0 5 min, J£7E PUM 28 i
PRI 2 e A, R I AE K 600 nm 4b A fHH
Ao W3mLERFHEM], A 400 pL IE 755,
HERY 1 min, HHESIRS, MRS EHE
15 min, FfEHAREFRTZEKME, THEEK 600 nm
Ab RS B A A AL, LLZE s 2SR IR
THE 2 Fh R MR A0 T B K R . AR B K R = (A,—
A) /A X100% .

1.7 RT-qPCR# AR 2H B HhEALHBE T
LuxS mRNA % & K -+ >k J§ TRIzol % 2 M
E. faecalis M E. faecalis-Cs =PRI B RNA, I &
SCRNA MR EE G, %300 7 5 0 & U] B8k,
A RNA ¥ 5 5tk cDNA JE#Ef7 938 . R RT-
qPCR 4 I 2 411 1 h LuxS mRNA % ik K ¥,
KNSR FR 20 pLo 51974 LuxS BilE5149),
5“-CGTTGGAACATTTATTAGC-3', FiEsl4,
5-TAGTTTCCGCACTCTTTTG-3"; 16S i3l
Y, 5-AAGCAACGCGAAGAACCTTA-3", Tiif
514%, 5-GTCTCGCTAGAGTGCCCAAC-3', DX
16S HINZ, RMAME: 95 CHIZAE M 5 min; 95 °C
HE10s, 60 CiEk, ZEM30s, fEH40W. R
2700E TH B 2 B AR 4 A P LuxS mRNA £ ik
K-

1.8 %t %44 K GraghPad Prism 8. 04114k
PEHATGEIT 700 o 2P R RR A R AR D) ROE i . 4
T B 7K S F4H T LuxS mRNA 35 K554 1F
BrA, VlatsFEoam, 240 M FEAS Y8 b e %
MSTREAR (3 . DL P<<0.05 WZESHLGi¥E X,
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ZE TR O E PSR R 1048, 3 o= 104K,
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W) E. faecalis-Cs fE/ 7 G O € B9 BHI AR F- A I 3%
SRS WR M 25 VERR E A . WL 1.
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Fig. 1 MIC values of FE.faecalis

chlorhexidine for different passages

induced by

2.2 2#EH/REKEE E. faecalis M E. faecalis-Cs
R TERE R 0~6 hNR A K, ZEEKBER
Wit , EJaiE ATRREM . E. faecalis-Cs TR TEHE
I 6~12 h iy TR VR T VRS o TARMERR, SR T 3.
2R AR A K H T W22 5. WK 2,
23 ERLTEREARZHEHRBALA
E. faecalis M E. faecalis-Cs #£ 35 S L F BB T
Y SEA IR SRR B, A M RE LS MY SR R, W&ok
T, AT A A Y A), 2 R A0 T RIS RN A i BE JEE
Ko s B )y T oW B 2% 5. WLIEL 3.
24 2HAMBEEDBEYERE 5 E. faecalis
(2.63340.134) #, E. faecalis-Cs W ¥k 40 1 4=
PIBOE it (3.333+0.121) BI@#gin (P<<0.05).
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Fig. 2 Growth curves of two bacterial strains

25 2HEAHR@ARARE BFE2AULE, 5
E. faecalis (5.410% +0.217%) &, E. faecalis-Cs
R B9 40 B K R (29.403% +1.784% ) W] B
JHE (P<<0.05).
2.6 24 E Ak mA A BB F LuxS mRNA £ &
K ¥+ 5 E faecalis (1.001+0.051) b #¢,
E. faecalis-Cs # B A= ) I LuxS mRNA 23k 7K
(1.45440.050) B &R F+&E (P<<0.05),
3 3 i

X T E. faecalis 3R MEG VEAR R JH 4, I K
3 E R MR AR R BEAT A, SO EAE Ry —Fh
R WUEi Yo M. o BR: Ao E
SR BT A 2, R SO T U0 A T
HLETLREFRMNTIFEST4, HERKPHAD
SE T B T 7 A T 24 1 A XUt 7 4

AW LR BN E. faecalis R B %% THC
E S HHMICHFFZ T, RS TR
CE S FHE. faecalis P2 AT 251 . #F 58 " B
SRR UERR LLRE . T 53T 245 ok 1) A R R A s o R T
RGNS, VF LT 2 bR R S SR A MR SR
MAVRI % " @F 58 & 8 . X 1 X bE 56 b g
(cetylpyridinium chloride, CPC) 7% = ifit 25 1 i K

-

0"V BT
eg " $

C D

A: E. faecalis (X 15 000); B: E. faecalis (X 30 000); C: E. faecalis-Cs(X 15 000):D: E. faecalis-Cs(X 30 000).
B3 EH BN 2R E BB SR

Fig. 3 Morphology of two strains observed by electron microscope
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1Y 25 AT T A B s TS AR RS R R s ARUETE
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N T R BE ) 5 H B A U OCHE, Rk
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KK AIREBhiRfE e F (mobile genetic elements,
MGEs) FIUXUAL 53 P8 45 72 40 55 22 P s 428 08 48 4l B4 1)
fif 25 2 AR E. faecalis T, QS R4 EE
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5 R R T PR LA, TR 25 TR R B9 LuxS mRNA £ kK
R T . BESE T IESE: LuxS S R IRKE 5
YL RE N 2 EH KR, SRR —
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