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[Abstract] Objective To understand the predominant B-lactamase genotypes and their
carrying modes of Escherichia coli isolates in Zhejiang province, and the effects of f-lactam antibiotics
on inducing or histidine kinase inhibitor closantel (CLO) on inhibiting the expression of p-lactamase
genes. Methods Micro-dilution method and E-test were applied to measure the resistant rate and
minimal inhibitory concentration (MIC) in E. coli isolates against B-lactam antibiotics. PCR and
sequence analysis of PCR products were conducted to detect the P-lactamase genotypes and their
carrying modes. Real-time fluorescent quantitative RT-PCR and P-lactamase confirmation test were
performed to determine the influence of 1/4 MIC penicillin and cefotaxime, and CLO on the
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transcription and expression of B-lactamase genes in the resistant E. coli isolates. Results Among the
462 E. coli strains isolated in Zhejiang,285(61.7% ) were resistant to penicillin, ampicillin, cefoxitin,
cefotaxim and ceftazidime. In the 285 resistant isolates, the detection rate of TEM or CTX-M
B-lactamase gene (83.2% or 75.1% ) was significantly higher than that of KPC, SHV or OXA
B-lactamase gene (1.4%-10.2%) (P<<0.01) and the carrying rate of two or more B-lactamase genes
(68.8% ) was also significantly higher than that of single B-lactamase gene (31.2% ) (P<<0.01),and
61.4% of the resistant isolates carried TEM + CTX-M genes (P<<0.01). Except KPC gene, 1/4 MIC
of cefotaxim and penicillin induced a rapid increase of TEM-mRNA, CTX-M-mRNA, SHV-mRNA
or OXA-mRNA levels (P<<0.01) , but 50-500 pg/ml CLO inhibited these levels (P<<0.01). After
pre-treatment with 100 pg/ml CLO, 82.8%-85.6% of the resistant isolates became sensitive to
B-lactam antibiotics (P<<0.01) , while the detection rate of B-lactamases was also decreased from
95.1% to 16.1% (P<<0.01). Conclusion TEM and CTX-M are the predominant B-lactamase
genotypes in E. coli isolates in Zhejiang and TEM + CTX-M is the predominant carrying mode of
B-lactamase genes. Low concentrations of B-lactam antibiotics can up-regulate the expression levels of
B-lactamase genes in K. coli through bacterial two-component signaling systems, but this effect can be
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inhibited by CLO, a histidine kinase inhibitor.

[Key words]  Escherichia coli; B-lactam antibiotics; Resistance; P-lactamase/genotype/

expression; Histidine kinase/inhibitor
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(Axygen) #& HU E. coli DHS o W' ¥ B4 /9 & 24H
pMD-19T, Z 4% I ¥} Invitrogen 28 & M| /5% , >k H
BLAST 34440 )7 45 5 55 GenBank H A 17 )7 51) 14
AT O, 1 L B— P I g i P 1

4. E-test: & 1 E bioMerieux 2> & CTX #1 CPN
YR B FLSE IR R, DAARAS A5 B— P Mok g il B i [
Tt 24 TR AR SEORG ff 1) MIC

5. BUAE AT S B— N I e il 25 ] mRNA 5
W< FH 1/4 MIC Sk F618 i 5 75 %5 %= (Sigma) 43 5IAE H]
T 89 WA B— PN Bk e i EPL PRI 24 TR 0.5 . 1.2 N
4 h,8 000 r/min B.0> 10 min(4 °C) , 41 # Ui i€ H PBS
Ve B0 3 BV L H TRIzol {5 (Sigma)
PERCE RNA, 706G B I e Lk BE A ali g ok
FH i 538057 & (TaKaRa ) K 55 18 45 21 1 L RNA 2

5 )5 3518 ¢cDNA., KPC.TEM. CTX-M. SHV
OXA FEH LK AE R NSRRI 16S rRNA PR SEHT o
Jt € 1 RT-PCR (qRT-PCR) 51 ¥ L3 1, 5|9 th 163
Invitrogen 2> 7l & i . & F SYBR Premix Ex-Taq™
G E B PCRIRF £ (TaKaRa) M ABI-7500 %1521}
PEAE Tt PCRAY , X 45 B sk = A T4 38 . O
R Z 20 pl, 5144 EE M 0.2 umol/L, 2 pl 55 5t = 4)
AR SN S 95 °C 305595 C 55,60 C 20s,
40 MEH . 34519 QRT-PCR %4 ] REST2005 %%
1 S AACT FHXT i ik i A7 i, - 5Pt RIEH
T B— PN Tk e 1t 5 A mRINA K47 ™ SR
E-coli=16S RNAREHE NS IR 1D,

6. CLOEE IR 5K« 100 BR T 25 1 #k oA 25
50100 ,250:5% 500. ug/ml i) CLO(Sigma) J5 37 CAE
F0:50""™ SR 5 43 SR FH sl A B vk S NCCLS 4
400 eI R E (MIBC) A6 1 5 %5 43 391 % CLO
X Egéoli BYMIC FIMBGY" . LA CLO A FH i i kk
l(po)iEe

7. CLO 1 H 1 J5 B 75 5 B— PN Ik e il 32 1A
TRINA K- 467 1 =89 H 117 B— DAY T i Tt B ke PRI 114 i
25 @ Bk JH25 ¢50% 100, 250 5 500 pg/ml i CLO
(Sigma)37 GHEFH 05 h. Likyid RIEHFIER-M
P9 iz it S mRN AAS T 58 7 |, B KPC JE R A, 13k
1/4 MIC S 61 I 55 75 B 2= AFH 1.2 504 h i TEM
CTX=M-SHV F1 OXA 3K mRNA Ft &= /K-FE AL, i
2 TR R CLO Tl Ak B J5 A 1/4 MIC (¥ CTX 5% CPN
J5 37 CAEM 1 h, 285 2R H 3 qRT-PCR 5 I 2 7
KPC . TBM (CTX-MSHYV 1 OXA #£ K mRNA 7K
Andl, [AREEL CLOSRAEHTRIARAE ] X IR

8. CLOI i B— P e il 2 35 A 1ip [] 410 B A 1
f K I . AR 4 | A& CLO 75 Mk 56 K CLO #H 5%
qRT-PCR #6255 , 55 100 pg/ml ) CLO(Sigma)
37 CAEFM 25 RE 0.5 h, SR 5 o A Bk Al
B— N e R Bt B TR0 3 T ASI 5 B— N BE G B AR
F0 4 TR MIC K B— PN ok Jre Bt 0 PR 72 Ak, il 2551 5
CLO RAEH A MRIEAT HLHL o DL E. coli ATCC25922
R R

9. Ge it b - R JH SPSS 13.0 544351 %) 40 14
T 245 23R B— PN T e i o 5 PRI M 3R | B— DA T e iy
mRNA K17y e K5, P<0.01 22 53 A Gt

# R

1. T 245 TR R B— P Bt i Pt A0 < SR Pl A e 12



PR T2 2015 4F 5 H55 364553 501 Chin J Epidemiol,May 2015, Vol.36,No.5 . 487 -

M 5E , 462 ¥k E. coli AT 61.7% (285/462) Y T #k XiF
CPN.AMP .CFX .CTX I CAZ 25, 285 4k p— Pk
e i A R 25 B AR TP 93.3% (266/285) 1) B A4
B— PN e Tt ff F 65 A BHE L SR FH PCR, 285 B B- 1N
Pk e 2 0 A= 2= 1 24 7 PR 7T K 1S KPC L TEM, SHV .
CTX-M. SHV Fl1/8§ OXA K (& 1) , 5 GenBanK
AT A I B— PN B G 356 R 910 b, FL07 510 AH
I % 99.6% ~ 100% .,

7 :M: DNA Marker(TaKaRa) ; 1:%5 F{X I ; 2 ~ 6. 4330 4 KPC
(1 050 bp) .TEM (972 bp) .CTX-M (882 bp) .SHV (1 017 bp) £l OXA
(441 bp) FEPH Y1 0l

BEl1 E. colillfi R BRI B— N IERE R S 14 55

2. CLOE i 20 DT it 24514 R B~ A IRty R %
Ak, : CLO X E. coli ) MIC F1 MBC#J > 500 pg/ml.
5100 pg/ml CLO 1 I Hi LA, 285 Bt 24 Ak 2
CLO 1E 1 5 A 82.8% (236 ¥k ) . 84.9%(242 #k ) .
83.5% (238 ¥k ) . 85.3% (243 t% ) Fll 85.6% (244 t) T
PRi% Ky % CPN,AMP ., CFX . CTX Hil CAZ & (P<
0.01) ; B— PN PR BF A T 156 BH A4 %t A CLOAE HI T
[ 95.19%(271/285) FEAK ZA4E A1) 16.1%/(46/285)
(P<<0.01), W#2.

K2 CLOEMIG E. coli T 25V A BN MR BHAE A8 b

FTCTX-M HE [H A % 5 25 1 T KPC .SHV A1 OXA
FH (P<0.01) . 31.2% (89/285) i ¥k #5 1 KPC.,
TEM, CTX-M, SHV 1 OXA %L [H , 68.8% (196/
285) R AR AP LA I B— N BERG AL A, ARG H o
b 2R T AT B PN Tk e il P B TR PR (P<<0.01) ¢
LA PIRR DL B PN eI SE A TR AR T, 89.3%(175/
196) T A4 [6] I #% 4 TEM Fl CTX-M %[5 (TEM +
CTX-M) , B % % T TEM + SHV (5.6% , 11/196) .
CTX-M+O0XA(0.5%,1/196) .SHV +O0XA(0.5%, 1/
196) Fil TEM + CTX-M + SHV (4.1% , 8/196 ) & [H #
R (P<0.01), WLFE 3,

T3 285K E. coli it 245 T B— PN Ik e L PR 2 AU K A A=

P PAITBE I R RE P A 7 /3 F L (%)

KPC 5 1.8
TEM 43 15.1
CTX-M 30 10.5
SHV 9 3.2
OXA 2 0.7
TEM—+CTX-M 175 61.4
TEM-+SHV. 11 39
CTX-M+0XA 1 0.3
SHV+0XA 1 0.3
TEM+CTX-MASHV 8 2.8

B it 285 100.0

P 1S 245 AR e il P /B PR TR K (9% )

ISEE

CPN AMP CFX CTX CAZ

25U
Hil 285/0  285/0  285/0  285/0  285/0

= 49236 43242 47/238 420243 41244
a (82.8)  (84.9)  (835)  (853)  (85.6)
B— P I B it 0

Hij 266/19(93.3)
J& 46/239(16.1)

< 5 P BCHE B P R L 2 (% ) 5 5 CLO R R H e
P<<0.01

3. A B— P Tt e il 56 PR AR R L HE A AR X 2 285
PRB- N BERE S A R 25 bk T 1.8%(5/285) Y TA
BEAS H KPC A L 83.29%(237/285) £i t TEM FE A |
75.1% (214/285) K i CTX-M F A L 10.2% (29/285)
K i SHV JE X | 1.4% (4/285) K tH OXA %[ , TEM
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E. coli - e B HE R ik o SRT , i A i (19 CTX
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g 5L Al mRNA 7KV FEA, AR B 58 a8 kT CLO %)
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CLO YA SR RAEM . teah, 258uL 5 Fp- A
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82.8% ~ 85.6% M 24 TR AR G4 Akt 5 B— N Ik e 24t
A= ZEORR, B DY TR e il R R DA 95.19% [ =
16.1% , N7~ CLO HA B IF] p- 9 B i 2 ik %
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