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Detection of AmpC gene and investigation of drug resistance in Enter-

obacter cloacae

ZHONG Bai-yun, ZHANG Yun-li, ZHU Lin, LI Xian, LIU Wen-en (Xiangya Hospital ,
Central South University ,Changsha 410008 ,China)

[Abstract| Objective To investigate the AmpC enzyme production in Enterobacter cloacae (E. cloacae) of a hos-
pital, and drug resistance of E. cloacae to 10 kinds of commonly used antimicrobials, so as to guide clinical rational
choice of antimicrobials. Methods Ninety-eight strains of non-repeat clinical isolated E. cloacae were collected from
the hospital from August 2007 to July 2008, cefoxitin disk diffusion method was used to screen AmpC enzyme,
AmpC enzyme of E. cloacae was confirmed by enzyme extract three-dimensional high-yield tests, the AmpC enzyme
gene was detected with polymerase chain reaction. Resistance of drugs was detected by Kirby-Bauer agar diffusion
method. Results Among 98 clinical isolated E. cloacae,36 strains produced AmpC f-lactamases, the detection rate
was 36. 73%. In 36 AmpC-positive strains, 6 only carried DHA gene (16. 67%); 20 only carried ACC gene
(55.56%); 8 carried ACC and MIR gene together (22. 22%); 2 carried ACC, MIR and FOX genes together
(5.56%). AmpC-positive strains were almost resistant to cefoxitin, and were sensitive to third generation cephalo-
sporins, enzyme inhibitors, aztreonam, amikacin and ciprofloxacin with varying degrees(44. 44% ~91. 67%), but
sensitive to cefepime and imipenem, drug resistant rate was 27. 78% and 0. 00% respectively. Conclusion E. cloa-
cae carries high rate of AmpC enzyme, which is the main cause of drug-resistance to the third generation cephalospo-
rins, treatment of E. cloacae infection should be based on the results of antimicrobial susceptibility test.
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BAYA AT B (Enterobacter cloacae) Jg: 25 [ JE YL
F18) B S I AT i 5 B L X T 24 ) 1Y) 22 S 24 1
SEHOGE A P B R B . AmpC 2 2% B
(G OB AR R E S B- MBI R — ., L REXT
S AR R VAR SRR R RS BB
2GR 24 5 T ELAS 52 e R T A BN Tt i it 410
F I Z 2w . AR R E ) AmpC
Tt vt 7 VR 5 R T R R R DR I 1 B 1 7 AmpC il
WK AT 2518 00 %) 20 1 A 112 AT B 23 i PR A
AHY 98 BB TE AT BT AT 12 6 1) G DN B EC TS 245 1
AT AR IR .

1 #ME5H*E
1.1 ##
111 WrkkE U 2007 4E 8 H—2008 4E 7

FrP R R I e PR A E P % 43 S 1 AR E R
WA 3R 08 PR AN 7 2 508 2 (e E g
DRGSR E LR VSR 3 RGHEAT IR F i [ A= W #fg L
BN F) VITEK-2 4 4808 S e . A ifE 5 18
PR B I FF 3 029M AR AmpC i FH A% T BE K
WA ' ATCC 25922 /R R FIPEXT B, 194 I T
029M H b 5% = Be A 0 Rk 20

L2 PU#5iRA  VITEK-2 4 5& % G E
Y HLR N ED L A HEE N (PCRO 4 34 (9
[ HYBAID 73 F]) » 3k {X (Bio-Rad /3 F]) , Tanon
GIS-2010 BUEL I EE M UG AL 31 R GeA C E il R BE A
AD s M-H 3R BRI LK 5 R (LB 55552380 K
WrTLHLIN R A P02 ) 77 i s Premix Taq fiff 5
100 bp DNA Marker W [ |4 T A Y3 A A R
NI

L3 #8ERE  PDKREAMK, 30 pg) kil
BESG (CTX,30 png) ke (CAZ,30 pg) SkfErg
T(FOX,30 pg) kM5 (FEP, 30 ng) . & J5fifi i
F BT (SXT, 25 pg) JWRPLPE AR (PFP,30 pg) & i
B (ATM, 30 pg) W JE 3 rg (IPML 10 pg) L 2|
B (LVX.5 pg) AR R (CIP, 30 pg) , ¥ Jy [
OXOID A Al 7= i

1.2 ik

1.2.1 AmpC B A ff ik 5 SRASKMEE T K-
BEP . I 30 pg S AUPE T M 48 A 46 0 B ik, 1
B HAE<<18 mm Ny AJ GE7 AmpC BB #E .

1.2.2 7= AmpC B ¥ 4% L R 5o

1.2.2.1 BEMLARA & & ISR R ] A5 IR 4

V1. ¥ M-H B fig - LAt 7% 85 557 14 8 7~ AmpC
B AR BN B IE A 30 mlL JEEEG I L R & A7
35°CHEIREE K 200 r/min JEF 12~16 h,4 000 r/
min 4°C .0 20 min, 5% FiH R TIREH IMA 0.1
mol /L g £h 22 vh ik (PBS, pH 7. 001 mL &,
4 000 r/min 4°CE.C> 20 min, 7 FIEHR ERIES )G
F = 80°C 1 37°C 4 30 min [ E %R 6 ¥, 10 000 1/
min 4°C &0 30 min, ¥ FIHIRE I BEALAE R0, 22
pey PR o 0 0 2ok U R R L AR ) . BOE
W22 M-H O3 s 7 AR B0 40 & 85 5% 1R IS B
—20C A .

1.2.2.2 %AW T =%K% =M Coudron &+
HEFA) =400 . B 0. 5 F RN RInRA
B ATCC 25922 i % U T M-H Big -4 F§ 1
JEFESER DI — R 30 pg/ A Sk TS T 48 A
FTEH TR A 4R 5 mm AU R b U] — S5 4
(15 mm X 1 mm) , R IIFEES I 25 L B4 BOR
TRREE N, bt O B s o AR RO T )5 BT 35°C
WEB AN . A TEREEE 5 P S AL H B
KR X, F10h =458 BH P BP AmpC g FH
PE. PRE MR R B Ay # ATCC 25922 2 AmpC
it £ BF 1A% B BR VA I A 1 020M A 2y AmpC i1
FHAEXT RS

1.2.3 HA DNA B #| & RAE MG, Bk
BAiE R R s EA S 100 pL AAFERIKE 0.5 mL
BN L95°C /KA 5 min, 12 000 r /min B0 10
min, FIEWED A1 AR K .

1.2.4 % & PCR &N AmpC Bg £ H 5| iit
% I8 Perez-Perez %55 ({5 1k, B A= T A H AR
ARRAE A B 6 XT3 14 RABR Y38 Bk B L3
1, PCR RN A&ZF 25 pL 434 Premix Taq 9 pl, 5]
Y12 L[ 10 pmol/L. MOX,CIT.DHA,ACC,MIR
(ACT-1) . FOX £ 2 nL.].#i8g DNA 4 pl., PCR 2
R 45 - 94°C AR 3 min, 94°C A5 30 s,64°C iR k.
30 s,72°C3Ef# 1 min, 3L 25 MEH; Z )5 L4 94°C A
P 30 s,59°CiB 2k 30 s,72°C ZE{#H 1 min, £52E 10 4>
PEFR s B Jm B 72°CHEH 10 min, R FHIAGR DR
FIYA AT 029M 20 DNA AE 2 AmpC i FH M
X R B K 3 A i ATCC 25922 Sy B P Xf B
MR 2RI ARAE B A S 25 (%) BR [R] B kAT 2
PCR,

1.2.5 PCR ¥y H# ™4 w ik o8 PCRY M- Y s
12 Yo BB I (& PR 2 48) Wk HBL R 110 VL, 30
min, HEYkgE SN B Tanon GIS-2010 % %A 5 1
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F 1 AmpC fEEF ZE PCR Y1519
Table 1 The primers of AmpC enzyme gene in nested poly-

merase chain reaction

b H T BRI

Syl
HI% (bp)

SIPTREIE TS (5'—>3")

MOX P1: GCTGCTCAAGGAGCACAGGAT 520
P2: CACATTGACATAGGTGTGGTCC

CIT P1: TGGCCAGAACTGACAGGCAAA 460
} P2. TTTCTCCTGAACGTGGCTGGC ’
DHA P1: AACTTTCACAGGTGTGCTGGGT 405
P2:CGTACGCATACTGGCTTTGC
ACC P1: ACCAGCCTCAGCAGCCGGTTA 246
7 P2. TTCGCCGCAATCATCCCTAGC o
MIR  P1. TCGGTAAAGCCGATGTTGCGG
(ACT - 1) P2.CTTCCACTGCGGCTGCCAGTT
FOX P1: AACATCGGGTATCAGGGAGATG 190
P2:CAAAGCGCGTAACCGGATTGG

302

.26 ZERE RALUR Y LT 258005
Kk 4w ATCC 25922 Flfifi & 72765 A B ATCC
27853 1 2 RO I T4 TR A . 25 SR A W 2 I 5 [
i R 52 55 =5 b E AL BIF 52 9 CCLSD 2008 4 1) s 1
AT

1.2.7 #SitJriE SR SPSS 1.5 #y xStk it
15307, P<<0. 05 hESAGIHFE L.

2 HR

2.1 AmpC B & B 2 R 98 ¥REHIE AT H &
LAY T K-B iAW i Ak B 30 R AR <18 mm
ITERE 47 PR, AREEXTIX 47 RN T RAEPE T =
A0, b 36 kA7 R 0 = 25 A B K
F 36.73%(36/98)

2.2 %2E PCRZR 36tk =4 K FH 2
AR DNA AR #1728 PCR Y3, 78 36 Bk
77 AmpC B BA i A1 B b o A DU B %3 DHA
FERBR 6 Bk (16, 6770 s AU #EH ACC FEH B 20 #
(55. 56%) ; [A] Bf #E#Hs ACC F1 MIR H: Pk 8 #k
(22.22%) s [AlIEH ACC.MIR 1 FOX Pk 2
PR (5.56%0) . BAYEXT BRI R 7E 24 346 bp b H B —
B4ty » 2R 20, 25 R A AR EE %R
TR AmpC BEEER Y15 450 UKL 1,

2.3 BRI E R P AmpC [ # Sk f e 5 |
SKA N | 2 R S e SR B AR TR 24 W ) T 24 2%
W18 = TR AmpC iR, W3R 2.

600

400

200

A B C D E F G

A:DNA marker; B: JA#:% B8 (029M) ; C: ACC.MIR } FOX }
(23 51 ; D: ACC 3 (6 5 ) E: DHA JE [ (11 5 ); F.
ACC J MIR $£H (35 S5 ; G BAM:XT I (ATCC 25922)

1 23 PCR &M AmpC B R L7k &
Figure 1 Electrophoresis map of the AmpC enzyme gene by
Nested PCR

F2 HAE AmpC EET 245 H A (if 25 bk 70)
Table 2 Drug resistant rates between AmpC-positive and
AmpC-negative strains (strain, %)

67 AmpC BH 7 AmpC BiH

REED oo (36 ) S P
CTX 22(35. 48) 33(91. 67) 29.19 0. 00
CAZ 15(24.19) 30(83.33) 0. 77 0. 38
PFP 33(53.23) 26(72.22) 3.43 0. 06
FEP 6(9. 68) 10(27.78) 5. 46 0.02
ATM 15(24.19) 23(63. 89) 15.12 0. 00
AMK 18(29. 03) 16(44. 44) 2.39 0.12
LVX 15(24. 19) 20(55.56) 9.76 0. 00
CIP 27(43.55) 22(61.11) 2.81 0. 09
IPM 0C0. 00) 0C0. 00) 0. 00 1. 00
SXT 30(48. 39) 21(58.33) 0. 90 0. 34

3 itig

AmpC i f G A sl FoR A S AR I — 2K B
PBEIE R . & Ambler 7314514 73 235 iy C 26 A0
B-J-M IhBEr 25 a1 . #4207 5 0n] 73
N 32T R RS B AR SR . B
T AT R d5 B LAY = 5 3 B AmpC BRAH T 2 1
A1 B e AR MR A AR » DA A AR BUW B 5 AR R
JCA P e 1) 2 2 I B 2 — » 5 S (1 SR e i A
B ORI 2 E 2G4 AT E i ATy ) O
¥ = HER AR ACI I R 23 B ) 98 Bk B8 I AT T
M 2520 A6 7 AmpC BB RR 36 Bk (36. 7394 5
AR T L mUmUE WS R B FE 4 R s T v )
B RIS 2R » S BT FC TR AT RE 516 PR 7 259
A~ B 5. AL T48 = AUCK A Rk
FEJN s Byl i th Fp 2k 7= AmpC MR 22 Bk, 52X
[T

OIMTASEE B AmpC i 940 AT ) 22k DR R



e 240 -

Hh R i 2

009 4 7 A% 8 %5 4 ] Chin J Infect Control Vol 8 No 4 Jul 2009

K AmpC fiff 3 K &2 242 2 0, K 2] 4 3 47
DHA FEPR I TE B %W ACC JE R TR BE | [ B
ek ACC F1 MIR 3 [H 1 B4 bk [8) B 48 47 ACC.
MIR 1 FOX 5] (B8 bk 4 FhoRL G, 5L R AU LA
ACCHUR £, 5SENIRZ ¥ H MR R —8. A
S ARICZESS 98 B Bt 43 B Y B R I HEA T I T 5
FIAY B FYA A B b SORL AmpC S R PR
FiK 81.80%, HLAL ACC P K 3. 5 79. 50% 5 A
5T 5 Z AH L o BRI, 36 PR 280 4 440 B 00 58 i
A%, Uil AmpC g 3 B 9 3 1778 B 8 19 st 38
fiE,

EE R R AmpC g BH P x5 = Ak 1
PR 2R 3k 0 i R Sk 6l B 3 = T 2 . AmpC il
REAZ 7K fiff JCTE 5 = AR AL B R RN B BE B- N IR 2 e
AR AF= AmpC i 40 B 55 = AR Sk 7 R i 2
SRR YT TR & AL R AmpC il
(55175 5700, BT = A AR K AmpC A 2 LS5
it 245 o USRS TE R A P A A B Ak T8 ARSI R
EREE 1T B Ui 3% Hh F5 22 55 7 AmpC [ 58 4%
PR I 0] FEOM 24 B AT . Sk 0 i 1 T 24 32 AR
15 A RE S R s AR i 25 2 A O, I e 3% R v
77 AmpC i B9 8URR S 100 %0, B R E P X 7
5 P T 25 0 J T TR A R AR 0 D o R O ST e B
AT AmpC i ARG 09T . &t T
JHe B AT 3P I R B LA R e M ST G
FFHS 5 E 4545 1 (PBPs) A BRI B/ I,
(] i ST e 355 o A g 0 A 41 7 1) L B 1 D2 I
AT 7R R K BB PR . R, 72 BRYA A AT I
H B AN AmpC i X Bl 1E ™ AmpC B )12

e A S im R S B RAERE L.
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