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IV FF B 16S rRNA F A LB A
S A BNEA RAB i B 2 B 50

KEXE 2 RAR HEXR H#F #RKE 2%

[(WE] BW THEBERIER O KHRHFED 165 RNA FEABERNRAEEHTRE
Wil (AMEs) B HAZ R . A& 72003 42 9 A % 2004 4 11 A ANBBES 98 BB fk e &
S3E 40 BREAVEIA AT , R FI R A B 4% R BL (PCR) P51 43 87 19 5 B 491 5 F 16S rRNA F {0 i 2
A (armA .rmtA .rmiB . rmtC Fl rmtD)#1 9 # AMEs #H [ aac(3)- I aac(3)-1I vaac(3)-1I .aac(3)-
IV.aac(6')- I byaac(6')- I vant(3")-1 vant (2")- 1 Ml aph (3")-VI 1. &R 40 HRAWHITE + .6 F
EH rmitB.aac(3)-M aac(6’)-Tbyant (3")-1 vant (27)-1 F aph (3")-VIBS FH M BR B4 B 0 5 %
(12.5%) 11 #R(27.5% ) .29 R (72.5% ) .13 #R(32.5% )2 Bk (5.0% )F1 2 BR(5.0% ); H A& 8 Fi R
Y M: ; AMEs 2 B B BH M 3085, 0% (34/40) o Xt 29 ¥k aac(6')- 1 b I PCR FH#: 7= #y 3E 4730 ¢,
WESLH 7 #R(24.1% ) BB aac (67)- I b-cr W B8 2 I (GenBank : EF375620.EU159121) , 18 #&
(62.1% ) B #EH aac (67)- I b-Suzhou (FH M &, EU085533),3 #k(10.3% ) H i #H aac (6')- I b-
Suzhou & aac(6)- I b-cr 2 TR L 1 #R(3.4% )4 aac(6')- 1 b LA, ﬁlﬁ i R4 35 1Y 40 B
B G HE 5 16S rRNA LAk B A R BE 1 R8T AMEs B HERR &, 2 F7E 5 F AMEs
k-7
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Analysis on 16S rRNA methylase genes and aminoglycoside modifying enzymes genes in Enterobacter
cloacae in China HUANG Zhi-mi" , SHAN Hao , MI Zu-huang , YANG Hai-yan , WU Lei , CHU Qiu-
ju, QIN Ling. "Microbiology Laboratory, the 98th Hospital of People’s Liberation Army, Huzhou
313000, China

[ Abstract] Objective To investigate the 16S rRNA methylase genes and Aminoglycoside modifying
enzymes( AMEs) genes in Enterobacter cloacae isolated from the People’s Liberation Army 98th Hospital,
Huzhou district, Zhejiang province,China. Methods 40 strains of Enterobacter cloacae were isolated from
the inpatients between September, 2003 and November, 2004. 5 kinds of 16S rRNA methylase gene
(including armA , rmtA , rmtB,rmtC and rmtD) and 9 kinds of AMEs gene [including aac(3)-1 , aac
(3)-1 ,aac(3)-M ,aac(3)-N ,aac(6’)- 1 b,aac(6’)-1 ,ant(3")-1 ,ant(2")- 1 and aph(3’)-VI] were
analyzed by PCR and verificated by DNA sequencing. Results In 40 strains of Enterobacter cloacae, the
positive rates of genes of rmtB,aac(3)-1 ,aac(6)-1b,ant(3")-1 ,ant(2”)-1 and aph (3")-VI were
12.5%(5/40),27.5% (11/40),72.5% (29/40),32.5% (13/40),5.0% (2/40) and 5.0% (2/40),
respectively. 8 kinds of the rest of genes were all tested negative. The total positive rate of AMEs gene was
85.0% (34/40). Among 29 strains of Enterobacter cloacae that the aac (6')-1 b gene was positive,
through PCR and verification by DNA sequencing, 7 strains (24.1% ) were confirmed to take the aac(6”)-
I b-cr (the GenBank register number: EF375620, EU159121) alone, 18 strains(62.1% ) were confirmed
to take the aac(6")- I b-Suzhou (EU085533) alone, 3 strains(10.3% ) were confirmed to take both aac
(6")-1 b-Suzhou and aac (6")- I b-cr while only 1(3.4%) was aac (6")-1 b (the classical type).
Conclusion There was lower positive rate of 16S rRNA methylase gene but very high AMEs genotypes in
Enterobacter cloacae isolated from inpatients and the finding of 7m¢B gene was reported for the first time in
the world. At least 5 kinds of AMEs gene existed in Enterobacter cloacae were isolated and they were the
new host of both gene of aac(6’)- 1 b- cr and aac (6”)- I b-Suzhou, with aac(6”)- I b-Suzhou gene was
the predominance subtype in aac(6’)- I b.

[Key words]  Enterobacter cloacae; 16S rRNA methylase; Aminoglycoside modifying enzymes;
Genes
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BEEBHFAREREISHE 30S KK
16S rRNA WH V454, SBRMER, THHEA K

A BATIBE (L 0B A R o I, AN B

WRPAEREWGEY EBEHH A 3. — 24
WA MR E M X AR W E BB TR B
(AMEs) , R BRI G, A 00 S R B AR , = 2 41 i R
BEHBAERARANEZRE . P4 AMEs
BANEE, HP 2002 F,EKEKBURE T, — M
AT 24 DL B R L, B4 B o R S T A — AR
) 16S rRNA HEAE MR BB T LRRA RN
FEEMEA 16S rRNA, 5l 2 JLF X T A S A5
HREARM A, 3 H 0T 78 A F3h 4 # BOR o (H 15
B, ARICRAS T A AR X R4 B A
WHFFE S 16S tRNA H S L3 fl AMEs 2 A
S E AT T 5.

MR 57 E

1EHRERER 40 RRREKRENE AR
HRESE 98 EBE 2003 4 9 A Z 2004 4F 11 A K&
BRI S RARAS Q545 1 A i 17 10 VR 13
B BRI WY 4 0, FE S WY W B
WY BRI B PR T E R VR BRAR A 1 B
FEY-HERAF API 20 E S B ™, bR EHK
hK M %A E ATCC25922 #1414 R % M B
ATCC27853,

2.HHEBAR - AMBERGEL. RALY-HEIR
AT ATB® G-5 Z5EURBR , 2L I03K 20 R
24 B 5P AR (AMO) . BT 35 75 AK/58 i 4 IR
(AMC) . WR B2 76 Ak (PIC) . W $i 78 #k/f me 1= 48
(TZP) . B R A (TIC) . B KA/ 4 B
(TCC)kHamEw} (CFT) kPG T (CXT) .k flauk
J5(CXM) ke 5 (CTX) 3k #aff B€ (CAZ) .k #8
M5 (FEP) i 55 /5 (IPM) . £ % 85 75 (MER) . B
KRE(AMK) KKEE (GEN) . A HEE (TOB).
ZEEKE(NET).EHHEH(TSU) . HKKFY E
(CIP),

3. EE AW . 4 B & BEE N (PCR) 7
Yo RAEAM K HbkH 4 DNA ¥R,
K 14 F A .S 16S rRNA H AL HE
(armA .rmtA rmtB .rmtC i rmeD ) 9 F AMEs
FHH [ aac(3)-1 vaac(3)-1 \aac(3)-M <aac(3)-IV.
aac(6’)-1 biaac(6’)-M .ant (3")-1 cant (27)-1 .
aph (3)-VI 1, B # GenBank(http://www. nchi.

nlm. nih. gov )P E R T M R EHFNFHRITEY,
HA armA . rmiA . rmtB. rmtC . rmeD # aac (67)-
[bEEFYFI R IEERE 1, EASHEN
SIS X7 B DL SCER (5] i 2 2 IX A T it
F& FHPEST B8 & DNA Marker ¥ X8 T &1
AR TR, Sk HAM B, RPN
PCRY K ZEH N BRMER PL.P2 59 &K
0.5 y.mmoI/L, dNTPs #£& 200 mmol/L, KCl
10 mmol/L,{(NH, ), SO, 8 mmol/L, MgCl,2 mmol/L,
Tris-HCl (pH 14 9.0) 10 mmol/L, NP,, 0.5% , BSA
0.02% (wt/vol), Taq DNA pol 1 U, & & I {&
20 pl(FHAFERBES pl) o PCR § 3781 > 500 bpk
I SEI N 93C WA M2 min, R 93T 60 s~
55T 60 s—>72T 60 s,7E3F 35 F#, &5 12CEK
5 min, PCR ¥ /= #1 < 500 bp U E X B EH K -
93°C B 72 4 2 min, A J5 93T 30 s> 55T 30 s>
72C 60 s, fE3F 35 M, &5 72C K5 min. F
PE9600 #:H § 8Ly 1, ™8™ W4 2% B ¥R
BEEHTK ,EB e €4, 58 SR H UK BB AN T SR, 3F
IR R,

®1 6 MIERE PCR YT R E”

wRE REFI (5 ~3) P”%jj’g

rmtA P1:CCTAGCGTCCATCCTTTCCTC 315
P2 : AGCGATATCCAACACACGATGG

rmtB P1: ATGAACATCAACGATGCCCTC 756
P2: TTATCCAT TCTTTTTTATCAAGTATAT

rmtC P1: ATGAAAACCAACGATAATTATC 846
P2: TTACAATCTCGATACGATAAAATAC

rmtD P1: ATGAGCGAACTGAAGGAAAAACTGCT 744
P2. TCATTTTCGTTTCAGCACGTAAAACAG

armA P1: ATGGATAAGAATGATGTTGTTAAG 774
P2: TTATTTCTGAAATCCACTAGTAATTA

aac(6’)-Ip? P1: ATGACTGAGCATGACCTTGC 519

P2: TTAGGCATCACTGCGTGTTC
1 :¢ PCR 514 gy BE#LJ2 AR 85 2007 42 8 A 30 B Z A 24 www.
nchi. nlm. nih. gov/nucleotide % 7 £ % K & 3 7. % /¥ 5] £ 47 7 X 38 5¢
BT ‘aac(6')- I b BERKEEKERT M EMES Y, B
B 4 “PCR BEL#4 B8 POL W Wl 77 (£ 3 E ABL 2 &) 3730
A E#HAT)

4. FF UM E B or B x4 8 HE B9 28 aac
(67)- 1 b # N & H M3 1 B B # 53 #£ A PCR =
W HiLE M ABL A 31 DNA J7 51 4 #r (X # 17 ¥ 51
W (X1 W), Bt P %) 5k A GenBank H ()
BLAST R fF#E17 RR L0, P 3 o R AR )T
5% 5% GenBank.
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1. 25RO 25 51 40 BRIH Y M AT B X 4 Fha( 4
BHERNAEENM 2R AMK &K A EBE
42.5% ,1ii GEN.TOB 1 NET H it 25 R 4R 5k
75.0% ~—82.5% ; B & B M K i £ F [PM 1l MER
BT 25 ; FEP M 25 BB A 17.5% fEF i
B8 532.5% ; AMO.AMC.CFT ., CXT ¥t 25 ;
A9 PO 25 #8FE67.5% ~85.0% Z [, Z5REM
AABKRELEM AN EEBETRRBNBEL
AR XM AR E(E?2),

+R2 40 BRI T B RS 20 b B 25 4 B SO

. B o %
A A HAb
Ao RO we FE me R
AMO 0 0.0 0 0.0 40 100.0
AMC 0 0.0 0 0.0 40 100.0
PIC 7 17.5 0 0.0 33 82.5
TZpP 12 30.0 0 0.0 28 70.0
TIC 6 15.0 0 0.0 34 85.0
TCC 8 20.0 0 0.0 32 80.0
CFT 0 0.0 0 0.0 40 100.0
CXT 0 0.0 0 0.0 40 100.0
CXM 7 17.5 0 0.0 33 82.5
CTX 9 22.5 4 10.0 27 67.5
CAZ 7 17.5 1 2.5 32 80.0
FEP 20 50.0 13 32.5 7 17.5
IPM 40 100.0 0 0.0 0 0.0
MER 40 100.0 0 0.0 0 0.0
AMK 23 57.5 0 0.0 17 42.5
GEN 10 25.0 0 0.0 30 75.0
TOB 7 17.5 0 0.0 33 82.5
NET 7 17.5 0 0.0 33 82.5
TSU 10 25.0 0 0.0 30 75.0
CIP 8 20.0 1 2.5 31 77.5

2. FERAG 45 R 40 R IR 6 R B
B LA 34 $(85.0%) E Mt 1 MR, & E bk
HPHMER ~4 FRE, OFFIEEBHHEZE: rmB.
aac(3)-T vaac(6')- 1 biant (3")-1 ant (27)- 1
aph (3")-VI 09 FH M Bk B 50 B h 5 (12.5% ). 11
(27.5%).29(72.5%).13(32.5%).2(5.0% ) F1 2
(5.0%),T armA .rmtA .rmtC .rmtD ,aac(3)-1 .
aac(3)-M .aac(3)-V F aac(6”)-1 ¥ B ¥ ; AMEs
LR PA M O 85.0% (34/40) . @ B Bk B &
L .1 BRI 4 Fp 3% 9 B 3 Ak R B 3 R X B
P19 BR[EIA 2 Fh 3 PR PH A (11 ARAT 1 o 5 IR BH
HA 6 BRAK AT 1 #EE, QABEMITRIE
FURE 5 5E DA I 25 SR A SR B0« 33 AR T R
HRMERWANER P A 2 RELE 1 AR

FEYE ;7 BT EEFE RN A RIERER D, H 2
BRAGHY 2 FREEN 1 ARAGH | FEE L 5 4 BRRKH
HEAE, MARMESERMBFEERHN0.0% (36/
40), BiEWLE 3,

3. FEH SR X 29 Bk aac(6')-1 b EEH
PCR FH =4 3617 0 7 , & BLAST )7 R U 4
LIRS 7 RR(24.1%) MW aac (67)- 1 b-cr
W REBER A, R R BN AT B % E T
B, Hd 6 #R(5.8.12.13.14.32 S H#) &
H5E % CDS £ K 519 bpZ HBR)F 5 — 3, H o 32
BB bk (B4 %5 HZC9205) M) aac(6')- 1 b-cr 2
HEMRF 5 B B F GenBank, 15 K EF375620;
1R SHEE, RBHRS R HZ7491) R HZH KR
5 5 6 BRAH I, 76 CDS 2K 519 bphy 223 48
HBRAELXENRAECA HFFHBE B R
(EU159121) . 18 #k (62.1% ) Bl ¥ H aac (67)-
Ib-Suzhou(FHME) , Ho 6 SHHK(EHBERS R
HZB7687) #: H 52 # CDS 4 K 519bp B B
(EU085533) , 3 ¥£(10.3% ) RIHH ¥4 aac(6')-1 b-
Suzhou X aac(6’)-1 b-cr 2 PP B ;{1 #k(3.4%)
Haac(6’)-1b WA, Xt 2 S EHK aac (3)-1 Al
ant(3")- 1 W PCR =YW F, 35 GenBank
FOERMFEIMEE, SR -8, LHERTICH
F,EMS 450 AY663802 F1 AY663804,

W

16S rRNA H JE Ak il 5 L 76 7= A | B0 1 28 40
RN PREN, RRAERTERN A
HEFEHLH . ERKMERSRMNIER L HNE
BEBITF RN AR (I GEN, FIEE.AMK,
TOB.NET. R MK E BT & &) RN & K F
i ARSI rmtA < armA | rmtB | rmtC
MrmtD BREASNBERBEBEE R ZRIAK 5 F
16S rRNAF AL BRI BB E A T8
AV R L, Al FE AR AL 8, BT gD 9 S5 R 16S
rRNA B E AL 7E T 16S rRNA ZE 2K 40
A G A HIVE R AL, T8 HaE AT B BB i,
B2 5 16S rRNA E M N B F i, AT F B
K- 25

A RAEHBBTE R R 16S (RNA H /LA
HERBEB L, WA FEEANBFEPERT
armA FHE", 2007 4£ Chen %" 76T N Xt A 4
WA (EBR TR B B0 1 AR B Y I AT B 17
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R340 BROIVIGHF BXT 4 FRCE T 200 REURM R 14 M M EHE AL R

b FHEEHR *® 5}
F% AMK GEN TOB NET armA rmt aac(3) & & & &
A B C D I 1] m I\ Ib il 1 i
1 S R R R - - - - - - + - - -Suzhou* - - - -
2 R R R R - - - - - - + - - -cr - + - +
3 s s R R - - - - - - 4+ - - Sghu - - - -
4 s R R R - - - = - - 4 - - - - - - -
s R R R R - - - - - - - - o - - -
6 R R R R - - - - - - + - - -Suzhou - - - -
7 R R R R - - + - — — + - - - -+ - -
8 R R R R - - - - - - - - - -cr - + - -~
9 S R R R - - - - - - + - - -Suzhou - - - -
10 S R R R - - - - - - + - - -Suzhou - - - -
m R R R R - - - - - — - - - Swghu - - - -
12 R R R R - - - - - - - - - -er - + - -
3 R R R R - - - - — - - - - -er -+ - -
4 R R R R - - - = — - - - - e -+ - -
5 R R R R - - - - - - - - - Sgtea - - - -
6 S R R R - - - - - — 4« - - Swhu - - - -
17 R R R R - - - - - - + - - -Suzhou - - - -
18 S S S S - - ~ - - - - - - - - - -
¥ R R R R - - - - - - - - - Sghutea - - - -
20 S S S S - - - - - - - - - - -+ o+ -
21 S R R R - - - ~ - - - - - -Swzhou+-cr - - - -
22 S R R R - - - - - - - - - -Suzhou - - - -
23 R R R R - - + - - - - - - -Suzhou - - - -
24 S S S S - - - - - - - - - - - - - -
25 S S S S - - - - - - - - - - - - -
% S R R R - - - - - - -~ - Swhow - - - -
27 s S s S - -~ - - - - - - - - -
28 S S S S - - - - - - + - - - - - - -
29 S R R R - - - - - - - - - - - - -
3% R R R R - - 4+ - - - - - - Sghou - - - -
33 R R R R - - - - = - - - S
2 S R R R - - - - - - - - -er -+ =
33 R R R R - - + - - - = - - -Suzhou - - - =
34 S S S S - - + - - - - - - - - + - -
35 R R R R - - - - - - - - - -Suzhou - + - -
36 S S R R - - - - - - - - - ZHA - + + -
37 S R R R - - - - - - - - - -Suzhou - - - -
38 S R R R - - - - - - - - - -Suzhou - - - -
39 S R R R - - - - - - - - - -Suzhou - - - =
40 S S R R - — - - — - - - — -Suzhou — + - —
b

¥ :%aac(6’)- 1 b-Suzhou(FF M) ;% aac(6)- I b-cr( T HEEE) 5
T rmtA rmeB.armA FflrmeC 3t 4 Fp BN , 45
REB rouB HEFEAM, XEFELZ AN GHTH
N ormB BRFEE REERRESPERE,
ASCRI T 5 R E B A 16S rRNA H 34k B &
WAL rmeB BEH P, PR $12.5% (5/40), &
MRERBWHHEBRSTER T LR rmB £EE
GUNEEN B NG S 518
FATE R 20 BREAW I B (RACF1~20 5
BN 4 MEEBELENAEWHAMES o
AMEs % [ Pl 1 2 9 MR B L #E 4T T 0 8 040
Rt — 5 T A% R 43 A 1 I LA BT 25 ML, A IR B
K ERBOEINE) 40 Bk, EA T aac(6')-1b 3
BRI G R BRI 5 #F 16S rRNA H 3

© PPk BT aac (67)- I b-Suzhou & aac(6')- 1 b-cr

EEEE ), %S AMEs WER K 2 B B G
(AAC) B H# BB (ANT) FiBk BR ¥ B B§ (APH) =
KA 30 KA, HEF LA ESE LKA
ORI 9 R, BN RN, X GEN Wit 25
MBI AT B AT 54 aac(67)- 1 . A4 FEK
=3 AMEs R (3t 5 F)IgF R0, R R+
BRI =ZMMERE TR aac(6')-1b(72.5% ) .anz
(3")-1(32.5%) 1 aac (3)-0 (27.5% ), B LA aac
(6')-1b FHYERE T ;85.0% E ¥ (34/40) #Hi1~4
PR, LR 25 AHC B A FE B AR S A4 bk
@A T RIE RN (X)W RE DMK,
JF 5 5 8 % W, aac (6')-1 b A aac (6')-1 b-
Suzhou (7 M B4 ) 24 F (18/29) . 75 M 2 £ aac (67)-
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Ib EEREP IR AREXERIASET
2007 41 i ¢ 7 8 10 B = K BL(EF375621)

Hooper FJ 3250 /NH ZBLAE R B acc(6')- 1 b-cr
ERWHZHMAEBHAGTE WEYEE™ &8
K T B SR v R T b 2 B R
ROy, BRI ERERD AR AR
WEH X H L BLE 058 TR igmi2e, XMERE
& acc(6')- 1 b k4 Trpl02Arg #1 Aspl79Tyr B
TMEERBREUAR, M FTHHERDEHAAY AR
Fy 25 PE (MIC 6 m2~4 %), ERBRFHERIE
AHZERE A E XN AR E BV E R
U E 8RR R gemifloxacin(F XKV E ) R
o ARAH 7T HREMBEW aac(6')- 1 bor K. {H
BEEWRE, AHHF 3 KFENER aac (6')-1 b
Suzhou 1 aac(6")-1I b-cr 2 LB, HEWM AR E T
WRMEEFENB. SRRAABBITEN aac
(6")-1b-cr X aac(6’)-1 b-Suzhou WRIH 55+, &
WHRR2EWAY KEMBHRAELEEEMN
WRE X, aac (6')-1b WARBEKHNEH 30 f U
VT 3 T e TR 2 W R % 1 B 9 E 1 BB
i R &L

B3R 3 Al L, A 4 T R 25 4 R AU 5 g 2 R A
LR, BOE DA, WF 3 #(20.28.
34 SRR BTN RBER. FETREN,
AMEs BRZHHES TN R, B—-1"BATHH
WA AN 2GR T 2 R A R R AR UK BT
JBETFRRS, M H 583 F R ERIERAE X Lif
HAZXR, FIFEREABEEARR, HF
1HR(E3 SHHK)RBAX 4 MEREBTRHNA
YWy HARG BT 1 FREH LT 2RES
FhREW AR, E B AR XM 506, A f
R

2 % X wt
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