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[ Abstract |

resistance gene cassette in the variable region and molecular evolution of class- | integron. Methods: K-

Objective: To investigate the drug resistance of enteric bacilli and its relation to the drug

B assay was applied to measure the drug resistance of E. coli, E. cloacae and A. baumannii isolated against
twelve antibiotics. The class- [ integron and drug resistance gene cassettes in the variable region of the
integron were detected by PCR and sequencing of amplification products. The molecular evolution of drug
resistance genes in the class- [ integrons was analyzed using Clustal X and MEGA software. Results:
54.2% —-100% of A. baumannii isolates were resistant to the penicillin and cephem antibiotics, while E.
coli and E. cloacae isolates had resistance rates of 41.6% —62.5% to cephem antibiotics. 62.5% (15/
24) of E. coli ,67.9% (19/28) of E. cloacae and 83.3% (20/24) of A. baumannii isolates were positive
for class- | integrons. 81. 5% (44/54) of class- [ integrons showed 4 different single band spectrums
and the other class- | integrons displayed 3 different double band spectrums. In the drug resistance gene
cassettes in variable regions of class- [ integrons there were 7 types in 4 groups of drug resistance genes,
including aac (6'), sad (3”),aad (2"),cat(4’) and dfr(types 7, Al13 and 15), which induced the
resistance to aminoglycosides and sulfamido antibiotics and chloromycin. The class- [ integrons in the
isolates might be divided into 4 molecular evolution groups according to the diversity of dihydrofolate
reductase encoding gene sequences. Conclusion: The enteric bacilli have a high drug resistance and
frequently carry class- [ integrons with 7 drug resistance gene cassettes which present 4 different

evolutionary pathways.

[ Key words] Enterobacter/drug effects; Acinetobacter baumannii/drug effects; Escherichia/drug
effects; Drug resistance, bacterial; Enteric bacilli; Drug resistance; Integron; Drug

resistance gene cassette; Evolution
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() & R A R DR Ol B ER AL, SR
ClustalX1. 8 {45 Swissport JZE {7 (1Y A [R] 7. 7Y
AR A 5L DR R A EAT LR, SRR R
MEGA RGBT AE Y NI J7 ik At |
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AR (15 BRI A 1 19 R B I A 3 0 20
PREQ S AT R A 44 BRE A RPEAS
L 280 1.7 kb Z55 (25 BR) AR 1.5 kb
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Table 1 Resistance rates of E. coli,E. cloacae and A. baumannii

Kip5A 3 (n =24)

BIA AT iR (n =28) B8 BT (n =24)

ETINA B3 e s .
it 247 TR AR BR/ T 25 % T 247 BRI AR B T 24 % i 245 TR AR BN/ T 2 2%

AMP HEER 0/0 4/14.3% 17/70.8%
pIP FEEL 5/20.8% 1/3.6% 24/100%
CTT X 15/62.5% 14/50. 0% 13/54.2%
CRO XA (IS 10/41.6% 14/50.0% 24/100%

CAZ XS 15/62.5% 13/46. 4% 24/100%

AMI S 19/79.2% 15/53.6% 20/83.3%
GEN SR 1/4.2% 14/50. 0% 11/45.8%
TOB SR 3/12.5% 16/57.1% 1/4.2%
cIp LIRS 2/8.3% 18/64.3% 23/95.8%
LVX RFAUTES 0/0 20/71.4% 23/95.8%
SMZ i 2 16/66.7% 21/75.0% 13/54.2%
TIE W R R 2k 18/75.0% 6/21.4% 22/91.7%
NIT [ UREES 22/91.7% 1/3.6% 24/100%

T2 KW%A WA AT H A= 80 FR S AT
1A AT h R

1 2 3 4 5

bp

Table 2  Positive rates of class- [ integron in E. 3000
coli ,E. cloacae and A. baumannii %ggg
AREC Ko RS KR/ 1000
2R . 750
(n) TR (n) %
KipsRE  24 15 62.5 200
§ - 1 ~3 PkiB. 458 0.75/1.0 kb (1 £k) .
DI % " 67.9 0.75/1.70 kb(3 #k) A1 1.0/1.70 kb (1 1‘5[%)(Xﬂ%1?ﬁ'w
WBAMTE 24 20 83.3 R | 2 4 358 4 DG 2 IR S Ok
it 76 54 71.1 ii : DNA marker(TaKaRa).
B2 I REeTRERiEE
bp Fig.2 Spectral patterns of class- I integrons
with double bands
;888 3.5 TEUMRIE IS AL P R G R A o
1500 AR RRR T RBES T T I A RL
1000 RRERI AT IH Al 4 20 ODESHE 9 (Cg9) =4
70 R S R IR 15 15 A U 1 5 i A
500

51 ~4 YKIE 0 0.75 kb(5 k) 1.0 kb(4
B 1.5 kb (10 kk) A 1.7 kb(25 k) BA A 1% 7 1)
[ KEAT 55 5 JKIE 25 X5 B 5 6 JKJH : DNA
marker( TaKaRa) .
M1 1 RESTEEFHD
Fig.1 Spectral patterns of class- | integrons
with single bands
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PR 0 SR i BRE DR 5 5 780 A P 1 A D it L R
T QFE SR 14a 1 14b( Ciglda FI Cigldb) —
AMPRIA I L [ 5 7 B A R i il A A
T s @E SR 20 f1 21 (Ctg20 fl Crg2l ) 5
R S I DY 15 13 78— S R it it )
BT (1 3) 8 R TbR [ KA TFH 4 54
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Table 3 Composition and distribution of gene cassettes in class- [ integron

i 24 5 (K] KA (n) BRAMATE (n) S AIFFE (n) &it
aac(6") 0 1 0 1
sad(3") 0 1 1 2
dfr 15 1 0 1 2
aad(2") + sad(3") 0 0 3 3
dfc 7 + sad(3") 1 9 0 10
sad(3") + sad(3") 0 0 1 1
dfr A13 + sad(3") 0 4 9 13
aac(6’') + cat(4’) + sad(3") 9 0 0 9
&t 11 15 15 41

DYRS ECOLX
100'Ctgl5
97 [ DYR7 ECOLX
Ctgl4b
971—{
52 97 Ctglda
DYR6 PROMI

Ctg20
10011()_()i Ctg21
DYR9_ECOLX
DYR3 SALTY

DYR8_ECOLX

DYRI13_ECOLX

DYR10_ECOLX

0.2

DYR10_ECOLX:Q04515;DYR13_ECOLX (059408 ; DYR15_ECOLX:
P78218; DYR1 _ ECOLX: P00382; DYR21 _ ECOLX: P00383; DYR3 _
SALTY . P12833;DYRS_ECOLX:P11731; DYR6_PROMI. P95524 ;DYR7_
ECOLX:P27422 ; DYR8_ECOLX : POABQ7; DYR9_ECOLX: Q59397 ( § %

J& ok swissport JE HXH N 3150 ) .

B3 1XESTF_ArTmEREAR R KA AN
Fig.3 Phylogenetic tress of dihydrofolate reductase genes in

class- [ integrons

3 it @
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i PR 5 DL 1) 28 00 T, L3 86 240 i 35 3l A7 A
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B M 24 3 303 50y, JH P R M R A R 0k 1

NGIE=E Ry =Y RS o
67.6% 1 65.0% , 1 5 A 5 FT B
X WRFL P BRI 245 5 55 35 70. 5% ,
B4 B 11 6T Sk F60PG T A T 24 2%
BERA 93.7% 0 3]
() 245 P UG A 56 45 R R, B
T T iRt 24 M Ao, 4 I AR
FHE) = A0 2 oA 2 S e h 4
(CRO) .k flh e (CAZ) J 5
FAPUAE Z RV AR (PIP) Tiif 24
R 100% , XF 27 P4 AR (AMP)
i 25 % Al {5 15 70. 8% 5 BH 18 B #F
X2 3 Fh =Rk ik
Z (CTT ,CRO ,CAZ) 3 Fpad SLHE
TPt E (AMI,GEN , TOB) Al
2 Fnds i i 2 bt 2 & (CIP LVX)
it 25 % 5 35 46. 4% ~71.4% , B
BETRBBRAR(E 1), £H
It A L it 24 B iR A TR E
FEHE

SR 1 TR 25 ML 2 R s,
S35 PR 72 i 24 Johr B IG5
S RN R PR AT T 25 MBS . AT
A 2 35 R O o 4 A R LR S S Rk,
AN B = A M 250k, BB B 2GR R,
TRATIF 5% 41 0 ifit 24 K 3% SopL il 42 438 7 %
) LTy B R RE AT RS S T
G AT IBEEBEE T NS ]
~ V) AF#EEGFRMP NG E AR

DYR21_ECOLX
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A, AR i P & 3] A i 250k, A% 30
[ S5 )12 M 53 A1 T8 A VR A PR T A
o TR S BRI R R b, 1 2R G 70
UL LA v T 24 e DRt o O g
HFEREEDRm A RFS dE1E 2SS
PRBEIE W D REAE I bt e B . FRATTAY L g &5
RN, KGR A B1A AT TS 6 2 OR 3 FT
Wb 1 RS ORI RER 71.1% (547
76), bl S RS FFE 1 R EG FRHR
(83.3% ) i T KI5 A 16 (62. 5% ) FETIE [
FRI(67.9% ) s &5 RIS | BB ST A5
JE S Bk, 2R B AN [R] RN B A BORUSR A 2H
BEFER, SR X LE TR bR | KRG T Yihe
THER

REHmG N G | REGFHW, a
15 B-INMEIE S (B R 3 SR E R ) i
P2 | A P T 24 R s T 24 R T Jrig S 40 2
PRESST BRT, FRATTAE S0 AL % B aac (67)
sad(3") ,aad(2") .cat(4") dfr (7 (A13 F1 15 ¥
RY) 4 5 E A S R R I S Tt 2 A
FHEDR 2R e B B- 1A Tk fie il 5 R {32 4 110 60
ST EXT B-N I T4 R (AMP PIP,
CRO.CAZ CTT) ffit 25 R & ik 54.2% ~100% ,
A AT B AR A RN SR TR R U E R
(CRO ,CAZ [CTT) ffif 25 211,53 5l i ik 46. 4% ~
50% Fi141. 6% ~62.5% , X Bl kST B-
P BBE R ISHTAE 3 BT 2457 AT BRI S ik Bl 9 A5 A
Tt 245 ks A5 Al 25 L, 5 1 28851 JEC,

TEAR YA R IZ I TE O, 405 1Y
T 25 P 5 PR U AN 7 2 A 728 A O 328 e A
[ R AY il e 2 BT 1% B P BERE
it VA7 50 P AN [] ) B R Y LAY CTM-X 35 A7
60 AN A SR SR 25 1 A R A
TR DR A A 3 20 AN JEN R ARG R
AU A A B SR A i
FEH RS R AR I 8 R TR, Ik Ir) — A
R S B RE A AT 3 i 4 A, ) 1S BELS
AYT RUFA 13 A A0 TR I i e DR 4 0, 4
INTEL YRR T, | KB G764 XA
[ JR G0 AR Bk A A%, PRl i — & iR
R R R B 2R
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