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16S rRNA , (D
28 o=z, PCR
BLAST
1.2 PCR 20 pL ,
MH DNA 0.5 uL, dNTP(10 mmol/L)0.5 pL, 10x
, 28T K-B , 0.1 PCR buffer 2.5 pL, MgCl,(25 mmol/L)1.5 pL,
mL 9 cm MH , (10 ymol/L) 1 pL, Tag DNA
4 , (MBI)2 U, ddH,0 25 uL PCR
(Levofloxacin, LE) :95C 3 min; 95°C 30s, 68°C
(Ofloxacin, OF) (Ciprofloxacin, CP) 30s, 72°C 1 min, 40 ; 72°C 10 min;
(Norfloxacine, NF) (Enoxacin, 4°C PCR 1%
EN) (Gentamicin, GM) (Biorad, ) BLAST

(Kanamycin, KM)
(Amoxicillin, AMP)
AP) (Carbenicillin, CB)
(Cefixime, CFX) (Ceftofur, CFT)
(Cefepime, CP) (Chloramphenicol,
(Erythromycin, ER)

(Straptomycin, SM)
(Ampicillin,

CHL)
line, TE)

(Tetracyc-
(Compound Sulfametho-

(http://www.
ncbi.nlm.nih.gov/blast/)

2

2.1

18 B-

x1 ESTRNMASIYER

Tab. 1 Primers used in the detection of integrons in this study

(5'-3) /bp /C
primer name sequence(5'—3") length annealing temperature reference

Int1-F CTGCGTTCGGTCAAGGTTCT 882 68 [14]
Intl-R GCAATGGCCGAGCAGATCCT
Int2-F CACGGATATGCGACAAAAAGGT 746 59 [14]
Int2-R GTAGCAAACGAGTGACGAAATG
Int3-F GCAGGGTGTGGACGAATACG 760 55 [14]
Int3-R ACAGACCGAGAAGGCTTATG

5'CS GCCATCCAAGCAGCAAG Variable 60 [15]

3'CS AAGCAGACTTGACCTGA
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Tab. 2 The Antibiotic resistance rate of Aeromonas hydrophila isolates from fish
/mm strain type
antibiotic type breakpoint for antimicrobial
susceptibility testing [ S
levofloxacin, LF 16—18 9 0 19
quinolone ofloxacin, OF 1315 6 1 21
ciprofloxacin, CIP 16-20 6 4 18
norfloxacin, NF 13-16 10 9 9
enrofloxacin, EN 16—18 8 0 20
gentamicin, GEN 13-14 8 7 13
aminoglycoside kanamycin, KN 14-17 15 10 3
streptomycin, STP 12—-14 12 5 11
p- amoxicillin, AMC 14-17 22 3 3
p-lactam penicillins ampicillin, AMP 14-16 28 0 0
carbenicillin, CB 2022 23 5 0
cefixime , CFX 16—-18 19 3 6
cephalosporin cephalothin, CFT 15-17 27 0 1
cefepime ,CP 15-17 3 3 22
chloromycetin, CHL 13-17 18 1 9
single drug class chloramphenicol
erythromycin, EM 14-22 25 3 0
macrolides
tetracycline, TE 15-18 20 6 2
tetracyclines
13-16 12 0 16
sulfonamides sulfamethoxazole compound, SXT
:R 1 ;S .
Note: R, resistant; I, intermediate; S, susceptible.
(67.9%~100%) (89.3%) 3
(64.3%) (711.4%) , PCR
(28.6%~53.6%) (42.8%), 882bp( 1),
(21.4%~35.7%) ;
, 28 PCR 746 bp,
, AH-43 17 R
LE-OF-CIP-NF-EN-GEN-KN-STP- 2.3
AMC-AMP-CB-CFX-CFT-CHL-EM-TE-SXT, AH-4 ,
2 (CFT-EM) B-
2.2 3 PCR ,
28
b
3 53.57%(15/28), 28
21.43%(6/28), 25% (7/28) p-
) 4

DNA DNA ,
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15 ,
3
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15 )
5'CS 3'CS ,
PCR > ’
15 aadA dfrA )
catB s
. [16]
; 49
aadA2+dfrA12 (95 ,
I 100% ,
6 ,AH-3 5 8 (7] 62%
1 Int1 PCR
a: DNA PCR ; b PCR
Fig. 1 PCR amplification of class I integronintegrase (int/) in Aeromonas hydrophila
a: PCR amplification using genome DNA as template; b: PCR amplification using plasmid DNA as template.
®3 BKSEREAESTARIBERAN
Tab. 3 Distribution of integrons in Aeromonas hydrophila
strain number integron type distribution strain number integron type distribution
AH-3 C AH-34 C
AH-4 N AH-38 C
AH-5 P/C AH-39 C
AH-8 P/C AH-43 C
AH-9 N AH-49 C
AH-10 P/C AH-50 N
AH-13 N AH-52 N
AH-15 P/C AH-53 P/C
AH-17 P/C AH-56 C
AH-18 N AH-58 P/C
AH-19 C AH-59 P/C
AH-20 P/C AH-61 C
AH-23 P AH-63 N
AH-32 C AH-66 C
:N ;P ; C

Note: N, negative; P, plasmid, C, chromosome.
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Tab. 4 Correlation between integron-gene cassette system and multi-drug resistance in Aeromonas hydrophila
integron type
(n=7) (n=15) (n=6)
antibiotic type name no integron class integron class integron
%R %Il %S %R %Il %S %R %Il %S
LF 0 0 100 60 0 40 0 0 100
quinolone OF 0 0 100 40 6.67 5333 0 0 100
CIP 0 0 100 40 26.67 33.33 0 0 100
NF 0 57.14 42.86 60 20 20 16.67 33.33 50
EN 0 0 100 53.33 0 46.67 0 0 100
GEN 0 28.57 71.43 40 33.33 26.67 33.33 0 66.67
aminoglycoside KN 0 7143 2857 60 33.33 6.67 100 0 0
STP 0 28.57 71.43 73.33 20 6.67 16.67 0 83.33
penicillins AMC 28.57 42.86 28.57 100 0 0 83.33 0 16.67
AMP 85.71 14.29 0 100 0 0 100 0 0
CB 57.14 42.86 0 93.33 6.67 0 83.33 16.67 0
cephalosporin CFX 57.14 14.29 28.57 60 13.33 26.67 83.33 0 16.67
CFT 85.71 0 14.29 100 0 0 100 0 0
CP 0 28.57 42.86 20 0 80 16.67 16.67 66.67
chloramphenicol CHL 57.14 0 42.86 73.33 6.67 20 50 0 50
macrolides EM 85.71 14.29 0 93.33 6.67 0 83.33 16.67 0
tetracyclines TE 28.57 57.14 14.29 86.66 6.67 6.67 83.33 16.67 0
sulfonamides SXT 0 0 100 73.33 0 26.67 16.67 0 83.33

2.R

;1

>

;S

Note: Explanation for the name of antibiotic is shown in tab.2. R, resistant; I, intermediate; S, susceptible.

x5 28HRFEKSEME I XESTAEXFIINH

Tab.5 Sequence analysis of variable region in class | integrons in 28 Aeromonas hydrophila isolates

strain

drug resistant spectrum

gene cassette

AH-3

AH-5

AH-8
AH-10
AH-15
AH-17

STP-AMC-AMP-CB-CFT-TE-SXT
AMC-AMP-CB-CFT-EM
STP-AMC-AMP-CB-CFT-CHL-EM-TE-SXT
STP-AMC-AMP-CB-CFT-CHL-EM-TE-SXT
LF-NF-GEN-KN-STP-AMC-AMP-CB-CFX-CP-CHL-EM-TE-SXT
NF-KN-STP-AMC-AMP-CB-CFX-CP-CHL-EM-TE-SXT

AH-20
AH-23
AH-32
AH-39
AH-43
AH-49
AH-53
AH-58
AH-59

LF-CIP-EN-GEN-KN-AMC-AMP-CB-CFX-CFT-CHL-EM-TE
LF-OF-CIP-EN-GEN-KN-STP-AMC-AMP-CB-CFX-CFT-CHL-EM-TE-SXT
LF-OF-CIP-NF-EN-GEN-KN-STP-AMC-AMP-CB-CFX-CHL-EM-TE-SXT
LF-NF-EN-GEN-KN-AMC-AMP-CB-CFX-CHL-EM
LF-OF-CIP-NF-EN-GEN-KN-STP-AMC-AMP-CB-CFX-CFT-CHL-EM-TE-SXT
NF-EN-AMC-AMP-CB-CFX-CFT-CHL-EM-TE
LF-OF-CIP-NF-EN-KN-STP-AMC-AMP-CFX-CFT-EM-TE-SXT
LF-OF-NF-STP-AMC-AMP-CB-CFT-EM-TE-SXT
LF-OF-CIP-NF-EN-KN-STP-AMC-AMP-CB-CFX-CFT-CHL-EM-TE-SXT

aadA2+dfrA12
aadA2+dfrA27
aadA2+dfrA12
aadA2+aadA4a
aadA?2

aadB
dfrAl+orfC
catB3+aadA2
catB3+aadA2
blaOXA21+catB3
aadA2+dfrA12
aadB+catB3
dfrd12+orfC
aadA?2
aadA2+dfrA12

2.

Note: Explanation for the name of antibiotic is show in tab.2.
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Tab. 6 Detection of drug resistance in 15 Aeromonas hydrophila strains containing class

integron

I

class I integron

antibiotic  AH-3 AH-5 AH-8 AH-10 AH-15 AH-17 AH-20 AH-23 AH-32 AH-39 AH-43 AH-49 AH-53 AH-58 AH-59

LF S S S S R S R R R R R S R R R
OF S S S S I S S R R S R S R R R
CIP S S S S I I R R R I R S R I R
NF S S I I R R I S R R R R R R R
EN S S S S S S R R R R R R R S R
GEN S S S I R S R R R R R I I 1 I
KN S 1 1 1 R R R R R R R I R 1 R
STP R S R R R R 1 R R 1 R I R R R
AMC R R R R R R R R R R R R R R R
AMP R R R R R R R R R R R R R R R
CB R R R R R R R R R R R R I R R
CFX S S I S R R R R R R R R R 1 R
CFT R R R R R R R R R R R R R R R
CP S S S S R R S S S R S S S S S
CHL S S R R R R R R R R R R I S R
EM I R R R R R R R R R R R R R R
TE R 1 R R R R R R R S R R R R R
SXT R S R R R R S R R S R S R R R
: 2.R ;1 ;S
Note: Explanation for the name of antibiotic is shown in tab.2. R, resistant; I, intermediate; S, susceptible.
, 38%~90% B- [18]
, 28 ,
p- ,
[16]
>
60%; ( ERIC-PCR
) :
[19]
>
>
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96% : ,

QRDR
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Molecular characterization of integron-gene cassettes in multi-drug
resistant Aeromonas hydrophila from fish

LI Shaowu, WANG Di, LIU Hongbai, YIN Jiasheng, LU Tongyan

Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China

Abstract: The aim of this study was to explore the distribution and composition of integron-gene cassettes in
multi-drug resistant (MDR) Aeromonas hydrophila, and to understand the relationship between integrons and
MDR, so that we can accurately evaluate the status of integron-gene cassette systems in the MDR mechanisms of
A. hydrophila. To determine the distribution and molecular characterization of integron-gene cassettes in 28
multi-drug resistant A. hydrophila isolates from fish, the K-B disk diffusion method was employed to determine
the antimicrobial susceptibility of the isolates to 18 different antibiotics. PCR amplification was then performed to
detect class I, I, and III integrons and their gene cassettes in A. hydrophila. The results indicate that A. hydrophila
isolated from fish exhibited multi-drug resistance, with an antibiotic resistance rate of more than 60% to S-lactams,
macrolides, chloramphenicols, and tetracycline antibiotics, while it was more sensitive to fluoroquinolones. The
drug resistant spectrum also differed greatly among the isolates. The PCR amplification results showed that out of
28 isolates, 15 (53.57%) harbored int/ 1 and 6 (21.43%) harbored int/ 11, however, no intl 11l was detected in the
isolates. Combined with the antimicrobial susceptibility results, the drug resistant rate of the integron positive
strains was higher than that of the integron negative ones. In addition, class I integron positive strains exhibited a
higher multi-drug resistant rate than those harboring class II integrons, which indicates that the integron-gene
cassette system plays an important role in the occurrence of multi-drug resistance in 4. hydrophila. The main cas-
settes were those encoding aminoglycoside adenyltransferase A (aadA), dihydrofolatereductase A (dfrA), and
chloramphenicol acetyltransferase B (catB). The most prevalent gene cassette array was aadA2+dfrA12. In addi-
tion, there was an obvious difference in MDR among individuals containing class I integrons, hinting that no direct
relationship exists between the MDR phenotype and gene cassettes in the 4. hydrophila isolates. These findings
suggest that the transfer of antibiotic resistance genes can occur through integron-gene cassettes among 4. hydro-
phila.

Key words: Aeromonas hydrophila; multi-drug resistance; integron-gene cassettes system
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