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Abstract: [Background] Integrons, as key mobile genetic elements associated with the
transmission of antibiotic resistance genes (ARGs), can capture and express ARGs through
site-specific recombination, playing a role in the transmission of bacterial antimicrobial
resistance (AMR). Therefore, it is of great significance to analyze the integron-carrying status
of Escherichia coli from aquatic food and clarify the status of integron-mediated multi-drug
resistance (MDR) of E. coli for AMR monitoring and antibiotic use guidance in aquaculture.
[Objective] To analyze the diversity of class I, II, and III integrons of E. coli in aquatic food.
[Methods] One hundred and sixty samples of Pacific white shrimp (Penaeus vannamei), 160
samples of Pacific oyster (Crassostrea gigas), and 160 samples of Pacific mackerel
(Pneumatophorus japonicas) were collected from a farmer’s market in Zhejiang province. E.
coli was isolated and identified by Eosin Methylene Bule Agar and PCR method. The AMR
characteristics of E. coli to 9 categories of 19 antibiotics were analyzed by the Kirby-Bauer disc
diffusion method. The integrons and diversity of gene cassettes (GCs) carried by E. coli from
aquatic products were analyzed by PCR. [Results] Fifteen, 59, and 26 strains of E. coli were
isolated from the samples of Pacific white shrimp, Pacific oyster, and Pacific mackerel,
respectively, with a total of 100 strains. The MDR rates of E. coli isolates from Pacific white
shrimp, Pacific oyster, and Pacific mackerel were 93.3% (14/15), 76.3% (45/59), and 80.8%
(21/26), respectively. The class I, II, and III integron-carrying rates of E. coli isolates was
71.0% (71/100), 5.0% (5/100), and 0.0%, respectively. A total of 10 different class I integron
GC arrays and three different class II integron GC arrays were detected. The class II integron
GC array dfrAl-catB2-sat2-aadAl was identified in E. coli for the first time. The Pearson
correlation analysis showed that there was a positive correlation between the integron-carrying
rate and MDR of E. coli from aquatic food (r=0.99, P<0.05). [Conclusion] This study has
significance for revealing the integron-mediated transmission mechanism of ARGs of aquatic
food-derived pathogenic microorganisms and promoting the healthy development of
aquaculture.
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1 MRETE

1.1 #m

FLANERTEF (Penaeus vannamel) . A F-E 4t
1i(Crassostrea. gigas) T34 £ (Pneumatophor us
japonicas)#$ 160 17y, WA TV LA HHIA A T,

Jo 458 TR Bk K AF 1 (Escherichia coli) ATCC
25922 (AN 255K F 36 [ M AR 35 52 ) DR
Hul,

1.2 FELFIFNLEE

RO 1 BTN TSR A RS | 5 UM T
AH A AR B 3 5 AR B A IR
Zsw); PCR RG] 4 P SOk $2 Bl FR) & Fn 2 7
FEPH2H DNA $2 500 & 45 3 A= Wi g ik
R A A TRRCOGE) AR A HAh w4
AL B Sigma 23 H] .

i TAES, i Boxun /AH]; NanoDrop
2000c 3 & 58 b oy oot EE A PCR X,
Thermo Scientific /A r); #EHE RS 0T R4,
Bio-Rad 2~ H]

1.3 EHE

HEAMOKIEIR R IR, 3 B A Y EARA
FRA W . Drer e e B R 5£(210 mL): M
KGR I3 200 mL, 20%FLBE T 4 mL,
2% KEER 4 mL, 0.5%3E W KIFW 2 mL;
LB WA % S 2 BESCHR[181EA T BC ], LB A
FRFRAE . LB MIAREEFREE A 20 g/L BEfEHT,
WY pH 7.2-7.4.

14 HAXE. ICERKFHFEIEEME
PTEENTFEE

W FLAN XTI | RV R RV B 1055

160 (i FE S IEATHTAC B, KA 55
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4y F %58 5 B Fang S k95 n Ankcatk . K
Gy ERRTEA L1 6 W BRI R 5 X2, 37 °C
B SR G R EUR R 5 #F T 5 mL LB |
R A, 37 °C, 200 r/min 18 IE$E K R
R, W1 pl R BRI 30 uL Tris 2% M,
3k 5 min, VK 420 2 min, 12 000xg #.L> 2 min,
B8 W FAVE DNA AR, R KA uidA
B F WS (5-GTCCTGTAGAAACCCCAAC
CCGTGAA-3") 1T ¥ 51 ¥ (5'-GGGATAGTCTG
CCAGTTCAGTTCGT-3")#kf7 PCR, PCR W {A
% : Premix Tag™ (Ex Taq version 2.0 plus dye)¥il
TR 12.5 pL, b RS (10 pmol/L)4% 1.0 pL,
DNA #i#7(10 ng/uL) 2.0 uL, ddH,0 8.5 uL., PCR
J 454 94 °C 4 min; 98°C 30, 56°C30s,
72°C30's, 35 MFEH; 72 °C 10 min,
1.5 gt

AR A5 5 6] 1 DR R 52 35 % A 4 B 23 (Clinical
and Laboratory Standards Institute, CLS)#E7# Y
Kirby-Bauer 4854 #ik, W58 KM B 7 54k
XFILKZE 19 R Rt 250, #288 CLSI
(202 1) =7 18 A M I 5 4 B85 AR R IZ T A R 0%

(susceptible, S). 4} (intermediate, 1) I ifif 24
(resistance, R)o Xf = KI&al LA FHua: Kt 251K
AFF R IC N Z EW 2R . XTHE RS E. coli
ATCC 25922,
1.6 EEEER Int I1. int 12 F1int 13 %
EfESF-EEENH

FATERELD int 11, intI2 Flint I3 A, LA
NG T-FER GBI Fang S5 :380
DA, PCR I NiAARIF] 1.4, SIYHE 1,
AL int 11, int 12 Fint I3 19 PCR J2 )W 454
94 °C 1 min; 98°C 10s, 56°C30s, 72°C30s,
35 MEH; 72 °C 10 min, I, 11 BU#A T JL R &
PCR W 4f4: 94 °C 1 min; 98 °C 10 s, 56 °C
30s, 72°C 1 min, 35 ME¥; 72 °C 10 min,

PCR ¥ #4458 )5, B 5 uL PCR F=¥ 5 ke T
1.2%B e e, L DL2000 5% DL1000 DNA
Marker {70 FBiambrifE, LIEHEE 100 V
HLPK 25 min, FIKERIG , B E T BER A
RGP METH A UG 800, 86+
FER & e 30 g B AR T AR TR (B I A
R\ FI S8R

F1 EBESHBERINI. intl2. intI3 fiSF-EREY 3455

Table I Primer sequences of integrase genes int 11, int 12, int I3 and integron gene cassettes
HAbRxT4 CIL/E L7/ 2 PR
Target Primer name Primer sequence (5'—3') Amplified product size (bp)
intI1 Int I1-F GAAAGGTCTGGTCATACATG 564

Int I1-R ACGAGCGCAAGGTTTCGGT
int 12 Int I2-F CACGGATATGCGACAAAAAGGT 789

Int I2-R GTAGCAAACGAGTGACGAAATG
int I3 Int I3-F GCCTCCGGCAGCGACTTTCAG 980

Int I3-R ACGGATCTGCCAAACCTGACT
[ B AFHREE hep 58 TCATGGCTTGTTATGACTGT Gl
Gene cassette arrays in class 1 hep 59 GTAGGGCTTATTATGCACGC Variable
integrons
I B A F IR & hep 74 CGGGATCCCGGACGGCATGCACGATTTGTA AJ 7%
Gene cassette arrays in class 2 hep 51 GATGCCATCGCAAGTACGAG Variable

integrons
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FFRRR R EE D uidA SH AR EE, 48 PCR %7€,
FUGHEERTHR | APV M R TR F0 R 5 4
BORAS KA ET 15, 59 F1 26 Bk, 40 BSRAKIK N
9.4%. 36.9%F1 16.3% (&l 1)
22 KBAMESBHRAEIFES

e 2 Frzs, 100 BT R Btk h 28
T 254k LR 80.0% (80/100), Hirfr, FLaiysxt
IR IR 7 BSR 2 EIIN 25280 93.3% (14/15), K
SEVEHIG N 76.3% (45/59), KV-VEES R 80.8%
(21/26). KIGFFR G SR 2 R H R . Sk
MR DRI . DUIRE . ZVHHRER . AR RAR
WD R SEHUE RN 2505, IR 45.0% .
40.0% . 42.0%. 53.0%. 44.0%. 56.0%FH1 66.0%;
Xkl 2 . Skl | kARG . SRR B A
B-INBERER SO RER | s R G 2 25 it
AR 2R8Ik, BT 10.0% (% 2), 2H
RIEHFR SR . WHRREN KRR B
JERERIFORIE T | MRS BaaT R, DIk

A B

AT RSS2 R B K R ARV 2, i
AWFFEAF I T B 53 BT Z2 VU IR 2 (44.0%)
FRETED 5L (66.0%) i 24 3245 fmy , 3K 7K™ R 5E H]
PRI R EA — e TR L b, SdRER
TE 2002 AR E ZA5 1A Sl T,
R R P 43 B el JEL TR 245 64755 195 (20.0%) , 9L
KICHVE AT RNERST 26T,
A3 SRR BT R AT 245 (26.0%), SR EE
BRI . AN, ARG T 24 3Rt e R
S £ IR AT R 4> B RE E-S11-23-1 [R]EXF
13 FhBLAE RN 24, TR TR a5 R AT o 40 25
PR E-S12-22-2 FUP-HE 4G IE KM T8 43 250k
E-S8-23-M X A3 ik A= 2 4 fUsk
23 KBTFES ESHkKES . ILF0 1 B2
SHEEMESF-ERESHFEST
B8R0 100 KA T A
JEPint 11, int 12 Flint I3 (9 PCR % & . 76 ¥
KGO BRI A T, Hh 71 SR K
BT B R int 11 2L, 5 bR R 20 s
FRAGET int 12 JE, RKGH int 13 FEE G H
TREERILE 2)o FLANEEXTER . APV E 05 AR
STV 0K R K AT B A R A IR SO IR
1343 20 BR(FE 3), HAHEHT int 11 3L AY
MREU I N 11, 41 F1 19 Bk, 4835 int 12 2L R AY
PREUR N 2. 2 1 1 Ak

MP1234567891011121314N

uidA: 424 bp

1 KBHFEREEMESES PCR S FEE A FAFEEEMES I E RO HWE&EGRNEE
NEEUKIFFE. B: M: DL1000 DNA Marker; P: & uidA JE DK i i A i #k E. coli ATCC 259225
1-14: KRIZFFE B N: BIE

Figure 1 Selective isolation and PCR molecular identification of Escherichia coli. A: The black and metallic
colonies on the eosin-methylene blue medium are suspected E. coli isolates. B: M: DL1000 DNA Marker; P:
Standard strain E. coli ATCC 25922 containing UidA gene; 1-14: E. coli isolates; N: Negative control.
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Table 2 Antimicrobial resistance characteristics of Escherichia coli isolates from different aquatic food sources

2yt 255 Antimicrobial agent

2yfcHE
PR
Breakpoint

R, I, and S (mm)

it 2%
Antimicrobial resistance rate (%)
RS OL | S NS B 2 T N e E il Bt

Pacific white ~ Pacific oyster Pacific mackerel Total

shrimp (n=15)  (n=59) (N=26) (n=100)
B-NBERE ANEER <13,14-16,>17 26.7 44.1 57.7 45.0
B-lactam Ampicillin
S Aumebk <19,20-22,>23 46.7 50.8 11.5 40.0
Cefazolin
LRz <14,15-17,>18 0.0 102 0.0 6.0
Cefamandole
S Aume s <21,22-24,>25 0.0 6.8 3.8 5.0
Ceftizoxime
SAunt)iE <18,19-24,>25 0.0 13.6 0.0 8.0
Cefepime
LB R <19,20-22,>23 0.0 11.9 0.0 7.0
Meropenem
Z R ZHHE B <12,13-19,>20 333 45.8 19.2 37.0
Polypeptide aminoglycoside Polymyxin B
PRES IR g A ] <14,15-16,>17 46.7 52.5 15.4 42.0
Furan Furazolidone
DU PUFRE <Il, 12-14,>15 46.7 66.1 26.9 53.0
Tetracycline Tetracycline
EAULEZES <10, 11-13,>14  40.0 50.8 30.8 44.0
Doxycycline
TR 525 <10, 11-15,>16  26.7 15.3 423 24.0
Sulfonamides Trimethoprim
sulfamethoxazole
TiEf e S s <10, 11-15,>16  40.0 20.3 46.2 30.0
Sulfisoxazole
KIFNEE A <12,12-23,>24  60.0 61.0 423 56.0
Macrolide Erythromycin
FEERE R % <11, 12-18,>19  20.0 18.6 46.2 26.0
Chloramphenicol Florfenicol
FEER <12,13-17,>18 13.3 16.9 30.8 20.0
Chloramphenicol
BT KM <14,15-17,>18 6.7 5.1 3.8 5.0
Aminoglycoside Spectinomycin
HER <I1, 12-14,>15 0.0 0.0 3.8 1.0
Neomycin
W s 2 KRR <18,19-21,>22  20.0 5.1 23.1 12.0
Quinolone Lomefloxacin
Biskib 2 <27,28-36,>37 80.0 59.3 73.1 66.0
Enrofloxacin
LR 93.3 76.3 80.8 80.0

Multi-drug resistance (MDR)

rate (%)
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A B
bp bp
1000

700 int 12: 789 bp
2 000 500
20 300
500 int 11: 564 bp 200
200 Rl
100

B2 XBHESBERIZEMIBEESHEARETFE A IEESEHEN int 11 %&. M:DL2000 DNA
Marker; P: RMpAFw int 11 LR FHMEXT IR 1. KIGFFE &K int 11 2608 N: BIPEXS IR B 11 &Y
G EEILIN int 12 %85E. M: DL1000 DNA Marker; P: RMHFE int 12 B FHPEXS IR 1. KA
SYESHR Iint12 BEPR s N: BN AR

Figure 2 Identification of class I and class II integrase genes of Escherichia coli isolates. A: Class I
integrase gene int I1 identification. M: DL2000 DNA Marker; P: Positive control of E. coli strain with int
I1 gene; 1: int 11 gene of E. coli isolates; N: Negative control. B: Class II integrase gene int 12

identification. M: DL1000 DNA Marker; P: Positive control of E. coli strain with int 12 gene; 1: int 12 gene
of E. coli isolates; N: Negative control.

#3 RRBTHKFEREXBTEIBRSEMAR, BSTRAEREKEBXMESN

Table 3 Multiple antimicrobial resistance rate, integron positive rate and correlation analysis of aquatic
Escherichia coli isolates from a farmer’s market

3 Z W 25542 2 REU B0 B AR S T IR A T IR B B0 B AR %) Pearson A

Sources MDR rates (number of MDR isolates/total Integron positive rates (number of integron Pearson correlation
number of isolates) positive isolates/total number of isolates) analysis

FLANEEXT B 93.3% (14/15) 86.7% (13/15)

Pacific white

shrimp B

IR 76.3% (45/59) 72.9% (43/59) :’0‘9095

Pacific oyster '

KHf 80.8% (21/26) 76.9% (20/26)

Pacific mackerel

AT IFE MR T R 7RG int FRET 05 R F PR 65 a1 KM 18 43 15 0k 2
11 FEH B KIGFF R B R A 14 BRSA TSR 2R KIRCA 93.3% (14/15) . 76.3% (45/59)F
AR, A 10 ST 5 RRIEEY int 2 80.8% (21/26); 4 T HHIERIK K N 86.7%
IR IIATE BRI T RS- (13/15). 72.9% (43/59)F1 76.9% (20/26). ¥4z K
PRlgr, oA 3 PR3 4), o, IRIBA - JGFFR S S bk 2 B 258 585 1 v R T
HA A dfrAl-catB2-sat2-aadAl N IRIEKIGHAE  Pearson AHICYEZMHT, 4550 WK=& d i K

BRI B R R g R B FRER IR 38 45 T R 5 B ik 22 L 25 7 =2 1) 2L
24 ABHESEHMAMSESESTF AR EEMRMEEKERL =099, P<0.05),
PSS e R iy WZE 4 Fos, Bl 19 M Ea%e -3 N

N 3 Fro , ARXBP A PLAATEERT R R @Rk P AL 10 FRTR 25 5L R, LI REIH2E Dy -
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Table 4 Diversity characteristics of integron gene cassettes in Escherichia coli isolates

G T-IEN &

Integron gene cassettes

WRG S

T 2451

Strain number Antimicrobial resistance spectrum

Class I integron: aadAl

Class I integron: orf *
-cmlA6-ant(2")-la

Class I integron:
arr3-aac(6')-1b

Class I integron:
aadA2-dfrA12-orf

Class I integron:
dfrAl-aadA5

Class I integron:
dfrA12-orf-aadA2

Class I integron: orf

Class I integron:
dirAl-aadAl

Class I integron:
aadAl-dfrAl

Class I integron:
aadB-aadAl-cmlA6
Class II integron:
drfAl-sat2-aadAl

Class II integron:
dfrAl-catB2-sat2-aadAl
Class II integron:
drfAl-sat2

E-S9-35-1

E-S9-25

E-S9-35

E-S9-8

E-S9-22

E-S11-12-1

E-S11-3-2

E-S11-5-2

E-S7-20-2

E-S10-32

E-S7-20-1

E-S9-10

E-S8-22M

E-S4-85

E-S10-15

E-S13-4-2

E-S13-7-2

E-S9-1

E-S7-20-1

BN R R SRR A 22 - 2R T R B e M - DU B R -2 DY PR 3R -5 i -
e S - SR 00 B - VD - R

Ampicillin-cefazolin-cefamandole-polymyxin
B-furazolidone-tetracycline-doxycycline-trimethoprim-sulfamethoxazol-sulfisoxazole-lom
efloxacin-enrofloxacin-chloramphenicol

Sl o 20 -l i S - AR - D
Cefamandole-sulfisoxazole-erythromycin-enrofloxacin

Sk 60 i 25 K A - U A 2R - b i S -2 L 5 3R - SR VD B - RO VD R - JE %
Cefamandole-furazolidone-tetracycline-sulfisoxazole-erythromycin-lomefloxacin-enroflox
acin-florfenicol

LA Z PR R -RRTD B - AR e %

Cetfazolin-doxycycline-enrofloxacin-florfenicol

e 0 o 22 - TR WA - DO B 2% - 22 PO 3R 28 - 05 A P - i i e A - RV U0 2 - SRR JE %
Cefamandole-furazolidone-tetracycline-doxycycline-trimethoprim-sulfamethoxazol-sulf
isoxazole-enrofloxacin-florfenicol

HNE R R-K R L -TIRR-Z PR R - LR R - ROk - R e 5 - R
Ampicillin-cefamandole-tetracycline-doxycycline-sulfisoxazole-erythromycin-florfenicol-
chloramphenicol

BN R RS- A F -5 2 B -2 R T AR B-PR AL - DY P 26 - 22 PG B R -
Jlie 53 Eme-21 %5 K Ampicillin-cefazolin-cefamandole-meropenem-polymyxin
B-furazolidone-tetracycline-doxycycline-sulfisoxazole-erythromycin

R R R -RAUMAR- KA F -5 5 15 -k L - DU PR 3R - 2 P R R - v -
T S - 21 5 - R VD
Ampicillin-cefazolin-cefamandole-meropenem-furazolidone-tetracycline-doxycycline-trim
ethoprim-sulfamethoxazol-sulfisoxazole-erythromycin-enrofloxacin

S AP ARk o 22 - 2R TR 2R B-IR I - PO PR 3R -2 8 R -8 S VD A
Cefazolin-cefamandole-polymyxin B-furazolidone-tetracycline- erythromycin-lomefloxacin
ANTER- AL Z-LER-Bin R
Ampicillin-cefamandole-erythromycin-enrofloxacin

Sk AR 22 R TR R B-PH MR - DO R 3R -2 R - RO VD - RO R
Cefazolin-polymyxin B-furazolidone-tetracycline-erythromycin-enrofloxacin-spectinomycin
AR ERR-LAHL-UHRR-BIAT R
Ampicillin-cefamandole-tetracycline-enrofloxacin

Sl i Z2-DUBR R -2 VU PR R -0 05 T v - e e i ALV D B - SRR SR B - R
Cefamandole-tetracycline-doxycycline-trimethoprim-sulfamethoxazol-sulfisoxazole-enrofl
oxacin-florfenicol-chloramphenicol

KA Z-ZHH R B-LLER-RiRib A

Cefamandole-polymyxin B-erythromycin-enrofloxacin

S Al o 22 -2 VYR R -5 ) B - e e - R D - R e 5 - R
Cefamandole-doxycycline-trimethoprim-sulfamethoxazol-sulfisoxazole-enrofloxacin-florf
enicol-chloramphenicol

NE R R SRR - TR Y- - B -l R
Ampicillin-cefamandole-trimethoprim-sulfamethoxazol-sulfisoxazole-enrofloxacin-chlora
mphenicol

S AP ARk F i 2022 TR R B-IR I - PO PR R - 2 PR R -8 R - &2
Cefazolin-cefamandole-polymyxin
B-furazolidone-tetracycline-doxycycline-erythromycin-enrofloxacin

S AR o 22- 22 VU IR R -21 8 R I R0 - D A
Cefazolin-cefamandole-doxycycline-erythromycin-lomefloxacin-enrofloxacin

S FPERR-Z R 2R BRI - PO PR R -2 R -k U - O R

Cefazolin-polymyxin B-furazolidone-tetracycline-erythromycin-enrofloxacin-spectinomycin

“: orf BE[H T REAR TN

" The function of orf gene is unknown.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1698 WA

7l

e Microbiol. China

(1) aadAl, ant(2")-la., aac(6')-1b, aadA2., aadA5
1 aadB K& Ry /i St 2 S ME T 2 24 ) 0 T 24
RS2 (2) cmlA6 il catB K2 A SFHi A G
KLY 25N CY s (3) dfr A LR A 4
S e e 25 W TR 25 6T (4) arr3 FE R
HASHRAE W T 25 3L R 5 (5) sat2
SN S HURE R R W 25 3L P i
G, TRPR 2 B it 24 e R RN 4% -5 DR v Y T
LY REPRIEAAFAE —— RPN IR FR , PRI 24 B A m]
A0 Yo (0 AR B TR A At A7 002 i 24 P mT
F AMHESE LA 25 AL A e 7 2B 250

3 WibE4&®

AHIFFE B VT. 48 e b e 52 T ok R A A%
160 173 LANEEXTHE | V-V A5 Y- Vi e A
ah A B B R AT I 100 &R, 43 B bk 2 H fiit 24
24 80.0%. 100 PRKIHATFH 43 bk int 11 &
AT RN 71%, int 12 JERIEH R A 5%, KK
Hint 13 BE[ L teAh, LK T 10 FPRESTY 1 AL
A F-JER G 3 BRI 1 ARG - R &, 9
TERIGFFE T A dfr Al-catB2-sat2-aadAl 11
RS- G, Gitatriion, A& imii
KGR G TR SRR HE A2
(B EL AT P 2 1A OCPE (FH DG R %K r=0.99, P<0.05),

AT AR, HRR O &M
1) 130 MG+ FLEDTEIRIR &5 K05
BT ARG A3 HT T KT i IR K AT B
BT, B & T A& IR Y
GF8EE, iSRS KT B
T3 s A it 245 35 DR KSR RE LA AR K™
FREE ML R R R B —E 7 X
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