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Abstract: [Objective] In order to understand the distribution and genomic characteristics of complex
class 1 integron in aquaculture environment. [Methods] 108 strains of drug-resistant bacteria were
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isolated from aquaculture farms in Fujian province to check the carrying status of the upstream and
downstream conserved and variable regions of the complex class 1 integron by PCR and
sequencing. [Results] The results showed that 86 strains (79.6%) carried class 1 integrons and
47 strains (43.5%) carried ISCRI elements. However, only 26 strains (24.1%) have both of the
elements, of which 16 strains (14.8%) were successfully amplified upstream and downstream
variable regions, involving 9 species, 8 genera. Furthermore, splicing and analysis of upstream and
downstream sequences indicated that these 16 strains carried two types of complex class 1 integrons: (1)
intll-aac(6')-1b-cr-arr-3-dfrA27-aadA16-qacE Al-sulI-ISCR1-sdr-gnrB6-gacE Al-sull(15 strains);
intlIl-aac(6')-1b-cr-arr-3-dfrA27-aadA16-qgacE Al-sul I-ISCR 1-sapA-like-qnrB2-qacE Al (truncated)-sul
(only Klebsiella pneumoniae C12 strain), which is a noval structure of complex class 1 integron.
[Conclusion] The complex class 1 integron is not infrequent in aquaculture environment and exists
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in various bacteria, yet its gene structure lacks diversity.
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PEREHTAE RAE NG R AT, A B i 2444
WAKTIE SR A L AN 25 MERR T KRR A%,
AT DU B AR | TR TERE D R IB FIEE R K-
AT AR S o BRI KPR 2 i WL v
A, FEE I REAR B v B shoo R 7E [ b
SO R R TR Z A AT e A%, WA AT RS shoo it
A PETORL B A RIS ARSI
1993 4, Stokes % IKAESTRL pDGO100 | A —
AR BoTt, motfFl 1 RS AR AT
S FL[E]X 1 (Insertion sequence common region 1,
ISCRIPITRAFHIN, HiE X HE 3PP sul
SR A TIE M, JRE R A S SRS XY
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Table 1 Composition of 108 strains of drug-resistant

bacteria
[ElE REREL Ea(]]
Genus Number of strains  Proportion (%)
SHME)E Aeromonas 26 24.07
FHERRIT & Citrobacter 19 17.59
N B Acinetobacter 18 16.67
se R B E Klebsiella 9 8.33
A L@ Shewanella 7 6.48
AR KT @ Proteus 5 4.63
TR T Vogesella 3 2.78
SREANUTRE & Plesiomonas 3 2.78
AR

fafhjf’fcus . 278
ZFAUFT RS Bacillus 3 2.78
1Z & )& Pantoea 2 1.85
VRS Serratia 2 1.85
Y IRIH )& Escherichia 1 0.93
FAEAET)E Edwardsiella 1 0.93
B TE)® Pseudomonas 1 0.93
G AT I

fhryfjolzb]fterium ! 093
REREE Myroides 1 0.93
TEYIFF I & Phytobacter 1 0.93
HIURIREE Zobellella 1 0.93

=2 1BESTHNISCRI THRTFTXFATZEXE) PCR 5|49

Table 2 The primer pairs to amplify genes associating with ISCR! and class 1 integron

CILVEAY S 519)7 51 BN H Ry3LH B AGRE
Primer Primer sequence (5'—3) Size (bp) Target gene Temperature (°C)

Intl1-F GTTCGGTCAAGGTTCTGG™ 890 intl] 55

Intl1-R CGTAGAGACGTCGGAATG"

ISCRI1-F ATGGTTTCATGCGGGTT!? 475 ISCRI 55

ISCR1-R CTGAGGGTGTGAGCGAG™

Vi GGCATCCAAGCAGCAAG! Variable ~ Variable regions of class 1 integron 60

ISCRI-R CTGAGGGTGTGAGCGAG™

ISCRI1-F ATGGTTTCATGCGGGTT! Variable  Variable regions of ISCRI 60

SULI-R TTTGAAGGTTCGACAGC!

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



2092

WA 384K Microbiol. China

2017, Vol.44, No.9

PIIAZ: 2.5 uL 10xTag buffer (%5 Mg”), 1.5 uL
DNA #i#2(0.1-1 pug/uL), 0.5 pL dNTPs (10 mmol/L),
0.5 uL 5#7%F(10 pmol/L),0.125 uL Tag fiH(5 U/uL),
19.375 uL & F7K. PCR W 4F: 94 °C 5 min;
94°C40s, B K (F2)40s, 72°C90s, 35 MEFR;
72 °C 5 min,
1.5 E& 1 BESTATXANEFERZEEXT 754

FRAH PCR FEHIZE 1%BU ISR i Sk AG
(110 V, 20 min), % ISCRI | FilfFnl A8 [X ()41
PRI A PN , FiE T SeqMan RS THHE
DNA J¥4I7E GenBank H1iE47 BLAST X} | FEREAI
1.6 THARMARIALE

HHGRIGLL E. coli ATCC25922 HJ bk , %
FHFRER K-B 400 Bilg Y #lo: o 2l A= 38R
KIRERAZIR 0.5 B, SRJE TS EE O 1Y
SIRRT MH PAl b FePR Bk T, ek
SH IR AR W AR TR, 28 °C 4

A bp M 1 2 3 4 5 6 7 8

5000 —
3000 —
2 000—

1500
1000 —

B bp M 1

IR PRI B R R 16-18 h i, Ml & 25 it A
o AT P TR P A, SR D 2 e [ N PR 52 5
FARMEALZE B 23 (CLSDFRE",

2 ZER545H0
2.1 THZAYHE 1 BE ST 5 ISCRI TTHEEN
X 1 BUH AR ISCRIARAT KT 51 (K ) 25
(K DFRB], 108 PR 25 TEA R, 86 #R(79.6%)45%;
WA 1 RS T, 47 ¥R(43.5%) 4 ISCR1 Joi,
PRI TR #E T T 25 40 A 26 #R(24.1%)
2.2 ISCRI Liff 1 BVEE S F K i a2 X A&
R R 1 RIS TR ISCRI 1Y 26 BRBAMER
Bk, A 16 #R0] T 1 ISCRI _LiiF 1 Al AT
(B 2) 5 Tl 2 X (18 3), BRI & 1 BB G F1ES
108 BRI LG AN P ks R R 14.8%. TiHA
10 bRESEH A 1 RIS R ISCRI ol ARTCIEY”
HfSE] ISCRI Lin] AR X, R 1 MELHTFY

ISCRI W REAS A M 7 A7 AE BUA 1IE B 1612

2 3 4 5 6 7 8 9

5000
3000
2000
1500
1 000
750
500
250
150

1 ERSELE intl1 (A)FN ISCRI (B){R<F X B2k [El
Figure 1 Electrophoretogram of conserved region of intI1 (A) and ISCRI (B) of some test strains
Note: M: DNA marker; A: 1-8: Conserved regions of int/1; B: 1-9: Conserved regions of ISCR/.

bp M 1

2 3 4 5 6 7

§ 9 M 10 I1 12 13 14 15 16

2 16 ¥R Z5E ISCRI Liff 1 BV & 7 T [X ek [E
Figure 2 Electrophoretogram of variable region of class 1 integron in the front of ISCRI
Note: M: DNA marker; 1-16: Variable region of class 1 integron in the front of ISCRI.
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bp M B 1 2 3 4 5 6

§ 9 10 11 M 12 13 14 15 16

B3 16 HRMHZE ISCRI TifiF Al 35 X Bk [E]
Figure 3 Electrophoretogram of variable region in the back of ISCR1
Note: M: DNA marker; B: Blank; 1-16: Variable region in the back of ISCR/.

23 E& 1 BBETHEHSH

IR 16 BRANT LT BLAST X 43#7, &
AR A | TS T-E5HI (3R 3). X IS s
EFXREEMEMIE, B intll-aac(6')-1b-cr-arr-3-
dfrA27-aadAl6-qacEAl-sull , {XXE Tl ISCRI XA
FIFIX ) o SR—2R45F 9 K 15 FRANER , R i7 ISCRI
XA ISCRI1-sdr-gnrB6-gacE Al-sull , WREE 1Y
WA T4 515 GenBank H T4 78 B 1A 18 C2367
(JF775510)MIEE 99%, 55 —RE5HIAE 1 B
fifi RSB AT C12 H il 3L, HOR Ui ISCRI X J& 55
b — B 5 5 25 Ky, B ISCRI-sapA-like-qnrB2-

qacE Al(truncated)-sull,, #4535 GenBank H1 470
I"JECH Salmonella sp. (AM234698)A{LI X 99%,
A gacE Al FENTE 5"k J8 T 144 bp 9 7 B o b4,
BREA 1 BEE T 2)75(GenBank %55
KX808525) i) BLAST 45 i & /s & /= AH L P
(JF775514)(0 N 83%, FKHIXIE—FBiE A 1 Al
BET4M.

HHSRBR

*3 MAES 1 BABETENSHEXEN

Table 3 The structures of two types of complex class 1 integrons and the related resistant bacteria

24 E&1BBESFESMANHEXYE
16 Vit 25 4 iy I 2 6 1 B AT
4 2 7 PRI AR, MRS (R 4)
R, dfid27 FEDRIBT N 4T 4R 2 E (TMP)
A 2 U PR 2R A5 19 (93.8%) , HARIE: arr-3 JEPRIXT
FIFTAIRE - (RIF) (81.3%) 1 sull FEPRX R (Thg i
S (SIZ) (T5%) T 253 AL, 1M aac(6)-Ib-cr .
aadA16. qnrB2. qnrB6 5L 73 5% I (T 2 Fop
T125(37.5%) ST ME T T2 (18.8%) Y R AUPHIE R (E
DHZ AU R TP — AR
3 dwhHitie
31 ES1BEESTFHREERTMN
AWFFERTINY 108 BEMTZ524H B A 16 £4(14.8%)
MRERENEE | AR ET, AT 88 9 Fh. XF
TR IR S AR A R B N, il AeE
B ES 1 TG F IR 2(55.6%, 5/9)fk ,
HR BRI EE (21.1%, 4/19), MASIFEE

A1 BURA T4

Strain Structures of complex class 1 integrons

Al, M1, M2, C3, M12, M20,
S21, S22, A15, M7, T19,
M8, M17, M16, M18

Cl12 -

1 kb
—

intl1-aac(6')-1b-cr-arr-3-dfrA27-aadA16-qacE Al-sull-
ISCR1-sdr-qnrB6-qacE Al-sull

1 kb

intl1-aac(6')-1b-cr-arr-3-dfrA27-aadA 16-qacE Al-sull-
ISCR1-sapA-like-qnrB2-qacE Al (truncated)-sull
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(5.6%, 1/18)F < HLHL BT J& (0/26) R A i AR ALK FEREG T B AR A i Pl A T HOE, A
Cheng S5 M 2 309 FRIG IR B 40 Rl ih 63 ¥R A9 NilE ISCRI XFES sdr-gnrB6 FLAT B = A H
WwREG 1 BEGT, Kb RwEAE S IEZE 2, 7€ Cheng A BN 63 ¥EE A 1 B4 T FHM: 1A
(32 ¥R, MR 90 FRAIEFIEMARAGIE MR AT 20 BRG1L7%) RSN A SO — 2k
AT 46 KRR 1 RUEA T ISCRIMS, ikl & 1 B A TAHENG R S HATE C12 Bk H

U, NSRERE, EFEENVAUKT TGS, ZRENGSHR IRE, B ISCRI X5 Quiroga
SRR E A 1| A FREEE T EZ —. 2131 Cheng 25U SR 45 AR, Al AwisE

32 E6 1 BB LS TFIEHMIFHE () qacEAl JERTE SRR, TR IARTE,
| RIS 3RASFIX M ISCRI 1) S'RSFIXEHE 33 €41 BBATHEAS
TR A 1 B AT, ARk E 2 hitk it PR A | B PR 5 UL K23t

MR AR A IL 10 PRANEEIE LA TR EEERSFXE sull), WHZGREDRR, St
ISCRI, {HIZXPINTCHTFF AT RIREDR , WRERE  BRAUISPIMEMEER dfia27 F0 sull £, DL
HMSIAFTE . T35MT 16 BRANARYEES FRISCRI /T FIARF M a3 RN R W PHME R85,
DIPHEE N BRI R A 1 AR AT(3 3), HrPbfy aac(6')-Ib-cr. aadAl6. qnrB2. qnrB6 FIL[RH)E
15 PREMPEHE S — 2R G | BUEG T, CRESMTE SRR, Bk, XtFKr=gemE B & &
Ruiz ZEPOFSE IR R IR A SRR (AR Liu 250078 & 1 TS T IO IR 2R IRANE, B R, Bl

T4 BHEES 1 BESTERNTHARE

Table 4 The drug sensitivity of the bacterial strains carrying complex class 1 integron

AR TIPS DU RR £ A

Bk witk Aminoglycosides Quinolones Antifolates Ansamycins
Specie Sl TgrR KAN NEO NOR OFL ENR  SIZ  TMP RIF
Al S R 1 S S 1 R R R
Ml S I S S S S R R R
iR FE A K. pneumoniae M2 S R R S S S R R R
C3 S S S S S R R R R
C12 S I I R R R S R R
M12 S S S S S S R R S
IR IRATIRAT I C. freundii M20 R S S S S I R R R
M21 S S S S S S R R S
IRTEERGEIRATE C. werkmanii S22 R S S S S S R R R
EREABIATE A. nosocomialis Al5 S S S S S S S I R
HAZ T P. agglomerans M7 S ! R S S R R R R
T19 1 1 S S S 1 R R R
BRI V. perlucida M8 S I S I S S R R R
AVEREEKTE S, xylosus M17 S S S S S S R R S
WEHE ZESEIRIMIEA S maltophilia  M16 R R R S S S I R R
B =45 FL S, seohaensis MI18 I S S S S S S R R

TE: Re Mif2h; I PAEEUR; S: U8 STR: #E8; KAN: RIBER; NEO: Hifia; NOR: WiHIPAE; OFL: %P E; ENR:
BiFvb R SIZ: B mME; TMP: FRACREMENE; RIF: FEF.

Note: R: Resistant; I: Moderately sensitive; S: Sensitive; STR: Streptomycin; KAN: Kanamycin; NEO: Neomycin; NOR: Norfloxacin; OFL:
Ofloxacin; ENR: Enrofloxacin; SIZ: Sulfamethoxazole; TMP: Trimethoprim; RIF: Rifampicin.
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