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(Chen et al, 2013; Hatosy et al, 2015) ,

, Sull Sul?2,
Tet34 Tet35 Tet36,
OnrD
s PCR
(Normark et al, 2002) ,
11 000 km?, 355 km, ;
436 , R 16S rDNA , )
s (Minimal Inhibit Concentration, MIC),
(2016) ,
SHV TEM CTX-M-9 B- ,
; Liao  (2020)
1
MCR-1;Lu (2017) PCR 1.1
2019—2020 ,
p- ; , 25 (G
(
Chen (2017) 15 cm) 1 500 mL 2.5L
s PCR 16—20 °C ,
Sul2 ; (2020)
F1 RNMIEEKEEKERRES
Tab.l Location of seawater sampling sites off Wenzhou City
1 5 12 2 5 25
1.2 2216E (
s 500 mL , , )
0.22 pm ( ( ) , 12h
, ) 25% -80 °C
, 10 mL 1.3 16S rDNA
(Phosphate Buffer Saline, PBS) , 3 s
: 50 uL ,
( : 4 nug/mL ; : 16 pg/mL ( 2,
; ;1 pg/mL ) 2216E (
, ) , ;
28 °C 16 h MCR, MCR

MCR
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#x2 AKWMRFTASY
Tab.2 Primers used in this study
(53" (bp) (°O)
sull.F CGGCGTGGGCTACCTGAACG
Sull 433
sul.lR  GCCGATCGCGTGAAGTTCCG
su2-F  GCGCTCAAGGCAGATGGCATT
Sul2 293 Hoa et al, 2008
su2-R  GCGTTTGATACCGGCACCCGT
sul3-F  TCAAAGCAAAATGATATGAGC
Sul3 787
sul3-R  TTTCAAGGCATCTGATAAAGAC
tet(A)-F  GCTACATCCTGCTTGCCTTC
Tetd 210
tet(A)-R  CATAGATCGCCGTGAAGAGG
tet(B)-F  TTGGTTAGGGGCAAGTTTTG
TetB 659
tet(B)-R ~ GTAATGGGCCAATAACACCG
tet(C)-F  CTTGAGAGCCTTCAACCCAG
TetC 418 55
tet(C)-R  ATGGTCGTCATCTACCTGCC
tet(D)-F  AAACCATTACGGCATTCTGC
TetD 787
tet(D)-R  GACCGGATACACCATCCATC
tet(E)-F AAACCACATCCTCCATACGC TotE - Aminov et al, 2001; Ng
et ’ ’
tet(E)-R ~ AAATAGGCCACAACCGTCAG et al, 2001
tet(G)-F  GCTCGGTGGTATCTCTGCTC
TetG 468
tet(G)-R  AGCAACAGAATCGGGAACAC
tet(L)-F  TCGTTAGCGTGCTGTCATTC
TetL 844
tet(L)-R ~ GTATCCCACCAATGTAGCCG
tet(M)a-F  GTGGACAAAGGTACAACGAG
TetMa 406
tet(MM)a-R ~ CGGTAAAGTTCGTCACACAC
tet(W)-F  GAGAGCCTGCTATATGCCAGC
TetW 168 64
tet(W)-R  GGGCGTATCCACAATGTTAAC
qurA-F TGCCAACTGCTTTGGCATAGA
OnrAd 153
qurA-R  TGGCCACTCAAGTTGGTATAGG
qurB-F CTTCACACATTGCGATCTGAC
OnrB 100
qurB-R  CAACGATGCCTGGTAGTTGT
qurC-F TGCAGACCTACGAGATGCTT
OnrC 95
qnrC-R ~ CGCATTCTCTCAATTCAAGG o
qurD-F AAGTGCGAACTGTGGGAAA omD s Park et al. 2006:
nr. > s
qurD-R CAGCCAAAGACCAATCAAAC Rutgersson er al, 2014
qurS-F GATATCGAAGGCTGCCACTT
OnrS 115
qurS-R  CACGGAACTCTATACCGTAGCA
qnrVC-F GCTCAAACCTCCGAGATACAC
onrvVC 99
qnrVC-R  AAGCATCTCGAAGATCAGCAT
aac(6')-Ib-cr-F TTGCGATGCTCTATGAGTGGCTA
aac(6')-Ib-cr 482 55
aac(6')-Ib-cr-R CTCGAATGCCTGGCGTGTTT
MCR-1-F  AGTCCGTTTGTTCTTGTGGC
MCR-1 320
MCR-1-R  AGATCCTTGGTCTCGGCTTG
MCR-2-F  CAAGTGTGTTGGTCGCAGTT R s . Borowiak ef al, 2020;
MCR-2-R  TCTAGCCCGACAAGCATACC ' Rebelo et al, 2018
MCR-3-F  AAATAAAAATTGTTCCGCTTATG
MCR-3 929
MCR-3-R  AATGGAGATCCCCGTTTTT
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(5'—3" (bp) °O)
MCR-4-F  TCACTTTCATCACTGCGTTG
MCR-4 1116
MCR-4-R  TTGGTCCATGACTACCAATG
MCR-5-F  ATGCGGTTGTCTGCATTTATC
MCR-5 1644
MCR-5-R TCATTGTGGTTGTCCTTTTCTG
MCR-6-F  AGCTATGTCAATCCCGTGAT
MCR-6 252
MCR-6-R ~ ATTGGCTAGGTTGTCAATC
MCR-7-F  GCCCTTCTTTTCGTTGTT
MCR-7 551
MCR-7-R  GGTTGGTCTCTTTCTCGT s
MCR-8-F  TCAACAATTCTACAAAGCGTG
MCR-8 856
MCR-8-R  AATGCTGCGCGAATGAAG
MCR-9-F  TTCCCTTTGTTCTGGTTG
MCR-9 1011
MCR-9-R  GCAGGTAATAAGTCGGTC
16S-27F  AGAGTTTGATCCTGGCTCAG
16S rDNA 1 400 bp 52 Lane, 1991
16S-1492R GGTTACCTTGTTACGACTT
(Sun et al, 2018), , E , 96
MCR , 1x10* cfu/mL 5 uL,
28 °C 16—24h | 96
16S rDNA S Asoo (optical density, OD)
2 : 1.2 , , OD
DNA PCR ,
(Lane, 1991; (multidrug-resistant organism, MDRO) ,
Aminov et al, 2001; Ng et al, 2001; Park et al, 2006; ,
Hoa et al, 2908; Rutgersson et al, 2014; Rebelo et al, (Magiorakos et al, 2012)
2018; Borowiak et al, 2020) PCR 1.5%
2
NCBI  BLAST
’ 2.1
3 , 25
, 16S rDNA , PCR 1 605 . ’
51 )
, NCBI  BLAST 3.18% 51 ’
29 19.33%
14 23 Sull, 15.33%; 21 TetE,
14.00%; 1 MCR-3, 0.67%; 4
> aac(6')-1b-cr, 6 onrS, 6.67%
(Clinical and Laboratory 20
Standards Institute, CLSI) 5.339%, 10 Sull, 2.6%: 15
, (Escherichia coli) ATCC25922 TetE, 4.00%; 1 MCR-3,
0.27%; 7 aac(6")-1b-cr, 1.87%
> b 2 s
, , 0.28%, 2 Sul?2, 0.28%
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*3 TRRBHEGMANBREDPBETER
Tab.3 Identification of antibiotic resistant bacterial isolates from 25 sampling sites
60 300 720 150 375 1 605
2 29 20 51
(%) 0.28 19.33 5.33 3.18
Sul2 (2) Sull (23) Sull (10) 35
TetE (21) TetE (15) 36
MCR-3 (1) MCR-3 (1) 2
aac(6")-1b-cr (4), OnrS (6)  aac(6")-1b-cr (7) 17
2.2 TetE, 36 R
70.56%; MCR-3, 2,
, 51 3.92%; aac(6')-1b-cr
s Sull  Sul2, Sull onrsS, aac(6')-Ib-cr 10 , 19.61%,
33, 68.63%, Sul2 2, 3.92%; OnrS 6 11.76% 4
x4 SIGEAEGHARRNMAS BHROMARRLEER
Tab.4 Molecular identification of resistant genes from 51 antibiotic resistant isolates
% % %
%) (%) (%) (%)
- 1 Sull (1) 196 TeE(y 196  MCR3 196 aac(6)-Ib-cr(1) 1.96
(Aeromonas veronii) (1)
) 9 Sull (9) 17.65 TeE(6) 1176 MER3 196 aae(6)-b-cr(2) 3.92
(Aeromonas caviae) (1)
) 2 Sull (2) 3.92 aac(6"-Ib-cr(1)
(Aeromonas hydrophila)
aac(6")-1b-cr(3),
(Aeromonas media) 10 Sull (7) 13.73  TetE (9) 17.65 onrs(1) 7.84
o 1 Sull (1) 196 TetE(1)  1.96 aac(6")-Ib-cr(1) 1.96
(Aeromonas salmonicida)
aac(6")-1b-cr(3),
Ueromonatso) 20 Sull (8) 15.69 TetE(16) 3137 OnrS(5) 15.69
(Escherichia coli) 1 Sull (1) 1.96
(Shewanella sp.) 2 Sull (2) 392 TetE(2) 3.92
(Citrobacter freundii) 2 Sull () 3:92
Thalassobius sp. 1 Sul? (1) 1.96
. . 1 Sul2? (1) 1.96
(Amphritea atlantica)
o 1 TetE (1) 1.96
(Paenibacillus sp.)
Sull (33), Sul2 MCR-3 aac(6")-1b-cr(11),
51 ) 68.63 TetE (36) 70.56 ) 3.92 OnrS(6) 31.37
51 , 16S 84.32%, 1, 1.96%,
rDNA 7 , 9 17.65%, 2,
(Aeromonas sp.) (Escherichia sp.) 3.92%, 10 19.61%,
(Shewanella sp.) (Citrobacter 1, 1.96%,
sp.) Thalassobius sp. Amphritea sp. 20 39.22%; 2,
(Paenibacillus sp.) , 43 3.92%; | , 1.96%;
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2, , 3.92%; 23, 46.94% ,
Thalassobius sp. 1 , 10 50.00%,
3.92%; Amphritea sp. 1, 13 48.82% ( 6)
1.96% 1, 49 , 41
4) s 51 2 E , 83.67%; 34
, 1 2 , 69.39%:; 34
Sull TetE  aac(6')-1b-cr, , 69.39% (
1 1
Sull TetE MCR-3  aac(6')-Ib-cr (1, 4) ) 3
4 , 51 MIC ( MIC>1 pg/mL; E
s 20, MIC>8 pg/mL; MIC>16 pg/mL;
29 2, MIC>64 pg/mL) ( 3),
« 95 MIC « 4
40 3
35
30 s s
25 (Normark et al, 2002; Chen et al, 2013)
22
i®
15
10 . 1605 51,
5 7 , Sull  Sul2
. — I = B l TetE MCR-3  aac(6")-Ib-cr onrsS 39
Sul Sul2 TetE  MCR-3 aac(6)-lb-cr QnrS : ,
. Z&\Eﬁ%@ﬁ@% . ﬁ%sm‘b%ﬂ@@ - EXSE0EE o MCR-3
DiESerE = RESPHRE = ANBERSERERE
= Kiptts * FOLEERE = SBERITRBITE 1 ,
= Thalassobius sp.  *AIBFELME = LXFRTERE
1 51 51
Fig.1 Distribution of target antibiotic resistance genes in 51
antibiotic resistant isolates ( 29 20 )s
’ 2 )
o (
3.18%),
2.3 ,
, Thalassobius ,
sp. R , ,
CLSI 2 ,
. , 49 :
4 s
2 6 : 1 ,
2, 4.08%, 2 ,
8 16.33%, 3

16 32.65%, 4
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x5 SHERMAERENTZ S EKE 16S rDNA £EER

Tab.5 16S rDNA sequencing of 51 antibiotic resistant isolates

(%) (%) (%) (%)
(Aeromonas veronii) 1 3.45 1 1.96
(Aeromonas caviae) 7 24.14 2 10.00 9 17.65
(Aeromonas hydrophila) 1 3.45 1 5.00 2 3.92
(Aeromonas media) 7 24.14 3 15.00 10 19.61
(Aeromonas salmonicida) 1 5.00 1 1.96
(Aeromonas sp.) 9 31.03 11 55.00 20 39.22
(Escherichia coli) 1 3.45 1 1.96
(Shewanella sp.) 1 3.45 1 5.00 2 3.92
(Citrobacter freundii) 2 6.90 2 3.92
Thalassobius sp. 1 50 1 1.96
(Amphritea atlantica) 1 50 1 1.96
(Paenibacillus sp.) 1 5.00 1 1.96
2 100.00 29 100.00 20 100.00 51 100.00
25 ( ,2017;
,2017; , 2020)
Sull ( 23, 10 ),
Sul2 ( 2 ), Sul3 ,
b
( , 2012; ,
2020)
b
1M 2 3 4
2
Fig.2 Analysis of multi-resistant of antibiotic resistant isolates 11 7
containing target antibiotic resistance genes ? ’
i1 320 ;3 (Zhao et al, 2012;
4 , 2019; , 2019)
OnrS  aac(6')-1b-cr
b
, OnrS

( TetA TetB TetC TetD TetE TetM

(Kim et al, 2004; Balassiano et al, 2007;
Nikolakopoulou et al, 2008)
TetA TetB
( , 2014, , 2015),

TetE (Balassiano et al, 2007; Tamminen et al, 2011)

1605 TetE
36
( , 2015; , 2020) Sull
Sul? Sul3

(Hoa et al, 2008) ,Sull  Sul2
, Sull

>

(Martinez et al, 1998),

>

aac(6")-1b-cr

39

(

aac(6")-1b-cr

>

,2017; Sun et al, 2018)

3
79.59%),

b
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*6 S1HFERMAERNTAS BRI 4 FitE XA MIC &
Tab.6 MIC value of 51 antibiotic resistant isolates containing target antibiotic resistance genes
MIC (pg/mL)
E
Y-1 0.500 16.000 64.000 128.000
Y-2 0.500 16.000 128.000 128.000
Y-3 0.500 8.000 64.000 256.000
Y-4 4.000 8.000 128.000 128.000
Y-5 4.000 16.000 128.000 64.000
Y-6 0.500 16.000 128.000 128.000
Y-7 0.500 16.000 32.000 16.000
Y-8 1.000 8.000 64.000 <1.000
Y-9 0.250 4.000 128.000 64.000
Y-10 2.000 4.000 64.000 128.000
Y-11 8.000 64.000 64.000 64.000
Y-12 64.000 16.000 64.000 128.000
Y-13 16.000 16.000 64.000 256.000
Y-14 64.000 8.000 64.000 128.000
Y-15 8.000 16.000 128.000 256.000
Y-16 2.000 16.000 32.000 256.000
Y-17 4.000 16.000 128.000 128.000
Y-18 4.000 16.000 64.000 >512.000
Y-19 8.000 16.000 256.000 256.000
Y-20 2.000 8.000 128.000 128.000
Q-1 <0.125 32.000 32.000 64.000
Q-2 1.000 16.000 128.000 128.000
Q-3 2.000 4.000 64.000 128.000
Q-4 64.000 4.000 32.000 64.000
Q-5 2.000 32.000 64.000 512.000
Q-6 1.000 8.000 32.000 64.000
Q-7 4.000 2.000 128.000 256.000
Q-8 2.000 2.000 32.000 <1.000
Q-9 0.250 16.000 128.000 128.000
Q-10 <0.125 8.000 128.000 64.000
Q-11 2.000 8.000 128.000 >512.000
Q-12 2.000 4.000 64.000 256.000
Q-13 32.000 8.000 64.000 256.000
Q-14 64.000 16.000 32.000 256.000
Q-15 1.000 2.000 32.000 64.000
Q-16 4.000 16.000 128.000 256.000
Q-17 16.000 16.000 128.000 128.000
Q-18 16.000 8.000 32.000 256.000
Q-19 >64.000 16.000 32.000 64.000
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MIC s >

MIC(pg/mL)
E
Q-20 0.250 16.000 16.000 256.000
Q-21 4.000 16.000 128.000 256.000
Q-22 2.000 16.000 128.000 256.000
Q-23 16.000 16.000 128.000 128.000
Q-24 >64.000 16.000 128.000 256.000
Q-25 >64.000 32.000 128.000 64.000
Q-26 >64.000 16.000 128.000 256.000
Q-27 8.000 16.000 512.000 128.000
X-1 0.500 16.000 32.000 <1.000
X-2 2.000 32.000 64.000 16.000
100-10 64.000 128.000 128.000 256.000
95-10 0.500 64.000 32.000 128.000
69.39% 83.67% 100.00% 69.39%
s 1 Thalassobius 1 (Amphritea atlantica)
12 a 30 b
25
20
5
10
5 I
=l
0 — -
o '\qug '\rf.')gqfﬁ 06 N v Kk D ;\Q) rgl, Q)b: 7@5( LQ?’(OQ()’@ QOJ N kD ;\Q) Q;L Q)bt \'L%7r\'1¢%
“ FRPDEMIC (ug/mL) SHEHEMIC (ug/mL)
25¢ 20 4
18
20 16
14
515 512
5 10
B 10 8
6 [}
5 4 \
.. 1 Bl
0 0
AN N 0 o) P P 6,3,7 X AN YN % R p 6,{1,76,{1,
PUFREEMIC (ug/mL) EIEREIEMIC (ug/mL)
= HKSPRE " FRSERE " EXS2RE DiESERE
m REESPRE = NBEMSERERE LN 7N m HEENERE
= BEATRETS m Thalassobius sp. B KIGFELE LES=a el
3 51 MIC
Fig.3 MIC distribution of the 51 antibiotic resistant isolates
051 : (a) E(b) (c) (d) MIC
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Fig.4 MIC distribution of the antibiotic resistant isolates isolated from different sampling locations
(a) E(b) (b) (@ MiIC
MIC , s s
( , 2012; Ye
( , 2017; , 2020) et al, 2013; Dong et al, 2019)
MCR-1 MCR-10 R 84.31%,
(Sun et al, 2018; s
Borowiak et al, 2020) MCR ,
, MCR-3 MCR-5 R
(Eichhorn et al, 2018; Ma et al, 2018) ( , 2012; ,
MCR-3 R 2019; ,2021) 23
MCR-3 R R 10
9 2
(Eichhorn et al, 2018), S MCR-3 1 S
, ( , 20125
MCR-3 s ,2019),
(Eichhorn et al, 2018) R )

MCR-3,
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INVESTIGATION ON RESISTANCE GENES AGAINST FOUR TYPES OF COMMON
ANTIBIOTICS IN WENZHOU WATERS OF THE EAST CHINA SEA

JIN Jing-Lei""?, ZHOU Qian-Jin"?, SHAO Xin-Bin’, WANG Yao-Hua®, CHEN Jiong"?,
YAN Mao-Cang’, MIAO Liang?>, TANG Biao*, ZHANG Yan-Jun’

(1. State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products, Ningbo University,
Ningbo 315211, China; 2. School of Marine Science, Ningbo University, Ningbo 315832, China; 3. Zhejiang Key Laboratory of
Exploitation and Preservation of Coastal Bio-resource, Zhejiang Mariculture Research Institute, Wenzhou 325005, China; 4. Institute of
Quality and Standard for Agro-Products, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China; 5. Zhejiang Provincial
Center for Disease Control and Prevention, Hangzhou 310051, China)

Abstract Sulfonamide, tetracyclines, quinolone, and polymyxin are antibiotics commonly used in medicine and
animal breeding, of which polymyxin is often used as addictive to promote animal growth. The prevalence of the common
resistance genes against the four types of antibiotics in coastal water of Wenzhou, Zhejiang, East China was investigated.
Firstly, culturable bacterial strains resistant to sulfonamides, tetracyclines, and quinolones were isolated from the coastal
waters of Wenzhou using the resistance plate method, in which the common resistance genes against sulfonamides,
tetracyclines, and quinolones were identified using polymerase chain reaction. Secondly, polymyxin resistance-associated
MCR genes were detected from the bacterial isolates carrying the resistance genes against sulfonamides, tetracyclines, and
quinolones. Finally, the antimicrobial resistance of all the isolates carrying the four types of the resistance gene were
determined using microdilution broth method. The results show that 1 605 culturable bacterial isolates were resistant to
sulfonamides, tetracyclines, and quinolones, of which 51 were proven to carry different resistance genes against
sulfonamides (35 bacterial isolates), tetracyclines (36 bacterial isolates), quinolones (17 bacterial isolates), and polymyxin
(2 bacterial isolates), with a detection rate of 3.18%. These bacterial isolates could be classified into 7 genera, i.e.,
Aeromonas sp. (43 isolates, 84.31%), Citrobacter sp., Shewanella sp., Escherichia sp., Paenibacillus sp., Thalassobius sp.,
and Amphritea sp. Except for Thalassobius sp. and Amphritea sp., the remaining 49 isolates were all resistant to
sulfonamides, of which 41 were resistant to tetracyclines, 34 to quinolones and polymyxin, 23 to all the four antibiotics,
and 16 to three antibiotics, indicating a ubiquitous multi-drug resistance in the coastal waters in Wenzhou. In addition, 2
bacterial isolates carrying resistance gene MCR-3 were identified, i.e., Aeromonas veronica and Aeromonas caviae.
Therefore, a small amount of antibiotic resistant isolates carrying common resistant genes against sulfonamides,
tetracyclines, quinolones, and polymyxin were identified in the coastal waters, which characterized a diverse multi-drug
resistance and strong resistance tolerance. These findings provide a reference for evaluating the risk of bacterial resistance
and standardizing the use of antibiotics in Wenzhou coastal waters.

Key words Wenzhou waters of the East China Sea; resistance genes; multi-drug resistance; MCR-3



