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Antibiotic resistance and blaxpy transmission characteristics
of bacteria from turtle farms in Zhejiang Province

ZHANG Qi, LI Sisi, ZHANG Zhangsheng, SUN Yun, CHU Shanshan, SHEN Tao,
CHENG Moran, HAN Jianzhong, QU Daofeng

School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, Zhejiang, China

Abstract: [Objective] To investigate the antibiotic resistance profiles, resistance genes, and
blanpm transmission characteristics of bacterial isolates from six turtle farms in two regions
(three in Lanxi (LX) and three in Xiaoshan (XS)) of Zhejiang Province. [Methods] Bacterial
strains were identified by 16S rRNA gene sequencing. The Kirby-Bauer method was employed
to examine the antibiotic susceptibility of isolated bacteria. PCR was employed to detect
resistance genes carried by the isolated bacteria. Conjugation transfer experiments were
conducted to obtain blanpm-carrying plasmids, and the conjugation frequency was analyzed to
assess the transfer capabilities of bacterial donors. Additionally, the modified Carba NP test,
plasmid replicon typing, and minimum inhibitory concentration determination were carried out
to evaluate the transmission of blanpm-carrying plasmids among bacteria. [Results] A total of
244 bacterial strains were isolated, with similar distribution between the two regions and
Enterobacteriaceae being dominant. PCR amplification of integrons revealed various
resistance genes, including those conferring resistance to aminoglycosides and trimethoprim.
We identified numerous resistant bacteria capable of integrating additional exogenous
resistance genes. All the isolated strains exhibited resistance to at least one antibiotic, with
some displaying resistance to carbapenems. PCR detection of resistance genes indicated the
dissemination of carbapenem resistance genes within some farms. This study confirmed the
presence of blaxpm on plasmids capable of inter-bacterial transmission. Moreover, the farms in
LX exhibited significantly higher conjugation frequency of blanpm-carrying plasmids than the
farms in XS. [Conclusion] Antibiotic resistance of bacteria in aquaculture environments is becoming
increasingly serious. The carbapenem resistance gene blanpm has spread within turtle farms.
Keywords: turtle farms; antibiotic resistance; antibiotic resistance genes; blanpm; transmission
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HLk, BLIKSMEREE 120 V, BF(E] 30 min. K
PCR ¥ il s &5 & PCR ™) e [ml
W, REEA TAY TR A RN /T
T o AR TP, IF 4% % NCBI
PEAT BLAST X, X 3 R gt 7 i — 25 b 437 o
1.6 EEERBIN

J T VAR BARBERR TN 2556 blanpw JE 15
FEAE T HA KL RERE ) T 8 ook I,
EHEBPR, 8 blaxpm FITERIHEAE A
B, MRBFEE EC600 WIME 32, HA L
T REAE A BRI T AR E R T R R - X SRR
BRI ik s PCR 388wl G I 2] i 24 3 R
blaxpy; 16S rRNA LA R E 52K H —3;
TE5A 8 pg/mL EX K5 Al 2.5 mg/mL A4 (1
MH WP FER )R, RRUETE MRS o
1.7 s/MIERENE
1 BEAFREEEZSY

kT ISR AR S A TR 24 ORI 2 5 1
HIFERSIE I, $2 IR CLST 2020 FY 25 St Il 2
P, SR FTGRE R B e AR T | 2 AR TR
5T 125 P U
1.8 B4R Carba NP ERNkE S HEGLR

FHSGHE Y Carba NP A 75050, LAKGIL
TR | SZARTR A G T RS B = AR 0.
PRERAELT R, B 20wl A BR AT BT BE B 401
R % 3 mL MH R, 7E 37 °C., 200 t/min R 35
F% 12-18 ho Hp, =4 A FERXTIRE N ATCC
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Table 1 Primers of integron and gene cassettes
H i3 K 44 7 el PR
Objective gene Primer sequences (5'—3) Amplicon size (bp)
intl] F: GGCTTCGTGATGCCTGCTT 149

R: CATTCCTGGCCGTGGTTCT
intl2 F: CACGGATATGCGACAAAAAGGT 789

R: GTAGCAAACGAGTGACGAAATG
intl3 F: GCCTCCGGCAGCGACTTTCAG 980

R: ACGGATCTGCCAAACCTGACT

RELGFERE hep58: TCATGGCTTGTTATGACTGT Variable
Class I integron hep59: GTAGGGCTTATTATGCACGC
A TR hep51: GATGCCATCGCAAGTACGAG Variable

Class II integron

hep74: CGGGATCCCGGACGGCATGCACGATTTGTA
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FIC

A/C
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B/O

X1

X2

X3

X4
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AT ATAT RO A TN TR IA TN TR DA TN TR DA TN TR DA TN TR DA TS

GGAGCGATGGATTACTTCAGTAC

: TGCCGTTTCACCTCGTGAGTA
: TTTCTCCTGAGTCACCTGTTAACAC
: GGCTCACTACCGTTGTCATCCT

CGAAAGCCGGACGGCAGAA
TCGTCGTTCCGCCAAGTTCGT
GGATGAAAACTATCAGCATCTGAAG
CTGCAGGGGCGATTCTTTAGG
GTCTAACGAGCTTACCGAAG
GTTTCAACTCTGCCAAGTTC
CCATGCTGGTTCTAGAGAAGGTG
GTATATCCTTACTGGCTTCCGCAG
GGAGTTCTGACACACGATTTTCTG
CTCCCGTCGCTTCAGGGCATT
CCTAAGAACAACAAAGCCCCCG
GGTGCGCGGCATAGAACCGT
AATTCAAACAACACTGTGCAGCCTG
GCGAGAATGGACGATTACAAAACTTT
CTATGGCCCTGCAAACGCGCCAGAAA
TCACGCGCCAGGGCGCAGCC
GTGAACTGGCAGATGAGGAAGG
TTCTCCTCGTCGCCAAACTAGAT
GAGAACCAAAGACAAAGACCTGGA
ACGACAAACCTGAATTGCCTCCTT
TTGGCCTGTTTGTGCCTAAACCAT
CGTTGATTACACTTAGCTTTGGAC
CTGTCGTAAGCTGATGGC
CTCTGCCACAAACTTCAGC
TGATCGTTTAAGGAATTTTG
GAAGATCAGTCACACCATCC
GCGGTCCGGAAAGCCAGAAAAC
TCTTTCACGAGCCCGCCAAA
GCGGTCCGGAAAGCCAGAAAAC
TCTGCGTTCCGCCAAGTTCGA
GCTTAGACTTTGTTTTATCGTT
TAATGATCCTCAGCATGTGAT
GCGAAGAAATCAAAGAAGCTA
TGTTGAATGCCGTTCTTGTCCAG
GTTTTCTCCACGCCCTTGTTCA

: CTTTGTGCTTGGCTATCATAA
: AGCAAACAGGGAAAGGAGAAGACT
: TACCCCAAATCGTAACCTG

471

644

139

785

559

462

702

242

765

534

262

465

750

270

270

160

159

461

678

351

569
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0
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Figure 1 Identification result of bacteria.

Table 3 Multidrug-resistance of antibiotic resistant bacteria from various sample sources in XS

Drug resistance count  Bottom sludge  Pond water Turtle body Environmental soil Totality
2R / / 3 2 5
3R / 2 / 3 5
4R 5 2 / 6 13
5R 4 1 6 1 12
6R 3 2 5 4 14
7R 5 3 6 6 20
8R 2 4 10 11 27
9R 2 1 2 10 15
10R / / 1 1 2
11IR / / 1 / 1
12R 5 2 4 1 12
13R 2 / / / 2
14R 5 / 1 2 8
15R 5 / 2 / 7

/: The detected value is 0.

http://journals.im.ac.cn/actamicrocn
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*4 LX BEHEmEEMAGEZEMHFR

Table 4 Multidrug-resistance of resistant strains from various sample sources in LX

Drug resistance count Bottom sludge  Pond water Turtle body Environmental soil Totality
2R / 1 / 1 2
3R / 1 / 1 2
4R / 1 2 1 4
SR / / 1 2 3
6R / 3 / 3 6
7R / 3 / 4 7
8R / 3 / / 3
9R / / 3 6 9
10R / 2 2 4 8
11IR 3 / 7 / 10
12R / / 2 / 2
13R 4 / 5 1 10
14R 5 1 1 3 10
15R / / 2 2 4
16R / / 2 4 6
17R 3 / 3 / 6
18R 4 / / / 4
19R 3 / 1 / 4
20R 1 / / / 1
/: The detected value is 0.
A | B
L s r=—— L T 3 Sl ﬁ L
| R 2R)3
3R 2 . 3RP2
1 4R
4R 5R 0
R 1 jggl_l
6R SR " 2
7R L | | ~ 9R
8R 10R
11R
9R H 12R
10R 13R
14R
11R 15R
12R 16R
13R 17R
18R
14R | I 19R
I5R \ 20R
HHEENEUM DSOS KM SOUNSKOZS X e UK SAEZNEESTMX XS SNAXXENNDA D
E2af<50E0 [ i ~O SO
STEl<TRLLUEETCLARCE TRRTIIERRECEIREeLt

2 XS5 LXTHZE S EMR A1 A E

Figure 2 Heat map of multidrug-resistance of antibiotic resistant bacteria from XS and LX. A represents the
heatmap of XS, B represents the heatmap of LX. 2R—15R represents the number of antibiotic resistances
exhibited by the bacteria in question, where ‘2R’ indicates resistance to two types of antibiotics. After
performing Z-value analysis, the color intensity is indicative of expression levels: with red hues denoting higher
expression and blue hues denoting lower expression. AK: Amikacin; AMX: Amoxicillin; AT: Aztreonam; AZM:
Azithromycin; C: Chloramphenicol; CAZ: Ceftazidime; CIP: Ciprofloxacin; CZ: Cefazolin; E: Erythromycin;
ENR: Enrofloxacin; FOS: Fosfomycin; FOX: Cefoxitin; GM: Gentamicin; IPM: Imipenem; KAN: Kanamycin;
MEM: Meropenem; MI: Minocycline; OFX: Ofloxacin; OX: Oxacillin; PB: Polymyxin B; SIZ: Sulphafurazole;
STR: Streptomycin; SXT: Sulphamethoxazole; TE: Tetracycline; TMP: Trimethoprim.
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Figure 3 Comparison of antibiotic resistance rate
between antibiotic resistant bacteria from XS and
LX. * indicates a significant difference (P<0.05).
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Figure 4 Comparison of detection rate of antibiotic
resistance genes between antibiotic resistant bacteria
from XS and LX. * indicates a significant difference
(P<0.05).
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HT T 25 3L R P9 M FE aadAl-aadA22-aadA23
I dfrd17-aadAS5; LX FRFEAH T 43 5 i 1
TR HE N 7E LX SREE Y 4 BRI 2518
ARG T 1 A 11 RS FE R G A H
B ARG, AR5 A0 T 24 B DR B o 2 i
WP A R AR E RS R, HA 1
Filr 1 R AT S AT 25 emlde (5%
RKEPUER), MACH 1 Fh 1B E T8 A i
N sar2 BEXPEEBRRLIAR). EAMR
o, RS ARG TR IV A B R S 2R G Ry
15.9% (32/201), Hrpr I B G FHe 5l BV
LR Bk RN 19.6%, 1T RIS T A g BH
PEBE L&A R 16.7%, i HAG A
THE G T B VE AT 25 TR AR 3R A5 PCR &3S 740

x5 MAEPESTFEEREHRLIE

Detection rate (%)

intll intl2
Types of integrases

5 LX#1XSTHAEMBES FEABIEHE

Figure 5 Detection rate of integron integrase
between antibiotic resistant bacteria from XS and
LX. * indicates a significant difference (P<0.05).

Table 5 Detection of integron gene cassette in antibiotic resistant bacteria

Source of strain Number of bacterial strains

Genotype Drug resistance type
Class I integron
aadAl-aadA22-aadA23 Aminoglycosides
aac3-ld-aadA7 Aminoglycosides

aadAl-aadA2-dfrA1-dfrA12-dfrA15 Aminoglycosides-trimethoprim

aadB-aadAl-cmlA6
dfrA17-aadAS5

Class II integron
dfrA1-sat2-aadAl

Aminoglycosides-chloramphenicol

Trimethoprim-aminoglycosides

XS farm B
LX farm B
LX farm C
LX farm C
LX farm C
XS farm A
XS farm C
LX farm B

W A b U LW B W

Trimethoprim-streptomycin-aminoglycosides LX farm A

LX farm C 2

25 BHEERBIEER

FEARWFZE T, 6 bk HFR AR IE R T 505
TR, IF R S G R RIS IR IR R T
T blaxpm FAEEFTRIEE G T & BFR AR
ESHEBIBTENTE 6. XS /B MRITES IR N
107*-107° Z[], i LX BRI EEG AR 47
107, ARG ERY LX 2 EMRNES KR
AE 1 & 58 T XS 7&Kk (P<0.05).

P4 actamicro@im.ac.cn, & 010-64807516

2.6 4R Carba NP JERNIRES SHEERAIER

MR Carba NP Aa il % ™ i 45 5 UL 6.
gEILRI, SZIKTE EC600 L A58 k1S
T RERHEEEE T, 6 MREUAR A 6 MRiES
TR B R0k B

A8 3 Rl TR S e T T TEA T A B R A7
R IAFF I EC600 TEH:4 15 (19 25 Y Ut AR
b, G55 7 R BA TG RGeS
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FERTEN Y B- NI e A 2 10 245 W Uk 34
KA THAR . RURAS T ZS, R blaxpw FH
PE TR B Dy b B #5582 32 AR TR EC600 Ho b
Hh, XS I3 BRI B U R B2 E EC600
Xof g filg PP BE I | POR B R | BT 4725 2 AR IR 2%
22BN B BB A R 24 X e AR R
1) 245 ) R AR AL RT R i T B B B 1 T kE
B TSR 25 3 R . e Ak, (R R A
R BEEAS B 25 ) BURPE B LS K-B 152
ORI A 25 R AH— B
27 EETHRANESHFHE

Xt 6 MR A F T T SR il () PCR §™
W, BEfEXS AT T, PR AR R
PlasmidFinder #1752 il 438 . A4 R BN,
XS 4 B Bk A T XS210704-EC600
XS210741-EC600 F1 XS210755-EC600 FIr 1 )
JERE A TN IneC Y, T LX 4y e kkis
4T LX210744-EC600 . LX210756-EC600 F
LX210781-EC600 Jir#5 (1) ouki & il 25 AU I oy
IncX3 &I, W57 32 B [A]— b X (426 F 1T BeHEAT
FEIRIZE R blanom BEIE TR,
3 it

ABFFEE T 16S rRNA LK EHL LI T
13 Fipd)E, o 2 AR G JE e R 5 b i
F M, K-B 25805 R, s A 2
D NF—F A R R 25 X — S5 R T R

6 blaxow FAMEERHAEBIER

Table 6 Conjugation of blanpy positive strains

b K7 SR KR A T R R 2 e T
R P BRI E , PR T5 e
Hh (T 24 B O ol P B, L 2Rk 2
b AR ARG 1R D TS 245195 100 = AR LA I TS
e o 3 AT B T L T Bl PO B i i T
Ue, AR 0H PR T 24 TR & AR A8 T R Ag 4, S
PRI R KR IR, TS TR
HH A TR 2417 290 )R P2 X B 2 SR B IS T Ul
S 77 8 g v B 1) TR 24 T AT 2 35 TR 1 fi A7
JE DRI 2 Y Ak A s i S 24 B ARt 2 3 [
AR

Xif b LA Rl b AR RO 25 R B, LX 5
SR TR R AL, XA 16 FibikE Z M2
R REST XS FAE%(P<0.05), FW LX FF
BT 241G 0 LG XS FREE A IR, R
BRI ™ B AR 2R A0 TR 5 5 4 PR 92
fifp ILT 24 TR R, ) A0 B T AR A AR
O HAE BB Al BT AE 2, |y Sl 7
YW AMEPLAE R 250k W R S, a3 W e
ELOSRST T e -8 P EIVYIEST P SHIRE
WFFE WAL R, s i 25 AR 515 B A A
M HTEE . BR T E B2 iy AP A R 1Y
T 245 238 5 At K 77 AH DGR RE 45 R — B0, (B 2 R0 1A
F B UM A A BT A R DT 25 R A e 2
P P 2B E B AV 255 e A AT
FAXT AR, 3 AT B2 K HAB AR rh Xt Z 32

Sample number Sample source

Strain Conjugative transfer rate

XS210704 XS farm B bottom sludge
XS210741 XS farm B bottom sludge
XS210755 XS farm B turtle body
LX210744 LX farm C bottom sludge
LX210756 LX farm C turtle body
LX210781 LX farm C environmental soil

Escherichia coli
Edwardsiella

Escherichia coli
Escherichia coli
Escherichia coli

Escherichia coli

7.41x107 (0.001)
3.14x107* (0.000)
3.73x107* (0.002)
6.09x107 (0.001)
5.43x107 (0.000)
3.77x107 (0.001)
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I ATCC BAA-1705
@ ATCC BAA2416
¥ XS210704
| XS210704-EC600
@ xs210741
@ XS210741-EC600
B x5210755
| x5210755-EC600

6 IR Carba NP JE#NZER
Figure 6 Detection results of improved Carba NP.
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