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Distribution characteristics of antibiotic-resistant bacteria
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monodon (African)

WANG Xiaolu', FAN Ying'’, WANG Youhong', XU La', WANG Shuxian', YU Xiaoqing',
GAI Chunlei', LIU Jidan®, YE Haibin', LIU Hongjun', DIAO Jing', GUO Pingping’,
WU Songbo3

1 Key Laboratory of Disease Control in Mariculture, Municipal Engineering Research Center of Aquatic Biological
Quality Evaluation and Application, Marine Science Research Institute of Shandong Province, Qingdao 266104,
Shandong, China

2 Ocean University of China, Qingdao 266100, Shandong, China

3 Fisheries Technology Extension Station, Binzhou 251900, Shandong, China

Abstract: [Objective] To analyze the antibiotic-resistant bacteria and antimicrobial-resistant genes in
Penaeus monodon (African). [Methods] We collected P. monodon from Beihai New Area, Binzhou,
Shandong, and then tested the number, proportion, and species of antibiotic-resistant bacteria in the
intestine. Meanwhile, we analyzed the distribution of genes related to the resistance to four antibiotics
by quantitative reverse transcription PCR (QRT-PCR). [Results] The total number of culturable bacteria
in the intestine was about 1.45x10°-2.13x10° CFU/g, and bacteria resistant to tetracycline, nalidixic
acid, florfenicol, and gentamicin were all detected, among nalidixic acid-resistant bacteria (35.00%)
and gentamicin-resistant bacteria took up the largest and smallest proportion, respectively. The
sensitivity to 10 antibiotics was analyzed and the result showed that the intestinal bacteria were highly
susceptible to six antibiotics such as gentamicin and florfenicol, moderately susceptible to tetracycline
and kanamycin and resistant to nalidixic acid, penicillin, and amoxicillin. The culturable
antibiotic-resistant bacteria mainly belonged to Vibrio, and the species of bacteria resistant to different
antibiotics varied. Moreover, species of the same genus may be resistant to multiple antibiotics. The
abundance of genes related to the resistance of the four antibiotics was different. Significant correlation
between the relative copy number of tetA gene and the proportion of tetracycline-resistant bacteria and
between the relative copy number of floOR gene and the proportion of florfenicol-resistant bacteria was
detected (P<0.01), but no significant correlation was observed between the relative copy number of
gnrA gene and the proportion of nalidixic acid-resistant bacteria, and between the relative copy number
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of aadA gene and the proportion of gentamicin-resistant bacteria (P>0.01). [Conclusion] The intestine

of P. monodon (African) harbors antibiotic-resistant bacteria and antimicrobial-resistance genes.

Keywords: Penaeus monodon (African); intestine; antibiotic-resistant bacteria; antimicrobial-resistant

genes; real-time quantitative PCR
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Table 1 Primer pairs and annealing temperature of resisitance genes

Category Antibiotics Genes Sequences (5'—3") Annealing temperature /°C
Internal reference 16StDNA  F: ATGGCTGTCGTCAGCT 56

gene R: ACGGGCGGTGTGTAC

Tetraciclinas Tetracycline tetA F: GCGCTNTATGCGTTGATGCA 58

R: ACAGCCCGTCAGGAAATT

Quinolones Nalidixic acid gnrA

F: AGTGGCCAATGCCTGGAAAA 58

R: CCAGATCGGCAAAGGTTAGG

Aminoglycosides Gentamicin aadA

F: TGATTTGCTGGTTACGGTGAC 56

R: CGCTATGTTCTCTTGCTTTTG

Fenicols Florfenicol floR

F: TATCTCCCTGTCGTTCCAG 56

R: AGAACTCGCCGATCAATG

R AR A TSI 9O E R PCR (qQRT-PCR)Y”
W, MM IR Y G AR L, TS
PR CAE . VIERCRE) LHMXERER). X
JH qRT-PCR M5 RAf SRR 4 Fefri 24 KL PR A
WS R &, BN 3 AT, qRT-PCR X
MoK Z U . 2xSG Fast qPCR Master Mix
(B639271, BBI, Roche) 5 pL, b . FiE51#9
(10 umol/L)%% 0.2 uL, DNA #ifiz 1 uL, ddH,O
3.6 uL, EUAFN 10 pL. qRT-PCR S AR : 95 °C
3min; 95°CS5s, IBAIREGER 1)30s, 72°C 305,
45 AP, o ar R S 96 fL AR ik 7E
LightCycler480 II (Roche, Rotkreuz) i1 72 v/ .
1.7 BEFRITHH

FIH SPSS 19.0 B4 Pk B 43 A DU IR £ |
IRKRER . BARJEH | ZRERR 4 FhhisE R
e o BB DA S 4 B 24 S DR AR AR O # D18, LA
P<0.01 2= 5 WK, Bl E i 245 18 r i 1
(5 FRAH DR 245 55 B ) AF G4 DL A DG 1

2 BERXR504

21 AIESFMEERWARMNNESH
BEPH AL T DX < WA B 3l P ] 355 97 A iR -

MY B R aE R L% 2 TR 1, RER, B
H AV BRZURAT TSA, 28 °C, 48 h 15 7%
Je, PERAREEN] DORTRITEAR . 85 BH B2 sl 2l 6 1Y)
FRVE(E] 1o 4 FHTA: 2200 24 B s TR 2 280 iR
M 2 B e, M(5.07x10%—(1.07x10% CFU/g,
LUK Ry DU IR 2R 2K i 24 B B0 R (1.20x10%)~(1.16
10°) CFU/g; 48 R IEHURJE H it 25 0 5 A
(5.61x10"—(2.81x10%) CFU/g; ZIEWH IR
5 E M2 RO M(0.21x10")+(1.04x10%) CFU/g. W
TR AT S Z(1.45%10%)<2.13x10°) CFU/g,
R B30 i 48 L SR 24 TR A B AT 5 SR A R Y
FLBIAS (R 2), ZEMEMR>DUR R >FURJEH>IK
KEFHR, For i iE 280 FR i 245 1 o L iy
IKF] 35.00%, ZHMETTRRRER G D, A~
[ AE M 24 1 o b 25 5% .35 (P<0.05)
22 MAEREEFEAREAEERS
VPN AV DX 4 A i 2 T 5% 3 2 TR X
10 FPo A= R A BURIE BT an 3k 3 o . i ]
BEFR XTI IR KRB R . BRI H . R A .
AEHRID R R WU, MR R
MR PR, XMZEER .. FHER .
PRI 25
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x2 AIEFMEERMAGHAELZ(CFU/R)
Table 2 The number of total cultured bacteria and drug-resistant bacteria (CFU/g)

Antibiotics Number of drug-resistant bacteria Proportion of drug-resistant bacteria in culturable bacteria
Tetracycline (1.20£0.01)x10°~(1.16x10%) (0.08+0.01)—-(0.05+0.01)*

Nalidixic acid (5.07£0.08)x10*~(1.07x10%) (35.004£0.62)—(50.23£1.00)°

Florfenicol (5.61£0.17)x10'~(2.81x10%) (0.004+0.00)—(0.01+0.33)*

Gentamicin (0.21£0.01)x10'~(1.04x10%) (0.000 1£0.00)—(0.05+0.87)"

Values in the same line with different small letter superscripts are significantly different (P<0.05).

El1 TSA PHREERESEKIFER
Figure 1 Colonial morphology of bacteria on TSA solid media.

*3 BEFEFARLHSI N

Table 3  Analysis of inhibitory zone about total cultured bacteria

Criterion of inhibitory zone .
Y Concent per disc/

Antibiotics Insensitivity Is\/e[ggiiirj;ely ilf:;tivity (ug/disc) Inhibitory zone/mm Susceptibility
Tetracycline <18 19-22 >23 30 20 1
Gentamicin <12 13-14 >15 13-17 18 S
Florfenicol <12 13-17 >18 20 16 S
Nalidixic acid <13 14-18 >19 30 3 R
Streptomycin <11 12-14 >15 10 16 S
Kanamycin <13 14-17 >18 10 14 1
Carbenicillin <19 20-27 >28 100 12 R
Amoxicillin <13 14-17 >18 20 2 R
Norfloxacin <12 13-16 >17 10 28 S
Levofloxacin <13 14-16 >17 5 31 S

S: high sensitivity; I: moderately sensitive; R: insensitivity.
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Table 4 Numbers of strains and genera of drug-resistant bacteria screened by antibiotic culture medium

Antibiotics
Items - — - - —
Tetracycline Nalidixic acid Florfenicol Gentamicin
Antibiotic-resistant strains number 12 18 5 2
Antibiotic-resistant genus number 2 4 2 2

24 AREMAEERFEESH

SN G IE A 4 Fpbrd: F i 2y 3 A
DNA $2 A5 R ULIE 2, 5840 2 2¢O i PCR
BRER, 4 Fhird: R 25 3L K P38 i 26 1E %,
H ClHK R, HXTSEINE S FR, grA
B Fr s, HIKOR tetA FE
25 MAEGEMAEEFEEMMBEXMYE
ST

RAE RN ST 4 FhboAE 2R VE R R 2514 L
151 5 %6} 17 P9 4 Fefr i 2 35 [R] A AR G 45 D1 B B IR 48
XFHE U85 16S rRNA FERAY HAR), 4550 0 5%
6. SiRERM], BWARJEEMAHEA floR P L
). DUPRZ TR 24 B 0 tetA B DRAE X $% 01 %% L 9]
Z A AEAE AR (P<0.01); gnrA KR AR R

RS5 TRMEEWMAHERERY ELER

5 DURIOR 28 W J R 1iif 245 79 EL 81 . aad A 35k R AH X6
P2 DUECRN K 55 R T 24 147 LU ] 22 [ S A A AE
FHHKEP>0.01),

Marker tetA  gnrA  floR

aadA 168 rDNA

3 000

1 000
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200
100

B2 mEEMZHEERE DNA IZE

Figure 2 DNA of antibiotic resistance genes.

Table 5 The results of real time fluorescence quantitative PCR about antibiotic resistance genes

Antibiotic Items

resistance genes C, AC, Abundance R

tetA 21.35+0.42 13.64+0.42 66 847.62+18 399.00 0.998 1
floR 26.48+0.45 18.78+0.45 1 026.09+360.19 0.999 3
gnrA 19.57+0.21 11.87+£0.21 692 839.80+85 182.58 0.999 4
aadA 31.80+0.19 24.10+0.19 36.02+5.70 0.998 4

http://journals.im.ac.cn/actamicrocn
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* 6 MAREHESMAERBENSERIMEXME
v

Table 6  Analysis of correlation between the
percentage of drug-resistant bacteria and the
relative abundance of antibiotic resistance genes
Antibiotics

Antibiotic resistance genes

tetA gnrA floR aadA
Tetracycline  1.0007 - - -
Nalidixic acid — 0.415 - -
Florfenicol - - 0.993" -
Gentamicin - - - 0.945

**: a significant difference. —: no relevance.
3 Wik
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