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WE . fHTHEE PCR PG E & PCR Jy X BRIL 1 ML K 7= 55 58 DOKRTURR Y vh 3 RS | 7 FhIUBR RIS | | Pl il
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Preliminary Studies on the Occurrence of Antibiotic Resistance Genes in Typical

Aquaculture Area of the Pearl River Estuary

LIANG Xi-mei"*, NIE Xiang-ping”, SHI Zhen'"’

(1. State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese Academy of Sciences,
Guangzhou 510301, China; 2. Department of Ecology, Jinan University, Guangzhou 510632, China; 3. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract ; Traditional and quantitative PCR techniques were used to determine the occurrence and quantities of ARGs, including three
types of genes resistant to sulfonamide, seven for tetracycline resistance and one for quinolone resistance, as well as one integron gene
in typical aquaculture of the Pearl River Estuary. The results showed that all genes except for tetW were detectable in the aquaculture
environment, and sull , sul2 and intl were the most frequently detected genes ( detectable percentage, 100% ). Relative abundances of
ARGs increased with the prolongation of rearing time under the same aquaculture pattern, suggesting a cumulative effect. Moreover,
the occurrences of ARGs in the ponds were different with different aquaculture patterns, indicating that the aquaculture pattern might
play an important role in the abundances and distributions of ARGs. Relative abundances of intl, as a horizontal mobile genetic
element, were significantly correlated to the levels of sull and the total ARGs (P <0.05). The total concentration of antibiotics
exhibited a good positive correlation with the total concentration of ARGs in sediments (P <0.05). All results elucidated that extensive
residues of antibiotics in the aquaculture substantially increased the abundances of ARGs probably owning to the induction of horizontal
gene transfer of ARGs among bacteria.

Key words : antibiotic resistance genes; traditional PCR; real-time quantitative PCR; water; sediment; aquaculture; Pearl River

Estuary
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5@ PCR A7 e & PCR (gPCR) J5 ¥ X 3551 X
IR ) 3 FRBERESS | 7 FRIUERERIE | 1 Fhngs
TEIIZE ARGs il 1 R JE R E A7 2 PR RN 45
BT, 4878 ARGs 7 37 58 FR 5 o 1975 YL BUIR 5 40 A
fiF, IR T Ha: KR X ARGs SR, LI
SHERIT UK P FRB8 X 9 A S IR B 22 1M R AR 27
et IR E A R ARGs BRI 5 Yedis il Oy vk 4
HEHE S SR,

1 #MR5AZE

1.1 RSN ARAE A3

2012 4F 3 H  FERRIT 7Y 52 80 () Rl vk 7K 352
XA, 2 AT RK B FEIE(FL 5 F2) | 2 A3k
FIXTHRFRFE I (S1 5 S2) Fil—>1e 36 I XTI 5 75 %
TRFRIE(S3) RET REZKMPIBYIFEA(E 1),
TR R F2 FREEETE 50 1 AN A4 A A 55
FE AR A K, K R BE 23 00 1. 8%0 T 2. 3%o,
ML AR, T A 2R 107 hm’, SERY IS 2
5 a; S1 A S2 BYFRBEET ] 4350 R 4 A~ A F1 3 A
A, Hod 81 EF 2012 4F 1 A & ikskBg 55 (A Xt
FIHEZS FEFE KR, 35T 2012 4E 2 ARIEA =2 —
BT K (KL 0.5 m) | i S2 EFR5E A b R e
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AR, BLAL, SRS FRH X PN B 1l 1T R B 2
25 m MHE R AKAERPE R AW IR (G)  ILIE 1. R
I A RS BEENIL T 4°C vk &b AE. M H L FE
i R [ 5280 2, OB ST RO AE T - 20°C VK48
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pm BEIETAEUE I I FHRE SOOI 1 I8 K 8 4C
TRAERF 31T
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IKFERMUTFLY) DNA 51 H E. Z. No AL™
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ERAEULIA 4. DNA A 58 Bt | &l B R 2 43 51 R
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Fig. 1 Map showing the sampling sites in aquaculture areas of the Pearl River Estuary



10 44 GRS L PRV I SR K™ FR A X B A RGTESE 5 YW AT 7 4075

1.3 ARGs Wyt RIE 153 Hr

fdi 3% 38 PCR #1 qPCR XJ 7K T AL AE i o
() ARGs i#F47 & M & 0 . 5190 PR 4e {5 B DL
F1. i@ PCR B9 S W AR ZUWR.2.5 pL 10 x
buffer (Mg”* Plus) ,2 pL dNTPs (2.5 mmol-L™")
. RS (20 pmol+L™") 4% 0.4 nL,0.2 uL
Tag fiff (5 U-uL™') ( TaKaRa Biotechnology,
China), 1 pL DNA #i# (£ 20 ng), 18.5 pL
ddH, 0, BRFL N 25 pl. @ PCR W FEF M .
95°C 5 min; 95°C 20 s,Tm 30 ~40 s ( Tm E A& W3
1),72°C 30 5,40 P7E¥; 72°C 10 min. FH 3%
R B i W 05 I El KRG I PCR 72 0 1 /N AL A S
PE. A T HE— 8 H RS 1 AE A LR H
RO JE R RO BH MR B B ( =20 W) FH Gel Extraction
Kit (OMEGA , USA) #E47 [l ik, , I AR 4% PMD18-
T vector 157l & #e/E 15 ] 5 ( TaKaRa Biotechnology,
China) ] JH KT 5 DHS o JBR32 25 40 L 0B A7 T e

o B % ) J5, Al ] Plasmid Mini Kit I Protocol
(OMEGA ,USA) #E47 55 20 J5okr 1) 45 B, 42 B o
#i Thermo Nanodrop2000 i 12 43 ) s BE 145 I H:
W BESS #EAT AN E ( B4 TAYHARAFR
vF]). FH NCBI M 5k ) BLAST ( http://www.
nchi. nlm. nih. gov/blast) # 17 /5 51 B9 L XT, BT 15
J¥ 515 NCBI _LARXT R B % 35 R A ] P54 AR =, D
BLREE KT 98% .

ffiH MJ Chromo4 (USA) {X## 4T qPCR E &
S3HT. qPCR VAR ZUWR .10 wL SYBR®  Premix
Ex Tag™ Il (2 x) (TaKaRa Biotechnology, China),
. RS (20 wmol -L7') 45 0.4 uL,1 uL DNA
it ( 29 5 ng),8.2 pL ddH,0, MAKFR K 20 pl.
qPCR FZWAEFFE 7:95°C 1 min; 95°C 10 s, Tm 34 s
(Tm BAAILER 1) ,40 NMEI. SN Z5 5, #EAT 1
fifg 2 A9 I E DL SE PCR =) R S | S
4165 ~95°C Z ], £0. 5C %L, Hoal =82 s. R

F1 ARLIEFTAMSIMFSIF PCR KR &4

Table 1 ~ Sequences of primers and PCR reaction conditions used in the present study

A Sl FH(5-37) 58 PCR 1B Kk &4 qPCR 1B k&A% =K/ N bp Sk

sull sull -F CACCGGAAACATCGCTGCA 60°C/30 s 62°C/34 s 158 [12]
sull-lR AAGTTCCGCCGCAAGGCT

sul2 sul2-F CTCCGATGGAGGCCGGTAT 56°C./30 s 62°C/34 s 190 [12]
sul2-R GGGAATGCCATCTGCCTTGA

sul3 sul3-F  TCCGTTCAGCGAATTGGTGCAG 55°C./30 s 63°C/34 s 128 [16]
sul3-R TTCGTTCACGCCTTACACCAGC

tetA tetA-F  GCTACATCCTGCTTGCCTTC 57°C/30 s 64°C /34 s 210 [17]
tetA-R  CATAGATCGCCGTGA AGAGG

tetB tetB-F  CGAAGTAGGGGTTGAGACGC 56°C/30 s 64°C /34 s 192 [12]
tetB-R~ AGACCAAGACCCGCTAATGAA

tetC tetC-F TGCGTTGATGCAATTTCTATGC 64°C /40 s 64°C /34 s 335 [17]
tetC-R GGAATGGTGCATGCAAGGAG

tetH tetH-F  CAACCCATTACGGTGTGCTA 58°C/30 s 63°C/34 s 164 [17]
tetH-R ~ AAGTGTGGTTGAGAATGC CA

tetM tetM-F GCAATTCTACTGATTTCTGC 60°C /40 s 60°C /34 s 186 [17]
tetM-R ~ CTGTTTGATTACAATTTCCGC

tetO tet0-F  GATGGCATACAGGCACAGACC 56°C/30 s 62°C /34 s 172 [12]
tetC-R GCCCAACCTTTTGCTTCACTA

tetW tetW-F  GAGAGCCTGCTATATGCCAGC 54°C/30 s 62°C/34 s 168 [12]
tetW-R  GGGCGTATCCACAATGTTAAC

qnrS qurS-F GTGAGTAATCGTATGTACTTTTGC 58°C/30 s 64°C /34 s 169 [18]
qnrS-R - AAACACCTCGACTTAAGTCT

intl intl .F GGCTTCGTGATGCCTGCTT 57°C/30 s 64°C /34 s 146 [12]
intl-R CATTCCTGGCCGTGGTTCT

168 t/RNA  16S-F  TCCTACGGGAGGCAGCAGT 60°C /30 s 64°C /34 s 466 [19]

16S-R GGACTACCAGGGTATCTAATCCTGTT

1) FERRIERSIY,R Fm 0519
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Y 6] 7 R, AR g PRI il e 314 Ay 1) s A
AP B B FE R A4 x5 . 986 E B PCR
BRI A s o fH 2k 2 T e 2501 3R (10 T i E
ATHIE. LA 10 A% He B2 0 B2 A0 B 1 SR A o 2 == 1)
b, qPCR ARUERNZ I IERCRLE 90% ~115%
ZIA] FE R B R KT 0.99. h T &M E S
BRIREEAE A ARGs 19 23 A I 0 TS e KK Bir fy
ARGs (% T 45 1 it 16S rRNA K 2 — 1k Ab
FEPT PN H B R 5 16S rRNA BE PR 4 % 5 B
{275 ARGs HUAHNT & &
1.4 HrAZR AR ik

JKFE O Tt A= Z (AL i e 1 e | e — HH
FEWENE | R P S | TR R AR R B
WIE | WUH R AFEMPAEFR) Witis R
SCHR[ 21,22 ] O ¥ 0EAT. U1 L B EKEE A
10 mL 50 g-L~" Na,EDTA, HHH B2 (5 mol-L™") I
pH Z 3.0, il A 100 ng [FCRFE 78 97 C, -0 K
(EE G FAL R S50 % ) , ] Oasis HLB /ME#EAT
BEAHAEHUE 46, FH 6 mL I EEVERLE. DU hinA &
(IS I8 Zhou 25" (7 k. DIBLWIRE i 2248 VR
T4 24 h 5 W ITE 60 B, WERRFRIL 2 g HEd,
JIA 100 ng IR FE 78 950 C,-minME P, 35 e TR 2
1 min, 4°CHEGHCE SR, 700 A 10 mL 2 1
0.2 mol-L™" ¥ MR 2% ¥ (pH =3) , IR JiEIR 5 1
min , 88 FEHEEL 15 min, 2851 370 g-min_1 B0 10
min, b IE RS 2 B S B0 I 4°C BEOGIRE, 5%
B A PR 3 RO EIE A I, LB 55°C g
IRk BRBUANALG ,MA 0.2 ¢ Na, EDTA, I #8
afi/K 2 2 & 200 mL, 3 SAX-HLB 2B & 48, ] 12
mL PR, VERORAE IR T /WG 1, LUATE
1 60:40 B BEKEAZE 1 mL, £ 0.22 pum £k
A g ik U T AR AR

PUAE 2R AN A SR FH 1R 0 R €8 15/ B K o i
I 2 55 ( API 4000, Applied Biosystems, USA). faji%
F:H ZORBAX C, (2.1 x 150 mm; 5 pm) ; Wi shAH
FEECA)FN0.2% (PRFLL) HERVE W (B) , H R
25°C,# 0.3 mL-min~"; PEFERE S wL. BBREUEMN
I .0 min,12% A; 2 min,50% A; 10 min,70%
A; 10 min,12% A; 20 min,12% A. JFRiEE TIH-N
MM S HLBS (ES T+ )5 il 75 2o 22 5 i i
B

AR MR 2 . il — R AR S
0.1 ~1000 ng-L~"PYIRA bR WAL T E , 15 5]
JoT o e B -0 1T AR o T AR 2, A OC RE KT

0.992. LAFRFH X 7K FIUTFR 4 Ay 56 50 1 47 v [l i
S IARIK 43518 50 ng+ L™ A1 50 ng-g™' (n =
4). FRFE XK AR Y IR TE 73.05% ~
110. 48% 2 (8], YL ALY 49 [0 i SR 7E 57. 81% ~
88.90% Z[A]. KrhgiiE R kB 1. 58 ~10. 15
ng- L', DUBIAI AR FRM 0. 38 ~3.12 ng-g ™'
1.5 Hdmabat

By SPSS 16. 0 etk kdT, R FH Lk
PERNHFEL AR 30T, P <0. 05 R B EHHC.

2 HFR5ITE

2.1 ERITIKF=FE5E X ARGs 7K -5 53 70 FFE

BRYL O K P2 3R IX. ARGs A6 H SR AR & &
R 2 Fros. TEFRFE XA BRI ZE ARGs sull il
sul2 [ s, 100% |, HEZAE 25 m HANHL T
K G LA B A TAELE T swl3 PRS00 45
i, K RALA 27. 3% ; Wi ZE ARGs gnrS AUKS
R, M 81, 8% 5 WUIRZE IS ARG, bR tetW Kk
H HE ARGs (tetA | tetB | tetC . tetH . tetM . F11 tetO)
PR RS 38 AE 36. 4% ~90. 9% 22 [A]. 3% 8k
PUIRE I ARGs, fEFM Y . HBE KPR IX | 157K
QbR AT AL A R A T
VUER RIS Iz Ml T 308 PR v 48 TR %
DPUBR 2R B R P 8. 5HE ARGs
W (sul3 . tetA ., tetB. tetC . tetH . tetM . tetO il
qnrS) ,sull F sul2 B R A& S K 8w (%
2). Luo 2" XA By ARGs HEAT VA 2, 0 & Pk
JE2E ARGs sull Fl sul2 BYAG H1 3R 0 28 T sul3 1Y
HEJE ARGs. Gao %' ST RHIK ™= Rl BE
ARGs [IBF5E b, TRl RE & BUEE IZ DS ARGs sull 1 sul2
FEDUR i A7, FLAS H R ARS8 8 T sul3 |
tetB | tetQ ., tetT F1 tetW. ASHIF 5% 45 5 ik Lo ff 57 —
0, VBRI R BRI sull 1 sul2 W95 R
XA ISR A A2 B8 5, A AR 3 e R AR B
BTy S S

FRIT I 7K 72 35 58 X K FUT ALY ARGs ( ret
and sul ) AR IR ANIE 2 Fias. FEFR il F2 7K
VTR PR AU IR R S ARGs (1) K F1
I FL B (K 2) AT SR8 4 S Al #AUh
1A (FESL R ¥ AR #K ). ARGs 15 57K
I 55 7 LT V) ) 0 17 i v 0 B 1) 5 B o) i)
HHRT IR ARGs 15 E R LS, 15T ARGs
FEAN A [0 B B K PG 3G, 45 5 530 ARGs 72K ™
FEEATT R E R, B E AT IR ESL, O F



10

GRS L PRV I SR K™ FR A X B A RGTESE 5 YW AT 7

4077

R2 KIAKFHFERH ARGs B HERMBEXSE

Table 2 Detection frequency and relative abundances of ARGs in the water and sediments from aquaculture areas of the Pearl River Estuary
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Fig. 2 Distribution of ARGs (et and sul) in the water and sediments in aquaculture of the Pearl River Estuary
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