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Enrichment of Antibiotic Re51stant Bacteria and AntlblOt],C Resistance Genes by

Sulfamethoxazole in the Blologle;xl Tfeatment System of Mgirleulture Wastewater'

&
WANG Jin- pegg ' ZHAO Yang-gue™ HU Yus bo u

(1. College of EnVlronmental Science and Engmeerlng, J!Ocean University of Chlna Glngdao 2661100 China; 2. Key Laborator;y of
Méfine Environment and Ecology , Ministry| of Educatlon Ocean Unlverslty of China#“Qingdao 266100, China)

Abst!"act “Although antibioties are heavﬂy used’ in mariculture’ only a small portion of the added antibiotics is absorbed. Little is
known about the/fespanse process of antibiotiés, antibiotic_ resl-sf'ant bacteria, and antibiotic resistance genes to antibiotic-containing
wastewater, entermg aswastewater treatment system. In this study, an anoxic/aerobic moving bed biofilm reactor ( A/O-MBBR) was
used to dreat marine aquaculture wastewater containing sulfamethoxazole (SMX). The antibiotics and resistance genes in the reactor
were then evaluated under selective SMX pressure, and the changing abundance patterns and the response of microbial communities and
cultivable resistant bacterial populations were further explored. The results show that with an influent SMX concentration of 500 pg-L ™'
and a hydraulic retention time of 8 h, SMX had a slight effect on the removal rate of NH, -N and NO, -N, following which the
performance gradually recovered. During this stage, SMX removal reached approximately 32%, with more than 78% of SMX removed
from the hypoxic zone. The resistance gene was more significantly enriched in the hypoxic zone than in the aerobic zone. In the hypoxic
zone, the absolute abundance of gene sull increased by 2. 43 log, whereas that of gene sul2 increased by 1. 71 log. In the region, the
absolute abundance of sull increased by 1.17 log, whereas that of sul2 increased by 0.91 log. Resistant plate culture and high-
throughput sequencing showed that the genus Pseudoalteromonas was the most dominant culturable resistant bacteria in the reactor. The
genus Pseudomonas predominated in the uncultured resistant bacteria in the reactor. This study showed that marine aquaculture
wastewater containing SMX promotes the enrichment of resistance genes, causing the abundance of some resistant bacteria to increase
significantly.

Key words : mariculture wastewater; anoxic/aerobic moving bed biofilm reactor ( A/O-MBBR) ; sulfamethoxazole ; antibiotic resistance

gene (ARG) ; antibiotic resistant bacteria ( ARB)
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P BTN 46. 87 L, 18 i B MO 52 #8431
B IX R X FTLTE X 3K 3 AR SR X AT 46
XA A 10 3, f 48 DX 38 A i B0 20 DA 4 15 0K}
(132 3y, G5 XA B, T R B A 4. 59 ~
5.23 mg-L™" Z [H). ORI BTk PP AL, H AR 25
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] . = N ;
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1.2 fb2Edabnas i g ik
1.2.1  JKBTHghnAein 75 ik
COD R FHH 8 B A1 %, NH, -NR H 99 [ 71

IR, NO, -NRH N-(1-Z83%) -2 ok
JEEEHL, NO; -NR M ek
1.2.2 il FF s Ay v

B 50 mL FRMKAESZS 0. 22 wm JENE IS8, B 5
mL FEEAT 10 mL B4k 5 HLB [ AHZEBUNME #EF T
AL, AL R XK RE TP g SMX R AT 5 4R | I s o
FEZ)S mLe-min "' 47, B AETEEEE 10 ~ 15 mL
afi K AT ohge DL 228 HLB [ AH 25 B0/ iy £5 5
T, B 5 mL BRI SPE [ AR A8 BUNME  IicdE
VeI BEEERZE S mL 28 0.22 pm JEIFE T JE
JEHER A, Z2BRSCHR [ 7 ] R 1R v WAR €535 - R 05k
Bk AL (UPLC-MS) (FE3R &, SE ) & K iy
SMX.
1.3 BPE ik

B2 N7 g i S DX A4 IX 7K 4% 1 L, 48 0. 45

wm T8 FE U 5 R AR UE AR, PowerSoil DNA #2 Bt
7 & (MoBio, £ [F) #ZIUE DNA | ZR BUIR M BE e L Uk
RS F - 20°C 440 T 147

A 5 5 B B Y 3 PR Ry i i 2 B v ik A
(sull | sul2) VU ZRPHEIEH (teM tetW) | 1 2
B TRA ML il F116S rRNA 3£, 51415
THF UL 2, 32008 DNA #5028 PCR 971575 3 H 1)
BEDR 471G 7 g S B R s PR DK AT ARG, 22 )5
B W e T i 7 (0 2%, ) 1EAT I Tl
WIS B A JE R 3% 2 31 pESI-T vector A (74
%, i) P N B R A W 3T se B,k
T BA M B B - 1 AT T R 8 3R OF BEAT I ), 48]
MolPure® Plasmid Mini Kit J5i 7 /) 15 32 B0 5 &
(PH2E, b ) JRAT BORLHE M, 46 O /Y Bk, fi
NanoDrop 2000 fi# # 4+ Jt Ot B it ( Thermo
FisherScientific , 3% & ) I g Bk ¢ B J 40 5. 8 BUA
B BRI BOREAE S 2k PR v ot T 53 6 PR 48 DL
EIHGHE AT .
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o TR BB %) SR A o 4 10 AR AR U A R 8
BRI AE M2t ' PCR MIRLHR DNA, & &

PCR 7E Bio-RadiCFX96 5 i 7 ) & it PCR X ( 3£
[E]) Epﬁﬁ?,}i@ﬁi%ﬂ? SYBR Green Master Mix 10
pL. FHEA T #5194 1 wWL( W3 2) FiHk DNA 2
pL AR EAZEK 6 ply SO SR ILEE 2, DL &
PREESTARIERR SR | BT JE TR (R AR o il 2 P B R0 2
TE 90% ~ 110% Z[A] , #HOC R EII KT 0. 990.
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Table 2 Target gene primers and conditions

7L 519 A (5"-3) PRI b SRR/ ik
L e
A G w
L e o
L e oo ws
e w [
R . N

1.4 ME%#%%*’J&TJL P2 T 2 B f%ﬂ‘ﬁ ”
AEEFT A/O-MBBR JZ 72855 100,20 ( 30 %n,zro
dﬁfif“#ﬁﬁ%%[&ﬁ%ﬂttﬂmtﬁnpﬁm{ o
0. 45 |pm {}%Hﬁ ﬁfl%ﬁ%’ﬁqé iz 18 PowerSoﬂ DNAY ?/qs
SR G 3 LU DNA S T W
ﬁ—}i’*j‘j A10 N 10 N 20 N on N Azo D 030 N A40$ﬂ O40 5 12—'3’ .
Emm,faﬂaiﬁ%ﬁeﬁw% VET- R 7 8 T et

ELEETE 50°CZE AT A SMX, i Hf F7 2 SMX ¥
F??b 60 mg-L ™", B o 7% 4 X B 4 481X 7K 4%
100 L #EAT-PAR R , SR HCEfR AR K 0 A 7%
DNA. iR DNA ¥ S IFER R S5 0F T 26 2 R R
FOE B W A R A R JE A7 a0 )y, 5T
Hlumina “F-8& , A4 9 16S tDNA (1) V3-V4 [X A
X4, 43 Reads BF 3% i 38, OTUs ( operational
taxonomic units ) & | Jr AT SN #% T W0 BE VK 4
AL FTRG SR B A R B AN S s 4B oR AT R R
YN AE SN A PN 3 BE 7 B AR 0 DL S SMX FR 22450
TR R ] B R N R ) 3 R AR Ak

2 HERS5HH

2.1 A/0-MBBR J& 7K Ab BRI

FRIGHE 1, AN SMX {if, S W #% X NO, -N Al
COD IR H4 T 94. 16% F1 92. 3% Zo45. XF i
HUKHETE 0.26 mg-L~ ' H18.31 mg-L™ " Z4;
N ZSXTNH, -NFINO, -NAY £ bR A€ 7€ 91. 16% FI
98. 24% FE A7 KR H K Mk BE AR E 7E 0. 26 mg- L' Fll
0.01 mg-L™'LAUF. #1500 pg-L~"SMX J& , I W #%

-

XFNO; -Nﬂl CoD ﬂf@#ﬂex?ﬁm*ﬁf nrJ fnm
NH, -N%Bﬁ%%ﬁﬂﬁ&jﬁ .,NH*-NtEJJ({lU“uﬁJ:
It T&ﬁ%&z_ﬁﬁﬁ 20 d, NH, -N oK W ik g
1.78 mg+L 1*-'” SMX XTNO -N%K‘%Kﬁ/l\rth%E,
i, fANO, -‘Nzﬁﬂ(ﬂ&f”%éﬁhf 0.1 mg-L- ZE 4
TER N $EATHY4S 30 d, NH, -NFINO, -NERHZE
Wik A, AR IR,
2.2 i fiig HY e 1Y) 2K BRAICR

T RGBT SMX L BN #5451 DX e
FEARE, W T SMX MK BBl ARU X 28t hF AR UIX
I e B K e A2 A (18 2) . A/O-MBBR I £
XF SMX 14 3 B 3 TE 32% Aoty ; SR X 6 SMX 1Y
ik K, 1T 2B 25% LA LY SMX, i G4 XX
SMX Y LR TTRk /D
2.3 PR

K ies N ARG F AL AN 3 s  FEARB
SMX B, P FPRR e S BT L sull 1 sul2 B4R X
48 DX 4 DR 47 A v 5 BE. 7R I ey R % SMX
S, A DX R4 DX P s e A 40 o 25 TR 1 = 1 1
B ETE BfE SMX IIHRFEE A 725 20 d A%E 30 d
(1) sull F sul2 PREFAIXSRRE . TEIB AT RN A Y 40 d
o BRI sull T sul2 4 %E R4 1. 74 x 10°
copies-mL ™" Fll 2. 62 x 10" copies-mL ™" | F+ % 4. 63
x 10° copies-mL ™" 1 1. 34 x 10° copies-mL ™" ; #i %}
F AL E 2.43 log Ml 1. 71 log; W4 X sull F
sul2 4% F 35 H 8. 36 x 10 copies-mL ™' Fl 4. 58
x 10* copies-mL ™" [ F+ % 1. 14 x 10° copies-mL ™" fll
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Table 3 Change in relative abundance of microbes at the genus level
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Pseudomonas 0.53 20.24 0. 63 3.60 1. 09 2.07 1. 66 0. 60
Pseudoalteromonas 0.15 0.07 0.37 0.07 0. 06 0.04 1.32 0.09
Desulfobacter 1. 82 1.33 3.89 3.40 0.90 0.51 1.28 0.29
8-Proteobacteria Desulfuromonas 0.07 3.36 2.68 3.39 0.19 0.23 1.36 0. 30
Desulfuromusa 2.62 0.33 0.16 0.28 0.22 0.07 0.11 0.04
Arcobacter 29. 18 14. 08 46.51 43. 44 5.57 53.72 19. 94 7.09
&-Proteobacteria Sulfurovum 39.18 1.10 2.27 4.08 1.29 0.50 0.92 0.39
Sulfurimonas 0. 86 7.93 21.41 10.52 4. 88 3.15 6.56 1.91
Crocinitomix 0.09 0.12 0.13 0.12 2.60 0.29 25.32 1.23
Bacteroidetes Prosthecochloris 3.08 1.05 7.46 13.93 1.31 0.26 0.67 0.22
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Fig. 5 Distribution of culturable antibiotic-resistant bacteria at the phylum level and at the genus level
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