55 1 Vol.55, No.1

2024 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2024
%k
1,2,3 1,2 1,2 1,2 3
3 1,2 1,2
(1. 3152115 2.
315211; 3. 316021)
(60 mg/L) (20 mg/L) , PCR
(ARGsS) ) )
(Bacteroidota) , (Proteobacteria) ; 3,
ARGs , sull floR cfr tetQ
s ARGs , 60 mg/L
S967.4 doi: 10.11693/hyhz20230800163

(Litopenaeus vannamei)

(Becerra-Castro et al, 2016) ,

, (antibiotic resistant genes, ARGs)

>

, s (Jo et
(Ma et al, 2019) , al, 2021) , ARGs
s (Park et al, 2004; (Hedberg et al, 2018),
Limsuwan et al, 2008; Cha et al, 2012) , ARGs (
, , 2022),
) ARGs (Wang et
* « ” , 2022SNJF70 ; , 20217105 ; s

2021XSX040003 ,2022C1001 , , , E-mail: wgs-1988@163.com
: R s , E-mail: zhanghuajun@nbu.edu.cn

12023-08-08, :2023-10-29



203

al, 2019a; Yuan et al, 2019) s

B

ARGs (Yoon et al, 2017; Wang et al, 2020),
( ;
2021) ARGs (Yuan
et al, 2015), ARGs , ARGs
(
, 2019) , ARGs
( ,
2019) s
, (Heyse et al,
2021)

B >

(Lin et al, 2016; Deng
et al, 2019; Wang et al, 2021a) s

, RT-qPCR
ARGs )
1
1.1
, 27.3~27.9 °C,
25.5~25.7, pH 8.25~8.21
, 28%~35%
300 L , 2
:60 20 mg/L, 4
(DC) 0.1 mg/L 0~3d
(D0 D1 D2 D3) 2L , 1L
;1L 0.22 um —-80 °C,
HANNA HI-97734
(DPD 0.00~10.00 mg/L, +0.03 mg/L)

; YSI Pro2030
, YSI Prol0 pH

(COD) : (NH;-N)
, (NO2-N)
, (NOs-N) -
) (AP)
1.2 DNA
PowerSoil ®Pro Kit (Qiagen)
DNA, 0.8% DNA
, DNA
Barcode 338F (5'-ACTCCTACGGGAGGCAGC
AG-3")  806R (5'-GGACTA CHVGGGTWTCTAAT-3")
16S rRNA  V3~V4 PCR
PCR : 98 °C 30 s; 98 °C 15 s,
50 °C 30s,72 °C 30s, 27 ; 72 °C
5 min (25 pL): 5 pL 5xHigh GC Buffer

5 uL 5xReaction Buffer 2 pL 10 mmol/L dNTPs 2 uL

(10 pmol/L')  0.25 pL FastPfu ;2 ul
DNA, 25ul PCR
, TruSeq Nano DNA LT Library Prep Kit
, , I1lumina
NovaSeq PE250
1.3
QIIME2 2021.2
, , DADA2 ,
(ASV) ASV
, SILVA138
(Chloroplast) (Mitochondria)
ASVs, 2933  ASVs
14
ASV
(DPiWE, dayuz.com) ( R
2021) BLAST , E-value<
1x10°°, >98.5%,
, 169 ASV
1.5
Real-time qPCR 8 ARGs
(D gPCR LightCycler480

AceQ qPCR SYBR Green Master Mix (Vazyme)
, : 10 pL 2xSYBR real-time PCR
premixture 0.8 (10 pmol/L) 1 pL DNA,
20 uL  PCR : 95 °C 5 min;
95°C 155s,55~62°C30s,72°C30s,40 ,



204

55

F1 MEZEMEEEKN RT-PCR 3|4
Tab.1 Antibiotic resistance genes and RT-PCR primers
53 /°C /bp
I FW GCACCGGAAACATCGCTGCAC 62 163
su RV GAAGTTCCGCCGCAAGGCTCG
(Pei et al, 2006) 2 FW TCCGGTGGAGGCCGGTATCTGG 62 191
su RV CGGGAATGCCATCTGCCTTGAG
miA FW GCCAGCAGTGCCGTTTAT 55 158
em RV GGCCACCTCCCAGTAGAA
floR FW CGGTCGGTATTGTCTTCACG 56 171
(Li et al, 2013) RV TCACGGGCCACGCTGTAT
i FW TGTGCTACAGGCAACATTGGAT 55 148
ofr RV CAAATACTTGACGGTTGGCTAGAG
tetA FW GCGCGATCTGGTTCACTCG 62 164
e RV  AGTCGACAGYRGCGCCGGC
€ RV CGGAGTGTCAATGATATTGCA
B FW GCTCGGTCGTGAGAACAATCT 56 _
(Zhu et al, 2018) RV CAATTTCGGTCGCCTGGTAGT
Ct ; pH (DO)
, ARGs ; (D0) s
1.6 ) ;
Bray-Curtis )
(NMDS) , (D
Bray-Curtis (ANOSIM) 2.2
R “pheatmap” ,
“psych” , (Bacteroidota)
, |7>0.6, P<0.05 (P<0.05),
; Gephi(v0.9.2) (Proteobacteria) (P<0.05) (
s SPSS 2a) (DC),
20.0 (one-way ANOVA) (53.71%) (27.15%)
ARGs (P<0.05) (Actinobacteriota, 9.32%) Patescibacteria (1.84%)
5 (Cyanobacteria, 1.46%) ;
0.1 mg/L (DO0), 25.54%
g
2.1 (73.91%) (DC)
, 27.5~32.9 °C, (74.74%) (12.76%)
) (7.34%) (2.76%)  Patescibacteria (1.55%)
; (D0) ; (DO0), (69.26%)
34 - —=— High —— Low 270 - High —— Low 6.5 —= High —— Low
32 26.5} 6.0
g
o N 2
W 30k S 260+ = 55
g}é 8 @
%0
28 255 50
26 1 1 1 1 1 250 1 1 1 1 1 45 1 1 1 1 1
DC DO D1 D2 D3 DC DO D1 D2 D3 DC DO D1 D2 D3

58 Time/d

58 Time/d

§¥18) Time/d



205

o

T H4ESE8/(mg/L)

(19

8.40 —— High —— Low 1.0 —=— High —— Low 0.20 - —— High —— Low
8.35| 08l
3 015
8.30 =2 —_
£ o6l 3
825} O £ o0}
o 8
BE 0.4 &
8.20 b
® 0.05
815} 0.2}
810 1 1 1 1 1 00 1 1 1 1 1 000 1 1 1 1 1
DC DO D1 D2 D3 DC DO D1 D2 D3 DC DO D1 D2 D3
§ig Time/d §ig Time/d fg Time/d
0.005 - —=—High ——Low 03r —=— High —e— Low 004 - —— High —— Low

h/(mgiL)
(mg/L)

y
izl

ball

0.004
0.03|
02}
0.003
3 H 002}
0.002 & 3
/\ s 01F H
0.001 = 0.01F
1 1 1 1 1 1
DC D0 D1 D2 D

0.000— L L L 0.0 0.00— L L L
DC Do D1 D2 D3 3 DC Do D1 D2 D3
K& Time/d i Time/d K Time/d
1
Fig.1 Changes of physicochemical factors of shrimp source water before and after bleaching powder disinfection
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Fig.2 Relative abundance of bacterial community in shrimp source water before and after bleach disinfection
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Fig.3 Dominant ASVs of shrimp source water before and after bleaching powder disinfection (top 50 ASVs in relative abundance)
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R (Holinger et
al, 2014; Dai et al, 2020) Becerra-Castro (2016)
,3d
Duan (2020)
5d )
(D0),
b 3 b

(Shi et al, 2016),
(Barberan et al, 2012)

> >

, (DO)
, , Wan  (2022)
ASV ,
ASV
0~2d, Nautella ,
S
s Nautella ,

, (Collins et al,
2000) Nautella
( , 2011; Sakami et al, 2014; Zheng et al,

2016),
(Loo et al, 2013; Chang et al, 2019;
Koga ef al, 2021)
DPiWE

( , 2021)
DPiWE s
Thalassobius

(



209

sul1=EfZ/(copies/mL)

cmIA=EZ/(copies/mL)

cfr¥Z/(copies/mL)

tetQ=EE/(copies/mL)

1x10°

1x10*

1x10°

1x10%

1x10'

1x10°

1x10°
1x10°
1x10*
1x10°
1x10?
1x10'

1x10°

1x10°

1x10°

1x10'

1x10°

1x10*

1x10°

1x107

1x10'

1x10°

= SREH w—{RER 1x10°
* l T . 1x10*
E
T s 2
2 1x10°
o
S
B 1x10?
+H_
N
3
? 1x10'
1 1 1 1 1 1X1OD
DC DO D1 D2 D3
285
== BIREE — (RS 1x10°
——
-
1 T T £
3 1x10*
o
o
o
S
X
# 1x102
S
=
1 1 1 1 1)(100
DO D1 D2 D3
izl
= SIRE LR w—RE R 1x10°
> 1x10°
= ~ 1x107
% 1x10°
o
g 1x10°
< 1x10¢
X
# 1x10°
[}
= 1x10?
1x10"
1 1 1 1 1 1 0
DC DO D1 D2 D3 x10
285
I ERER —(tREAR 1%10°
—
= = g 1x103
= @
s
8 1x10?
X
+H>
£ 1xa0
y : . . L 1x10°
DC DO D1 D2 D3
283
7 8 ARGs

Fig.7 Changes of abundances of 8 ARGs before and after bleaching powder disinfection

o RIREE w—{TREA

T T 1
| <
DC DO D1 D2 D3
285
r = SREE — (R A
] T I T
DC DO D1 D2 D3
A3
- o ERER —-—(RER
DO D1 D2 D3
285
) =RREE w—RER
T = ™ ‘ ™
DC DO D1 D2 D3
A3



210 55
Tenacibaculum - Escherichia- 60 mg/L
Shigella ) s (Hou et 20 mg/L
al, 2021), sull  floR cfr tetQ
) , ARGs ,
s (Song et al, ARGs R
2019; Wang et al, 2019b), , 20 mg/L.  , 60 mg/L
Streptococcus Clostridium - , s
(Wang
etal,2021b) s
DO R
, , ., 2019.
, [1]. , 38(8):
, Thalassobius 2456-2465.
s Thalassobius ) , , , 2011.
’ (Kanchisa, 2018) PCR-DGGE  [J]. , 35(4): 579-586.
ARG A , , ., 2021
) fetA, sull 0l
cmlA  floR, , 17(3): 46-53.
ARGs (sul2) s ARGs > > > 2019.
( [1]. , 36(5):
382-387.
, 2022), , , , o, 2022,
(Shao et al, 2018; Liu et al, 2020) [J]. , 18(6): 85-92.
s ARGs (Yoon et > ’ ., 202L
[1]. ,45(11): 1921-1933.
al, 2017), (Huang et al, AMINOV R I, GARRIGUES-JEANJEAN N, MACKIE R 1, 2001.
2013) s (D0) sull floR Molecular ecology of tetracycline resistance: development
cfi tetQ and validation of primers for detection of tetracycline
resistance genes encoding ribosomal protection proteins [J].
’ Applied and Environmental Microbiology, 67(1): 22-32.
el at, A R s , et al, .
ARGs (Tang et al, 2023) BARBERAN A, BATES S T, CASAMAYOR E O 1, 2012
, sull sul2 tetA tetQ  ARGs Using network analysis to explore co-occurrence patterns in
soil microbial communities [J]. The ISME Journal, 6(2):
’ ) 343-351.
(Sullivan et al, BECERRA-CASTRO C, MACEDO G, SILVA A M T, et al, 2016.
2017) ARGs , Proteobacteria become predominant during regrowth after

R sull

, ampC aphA2 blateml tetA tetG ermA

ermB  ARGs (Shi ef al, 2013) Wan
(2022) 30 min ARGs

,tetA cmlA  strB
4

, 60 mg/L
Nautella

water disinfection [J]. Science of the Total Environment, 573:
313-323.

CHA C N, LEE Y E, KANG I J, et al, 2012. Bactericidal
efficacies of an aquatic disinfectant tablet composed to
Calcium hypochlorite against Vibrio anguillarum and
Streptococcus iniae [J]. Journal of Food Hygiene and Safety,
27(3): 290-294.

CHANG B V, LIAO C S, CHANG Y T, et al, 2019. Investigation
of a farm-scale multitrophic recirculating aquaculture
system with the addition of Rhodovulum sulfidophilum for
milkfish  (Chanos chanos)
Sustainability, 11(7): 1880.

COLLINS M D, HUTSON R A, GRANT I R, et al, 2000.
Phylogenetic characterization of a novel radiation-resistant

coastal aquaculture [J].

bacterium from irradiated pork: description of Hymenobacter
actinosclerus sp. nov [J]. International Journal of Systematic
and Evolutionary Microbiology, 50(2): 731-734.



211

DAI Z H, SEVILLANO-RIVERA M C, CALUS S T, et al, 2020.
Disinfection exhibits systematic impacts on the drinking
water microbiome [J]. Microbiome, 8(1): 42.

DENG S X, YAN X T, ZHU Q Q, et al, 2019. The utilization of
reclaimed water: Possible risks arising from waterborne
contaminants [J]. Environmental Pollution, 254: 113020.

DUAN Y F, TANG Y P, HUANG J H, et al, 2020. Changes in
the microbial community of Litopenaeus vannamei larvae
and rearing water during different growth stages after
disinfection treatment of hatchery water [J]. Journal of
Microbiology, 58(9): 741-749.

HEDBERG N, STENSON I, PETTERSSON M N, et al, 2018.
Antibiotic use in Vietnamese fish and lobster sea cage farms;
implications for coral reefs and human health [J].
Aquaculture, 495: 366-375.

HEYSE J, PROPS R, KONGNUAN P, ef al, 2021. Rearing water
microbiomes in white leg shrimp (Litopenaeus vannamer)
larviculture assemble stochastically and are influenced by
the microbiomes of live feed products [J]. Environmental
Microbiology, 23(1): 281-298.

HOLINGER E P, ROSS K A, ROBERTSON C E, et al, 2014.
Molecular analysis of point-of-use municipal drinking water
microbiology [J]. Water Research, 49: 225-235.

HOU D D, HONG M, WANG Y T, et al, 2021. Assessing the
risks of potential bacterial pathogens attaching to different
microplastics during the summer—autumn period in a
mariculture cage [J]. Microorganisms, 9(9): 1909.

HUANG J J, HU H Y, WU Y H, et al, 2013. Effect of
chlorination and ultraviolet disinfection on fetA-mediated
tetracycline resistance of Escherichia coli [J]. Chemosphere,
90(8): 2247-2253.

JO H, RAZA S, FAROOQ A, et al, 2021. Fish farm effluents as a
source of antibiotic resistance gene dissemination on Jeju
Island, South Korea [J]. Environmental Pollution, 276:
116764.

KANEHISA M, 2018. Inferring antimicrobial resistance from
pathogen genomes in KEGG [M] // MAMITSUKA H. Data
Mining for Systems Biology. New York: Humana Press:
225-239.

KOGA A, TANI Y, OZAKI K 1, et al, 2021. The effects of a
marine photosynthetic bacteria Rhodovulum sulfidophilum
on the growth and survival rate of Marsupenaeus japonicus
(kuruma shrimp) [J]. Journal of Aquaculture, Fisheries &
Fish Science, 3(2): 245-249.

LI J, SHAO B, SHEN J Z, et al, 2013. Occurrence of
chloramphenicol-resistance ~ genes as  environmental
pollutants from swine feedlots [J]. Environmental Science &
Technology, 47(6): 2892-2897.

LIMSUWAN C, CHUCHIRD N, LAISUTISAN K, 2008.
Efficacy of Calcium hypochlorite on the prevalence of
Microsporidiosis (Thelohania) in pond-reared Litopenaeus
vannamei [J]. Kasetsart Journal - Natural Science, 42(2):
282-288.

LINY W, LID, GU A Z, et al, 2016. Bacterial regrowth in water
reclamation and distribution systems revealed by viable

bacterial detection assays [J]. Chemosphere, 144: 2165-2174.

LIU S, SU H C, PAN Y F, et al, 2020. Spatial and seasonal
variations of antibiotics and antibiotic resistance genes and
ecological risks in the coral reef regions adjacent to two
typical islands in South China Sea [J]. Marine Pollution
Bulletin, 158: 111424,

LOO P L, CHONG V C, VIKINESWARY S, 2013. Rhodovulum
sulfidophilum, a phototrophic bacterium, grown in palm oil
mill effluent improves the larval survival of marble goby
Oxyeleotris marmorata (Bleeker) [J]. Aquaculture Research,
44(3): 495-507.

MA X C, ZHU F, JIN Q R, 2019. Antibiotics and chemical
disease-control agents reduce innate disease resistance in
crayfish [J]. Fish & Shellfish Immunology, 86: 169-178.

PARK J H, SEOK S H, CHO S A, et al, 2004. Safety and
protective effect of a disinfectant (STEL water) for white
spot syndrome viral infection in shrimp [J]. Diseases of
Aquatic Organisms, 60(3): 253-257.

PEI R T, KIM S C, CARLSON K H, et al, 2006. Effect of river
landscape on the sediment concentrations of antibiotics and
corresponding antibiotic resistance genes (ARG) [J]. Water
Research, 40(12): 2427-2435.

SAKAMI T, KOISO M, SUGAYA T, 2014. Characterization of
bacterial community composition in rotifer cultures under
unexpected growth suppression [J]. Fisheries Science, 80(4):
757-765.

SHAO S C, HU Y Y, CHENG J H, et al, 2018. Research progress
on distribution, migration, transformation of antibiotics and
antibiotic resistance genes (ARGs) in aquatic environment
[J]. Critical Reviews in Biotechnology, 38(8): 1195-1208.

SHI P, JIA S Y, ZHANG X X, et al, 2013. Metagenomic insights
into chlorination effects on microbial antibiotic resistance in
drinking water [J]. Water Research, 47(1): 111-120.

SHI S J, NUCCIO E E, SHI Z J, et al, 2016. The interconnected
rhizosphere: high network complexity dominates rhizosphere
assemblages [J]. Ecology Letters, 19(8): 926-936.

SONG P, ZHOU B, FENG G, et al, 2019. The influence of
chlorination timing and concentration on microbial
communities in labyrinth channels: implications for biofilm
removal [J]. Biofouling, 35(4): 401-415.

SULLIVAN B A, VANCE C C, Gentry T J, et al, 2017. Effects of
chlorination and ultraviolet light on environmental
tetracycline resistant bacteria and ter (W) in water [J].
Journal of Environmental Chemical Engineering, 5(1):
777-784.

TANG Y W, ZHANG H J, YAN J J, et al, 2023. Assessing the
efficacy of bleaching powder in disinfecting marine water:
Insights from the rapid recovery of microbiomes [J]. Water
Research, 241: 120136.

WAN K, ZHENG S K, YE C S, et al, 2022. Ancient oriental
wisdom still works: removing ARGs in drinking water by
boiling as compared to chlorination [J]. Water Research, 209:
117902.

WANG M N, ATEIA M, AWFA D, et al, 2021a. Regrowth of
bacteria after light-based disinfection — What we know and



212

55

where we go from here [J]. Chemosphere, 268: 128850.

WANG J L, CHU L B, WOJNAROVITS L, et al, 2020.
Occurrence and fate of antibiotics, antibiotic resistant genes
(ARGs) and antibiotic resistant bacteria (ARB) in municipal
wastewater treatment plant: an overview [J]. Science of the
Total Environment, 744: 140997.

WANG L L, SU H C, HU X J, et al, 2019a. Abundance and
removal of antibiotic resistance genes (ARGs) in the rearing
environments of intensive shrimp aquaculture in South
China [J]. Journal of Environmental Science and Health,
Part B, 54(3): 211-218.

WANG H B, WU Y H, LUO L W, et al, 2021b. Risks,
characteristics, and control strategies of disinfection-
residual-bacteria (DRB) from the perspective of microbial
community structure [J]. Water Research, 204: 117606.

WANG H, XU J J, TANG W, et al, 2019b. Removal efficacy of
opportunistic pathogens and bacterial community dynamics
in two drinking water treatment trains [J]. Small, 15(2):
1804436.

YOON Y, CHUNG H J, DI D Y W, et al, 2017. Inactivation

efficiency of plasmid-encoded antibiotic resistance genes
during water treatment with chlorine, UV, and UV/H,0; [J].
Water Research, 123: 783-793.

YUAN Q B, GUO M T, YANG J, 2015. Fate of antibiotic
resistant bacteria and genes during wastewater chlorination:
implication for antibiotic resistance control [J]. PLoS One,
10(3): e0119403.

YUAN J L, NI M, LIU M, et al, 2019. Occurrence of antibiotics
and antibiotic resistance genes in a typical estuary
aquaculture region of Hangzhou Bay, China [J]. Marine
Pollution Bulletin, 138: 376-384.

ZHENG Y F, YU M, LIU Y, et al, 2016. Comparison of
cultivable bacterial communities associated with Pacific
white shrimp (Litopenaeus vannamei) larvae at different
health statuses and growth stages [J]. Aquaculture, 451:
163-169.

ZHU D, AN X L, CHEN Q L, et al, 2018. Antibiotics disturb the
microbiome and increase the incidence of resistance genes in
the gut of a common soil collembolan [J]. Environmental
Science & Technology, 52(5): 3081-3090.

EFFECTS OF BLEACHING POWDER DISINFECTION FOR SOURCE WATER OF
SHRIMP FARMING ON BACTERIAL COMMUNITY
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Abstract

effectively control the spread of pathogens. However, the disinfection can strongly disrupt the aquatic microbial

Bleaching powder disinfection is a common practice of source water treatment for shrimp farming to

community. At present, the response of bacterial community to bleaching powder have not yet been elucidated. We used
bleaching powder in two concentrations (60 mg/L and 20 mg/L) to treat the source water, and analyzed the changes of
water physicochemical factors, bacterial community compositions, pathogens, and antibiotic resistance genes (ARGs).
Results show that after disinfection, the abundance of Bacteroidetes increased, and the abundance of Proteobacteria
decreased significantly in the 60 mg/L group. However, the bacterial community compositions of the two groups recovered
and tended to be consistent 3d later. Bacterial community structure and co-occurrence patterns of the source water were
significantly changed by the disinfection. The 60 mg/L group showed a more potent inhibitory effect on pathogenic
bacteria than 20 mg/L group did. Bleaching powder demonstrated selectivity in eliminating ARGs from source water,
showing particular effectiveness against sull, floR, cfr and tetQ. However, there was no significant difference in the impact
on ARGs removal between the two concentration groups. Therefore, the bleaching powder concentration of 60 mg/L was
proved a better choice for source water disinfection in shrimp farming. These findings provided valuable insights into the
disinfection efficacy of different concentrations of bleaching powder from the perspective of bacterial communities, and
offered a theoretical basis for the disinfection of source water to the benefit of shrimp aquaculture.
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