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Fig.1 Relative expression of genes of various immune markers in zebrafish skin after exposure

to antibiotics and disinfectants
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S BRI v B AN v /K 7= R B R o 1 2k 3 24
H1 B Ak (Oreochromis niloticus ) 3 18 F1 5% K G5z 3
W 9 RE , FLARFEIN I b 142 2 A0 M 97 4n 1L-1
IL-1F1 TNF-a ik ity i, AEARDFZE T T B2

14 2 55 [ R R 8 T A A DG R 1 3R s o L (X
5 2RI A 458 R — 3, Shi %S A
(Ctenopharyngodon idellus) Wy i T 42 32 FH 5 3 K Y
AR 2508 >F 50 T 25 00 X B0 9% R G RS2 ), 5 0 R
ZHAF E , 2 58 T S L I ORI 3G 5 4 FRIBAAIG T e
1% 59 R F 1) mRNA 35K, 5028 T RAE I
&% B TNF-a IL-18.IL-12 FI TLR4 (X #6315
i ZFE R (P<<0.05) , RYER L2 TNF-o F1IL-13 1
i FEAR (P<<0.05) o IR &5 RA— B0y J5L A AT e
SETH TR AR BR 8 1) 55 T BB S g

VB Ry FH I G5 2R 50 P i) — 2R BB B B 1, Mluc2
FEAE 32 B R ) S e 45 rh R 3R AR . A IR
TS R I8 6 A T A Y R R A S
Y0053 WA 380 2 T ) e A A R ] PR A R
HAYEEE A, I Muc2 43 W R 3847 Bh T S YA 5L
MRFRAS o TEAWIFEh, HrA 2 AN 3550 1Y 2 i 1 32
Wi ¥ Muc2 SR EYERIA , Horp CIO, AL BRIS , Muc2 KA
Tk FIEEX AN 5.84% . X5 Wang %1047
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I A — 35, Wang S50l T A 38 B 2 PR TG B
(Edwardsiella tarda) %} A %F( Paralichthys olivaceus)
PEATIR MG, 50 AL L, fE IR e 45 RS 9 48 h
N A SR N Muc2 PRI R FHKSF 35 02 B, Jf
A ST R 118 0 VR A L 1 5 R RV 3 1 o

AMA C3 R ARFE AR S e ], IgM 2 AR iR
B g TR Y FEEE T o, PR S ) 2 SRR B 5
PR B R Bl 2R 1) — 43 o ABFSE PR R A
HEEA MR D E LW T C3HIgM HEHN 7R 4
Bk Ry AR Rk i . AR R, FE/NK L (Teh-
thyophthirius multifillis) B i b &L 5 24 h7E
Bk A WL B G B AR SCRE N Tg T IgM A IgD 7K ~F- 2
P R0 3k e W G g BR AR 1 AE B PR IR T
KEEIIRE

IR G SR W AR 2R R 0 2R B8R AT LR
BUAR S, I AT BeHA T AR, ) 4nigs & HLK 52 5
JIE o SR, 0 A i b e A 3 R0H #5078 2 K
JE LS s R, L RATAE RN gh 2t (a5
iR 2R A B R AR IS A Al 52
e HAE T, B AT ANE R SRS n] i — 205
32 MAEZMESNEESHNSERKERH
i

E A BFSEUE BT AR 22 R0 35 0] 10 7% 6% 0 3 PRI
T P RE R BB ZREPE Y X S AT 15
AL (1K 3)—%k . Carlson 25226 W] RIF Y4 ]
FRAR T A (Gambusia affinis ) 52 R RE R ECM
ZFEVE, Legrand 25122 % 9% B (Seriola laland:)
EORRG AR (TR A% R A W) 5K
JR AN 18 S DR 2 R R S R A R R
A1 3 ) 2 B R I AR R A B4, A iF R SR A 3
B v B 1) = A PR L e 2 R P EL T B fa i
B CE Y RE, I B UE D REVR Y o 2R D R
K5 BB T R AR AP 3 T30 T 65 (Silurus aso-
tus ) ) B IR IR A4 Gl A= 0 1 L 16S rRNA I 7 X6 il A=
YA B RAEUESE T S AR PR AR TE A R R G & B KF B
X Bz R 0A W 2E RIS D S R AR R 2 R PR 1Y
FeRH L ARBII AR BoR , G0 IALUA EEL HE R
TH 7 77 5% 5% 2H B 15 A R Bk 7R BE %) Shannon 45 Alpha
ZREMERE B EREAR(E 3) , [FH Beta Z R4 25 (8] 4
A 2 I ) 0 R 25 5 (L 4 KD 5) | BREZE W A A
TEPERCE (6. 7) o 3X 26 % 30 5 B A B 58 2 BLIE
Pk , I fm) 3¢ B B0 Ak 2RI B2 0 2 5% 1 gl ok 4k
AR, BB 0 R S R G R

AT TR JERE TR RDAT B 1 1A B 1 3 25 £
BRI WIRE I E o8 o 7E 10,28 B IR AR P g A
GEH, AR T 1] B R R A A 2 v O Y B
WL T R BF ST A AR I T 145 40
FHIG AR T TR 1T 3 B 34 I mT DL R AR i A o 235 40 25 L
(bR i , 8 B G 12 W7 Y TR A IR A W R A 1
TR T AE B3 — T 53 A5 B B630E , Spilsbury 250
KT 16S rRNA I AR SE 1 B W B8O i 6 1Y
Rt (Lates calcarifer) % il W AR AL, 45 R 2
SRR R R TR M 620 ETHE
8100 , [l B S B 5 i o et 25 R R W HE B L Bk B 1)
B W) i iz AR R R F IL- 1 IL-10 )¢ TNF-a K3k
RO IR B LR PRI T IL-17 88 R BE T
A, ER U T D0 S A TR ZH BT g B R T A 3 1 £ R
ARVL . £ Carlson 25O Wi 55 b, i FVE TR 5T
RIF X B 5k 20 A A 0 252 i) F) A sh g 8, A £
Z#% T RIF J& 24 h, 2 ik b 3 22 JE 1 49 (Betapro-
teobacteria) H1 A 5 FE /R TE G 14 & ( Burkholderia) ]
FAXT S REWOG . A, i o 7 A hi A R 24 1
IF B BOW I 1Y Sy G 3 R . X — S5 ie R W] ikt
A R REAE R FEPUYE TR A OCEEVE - . &l 6 i
TENTAKOE b, 50T B2 L, 4% 2 B8 4 B ) £ 57 Jik v
A T VAR = B Y T v (R R B IR R X
UESE T bR G AR W R A A A B b 0 3 AR 12 W
PrAE o BUA, &5 5 55 21 B ) R JER TR R 22 A 1 =
R AR I 3) M R ] e 51 1a R R
.

FEJE KT b, AP A B 5 N Sl T 127 AT =F BT
ThE T, 50 B AR H g, Herf KMnO, 287 e, A3l
FFRRAHRXERE 2.67 76 _1T181165.36 %6, 8 KMnO,
RN R E . AN EE T
ICRAE TR, T2 430 A T 13 KA 5 708 S A4 B2 ik
S ZFIARBE Y KT R N S BUR T
] = N ST B (Acinetobacter baumannii) & [ AN 5
FFE& (Acinetobacter lwolffii) 5z FEAN ST (Acineto-
bacter pittii) S i AN ST B (Acinetobacter junii ) ¥R
B BHIE S A 40 0 S B 3| LR e bR 22 B R 1
FEFTIML , HE AN A H o 20T A I A — I
FEH, Yuan 2SS GE T RGN E 41 5 2 A 0 0
Fith (Pelteobagrus fulvidraco) B K % B 91 20 A%
A RZ M, rAE 2R 2 58 28 d J B A 7 R 26 A=
T2 PO G0 A 5 D AR A A bR
ST XT 2 Fhpo A R R B B, A X B T
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Fho X —A A RIRERE 7~ T 1 5 R Bk 2 i A M e Y
Jflr, v e EWL SR R AR

Zi Lk, 4ad 12 himdiA: AT 2857 2 5, BE
81 7 SR REAH e FE K (IL-18 \IL-6 , TNF-a) K 5 3%
AEFLH (IgM |, C3  Muc2) WA F ik B W% FiM,
W Bz JIK G 5 e i D) BB 2R 8L 5 [ I, B0 A= 2R R0 2 57
TR FEUL R D BE Alpha ZFEME B3 R, B
REGSH S IE T ] AT B TR RE TR ] 2 25
RARTE TR ] o g RO 3, B kAR TR S5 /) & AR
AF R PUAE R NN R R R S R RS A2 A,
T T M fe AR F £ BRE , DRI, 7K R A 0 RS ik 2
2, skt it FE 24 .
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Effects of aquatic drugs on skin microbiota and
immune response of zebrafish

LIU Shuang', XU Juchen', LU Yabing', FAN Yihui',HOU Jie"*, HE Xugang"*

1.College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2.Ministry of Education Engineering Research Center for Green Development of Bulk Aquatic
Biological Industry in the Yangtze River Economic Belt/ Ministry of Agriculture and Rural
Affairs Key Laboratory of Aquaculture Facilities Engineering , Wuhan 430070, China

Abstract  Zebrafish were exposed to 25 pg/ml rifampicin (RIF) , 10 pg/ml oxytetracycline
(OTC), 2 mg/L potassium permanganate (KMnQO,) , and 0.1 mg/L chlorine dioxide (ClO,) for 12 hours
to study the potential risks of the widespread use of antibiotics and disinfectants in aquaculture on the skin
microbiota and immune responses of fish.Real time fluorescence quantitative PCR (qPCR) and 16S rRNA
high-throughput sequencing were used to detect the immune responses and changes in the skin microbiota
in zebrafish. The results showed that the exposure to antibiotics and disinfectants significantly upregulated
the expression of inflammation-related genes including interleukin-18 (IL-12) , interleukin-6 (IL-6),and tu-
mor necrosis factor-a ( TNF-a) in zebrafish skin compared to the control group (P<<0.05).The relative ex-
pression level of immunoglobulin IgM , complement C3, and mucin Muc2 gene was significantly upregulated
(P<<0.05) as well. The Alpha-diversity indices including Chaol, Shannon, Ace, and Sobs of skin microbio-
ta significantly decreased (P<C0.05).The results of principal coordinates analysis (PCoA) and non-metric
multidimensional scaling (NMDS) showed that there was a significant separation in microbial clustering be-
tween the control group and the exposure group.Compared to the control group, the relative abundance of
Proteobacteria increased in all exposed groups, while the relative abundance of Bacteroidota and Firmicutes
decreased. The relative abundance of Acinetobacter increased in each exposure group, especially in the KMnO,
treated group where the relative abundance reached as high as 65.36%.1t is indicated that the exposure to
antibiotics and disinfectants can induce inflammatory reactions and dysbiosis in zebrafish skin, weakening
the function of immune barrier in skin and ultimately damaging the health of fish.

Keywords antibiotics ; disinfectants; skin microbiota; inflammation ; zebrafish ( Danio rerio)
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