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kgl Rzl # 5 R 2=, B 22M 730070

BE: MR ARAN A XU (Oncorhynchus mykiss) B A% Je Mk 1E 1 YR FE % % B (THN V) J5 1L 7 T E AL B X 8 e
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IR B T = 2 B AR 6% (Hypophthalmichthys
molitrix) . ¥ (Ctenopharyngodon idella) . A3k fi
(Megalobrama amblycephala) M ¥ Fifh (Pelteobagrus
fulvidraco) 4 FhASRIEYEMARBUA LRE ), F
T BRI B . b, ik BE i = AL R
KA R IR 2 1 s s R O
SOV R Y B, KO S R R S LB T A
(Danio rerio) i B 1 AL W) BF Ve R M, W] g3
TSSO BT i B4 o TSR R B B R T
0T 0 7 T B RS R THNV 5 S8 22 R 7 AE %5 5%
VIXAR,

0 38 AN AN 2 6 HE Bl W R AT T A R 2R
2 G B AR Y SC S B, AR R HRAEN S SR A = 1Y
S PiZ, WETER IETER e U Y
NS4 S WA B 1 A A AR Y a2
1o 1 TR S LA R UIAR G, M/KAREREE K A=
ALY, i 3E B T RE & 2k AL, TR i LA
fle BRSO SRR R ) 2 ik R A S SRR BEIN T
Z—, B, ARG K A b a8 0 B X
B THNV Gy BPERSE R, X T 255 By 4 e
R THNV BoA 208 Y, SR, HETEN
AN KRR E A T ISR THNV J5 194 2
PLHI RS 1 R AR IE o ASWT5E B AER A R =2 A
VB 38 T ar R GY THNV 5 I3 B 48 A i T
VAN 7B I= R EA T L (AN /7B KAk L E P S S B SO
(A K 3B T A D TR R E I 22 5, Ol BT 8 SR 5 v
AP THN SR80

1 HRE R

1.1 XER&E

SR A EH A A T e R E IR N 3 i B
MRK L E MR ETY, EH 200 BICEG L
BT R —8. KE K (13.520.5) g AYUTESL) {0,
BT HIR A K27 K PR N 2 I e LA
KERIIL L
1.2 EWigit

sScum sy 4 41, R4 50 B FRIEHAKHR
Feor B H K, DREFIA R A>8.5 mg/L, RJE
(12+1) °C, H¥sKE KR SRR 173, BRE
Fiof 3 MR T 05 g ot SR AL, BT R AR Y

1.5%, &FF 14 d, BREHNE, H T8
& NH,CI ] S B2 2 1000 mg/L (IR, 4351
P B AR 41, 2 mg/L), (M 4, 4 mg/L). &(H
4, 6 mg/L) 3N AMAEEL, FHim i e A
R BE I 5 vE AT RCHE, BRI K R AU,
PR R R AR R . AT 03 10 d IR A,
2 JE ST TCIDso >4 1077 /mL i THNV 0.25 mL
(RS2 56 % o i g v 2 ) B R, AR
SRS AT AR, IR TR
13 ZRHFSRERLE

RER AT 10 d )5 M THNV WH 5 3.5,
7819 d, FRAFENLREE 6 FE, MS-222 FkEt)n, 43
FRAE B MR AN A T 22N M SRR A VK ik
#H 1hJ5, 4 °C.4000 r/min &5.0> 10 min, B 1R
PRAET-80 CHIT )5 Lemih 1 ; W4 2K
AW R S AR AE T80 CUKAR, TSk oL
FH TR TEREEIG 7 d, RAEULIS 7 E N &
Yy, GBI E R IR T80 CUKAE . [RIA,
SRR LY, i 4%H0 2 B EE [ 2 24 h
ik, HRARA
1.4 SLIEFHE
1.4.1 ALFREZEDH BUHALUEE)SE, #iT
A6 BE I K RBEAS . AL B B Ak A
B AALHRAE, B HIE-20 CHEM, 155 b1
F (4 pm), B ERE T 40 Tk, K 2L,
e W RARAE . ), SRAECED) R HiL (DX,
Ll AR 37 B % 2 97 B A PR A R 2R AT A 4 2
WHEE
1.4.2 MFEEIRNE 4% EPE BRI (AKP) |
A TN I S Il (ALT) AN 1 (MDA )ik 1) 65 (R o
AR W) T AR SE ) B E UL B X LT AL B, £
DIRETLAFL A E Y (Varioskan LUX, 3E[E Thermo
Fisher)ill & .
1.5 BEEERIENE

TRIzol ¥4 $E BT B8 1738 & RNA J5, R A%
=566 T (Nano Drop One, [ Thermo Fisher)
R H B, 33 Aneo/ Aaso FI1 Aneo/ Ao [ PEAR 5T
i, 1%B I e el Dk R I S 3 . ] Evo
M-MLV S % s i) G (1 e S0P B A= 4 TR A PR
28 A HE IR B RNA 5% 8 cDNA LA B-actin
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YIS, P8 NCBI 5 p-actin, Mx .
IgM | IRF7 1 IFN-a 3£ H ¥ %1, i3 Primer 5.0 %
T qPCR SIMIEENER 1), 519 th By bRk P AR
YR A RA R A M. qPCR WK ZR N 10 uL,
FLW 254295 °C 30's; 95 °C 55, 60 °C 34 s, 40 Mg
;95 °C 155,60 'C 1 min, 95 'C 15 s,

x1 5UER

Tab.1 Primer infmation

BRAAFR FERE RS S1FH(5'-3")
gene name  GenBank no. primer sequence (5'—3')
p-actin - NM_001124235.1 R: CAGGTCATCACCATCGGCAAC

F: CAGGTCATCACCATCGGCAAC

Mx NM_001171901.1 F: ACCTCACACTCATCGACCTG
R: TGGCACAACCACCAAGCTG

F: ACCTTAACCAGCCGAAAGGG
R: TGTCCCATTGCTCCAGTCC

IRF7 XM _021600499.2 F: TCGCTGACTGGCTGATAGA
R: CTTGGTAGTATGGCTGCTGTA

IFN-o NM_001124531.1 F: GCGTGTGTCATTGCTGTGA
R: CGCTCAAGTGACCGTAATGG
T Mx APURHE AR IgM R B sk M IRF7 AT
R T 78E; IFN-0 A TRE o FEH; p-actin F L3 H I
A
Note: Mx is anti-mucin gene; /gM is immunoglobulin M gene; IRF7

is interferon regulatory factor 7 gene; /FN-a is interferon agene;
[-actin is actin gene.

IgM X65263.1

1.6 16S rRNA il

HWEEE 7 d, REWMIENEW I TR
12, Pk BAEREERBHCARA AT 16S rRNA I
J¥o RH TGuide S96 REFREFLIUAFIAFE & (1) DNA,
Jf PCR ¥ 16S rDNA [ V3~V4 AIZS X ¥4, fiff
H514%1 4 338F: 5'-ACTCCTACGGGAGGCAGCA-3'
fl 806R: 5'-GGACTACHVGGGTWTCTAAT-3'i#
1191 PCR ;J“¥)%4 Agencourt AMPure XP fifER
4ifbJ5, FH Elution Buffer i fi#, 52U E., i
Agilent 2100 Bioanalyzer il SCEE) B Bt K/N 5
W, R SE s, R4S A R By KN, d@ il
[lumina HiSeq - & #E47F
1.7 HELIE

fifi H SPSS 22.0 #4751/ 4r, HF¥{E+hR
HER (X £SE) IR, K HLH &K 7 225717 (one-way
ANOVA) }% Duncan’s i 45 (Duncan’s test) L 6] 18
HE AR EH Z BG4 25 5 LA R
ECRH 27T, G B K OF e
P<0.05, f#if] Origin2019 44,

%3248
2 HR5HH
2.1 RESMREMMMBL THNV SFHIEE
A

R 2 Fios, WA S0 2H 2 A MR T v NS
SRt IA A, AT SRR T HR B, RS 5 d
W,C. LA M AHBREAET:, T HHALEE
3dEPRAESET, S dFET-HIK 100%, WEE 7d ),
b A AR TR, B 3 DI e T A
W& LIt

®k2 AEEARE TR IHNV FHETE
Tab. 2 The mortality of rainbow trout infected with IHNV
under different ammonia concentration

2 A M /(mg/L) BET-#/% mortality
ammonia nitrogen concentration 3d 5d 7d 9d
c 0 0 55 111
L 0 0 222 333
M 0 0 722 889
H 333 100 - -

H:C.L. MM HERKFCH ., LA, MU HA.
Note: C, L, M and H are denoted as groups C, L, M and H.

22 ARASRRETHEBL HNV SFhHiEaA
MEPIY

mE LA, WR&E 748 C LA M 4 igiE
HAUL I, FEZEWRETHE A THNV 55 500,
0T 6 1) i 3 A U AR B IR . C A S
FRAXT R, SEHEANEEST, (BALZE SN I,
R T s (& 1a, dy gl j);
L 41, Wi by = e B e, Mot
AR R, Wil A E A, SRE MYATILE ™
IR, MM R(E 1b, e, h, k); 3 A,
M 4 bRz 4 b i ™ i, Mo E K E AR
WHE, Wi b Ez sy g5 (Bl e, £LiL 1),
23 ARREIRE TIHERESE ITHNV 3t M iFEEE
im RN

H & 2 frs, THNV BT, 68 i 75 AKP
TG J1bEE 2 AW T =g m, {3 H 40 AKP 6 )
AL (P<0.05)(& 2a), X CHIL 41, M A H4
ALT % 711 MDA & & T (P<0.05)(&l 2b.c).
IHNV K # )5, SREAHMN AKP 1§ R BET
A%, I ALT 35 1l MDA &4 3 d )5
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K1
C.LAMIM#FmRNC4l. LAMMA. a—c. d-f. g-i S j-1 5 HIFRARITEL T 6%
I g 20 i bR AIILUZ 100xHEUE L.
Fig. 1 Intestinal histopathological changes in rainbow trout infected with IHNV after 7 days under
different ammonia nitrogen concentration
C, L, and M are denoted as the C, L, and M. a—c, d—f, g—i, and j—I represent the morphological changes in the
midgut of rainbow trout at 6x magnification, the midgut of rainbow trout at 20x magnification, the intestinal
epithelium and the intestinal muscular layer at 100x magnification respectively.

E >

s& ~E25¢ 8 30 c

S Es 2 8 2z

&% S 820t =825

g4 =3 S3 1.

X3 RE 5| E5 20

ﬁ§3 §§ @éls * Bb
g 10

mE2 g &5 10

B & 2 g

30 E 0 30

H 5 0

& it [F1/d time it A/d time A E)/d time

Bl 2 AFEZE R NI EEGE THNV 5 M5 AKP F1ALT i 11 &% MDA %22 {E[&]
C.L. MAIHE R CHUl, LA, MAM HAH. RFEKSFE:ERN R — B R 241500 22 5 835 (P<0.05),
ARING Fob: RN [F)— 2 A [7] e i) 22 55 55k 35 (P<0.05).
Fig. 2 Activity changes of AKP, ALT and MDA in serum of rainbow trout infected with IHNV under different
ammonia nitrogen concentrations
C, L, M, and H are denoted as groups C, L, M, and H. Different capital letters indicate significant differences between
different groups at the same time (P<0.05), while different lowercase letters indicate significant difference within the
same group at different time (£<0.05).

W3 B, ZJ5 ALT 36 J1 3 TR (P<0.05), C.L  (P<0.05), 1fii H 21 MDA &2 IZ# L FiEH
M M 4 MDA &&= BB TGS LI (P<0.05).
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K3 AREEEWE FIaURY ITHNV 5 IgM . Mx. IFN-a Fl IRF7 3R B M #eik 24 5
C.L. MAITHZR/RCHA . LA, MAMHA. ARG FEERR 7] — B B[R 240 5] 22 5 5 2 (P<0.05).
Fig. 3 The relative expression of IgM, Mx, IFN-a and IRF'7 genes in rainbow trout after infected with IHNV
under different ammonia nitrogen concentrations
C, L, M, and H are denoted as groups C, L, M, and H. Different capital letters indicate significant differences
between groups at the same time (P<0.05).

25 AEAIZB[KRETHERE IHNV FHER
B R

251 OTU&its# IHNVIL#H7dJE, C. L
FUM 20 0T 68 iz T8 N ARSI ) 15 A FEAS gk
ARUTF] 905790 45, FT 97%AHAUM: XS 245 1)
WY F)#E4T OTU (operational taxonomic units)
BHAHr. Venn FE/R(E 4 ), 55 a ity
OTUs 4 449 4~,C. L f1 M 41454 K OTUs 4%
SR 243, 110 F1 169 A~ 3l o R i 2 g (E 4
), Mt TF-2%, BEMEWE L RE S I 7 % 5
AR R T oK .

252 HWESHUEST HBEMEY Alpha £
FEVE2H ] 22 5 E (B S)FTR, Ace F AL & 2 Ak

JE T+ BT, Chaol 48500 & UL BH & A% 16 (&
S5a. b); Shannon #& % b % 22 A0k B2 5 1M FEAIK,
1M Simpson f840A L FEH (Kl 5¢. d).

55T PeoA SrHrvl A, ZAMMEM L Al M 4
W B0 i T AR ) TR RS A B B, T C 2 il
AW R RS A A8 4 25 5500 B 54 IR B
22 5 (K Se).
253 HEEARST WMiEWHHB SR L
w(E 6 FIEk 3), TENKF L, CHPIRRAREITH
W5 ¥ ](Cyanobacteriota)(40.43%) . ZF AT 1]
(Bacillota)(30.98%) i Bl 1% [ ] (Pseudomonadota)
(17.92%), L 44 MREMIET](91.42%), M 401
FRTE1(77.04%) F 3L 5 AR T T (Mycoplasmatota)
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Fig. 4 Venn diagram (left) and dilution curve (right) of intestinal microorganisms of rainbow trout infected
with IHNV for 7 days under different ammonia nitrogen concentrations
C, L and M are denoted as groups C, L and M.
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Fig. 5 The diversity index and the PCoA analysis of intestinal microbial community in rainbow trout infected with
IHNYV after 7 days under different ammonia nitrogen concentrations

(11.65%). FEJE/KT- I, C L35 IR Sy 2T i
J& (Faecalibacterium)(6.72%) 115 7 [ # J& (Esche-
richia) (5.81%), L N BhHT 1H & (Acinetobacter)
(11.31%), M @ N # /K 4 5% B J8 (Deefgea)
(33.41%) . KN JE (deromonas)(12.01%) . %K
E W J& (Malacoplasma)(11.56%) il A 3l T & &
(10.83%).

TENTKAF b, 2 A0 30 41 0 68 Jizp 18 v i e )
FIZFFRAT B 1] e 35 B AR (P<0.05), i fi i
B [0 SRR T AR JEE W2 25 T (P<0.05); 7EJ& /K
Vb, A 38 A1 65 R 38 A oY RE IR R

(Blautia) ML FT 18 J& (Bacteroides) F & il 2 [ 1%
(P<0.05), M#E/RfERHEE . <P PO E
J& B W TR (P<0.05), HEM 52 A HkE
FIAR M o BEAh, 12 INE 8 (Bdellovibrio) FIAk H i
I J& (Polaromonas)fE L 4 i 25 & 4

1Tt

3.1 SFEMEITITEEE IHNV FIE TR
T T B 1 B RS AR K A= Bl 1) A 5 B A

FEXFH P A v A PR TR S Bl g

TR AL B AN W R S SR 5 % B B B4 hn, - vy ok

3
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S 0.6 I B Cyanobacteriota JF3i[ ] ° 0.6 B Escherichia 3575 KR
] Deinococcota S BRI ] > B Bacteroides RIAF B
= m Bacillota JEEE ] g — Tsuneonella # R H R
= W Campylobacterota 25 Hi [ J ° Aurantimicrobium TR
e M Verrucomicrobiota JEilp | = W Devosia fERIT R ER
= 0.4 Actinomycetota JiZE ] | # 0.4+ W Aeromonas S HJIH R
o W Thermomicrobiota # 4[] T Craterilacuibacter X L1 L1 IHIFT 5
I Deferribacterota [R#kH 1] & Brevundimonas §5 3% . 1R
= SR ey [ E B Do
SE 0.2 = 1S\Igicllobacteri0ta AT 0.2 [ : giz:g%%%{%?;i%%ﬁ:ﬁ
. H F libacteri
= Pessuion @1 e .
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Fig. 6 The microorganisms community composition in rainbow trout’s intestinal at phylum (a) and genus
level (b) infected with IHNV after 7 days under different ammonia nitrogen concentrations

F3 FHEANHEFERBEEIMEAKELAKERSIT
(X EE>1%)

Tab. 3 The statistics of microorganisms community
composition difference in rainbow trout’s intestinal at
phylum and genus level (relative abundance >1%)

"] phylum C/% L% P M% P
EAMITE ] Pseudomonadota 18.34 91.34 0.01 76.87 0.04
ZEFTET] Bacillota 3193 1.62 0.01 1.64 0.02

W] Cyanobacteriota 38.75 1.58 0.01 0.32 0.0l
FJFMKIT Mycoplasmatota ~ 0.01  0.03 0.12 11.58 0.04

J& genus C/% L% P M% P
I B Bacteroides 2.11 0.02 0.04 0.03 0.30
974 RS Blautia 224 0.02 0.01 0.01 0.01
WA TS Polaromonas 0.01 1.69 0.01 0.57 0.21
WS J® Bdellovibrio 0.02 3.14 0.02 095  0.09
HWURMEHR R Deefgea 0.11 7.02 0.04 33.12 0.0l
KILHE Malacoplasma 0.00 0.03 0.05 11.58 0.01
SR Aeromonas 0.05 0.57 0.02 11.94 0.01

H:C.LAMM#ERNCH, LA, MA.

Note: C, L and M are denoted as groups C, L and M.

(18 T 1) S5 ¥ Ry S TE s . THNV A Ay T
S HRPE R I A 2 —, DR Sk R s A T
K, BN T ERYETEHER, EH Y
T S P R R o X IR B PR — SR
i B — W 2 v, A AT R, s R
(Acipenser schrencki)#1Fa7E A AW E 2 Fll 4 mg/L
T, Wil 60 d RWIHAARR A B EpmUY,
w P AEf.(Oreochromis niloticus)4) th.1E 2 & e FE
4325, 6.51 f113.01 mg/L F, il 30 d LIFR
HEE T, AT RERYG THNV 5, — B 3 K

A EAET:, BI5E 7 KIET R ATk 75%LL 1120
ABFSE R IR, TEE5 Ik 6 mg/L 28 Ak BE TR X T 6 4))
AT 10 d WA, JERRBCLIET:, {H IHNV
WG 3 d FFIR I BIBET:, 26 5 RILTRIA 100%,
B AR AR S iR . X £, A
R3S T SRR e THNV BT A B4 I [ 2800 2500 H:
YU . R R Bii S IR, TR BB
BTSRRI
32 F[AMEXITEES IHNV FFEARR
545 B3 M

S 38 e IR R Y X R S a2 SR B
Yyl 3 S A A RS A0, AT S i G A N
W 5 T fi, ) Bt 2 B AT i 3 266 S o g i H 1),
HoHEHEREAGHREEENRSE .. KR LU,
BRI THNV J5 i b K 4 s /b s ife, H
WUZSCHEAE W . ZAME S, BE 2 AN
B, WaiE bR A s Ak R R N, 4l
ZUR AW WA, S BEU/N, BAZEINE,
MY AR TR, W b Az 35m . X 558
FIAFZE Hobm 8% Gy THNV J5 i g2 LA R
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Effects of ammonia nitrogen stress on IHNV susceptibility of juvenile
rainbow trout (Oncorhynchus mykiss)

LIU Xuejiao, LI Jie, DAN Caixia, HAI Qiang, LIU Hao, LIU Zhe, ZHU Lirui, WANG Jianfu
College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, China

Abstract: This study aimed to investigate the effects of ammonia-nitrogen stress on serum antioxidant enzymes,
intestinal immunity-related genes, and microbial community structures in rainbow trout (Oncorhynchus mykiss)
infected with infectious hematopoietic necrosis virus (IHNV). Rainbow trout with an average body weight of
(13.54£0.5) g were selected for the study. The experimental design included a control group (C group) and three
ammonia stress groups: a low (L) group at 2 mg/L, a medium (M) group at 4 mg/L, and a high (H) group at 6 mg/L.
A 10-day ammonia stress exposure was administered to these groups. Thereafter, an intraperitoneal injection of
IHNV with a TCIDs, of 10’7‘875/mL, at a volume of 0.25 mL, was administered. The activities of alkaline
phosphatase (AKP), alanine aminotransferase (ALT), and malondialdehyde (MDA) in the serum were measured 0,
3,5, 7, and 9 days post-infection. Additionally, the expression levels of immune-related genes Mx, IgM, IRF7, and
IFN-¢ in the intestine were assessed. Seven days post-infection, histological changes and differences in the
microbial community within the intestinal tissues were examined. The results indicated that the mortality rate of
rainbow trout following infection with IHNV was positively correlated with the concentration of ammonia-
nitrogen stress. As the concentration of ammonia-nitrogen increased, the degree of vacuolation in the intestinal
epithelial cells of the rainbow trout intensified, and villus area decreased. Additionally, the activity of AKP in the
serum decreased significantly (P<0.05) after infection, whereas the activities of ALT and MDA exhibited a trend
of initially increasing and then decreasing. The expression levels of Mx, IRF7, IFN-a, and IgM in the intestinal
tissue exhibited a pattern of initial increase followed by a decrease. Seven days post-infection, at the phylum level,
the abundances of Pseudomonadota and Mycoplasmatota in the intestine significantly increased (P<0.05) in
correlation with rising ammonia-nitrogen concentrations. Conversely, the abundances of Cyanobacteriota and
Bacillota significantly decreased (P<0.05). At the genus level, compared with the control group, the
ammonia-nitrogen stress group showed an increase in harmful bacteria, whereas the abundance of beneficial
bacteria demonstrated a decreasing trend. The results indicate that ammonia-nitrogen stress increases the
susceptibility of rainbow trout to IHNYV, reduces their antioxidant capacity and immune responses, and disrupts the
stability of their intestinal tissue and microbiota. This study provides a theoretical basis for the ecological
prevention and control of IHN in rainbow trout farming.

Key words: Oncorhynchus mykiss; ammonia-nitrogen stress; infectious hematopoietic necrosis virus; antioxidant
enzymes; immune genes; intestinal microbiota
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