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TR B AP ASAS, 1R AL N, A
e R0 168 rDNA s 1 2t I Fr B A R HRod 1y
AN 4 i kAT 2 2 s, e TR
35 DR T 0 A 4 A S T g rh s A K
B i (Paramisgurnus dabryanus) 1 PC B FU(P. va-
chelli) IR BIFFEH, i B FHAR AR N W2 BB I 3 T
ke, mpL AR, R 2R 5%
i) AN 5 00, AR, H A2 AR K 1 28 i gy 1 ol A=
) RE A AN ] A

K H 2 Micropterus salmoides, 7& M 1E 3 M
Ut ) — P R VR K IR 58 A, BAT 7 0 A
. W R KRS E S, K
fiyi [y 77 5 22 SR FH v % B AR A4 TR A 5K, 1B 5K
TELESRAT IS M 0 A v 45 ) L, A &) 3 380K
A g 0 B 1R S T v, AT £ R 7 AR e,
stk R e, REAME T KD
B B PR, il 43 R A I, T e R S B
LA 55 2 2 45 1), 39 L v A 2 Wi 1 S e
SAL NS 7, 0 04k S R B A e P
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1.1 SEIeHR

K Ry 4yt bl 5 N 42 VAR AR R BR 2
Al (P E R BRIk Rl A KA IR
LT () B 4y 11 [(15.320.65 g)]180 B BEAT 525 . 5K
K FFUATT, T-100 LIRFHEL N BT 777d. £E8 77 W),
JKif25—26°C, ¥4>7 mg/L, pHA7.5£0.2. HINH,CI
(O T Al BC 1 10 g/L I RE, SE56 B AR 4 57 B AT
K AR BRI, 38 31 i 75 SEI0 R L
12 FARBXWEIT

SEIGAEAARRN 100 LIRFE L N JEAT, MKH =T /K
V5T R 3% B ) 2 AR TRK 1 S A 48 h - LA
SRR PE(LCso) ™Y, ¥ 0. 25H150 mg/L= AN &
HEER TR, 0.55R11.11 mg/L), SEMIAE S 3
47(0.37+0.08). (25.19+0.51)H1(50.47+0.46) mg/L
[AEES T2IKE(0.008+0.002) (0.59+0.011)F1(1.12+
0.01) mg/L], BRZH B3 PAT, BEASPATITR L5 K

FIR6E202 . fESEI0 ferh, &FRR4h 40 FaR 5 2>
6 BEVE I S K AR AT R SRR BT 5, MR R
A8 T T RS Y o S8 30 R), K TR R 25—
26°C, pH A 7.5+0.15, #40(7.57+0.46) mg/L.

AU 1B 48h LAY, RSP AT B4 R Al HIMS -
222 BRI Ji AR, SRR RN AT M, A R
BT -80°CUKFE IR AT, FHTREEM . [FIR, ANk
FEM S BUFIE . /T RE S 30, FH4%22 58 g [ 52,
A TFHL)FWEL. 0F150 mg/Lk 20 % BL6 2,
I A I N R A7 (X INANFITANSO), &4
U5 N80 C UK LRAT, T Wt s A= il 5
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4% 2 5% T I 0 18] TR 2 2R, R4 0 A 3
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PUS CX22LED)# 4T M, 48 [l Image JEK {1t
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1 FHImage-Pro Plus 6.0 il S i 9B B . 9%
B ERWLZ R
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A AR IR K 4y, FREXO.1 gZida, #%
129 Bl i N L TIVA B R 2% o 35 %5 Wi (Phosphate
buffer saline, PBS), il ZHZR5) 3, 7£4°C, 9000 r/min
LA R B0 1 5mine B LT, T AR AR TR FRE I .
FR b i BAd A P BB A R W ELIS AT &5 1)
Ui B, Kl 2 2 25 9 #2288 (Glutamic pyruvic
transaminase, GPT). #5142 lf§(Glutamic oxalace-
tic transaminase, GOT). % [ (Lysozyme, LZM)
FAMAC3(Complement3, C3), i 2H 2R b B A A4
{L. 1 (Superoxide dismutase, SOD), i 4 b & i
(Catalase, CAT)A A ¥ (Malondialdehyde, MDA)
(RIS, A FH 423 B b3 (Bio-Tek Eon' )%} Fi T
FRARHEAT AL
1.5 BAEREYE DNA IREVFI

1§ FE.Z.N.A. ZHDNAIK I £1(D4015) U
TEFEADDNA . H1%IENE B Bt UK A DN A4
B . PCRY 4 H V3—VAX 3508 H 51 #1341 F:
5'-CCTACGGGNGGCWGCAG-3'},805R: 5'-GAC
TACHVGGGTATCTAATCC-3'. PCR“¥)4:2%35
JE BBt i FEL UK EA TSI . PCRA G /372 98°C il A%
PE30s, 32K MEIF(££98°C FAEPE10s, ££54°C FIB Kk
30s, {E72°C T 4E{H145s); 55 7E72CF LK 10min.
i F} Ampure XT beadsXI PCR/™=# 47 4li1k, -1l
IEQubitiE & . i FIllumina (Kapa Biosciences, Wo-
burn, MA, USA) S & SR I & fll Agilent 210042
Y7 BT (Agilent, USA) VAl 4™ 48 1 SC KA e
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fEIllumina NovaSeq - & _E X FEABEAT I,
I FLASH G UL RL o 52 L o 7R 8 (M 84 1
, f# H Fqtrim(v0.94) %} i 4 52 #4390 47 i e i
V&, LIRS T i cleantn 25 . Al Vsearch#/F
(v2.3.4)REJEAR & 7 41 o REAE 3 RRR 4E ) 41 1
DADA2HHA TR 3RS . AlphaZ FEVERIBetaZ FEVE
HIQUME2 5 Hi 2k, F I Bugbase H#li k47 41 14
FRITHM .

1.6 BURAIER SIS

JEs TR P AR

C,=1216 % fx C,/ 100

£=100/ 107" + 1]

pKa=0.09018 +2729.92 / T

T=273.15+1
X, CONAER &K E (mg/L), £ & /K E
A B TR BE IR T 23 HE(%), Gy B B JE (mg/L),
THRLHHR LK), BRI JE(C).

S BT 45 50 H SPSS26. 03Kk 4 1HE 4T 43 #T Ab
PR, i Ff] Shapiro-Wilk Fll Levenett: 46 73 4T il ik 25 41
(W IE A PRy 22 R, A8 A SR 36 5 2299 #T (one-
way ANOVA)FI Duncan A5 557548 vF 73 #4441 171 £
P75 . F Wilcoxon BT 304/ & T FE M
(8] Alpha 22 FF 1 RIAH 6 3= B 22 S5 () S & 1k, i
QIIME24}#frBeta % #:1%: If HIR(v3.5.2) 9.2 i 4]
Fo 3 22 W T B TR (V) 0 1B 456 FH LefSe 0 AT, 1%

1
Fig. 1

A

AR 483t K 1 R i JH 2 2 A 45 ) (1 55 i)

Effects on liver microstructure of Macropterus salmoides under 48h ammonia-N stress

SEP<0.05, LDA>3. 45 BB LI +hrdE 22 (X +
SD)# K, 24P<0.05HF ANy 27 B 3% .

2 HR

2.1 FAEB48hE K OEBEFLELN N BRI ER

T 2 WOW SR B, A E Wy ia48h s, 04 i
ZH 2R e o K ) LT 20 R 2 4 55, JH 4 M 445 4603
AT 57 4, 40 it ) 5 B B k(P8 TARITID) . 25 mg/L4d
JFT- 4 B HE 41 HH B3R L, 35 43 40 i IR vk (BT 1B
FITE). 50 mg/LALIF40 M i i, HEFIZREL, K=
Y S WAL (& 1ICFITF). 0. 25150 mg/L4HF4H
25 U 2R 0 50 4 (23.61£1.39) % (47.72+0.55) %A1
(69.8+1.38)%, 2 57 i 3 (P<0.05)

TH I 0T o A 2R A A R TR 4 AT (T 2) )
A, fER E 0 48h)5, 25K150 mg/LA 7 20 23 H 4R
S 6 10 00 38 T, AR A AR R AR K. R A
R S AH R 2R e B Wl 35 1 22 5 (P>0.05; 3K 2)
0125 mg/L A I 986 56 & G o3& M 22 72 (P>0.05),
50 mg/LZH () 986 05 i 25 5 T-0R125 mg/LA(P<
0.05); 50 mg/LAH HILJZ R JE Bl 2 /& T-04H.(P<0.05),
1525 mg/LYL % 7 A B35 (P>0.05; % 1).
2.2 FAEMB4ShEROBHHEAMAURRE
ST

S AR T B A 4] PR AL B AR
P o 98 Wl R A S (] 3R 4) . i
48hJ5 i 4 2 h SODE PE NI CA TG Wl 2 T v (P<

CV. H e fik; H. IF40A; HPV. FF41 e 25 ik

CV. central venous; H. hepatocyte; HPV. hepatocyte vacuolation
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Fig. 2 Effects on intestinal microstructure of Macropterus salmoides under 48h ammonia-N stress
VH. REHSE; VW. BB MT. IUZ )R L GC. R4
VH. villus height; VW. villus width; MT. muscle thickness; GC. goblet cells

R 1 TEHME48hIT K O ESHEHLRRIFN
Tab. 1 Effects on intestinal tissue of Macropterus salmoides
under 48h ammonia-N stress (um)

Ab 3 BB 9B WUz 5
Treatment  Villus height  Villus width  Muscle thickness
0 328.06+8.46 69.16+3.17° 69.41+1.39"
25mgl 336174535  69.25:1.10°  70.43+1.39"
50mg/L  333.48+9.41  79.58+0.92° 73.97+0.96"
s [F AN R BER 7R AT R 200 B T AN [ Fp e b (1]
75 57 134 (P<0.05)

Note: Different superscripts at the same column mean sig-
nificant difference (P<0.05)

0.05); 50 mg/LZH SODVEH 1 i #IK 7725 mg/L4, CAT
W 2 T 25 mg/L4H(P<0.05), 258150 mg/L
HMDAF 218 3 K T-0241(P<0.05). HFZHZh25F1
50 mg/LA GPT & GOTf LA 04 il 2% 1 F(P<0.05),
25H150 mg/LZHLZMiG 1 5 3% v 15 B 41(P<0.05),
25F150 mg/LA41JE A W 72 575 50 mg/LAI#MAC3TEE
5% T 04(P<0.05), 25 mg/LAH i T-041{H 22 3R
3% (P>0.05).
23 FAB4ShE K OB MEREEFHNTK

ASEIGAR T 12N FEAREATIN Y, MR T
E A& 16S rDNAJF 154624945, 3 3 XU Hf 42 |
o A R ik A A B A Uy U IR A R, R4S 3
11661~0OUT. Wl 7 A3 44k v] LA e AE A4 K 2
Hmh, o] AT 5 8250 o

AlphaZ Ff 1 3 2R R I W Fh = 5 B F1345)

FE(K 5)0 e W4 BINAN ALK chao 1 i %k
(K 5A). observed outsfi#i(/4 5B). shannoni%{
(Kl 5C)Fisimpsont54L (&l 5D), ¥ 2 EH K T-ANS04
(P<0.05), Jlz T8 B HE 1) ~F 5 BE AR

X124 FEAS 1) 32 A BR 73 T (Principal coordina-
tes analysis, PCoA)WI & 6/fi7x. AEBIEARERA
[F) 732, AN TR A TR) P B A QR LA i A ey 2 S
B0 ANSOZLRINANZLAEA (] X 7 B &5, HAT 2
22 7(P<0.05), @ A 48h i K 1 2y iz ik A=
LAY e R G

55 KT i e AN () 4 A FIRE AT (1) R ik R 4
H, X ANSOH FINANL Il feature 2E4T 73 AT IR
(Kl 7), ANSOZLRINANZL AT [ feature 7 1964, 7
[ feature(¥116.8%, 1 ANSOZLHINANZIFFAT [ fea-
ture £ AH ZEREK, 4301 709(60.8%) F1261(22.4%) -
RN, FH 2 R ok Jie 7 22 e feature 2 BT (1] 8). &5
R BoR, 7 tfeature £ ZAE R LESUAT 5 ] (Bacte-
roidetes). 14 [ ](Cyanobacteria). 22 # | ] (Pro-
teobacteria). A& 4T & ['](Fusobacteria) fl 2 g 4]
(Spirochaetes), 2% JE 1# [ ] (Proteobacteria) [ i f77F L
THAITR % i feature .

XPFEA P A0 B2 K T 1% ¥ feature HEAT
A F RE A ZE S a3 (8 9) e AETTKF (BT 9A),
FEMPCHA R R L TE | ] (Proteobacteria) AT
| J(Fusobacteria). T 141 ](Bacteroidetes). %
JiEA4 T (Spirochaetes) il JZEE R [ ](Firmicutes).
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OB A1, fEZ A Pri148h )5, ANSOLHINANALTE
FONT T 1 AR AR 1) BRI AR O F 2 A7 AE B3 7 5
(P<0.05), AN50ZH 2.2 = "NANZL; RAT B [ A1
BETR | AFAE— € ZE57(P>0.05). )8 /K P _L(K 90),
FHRE 2 2R T 1% ) J& A 84, 4370 A AN ) - 14
(Acinetobacter). % ¥ HF B J&(Chryseobacterium)-.
A 0 1] & (Plesiomonas)~ WRTiEAK & (Brevinema)-
it ¥ B4 )& (Cetobacterium)~ 52 84 [C 1 J& (Edward-
siella)~ "< %l 1% & (Aeromonas) FUE PRI i & (Pseu-
domonas). %755 Hr (& OD)HILEfSe s #1 (&l 9E)
LR, AE 8L B s 4 A7 AE B
(P<0.05). ANSOZLAZIFF B 4 BOFT 11 Ja AT
T A4 1) = 88 S0 v T NANZHL, 40 P i o e 1) = 8
T F T NANZL(P<0.05).

I o AR O R B A B A R R B T 2011 JE
Jr T A BEAR AR IR O R (18] 10). 45 BRI, A
&5 HIEMDA S & CATHPE. 2B % ERIZE
JERE S IEMIE, &AW E S IIENUZ R . %6
6 K SODI I S IEAH G, st W I S i iE WUz 5
FE BB RE R IEA DG, RO R Rk e
MW . TEIR MR R Y I IEMDA IR A
Ko AW JE S HIEMDA S &, CATIRME. %K
B EAIVZ L 2 AR

AL TR R (1) 5 e, X Ji T TR AR B AT A A, A
FBugBaseX} 4 B 38 B JEAT PO, YR AR T ZUP
TE0F P 3 T A= 0 R ) R B R T e ) RE e (B 11)
ANSOZH MINANZL 7E#= 22 [RBTG5 24 P B
D7 W% 25 5, 2 I M B (e i s e b
AN R, ANSOZ H AT AR 1 A= P TE
CEPARITINAY G
3 iTig
3.1 S&EfmAOELRTE. BEHLERIE
BEEFIThEE

JH I 2 38 AR A QU R 25 1) 32 28 1, KA A
VPRI i, 2t TP U5 " o A Sz,
AN R 1 A JH U A 3 ) A 2R 65 4 s e R TR
9 A0 51 2 LA 40 i sy Ak, I HLRE A 2 A
WRESE I, JH-40 M 2 A B I . AR Sk 5 (Me-
galobrama amblycephala)F[A Bt 5L (Verasper va-
riegatus) )28 Z Y0 SEIG Y, (R BI040 Al s e
LA, a1 2 1A 2 A0 MR A AT IR
[F]INF, U oh A7 A0 22 Bl R R AR I AR K AR A
FEAE A, T 0 M2 Y T R 2 o I 7= 2 S,
TS S (1) 15 D Re i3

#1103 A b e fEA Sz, B

H Tk T AR PN T ORI SR Al 3 PR AN B H AR P08 5 W2 G0, 50 me/LA i) i iE
- — - a .

230714 g 10 g mw “lc
# 2 a g = a a
Iz oo # %D 80 b M.g = b
& E 20 | b ®E £ 2
§§ 20 . & a 60 b & % ; 40
2 %z #es
] £ F 40 183
SERU ¥ g g 20
WA "HE 207 g =
®o <

2 0 © 0 0

0 25 50 0 25 50 0 25 50
R R TR
Ammonia-N concentration (mg/L) Ammonia-N concentration (mg/L) Ammonia-N concentration (mg/L)

K 3

FRMMA A8 K [ BBy 2 ST AL ) 5

Fig. 3 Effects of antioxidant enzymes on tissue of Macropterus salmoides under 48h ammonia-N stress
[l — B Th AN [R5 B R 22 57 f 45 (P<0.05), T [l

Different superscripts at the same figure mean significant difference (P<0.05), the same applies below

3 40 A, #3260 (By
2D 30 b 8
Ezg b B2g 40 by
W 3g 20 & S g
& S
EEE H5E 20
GRS G
& E 0 & E o
= 0 25 50 = 0 25 50
Ammonia-N Ammonia-N

concentration (mg/L) concentration (mg/L)

) 4

Ve B

a

1500 Cp & 600 D . a

=]
2~ S~ b
£3 f = 5 b
‘& & 1000 K £ & 400
S w g8
S5 500 ¥ 55 200
= L)
0 © 0
0 25 50 0 25 50
RS E R
Ammonia-N Ammonia-N

concentration (mg/L) concentration (mg/L)

A U 48R K 1 PR AR 7 Y S e ) S

Fig. 4 Effects on non-specific immunoenzymes of Macropterus salmoides under 48h ammonia-N stress
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LMK, YE Y ET X A1 RN25 me/L4,
HIBENZ B & B2 KT, 782k = e
S A Ji 3 5 W R 9 U T I T R £ A
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AMMONIA-N STRESS ON TISSUE STRUCTURE, ENZYME ACTIVITY AND
INTESTINAL MICROBIOTA OF MACROPTERUS SALMOIDES

WEI Meng-Shen', ZHENG Tao"?, LU Si-Qi’, QIANG Jun"?, TAO Yi-Fan’, LI Yan® and XU Pao"’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, China; 2. Key Laboratory of Freshwater Fisheries and
Germplasm Resources Utilization, Ministry of Agriculture, Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: Ammonia-N is one of the main pollutants in intensive culture environment and can cause serious oxidative
stress and immune damage to aquatic organisms. Liver and intestinal are important defense mechanisms to protect or-
ganisms from biotic and abiotic stresses, however, the response mechanism of liver and intestine to ammonia stress in
Macropterus salmoides remains unclear. We investigated the response mechanism of liver and gut to ammonia nitro-
gen stress in juvenile Macropterus salmoides, three concentrations of 0, 25 and 50 mg/L (Non-ionic ammonia concen-
trations of 0, 0.55 and 1.11 mg/L) were set for larval Macropterus salmoides (15.32+0.65) g in order to study the ef-
fects of ammonia-N stress for 48h on liver and intestinal tissue structure, enzyme activities and intestinal microorga-
nisms of Macropterus salmoides. The results showed that after 48h of ammonia stress, both 25 and 50 mg/L ammonia-
N stress caused hepatocyte vacuolization and hepatocyte arrangement disorder in liver tissue. In addition, 50 mg/L am-
monia-N stress increased the number of goblet cells in intestinal tract, villus width and muscle layer thickness. The activi-
ties of GPT and GOT in liver tissue of 25 and 50 mg/L groups were significantly decreased compared with the control
group. The LZM activity in liver tissue, SOD activity, CAT activity and MDA content in intestinal tissue were signifi-
cantly higher than those in the control group (P<0.05). The activity of complement C3 in 50 mg/L group was obser-
vably higher than that in the control group (P<0.05). Ammonium-nitrogen stress affected Alpha and Beta diversity signifi-
cantly. At the phylum level, the relative abundance of Bacteroidetes and spirochetes in 50 mg/L group was signifi-
cantly increased compared with the control group (£<0.05). At the genus level, the abundance of Acinetobacter,
Chryseobacterium and Brevinema in the 50 mg/L group was remarkably higher than that in the control group, while the
abundance of Plesiomonas was significantly decreased (P<0.05). The results of BugBase phenotype prediction showed
that Gram-negative bacteria were absolutely dominant in the intestinal flora. Moreover, intestinal flora in 50 mg/L
group had lower biofilm formation ability and stress tolerance. This study showed that ammonia nitrogen stress caused
damage to the liver and intestinal tissues of Macropterus salmoides, and decreased the metabolism and detoxification
ability of the fish. The activity of antioxidant enzymes increased, and the Macropterus salmoides developed oxidative
stress. The activities of lysozyme and complement C3 rised, GOP and GPT activities decreased, and the ability of non-
specific immune system decreased at the same time, the composition of intestinal flora is changed, the stress tolerance
of intestinal flora is reduced, and the intestinal function is easily damaged. This study will provide a theoretical basis for
analyzing the harm of ammonia-N to fish.

Key words: Ammonia-N stress; Antioxidant; Immune; Intestinal Microbiome; Macropterus salmoides
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