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TEMME R kR T R AR S
C R K P AR R AN AT e B A1 AR, 1
2PN R AT 2, JCHE R rEaE,
QAT B85 (Oncorhynchus mykiss) $& A #8 1T 20% Bk 7K
fb&WiaE, MEFFSE S s, 51 d 2 g5 R
PiFn G gZe i, XoF o AR s Bt s et koK Ak
BRI T E R P IEXTUAA K I
IERERE A B e Sy . AR, G T
WK AL G W xf S B ZH 2L 2540 . HUAA AL BE ) R A
RERE ST SEMaATI AN T 2

HATpr sy 28, R 2R A ek rh il 2K AL &
WA B I EAE 7%~10%"5 T A £ 1 0 2 4]
B R KA S P K- A S 20%, S5k
AR A KT 15% B, LA H B0 B 8 A0
FRAFAEM . P, A SCE BT 3 FAS [R] R BE A K
AR (LA 7% TER, M : 12% 3EH,
HA: 17% JER), BRI A Pxt R R i
HAGER . PUE A AR B IE AHOCHE N 3R
IRSEFRPRISE IR, BT K H B 65 B Y B R
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1.1 SEIRfAR

e i 3 e K Ak oK P 1Y A A KL B B
48%) % Mg CHLIE 105 9.5%) 10 Bk & & 43 51 4 7% B
B (L), 12%TEH M) 1 17% FER (H4).
FLARBA an e 1 B 7m o DR} RO ) - 3 Jak 4 1A
HIRAFE, JHLL 80 FHRARMEE, Jin T A% 3 mm f¥)
Wikr, TS, ET-20 °C IKEE P IRAT

1.2 L&

KT B S PR T i (4.0 £0.2) g, WgFPU)I|
TR 1) — A~ T FR 5 o B K 1 SR B8 IR AE 200
L 193253 S0 R0 P SR AR v, A 5 3 i )
R FE GEIRERHRA R B3R 1 EE, Rl
P I B 3% 1 1 K 1 SR A 360 AT ECE] 9 UK A
W (40 B/AH) . BEAAHBEE 3 ANERE . fESCERIE],
BRRIAT 3 IR HEME (8:00, 12:00 A1 17:00), %
SIS HESE 8 JH . AESCIR A, PR A SR OLE I
K, SEE T AR 24 h I A SRK, R
1/4 K IF0 IR S A5 26 ot . A R A R
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F1 IWET RIEMER (DM, %)
Tab.1 Formulation and proximate composition of the

experimental diets (DM, %)

Ji#l  ingredients L M H
fafy  fish meal 52 52 52
AWk vital gluten 6.5 6.5 7.5
P RERY  beer yeast powder 1 1 1
KGIRAEEE  Soy protein concentrate 6.5 6.5 7
T KEAR  corn gluten meal 6.5 6.5 45
HFE  shrimp paste 2 2 2
AKEJER)  cassava starch 7 12 17
Tl soybean oil 4 4 4
YA lecithin oil L5 L5 15
A4 R microcrystalline cellulose 9.5 4.5 0
Ca(H,PO,), 1.5 1.5 1.5
JH#H  choline 0.5 0.5 0.5
Y R TR vitamin premix 0.5 0.5 0.5
W) T7E R mineral premix 1 1 1
Bt total 100 100 100
EFFRA proximate composition
MMM crude lipid 931 944  9.99
HEE  crude protein 48.04 48.19 48.17
K4y ash 10.62  10.18  10.02
/K4 moisture 10.12  10.62 11.34

A L AR R BUREHIUBImg/kg) & 454 A 16 000 1U, 4E*E#ED3
8000 IU, 44 %K3 14.72 mg/kg, #4E/EEBI1 17.80 mg/kg, 4EER
B2 48 mg/kg, #4E74EEB629.52 mg/kg, 44 EBI120.24 mg/kg, 44
#E 160 mg/kg, 447 C 800 mg/kg, JHAENZ 79.20 mg/kg, 2 BRES
73.60 mg/kg, MR 6.40 mgke, HEHEK 0.64 mgke, WIEE 320 mg/ke,
SALARGE 1 500 mg/kg, L-PITR 100 mg/kg( LA MR 1E A8 AA)
2. W IR TR RHmg/kg) & A CuS0, 2.00, ZnSO, 34.4, MnSO, 6.20,
FeSO4 21.10, Ca(103), 1.63, Na,SeO; 0.18, CoCL, 0.24,
MgS0,4-H,0 52.70

Notes: 1.Vitamin premix (mg/kg) contain vitamin A, 16 000IU; vitamin
D3, 8 000 IU; vitamin K3, 14.72; vitamin B1, 17.80; vitamin B2, 48;
vitamin B6, 29.52; vitamin B12, 0.24; vitamin E, 160; vitamin C, 800;
niacinamide, 79.20; calcium-pantothenate, 73.60; folic acid, 6.40; biotin,
0.64; inositol, 320; choline chloride, 1 500; L -carnitine, 100 (using rice
chaff powder as carriers); 2. mineral premix (mg/kg) contain: CuSOy,
2.00; ZnSOy, 34.4; MnSOy,, 6.20; FeSOy, 21.10; Ca(103),, 1.63;
Na,Se0;3, 0.18; CoCL,, 0.24; MgS0,-H,0, 52.70

FRE B (20.0£0.5) °C, pH N 7.5£0.2, HMEAKRT
7.0 mg/L, FARMPAEEREL/NT 0.02 mg/L,

1.3 SCIGENEE R ALIE

HERE SR ERE, ARt E
24 h 5 F MS-222(15 mg/L) R . BA-FA47 AL
PEHC 15 R fa, Jf o7 B an, Hoh 3 B e
£ Bouin [GIH, R4, A 12 BARA T,
B I 15 7 B 280 °C A7«

SRl F IR mEEEHE 9 B (34
SEAT) B 2 XA, K [ RE b B B AT A D)
FHANRE-JHA (HE) Yett, S AL 2554,

R B Am o, 5 Bl 7 M ¥ —80 °C
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PRAF IS 2UE Tk Bk, BUE & (0.2~0.3 g)
HRLALZY, A 9 fEIRF A B4 Y 0.8% A HER K
FHA Bk o0 S S5 56 8 2 1.5 mL B0,
4 °C 2 500 r/min &> 10 min, B [ W AR-1F 4 °C
VKAE o B8BTS A T A G 5 A DG BTG 4 1 FH 0] &
UL BERAE, AR A p e R A T
FEARGERT, I A SO E AR (SO, T
BT — JE ARSI 52 B
FLEAL A %, JE AR K I F mRNA A 541

{#i F§ Animal Total RNA TIsolation Kit i | &
(Cat.No.RE-03011, FOREGENE) #£H i RNA, ]
FE G RNA WREEFNZERE , JFaE A kAl . B RNA
Y] ODyg0080 TH T 1.8~2.0 Z[H], HLIk 2% 28S rRNA
SEREZYON 18S rRNA 1) 2 % H o MY A E & RNA
BT, B RNA /47 T-80 °C vKAE T,

{iiFf] RT Easy TM II(with gDNase) #7114 (Cat.No.
RT-01031/01032, FOREGENE) ¥ fIf & H{ RNA
B 54y i cDNA, qRT-PCR(¥¢ )6 & f PCR) &8 4%
514 50 AR B 3 D AL i AR 2 R s,
Primer premier 5.0 AT IR RS 1) (55 2).
#R #& Real Time PCR EasyTM-SYBR Green I (Cat.
No.QP-01011/01012/01013/01014, FOREGENE) &
I mRNAZR KK, $ BRI TR0 . 95 °C Tl
5P 30s; 95°C5s, TM30s, 72°C60s, 404
WA, 2hliEfeih s, i AT 3AEE,
T3 AR AR AR AR A AR Ak, BT SR R A i
LA B-actin Fe ik #4710 — L db B2, fifi
28R T YRS BT R IR R AR Rk Ak

1.4 BUESH

B LR AE 8 2 sk 7E EXCEL S LA
AT ERE . R E AR SPSS 22.0 AT LA
E 7250 HT (One-Way ANOVA), FEiEfT 7 2551
Wik, 25 RER, KA Turkey’s #1172 H A,
P<0.05 RRZEFDE.

2 4R

21 SRERF S OATHEXERMERE
EEXERRRIE

SRR | SRR ANEE L 3 H AL, 22
DA PR 22 68/ o B8/ A i LA RE AR
AL, R R AT A S T o B8/
Fi HEHR Z A7 AE— € RO H 1 A . A TR AK
B YR EHME R IS, L 2H S5 2 55 0 BT e A= W]
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WAAR L, M ZHAH 4 SR A i,
sz, RS RIS H 41iE I 22
A, LA, LREMRHESIAN ST,
B SIS/ O 72 N VAN Al 111 [ 1)
L (R,

FE SRS S, e I e g T A DG Y 3 A
(caspase-3. caspase-8 Fll caspase-9) S I i ¥ 5 %
(bax F1 bcl-2) ) mRNA /K-, 458 B, HAH
caspase-3 ., caspase-8 Fl caspase-9 [¥] mRNA 7K -
BEET LAMM 4 mRNA /KF (P<0.05), L4
M 41 mRNA 7K 28 5 A 2 (P>0.05). 5 1L[A]
B, U S bax ) mRNA 7K TG i 2% A2 fk
(P>0.05), bcl-2 1)) mRNA 7K 25 € 85 i B T v
MFEAR, H 21 mRNA KF 2 L 4 mRNA KF
1) 44.4%(P<0.05)(& 1),

20 5 BRI M O B B A (ocluding
claudin-7) Kl 255 o, (5 e B VE My X S5 % i 12
ORI W R BAMGMEN, H H4H ocluding-
mRNA 7K HA L 4 mRNA 7K 48.2% (P<0.05);
H % claudin-7 mRNA 7K F-#2 L 21 mRNA 7K - [
T 35.4%(P<0.05)( 2).

22 FEBRKACEINRORGRITELEEE
MM E R ERNEE

8% CAT F1 SOD {4, i 1"k bk K1k
G W AE R G g R, b H 41 CAT 36 R3¢
L 4HF#MK T 34.8%(P<0.05), SOD WhiThE7E 3 PNeH 2
(] HAFAE 35 1 25 5 (P<0.05), b H 20 25 7 fx
K, SOD G K L 41 18.4%. M 41 GPX {ifi Pk
Ay L ZH A H 01y 2.1 F5F0 3.0 £ (P<0.05), fill
1 T-AOC 7F 3 4l Z [Al 7 7 i 3 Pk 22 /% (P>0.05).
i i) MDA Bifi % e K Ak & W0 K 09 v i 1 F
H i H4 MDA & & & & (P<0.05), & ik 21.0
nmol/mg, LAAMEIRREN N HAMN12%, MHA
I H 42 [0 6 B 2R (P>0.05)(% 3).

PCR(E & Mt L) 25 R W, Pra Lt
KHEEP] mRNA 7KV Fifi 25 1) Ak o 3 b v B 1 I s i
WG, BSACE TE R 4 & B i b A b S
K23k % PR, H41H M4 CAT mRNA /K F
SR LAY 64.5% F1 71.1%(P<0.05); H 2H F1
M 4 GPX mRNA 7K FJ& L 41 A9 0.44 f5 1 0.49 £
(P<0.05); H#{fl M4 SOD1, SOD2, SOD3a #ll
SOD3b mRNA 7K °F- i 2 15 T L 41 (P<0.05), H4H
M 4 2 8] o i 2 125 55 (P>0.05)(& 3)s
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*2 S|YF5IATEE PCR 531

Tab.2 Primer sequences used for real-time PCR analysis

BN FE51(5-3" PR fop RKREZ/ °C e
gene F/R primer sequence(5'-3") product length ™ accession number
CAT F GTTCCCGTCCTTCATCCACT 85 60.4 MK614708.1
R CAGGCTCCAGAAGTCCCACA
SOD1 F CCCCACAACAAGAATCATGC 178 58.0 MK614709.1
R TCTCAGCCTTCTCGTGGA
SOD2 F CTGACCTACGACTATGGTGC 147 58.0 MK614710.1
R CGTCACATCTCCCTTCGCTA
SOD3a F ATCCATCAGTACGGAGACCT 181 58.8 MK614711.1
R TTCCAATCGCAGACATCCCT
SOD3b F CTCACAGCACAATGGCACTC 101 61.0 MK614712.1
R CTGCTTAAACAGCGCCTGACC
GPX F CCCTGCAATCAGTTTGGACA 94 58.0 MK614713.1
R TTGGTTCAAAGCCATTCCCT
IL-1p F CGTGACTGACAGCAAAAAGAGG 166 59.4 XM_038733429.1
R GATGCCCAGAGCCACAGTTC
IL-10 F CGGCACAGAAATCCCAGAGC 113 62.1 XM_038696252.1
R CAGCAGGCTCACAAAATAAACATCT
IL-15 F GTATGCTGCTTCTGTGCCTGG 111 61.8 XM_038693988.1
R AGCGTCAGATTTCTCAATGGTGT
TNF-a F CTTCGTCTACAGCCAGGCATCG 161 63.0 XM_038723994.1
R TTTGGCACACCGACCTCACC
TGF-p1 F GCTCAAAGAGAGCGAGGATG 118 59.0 XM_038693206.1
R TCCTCTACCATTCGCAATCC
hepcidin-1 F CATTCACCGGGGTGCAA 107 58.0 EUS502754.1
R CCTGATGTGATTTGGCATCATC
hepcidin-2 F TCAGTGGAATCCTGGAAGATGC 69 58.0 EU502755.1
R ACAGCAAAAGCGACATTTAATGC
Caspase-3 F GCTTCATTCGTCTGTGTTC 98 54.0 XM _038699323.1
R CGAAAAAGTGATGTGAGGTA
Caspase-8 F GAGACAGACAGCAGACAACCA 195 56.0 XM_038718639.1
R TTCCATTTCAGCAAACACATC
Caspase-9 F CTGGAATGCCTTCAGGAGACGGG 125 66.0 XM_038723308.1
R GGGAGGGGCAAGACAACAGGGTG
bax F ACTTTGGATTACCTGCGGGA 133 61.0 XM_038704178.1
R TGCCAGAAATCAGGAGCAGA
bel-2 F CGCCATCCACAGAGTCCT 145 59.4 XM_038711485.1
R CCGGAACAGTTCGTCTATCACC
occluding F ACTTTGGATTACCTGCG 118 60.3 XM_038734217.1
R GGGAGGGGCAAGACAACAGT
claudin7 F CATTTCAGCAAACACATC 135 58.4 XM_038732091.1
R CGGCACAGAAATCCCAGAG
P-actin F AAAGGGAAATCGTGCGTGAC 163 61.0 XM_0206513
R AAGGAAGGCTGGAAGAGGG

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries https://www.china-fishery.cn
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Bl 1

LBIRHEE 7% JER, 2. WR A E 12% e,
Plate [

1. 7% starch, 2. 12% starch, 3. 17% starch;

OL = M mm H

20 r b b
‘§15-
i 2
5i a
®E10 .
= o
= >
B 5 b
< 05
—
0
1 2 3 4 5

1 R A EIRE K& Yx
AT X EEFRIERIF A
1. caspase-3, 2.caspase-8, 3.caspase-9, 4.bax, 5.bcl-2, RE/NE
FRORA REMEZ R (P<0.05); TIH
Fig. 1 Effects of different concentrations of carbohydrate
in diets on the expression of apoptosis-related genes

1. caspase-3, 2. caspase-8, 3. caspase-9, 4.bax, 5.bcl-2, Different
lowercase letters indicate significant differences (P<0.05); the same

below

1.5 ¢ DL M mm H

a a
1.0 ab

b b b
0 1 1
1 2
B 2 ARPRMAERE Rk S %t

REEREEXERRIEFME

Fig. 2 Effects of different concentrations of

AHX FIA B
relative expression

carbohydrate in diets on the expression of
tight junction-related genes
1. occluding, 2. claudin-7
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TEARR R REIR B Rk SRR O B a5 834
AR 17% GER

Effects of different concentrations of dietary carbohydrate on the gill structure of largemouth bass

DL
a /s b AN, o AN, d. WAEANE

a. gill lamella, b. epithelial cells, c. blood cells, d. chloride cell

3 ARGRMARKERK LA
BRI S LB IE M RS20
Tab.3 Effects of different concentrations of carbohydrate

in diets on antioxidant enzymes of gill

WH WKMEYIKF  carbohydrate levels

items L (7%) M (12%) H (17%)
CAT/(U/mg prot) 17.8+2.1° 15.0+1.7* 11.6£2.1°
SOD/(U/mg prot) 34.3+4.3° 13.8£0.7° 6.3£0.5°
GPX/U 2634.0£649° 5638.0£436.9" 1836.0£519.1°
T-AOC/(U/mg prot) 0.67+0.08" 0.82+0.035" 0.80+0.16°
MDA/(nmol/mg prot) 265160 18.6+1.2° 21.0+0.6"

M AEVNG PR R R (P<0.05); FRIE
Notes: Different lowercase letters indicate significant differences
(P<0.05); the same below

1.5 ¢ DO Lee= M mm H

a

g
2710
B
0 ﬂ ﬂ
1 4 5
B3 AR RN EIRE R ARt

MEMHEXERRIAN RN

Fig.3 Effects of different concentrations of carbohydrate
in diets on the expression of antioxidation-related genes
1. CAT, 2.GPX, 3.SODI, 4.SOD2, 5.SOD3a, 6.SOD3b

23 FRIKEKRKEESRT KO B E56 %K E
SEMER R EFRIEREN

B AKP., ACP. LZM B & JE ¥ K F 5 T+
AR . M ZH AT H 20 AKP FIl ACP 35 M35 i 3%
X F L4l (P<0.05), FHvh M 411 H 4l AKP i 14
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e R AV Nl o S ey S DUPNEE S A i EaesE R

P AL RE ) A SR BERE ) AR 2163

Z A TG 2 F (P>0.05), 1 H 20 ACP i&E N
L 4HHY 57.8% (P<0.05), M 4H & L ZH 1 72.0% (P<
0.05). HHH LZM itk HA L 411 83.3%(P<0.05),
H 4 M 4T E 25 (P>0.05)(3 4).

R4 ERGIRMAERERRK LS 6] R R EE R R0
Tab. 4 Effects of different concentrations of carbohydrate

in diets on immune enzymes

TR KA A YK
TiH dietary carbohydrate levels
items
L (7%) M (12%) H (17%)
AC/(U/g prot) 919.8+40.8° 662.5+8.7° 531.4+13.6°
AKP/(U/g prot) 786.8£98.5°  564.1+49.0°  565.0£113.6"
LZM/(pg/mL) 500.0+90.5° 330.0+£67.0° 416.7+71.4°

R HFA45 IL-1B, IL-15 Fl TNF-a, HF
TR 7K UE 93 v BE 1) T e i B AR . o HO 4 IL-
1B Al IL-15 mRNA /K 8 F KT L4, 530K
L 20 34.5% F1 47.0%(P<0.05), HLARHT (IL-10 F
TGF-1p) ML Bk Hepcidin-1 F1 Hepeidin-2 f) ik
TRV BEVE R v BE A - TR o e H 2 Y IL-
10 mRNA 7KFAA L 20 mRNA 7K1 30.0% (P<
0.05), H £ Hepcidin-2 mRNA 7KV & L 41 mRNA
TR 14.0%(P<0.05)(1&] 4),,

1.5
1.0

0.5

FHXT RIS &
relative expression

1 2 3 4 5 6 7
4 TRRRIRINR EDR B Rk & T
REBAXEEREHF M

Fig. 4 Effects of different concentrations of carbo-

hydrate in diets on expression of immune-related genes

1. IL-1B, 2.1IL-15, 3. TNF-a, 4.IL-10, 5. TGF-1B, 6. hepcidin-1,
7. hepcidin-2

3 Wi

31 BBk AMIERA A O BB

SRR RO, R HAT B
75 TV Al R R T LA K U W A
REM™, S A 254 52 B X T A0 MR IE AR BRI Bl 2 O
HE BN R AR BT SRS ) R T,

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

TEAB Y, HAMEHAY) 45 R BN
FETRAN MG A | Rz IR ARG B bk
YRR T, o S A BN 5 K AR L
SRS BE ) T R, AR A TR M E T —Fh
B, XA NRESMEREXEZ, i
JE PR T S IR L R A M D) RENY. caspase-8 il
caspase-9 SEWT A BN, caspase-3 JEPT-HATH -
LR RS S B T R A AR S,
KR, mikKEEY 2 L caspase-3 . caspase-
8 Ml caspase-9 (33K Bel-2 FEH H & apafl
IS Y A T P G B R A Y AR
) R 7 VA R E K 23 AR bel-2 1 ERIR X bax
FRIRTCFE o 33X AT g2 R Ry e K Ak 1 ek
TN A T apafl PAT-3EESH bel-2 W33k, {40
Ml zR C BB Aipst, WG caspase-8 Fl caspase-
9, 5 caspase-3 ik, PATHIMIHT:, iz
BGE R R [, B SR 27
TET A AR R N B B =z 1), AR F 2 DR A5 4
L TR 235 ) 1 2 B P, R AR LD R Y IE R R 4
B985 H ocluding M claudin-7 ) mRNA 7£ H
MR ERAL, d0AE PSR, sRZH 2K
WPEREAR . B 1 R A B BRI PT RE 2 R ik
IKAEEWE T mapkk6/p38mapkimick {5 5 18 [ .
2 Jf 0 T RN B B H mRNA KA FRILE T 2L
Je= R e A A i R 22—

32 BHAKKAMERIAOBPERT L
HR

R 1 A e — R E S YR, (B
% ROS #1453, MDA i fig it i Ak 1E P A=,
TSR AR T, Bl s S R A K
T AE RS R, AN EOR S S E A
il A LW 1 SR A R A S B, B 1 B R
AN EEMEG N, BUE AL TE A HE Sh ) A0 i N A
Y I E SR N R KR A AT Sra A A e 2
KARVEH®, fEfR R, CAT Al GPX AE ] J&
B Ho0,0 %, FEAHIGT K 30 ) L g i A0 e
S EAR SR ZH 219 CAT 1 GPX i S B 23k, X
Al fE 5 A A B 23 58 T BRI CAT 1 GPX BKGAF
FHTEBE Hy0, SRBIXT = ik Ve . AW S5 R B,
IR e T R DR S BRARBR A 2L SOD B 1,
[ i F&AIE SOD1, SOD2, SOD3a, SOD3b [y ik
o SOD [T e 40 P i 4 A i SE 5440 kit
AALET, SRR e B A AL I R SR N2 TR
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HHR R EBIEAE, HIL, #0768 AT i
il Nrf2 (3R, MEIPURA IR B FRIA, TR
R S AR it 5 14 Sk o X v YE R R B . XS
2 W A O FEARDAL R S v 2K ST 0 6 42 £ (Chelon
haematocheilus) $0 48 A4 Bl TG P 1 AH 5C JE K 2= 38 1)
W ZE R — 3. =ik k&Y 5 2 L aE
AR, IR T4kt A, 3t 2 20 2 45 # b
Bt R 22—

33 SkUEPRE KO R ER %R ERES
A

i At AR AR BE B MO T 96 R A e RS K A
JEP, LZM Il ACP 2 WA N Z PR T, 2
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Effects of different carbohydrate levels on gill tissue structure, antioxidant
capacity and immunity of Micropterus salmoides

ZHAO Liulan, TANG Xiaohong, LIAOLei, LIANGIJi, ZHANG Dongmei,
YAN Haoxiao, XIONG Chen, YANG Song”
(College of Animal Science and Technology, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: In order to explore the effects of different carbohydrates levels on gill tissue structure, antioxidant capa-
city and immunity of the gill tissue of Micropterus salmoides, three kinds of isonitrogen and lipid feeds with dif-
ferent carbohydrate levels were designed: 7% (L group), 12% (M group), 17% (H group). 360 fish were selected
and fed for 8 weeks with an initial weight of (4.0+£0.2) g. Through the study of tissue sections, anti-oxidation
enzyme and immunoenzyme activity determination, and related mRNA expression, the effect of dietary carbo-
hydrate on gills were analyzed, the results showed that diet in 17% carbohydrate feed can cause the proliferation
and fusion of the base cells of the gill lamella, and the shedding of epithelial cells; the content of malondialdehyde
(MDA) in the 17% carbohydrate feed and 12% carbohydrate feed was significantly higher than that of 7% carbo-
hydrate feed; the superoxide dismutase (SOD) and peroxidase (CAT) of gill tissue in 17% carbohydrate feed and
12% carbohydrate feed were significantly lower than 7% carbohydrate feed; Antioxidant enzymes (CAT, GPX,
SOD1, SOD2, SOD3a and SOD3b) mRNA levels in 17% carbohydrate feed and 12% carbohydrate feed were also
significantly lower than 7% carbohydrate feed; in 17% carbohydrate feed and 12% carbohydrate feed acid phos-
phatase (AKP), alkaline phosphatase (ACP) and lysozyme (LZM) were also significantly lower than the 7% carbo-
hydrate feed; the mRNA levels of immune-related genes (IL-1p, IL-10, IL-15, TNF-a and TGF-1f) and antimicro-
bial peptides (hepcidin-1 and hepcidin-2) in the 17% carbohydrate feed and 12% carbohydrate feed were signific-
antly lower than those in 7% carbohydrate feed; the apoptosis-related genes(caspase-3, caspase-8, caspase-9)
mRNA level in 17% carbohydrate feed were significantly higher than that of the 7% carbohydrate feed and 12%
carbohydrate feed; the occluding and claudin-7 mRNA levels of the 17% carbohydrate feed were significantly
lower than those of the 7% carbohydrate feed and 12% carbohydrate feed.The study showed that: under the experi-
mental conditions, 17% carbhydrate feed will damage the gill tissue structure , reduce the antioxidant capacity and
immune capacity of Micropterus salmoides.

Key words: Micropterus salmoides; carbohydrate; gill tissue structure; anti-oxidation; immunity.
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