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Occludin % 3 &, T ¥ & & /% Claudinll #2 5 i Occludin % 3k B. 5 AKG 44 th,
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Wt 2K FRIH I AR, R BEUR S ke
Mg 2T, SRR LK. ROEHEERA
B Mg a BRI, R A e E
bl B N A (S e ISR o = b & =S AW R i g iR U
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ZW, ARKEFEZHAY, KROEABR Al Ll
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Tl 98 6 v R AR SR AR ok
40% I, AR PR W RS, B @z
FNBFE COMhHUE IR P R A K 4R
B Tz N ) E RS, 3.5% KOG EHERY
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SEREME TR A R AT AR AR Y R
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HZ R E AR . SRR T S ikoK A
GYE GG T LA G E ST, KRG skE A
(Glycinin), B-fERKEBREH (B-conglycinin) 25|z
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Pl 18 e A RRE AR SO, S B 2K T T
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TR, M5 4B-BP Kik, BRLMEAERK . 17
Na'/K'-ATPase 1% P 2. & TR Jiang 55" 05T
KB, Glycinin i 2 FERE AL H I Na'/K'-ATPase
(35 1 . Na'/K'-ATPase 1E ky— Ff 8 22 (1) i 4% 2 2R
H, BESMEIRIN ATP, RHLIRAS 5004 G 3l 42 1t
e, HIGWEBFBEAERAEAENEEREZ
— B HR G 6] £ 2 i 1 R K P Y 5 R i
AR

AKG JeA: ik =R IRIEF H EH 2 1 P a3+,
SEA AN R B, R S A R AKG
ATV AR 20 A 2 R R A eI, S 10 2 M i
g E R A B RE i, 15 B B A0 i 3
B, AEHEE SRR, HF5E R AKG AT
G At IARE K 7 S W 3 A5 0, 4 v A o
B A KPR RE . 2R R ST SR
1.5%AKG 1 25 412 i M B S8 7 7 0 oy g s Iy e
e, MBELE R, HyE5s %%, Wkt
A 1.5%AKG . 3 $i2 5 s 1 55 68 AT 7 Na'/K-
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fRfa 7B KRR, Gk SRR s

AKG XAz B 15405 1 22 A E FIAT LA AN B
S5 5 U 1 18 R A AR 2R DG R o AR A
SEUEA] . ZH UK (Metformin) & — ' AMPK 34
TG, BB MG mTOR (5515 . HVEAIZ0H
JATS, WA A B AR L. DNA $ 05 R AR SE S o
1b& % C(Compound-c) J&— FF 4 UL AMPK 11 i
o PRI, AR 2 LU 55 81 X 4, TR
AKG F il 158 4} v 43 51 %8 i1 Metformin A1 Compo-
und-c, IR GHEAH B MERAERE .
K Im e A 52 K AKG 22 B 45473 1
YERIALE, B 78 R K G AKG 7EK = s
77 R R AR A AR AR

1 MRS THA

1.1 SRR

SIS AKG(4L A 98%) . Metformin(4li
1 97%) F1 Compound-c (414 98.59%) W H Sigma-
Aldrich 23 A o AMHBEAEL £ R o K =R 2 B R
TeTTIK =5 At
1.2 EARELS

MR 4 5 2 5 2P0 X R4 (FM) 1Al 30.8%
fap o E AR, IR (SM) UL 40% EHN
It R, AKG 4L7E SM 3l E I 1%AKG,
Met £ Fll Com £~ 7E SM KLt F A1 23 551 s n
300 mg/kg Metformin Fil 0.2 mg/kg Compound-c,
Met+AKG %1 F1 Com+AKG 4 N 1E AKG 2H KAl |
7 H 8 I 300 mg/kg Metformin il 0.2 mg/kg Com-
pound-c. HLRCHI B 7 Fh A A G BRI R R, 45
JFEHZ M iR 60 H i, $RBC T ERRAR LT &,
AL SR AR 2.5 mm PORLRRE ., KT R BT
=20 °C VKAH T IRAEE FH o S ARDRHIEL T 25 3R K
FILER 1,
1.3 [HFERE

FRGH S50 AE W M U 2 B A= i Rk 2 2 B A R
IKFFE R G T, L ATHUE 15d, R
xR R, PSS RS, PRIEIRTE (9.51 +0.06)
g PR BRI 609 2, REALIEFE T 21 DKIGEF T,
3AIKIGR R | AL . BRFHE 2 (A
8: 00, T4 17: 00), HFRMFNAKER 4%~6%.
RS R K B RRRR G, JKIR 24~29 °C,
A 5.0~8.0 mg/L, Z4A<0.1 mg/L, WHERREh<
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®1 EMERESREFRKFE

Tab. 1

Composition and nutrition levels of experimental diets (air dry basis)

A5 groups

J2kL  ingredients

FM SM AKG Met Com Met+tAKG  Com+AKG
iy fish meal 30.8 5.00 5.00 5.00 5.00 5.00 5.00
TKEEH  corn gluten meal 10.0 10.0 10.0 10.0 10.0 10.0 10.0
16581 peanut meal 7.18 7.18 7.18 7.18 7.18 7.18 7.18
FAfl soybean meal — 40.0 40.0 40.0 40.0 40.0 40.0
[f¥  wheat-middling 26.0 26.0 26.0 26.0 26.0 26.0 26.0
2F4E%  cellulose 17.16 0.36 0.36 0.33 0.36 0.33 0.36
il fish oil 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Tl soya-bean oil 137 2.56 2.56 2.56 2.56 2.56 2.56
/s phospholipid 1.00 1.00 1.00 1.00 1.00 1.00 1.00
YiE FTUREL  vitamin premix 0.50 0.50 0.50 0.50 0.50 0.50 0.50
WY TR R mineral premix 0.20 0.20 0.20 0.20 0.20 0.20 0.20
SZALIAGE  choline chloride 0.50 0.50 0.50 0.50 0.50 0.50 0.50
R 4% Ca(H,POy), 1.20 2.45 2.45 2.45 2.45 2.45 2.45
ALY Z4N  sodium carboxymethyl cellulose 2.00 2.00 2.00 2.00 2.00 2.00 2.00
iR lysine 0.33 0.39 0.39 0.39 0.39 0.39 0.39
F% 8 methionine — 0.12 0.12 0.12 0.12 0.12 0.12
%R  threonine 0.26 0.24 0.24 0.24 0.24 0.24 0.24
o-filJ% %  o-ketoglutaric acid — — 1.00 — — 1.00 1.00
H%BE  glucose 1.00 1.00 — 1.00 1.00 — —
metformin/(mg/kg) — — — 300 — 300 —
compound-c/(mg/kg) 0.2 0.2
#it total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
HIEKT- nutrient levels

HEA CP 35.49 35.85 35.85 35.03 35.17 34.71 35.51
HMEN  EE 5.90 5.86 5.93 6.30 6.40 6.19 7.99
MWK CA 6.93 6.72 6.56 6.61 6.60 6.62 6.64

7E: 1. Vitamin premix provided the following per kg of diets (per kg): VA 8 000 IU, VD 3 000 IU, VE 60 mg, VK 35 mg, VC 500 mg, VB, 15 mg,
VB, 30 mg, VB4 15 mg, VB, 0.5 mg. 2. Mineral premix provided the following per kg of diets (per kg): Fe 190 mg, Cu 3.02 mg, Mn 12.88 mg, Zn

15.75 mg, Se 0.53 mg, I 1.05 mg, Co 1.05 mg.
0.05 mg/L, FEFHIRLHFEE 59 d.
14 HmRE

FIE LIRS, Sy BIFEER 7 K 59 KiAT
KB, BASKGFERMLEEER 9 B, i MS-
222(100 mg/L) R & T ok b, Hop 3 2
MGG . s MR, REE TRATH TS
T flt BRE A S FE P R IRAG I 55 6 S fa i gk Yl
FF, 0.86% EFRER K MVE, FIBIHEE, &3 e
B —AFEd, e MEES, Ml E FRET,
—80 °C TR A7, FH T i &%k AH € 335 vk ) 2 Bg 17 1R

=g
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1.5 BHMERERSENE

SR FH v 50H R €3 5 T 5 iR 1 R ANP(ATP
ADP Fil AMP) . FREL 100 mg ARG ERE S, 0
AC T 11 0.4 mol/L /& & R vK 6 h 78 43 51 %K
4°C, 10000 r/min Z.0> 10 min, HEIHHHN 5 mol/L
KOH ¥4 pH % 6.8~7.2, LI LR MAE.0> 10 min,
B 22 0.22 pm JE AT 38, LHLARIY . ff A
Agilent 1260 = R0RF GBI T . 000 A
¥ Agilent Pursuit XRs 5 C8 (250 mmx4.6 mm), i
A pH=7.1 i 50 mmol/L #§ fR £h 2% b ¥ (&
0.22 umol/L J§ Mt ). i S PERC L 100%, it
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1 mL/min, A 30 °C, #FFEHE 20 uL, DAD %54
6 00 25 B RS U 9% K 254 nm, iz 47 E] 25 min.
HhFRESE B, ATP, ADP Fl AMP 45 i 5 1 B
Sigma A ], HIRMAIE

REMT AR AT

BEfT 7K F (EC)= (ATP+1/2ADP) / (ATP+ADP+
AMP),,

1.6 EERIKEN

R 52 I 980 5 i 5 i AMPK-a, TOR.
ACC, RMHF (TNF-a, IL-1B. TGFB1 FITGFp2).
B % 3% # % M (Claudin3c., Claudin7. Claudinll
F1 Occludin) A1 7= K ¥ (Caspase-8 1 Caspase-9)
() mRNA FH X 2 35 5 o it ] b 50 30 48 3 40 g
RNA PR £ B 1) 6 B2 TR I A T8 R i 1) RN
YL 2R O EE TN AE A RNA VREE, g (E
W R =T 100 ng/ul, OD260/0D280 [ £ 1.8~2.2
2 18], {#i Ff} MonScript™ RTIII All-in-One Mix &7
B IEAT I 55, MonAmp™ SYBR"™ Green qPCR
Mix (None ROX) i 5fll & Fl RT-PCR {17 5L 0 5
J6E & PCR, LA B-actin NS, 5147540
%2,

L7 Zitah

{5 Ff§ IBM SPSS Statistics 25.0 4 11 % {2 X 52
ISR AT 5 R 2R 7 220 BT (One-Way ANOVA),

IR Tukey WEAT LT LA, BL P<0.05 4 3
VEE SHRRE, SR R VA bR 2 2

2 4

2.1 STRAFAFERETI K FRIR N

5 S AR Ko i ATP, ADPAI AMP &
wH R EES (P>0.05(£3). SFM4L, SM
5 W ATP F1 ADP % & i 3 F+ 5 (P<0.05), SM
Wil Kb i BC A B E # (P>0.05), AKG 45
SM £ #H [t % > 1 Bt ATP. ADP. AMP & & il
EC ¥ B #1257 (P>0.05), Met 411 Com £ %f
JFi# ADP Fll AMP & 3 88 5T SM 4 (P<0.05).
Com+AKG 4 J5 5 ATP. ADP & AMP 7% & 3 It}
FE T AKG 4 (P<0.05), Met+AKG 41 )5 i3 ADP
FEHEE ST AKG 4 (P<0.05).

2.2 %TB% AMPK-o 71 TORfH X E E FRIEH

A0

HFMAL, SMAEZE T AMPK-a
FIRE (P>0.05); 5 SM AL, Met 4153 i
HI 1 AMPK-a 335 2 (P<0.05), "' AMPK-o
i (P>0.05), 5 FM AR, SMARET
P Fh % TOR 33k 8 (P<0.05), HilaA T # i H
(P>0.05). 5 SMAIM I, AKG 4 &3 FFFT
Kl TOR ik (P<0.05), Met 4 .2 il

&2 314997
Tab.2 Primer sequence
H R Em519 AEEEY
target genes primer sequence forward (5'-3") primer sequence reverse (5'-3")
AMPK-a GATGCCCTCTGGATGCTCTC GATGTCGTATGGTTTGCTCTGG
TOR ATCTACGGCAAGACGAGAGG GTTGGTGGAGAGTGGGATCA
ACC GTCACTGGCGTATGAGGATATT TCCACCTGTGGTTCTTTGG
Caspase-8 AAGCTCCTCATTGAAGAACCG ATCGTCCTGAACCACAACCTC
Caspase-9 GCAAGCCCAAACTGTTCTTCAT CGTCCATCTGGTCATCTATCCC
Occludin ATCGGTTCAGTACAATCAGG GACAATGAAGCCCATAACAA
Claudin-3c GCACCAACTGTATCGAGGATG GGTTGTAGAAGTCCCGAATGG
Claudin-11 TCGGAAGTGAACCAGAAAGC GAAGCCAAAGGACATCAAGC
Claudin-7 CTTCTATAACCCCTTCACACCAG ACATGCCTCCACCCATTATG
TNF-o AAGTCTCAGAACAATCAGGAA TGCCTTGGAAGTGACATT
IL-1B AACTTCACACTTGAGGAT GACAGAACAATAACAACAAC
TGFpB2 CAGCACGCAATATCCTT GTTCCAGATCCTGAGACA
TGFp1 ACACGGTCACTTTGGTGTCA CAATGTGGGTTGCAGAACAG
B-actin GATTGGCTGTGAGATGATGCT CGTTGTAGAAGGTGTGATGCC

https://www.china-fishery.cn
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®3 TESEXEIG. FHREHT ANP REERIKFH
Tab.3 ANP and energy charge levels in PI, MI and DI of different treatment (n = 6)

TiH  items FM SM AKG Met Com Met+AKG ~ Com+AKG
PI ATP(ug/mgprot) 0.18+0.09 0.24+0.11 0.27+0.03 0.18+0.08 0.20+0.08 0.16+0.11 0.17+0.10
ADP(pg/mgprot) 0.39+0.10 0.62+0.32 0.63+0.10 0.48+0.05 0.52+0.17 0.51+0.19 0.47+0.21
AMP(ug/mgprot) 0.95+0.21 2.10+1.46 2.25+0.47 1.91+0.41 1.96+0.74 2.27+0.85 1.72+0.80
EC 0.24+0.06° 0.21£0.08"  0.19£0.02"°  0.17£0.05®  0.17£0.05®  0.14+0.03" 0.17£0.02%
MI ATP(ug/mgprot) 0.24+0.08 0.25+0.04 0.22+0.09 0.27+0.09 0.16+0.11 0.16+0.09 0.22+0.15
ADP(pg/mgprot) 0.59+0.11 0.57+0.13 0.53+0.03 0.61+0.12 0.52+0.16 0.57+0.09 0.53+0.08
AMP(pg/mgprot) 0.92+0.57 1.30+0.81 0.99+0.44 1.410.51 1.34+0.61 1.45+0.82 1.03+0.45
EC 0.30+0.04" 0.26£0.09"  0.26£0.04"  0.22+0.01° 0.21£0.01° 0.22+0.05° 0.28+0.04"
DI ATP(ug/mgprot) 0.14£0.05°  0.30+0.07"  0.22£0.05*  0.24+0.08™  0.30+0.07"  0.30£0.03®  0.37+0.09"
ADP(ug/mgprot) 0.22£0.05*  0.59+0.04° 0.39£0.03° 0.40+0.04° 0.64+£0.09"  0.70£0.15° 0.78+0.09®
AMP(ug/mgprot) 0.33£0.12°  0.90+0.21°  0.55£0.10°  0.61£0.24™  1.19+0.40™  1.24+0.16*"  1.50+0.26"
EC 0.33+0.10 0.46+0.02 0.38+0.03 0.33+0.07 0.42+0.05 0.36+0.07 0.36+0.07

W FATEORE bR A R s 22 5 2 (P<0.05), MR 7 B 7R 25 B AR B3 (P>0.05)

Notes: In the same row, values with different small letter superscripts mean significant difference (P<0.05), while with the same or no letter superscripts

mean no significant difference (P>0.05).

W X J5 B TOR 3 3k B (P<0.05), Met 41 X} 5 %
TOR Fik A LA (P>0.05). 5 FM 4L,
SM 4 I & T MR X s ACC ik & (P<0.05),
Jal ACC .3 i (P<0.05), AKG 405 SM 414
Ho Xt R ACC & 1k A L 1 1 8 # (P>0.05).
Met+AKG, Com+AKG 5 AKG 4, £l 50
M. LG B AMPK-a il ACC 1Y 33k
WYL EER (P>0.05), HEZERFKT T
TOR {5k (P<0.05)(I 1),

23 MR ETFHRXERFRIENEW

5 FM AL, SM4 2T 867712 R K+
TNF-a, IL-1B FllF i IL-1p R k&, B3 FiF
J& % TNF-a(P<0.05), I 2 T~ 81 s ot & N ¥
TGFR2 F1 H i3 & J& B TGFB1(P<0.05) (& 2). 5
SM#i Ik, AKG 4 %2 T i TNF-o(P<0.05),
2 FIERT% TGFPL(P<0.05); Met 41 3% T
M TNF-a. IL-1B FlJ5 i IL-1B(P<0.05), 3% [
F1 % TGFB1(P<0.05); Com 4H %2 I 47 I fe %
A7 TNF-a I IL-1B(P<0.05), XF4% 7 B4 4 K+
TGFB1 Al TGFR2 JC & & 5% Wi (P>0.05), 5 AKG
ZHAH . Met+tAKG, Com+AKG 4 5 AKG 4 #H [t
TR SARR 1GR3 0 25 (P>0.05)

24 FRAMATEFHEXEERREMNEN
H5FM 4L, SM4EETMETG Caspase9.
Hill% Caspase8 Fllf5 /17 Caspase8. Caspase9(P<0.05).

[ /K P77 2% 4 32 Jp sponsored by China Society of Fisheries

AKGZ 5 SM 41 A L & 3% T 9/ b I Caspase8(P<
0.05), T B Caspase8, Caspase9 A I ¥ # #
(P>0.05), Jiilh Caspase8 A F I E#H (P>0.05), 5
GO AH L, Met 20 F1 Com 2H 2 i 2% I il s
Caspase9 2 ik & (P<0.05), Met+AKG 5 AKG 41
A58 3 T caspase8 263k & (P<0.05), i
Com+AKG 215 AKG 41AH HExt 40 i T [ 71478
R (P>0.05)( 3).

25 MERBEEREARXERRIENTM

5 FMAMIL, SM 4 EE T R S %%
¥ 4 B Claudin7. Claudinll. Claudin3c 1
Occludin & IA &, "% Claudin7. Occludin 3 &

i (P<0.05); 3% L5 Claudinll, Claudin3c
F1 Occludin % 35 #& (P<0.05). 5 SM 4l AH It ,

AKG 41 . % F 8 Hi B Claudin7, Claudinll 3 3%
i (P<0.05)(#l 4), W2 T T Claudinl1(P<
0.05). J&M Claudinl1 1 Occludin ik iz (P<0.05).
Met 11 Com ZHRiji% Claudin7 . Claudinl1. Claudin3c
FR BB ERET SM4 (P<0.05), 5 SM4lLt,
Met 41 . # 8 % Claudinl1 F1J5 % Claudin7 £
il (P<0.05), W% T M5 M Occludin 2 ik &
(P<0.05); Com 41 I 2% [ A% Occludin 3 ik &
(P<0.05), &3 TS M5 Claudinll Fl51
Occludin 3 i& & (P<0.05), 5 AKG 4] [k, Met+
AKG. Com+AKG A fij % Claudin7. Claudinll 3

kiR E AT (P<0.05), H Met+AKG ik .35 i
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relative gene expression

0
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5
genes

E1 AREEMNFIRE. PREH AMPK-o.
TOR 71 ACC mRNA FRixEHF M
Fig. 1 Effects of different treatments on the mRNA
expression levels of AMPK-a, TOR and ACC in
PI, MI and DI
1. FM, 2. SM, 3. AKG, 4. Met, 5. Com, 6. Met+AKG, 7. Com+AKG,

The same below.

o Claudinl1 )5 7 Claudin7 3 ik & (P<0.05),
Com+AKG 41 ¢ % # & J5 I Claudin11 1 Occludin
Fik i (P<0.05),

3 e

3.1 XRAFARRRETT K TR ST

ATP J&—Fi RERRIR AL 51, TR 40 i P i i
5 ADP M H AL S BLRE A7 ARSI . EC e ik
240 YL RE k5 FICRI I 6 1) B 252 AERR LA R
I RET B ATP, 2RSS A W IR 75 S 4l

https://www.china-fishery.cn

M7= ATP 9 E 240 es . BF5E R, KTk
HUY A B R GEREE A 5 R 2B R . B
R RE S AR U A 16 1 o ASHIF 9T K B SR 4 I
iz BC A FRAK S, AMP A4 hni s, 1o
SRR A S i K e B 8 1 BB A KT o LA R
Yl i 105 J5 23 7 A A R AOE R SN, LAEE BT
WERE ., ERRAREIERZIHEARES S
PRSIV, BECA P ATP J2& 504 BE
G R, AN ATP tE—Fh i 248
W, ARG ORI R E B = 5 M ATP Al ADP
T, TRE SRR TiE A G,

3.2 XtB AMPK 1 TOR {5 S i@ BRAVE M0

MR R 1 1k B 1 B % (AMP-activated protein
kinase, AMPK) 142 i 1D iR . JIFL 3] P 1 7] 2 W % 2
F0E A A AR A2, 2 200 i e Btk A AR
i, AMP/ATP L {ERE I, AMPK 4 2 Ak i
i3l AMPK {5 581, (R#EALAMBERER, JHsER"
LR, KEEREE M B-FE R G ERE ) 8 2%
AN BE B 5 1 AMPK RiEH, X 5 ARSI 4
R—2, [, ZAERE I Compound-c £ %
K i S5 s AMPK-o ik ny#as . e FR
I g 240 B TR AR 5 Tl IR ORI ZH R Com 4
YL R R H 3 £, UE I SR ] AMPK-o
Fik, it AMPK {558 B R AR AR £
XoF g 1 3 AR A
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Effects of soybean meal on intestinal mucosal energy metabolism, intestinal
health gene expression and alleviating effect of a -ketoglutaric on
Cyprinus carpio Songpu

ZHAO Jingyi ?, JIN Jiansheng®, YANG Lili’, CHEN Liping®, YE Jinyun', XU Qiyou "
(1. Zhejiang Provincial Key Laboratory of Aquatic Bioresource Conservation and Development Technology, Nation Local Joint Engin-
eering Laboratory of Aquatic Animal Genetic Breeding and Nutrition, College of Life Science,
Huzhou University, Huzhou 313000, China;
2. Problem Child Biotechnology Co., Ltd, Linyi 276000, China;
3. Wuxing District Agricultural Technology Extension Service Center of Huzhou, Huzhou 313000, China)

Abstract: This experiment was performed to investigate the effects of soybean meal on intestinal health of Songpu
Mirror carp (Cyprinus carpio Songpu) as well as the mechanism of AKG alleviating intestinal injury. A total of
609 juvenile Songpu mirror carp with an initial body weight of (9.51+0.06) g were randomly divided into 7 groups
with 3 replicates per group and 29 fish per group. The control group was fed with 30.8 % fish meal (FM group) as
the protein source. The experimental group was fed with 40 % soybean meal (SM group) as basic diet. The AKG
group were fed with the basic diet supplemented with 1% a-ketoglutarate. Groups Met and Com were fed with the
basic diet supplemented with 300 mg/kg Metformin and 0.2 mg/kg Compound C respectively. Groups Met+AKG
and Com+AKG were supplemented with Metformin and Compound C on the basis of AKG group respectively.
The experiment lasted for 59 days. Compared with FM group, mucosa ATP and ADP contents of the distal intest-
ine (DI) were significantly increased (P<0.05) in SM group. Meanwhile, the expression of ACC, tumor necrosis
factor alfa (TNF-a), interleukin-1 beta (IL-1P), transforming growth factor-beta (TGFfB2), caspase9, Claudin7,
Claudinl1, Claudin3c, Occludin in the proximal intestine (PI), the expression of AMP-activated protein kinase alfa
(AMPK-a), target of rapamycin (TOR), ACC, IL-1B, TGFB1, Caspase8, Claudin7, Occludin in the mid intestine
(MI), the expression of TGFB1, caspase8, caspase9 in the DI were significantly decreased and the expression of
TNF-a, Claudinl1, Claudin3c, Occludin in the DI were significantly increased (P<0.05) in SM. Compared with
SM, the expression of TGFB1 (PI), Claudin7 (PI), Claudinl1 (PI, MI and DI), TOR (PI and MI), caspase8(MI),
TNF-o (MI) and Occludin (DI) were significantly decreased (P<0.05) in AKG group. The ADP and AMP contents
of mucosa of DI were significantly increased in Met and Com group. Subsequently, the expression of AMPK-a
(PI), TOR (MI and DI), TNF-a (PI), IL-1B (PI), Caspase9 (PI), Claudin7 (PI), Claudinl1 (PI and MI), Claudin3c
(PI), TGFB1 (MI) were significantly increased and the expression of Occludin were significantly decreased in Met
group. The expression of Occludin (PI) were significantly increased and the expression of Claudinl 1(MI and DI)
and Occludin (DI) were significantly decreased in Com group. Compared with AKG, the ATP, ADP and AMP
contents of mucosa of DI were significantly increased in Com+AKG group. The ADP contents of mucosa of DI
were significantly increased in Met+AKG group. The expression of Claudin7 (PI), Claudinl1(PI) and TOR (MI)
were significantly decreased in Met+AKG and Com+AKG. Morever, the expression of caspase8 (PI), Claudinl 1
(MI) and Claudin7(DI) were significantly increased in Met+AKG. The expression of Claudinl1 (DI) and Occludin
(DI) were significantly increased in Com+AKG (P<0.05). In conclusion, soybean meal decreased the energy level
of PI and MI, but inhibited the expression of AMPK-a, TOR and ACC, and further decreased the expression of
tight junction protein in PI and MI. Intestinal inflammation in DI was triggered. AKG can improve the expression
of TOR, tight junction and anti-inflammatory factors in PI, reduce the expression of pro-inflammatory factors in
MI and DI, alleviate the apoptosis of MI and DI by inhibiting endogenous apoptosis, and alleviate the damage of
soybean meal to the intestine of carp. This study found the way that soy protein would damage intestinal health,
and its effect on intestinal mucosal energy metabolism and the mechanism of AKG in alleviating intestinal injury.
So this may provide a theoretical basis for improving the application of soybean in aquatic animal production.
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