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W OE . BRI JC AN R IR AN [\ KA R TN & A & I (Ala-Gln) J5 X it FG 57 (Acipenser
schrenckii) 4l 0 i A K VLS  EIERRICHH AR A2 . K 450 A IR IR B R (21.66£1.02) g 14t G 341
A FELENG IR K FRF A 0], BEAL 0 S A (R 3 AT 30 ) ) o %o MR AL ] ML SE Aty el i 20 fi] L
SAENN0.0.25%.0.50%.0.75% . 1.00%Ala-Gln (41035 150k} 3050 1 56 do S5 AR R Dk 7 0.50%~
1.00%Ala-Gln I}, HA T AR BE B35 5 T X R AH (P<0.05) 5 AR s M 0.25%~1.00%Ala-Gln & , it [G 4=
fiE G AR AE R 5% FRALAH U &35 25 57 (P<0.05) s ARlEH PN 0.75% Ala-Gln J& , £ AR 1) 2 e 2 R & 35 1 1
HoAh 440 (P<0.05) o Fil Ak HR AN 0.50%Ala-Gln & , faA 0 H &R & 0 3% T HALAS 41 (P<0.05) ;3 & 5 h
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XUREEE , 25 - TC OB P R 0 Ala-Gln X FG 89 4y £ 4= 1A

AE QY R 73

[ 7K -1 Ala-Gln, #£5¢ Ala-Gln i FH T HI ) 5
TR B 38 B S I B HX i FG A R AR
SR A S Be W S By 2, F ST A5 SR AT
Ala-Gln W FH T ) 8 1 DR A 0ok X6 it LG 65
AR BE AR DG AT i 5T 4R AL S PR 2 2%

MRS T7 ik

1.1 K8t
56 B i 5 Fh G a8 A5 4 AR RRE, W

1

Ala-Gln ( i 346 TR A BR A A, 2l )% >
98% ) FI K - 435 0(G1) .0.25%(G2) .0.50%
(G3).0.75%(G4) . 1.00% (G5) , s hn 5t 2 MR 15
IRIG 5T K Sk [ 10-11] 0 FE A 4k} 4 il B &
FRHMIE . MEERREEE R EE
SRV i 1RSSR R TR NSRBI GIE SO S &
2t 60 B By % 5, R A R CBURL 542 8
1.5mm) . kA kBHE TE O RET
~20 °CUK%f

F1 EREARARREFEM (KT EA)

Tab.1 Composition and nutrients levels of diets (air-dry basis)

%

T F Items G1(0) G2(0.25%) G3(0.50%) G4(0.75%) G5(1.00%)

Y # Wheat flour middlings 26.50 26.50 26.50 26.50 26.50
KITSE 1 Soy protein isolate 60.00 60.00 60.00 60.00 60.00
Wi %45 Ca(H,PO,), 2.00 2.00 2.00 2.00 2.00
A-RHfR Taurine 0.50 0.50 0.50 0.50 0.50
A3 Fish oil 7.00 7.00 7.00 7.00 7.00
KEHENE Soy lecithin 2.00 2.00 2.00 2.00 2.00
L-TN B -L- 7 2 % L-Ala-Gln 0 0.25 0.50 0.75 1.00
H& W Glycine(99%) 1.00 0.75 0.50 0.25 0

“H AL Cr,0, 0.10 0.10 0.10 0.10 0.10
TR Premix 0.90 0.90 0.90 0.90 0.90
£t Total 100.00 100.00 100.00 100.00 100.00
L fig DE/(MJ/kg) 16.89 17.06 16.98 17.03 17.22
7K 4> Moisture 9.88 9.90 9.85 9.93 9.91
HLEE 1 Crude protein 43.52 43.85 43.39 43.06 43.32
HUAERT Crude lipid 9.13 9.26 9.21 9.02 9.12

T ORI IR 0.2% , B 5 71 0.02% , FiF 0 0.1%,

HAEMEZ03%, EAMIEITE 0.2%, 44E% V. 100 mgke,V, 60 mgke,

V., 5 mg/kg,V, 15000 IU/kg, V,, 3 000 IU/kg, V,, 15 mg/kg, V,, 30 mg/ kg, V,, 15 mg/kg, V,,,0.5 mg/kg, MR 175 mg/kg, HHi2 5 mg/kg,
WLEE1 000 mg/kg, LW EK 2.5 mg/kg , 12 245 50 mg/kg, i IC %K : Fe 25 mg/kg; Cu 3 mg/kg; Mn 15 mg/kg; Zn 60 mg/kg; 10.6 mg/kg;

Co 0.5 mg/kg; Se 0.2 mg/kg.

Notes: Premix components: Choline 0.2%, fungicide 0.02%, betaine 0.1%, complex vitamins 0.3%, complex trace elements 0.2%. The
vitamin premix provided the following per kg of diets: V. 100 mg, V; 60 mg, V,;5 mg, V, 15000 IU, V., 3 000 IU, V, 15 mg, V,,
30 mg, Vi 15 mg, Vy,, 0.5 mg, nicotinic acid 175 mg, folic acid 5 mg, inositol 1 000 mg, biotin 2.5 mg, calcium pantothenate 50 mg.
The mineral premix provided the following per kg of diets: Fe 25 mg, Cu 3 mg, Mn 15 mg, Zn 60 mg, 1 0.6 mg, Co 0.5 mg, Se 0.2 mg.

12 KEa5HEFEE

T 56 it 1 #5500 T o [ K P R 2 g £ 40 SR
TR A L AR IS AE K R A
JRTTAK =S8 BT (W 7R ) G P 7K 37 4 2 (B 264 T o
FREE R Y T WA AR 7% 2 R A T PR Ak . BEAIL
Pk KN — AR 450 8 fa 4t [ ) 4R
T R (21.66+1.02) g |43 2] 154G K50
53 SRR B 3 A EE B
k30 IR I fa . K IGAE RS S 220 L, 35
K Ry BRESA Sk K, K IR 22.5~23.5 °C , A >
6.0 mg/L, pH 7.8~8.0, % A&(<0.1 mg/L, H 4t /K &t
R 173 IPRIEAK T . B K 08:30 F116:30 25 450 1

U, T PR, IR L AT 56 d.
APt 5E 28 b [ K B e ST B SR BT
KR FE T S 6 B R S A B 2 B 2 o A A

#E(20200615) .
1.3 HmEERIBIRNE
1.3.1 ARMRE

£ 56 d B FR A IR0 45 0 , 100 £ 7E BURE i
AR 24 h, DIHEE WHALIE N Y o 56 T RR I )
(MS-222, 100 mg/L ) 5¢ 4= PRI , Bk 3 I 44 <
T, THA 1S K (Weight gain rate, WGR) | /i
Bl & %4 (Feed conversion ratio, FCR) . JIE i &
(Condition factor, CF) | JIf {& Lt (Hepatosomatic
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index, HSI) . i & [t (Viscerasomatic index,
VSD . HEA:

Ryo=100%x(W—=W,)/W, (1)
Rec=W{(W=W,) (2)
1,=100xW/L} (3)
Ls=100%x(W,/ W,) (4)
L = 100% (W, | W,) (5)

T Ry WIEH A, % s Rpcy HIARERB 1 W
W, g/em’®s Lo MIEAR EL , % 5 L MR, % 5 W,
N HART UG BT hE, g5 W o SRR BT o, g5
W R AR, g5 LB ZARE  om; W, R k2%
Jitk, g; W, R IFRE T, g
1.3.2 B Jy ik

K E AR 5 7K 73 (GB/T6435—2014) A
Jig Wi (GB/T6433—2006) FI #l Jk 4 (GB/T6438—
2007) & i . i A 3h & A (Rapid N exceed,
Elementar, Langenselbold, Germany )il 52 ¥ 25
B HE S ERHARKMIERS
(Extraction system-811, BUCHI, Switzerland) il
FE LKAy S 3l K e (550 °C) I aE . GE
SR EBRFRAETISO 9831: 1998 f 77 V5 , R 42 fiE
SR P (IKA C-200, Staufen, Germany) il .
1.3.3 Sl R A I

FESATAN B SR FHER R K A o BT RE R
fE 2t 0.125 mm M5 , FREGAFE 50~100 mg, &
FLHAE T MR R K A, B2, BT B,
A (110£1) °C A FE R A8 7K A 22 b, 47K fifk T
B 100 mL 25 5, F NaOH %3 A, OF 2@ 4
2100 mL, %3 38 J5 H H 37 L-8900 % 24 JE iR
H A0 a2 o i TR KRB IR T R b 2
AR, W TR AR E .
1.3.4 IR Hh 20 R e A

FE S HT AL B R SR B M AR 1 530 g B0
15 min, ;L EVEW ZE ) — B 04,9 568 g & .0
30 min, [ H 0.45 pm P8 35 LALLM T .
2 e e FH R o AR ) TR R RS &
(A047-1-1)M5E , I B2 A S e R TR A 2
Pk iz A B ARV A i Y -7 R B AU S R A
3 3 dd 0 N T S A T AT R Y A, AT
TR SR () 5 1
1.3.5 Iy 4E btz

A A R A I BEHLI 3 R A, RN
M7 RE S R R CR 0, T 600 TU JHF 25 840 56 i
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M3, & T 1.5 mL #5058, -80 °C¥ R IR 17 -
R4 Ala-Gln 55 Bfi = JZ i J5 % W 7 570 nm 4b
A e KW B 3, Ala-Gln 5 5 5% B = B A
JE AT AR I

1.3.6 BRI &

I TF LRI, YUK 2 dJEFRE . [RIETE 10
Bt xR, 65 °C R HEF, H LA SR 50 7 46
A A 9 T o i B LR i B i IR A ]
PO hs T A R T TR E . TR
B, I DO E SR B i, BRI A I A
FEWR BT R HE AT o SRR AR — SR K
SR PR Z AR, ) CHANEY 250 (1 75
I R A KR I K R 2 B R R AR
7] s 0 % £ G K A R, T3 U o

[EN T2 B R/ W

C=F+R+U+G (6)
Kb CHBERE, T FoAHEZERE, J; U M HEIRE
;R AAREEE, TGN KR, T CHRIGHE AR
b SRR AR BT FARYE RS LR
TR Uil i & i v 2 R R AR 5,
2 18 24.83 J/mg & A M 23.03 J/mg JR 2 F 5% e
Al B 5 G e LG R fa AR RE & Y AR bk T
B A o HE R S 56 T U ) £ ) 4 T B
e & RIRIE I B RE SR s HAthd1 7 2
LKt B R=C-F-U- G,
1.4 SitHWAE

T 56 B A H - 25 (B £ b ME 22 (Mean+SD) %
NG ZESFR R . R E b A
Duncan’s £ 5 H % ] SPSS 23.0 B/ 47, I 3%
PEAKSE- P24 0.05, I3 28 BERR A QI 3 1o 2 A
KA SIMCA-P 11 #EAT43 B2

2 ZER

21 TEMBARBRMA-Gn W ERGLE
ERKMERERI T

Te AR RN Ala-Gln J5 % it G5 40 11
ARKPEREEA —E B ROE . SR b
0.50%~1.00% Ala-Gln F , H: 2K & A1 % T X BE 40
3 Th R (P<0.05) o AR IR I 0.25%~1.00%
Ala-Gln J5 , 34 55 R A RDRSOR I T = A 3,
H A 38 3] i 3 22 57 K (P>0.05) o FalRk A s i
0.75% J% 1.00% Ala-Gln J5& , AE 6 B 5 25 8 % IR
2 (P<0.05) . flRFH1 48 0 0.25%~1.00% Ala-Gln
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Jo R TS BRI AR H8 BOR R 3% 22 & (P>
0.05), W32,
22 FZEMARIFRMAl-Gn X EKE4 &
A B 53 B F4 i

TG 043 i B R I Ala-Gln J5 X £ {4 A 7K

A3 CHLEE I RUKLIE 7 TG 38 52 0 (P>0.05) Tkl
PRI 0.25% Ala-Gln B}, JK 43 & i i E KT
fth 420 (P<0.05), W33,

F2 FEBHAR IR Ala-Gln 33 7 [ 63 45 £ & K BERI ST

Tab.2 Effects of Ala-Gln supplementation on growth performance of juvenile Amur sturgeon in fishmeal free diets

T F Ttems G1(0) G2(0.25%) G3(0.50%) G4(0.75%) G5(1.00%)
WA A BT Initial body mass/g 21.53+0.56 21.54+0.58 21.40+0.53 21.93+0.46 21.91+0.45
LRt Final body mass/g 84.04+3.84° 86.10+1.87° 90.21+0.95" 90.98+1.26" 91.49+1.43°
1 5 R Weight gain rate/% 290.76+26.66 299.94+15.94 321.68+14.17 314.89+2.91 317.87£15.08
i} Z2 54 Feed conversion ratio 1.23+0.03 1.21+0.02 1.21£0.01 1.20+0.05 1.1940.02
A% FE Condition factor/(g/cm®) 0.33+0.02° 0.34+0.01° 0.34+0.01" 0.3620.00° 0.35+0.01"
A4 Lt Hepatosomatic index/% 3.49+0.03 3.49+0.03 3.50+0.07 3.47+0.06 3.41+0.02
JE{A L Viscerosomatic index/% 8.58+0.22 8.51+0.23 8.37+0.17 8.35+0.10 8.34+0.21

E A TR R R A [P iR 22 53 .35 (P<0.05)  AH IR FBE s JE 11 R0R 25 58 .35 (P>0.05) .

Notes: Values in the same line with different letter superscripts mean significant difference (P<0.05), while with the same letter or no letter

superscripts mean no significant difference (P>0.05).

F3 FTEBMAR TN Ala-Gln X HE R 834 & R 5 M5 GRE)

Tab.3 Effects of Ala-Gln supplementation on body composition of juvenile Amur sturgeon in fish meal

free diet(wet mass) %
I H Items G1(0) G2(0.25%) G3(0.50%) G4(0.75%) G5(1.00%)
/K4 Moisture 77.50+1.02 77.78+1.39 77.61+0.83 77.73+1.26 77.62+1.09
ML 4T Crude protein 13.23+0.10 13.28+0.14 13.22+0.13 13.06+0.16 13.28+0.05
HAEMT Crude lipid 5.34+0.05 5.51+0.07 5.34+0.15 5.40+0.19 5.39+0.20
K4y Ash 3.88+0.14° 3.38+0.23" 3.79+0.08° 3.77+£0.21° 3.67+0.13%

T« AT B BR AN ) - B3R 22 57 1 35 (P<0.05) , A [l 7B sl JE 7 B 38R 25 5 R 1 35 (P>0.05)
Notes: Values in the same line with different letter superscripts mean significant difference (P<0.05), while with the same letter or no letter

superscripts mean no significant difference (P>0.05).

23 ZEMARFRMA-GIn X EKELS &
BRI AR

oA iR RN Ala-Gln Ji5 2038 1 i G 65
gl Re I SR . HAR T RE R R RE Y T
R, A KRR Z o H bRk as i 0.25%~
1.00% Ala-Gln Ji5 , ZfE F FIHEMfE U & S B0
A2 4L (P>0.05) o 1B ES A 0.25%~1.00% Ala-
Gln /5, AEKHEG W& m TX A fUHEER &
T HR4H (P<0.05) , W% 4,
24 TEMEARFBRMA-Gn X HERKELHE
SEER A R R RN

T fi 8y 4R R A s i 0.25%~1.00% Ala-Gln
Ji FEAR A AR it £ 5 A 2 B e A R X (A
AR R & A B A AR o AR RS
0.75% Ala-Gln J5 , fa {4 (1 2 Bt & e 2 3% = T3

fib 4% 20 (P<0.05) o i) Ak 7 8 fin 0.50% Ala-Gln
J& L AR T =R W R T A A& 2H (P<0.05)
W5,

JG 43 1A R RS i 0.25%~1.00% Ala-Gln
Je e P IV P SRR IR AR s R AR s . R
Sh i, IV AR 4 22 It i R TN 22 IR 52 T oo T 3
H ML th ARSI 3] Ala-Gln, 2478 17KF 4 0.75%
F10.50% B, 43l ik 1) & 2 22 57K F (P<0.05) .
Tk R s A 0.50% Ala-Gln ], K114 R R i 3
T HAB A 41 (P<0.05), ILF 6.

3 o X L ol 9 2 R A RS ) 32 B4 43 A
R R S hE, AR 0.25%~1.00% Ala-
Gln 5% 1 18 AU Y 2 R e 2 B 2 1R Ry
B AR
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x4 TEHEAR SR Ala-Gln 3 HE K54 & EE W ST KN
Tab. 4 Effects of Ala-Gln supplementation on the energy budget of juvenile Amur sturgeon in fishmeal free diets
J

I H Ttems G1(0) G2(0.25%) G3(0.50%) G4(0.75%) G5(1.00%)

o 3.56+0.09 3.69+0.02 3.62+0.04 3.66+0.02 3.57+0.16
Fecal energy(F)

W&k
ﬂhﬂiﬁ? . 3.15+0.07 3.12+0.02 3.13+0.10 3.25+0.10 3.14+0.08
Energy in urine(U)
K 22.89+0.31° 23.44+0.15° 23.77+0.28° 23.65+0.12° 23.77+0.14°
Growth energy(G)
fRgfae
Metabolizable 70.40+0.42° 69.75+0.18 69.48+0.15 69.44+0.19° 69.52+0.20*
energy(R)
AL 100C=3.56F+3.15U+ 100C=3.69F+3.12U+ 100C=3.62F+3.13U+ 100C=3.66F+3.25U+ 100C=3.57F+3.14U+
Energy budget equation  22.89G+70.40R 23.44G+69.75R 23.77G+69.48R 23.65G+69.44R 23.77G+69.52R

T R R AR AN R 7 R R 25 53 .35 (P<0.05)  AHIF) T REBUJE - R 3R 25 5 AN ik 35 (P>0.05)
Notes: Values in the same line with different letter superscripts mean significant difference (P<0.05), while with the same letter or no letter
superscripts mean no significant difference (P>0.05).

x5 ZEMMABPRMAl-GIn W& SEBRAMFNE (KNFEH)

Tab. 5 Effects of Ala-GIn supplementation on amino acid composition of whole fish in

fishmeal free diets(air-dry basis) %
I H Items G1(0) G2(0.25%) G3(0.50%) G4(0.75%) G5(1%)
KA TR Asp 4.1240.02 3.96+0.04 3.89+0.10 4.00+0.11 3.82+0.41
IR Thr 3.0420.02 2.90+0.10 2.90+0.06 2.98+0.06 2.95+0.12
225K Ser 3.39+0.02 3.26+0.09 3.32+0.04 3.36+0.02 3.27+0.16
B AR Glu 11.48+0.03 11.21£0.08 11.38+0.41 11.71£0.21 11.59+0.42
4 Gly 4.70+0.02° 4.92+0.27° 5.29+0.10° 5.04+0.30™ 4.72+0.04*
WAL Ala 4.17+0.02 4.29+0.09 4.33+0.08 4.19+0.01 4.20+0.04
B AENR Cys 1.06:£0.04° 1.21£0.28° 1.14+0.38" 1.42+0.28° 1.21£0.18%
H IR Val 3.40+0.02 3.48+0.07 3.40+0.04 3.38+0.03 3.45+0.03
R Met 2.05+0.01 2.30+0.34 2.13£0.12 2.20+0.12 2.26+0.31
S ER e 3.22+0.02 3.24+0.09 3.22+0.07 3.18+0.05 3.20+0.12
SEEM Leu 5.94:0.02 5.79+0.38 5.79+0.49 5.48+0.40 5.72+0.38
i 522 Tyr 2.62+0.02 2.65+0.07 2.63+0.10 2.75+0.10 2.64+0.08
JRIN 242 Phe 2.94+0.02 3.06+0.17 2.91£0.03 2.96+0.01 3.04+0.12
H15% Lys 6.05+0.03 5.96+0.30 5.85+0.62 5.47+0.49 5.88+0.28
41 %2 His 1.76£0.02 1.78+0.18 1.66+0.25 1.87+0.09 1.82+0.03
K2R Arg 4.46+0.02 4.47+0.15 4.50+0.18 432+0.13 439+0.12
Jifi %% Pro 2.15+0.02 2.22+0.10 2.37+0.27 2.48+0.28 2.42+0.47
ST Total 66.59+0.29 66.72+0.13 66.73+0.13 66.78+0.12 66.60+0.27

T FATEAR A AR AN ) 7 B8 25 53 3 (P<0.05) , AHIF) 7 RE s OJE TR 30K 25 S A ik 3 (P>0.05)
Notes: Values in the same line with different letter superscripts mean significant difference (P<0.05), while with the same letter or no letter
superscripts mean no significant difference (P>0.05).
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F6 TEMELHRMAla-Gin X MK SERABMFZI(BERShF)

Tab. 6 Effects of Ala-GIn on blood amino acid composition in fishmeal free diets (5 h after ingestion)  nmol/mL

51 [ Ttems G1(0) G2(0.25%) G3(0.50%) G4(0.75%) G5(1.00%)
K2 Arg 124.48+3.64 123.12+0.56 124.50+1.91 122.81+0.64 123.01£2.15
45 R Val 77.55+3.82 75.57+0.55 76.99+2.61 75.66+0.56 76.01£2.26
KN 2% Phe 66.62+3.85 64.51+0.53 66.43+1.23 64.60+0.74 65.34+2.30
54 Leu 52.52+3.82 50.19+0.35 52.57+2.30 50.51+0.72 51.17+2.20
TR Lys 48.48+3.46 47.04+0.92 49.28+1.14 47.40£1.01 47.98+2.14
S5t IR e 38.11+2.86 36.70+0.64 39.34+1.21 37.10+1.14 37.56+2.14
INEATR Thr 31.3143.17 29.75+1.07 32.92+2.31 30.15+0.93 30.67+2.09
AR Met 32.3143.56 30.44+1.14 33.77+1.78 31.12+0.69 31.56+1.94
41 2R His 28.2543.52 26.54+0.93 29.76+1.40 27.04+0.91 27.52+2.08
LA Cys 13.60+3.39 12.26+1.52 14.13+0.97 12.04+1.02 12.58+2.09
KAGTR Asp 135.44+0.92° 135.58+0.73% 137.58+0.48" 135.72+0.80° 136.16+1.81%
225 R Ser 120.39+3.75 118.87+1.41 121.66+2.25 118.87+1.05 119.07+1.77
A AN Gln 134.52+3.62° 133.16£1.27° 138.98+7.11° 162.97+10.80° 166.69+7.73°
WAL Ala 88.63+1.02° 89.93+1.24% 92.20+2.32° 100.54+1.88¢ 100.03+1.99°
A2 Glu 56.61+3.88 54.74+1.23 57.68+1.46 55.09+1.02 55.4742.03
H&# Gly 35.40+4.03 34.02+1.37 37.56+2.74 33.98+0.93 34.40+1.96
Jifizii2 Pro 31.63£3.66 29.60+1.06 32.51+0.83 30.01+0.96 30.5742.15
% SR Tyr 22.2143.61 20.76+1.24 23.56+1.48 20.80+1.37 21.54+2.26

T« IRV TSR R bR AN R) - RE 0 22 57 1k 35 (P<0.05) , A ) 7 R sl D07 REFRR 26 5 AN 35 (P>0.05)
Notes: Values in the same line with different letter superscripts mean significant difference (P<0.05), while with the same letter or no letter
superscripts mean no significant difference (P>0.05).

10 1

11 -10 9 8 -7 6 -5 4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11
t[1]
R?X[1] = 0.994 188 Ellipse: Hotelling 77 (0.95) SIMCA-P+ 11 - 2018/8/28 10:40:19
E1 Ala-Gln 3 ik SEBR K HHE R PLA 47
Fig. 1 PLA analysis of the metabolic profile of blood amino acids by Ala-Gln
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3 e

3.1 Ala-Gln X /i R 83 &£ K M BERI R i
ARG A R 0 0.75%~1.00% Ala-Gln A
DA i 25 4 e it P B R F R W96 B2 (P<<0.05) , L3
TR R CRE S Ala-Gln (8052 BT 55 1)
# A (P>0.05) , K 85 & e B (Paramichthys
sinensis)"'®" | Wk (Siniperca chuatsi)'"” | K Z% &
(Scophthalmus maximus)"™* 75 W £ (Oryzias
melastigma) "' . % A £t (Oreochromis niloticus )™
SEBIE T 45 RAL R WU 0.75%Ala-Gln 1 3 42 5
AR R AR KRR ARBOR . RS
5 5w 5 45 R AL, Rl I R R v s
0.75%~1.00% Ala-Gln 7 D 2t 36 £ 26 A KPR BE .
X ] B2 T Ala-Gln 7] DU LA RUIFIE 45 22
T Jie it A7, A2 2 UL PR 28 1 B 5 G, o i A
JiE? . NICKLIN 452 58k 3L, 78 b 7 2 5 1R
(EAA)FEAE T, L4 2 Ik i 1) 44t i 402 B K HL Bt 5
(LT AP HE 2 0 mTOR Y PR3 AP B . XL jn) 4%
16 #E 11 SLCLAS W] J 75 L- 4+ 2k i It H 240 Jfd
L-5 S R o EAA #538 A4 . TR, -4 20k
J¥ig 38 35 775 mTOR 03 A [ W DA ol 248 L A= 4
RN GH , e A BCENUAR A K PERE . LIN A R 3
TRl 55 0.9%Ala-Gln (Y EEAl fr) Hs 4% 1 XU e
T B AR ORI . ZHOU 26 57 & B Ala-
Gln I AR K 2 B K B9 %5 I 22 52 W Ghrelin
PepT1 Al mTOR fY % ik , f& #F | ¥ fi
(Ctenopharyngodon idella) ) f51 1) )i 1B 20 M 14 58
FUENTES-QUESADA %Y X} 1 ¥ i (Totoaba
macdonaldi) BIHFFT K B, A AR 1A B FR 48 0 Gln
CINYSGEOR Aok iy, ¥ E il e 77BN (el e Y
HiE K MEfE , CARVALHO %55 7 B Al 0 1 BF 58
PR IIESE T3 A5, SASE ST 45 AL, Ala-Gln A]
AR 3 it U 89 08 A 40 2 1 IR AL, % i IV AR
I, B0 i S AR, DT i A PR
3.2 Ala-Gln X #E K83 5 H RE BRI 2
AR 45 R R, PR AR 0.25%~1.00%
Ala-Gln X it [ 85 4y £ 14 i 73 5 A7 35 52 ) (P>
0.05) o A<l g b, fal e ds i oK &R T B R
1, ] MRS I 2 Ala-Gln B9 aDRE AN 23 % ff {4
A A B K . WANG 5 E B & H R
A% 24 B e K F- B 3G, 35 R % Bl (Xenocypris
davidi) &= M & A & & LI, 556 (Cyprinus
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carpio) P IR FE 2, X AT E S Ala-Gln #7521
TR IEIK A X Gln WK NG EE R4y
TN SR AR T R E BT R A A
B, BRI KL B s 2l 4 i o 1h i
FEEAEHEY R, Gln Al i 1 40 IR R AR AR
R ZE 0 5 (Solute carrier family, SLC) #4142 £ 41
NN, 764 24 Bk 1% i ( Glutaminase,, GLS ) A1 4 2
Pk e & B ( Glutamine synthetase, GS) ffE 4L
S8R AL, 5 A RTEA BN 554N -
XS5 =R G AR AR
FIIRIITR o 5340, GIn TEAR N TG4k IS 22 , B
FNE AR E M T, 2 i e 1 A KR (GH)
1Y 43w, GH 38 2 14 51 DNA 2 & i 16 74, 42 oF
mRNA % 5K P, DTN AL A B 5 0 23k .
CHEN 45> 25 B3 il 52 5 1] 2 7% Ala-Gln Y 2Rl H
MG M T A KR, P R R Z Ik
(GR1) B & & F AR TN Ala-Gln (9% B4 5 S i
IR A B L S T Ala-Gln 5 35 5 i BE 2
1t ( Danio rerio) 2518 M IKH% 12 85 1 mRNA £
KKV, b U B T A IR U A A OG B F 1
mRNA F 5K, W E R AMP I {6 8 13
(AMPK) 1 P4 , 401354 75 A 2% 22 58 45 (TOR) 1%
R BRI B 0 B, 2 1 B8 s A R PR
I, Gln AT 3 3o i 22 3 fl i L R A 2 AR
FETR AR T fa A B A
3.3 Ala-Gln X7 R 3 S B 8 X 151 A9 52 i

£ 2856 d R U R 1 R R A B, FL GIn
Xof R P PR S5 UK, B AR RS, BR 1 T HL B AL
Ao Ala-Gln EAG TEAK VW 38 itk B2 s T v Ui
PR MR S5 o ek, a2 i A A
I3 MIAEAE /NIK 12 2R (PepT 1) il — ik i 2844
(PepT2) , BEFF Ala-Gln VL 5¢ 2 I 20 iz 21| 41 iy
P, PR K i R, 1T LG 32 1R PepT-1 fiz —
JUR ) 2550 3R 0 v Ui S A B R . A it ER T Y T
FEH, WANG 555" e 30K 540 3 8 1 sk vp o o
0.75% F111.00% Ala-Gln J&7 , JFIE5% 5% 20 434 6 W
HORAT AR BRI E SRS Sl R T
Al R T AR, AR T, LR E
B B, Ala-Gln /E H Gln £ 2 T2
A I L %A Ala-Gln £E7E , Ui B e FG £
XF Ala-Gln [ R A A2 DL/ NIK A IE X & 454 21
e, 4 fa i & LR AL Ok F |, H 1 R =
I KA A AR, 35 5 h S, TR0 0.50%~
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1.00% Ala-Gln [ 3056 21 1f 38 H i) 2 22 Bt e A
SRR B i B (P<0.05) . R I Ala-Gln 8
WA J = 3 o A 2 TR e R T 2 I 3 7 e 2
1% > R T HLAR AR . DR R 0 0.75% Ala-Gln
Ja o, AR R B R W R T A & 4 (P<
0.05) . TR 0.50% Ala-Gln Ji5 , A& 1) H
AR w3 T HAL S 41 (P<0.05) . A& BE e &
A W H KA A RUECRELL B TCA B3R T ol 1, —
PR PR AR L A 2 Tk B 3 3o R A T e i R 1
BB R S R A B AL N S e
BEMRME . BRIz o, F AR ] LS H AR
F e BT A 2 R - Db 2 R 1 4 e ) AL T
B AR R T e R/ E R ) i A mT LA
T AT HE A R RN e A F 2 IR 1R 4 A e T K
(5 B, S H 20 RN s BT R R 4 i,
A b7 FE TR (EAA) LLTLTE mTOR Jf42 #E 40
MRS FEAGE T B S ha AR ER
0.50% Ala-Gln [ 56 41 1 3% H K1) 4 & R 8 3%
fe T H A 45 20 (P<0.05) , iX AT i 2 3 S R 4 47
T S A AL A BROR A SR, Bl Tl A A 2 R e
iz 5 [ & % (Excitatory amino acid transporters,
EAATS) %12 5 2 MR/ R 4 E R , 45 5 Pl 42 R 48 2%
A PR, a0 4 R v AR I v Hh SR R
F14) S 258 A Ui A JC 0ok iR S N Ala-Gln AT
DA Ao 9 LA 2 R AR ok el s B i A K
PEBE
3.4 Ala-Gln X} K3 86 2 S B9 52 M

AT (W B 9E 25 R 3R B, TG ok DR s
Ala-Gln J i 2 P28 il FG A5 40 £ 1 A K RE A Qi
Ak AR Fopg iUl SR . 2EhE F AR U K
I AR (P>0.05) , A= K fE G I 35 5 T X i
21, AR RE R B 5K T X BB 41 (P<0.05) o BLHTTE
% A oBy AR RN Ala-Gln 7 T RG22 45 Th e
) 2 1 AR A Ll U SR 1 1 R FH DA R il % 45
11, AR /D DA i 2 5 £ B ) B Alla-Gln X it G 65 i
NS R 22 S R AEDO X AR
(Carassius aruatus gibelio) W57 & ALY & 17
Bk o S B0 R RE 22 5, T3
M A K PERE . FEXT A e £ B A4 i o vh
R T Ala-Gln 1 DL 2 £ =5 46 4 8 1 00 A
R D fifk L U T 4 e AR AR KRB o TEAS BT
Hh, DCRE S 114 R A AT AIE B G A R )
U Ala-Gln J5 HA K GE R RE A& 4 1 25281k

AT A3 it E A A A 1
35 Ala-GnXEEXRESBEANAENER
KR B R 4 AN A, R R
B AR Y ok R R AR A, R AR R A%
iE SN, B A R AR 0 R R AR K PR R IR
BT BRI, AT AIE 3 Ala-Gln i 28 i BR55 0 184
T LR A TG SR . FE X %)) fa A F 5
ZHANG %5 E B Gln 7] LR Y 40 i 5252 K G Bt
BN T B-1E K 3R 1 (B-conglycinin ) 175 5 11
Ak . KuassEng ek, i ign
R PERE R, BRI 0.50%~1.00% Ala-Gln 1] ¢
e RMERE, X A REREEN A
F 58 SEA — 2, J5 DA AT R 2 4 24k e 3 2o 100 il
MyD88/NF-«B i [ A 14 54 Ji7y 1 Ho. 328 B 18 LA 2% il
17 9 I A BB B A Y . KAUSHIK 26 BiF58UE
SR R A AR 58 A R AR AR O 23 5 ) i i
(Oncorhynchus mykiss) 4= < M RERVE F29) BT 9 F|
o ARG IR, KRG 5r 8 8 DR R as
Ala-Gln 1] D 238 i FG 5 A K R g2 58 | ek 55
T AR AR A B AN RIS, 3 5 AR S 56 2
JERTHFFE AL, 76 40% 08y H ER 1 0.75%~1.00%
Ala-Gln X jite FC 83 19 A5 K AR A s Jr 1 A
AR 75 TG 08 el v SR FH R 0 ik 4 2 114
B M T LA SRR E SR KO R I
B0 L AN R R A I 4 i G B A K
TR RN A R A LT OB R (R
FE = KRR A O B AR R R P R A
BEIR DAV )R E 572 1oy TEAE R a5 R—erp IR
J110.75%~1.00% Ala-Gln Bif Jifi FG 657 A4 K R4,
A 5 B 0 A A fDR C 7 R R AR B
B A AR RS

4 Zhie

B AR IS A B B, G 1)
RPN 0.75%~1.00% Ala-Gln Y 35 H2 &5 it G #5
A FA TG, i LA S AR S 4 v iR
e e 2 R A 08 = T ARDRE R S I Y Alla-
Gln £ i Y H 32 5258 2o 28 2 1 e 3 0 AILAAR AR o
AHIF 5T 2% B #E TG fa 00 1) it EC )R Ala-Gin 11
BAEA MK/ 0.75%~1.00%

Ve B AL A P E
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Effects of Ala-GIn supplementation in soybean protein isolate feed on
juvenile Amur sturgeon (Acipenser schrenckii)

LIU Yangting"?*, WANG Chang’an’, GUO Zhongbao’, WANG Hanya', WANG Jiahao’, LU Shaoxia’,
HAN Shicheng’, LIU Hongbai’

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Aquatic Animal Diseases and Immunity of Heilongjiang, Heilongjiang River Fisheries Research Institute, Chinese Academy
of Fishery Sciences, Harbin 150070, Heilongjiang, China; 3. Guangxi Key Laboratory of Aquatic Genetic Breeding and
Healthy Aquaculture, Guangxi Academy of Fishery Sciences, Nanning 530021, Guangxi, China)

Abstract: This study was conducted to investigate the effects of different gradients of Ala-Gln added to
fishmeal-free diets on the growth performance, amino acid metabolism and energy budget of juvenile
Acipenser schrenckii. In this study, 450 juvenile sturgeon with initial body weight of (21.66+1.02) g were
raised in a recirculating water culture facility and randomly divided into 5 groups (3 replicates per group
with 30 fish per replicate). The control group was fed a basal diet, while the experimental groups were fed
diets supplemented with 0, 0.25%, 0.50%, 0.75%, and 1.00% Ala-Gln, respectively. The experiment
lasted for 56 days. The results were as follows: (1) The final weight and condition factor of sturgeon were
significantly higher in the groups receiving 0.50%-1.00% Ala-Gln compared to the control group (P<
0.05). Weight gain rate, feed efficiency, dry matter intake, crude protein, and crude lipid content
increased with Ala-Gln supplementation, though these increases did not reach statistical significance (P>
0.05). (2) Fecal energy (F) , excretion energy (U), showed no significant differences (P>0.05) , but
growth energy (G) and metabolizable energy (R) were significantly different from the control group (P<
0.05). (3) The cysteine content of fish supplemented with 0.75%Ala-Gln was significantly higher than that
of other groups (P<0.05). The glycine content of fish supplemented with 0.50%Ala-Gln was significantly
higher than that of other groups (P<0.05). The glycine content of fish supplemented with 0.50%Ala-Gln
was significantly higher than that of other groups (P<0.05). (4) Glutamine and alanine levels in the blood
were significantly increased 5 hours after ingestion (P<0.05). After 0.25%-1.00% Ala-Gln
supplementation, glutamine was the most important amino acid affecting the blood metabolic profile. The
addition of 0.50% Ala-Gln resulted in significantly higher aspartic acid levels compared to other groups (P<
0.05). Analysis of PLA, a key component of aspartic acid, indicated that glutamine was the most important
amino acid influencing the blood metabolic profile. The results indicate that exogenous supplementation of
0.75% to 1.00% Ala-Gln can significantly improve the growth performance of juvenile sturgeon, likely due
to increased absorption of Ala-Gln, which elevates the levels of glutamine and alanine in the body, thereby
affecting metabolism and promoting protein synthesis.
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