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Tab. 1 Formulation and proximate analysis of the experimental diets (% dry matter)

JE R} TRk (B & BEZ U8 7K %) Diet No. (Glutamine supplementation level %)
Ingredient (g/100g) Dietl (0.0%) Diet2 (0.5%) Diet3 (1.0%) Diet4 (2.0%)
L 141 £y L T-white fish meal' 40 40 40 40
% IR B A L T-krill meal” 6 6 6 6
TR B 0K L T-squid meal’ 9 9 9 9
£ K iR 2 [ Hydrolyzed fish meal’ 6 6 6 6
PRI ¥ Meat and bone meal' 6 6 6 6
T4 HIPeanut meal' 4 4 4 4
aE #a-starch 11.2 11.2 11.2 11.2
¥ #E IR Sodiumalginate 1.5 1.5 1.5 1.5
Y7k 3 5 &) Vitamin premix’ 2 2 2 2
)% & & ¥)Mineral premix’ 2 2 2 2
S ALJEBE Choline chloride 0.2 0.2 0.2 0.2
95 25 771 (I ER £%5)Mold inhibitor 0.05 0.05 0.05 0.05
2B FEWEI Ethoxyquin 0.05 0.05 0.05 0.05

45177 Attractant mixture’ L5 1.5 1.5 1.5
4 J# Fish oil 3.5 3.5 3.5 35
K= UpfifiE Soybean lecithin 5 5 5 5
B E M Glutamine 0 0.5 1 2
HZ [ Glycine 2 1.5 1 0
B IR H (% TP Analyzed nutrients
compositions (dry matter basis)
W B & Bt Free dietary glutamine 0.03 0.46 0.91 1.73
# & A Crude protein 53.6 53.54 53.16 53.73
FH T Wi Crude lipid 13.92 14.68 14.77 14.62
K53 Ash 12.22 12.35 12.17 12.26

E: LWEE S EREARAFRR A S8 HEA, 74.12%; BRI, 10.24%; W& HEA, 60.22%; HIF
17, 0.16%; 1E7EHA: M, 56.30%; HAGHI, 0.13%); 2. 10 B HILIRa A B~ R (IRIREM . #LEE A, 53.38%; AN,
8.24%; IR B k. ML, 63.89%; HINENT, 2.35%; MIAKMFER: HEH, 75.91%; HUAENT, 0.34%); 3. 4E4E RE SWAIG
YIRE SIS 4 S EFER: (kg EAMEEY): B, 500 g HERE, 150 g; AR, 100 g; HZR, 100 g;
IR, 100 g; WLEF-5-BERR, 50 g

Note: 1. Commercially available from Qihao Biotech. Co., Ltd. (Shandong, China); elementary composition (dry diet): LT-
White fish meal, crude protein, 74.12%; crude lipid,10.24%; Meat and bone meal and Peanut meal, crude protein, 60.22% and
56.30% respectively, crude lipid, 0.16% and 0.13% respectively. 2. Commercially available from Haiyun Biotech Co., Ltd.
(Zhejiang, China); elementary composition (dry diet): LT-krill meal, crude protein, 53.38%, crude lipid, 8.24%; LT-squid meal and
Hydrolyzed fish meal, crude protein, 63.89% and 75.91% dry matter respectively, crude lipid, 2.35% and 0.34% respectively. 3.
Composition of Vitamin premix and Mineral premix are according to Liu, et al' 4, Composition of attractant mixture (g/kg
premix): betaine, 500 g; glycine, 150 g; alanine, 100 g; arginine, 100 g; taurine, 100 g; inosine-5'-monophosphoric acid, 50 g
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IIIRE], TRAIRIEFE R BE K . AR S YRR s,
It 1] SO S ek I, i g T A SR
TRPRL PR S I O, 49 BI0E EORLAR R SR I TR, I
EAFAE-20"CUKFEH & H, LA 1B IR i Ak
1.2 KIS FRESHE

SR LE 1L AR A i B T B K A R A w R AT
Bt F R 23 N T FE 35 H 8 21 o i #f
[P 44T 5 (10.64+0.86) mg]. R NAEFHEZIANES,
BN N H T 150 GRE LR 965 cm*65 cmx
90 cm, KZEFIZ1200 L), FRFEMAN], RHMEH KR
4;, IKIR25—26°C, pH 7.8—8.0, £ E29%0—30%o,
BRGE<0.19 mg/L. & KM EHEME5X(6:00,
9:00, 14:00, 18:00F121:00), 758 & #130d..
1.3 RIS

FE30d 77 58 52 50 25 A, AN I3 GE AR B AL
7 8 - T o R £, TN B K 1600 mL %
HL AR . H50%HE AT, K H AR A7 IS 1 HE
HE UK A5 H IR A 1.5 mLIJGRNARE ()
B SR, RN A, B S %% 2 -80°C UK
FaAE A7 LAAS B 5 EAT JE R 3R T8 73 BT o
14 BEH5H#EE

TES26 45 R IS, 15 24h LA 78 20 HE 28 il ) 2
W5 BURE, 43R 7 2 mLANS mL B0 A T A
R 5 5575 2280 C UK A7 IR AT % o 7EIEAT IS
TG J153 TS, 2 B RE A A BRE S, FHOC Y
A K (pH 7.4)5) 3%, A 4 (o) F A B EE K
(mL)JELBIAT @ 9. BEJE 4 S K AE3500 r/minkk
BT B0 10min, WO RSO 5 5128 BIsR, TR
JE 153 HT o
1.5 St

ERFF R BEEXEE NS 3 o
T £ £8P R B (LZ M)A I 7 V5 (R B Bl 03 5) 255
Ellis" 7735, LABSERZE M (pH, 6. 1)L i o i
ER B (Micrococcus lysodeikticus, Sigma, USA) &K
TERPBLRY), BRI K S W ERIZL L 19914,
25°CKMT I M1 0minfiE, P 7E 530 nmd K T — Bt
] Y G B A2 4k, ARG Tmin B250— K. LZMi%

FIHIM 5 g5 R K IR A U/mg-protein, BEAE I HAL
(U)sE SN2 5 v] 3 B R 2 B s RO PR IS
0.001 I %

—HMEETEINOS) I 7E 15 AE 1 Bl ) & e W
(P S BUEY) TR R T, ThE R 5. E TR
HAIRENOS I b L-Arg f1 4> F K B A N O,
NO 5 6 it £ A (fb &), #8530 nmi K
T E MR B, AR RO FE RN AT SR NOS T
71 NOSEEA PR ——S5 4 B (cNOS) HIi
FAU(NOS). cNOSE EAFLE T ML TOMIN B4 i
W, HOBLES; INOS E BEAFAE T ELWR 40 I A, AN
B o FR AR O R B R DL E 43 . NOSTE ) I 5E 45
RK IR NU/mg-protein, ¥ &= 7w 44L& &7 B
A %1 nmol NOJE SN — AN /1 842U .

B IR I E 2 i Bradford " 7 1%, 4R
135 % A (BSA,A-2153,Sigma, USA)EJEY .

RNAfZEL. cDNAGKMMBREFFEF 1o
(HIF-1o)#z210 Fr EE B 52 [ e o i PN U A s
RNA#EUZ M Trizolyk, H¥ 2 BLRNAFH DNase
(TaKaRa, Japan) b3 2: fr Hrh 7 I DNA . FIH
NanoDrop ND-1000#% £ 73 #1 £ (Wilmington, DE) il
SERNA BT B AR EE, I 1.2%58 IR HE BRI rL kA
ISRNAZE# M . 4% M PrimeScript' " RT reagent Kit
(PerfectReal Time)(TaKaRa, Japan)i i) & i B 453k
A7 S A eDNA S5 — 5%

ZEVF Y-l (Sebastes schlegelii)(GenBank
No. KC918362.1). BRIl ffi(Dicentrarchus labrax)
(GenBank No. DQ171936.2). 7 A1 B 1 (Epine-
phelus coioides)(GenBank No. AY735010.1). 4iZi
f1H i (Micropogonias undulates)(GenBank No.
DQ363931.1). % 3k#(Sparus aurata)(GenBank No.
JQ308830.1). Il (Platichthys flesus) (GenBank
No. EF100709.1). YL (Oncorhynchus mykiss)
(GenBank No. NM_001124288.1). KV E(Salmo
salar)(GenBank No. BT059247.1) /] HIF- 1 aA% 5 2
74, A FAPrimer Premier 5.0 ¥ it HIF-1a ] {5 35|
M(EE 2).

HIF-1a PCRY"#4 Jx N £ Eppendorf Master-
cycler gradient (Eppendorf, German) 2317, & W2

F2 ALWEPRERAREESIHFS

Tab.2 Primers used in the current study

5| ¥4 FRPrimers

3751 #Forward primer (5'-3")

I 5 #IReverse primer (5'-3")

HIF-10-fi 3§ 3| ¥ Degenerate primer AGRGGAGGCTTTGTGTGGGT TGCGMAGCTGGAAGTCATC
qHIF-10-5¢ 5] ¥)Primer for RT-PCR AAGACCTTTCTCAGCCGCC TCCACCCACACAAAGCCTC
qGAPDH-5E & 5| ¥)Reference gene GAAGGGCATTCTGGGATACACT TCAAAGATGGAGGAGCGGC
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J¥ ¥ € : PCR R BARIT W BAKKN: 94°C 3min (Tl
AV 1MEFR); 94°C 30s (A1), 58°C 30s (GBK),
72°C 1min (ZEA4), 30XJEFF; 72°C 10min (4 LA,
IMEIR) . PCRF“HFH 1.2% 35 I 5 ok J12 v ik A6 1
H # A B =) 2 EazyPure Quick Gel Extraction Kit
A B U ZE B pEasy-T1# /& (TransGen
Biotech, China); ¥ LB &2 &S Escherichia coli
TOP10H; [EAR #7237 CH LR LW K
PCRJ&, Hhika M PH M v B A TAEW) TRE(H) It
B34 IR 2>\ AT I, FENCBI_EBLAST LL X il ¢
iR,

F55H  FIDNAMANX HIF-1o55 1 Fr B
HEHAT R IR 5 T, Clustal X HEAT Z LR FE 51
Z E LT IR, FIMEGA4.0% 44 ff)Neighbour-
JoiningyZ:(1000 runs) 4 i KRG AL .

HIF-1aSERT R EE HR 5 SR BT 45 HIF-
TatZt Fr Bt Rs S 1 51 0 (3R 2), DAH- i -3-
iR i S8 (GAPDH) NN %, #1T € ®PCR. KMV
K& A~25 uL, H L. F#E5I4(10 umol/L)%
1 uL, BiHcDNA 1 uL, 2xSYBR Premix Ex Taq'
(TaKaRa, Japan) 12.5 uL#19.5 nLEI CHE /K. & &
PCRIIFEFF B E N95°C, 2min, 1MEFF; 95°C, 10s,
58.7°C 10s, 72°C, 20s, 40/ ME¥R; 2 Jo #E47 4 1A #h
LU I B ANPCRIX . A A 1ANPCRZ W) . J8 i il
PR 2 A A 1 2 SRR AT (0 JE RURN P 2 B TR 39 40
R, R K5 A E=107""" 1
(Slope Nt #) . {EASZE Y, HIF-10M1GAPDHIY)
PG4 1 40.988410.9494 . SFFH2 )y it
SHIF-1aff A0 #ik &,

1.6 Ziitorih

S 45 B I SPSS 17.080 347 G it #, 78
R R 2553 M (one-way ANOVA)IA B g 2 /K F
(P<0.05)i}, K FH Tukey’si 30 3047 2 5 LA, 204
TR N BEEARE 5 -

2 #R

2.1 EHFRMREEXEEN

LZME S AN [ (2 S I e v K 2 3
SO T 2 R A f AR LZMIE 71(P<0.05). fafk
LZMiE i AR 0. 5% N, B2 & T R
JHZH(P<0.05), 1H51.0%F12.0%I8 N2 3% F 3 %
F(P>0.05, B 1),

NOS3&EH TRPRL i B A S T i B A0
0.5%~ 1.0% F12.0%H, =38 o i #E i f fom — 4

A G B (TNOS) i /173 7l 41.06. 1.81. 1.0941
1.54 U/mg-protein (& 2), iNOS#F /143 5] 50.81.
1.42. 1.00A11.11 U/mg-protein (/& 3). {HA&, KA
A 2 Tk i TS 2H A 1 i HE B S AR TN OS
INOSYE 135 % A 3 % 57(P>0.05).
22 FBEFEHHIF-1oAZ DR BERRE. FH5H
REEFRIL

HIF-1o¥%i0 R RO T2 FE RO R 51 47 4 F B
S bE AR B HIF-104% 0 JF 51749 bp, 75 4258 2
NCBI%#E &, GenBank Accession No. KP723543.
T BLASTUEL ST 20 M & B0 2 ¥ & 85 HIF - 1 a k% tF
R 17 51 5 K ¥ 1 (Larimichthys crocea)(GenBank
No. KM593915. )M BU 1 f5 55, H94%; 5 g fik £
(Chaenocephalus aceratus)(GenBank No. GU362090.1)
HIALLEE N90%; 5% (Hypophthalmichthys molitrix)
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Fig. 1 Effects of dietary glutamine supplementation on activities
of lysozyme in whole body of C. semilaevis post larvae
K BUE Ml REL N HFRAER(n=3), brE M F 7B
F 2R ZE(P>0.05, Tukey Fi30); TF
Values are means (n=3), with their standard errors represented by
vertical bars. Bars bearing the same letters were not significantly
different (P>0.05, Tukey’s test); the same applies below
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'z . s
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< Dietary glutamine supplementation (%44 i)

K2 fRbas s B i R A A B RS
B 77 5

Fig. 2 Effects of dietary glutamine supplementation on total
activities of nitric oxide synthase in whole body of C. semilaevis
post larvae
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Fig. 3 Effects of dietary glutamine supplementation on activities
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post larvae

(GenBank No. HM146310.1) AL N81%; 575
248 1 (Schizothorax prenanti)(GenBank No.
KJ679876.1)FIFRALLRE N 77%; 5 M4 (Rana temporaia)
(GenBank No. EU262663.1) 1L N77%.

K T B (R HIF- 100 7> B2 7 5| ZE DNAM AN
B, B E S HIF- 108 2R T 51 B (2494
RILHR), BLASTP 3 #1153 210 1 S HIF- 1 o
P& A BY 5 5505 40 B 11 (GenBank No. AAW29027.1)
HIARALL S 5 51, NT1%; 558 30 4888 (Pachycara
brachycephalum) (GenBank No. AAZ52828.1)¥]#H
U NT70%; S F (Perca fluviatilis)(GenBank No.
ABO26717. 1) FHALEE N69%; 43k (GenBank
No. AFV39804.1) ¥ AL N 68%, 5 K it i fik
(GenBank No. ACN10960. 1) F L N61%; 57
WK 8. (GenBank No. ADC55888. 1) AR H954%;
5 N(Homo sapiens)(GenBank No. NP_851397.1)]
AL E N48%; 5 1l £ (Capra hircus)(GenBank
No.AEW10558.1). K % (Oryctolagus cuniculus)
(GenBank No. NP_001076251.1)fIAHALE N47%;
5N (Mus musculus)(GenBank No. AAC53455.1)
FRIAHABLEE 46% o

HR Y 21 5 5 AR OM G MESH VI HIF - [ a2
27 IR B MESh VINT R G AR, 18 & SR HIF-
Lo 5 R VUVESE . U A R R0 < Sk L ] d 55 0
(UREESY) 2 S S NNINITE SV AN = BRIk g o
N3, BRENT—(E 4.

RENHEEHRNERHIF- 1« RIEE

IR NS & AL B2 R0 T B N I HIF- 1 a

mRNAFX FE B HIT, BIRME RIS I 8 &AL
i, (B AL PRI 2 (B HIF-1a mRNARIE B EZ R AL
Z(P>0.05, & 5).

Salmo salar
Chaenocephalus aceratus
Epinephelus coioides

Sparus aurata

Perca fluviatilis

GAallus gallus

Mus musculus

Homo sapiens

100= Capra hircus

3’6_5| Cynoglossus semilaevis

100;
100

0.2
4 R#ENeighbour-JoiningiZ (1000 runs) 2 i HIF-1o/& 3E
B2 i B 3EAL R
Fig. 4 A phylogenetic tree constructed by Neighbour-joining
method (1000 runs) for amino acid sequences of HIF-1a

120 |
100 b L | I

0.80 | |
0.60 |
040 |
020 |
0.00

Expression level

HIF-10 mRNA ik &

0.0 0.5 1.0 2.0

B AR Ik
Dietary glutamine supplementation (%T#5J5 )

B 5 DRk s n s U Aot 2 i v A f AR AU U Y U
HIF-1aff5m

Fig. 5 Effects of dietary glutamine supplementation on HIF-/a
mRNA expression in visceral mass of post larval C. semilaevis
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HpiE gk, JF BAESR S R 77 H R RIFT)
21T R A A S A R T
PR S S R ZH R 7, R A KO0 Ji T B A
FEH] . Chengs™ " KB ¢ 45 B 2% WA ARDR} h 7 i
2 2 Bk % RE 08 1 R 35 (1 41 f FN A A2 B3 (Morone
chrysops x M. saxatilis)%)) 1 S B E G20 i A (1) 35 1
BT 77, Zhus " BT SO AR BISRAUSS 8, RBURRL
IS INTN - S e — IR 2 A8 83 (A, schrenckiix
H. dauricus)%) 75 V% & B0 1 BA 31 .
FEA SIS, 7NN 7KF-90.5% 00 fh 1 7 1
fitg i 71 552 v T R INZH(P<0.05), Ui B S R BE %
Xof 2 Vi i e E £ 1) AR e 1 S R I R — e
PR REVER], SEEH b R F a5 — 3.
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INOSH] PAZE S 28 PR 7 A Sl 0 sk 258 1 7
A RHENO, AT F A EEA"™ . Weis w5
F B, INOSHE K F24% /N Fj %) 2 A HL (Leishmania major)
RS GL A e, EH AR S 51 R PR AR 7 T % S BE
BEAR . EASE = B2, NOBAR nT LIS KO B B, (3
MR E IS A FRELE A K £ 5] 'EDNA TR
5, L AR ] 2 R A NO I B
AL B SRR F, B 0% 0] B AR 0 A 2
A NORE R BB AR, FEBE A R M
Wt 200 P 5% 7 Y I N s R A/ B I i e 8 12
HEH P AENOP . AN S % e AT 7E KSE BT P B 5T
KD, AARL PR R A A = I K P R R ZE BT 4l
L5 A H R INO ST 7 R 5 M 4778 I 35 58 FLAE
FH(P<0.05), 7T LA HE S H1iINOSIE /1. 4R T,
FEASIZIG T, AR} 2 G Tk g 7K S %o e g o B A
L AATNOSHIINOSIF /) A 535 540 o eI A
SEG AT U4 R 5 e AT A A — B IR, 1T
A5 HUREIS (] f (0 22 G 0. bAb, SR s AN IR,
AR B IR A RS AREK P
S0} SIS 25 SR A

A I e A sh W AR Ry e M e e 0 A
HUERLENH FL IS A T BN N, BF 90 36 W 43 2k
i w3 R 32 9k 2L 4 i 4 5 R B0 R 4 i 1)
B SR 1 Bl LB M I s 20, (ELAE b R
KFET AR . CHPFRM, 22T L
e I 37 RMA AT T B b R 4T 4R Ak
F g SR UG e A AN A e S B
Bl ARSI, DR R R IN0.5% 4 R I L 2
SR T B ARLZMAE 7, AR A S G Jre ot T e
JIARTHE RIS AT G 5 CEW FLBh P AL, 542
A L 240 i 1 T 5 4 P 2 e B T
ik A 0 2K A 2 A B, Hu T T R B R
TS N & R T R B 4 £ RN R TOR Y
BERR ALK, 3 1R EE E s & . A e on
2 G BT E ) BARB LI 75 2 — R
3.2 FBEHEBBHIF-1oZEFATEUR A RETRX
B E M A RS RS HIF-1a mRNAFRIXHIFNG

AR IT 51 S P AH 5% 3 R 33 i AR Ak 2 1
&R A B E RS WM T, HIF-
TaAE B0V 5 RIZ 21 - 18 B B K il S & 1R B, 72
SREGR AT T HIF- 1ol RN IE 5 HIF-1p45 5
I RARHIF-1, HIF-10] DAL R 340 B AZ 9 5 %2
PR . Soitamo AR U fif b 25— Y v
W 30| 11 SR HIF- 1o B2 DR 7 41, B 5 HoAth 27 o il 2R 1
W 6%, Eff(Ctenopharyngodon idellus)~ %LU
f1H i (Micropogonias undulatus) B2, [k

fifi(Megalobrama amblycephala)~ WM. R g .
(Chinese sucker)Ssa Fh vipe B 7 HIF-1aJE 5™,
Blast Hoh 45 AR, A SEEa: Hh BT o 21 1) 24 1 i
HIF-1aF R 730 B K8y .28 BA Bm A
M . ZR SRR 43 T 25 R R T B HIF- 1 o2 B
PR 7 5145 K7 o fie Ry idE Ak Ay feil, 9 H 5 HoAt 1
KRN, AL E LRI R R

FEASZIG 1, el v AN [F] 2 2 I i 7K P R4
N7 8 5 5 P T HIF - 1o mRNAZR 3K & 5 AN
B3, MILZILR K SR W] §E 2 T HIF-1aAE e 5
KT EARZE R, B E R 7 R
e 55 Ja 7KF B SEmAAR SE SL USSR HIF- 1 a)
RILIE T EH — DI TR

Zi L RTIR, TRDRL RS A i e 8 25 1 5k
AT T A £ AR A TR BETE ) (P<0.05), $i mr ARy
Sam L) o R (P if S A L7 79 N K (A=W
WG 2 & R HE L HIF- 1o mRNAZRIE &8 20 A &
#(P>0.05).

£ % 3k

[11 Lacey J M, Wilmore D W. Is glutamine a conditionally
essential amino acid [J]. Nutrition Reviews, 1990, 48(8):
297—309

[2] Wu G, Bazer F W, Johnson G A, et al. Triennial growth
symposium: Important roles for-glutamine in swine nutri-
tion and production [J]. Journal of Animal Science, 2011,
89(7): 2017—2030

[3] Coutinho F, Castro C, Rufino-Palomares E, ef al. Dietary
glutamine supplementation effects on amino acid meta-
bolism, intestinal nutrient absorption capacity and antio-
xidant response of gilthead sea bream (Sparus aurata) ju-
veniles [J]. Comparative Biochemistry and Physiology
Part A: Molecular &Integrative Physiology, 2015, 191:
9—17

[4] DeBerardinis R J, Cheng T. Q’s next: the diverse func-
tions of glutamine in metabolism, cell biology and cancer
[J]. Oncogene, 2010, 29(3): 313—324

[5] Petry ER, Cruzat V F, Heck T G, et al. Alanyl-glutamine
and glutamine plus alanine supplements improve skeletal
redox status in trained rats: involvement of heat shock
protein pathways [J]. Life Sciences, 2014, 94(2):
130—136

[6] Magnadottir B. Innate immunity of fish (overview) [J].
Fish & Shellfish Immunology, 2006, 20(2): 137—151

[71 Saurabh S, Sahoo P. Lysozyme: an important defence
molecule of fish innate immune system [J]. Aquaculture
Research, 2008, 39(3): 223—239

[8] Bogdan C, Nitric oxide synthase in innate and adaptive
immunity: an update [J]. Trends in Immunology, 2015,
36(3): 161—178



742

KR R

40 %

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

Cheng Z, Buentello A, Gatlin D M. Effects of dietary ar-
ginine and glutamine on growth performance, immune re-
sponses and intestinal structure of red drum, Sciaenopso-
cellatus [J). Aquaculture, 2011, 319(1): 247—252

Zhu Q, Xu Q, Xu H, et al. Dietary glutamine supplemen-
tation improves tissue antioxidant status and serum non-
specific immunity of juvenile Hybrid sturgeon (Acipenser
schrenckiiQ> Huso dauricus3) [J]. Journal of Applied
Ichthyology, 2011, 27(2): 715—720

Hu K, Zhang J X, Feng L, et al. Effect of dietary gluta-
mine on growth performance, non-specific immunity, ex-
pression of cytokine genes, phosphorylation of target of
rapamycin (TOR), and anti-oxidative system in spleen
and head kidney of Jian carp (Cyprinus carpio var. Jian)
[J]. Fish Physiology and Biochemistry, 2015, 41(3):
635—649

Pohlenz C, Gatlin D M. Interrelationships between fish
nutrition and health [J]. Aquaculture, 2014, 431:
111—117

Robertson C E, Wright P A, Kéblitz L, et al. Hypoxia-in-
ducible factor-1 mediates adaptive developmental plasti-
city of hypoxia tolerance in zebrafish, Danio rerio [J].
Proceedings of the Royal Society B: Biological Sciences,
2014, 281(1786): 20140637

Haase V H. Regulation of erythropoiesis by hypoxia-in-
ducible factors [J]. Blood Reviews, 2013, 27(1): 41—53
Semenza G L. Hypoxia-inducible factors in physiology
and medicine [J]. Cell, 2012, 148(3): 399—408

Liu F. A study on protein sources screen and processing-
related technics in artificial microdiet for larvae of large
yellow croaker (Pseudosciaena crocea) and tongue sole
(Cynoglossus semilaevis) [D]. Thesis for Doctor of Sci-
ence. Ocean University of China, Qingdao. 2007 [XIJI.
R R o i N T RORORE AR R B 9 Y
RN T ZARSCHIE T, 12 A0 5, o B R
5. 2007]

Ellis A E. Lysozyme assays [J]. Techniques in Fish Im-
munology, 1990, 1: 101—103

Bradford M M. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding [J]. Analytical Bio-
chemistry, 1976, 72(1): 248—254

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2 *“method [J]. Methods, 2001, 25(4): 402—408

Lin Y, Zhou X Q. Dietary glutamine supplementation im-
proves structure and function of intestine of juvenile Jian
carp (Cyprinus carpio var. Jian) [J]. Aquaculture, 2006,
256(1): 389—394

Cheng Z, Gatlin D M, Buentello A. Dietary supplementa-
tion of arginine and/or glutamine influences growth per-
formance, immune responses and intestinal morphology
of hybrid striped bass (Morone chrysops * Morone saxat-

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

ilis) [J]. Aquaculture, 2012, 362: 39—43

Wang C A, Xu QY, XuH, et al. Dietary | - alanyl - 1 -

glutamine supplementation improves growth perfor-
mance and physiological function of hybrid sturgeon
Acipenser schrenckiiQx A. baeriid [1]. Journal of Ap-
plied Ichthyology, 2011, 27(2): 727—732

Wang G Q, Han Y T, Lu H M, et al. Effect of Ala-Gln
feeding on growth, antioxidant level, and immunity of
Cyprinus carpio var. Jian [J]. Acta Hydrobiologica Si-
nica, 2012, 36(5): 837—842 [LH:Jr, ¥ H, 5 ykif.
T - 73 T A 45 M 07 O i A A, B A 2 B g4
FIHIELIA . KAE AR, 2012, 36(5), 837—842]

Wei X Q, Charles I G, Smith A, et al. Altered immune re-
sponses in mice lacking inducible nitric oxide synthase
[J]. Nature, 1995, 375: 408—411

Jobgen W S, Fried S K, Fu W J, ef al. Regulatory role for
the arginine-nitric oxide pathway in metabolism of ener-
gy substrates [J]. The Journal of Nutritional Bioche-
mistry, 2006, 17(9): 571—588

Rhoads J M, Wu G. Glutamine, arginine, and leucine sig-
naling in the intestine [J]. Amino Acids, 2009, 37(1):
111—122

Buentello J A, Gatlin D M. Nitric oxide production in ac-
tivated macrophages from channel catfish (Ictalurus
punctatus): influence of dietary arginine and culture me-
dia [J]. Aquaculture, 1999, 179(1): 513—521

Zhang K K. Studies on nutritional metabolism of several
functional amino acids for juvenile turbot (Scophthalmus
maximus L.) [D]. Thesis for Doctor of Science. Ocean
University of China, Qingdao. 2014 [5KZ L. KZE T4
JURP T Rt S BB SR AU I B 7. L 22 A0iR 3,
Eigie K%, F 5. 2014]

Da Silva Lima F, Rogero M M, Ramos M C, ef al. Modu-
lation of the nuclear factor-kappa B (NF-«xB) signalling
pathway by glutamine in peritoneal macrophages of a
murine model of protein malnutrition [J]. European
Journal of Nutrition, 2013, 52(4): 1343—1351

Roth E. Nonnutritive effects of glutamine [J]. The Jour-
nal of Nutrition, 2008, 138(10): 2025S-2031S

Brasse - Lagnel C, Lavoinne A, Husson A. Control of
mammalian gene expression by amino acids, especially
glutamine [J]. Febs Journal, 2009, 276: 1826—1844

Curi R, Newsholme P, Procopio J, et al. Glutamine, gene
expression, and cell function [J]. Frontiers in Bioscience,
2007, 12: 344—357

Soitamo A J, Rébergh C M, Gassmann M, et al. Charac-
terization of a hypoxia-inducible factor (HIF-1a) from
rainbow trout [J]. Journal of Biological Chemistry, 2001,
276(23): 19699—19705

Law S H, WuR S, Ng P K, et al. Cloning and expression
analysis of two distinct HIF-alpha isoforms-gcHIF-1al-
pha and gcHIF-4alpha-from the hypoxia-tolerant grass
carp, Ctenopharyngodon idellus [J]. BMC Molecular Bio-



4 34 N2 LA A5 GG IS o S £ AR S5 P SR A DR S MR AU IS HIF- 10 3R I O 743

logy, 2006, 7(1): 15 2010, 157(3): 273—280

[35] Rahman M S, Thomas P. Molecular cloning, characteriza- [38] Terova G, Rimoldi S, Cora S, et al. Acute and chronic
tion and expression of two hypoxia-inducible factor al- hypoxia affects HIF-1lao mRNA levels in sea bass
pha subunits, HIF-1a and HIF-2a, in a hypoxia-tolerant (Dicentrarchus labrax) [J]. Aquaculture, 2008, 279(1):
marine teleost, Atlantic croaker (Micropogonias undula- 150—159
tus) [J]. Gene, 2007, 396(2): 273—282 [39] Chen N, Chen L P, Zhang J, et al. Molecular characteriza-

[36] Rojas D A, Perez-Munizaga D A, Centanin L, et al. Clon- tion and expression analysis of three hypoxia-inducible
ing of hif-1o and hif-2a and mRNA expression pattern factor alpha subunits, HIF-1a/2a/3a of the hypoxia-sen
during development in zebrafish [J]. Gene Expression sitive freshwater species, Chinese sucker [J]. Gene, 2012,
Patterns, 2007, 7(3): 339—345 498(1): 81—90

[37] Shen R J, Jiang X Y, PuJ W, et al. HIF-1a and -20 genes [40] Wenger R H, Kvietikova I, Rolfs A, ef al. Hypoxia-indu-
in a hypoxia-sensitive teleost species Megalobrama cible factor-1 alpha is regulated at the post-mRNA level
amblycephala: cDNA cloning, expression and different [J]. Kidney International, 1997, 51(2): 560—563
responses to hypoxia [J]. Comparative Biochemistry and [41] Ke Q, Costa M. Hypoxia-inducible factor-1 (HIF-1) [J].
Physiology Part B: Biochemistry and Molecular Biology, Molecular Pharmacology, 2006, 70(5): 1469—1480

EFFECTS OF DIETARY GLUTAMINE ON ACTIVITIES OF NON-SPECIFIC IMMUNE
RELATED ENZYMES AND HIF-1a EXPRESSION AFTER HYPOXIA OF
HALF-SMOOTH TONGUE SOLE POST LARVAE

LIU Jing-Wei, MAI Kang-Sen, XU Wei, ZHANG Yan-Jiao, ZHOU Hui-Hui and Al Qing-Hui
(Key Laboratory of Mariculture, Certificated by Education Ministry of China, Ocean University of China, Qingdao 266003, China)

Abstract: To investigate effects of dietary glutamine on activities of non-specific immune related enzymes and anti-
hypoxia stress capacity of half-smooth tongue sole (Cynoglossus semilaevis Glinther) post larvae, four isonitrogenous
and isolipidic experimental diets supplemented with 0, 0.5%, 1.0% and 2.0% gluta-mine (with dietary free glutamine
estimated to be about 0.03%, 0.46%, 0.91% and 1.73%) were formulated and fed 5 times per day to C. semilaevis post
larvae (35 days after hatching, 10.64+0.86 mg dry weight) for 30 days before hypoxia stress test. Results revealted that
the 0.5% glutamine supplemented diet significantly increased activities of lysozyme in fish whole body compared to the
control group (P<0.05), but different glutamine level did not impact the activities of total nitric oxide synthase and in-
ducible nitric oxide synthase in fish whole body (P>0.05). C. semilaevis HIF-1a gene were cloned and 749 bp partial
c¢DNA sequence were obtained, which shared high identities with many other fish species. Quantitative Real-time PCR
showed that glutamine supplementation did not regulate the expressions of HIF-/a in fish after hypoxia stress (P>0.05).
In summary, dietary glutamine could enhacne the activities of LZM and the non-specific immunity of C. semilaevis
post larvae.

Key words: Glutamine; Cynoglossus semilaevis; Post larvae; Non-specific immune; HIFI-a; Gene cloning and
expression



