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1.1 SEIe MR LGN X UF ( L. vannamei) T
2022 4 3 A LA R A4 AR 07 T it g v OE K R
FABRA A, SR~ (13.0 £2.0) g (RS HR
VER SERR X HE o SERRT, 75 100 L B9 K A T 9l

F& 7 d, KAREREE R EEFD pH 4351k (35.0 + 1.0)
%o, (25.0 = 0.5)°C F1 7.9 £ 0.2, /KA S JE Ny
(6.5+0.5) mg'L"' YIFRG AT, TEKGER D BEAL
PRk 72 B FLANTEXTHRHA T 5 S5 5

1.2 FZXFFLEF K5 TRIzol™ 151y H
FEM A R B (P D) A BR A 5 PrimeSTAR®
HS DNA Polymerase, TB Green® Premix Ex Taq™
II(Tli RNaseH Plus), PrimeScript™ Ist Strand
cDNA Synthesis Kit, PrimeScript™ RT reagent Kit
with gDNA Eraser(Perfect Real Time). in vitro
Transcription T7 Kit(for siRNA Synthesis)¥J Il H
FAEY TR KE)ARAF . SanPrep 113 DNA
JEE I i) & . PBS W B AE TA W) TR (1 ifg ) i
Uy A3 BR 2 7 5 BT R S0 e e A ) TR
WF 52 BT A BR 2 wl o A A% . IE a2 20T A
(Scientz-48), {iGiE 2L HL(Eppendorf) , {7356
J# 31 (Thermo nanodrop 2000), PCR {¥ (Bio-rad
T100), HL¥KAY (Bio-rad), & 14 73 BT 2 4t (Bio-
rad Gel Doc XR+), 7% ) & & PCR {¥ (Analytik-
qTOEWERD), fH il K i 54, i %4 ( HANNA, HI
9146), pH 11 ( HANNA, HI 8424), £k & it iR &
T, AR

1.3 SI¥I&R ASLEAY qRT-PCR 514 (3 1)1
1l primer5.0 ¥ it, M A RE TAY TR L

®1 KA

512K s1YFF1(5-3") Hi& GenBank
HIF-10-F GGAGAGCGAGATCTTCACG HIF-1o cDNAY 1
HIF-10-R CTCGATGTTGGACGGGTG HIF-1o cDNAY 1 FISOTIS
T e 0 AT o A DA
rtHIF-10-F GACTTGACCCACTTGGCTCC qRT-PCR H K11
rtHIF-10-R CCTGCTGCTAAGACGCTTC qRT-PCR H [l 5L N 44 FIsOIS
AST-F GCCGTGTCCAGTGCAGTCAGAA qRT-PCR H {3 [H 1%
AST-R TTCATGATGCGACACCAGTCCC qRT-PCR H (HFE 14 HM94944
HHAP-F CGTACCAAGGCAACAGAAGAACCTG ~ qRT-PCRH [#JEK Y44 KP676891
HHAP-R CGGATCTCCTTCTTTGGCTCCTC qRT-PCR H K Y18
FT-F CCACAGAATTTGGATGGAAG qRT-PCR H (A3EH Y 1 AY955373
FT-R ATGATTACCAAGCTGAAGCG qRT-PCR H K18
L8-F GTCTACTGCGGCAAGAAGGC qRT-PCRANSFEE Y 14
L8-R CCTGAAGGGAGCTTTACACG qRT-PCRNZ LN 4 Q316238
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1.4 dsRNA HIF-la B9 & B F| H T7 RNA
Polymerase HE17R4MN% 5%, L4 T7 Promoter ¥
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ASCUE I At AU B IR AU 30 SE R SE 12 h, 43
FITE 3. 6. 12 h EA TR AL MR L AR AR, 4R AT
Jn A $E %R 7 (30 mmol L™ #7 1 R = 4l , 0.34
mol-L™" &4k 4H, 10 mmol-L™ EDTA, 0.115 mol-L™
IR ) 1) T S 4 DA P10 i v SR 2 i 9 ELARE
B UK LA, BRURAE 3 BSCKRIF,

1.6 MARMITHU R MEZERRENE M40/
T I BR T BORR, 78 1 BRI BB A T8
T 10 pL F MRk, SR 5 G4 B B e A T s T
B, Bk EAE 4°C, 352 rmint 54 F B0 10
min, 100 pL F 3§ BOIFEIN 2 900 uL 22 vk (50
mmol-L™" Tris) o F24M 661 (1 em Y6 )
7 335 nm &b 2 H OD{E, R4 2 R Eyss om
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PR EUFL AN X B I 200 B A e RNA, 4221 B 5
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B4 {K & . TB Green Premix Ex Tag II(Tli RNaseH
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0.8 uL, cDNA #i#z 1.0 pL, K# /K 7.4 pL, BAKFR
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AT,

1.9 it #r F SPSS Statistics 23 #4147
2504, IFFI A GraphPad Prism 9.0 R {4-1ER
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AKP i J1 56Tt 8 5 B, EARAFFEE 6 h B35 T
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WRAE HIF-1a B35 KF-, 456 LR IERT IR
ML 200 0 0t 9 €L ) A B A 1T AZE S 1T H) HIF-
Lo EARAEE T R B S T E A . AR
T ds HIF-1o WU AE AR FES 12 h 5, WUEE
RNA S HE] T AT iR v HIF-1o 26 357K
S XF U i 0 A TT LA SE A i S A I AR S v (L
J55 VR A0 AN Fipt s SR LA R 05 11 A ) e AT o T
PR AR 2 AR SAUME 230870 LA X R (1)
U1 0k G TR Rl e e s NS 1 B R € O g R
B 2 RRAR, TE B RS HIF-1o PR AT LIS 2 9845 FL
90 T U P I 200 P 5, L L AR AR PR Y 5 ) B
BRI AR R BRI AR A, RS A
B D R A EEAE ™, B s & A1
Sk TG AE B 4 a9k O A AR R, FE AR RS
G 3 T LR U B 1) 40 X IR OBE 25 A TE e #
(WSSV) & ¥ #5 HEAE P, SR R
Foip 360 22 A2 1 PLAN T X BN AL 35 P R ) T 27,
WA HIF-1o 55 RS AR W38 T 1 05 8% P 5 JC
WE AR (P>0.05), 45 REW, IREME T HIF-
Toc A RSEAR XS T M 40 e A o 5 26 11 G2 S RE AT 41
HIYER

AN, AST F HHAP VE g 5358 AH 56 5L R 78 52
B A B 2 1Y 22 S AR, IO IRATAT T
HE) FTHRHNFGE LR EZES . MAEM RSN
g DA R L i 2 S B0E I 40 A AR AR T R
AST Xt F 45 B 5225 8 1) S pe D g 28 G dE 22,
ARWFIE KB, 55T REAIAH L, T4l AST i3k
I T, X S LR 2 R — B,

DKl AST 5 RLELA {2 2 1 40 B 385 56 o A A, T
Pedl AST K 1) (. 25 T 5 v] A5 il 40 R 4K A
HEXR. BT ASTHRNR, fEXHIF RS KA
HHAP 3RS 55 s, & Aed g m 2k
TRCOSE 5 T S S AUBE RNA G 5 B A (1
HHAP %:[H 30 h 2 100% HIFE T, 1M 40 i
B W b HOR AR T BB, 3R HHAP %
PRI I 2 AR S rh R HE AR S, ARG rh
JFLENIENT AR HIF-10 F PR SRS 20000 240 4R
KR AR B R 45 5 HHAP ik i IK 2 —, 45
W) FL YN T X MR HIF-1o 1 3% 35 52 i) L 3 1 2
B RS —Fh ANV TG A R 1, BT LA
TEH N HREE £35 4500 MBS, LG5 41 i
o S BRI FEPEVE FHC2 38 2 v SR B T AR v
LA 2 XoF W 4 I 20 . PO i g FITIE IR g B3,
M HLR A FT 4S8 WSSV BB YL R B it 3
W FTZ5 T HAARETGe. X IRAMTHdan
FTRIXBIC N 25, (AN &S5 FT#
TR 2T A DT S 0] FLAN RS X AR ) S B T RE

ACP 1E N B b bR S B, AERRPEIRE T
ACP FB 38 1 7K fiff 25 THI T A7 B R i 1) 5540 DA T 93
B SR e, 3 T LAIE a8 i A1 ofe 53 1 2% TR S &R
230 WA T 4 e AL 200 AR XK PR 47 Sk DL A R 131531, DA
T4 12 A W A L AR N S P ) S SR, AKP 5
SR LA () AR5, A A5 IR ATl R A U0 AR
R EEF, TT LU 4 5 A B BRI B B
ANHIFFTEE R TN, R LN HIF- 1o SRR
6 h I & I LI T (9 ACP (97T 1 A B B 09 T [,
1M AKP 935 30 JC 8 E A8k . PO LA IR 1 3K
Py doi By N T vt i ORI T v O ESE TR A S 4
BHESIYI A EAENIT . 2 5 R r
RECS ) ARSZI h EIK HIF-1o SRR IRE ST £
fifi PO 1% JIFRAK, ZEMRAARFE: 6 h BT B E 2R
3 o G AH G Bl AR IR AR T 0 IR A A T
R, X 5 SCEk [39] BRSBTS
WL, AR AR T RIS HIF- 1o SEPRFRAR T 3820 i
AHOCT T 7
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Effects of HIF-1a on the immune response of the hemolymph of

Litopenaeus vannamei under hypoxic stress

XUE Yijia, BAI Xue, FU Ying, ZHOU Hailong
(School of Life Sciences, Hainan University, Haikou, Hainan 570228, China)

Abstract: In order to investigate the effects of hypoxic-induced-factor-1a (HIF-1a) on the immune response of
the hemolymph of Litopenaeus vannamei under hypoxia stress, dSRNA was injected into L. vannamei to
interfere with the expression of HIF-Ia gene under the hypoxic stress (2.0 mg-L™) to analyze the regulation
effect of hypoxic stress on HIF-Ia gene expression level in the hemocyte of L. vannamei. Immune indicators
such as hemocyte counts, hemocyanin concentration, gene expression level, enzymatic activity, etc were
determined. The results showed that the expression level of HIF-1o in the RNA interference group decreased
by 80.1% compared with the control group. The hemocyte counts were significantly lower under hypoxic
conditions in the interference group compared with the control group (P < 0.05). Additionally, the concen-
tration of hemocyanin was significantly higher in the interference group than in the control group (P < 0.05).
The expression levels of Astakine (AST) and hemocyte homeostasis-associated protein (HHAP) in the
hemocytes were significantly higher in the RNA interference group under hypoxic conditions than in the
control group, while the expression levels of Ferritin (FT) in the hemocytes were not significantly different
between both the interference and control groups. The enzymatic activities of ACP, AKP and PO in the serum
in the RNA interference group under hypoxic conditions were reduced to different degrees. By interfering with
the expression of HIF-1o gene, it was found that HIF-Ia gene played an important role in hemocyte counts,
hemocyanin concentration, expression of immune-related genes and the activity of immune-related enzymes in
L. vannamen.

Keywords: Litopenaeus vannamei; HIF-1a; gene; enzyme activity; hemolymph
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