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IS 52 B8 0 1 22 =k, 9 dn v O R
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17 A AR 7 A AT AR, IR P AR
B TE BT X R (Penaeus monodon)™, FLAATE X #F
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S R 2 25 8 ) v K IX R K o [ DA 32 flh 25 /<
K A SEEAEED, BN B AR XS R (Marsupenaeus
japonicus)®® . ¥HYF(Cragon cragon)®” . K
& (Callinectes sapidus)”*"Fll H A<{3 ¥F (Macrobrachium
nipponense)””"% FLA YR 4 X 1047 &y . Hagerman
ZEEU01 PRI 5 1 B WF (Nephrops norvegicus) g il 13
PR Uk R 0 45 B B B AR o K R
A 2 R A= B2 B R ¢ M 17 5 RE S o
TEKARES i A i B TR B rp, HR2E1
15 2R B E AT S0 193 356 B0y 15 hn 28] 45 22 41K 4T
15 1R TE B AR S, 5 0 i S Ak S R AR & 3 3
HARHBIE T,
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AR A 2 7K A= A= W) T RS K 7 14 25 L 4 (lethal
dissolved oxygen level, LDOL) 12} 3 4L 1 i (lethal
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7 3l 4y v SR IR U 38 B SRR (R 1)
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GIRENAE =R AR R N S O R =R 7]
I5% £k Jif§ (superoxide dismutase, SOD) . i %8 b A fifi
(catalase, CAT) 12 bt H kT S AL ¥ 1§ (glutathione
peroxidas, GPX)%F, M i i o0 T AL A 1) 4 fk 4
PV ARARUB 3 X T 52 S Bt B AL RE ) B 5 e —
HAEME S, ArunZE 0 RIE T B RIE IR
[FZH L CATIE 7 SE<LA<JHFBEAR ; ARl 228
SODIF J7: WL <SE<JHFBEAR, wd W B AR 5 L
W B ZURH L, 2 LA R S B s 0 B
FoORBUR . A S B A S, LN

x1 BEERHPREEER

Tab.1 Hypoxia asphyxia points of crustaceans

WFh REM B M 32 {E/(mg/L) IREY 52 BE 148 bx 22 3R
species developmental stage tolerance value hypoxia tolerance index reference

PE R Penaeus monodon HEMR 0.90 96 h-LCs, [43]
PEHXFUR P, monodon HEUF 0.38 LDOL [44]
JVRETRUR  Metapenaeus ensis FEAR 0.30 LDOL [44]
TVEGHXUR M. ensis HEUF 0.77 8 h-LCs, [42]
HEBXER  Fenneropenaeus chinensis FHEAR 0.74 LDOL [45]
HAZEXEF  Marsupenaeus japonicus AR 0.48 LDOL [44]
HEXWR  Litopenaeus setiferus fPiF 1.27 48 h-LCs, [46]
HIESTUR L. setiferus HEUF 1.16 72 h-LCs, [46]
FLNENRHR  Litopenaeus vannamei AR 0.20 1 h-LCs [8]

HABEF  Macrobranchium nipponense AR 0.85 8 h-LCs, [47]
WYOREF  Panulirus homarus AR 0.23 [48]
HESRAR  Panulirus stimpsoni AR 0.16 [49]
FUNEAUR  Exopalaemon modestus FAIL 2.36 LDOL [50]
P IAUF  Macrobrachium rosenbergii fPUF 0.98 LDOL [51]
HRAYF Exopalaemon carinicauda fPiF 0.55 LCs, [52]
WG HEE  Scylla serrata s 0.17 LCsp [53]
PLE M Seylla paramamosain Ky 0.67 [54]
GG #E  Eriocheir hepuensis Dai % 0.24 [55]
HHAELREEEE  Eriocheir sinensis iy 0.21 [36]
ZYPAR T Portunus trituberculatus I 2.90 [56]
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BE X MR AR S I BRI, U R P T A
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03 A S A A5 0 Y 40 AL A Ok g
FIH AR O 5% 5 TR, L EERAT BRI 4 41
I CATHIGPXIE PE T, T 7E 2 S B Bed Ik &2
FURFHERAP DL EATSE R, AR RS
P R o s PR R SE (3R 2).

2.4 (RS A8 3T B 55 s PR IR 4K 35 0 2 A4
IhRERY S

FE A2 AE R DL IE H AR A 05 B i 255
AEAAW YRR BE R R AR, R85
F3ABBL: BERERG . —ORIRIE I UL S i 1R
BE o AN 5206 2 0 O A A 18 AR E TR H A
IR [ 2 2% sk L 5, ROBMIRARA 5 H A
IR R R AT, R Y (nFLR )R TR R
FREA BRI AKCE, DT R 278 40 i 4 7= A
M A T . JEFRNATHE . B EA MG
STk, BB H AT AR R L 4N X
W OB 7 ik OC 5 5 DR W D% 8 (hex okinase, HK) Al
LR I & (lactic dehydrogenase, LDH)JE [ 7£ 1[G
AR RE R, TR A R A AT fE
P ERAT & R B, i — 25 R FH ULTa) B¢ Jise L UK
F R 20 I i OC BEE T, 6- 1 TR SR B U (6-
phosphofructokinase, PFK) . 5 i ig # fiff (pyruvate
kinase, PK)TE H A< {3 MR 400 i A v sy R 3R
IRUS LR A2 A L P W AR ) B i,
1% 358 il 2 2 R A2 P B pR I TR A% 3 R 2 1Y R

FAZ I SIET, LB RIS T Y
A P G B 25 4, Ho AL 7 2 . R
T 40 - HH T g g NEE W — A% 1 R (nicotinamide adenine
dinucleotide, NAD)- #% 2 i 204 — % F 1 (flavin
adenine dinucleotide, FAD)-4# [ Q-4 fifl {1, 2 &R 4t -
0,, H-H 3E IR M & [ (succinate dehydrogenase,
SDH)& ML F L s sE M m I i, 7EE T35
TR R FIRR E AL N IE A R RIS A ATP, 1 AE
R R 1A IR B (fumarate reductase, FRD)RE W 7 TG 4
SAF T R R A AL R, FEm B
ATP, 3 [QJE B MR 7R AR EUIE O T fiE 8 2 FRDAE 1L
HE 2 R AR R IR R X — iE A2 A AL AR $E I g
U7 LDH W] i Ak 2L 2 A DS A 2 2 (8] 1) AH B
{t, FRDHMILDHZ JC & Ui 72 10 8 20w . 45
5 I AT e B H AR Y R SDHIE J) Bl 5 IG5 2 55
I H) SE KT 4% R B, T FRDAN LDH i J) 12 3%
Hahn; 40 e R E AL B (cytochrome oxidase, CCO)
2 L A% 3 4 R i 1) Bl 6 B VR TR B RLE
J 25 SRS A 2 K2 B A AR R
B, PhERHH A UNBESY R I H AR T MR AE AR S e
T, 40 €5 3R A Ak A OC Ik P SRk i i R
1t Jimenez-GutierrezAE"\E i FL AN I X} 4R IfiL 2% P
FLIR W B2 (0 35 I UE 5% T B A s e, IR AR SR
T LA XS R A0 A e R A AL B TS TR, X R
W1 T Zebi AR S A O AR, SR T H 72 s
S i A W S AR AR T R AREAT st sh
41 b Hr 2R AR () D REIF 9T A A 0k 228 T

®2 REMENBEEHMRENEFEORME

Tab.2 Effect of hypoxia on antioxidant enzyme activities of crustaceans

i e LR AR 1L E= PN
species changes in antioxidant enzyme activities reference
TRk % Chasmagnathus gramulata 33 E AL E B (catalase, CAT). 2 H kS F2 i (glutathione S-transferase, GST)if{E I [63]
Tt FBEAIALEE (superoxide dismutase, SOD)IE M T 4
HARER  Macrobranchium nipponense 538 EE J1(Total antioxidant capacity, T-AOC). CATiHH{E LT+, SODIEME T BE [64]
HAREF M. nipponense CAT. B H kL LY (glutathione Peroxidases, GPX). SODi# &% FF+ [48]
FLGNESTR  Litopenaeus vannamei SOD. GPX. [ (malondialdehyde, MDA)iF &% FF+ [65]
FLEXER L. vannamei GST. 4 )&% 5 [ (metallothionein, MT)iEMEH TF, GPX. SODiEMH & Tk [64]
LR EE  Eriocheir sinensis CAT. GSTiHtEE% LT, SODJEMEE T % [31
KUV  Callinectes sapidus Ty S AL B (phenoloxidase, PO)IH 1 2 2 T & [66]
AAEENTUR  Penaeus stylirostris POTEMERE BFt, 1400 5 % (total haemocyte count, THC)W3 T ¢ [67]
P EXTER  Fenneropenaeus chinensis ~ SOD. 1 AL 4§ (peroxidase, POD)fE R 7t [68]
L KBUF  Pandalu sborealis GPXiE 1t 5.3 LT+ [69]

Y IKJBEF M. rosenbergii POIG I 23 &

[13]
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31 REIFSHFE HIF-1{5 S8

h TR HRE AT, AWPLATE R T — &
1 98 5 BL Wﬁ—ﬁ%@ﬁ%%%ﬁﬁﬁ
+, HIF-1)&2Z 588 R 1) £ Z W, HIF-
U5 5 s 180 TS HHE sh W 208 HESh W #8 + o
SN MG S RIE R RS, EX T YR
PP AR R CEES, HIF-1/2 i HIF-10f1
HIF-1BM N HEZH B, K %, HIF-1af Pro402
FPro564# PDHs¥s 51k, SRS 9 VHLIR A, BhJ5
A& 3 25 B33 H2 [l 19 HAth 18 43 (elonginB, ElonginC,
Rbx1#ICul2), #J5 8 & 1 B RRE AR ; (HAEARE
R, HIF-1odH A2 A% 5 HIF- 1B B 45 5 1Y
W Rk, BRAEARRIBRNESGKSS
HEHF IR N E AU BE 5P 67 (B 1) B N Ah 27

T RE AT T LGN XS IR . KV R L HR G
(Oratosquilla oratoria) . H AR EF 5 H 525 P11
HIF-1 o3& [N cDNA 4 2 1) 250 O 2 AT 5 Ik
92, MFBEHIF-10E N X HAT 5 0 2L S P AH — BUR
2 A A T 1A T T O 8 DX SRR T I A 45 A Sk
A X BOG S, EAEENE, KRBT
%Z—jJ%Tﬁ%ﬂﬁ‘LTHIF-IaE"J%’%J_EFTME%iM
I, 3% 5 S T WL EE B Y A5 HE B 4 e AR N 2K
L, SRR H 72 3 W) 4 N HIF- 1) i 4228
e 200 S e DR DT 2 A4 5t S o7 e s oy 1) T 5
e s o RKIERIE ST RGE , W e S Y HIF-1 T
iR e U =Rt 1IN 3 YN IS S
B, mmiEE A WAERiEENR . SRR
i FLER I A A (R3),

Sl W AR R R A3 3RS AR
5 TN 10 i I I 1 = P = N L IR =4
B fch Tz, NMUFETEMESY, &7

TACGTGAT

HIF $0HIE T/ A% S B 718/
Hﬁﬂﬁﬂm@ I IR N R

HIF--1B/ARNT
F]H-l/P B it
nucleus
ﬁp% HIF-1a B
hypoxla H brEER
targeted gene
HIF 1(1
BEFEFET-10 NTAD  CTAD
normoxia B pro
A 402
bHLH PAS NODDD CODDD
HIF i & 7
FIH-1
pro -

HIF-1a o :L .q:. 30_0/(iB
b eel

activator

— 2
‘ﬁ cytoplasm
2 S & IR KA J
degradation

E 1 HIF-1894H R RiFE™
HIF-1o. $k 40 1% 3 5] 7 ol 5, FIH-1. HIF-1af) i K1 T, PHDs. i & Bt 2 {0 B, ARNT. HIF-1B75 & & 32 {4 1% 7 32 8 (1, HRE. S R B To i,
bHLH. fif P # e -3 -83 5T, PAS. & [ 45 #4435, NODDD. N 58 481 4% if 435 #4 45, CODDD. Ciiy 48 1 1 4 8 45 44 35k, N-TAD. Ny 5 3% 37 45 44
3K, C-TAD. Cliit % e 45 M 3, VHL. A il /R b 3E .
Fig. 1 Structure and transcript regulation of HIF-1

HIF-10. hypoxia-inducible factors-1a, FIH-1. factor- inhibiting HIF- 1o, PHDs.prolyl hydroxylase domain enzymes, ARNT. arylhydrocarbon receptor
nuclear translocator, HRE. hypoxia response element, bHLH. basic-helix-loop-helix, PAS. PER-ARNT-SIM, NODDD.N-oxygen- dependent degradation
domain, CODDD. C-oxygen- dependent degradation domain, N-TAD.N-terminal activation domain, C-TAD. C-terminal activation domain, VHL.Von
Hippel-lindau
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Tab.3 Target gene of HIF-1a in crustaceans

S EyES I 23R

gene species biological effect reference
M#%HFE  hemocyanin HAYBYF  Macrobrachium nipponense A4 oxygen transport [87]
M4 haemoglobin KM F  Daphnia magna AIIZHT  oxygen transport [88]
M¥EE A hemocyanin WIE®E  Cancer magister SAIIE%T  oxygen transport [89]
gt A ML membrane-bound hemoglobin -~ HAJEUR M. nipponense PiEAL  antioxidant ability [90]
W MM PFK FLGNERHR  Litopenaeus.vannamei FEIEME  glycolysis [91]
HpE1,6- —WEIREF FBP FLGNERHE L. vannamei iS4 gluconeogenesis [91]
HhEE-3-B R A GAPDH FLGNERHT L. vannamei FEIEE  glycolysis [92]
AR LDH FLNEXTER L. vannamei FEIEE  glycolysis [72]
CHHEE HK JLANIEXTER L. vannamei FEIEE  glycolysis [73]
AN LDH HARIEF M. nipponense VERE#  Glycolysis [74]
Mz BE-6- BRI A GoPDH JLENESFER L. vannamei HEFEH  glucose metabolism [72]
WENEEIZEA  gltl JUENIERAER L. vannamei HE B glucose metabolism [72]

ET B H 52N SCkiiE, Heshi
KI5 (Daphnia magna) .41 55 )5 s Fh & A 1K
& Bt (hypoxia response element, HRE, A 5
HIF-1%54), HEZ.0F5Rk5'-RCGTG-3"™, i
e AR R 0k S — RS P L, L
PRI LS 5 9 00 3 2 1 S IR A N I A Y
A5k, i Hagerman™ i 57 2 AH 48 HF 78 1K 40 1~2
wih, HM WA A A R R E S Mangum 48 PY
FIBrouwera5 "l 1 L 8 PR 45 23 51 R K PG ¥ 5 %
I W5 A A KGR G i, I EE AR A PR 0 R
i AV Sy R BRI SR B 1 o AR A . AR A
SERE T H AR & AR 3 788, KBA
BT AR I AE AU HRE Jefd, X6 R iR
LR ARG WoR, bR 205 R X T )
sk 5 B A S 3 7 IXDNAAH B AE
FI . HGESE H AR VA U I % 2R & HIF- 17
FERLIEN . R I AR R HIF- 15 5 8 i 7 HH 52 3)
YR AN B A S s T — ik g, (|
A IRA B 52 s W HIF- 140 358 R 04 A4 ) 24 T RE
i B o
32 REFSHEEHNWAMPK (adenosine 5'-
monophosphate (AMP)-activated protein kinase)
EReptik:s

AMPKE B AE W A | 2 AEAE Y —Fh R
TR U, AMPKGEE 5 30 7Y — R 51K 4 1 i
AR B 28 R K AL A AR, (R
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ATPIHAE . fEEATPAE WA J7 4T, Mz
Z 508 g ACHAH OC A 15 5 3 3 o A 52 W IR 4800
W— RINE 0y T a b, fE BRI a1
AMPKHIIE R B CHE N 2 —, BEERE S
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Research progress on the effects of hypoxia stress on
crustacean and its molecular regulation

SUN Shengming ",  ZHU Mengru®, PAN Fangyan', WANG Ning’, FU Hongtuo *>*,  GE Xianping >’
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;
3. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China)

Abstract: Oxygen is the most critical condition for animal’s life activities. When animals are exposed
to hypoxia environment, the biochemical reaction and physiological function of the animals will
correspondingly change, which can finally cause a series of metabolic disorders and damage to
organisms or even death. Hypoxia stress mechanism is complex physiological regulation process
involving multiple genes and regulated by fine-tuning. Hypoxia stress and molecular adaptation
mechanism of crustaceans are unclear compared with mammals. In this paper, the causes of hypoxia
stress were analyzed, and stress reacting process and physiological adaptation strategies of
crustaceans in response to hypoxia, as well as the effects of hypoxia on behavior, survival, antioxidant
ability, metabolic reaction, and molecular mechanisms of hypoxia stress of crustacean were described
and reviewed. In addition, the molecular mechanism in response to hypoxia was discussed from HIF-1
(hypoxia-inducible factor 1) signaling pathway, AMPK (adenosine 5'-monophosphate (AMP)-
activated protein kinase) signaling pathway and apoptosis pathway. On this basis, the multiple
measures are necessary to prevent and regulate negative effects of hypoxia stress, including the
breeding hypoxia-resistant variety, and nutritional regulation. This paper may provide a theoretical
reference for people to deeper understand the mechanism of hypoxia stress and molecular adaptation

in crustaceans.
Key words: crustacean; hypoxia; HIF-1; molecular regulation
Corresponding author: SUN Shengming. E-mail: sunshengming621416@163.com

Funding projects: National Natural Science Foundation of China (31402280, 31672633); Jiangsu Province "Six
Talent Peak" Funded Project (2017 - NY - 112)

http://www.scxuebao.cn W E K= 2 /) sponsored by China Society of Fisheries


http://www.scxuebao.cn

