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9 0~72 h, FENL T ERBE I8 1] 5 o JE R Ml RE PR R Gk e 22 1) DG AR 0 g REAREAY, I ad S A BT T B AN 38 i [R]
IR G R R, ER X UL 0 o- Y8 4 il 3k PR 38 25 58 52 W 1) — UK SN R B 3 (P>0.05), T - AR e i 3
(P<0.01), BLHIFREE S ILAL ML o-VE By B HE R Fe ik ik Z (R R AR PEOC R o BEER BT, VEM BRI R ik it 2258 TG
TR ARG, IR 31 BYE R A R R R, I L AL AL BE T R o A A X YE e il A PR R Ak
R 9 — DO B3 (P<0.05), BN 35 (P>0.05), 2 Wb 3f i 18] 5 JU LB on- Y 53 Tl PR 2 K 22 [ B 2
PR R, BIKEE o o ) S84, 380 il 2k BN 4R IR 22 3R B i R TR 28 0E 5 3R 3R 7K T o 3 B AR Bk 36 ek (]
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EARKEF SR, B2t e, Hic
BT AR AN, a-TE R EESE N B £ A5 L
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idellus)® HE KR BAT BAEMISEHE. DL EBFRE Y
LKW o-TEM IS KA AERMEREEME, o
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RN A P9 1) 1A, e S EOLIR 3R A 5
AL, 2 i AR 7 B K A
Too MEDAT AR M XA i o ) UL 8052 6 B2 8 ALY
W, FET-BRG I R S M R g AL A
N TR) 2 R 300 B ] oo D8 M i R PR 26 3 1 ) A8
e, XFRFEILALIE T A7 B AR 3 LA K A AN [ 76
DA 45 HAT BB A48 AR o R T AR
TR T L P I E DT, EARERS A RO
A S URK, TR IR R A o Al i TN A SR A B
[ S50 2 P HT1O, AR SR o oz I TR, KR
JEE TS B (B A D B2 M DN, BFEAE 2 ST
0 ILALE o-JE R M RE N A B A4, AT T
fift JUFLBEAE A [ R BEJE RN A& B 20, R
JUAL SRR ER 5 8 T A Ik B2 B 53 )5 T A B
WA

1 HRE5HE

1.1 SEIeH

S B T LAL BRI A ) AR R T K
Al BEALBEICH R 2 & JLFLER 800 3k, FH5ek
(45.52+5.66) mm, {KH(11.29+4.23) g, TR
H 800 k1T 7 T4 Vb Uk RS K, JF
PGS AT . KIS 27°C, EhEE R 32,
1.2 Xt

A S R ot B2 B LA R e iy T
XFERE AR E] 2 AT TR, IR R
JEE R 3 B [T JUAFL B - 3 TR PR 3 2k 1 P B
BRI 13 AAE, BIHEHEA 3
W4T o BAHE T 4B IUALE 20 3k, 5256
il BEYE LR 22~40, BFEIVEFR 0~72 ho B4k
AW 1,
1.3 BB

SCURTE 10 L AYSRHE N H#ETT, B . 15 )
5 (1) JUFL B AR R B ER BE 21, ARG IR 1 4
BTG o R R PR S AR K S N
IR SR IR K HEAT IR, SE 6 ARk R AR N
1140.2, BERXTILFLEIHTT 50%H50oK, SR
AR AT, I MR R o R 0 2
AE I A8 BORE B () ) 647 JLAL 6 B8 20 ZURURE, Ik
T RNA hold H & FF, FHT RNA 425,

&1 OEEWRI
Tab.1 Thedesign of the experiment

e i (Y code value SEPR{E actual value
no. S t/h N t/h
1 0 0 31.00 36.00
2 0 0 31.00 36.00
3 -1 1 24.64 61.46
4 -1.414 0 22.00 36.00
5 -1 -1 24.64 10.54
6 0 0 31.00 36.00
7 0 0 31.00 36.00
8 1 1 37.36 61.46
9 0 0 31.00 36.00
10 0 -1.414 31.00 0.00
11 1 -1 37.36 10.54
12 1.414 0 40.00 36.00
13 0 1.414 31.00 72.00

T S TR, ¢ TR haE i)
Note: S means salinity; # means stress time.
1.4 SFLEEEA RNA 2B cDNA &K%

JLALELE RNA $&HU5 S R Trizol(Jb 54
WA R ") U 45 . AR HC 1 pL
RNA BT o R E B EAR I RNA WKL
R, FFiL R ODago\ ODago OD,60/ODago fH, [
ik RNA ¥#EZ(E, # OD260/0D280 [U{H7E
1.8~2.0 WIASN RNA Friddhy, af HIFS2m2
JE i PCR,

>k H EasyScript One-step gDNA Removal and
cDNA Synthesis SuperMix )&, #4250 &
RNA Jz %K cDNA, IfEZR K 500 ng RNA,
1 puL Oligo-dT (0.5 pg/uL), 10 uL 2xES Reaction
Mix, 1 pL EasyScript Enzyme Mix, 1 pL gDNA
Remover, /il & RNase-free H,O £ 20 uL., K5
AT 42°CHE R SL5% 5% 30 min, 85N S s,
RJ5 4 CHRAFE
15 HEXRBERBEXNo-EHNBERREER
M 4 i)

KA ILFLED p-actin FELFE NS RE, NS
RN 5 H I HDOEE & PCREEF 5 W T8 Ik
2 it 2OLE R PCRRAL st 2 A oA
A BRZS F B9 TransStart Tip Green qPCR SuperMix
A&, BMEREE 3 AEE, RYVKRSH
ARG AS, [ &R 94°C 30s;94C 5,
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58°C 345,72°C 10, 40 MEIF DA 5 RER
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BEDH ik i A
x2 AHRFABSIHIFT
Tab.2 The sequencesof primersused in the study
£ FK name

¥4I sequence

p-actin(s) CCATCCAGGCTGTTCTGTCTC

B-actin(a) GCGGTGGTGGTGAATGAGTAA

RT-AMY(s) ATGGTAGCGTTCAGGAATGCCGTAG

RT-AMY(a) GGGAGCCCTGTTTGGAATGTTTGAT
1.6 ZIEAIE

DAL B 3 i ] A, DAJLFL o 3
W3 Tl PR 6 3k e S R A e, ST o VE Y L PR 3
PR 1k L R

Yamy= Bot BT+ BoS+ BT X S+ BT+ BsS7+p (1)
K, Yamy TR0 W (H (o- T8 R BESE I 238); Ao
TRAREE; B, B Foom Eh R AN A IR] 1 — VRO
B FEr H BE UM SE I 18] B EAR R By Bs Fermsdh
FEE N30 I D £ RN R BEMLIR 2Z, I HL
R MAIIE R 0 MIESSMT. W Design
Expert #7480 S B IEAT 404, [RIEH B 57
TR AL, 75 3 JUFL 0 o T M8 1 5 PR 25 5K B 114
B ER BRI, s e R AL, RIE R AR
AN S SRR BT S SR I . T
FRUERE A a=0.05,

2 ERESW

21 EHE. PhEREXAALEE o MEEREE
EERMMN A EST

XFEREE . Miad i R R A B UL - B
¥y B HE I IR A TR GR 3), 45 REW, $hE
A IE A, Bt B2 R ) K, o ) GO IR A
Fhir . MEREE N 31, BB A 36 h T on-JE # il 2
Pk B o R FUFL 0 on- S oy 366 R 36 8
T IEARERL Ty 225001 (R 4), G5R A, # L
LA o A7 3R R 2 e 90 [ D TR Tk A S I
(P<0.05), HRPIIKFA 5 P>0.05), FHLK
Bl A B B 8. [BIE BRI P RECH
80.05%, F51E R BN 65.80%, Tl %K 50.18%,
TR By, AR B AR Y

&3 ARZEMPBITEIEE FTa-EMEBERREE
Tab. 3 The expression level of alpha-amylase genein dif-
ferent salinity and stresstime

HhIE Joip 3 b5 8] /b ou-TE M) Ik (R Rk

salinity stress time alpha-amylase expression level
31.00 36.00 2.62+0.29
31.00 36.00 2.62+0.02
24.64 61.46 1.82+0.22
22.00 36.00 1.11+0.01
24.64 10.54 1.09+£0.12
31.00 36.00 2.61+0.04
31.00 36.00 1.62+0.10
37.36 61.46 2.02+0.10
31.00 36.00 2.61+0.09
31.00 0.00 1.36+0.18
37.36 10.54 1.75+0.23
40.00 36.00 1.27+0.11
31.00 72.00 2.71+0.08

R4 RE. PEREX AT EMEERREE
mFRB T E DR
Tab. 4 Variance analysis of synergistic effect of salinity
and stresstime on alpha-amylase gene expression level

I F SS AME df BT MS F P

HKJH source

i model 3.82 5 0.76  5.62 0.0214
5%2 residual 0.95 7 0.14
JAUT lack of fit  0.16 3 0.05 027 0.8446
4li{%2% pure error  0.79 4 0.20

YU R RP=80.05%, KIEREL Adj. R*=65.80%, Tl &%
Pred. R*=50.18%.

Note: Determinate coefficient (R?) is 80.05%; modified coefficient
(Adj. R?) is 65.80%; predictive coefficient (Pred.R?) is 50.18%.

Xof e PR ek e A T mLE A3 HT (R S)RT AL, R
1) — WL A B3 (P>0.05), IR AN B E
(P<0.05), % BHEL B XT U AL 60 o- 3 A9 i 32 PR 3R 38
SR AR MY, BDAEAE A o ol B ) i
— R BN B 3 (P<0.05), T R RN A W E
(P>0.05), & B Jblp 388 B (] XoF JU AL 60 o0 3 3 il 32 R
FIR R RIS R . AR RN 38 B[]
AL EAER, RIS T R alsr R, 7
B ELANSE ] o %o S B e AT IR T RS, T
HR A 22 EXA TTE A5 B - T8 B g 56 P 3R 3K 12 (Yamy)
EERRE(S) . T s T] () B k(a3 7
Yamy= 2.42+1.148+0.361-0.118x—
0.65°-0.18#
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&5 HE. BhEREN NI Ee-EMEBERREE
AL EVER; ¥y
Tab.5 Theanalysis of regression on amylase gene
expression level under different salinity and stresstime

95% B {5 X [H]

TES AR AhHE PR 22

ffici P dard 95% CI
coefficient standar — Ny
factor estimate error A i
low value high value
&EE 2.42 - 0.16 2.03 2.81
intercept
S 0.14 0.3307 0.13 -0.17 0.44
t 0.36 0.0270* 0.13 0.06 0.67
Sxt -0.11 0.5536 0.18 -0.55 0.32
S? -0.60 0.0036** 0.14 -0.93 -0.27
I -0.18 0.2481 0.14 -0.51 0.15
W S LB, ¢ A AT E]. * R 25 5 3 (P<0.05); ** RN %R
.t 3 (P<0.01).

Note: S is salinity; 7 is stress time. * means significant difference
(P<0.05); **means extremely significant difference (P<0.01).

22 #hE. B EXAFLEE o-EHEEE R
1% B BN 7 T 43 A

K1 dh B WA g2 Rk . miiE 1
AR B 0 IR A AR RON AN B3, SRR
JEE 1) RAIE AN B2 W 3 B T A AR AR DX ) o 2 R R 4
T 31, WraE (RIS 36 h i o A Al 35k PR %36
PEIT 2.5, P 2 9 ERE | Tolv 3l o 18] A g 157 i A
Pl & 2 Al 5B X UL B0 o- E by il BE DF
AR B S AL S, B
This, o-BER RN I e TR R R, Dra

61.5

3B ] /h stess time
N
~
W

19.0

10.5 1 1 !
24.6 27.8 31.0 342 37.4

R salinity
PO EREE L W3 ik ) 2o UL o D oy TR A
PRI R0 A5 R
Fig. 1 Contour plot of the effect of salinity and stress
time on alpha-amylase gene expression of Haliotis

diversicolor supertexta

EREFSR
gene expression level

P2 #hBE . it i a0 UL o E A Tl L A
5 H R M R W) 7 T
Fig. 2 Response surface of salinity and stress time

on alpha-amylase gene expression of Haliotis
diversicolor supertexta

[ X ou- Y A il I PR 3k i P i S 2R A Ak, BV
A IR SE A, ou-YE A B A 6k e B T 1, >
JiiR 3 S (] AE 44.49~61.46 h IX 1], on-JE H) il ik PR
IsEBEE TS 78R 31, WrantiE 36 h i
o-VE Mo il Jk PR R 3k i A AE B L
23 EHE. EREXMATLEE - EHBEER
EES R

PLJUAL 0 15 20 28 o oy G 56 D] 32 506 oA il 7
B, @ OB SRS TR L JHhaa A )X
PRI B X ou- T 0 il ik PR 2 36 () 5 ), X6 512
Wittt R R, MERE R 31, WAt
36 hF, JUFL B o-JE K AL DX 3R 3K ik B R (H
(2.42), HIKBEE K 93.5%, ENFERLERE . Wrifasd
AT, o-TE A B 5L DR 3836 ik B e R (H . 4 i
FEA A AT AE, &S HIS A SEA AT
3 itig
31 #:ENMNAILSa-EREERREIENHD

FETE Z2 A5 R v,k B R UL A
KA S B T b i, 3
J&E — YR SN R JUAL B - U 3 g 56 PR 2 58 1 52 M) AN
3% (P>0.05), {H KN % (P<0.01), £
R X6 o- Y A9 L R e 3k 1 () s R AR ek 1Y, BRI
A0 3 v e IR 2 R ) o- D A IR PR ) ik i
5 B, 8 BT 5 [QER L) DI (Pinctada martensii)
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Hsp70 J R 3K 5 1) — BV A B 2, T IR AL
I3 1 3 @ 2% K 512 (dpostichopus Japoni-
cus)TEERFE M 30 ZEIRFFAIR S 20 1, Hsp90 JEH ik
AR AR AR, NEREE(Chlorella)
TEAR R BT, A R D il ik P 3 ik o 25 5 W 35
H A B T 2B LTS R R AL
WCN LR R, R XTI N s B
Maje AR LR Y, UESE TASHTSEAE R . H AT X
5 W] ou- TE R Tl R 3 3K ek ) 2 ML e R DL IR
EAIEFEAT) 54 I8 vl B2 6 B 52 i 5 25 1 L AL
RN TR, AT IURRS 0 UL EA GE s 1t
B U Sh R 1 AT, T T A T A PR R
iR mRNA Fr i P22 on-Jaby il 56 I8 4 5
{18 e AER S e UL BV AL RE ) Y5 558, U BH 24k
AR il R BE R, UL B AL RE Sy s, B
fIE HE A B IBC /L, iR D e RE A T
PURB BRI, KRR M A LT A%,
F B UL AR P00 R AT AR I -
TE R A R IK A, (R T L i e R R e
PUARER . A DR RI, R AT LIS e b
(Lateolabrax japonicus)®", HE5RHifLE D1 (Chlamys
nobilis)" | LN IE X IR 8145 Z2 Bk A= s HO Bk
Bl % 1, JOF HLUE R e 0 e AR 5 A R B A A R
eSS Rl ENESUDIR(N (EER A RN S S/
T UE by Wl K B A RE I, RN T RE DR H TR
JEE XS TRy BT T )R o T R R X AL R
FIREN SRS HE A R A T T e — 2D
32 BhiEMEX Aflifa-EHBERREEN
=

ARBEFE R I, W38 T) X L AL 8 o0 T A Tl
PR 2 1K HR A7 7 {35 1 — RBH L (P<0.05), 11 — K
REVE A 3K i 25 7K (P>0.05) o it BA Jik 1 s [7] X6 L fL
o e PR e TR i MR S R O AR, T X - E ) Tl
B DR 3 0 e g S e, Y TRIASE B R0, i i
(] A, ou-TE A3 TG PR 6 38 B i T s o JUAL 8RSz
BN ER R I, T KRB R AR MU, &
FOLALES (AR A, PR MR B 38 ) S AG I 3 o- T
Ho3 Tl i PR 8 TR /K PG o B B 3 I ) G, L
FLORZ W B R U, IR SN NS B R
MW A B AN R B TP, DR UL BT 6 2

bR B[] S AR I 3] o0 YR A9 Tl A PR 6 TR UK T 38
Fhimr o YHaE B A 48 h B, & Bo-UE K L
HERE B T8, AEA LAMBE, RFIL
I LALE E 3E B A AR R, BRI R R TR .
X T AR FAMAFAE T UL o-VE by il A
FE LAY Rh FA L D] P A7 A o i A U4 2k
ITYT4E W5 (Crassostrea hongkongensis)EA 7 1 B
BAFFEAIE, TE 12 h LARG# IR i-2Y 35 v g
SRR EZEF BE, (A 12~72 h BB i-
U PR S PR 3R R i 22 O B 3 (P>0.05), RIFTE
12 h DAJE R SRS TR e o X H iR (Oratosquilla
oratoria) AT B W0 B A B, AN (W] 38 B[R] R
H ARG Mn-SOD Nk E 2255 3%, HEEE W
TE BN ) HE R e A B BT T, Y B ] 4k 2 A
KEBENE TGS, LU0 EREE e bhE
72 h P S AN 3 R 1 AN 3 I R AR RO, AR
GER I, UL SRR ER W38 T Bl 38 B (] 2 G 52
PUANIE I 38 W B Ak B2, 18 BH AL i 28 5o 94k mT
DAIE N A R AR ER B, HYIMERT A>T 48 ho
PRI AT AR 2 R PR O 38 5 v 3 T IX s IR R i
DX FR5H 1 JUAL B ot Ao
33 EEMEE R E X Lo M EEEE K
ERmMARZEER

TE MR 9 H 28 8 B 1 XoF o- UE A9 il 42 A
Fak R IR RN TR AR
ARG SR FH 0 B AT, X R B AT B a6 B[] A
LEHAE AT WE R, KRR . WAt E]
X JUAL B - TE oy il 25 PR 3 3k o TG I 35 8 B H,
S IR B2 1 Bp3E B PRD0T UL 0 - D 3 TR P 6 58
(5% T W] e I ST R AT Y o X S A T Ak K B,
TERLE S 31, A WS 1a] 2 36 h i o by A PR 3R
Nt A, UIHEREE 31 M JLALERAY RaE iR . W
TIALER Z A X TR, 52 M0 H A K R B 3k
KA R E A 272, MANE A48T
I STEN N 1515 o R PN R R O i R N O 0 A B 2
T ARG, RIA T T — 2D i HAl
A8 A1 0 UAL G on- T A9 il PR 63K B ) 5200

SE Wk
[1] Pandey B, Saini M, Sharma P. Molecular phylogenetic and

sequence variation analysis of dimeric o-amylase inhibitor



62

K 7 R

F 24 8

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

genes in wheat and its wild relative species[J]. Plant Gene,
2016, 6: 48—58.

Koyama I, Komine S I, lino N, et al. a-amylase expressed in
human liver is encoded by the AMY-2B gene identified in
tumorous tissues[J]. Clin Chim Acta, 2001, 309(1): 73—83.
Bunyatang O, Chiropongsatonkul N, Bangrak P, et al.
Molecular cloning and characterization of a novel bi-functional
a-amylase/subtilisin inhibitor from Hevea brasiliensis[J].
Plant Physiol Biochem, 2016, 101: 76—87.

Glen K L, Grapes L, Suwanasopee T, et al. SNP analysis of
AMY2 and CTSL genes in Litopenaeus vannamei and
Penaeus monodon shrimp[J]. Anim Genet, 2005, 36: 235—
236.

Zhang Y. Comparative study of cultured effect, early growth
and digestive enzymes activity in Meretrix meritrix of
different shell colors[D]. Shanghai: Shanghai Ocean University,
2012. [3K. AN[FFe SO ISR . A B AR L
FHAR R P LA [D). i EWEREER2E, 2012,

Tang L W, Xu Z, Cheng J C. Activities of four digestive
enzymes in various developmental larvae and in alinentary
canals at various sizes of Apostichopus japonicus[J].
Fisheries Science, 2007, 26(5): 275-277. [[E2 T, 4HE,
B0l TR & T 9 04 LI A FAS [ AR O 23 A e pa
THILBRR TSR], KPR, 2007, 26(5): 275-277.]
XinJJ, Liu X L, Li X L, et al. PCR-RFLP polymorphism of
alpha-amylase gene and its association with growth traits of
Litopenaeus vannamei[J]. Acta Oceanologica Sinica, 2011,
33(3): 124-130. [FEwiih, XV, 23, . FLATEERT
IR a-BERAEEEN PCR-RFLP £ 251k SR K PRI IIAR 43
Mr[9). FE2AR, 2011, 33(3): 124-130.]

Li L. Genomic structure, SNP screening, growth association
and ecological response of a-amylase gene in the pearl oyster
Pinctada fucata[D]. Shanghai: Shanghai Ocean University,
2013. [Z8. ISR D] o-DEMIEAERI 4544 . SNP fifiik |
AR RIS AR A R B ST (D] b BT R A,
2013.]

Tang X H. Structure and expression analysis of three types
of pyrucate kinase and o-AMY gene of grass carp
(Ctenopharyngodon idella) and screening of SNPs markers
related to growth traits|[D]. Shanghai: Shanghai Ocean
University, 2015. [JH/NZL. Fifa 3 FYERERIEAGAT o-TE )
LR Y54 . BT A KA SGHME TR e (D). bk
bR, 2015.]

Homaei A, Ghanbarzadeh M, Monsef F. Biochemical
features and kinetic properties of a-amylases from marine
organisms [J]. Int J Biol Macromol, 2016, 83: 306—314.

Cai Y Y, Zhang Y, Wei R F. Overview of Shellfish[M].

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Shanghai: Shanghai Scientific & Technical Publishers, 1979.
[FEoily, ko, B4 K DIRZMERID]. Bi: Rk
AR MR, 1979.]

Yu S S, Wang Q L, Meng X L, et al. Effects of salinity
fluctuation on the expression of Asp70 and hsp90 gene in sea
cucumber, Apostichopus japonicus Selenka[J]. Periodical of
Ocean University of China, 2012, 42(9): 22—-27. [ T-Wtilf, £
AR, dEss, . SRERRASXHTHIZS hsp70 S hsp90 K
FIRHYEI[T]. P PR R A2, 2012, 42(9): 22-27.]
Diehl W J. Osmoregulation in echinoderms[J].
Biochem Physiol A: Physiol, 1986, 84(2): 199-205.

Zhou W W. Effect of storm on the breeding enviroment of

Comp

Holothuroidea and emergency countermeasures[J]. Scientific
Fish Farming, 2006(11): 39. [J&4EiX. BMXAES IR
BRI S N 2R (7], BleEgRm, 2006(11): 39.]

Chen Z P, Zhu J B, Chen H X. Central composite design
used to optimize bifendate liposone prescriptions[J]. Journal
of Nanjing University of Traditional Chinese Medicine, 2009,
25(5): 377-379. [WR&MS, AIEE, BRULAT. FATHOES
BB A R g B i b J7 (7] R Bt B2 R
2, 2009, 25(5): 377-379.]

Qian J H, Li Z M, Chen S H. Synergistic effects of
temperature and salinity on activities of amylase and
Na'/K'-ATPase in juvenile scallop Chlamys nobilis (Reeve)[J].
Fisheries Science, 2015, 34(5): 269-276. [#kfHa, HER,
IR RS YT 3 3 R X A B AT L B DL 4 DL R Al A
Na'/K'-ATP BHE PR S RUL[T]. K RE, 2015, 34(5):
269-276.]

Chen C S, Zhong Y P, Wu Y P. The effect of salinity on
food intaka, growth and survival of Haliotis diversicolor
supertexta[J]. Journal of Fisheries of China, 2000, 22(1):
41-45. [BREAE, BrahF, Skl HEEXT LfLsRe . A4
KEAFTHRFER[T]. 7K7=2441, 2000, 22(1): 41-45.]

Yan X Z, Wang G Z, Li S J. Effects of water salinity on
energy budget of Haliotis diversicolor aquatilis[J]. Chinese
Journal of Ecology, 2009, 28(8): 1520—1526. [[@l#itE, T
B, B SRR UL RE S SRR )], A
7, 2009, 28(8): 1520-1526.]

Martello L B, Tjeerdema R S. Combined effects of
pentachlorophenol and salinity stress on chemiluminescence
activity in two species of abalone[J]. Aquat Toxicol, 2001,
51(3): 351-362.

Wang Y N, Wang H, Zhu X W, et al. Joint effects of water
temperature and salinity on the expression of gill Hsp70 gene
in Pinctada martensii (Dunker)[J]. Chinese Journal of
Applied Ecology, 2012, 23(12): 3467—3473. [F.58, FTH#%,
RIEN, S, JREE . DX L [CBREE DU Hsp70 2RI



5514

BRAEER A R R 8 A )X UL 8 - GiE R T PR 2 3k 2 1) K KON 43 B 63

(21]

(22]

(23]

[24]

[25]

[26]

SR AR, R, 2012, 23(12): 34673473 ]
Du Y, Sun X, Xu N J. Effects of different salinity and iron
concentration on growth, nitrate reducatase activity and its
expression in Chlorella[J]. Ecological Science, 2012, 31(4):
441-445, [FF, IV, RAEE. ARIELEM Fe® W B X/
BRI ISR SR PR N BE R BB 2 (1], A= 25
2%,2012, 31(4): 441-445.]

Han Q. The effects of hunger on the trypsin activity and its
mRNA expression level of juvenile Lateolabrax japonicus[D].
Chongging: Chongging Normal University, 2009. [ffi5#. 4L
xR £ JBRAR B A R SO mRNA (1978
FE[D]. HPE EPIMER, 2009.]

Chen C S, Zhong Y P, Wu Y P. The effect of salinity on
food intake, growth and survival of Haliotis diversicolor
supertexta[J]. Journal of Fisheries of China, 2000, 24(1):
41-45. [BRE A, S04, SRkl 4. R BEXT UL B0
B KRR, Kr=2E3R, 2000, 24(1): 41-45.]
Laiz C N R, Sangiao A S, Guzm N J M, et al. Growth
performance of gilthead sea bream Sparus aurata in different
osmotic conditions: Implications for osmoregulation and energy
metabolism [J]. Aquaculture, 2005, 250(3—4): 849—861.
Psochiou E, Mamuris Z, Panagiotaki P, et al. The response of
digestive proteases to abrupt salinity decrease in the
euryhaline sparid Sparus aurata L.[J].
Physiol B: Biochem Mol Biol, 2007, 147(2): 156—163.
Vargas C L, Saavedra E, Oyarz N R, et al. Effects on the

metabolism, growth, digestive capacity and osmoregulation

Comp Biochem

of juvenile of sub-antarctic notothenioid fish FEleginops

[27]

(28]

[29]

[30]

[31]

maclovinus acclimated at different salinities[J]. Fish Physiol
Biochem, 2015: 1-13.

Wang Y. Effects of low-salt stress on the growth,
physiological and biochemical indexes of juvenile Lateolabrax
Jjaponicus[D]. Chongqing: Chongqing Normal University,
2008. [, AR IE s £ FE o A K R A AR AR AR FR Y
SR[D]. PR HEPRIMER, 2008.]

Huang K, Yang H K, Zhan G, et al. Effect of salinities on
digestive activities of juvenile Lifopenaeus
vannamei[J]. Marine Science, 2007, 31(3): 37-40. [ZHL, ¥
PO, MK, SF. EREEXS PLAA IR ER LRI R R
WD), HEERE, 2007, 31(3): 37-40.]

Xu Y Q, Wu W J, Ding Z K, et al. Analysis of i-type

enzyme

lysozyme gene from Crassostrea hongkongensis and the
effect of temperature on the gene expression[J]. Journal of
Tropical Oceanography, 2012, 31(6): 69-75. [VF /A&, %1
H, TIeH, S GEVTALYG i- B B R B AT SR X
LR FIRAFEMT]. PR, 2012, 31(6): 69-75.]
Liu H Y, Zhang H, Chen L, et al. The expression of
Mn-SOD gene in larval mantis shrimp Oratosquilla oratoria
under salinity stress[J]. Journal of Dalian Ocean University,
2014, 29(1): 17-21. [XgERe, 3K, BRE, 5. SREEMNAT
FHRlG Mn-SOD H& K A28 0T [T]. IR A2 40,
2014, 29(1): 17-21.]

Xie D, Xu S, Wang S, et al. Cloning, tissue expression, and
nutritional regulation of the a-amylase gene in the herbivorous
marine teleost Siganus canaliculatus[J]. Aquaculture, 2016,
454:229-236.



64 Hh K R £ 24 %

Synergistic effects of salinity and stress duration on alpha-amylase
expression in Haliotis diversicolor supertexta

QIAN lJiahui, LI Zhimin, LIU Jianyong, Al Jialin
Fisheries College of Guangdong Ocean University, Zhanjiang 524088, China

Abstract: Haliotis diversicolor supertexta is mainly distributed in coastal waters off southern China and is a
warmwater, economically important shellfish. H. diversicolor supertexta is characterized by rapid growth, a short
breeding cycle, suitability for high density cultivation, and is nutritious, so there is high demand among consumers.
Guangdong is often affected by typhoons, so more rain falls there than in other provinces. Sea salinity drops when
rainfall increases, and the osmotic pressure in aquatic animals varies because of salinity changes, which can result
in massive mortalities of abalone. H. diversicolor supertexta is a local species in Guangdong, making it particu-
larly susceptible. Response surface methodology (RSM) is a collection of statistical and mathematical techniques
to optimize a process. This methodology generates an empirical mathematical model that defines the effect of an
independent variable on a response of interest to optimize the response. RSM has been applied in ecotoxicological
studies of marine bivalve larvae and to investigate the effects of environmental variables on embryonic and larval
development. RSM has not been used in any gastropod nutritional studies. In this study, the synergistic effects of
salinity and stress duration on alpha-amylase gene expression were assessed using central composite design and
RSM. The results show that the linear effects of salinity on alpha-amylase gene expression were not significant (P>0.05),
but the linear effect of stress duration was significant (P<0.05), suggesting that expression of the amylase gene
was affected by stress duration. In addition, the quadratic effects of salinity on amylase gene expression were sig-
nificant (P<0.05), but the quadratic effects of stress duration on amylase gene expression were not significant (P>0.05).
No synergism was detected between salinity and stress duration. The RSM model equation for the relationship
between amylase gene expression and the two factors was established (R*=80.05%). The Adj. R* value was 65.80%,
and the Pre. R” values was 50.18%, suggesting a good model fit for prediction. Maximal amylase gene expression
was observed when salinity was 31, and stress duration was 36 h. H. diversicolor supertexta is affected by many
factors, as it is cultured in a marine environment. Additional factors should be studied in the future.

Key words. Haliotis diversicolor supertexta; alpha-amylase; salinity; stress duration; gene expression; synergistic
effects
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