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WE: AEITTHTY (Cyclina sinensis Gmelin) T RERIERALH], TR TARERGELEE &) MIEH L GLE 25544 F His
96 d A A ALY I AL BE(SOD) it & Ak SV (CAT) 73 bk H Rk ik S AL 9 Bl (GPH-Px) \Na"/K "-ATPase ,Ca®"/Mg*"-ATPase
W I . N A AR IR BT A mRNA B PRI, SIS SRR (1) IRER A S I A b, 7545 A
L AL | b AL S . ARG AL e e B R R B LR R Rk, AR EAE B M 22 R (P<0.05);
Na'/K*-ATPase i J11£ 96 d N— T2 F kS, 7655 48 K N MR f/ME, B80T 0 W RS E(H(P<0.05); SLIRTTF
BRIGIIES 6. 12, 24 K, Ca®" /Mg -ATPase M 50 U W0 1 JC 2 35 ME AR 1K (P>0.05), 45 48 K B 3 T8 (P<0.05);
MDA i E B TR TR, 55 12, 48 F1 96 KiT i 3 B T WA B IG5 (P<0.05), (2) FIH RACE HiAR 5
R T 5 IS BR TR BFIGRL K (CsCA) 42K cDNA J£51), 3k 1672 bp, 5 738 bp JF A FITEAE, 4w 245 MEEMR, RS
AR AR 485 5 3 B 7 0 5 Al 0 20 e 2 e 56 PR ) D v, DA LR AR AR ST . qRT-PCR Z5 R /R, AR MFF,
A TR R BTG JE ) mRNA 7E55 24 K B &5 THIIAFRIA 8 (P<0.05), HAGK A W& T 6B E, B2 %A RE(P>0.05),
L5 LR, 163G N IRER AR, 75 G 68 S B A B R Se B S S BRI, W 3R, BE G B A, PR
TEREG VEZ I, BEJS ATP FERGPET T, DR I 3 R 70 5 00 B U038 DR IR B v R HE VR . AR IT 4 SR
TG FRA P T RS R R R IR

KRR HG; BB, PUAEILEE; ATP B, 9 R, ARIRIT LN
FE %S S917 MERFRRAD: A X EHE: 1005-8737—(2021)08—0968—10

HIWA(Cyclina sinensis Gmelin)JE AR ¥)1], I ARHFET- IS
i 68 24 (Lamellibranchia), %5 #4 H (Veneroida), #f R REEMN I T, AL
158 (Veneroidae), 7 UGJE, 8 H FRIERLG | IR | K= A K kR B AT E L RE 1%
A-HRUG A5, A TR E R R A 5 R, D2 B AR ER B aa i, 44 P it R
SR, R LA A R R K L D22 W e R4 O A Bl Aok o 0 M A R (reactive
TG ERA A K, YUl PR G RE, IR oxygen species, ROS)MIFA: P, i 1l iod ft i
MU LSRR — P A K AT A 071 A B i B 1 3 R AR A N R 1 -
TE A R XA K A R, kAR DUZEBWIE T R P A AL B AL, B4
AR IR B R, H A A iE Bl Az s A E, B AR R 500 8 48 Ak W 15 AL B (superoxide
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dismutase, SOD). i & b E i (catalase, CAT). %4
e H K S8 AL W i (glutathione peroxidase, GPX) .,
4% Be H K - i - 5% #% 1 (glutathione S-transferases,
GST)FI4 Mt H KL J5 B (glutathione reductase, GR)
SR BT A A R G ) Y, TR BRI PR
S M T A PR AR A P A
N [ (malondialdehyde, MDA) & & J2& DI 24 558
Bl RS L EA RN . ATP B —2850 A0 ) Iz AR
RO R, AN BT RO i ) sh H
TEFRFH AR B S A AR, F Al ML N A2 i
RSP, Sk B IR 8 453 Ay 2R SR R AR B 5l 0 0 ik
PR I i (carbonic anhydrase, CA)Z&—Fh & r 4R
fitf, REMELL COL KA B HELEMg | SR AL S,
2 50k N R A AN 2 T ac Bt U0, 1
KBRS 555, MEDLPe o Pk A% £R 5 A )3
o B, HMHREE LS H 455 R 7 H 1o
o TSN IR LR AT R E 10, 15,
25, 35) 96 h NFIREE . SMEBRIF B+ SOD
1 CAT & P2 A 7 BFE, TRl R ST T A 6] 3h
THERFRGE 2 D H WA ROR I E R
Wrr AU RS TR 23 TR, BRE . ANE
JEFN PN I Na™/K -ATPase 112 R, MK AR
SIS AE 4 AR LK A5 G H AR, BF5E%
eI SERONCE SpeRR IR S k=R SRR e A
117 5 T 75 W KR AR TR 58 T A A 1% 30y 04 il [z S
-3 WAL B 9 34 e A

ARG T ARER IR G T F I P A AL e (1
#% SOD. CAT #l GSH-PX). MDA . ATP Jifi(fd45
Na'/K'- ATPase il Ca®*'/Mg**-ATPase)if P (125 4k,
JFEE T W3 I sk 2H S BE R A0 0 B 45 SR 0 8 3] 75 i
M 7 AF i 3 ) S B PRk TR I Tl 55 PRI (Cs €A,
LR cDNA 4K P8, FIH 52 m 28O0 5E &
PCR (qRT-PCR)YE ARG CsCA FETH I K FR5H
R R B R A, DL T R R IR R
WAL, A il DX A B A DXl Y 75 5 SR 5 4
BESCERAE T, O A BT IR LR A SR AR ER BT
A F PE AL FERY, D IHEE T 06 77 Mk A AT
FRek R

1 HRET%

1.1 Rl

SEHG T S R = W AR IR A BR A
PR, S RE AR TE IR LG PR K R G il K
IR(20+£1) C, FhEF 25+0.5, 55 7d G IS5
BFE WM, 24 h #LE R, B3 diK 50%, &H
P /INEREE SO H SR AW . TR SEER T, BEAL
PEik 1200 kifkdE—3[(4.08£0.61) g]. {EFEHFIA
TS5, S AE KPR H(100 cmx100 cm*50 cm)
HiEAT . SEER A X RRZA (BREE 25) A IR (Bh B
8), Bl 3 AT, BEAUKIETH 200 KA . S
FHZK DA 28 R AL B [ SR 16 7K RN IR S A DR 7K BT
i, SEue SR 5 IR AT
1.2 XWHIE
121 BERE\BA[FROGEE ELEE 0.
6. 12, 24, 48 fll 96 K, EMALHL /> HIBEHLELC 3
TG, i BUR AL 2N, 2 AR A A
JEH 1.5 mL B0, InA TS AR BEER K 45 K
10%ZH 21473, 3500 r/min 25.0> 10 min, B F i
FAFREES S, SHE 3 R, A B g
U AR RNA PRAFR DTSR 1.5 mL B0,
4 CHE 12h J5-80 C#HLE, FIT RNA 5L,
122 BRWRALAFEMREFNE SOD. CAT.
GSH-PX .MDA Na'"/K"-ATPase Fl Ca’>"/Mg”"-ATPase
it 3% P 1 0 449 SR R 6 (Pt i AR ) TR
WEFEIT) o B 0T 2 9 0 SR FH 25 T 37 2 1 1 7
& (P A ) T RS T
123 CsCA EERMESME H Trizol EH2H
FESL B RNA, RAGER O TR 1.0%3588
BRI FL UK A3 S04 T RINA ¥ 85 A6 I 60 J5 i 43T o
i ] SMARTer™ RACE ¢DNA Amplification Kit
(TaKaRa)id 7] & A& hl 5" 3’ ready cDNA, ARG A
S A FE A P AR B CsCA F#EH CDS ¥4,
FIA Primer Premier 5.0 %11 5' % 3w 5149, 437
DL 5')% 3" ready cDNA AR 1T 5150 PCR 3734,
AT CsCA HEH 5" 39 B BOF 51 . PCR =4
28 1.5%In BEREE Fg F UK R I 5 FH Bt i 5 Mg [l
WO ) & R AR A AR B A R /(b 50 ik B
MR EB:, J55 pUCM-T #ifkiEs:, I s
UMK HFFE DHSa, 4 T A TR (R,
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1.24 HUEALASH CsCA EFRIHEARESE
PCR M RNA RAFU U 5 0 620 LR i,
RNase-Free water 135 2~3 X, ffifH{&Z5 Trizol
RNA 25 BRI IR 2 HEUR RNA, R
¥ )5 1 RNA H PrimeScript™ RT reagent Kit with
gDNA Eraser (Perfect Real Time)[ 5 4 %) T. 1A BR
INEI(CKGE), TaKaRalAbBE:BRILH 4 DNA K&

B cDNA 55— 5555, kW B-actin 5|9k
KA G B T-40 CUKFETR-ATF . CsCA FEHTEREfT
T 1, g CsC4 HH cDNA K% E
5| CsCA-qrt-F/R, 34 -actin FEEE N IR T
S ELH (3% 2), R SYBR BN I B4 ZURE 5
#1T qQRT-PCR 4341, B HERIE 3 ANEHE, U
FEFE A 95 CHiZEME 30 s; 95 CA8ME 5 s, 60 Ci
Kk 30 s, 340 NMEH; Fef5 95 C 155, 60 C 1
min, 95 C 15 s il &k,

R 1 CsCAEEZEESIY

Tab.1 Primersused for cloning of CsCA in Cyclina sinensis

5|9 primer

J¥%1(5'-3") sequence (5'-3")

% usage

CsCA-5GSP TGGCCTGCTGCGTCTGGAAACATC
CsCA-5NGSP  GGTCGAGACTTTCGATGTGACTTC
CsCA-3GSP TATGATAGATGGACAGTCGTACGCGGC

CsCA-3NGSP  ACGGTCTGGCTGTGCTTGGCATTAT

5'RACE SM2 #5149

5" RACE outer layer amplification primers
5'RACE NZ§ #3514

5" RACE inner layer amplification primers
3' RACE SMNEY 11519

3’ RACE outer layer amplification primers
3'RACE WZ #5149

3’ RACE inner layer amplification primers
RACE PCR #MNZ 1

Upm-long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT .
RACE PCR outer layer amplification
=SR]
NUP AAGCAGTGGTAACAACGCAGAGT RACE PCR .W’;ﬁiﬁ e
RACE PCR inner layer amplification
P 1
MI13F GTTGTAAAACGACGGCCAG M &#Fﬁgﬁﬁ .
positive clone verification
SH A4 7 A 46
MI3R CAGGAAACAGCTATGAC P i S

positive clone verification

3+ 2 CsCA EMEA qRT-PCR B4 R 15| 4
Tab. 2 Specific primersfor gRT-PCR of CsCA
from Cyclina sinensi

519 JF51(5"-3") H iy
primer sequence (5'-3") purpose
AAGGAGGGAAAGA qRT-PCR
CsCA-qrt-F CTGGTGG
CATCACCGCCCATG qRT-PCR
CsCA-qrt-R TATGTG
. CACCACAACTGCC WS EEH
f-actin-F .
GAGAG internal reference gene
. CCGATAGTGATGA WS AEH
f-actin-R .
CCTGACC internal reference gene

125 FIISHEEELE fiiH Excel 2010 X
g Em G5, 2t AR ABI 7500
SDS software 431, SR 274 1y 7 vk 24 3 (K st
23 Je3RIK -, B 1] SPASS 26.0 AT S )y
22181 (one-way ANOVA), FU{E DAV {E b5 22
(T+SDYERFR, LI P<0.05 Jy2= 5 W3 H 5ilbR

. ASCHHREI Y H Graphpad Prism 23l .

X JE B S0 B BR R S, il DNA
MAN P44 CsCa FER, ] NCBI £l 4 h
fY) ORF Finder X%t CsCA 3R 17l b2 52HE(ORF)
W, JFH BLAST 35 81 AT Rl IR 48 R
FNELXT o 7E http://web.expasy.org/protparam/H T il
HEA BT EAAE AT, R MEGA 5.1 84t
A AR EE L AR KA SR IE X AN R AP ) CcA4 FEH
ity 1 2 B IR T 9 AT IR AT o

2 #R59H

21 REXFHRERAN MBI

WE 1 R, 5 a2 R 2R S HUR
PR PR B e TS R A e ke gy, HY7E
5 6 KW T i B 5 KRB (P<0.05) o X JRAL 15 15
8 20 2T AR A S PR AR AR 1 3 (P>0.05) o [ 3R 41
TESS 6 KIS CAT 16 1 Tt 5 o Bl BT B e o e
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, = {&ER4H low salinity group y O E#R4L low salinity group ¢ O EEAL low salinity group
10r Xﬁfﬁ # control group g 7 XML control group 4r % B&4H control group
o 8t —_ a n=3; xSD %
o 6| a 3t

8 £ b 5
% I d g’ 4 % c Z R 2
5l = E

il numsnn 11 B

0 6 12 24 48 96 0 6 2 48 96

A} 1E]/d time

Fi[E]/d time

Fis[]/d time

B 1 ARERERE 8)Xt i I 4 Ut E AL B ME(CAT, a). ALY EALEF(SOD, by, &BEH Ik
i B AL G (GPH-PX, )i 14 4 5% 1l
FEIE b J7 AN Rl B 3R 7R 25 57 0 35 (P<0.05).

Fig. 1

Effect of low salinity (8) on catalase (CAT, a), superoxide dismutase (SOD, b) and glutathione peroxidase

(GSH-PX, c¢) in the gill of Cyclina sinensi
Different letters on the column indicate significant differences (£<0.05).

AR, T4 96 K FREERAMME, FHRTRILAERS
PR, P25 035 (P<0.05)(& 1a), KR &1 F 7
I EEZH 2 SOD W PETESS 6 KiT i E i, dife®
95 24 K IE FREP<0.05), 55 96 KRR % R (H,
TR T HILA RS I 22 7 1835 (P<0.05)( 1b), (RER 2%
PTG 8 ZH 2 b GSH-PX TG PEAESS 6 K B THi,
HARMEAESS 48 K, BlJE THE, 2% 96 KItE =
50 b6y il T (BTG B 3 25 7 (P>0.05) (K] 1)
22 REXIFREZALN ATP BRI M

K 2 Bon, RERd] b IR aE 414 ATP i 1
AL BRI T RS A #ad, HEA R
FEZE R (P<0.05), XTHRAIFHIAHIZZIh ATP [
1% M AR AL R 3 (P>0.05) . I Eh 2 7 0 i 2H 21
Ca®"/Mg* -ATPase 1ML 6 KIE#FH T (P<0.05)
ZIARAE, %5 6~24 K Ca®' /Mg -ATPase I PEF4 &
AERFTERAKT, 56 48 KEHE M 1 35 51 (P<0.05),
996 RikBlE KM, HEARIK TR GG, H
%53 13 (P<0.05), {REH4]FHIAEH S Na' /K -
ATPase JGPEZERT 48 d FF2E T RS HRARME, & 48
FAHE ETF, 52 96 FH I YRR T 400 U i I
PEAE, 225 183 (P<0.05),
23 RBENEREANART _BSENTI

WK 3 Fis, BEE R fE) e K, REhal
Hin MDA 7 i S s s, 5 12 Xt
WE T (P<0.05), 5524 RE AR, 5 48 Rk
ZTFE(P<0.05), 96 d f MDA && B EMEET
(P<0.05)¥]4fi MDA % . XTI H G MDA &
A .3 (P>0.05),

a

025r = {4 low salinity group

E n=3; #SD
S 020p 2 X} HR4H control group
©
£ 015¢ b b
<
& o0r . . ]
€ 00sf
<
© 0
0 6 12 24 48 9
A A]/d time
b
_ 01 mexmsp O {3540 low salinity group
g X} H#82H control group
=) a
< 02 b
8 ab
E be b
£ 0.1r c
¥
<
Z
0
0 6 12 24 48 9
A fi)/d time

B2 ARERGR R )X IR Z] Ca®/Mg™-ATP
fif#(a) 1 Na'/K"-ATP [ (b){if 14 i 52
HIE 8] | J7 AN [ -8 3075 22 57 Wi 35 (P<0.05).
Fig. 2 Effect of low salinity (8) on Ca*"/Mg”"-ATPase (a)Fll

Na'/K'-ATPase (b) activities in the gill of Cyclina sinensi
Different letters on the column indicate significant
differences (P<0.05).

2.4 CsCA EFE £ cDNA FF 3l R4S
CsCA JEH ALK —3t 1672 ANmssE, Hr 53k
BIX(5'UTR)271 M2, 3" IE4wA%IX (3'UTR)663 4
BRi%E, ORF X 738 Mk, edhihth 245 2 HMR(K 4).
i FHAE LRI CsCA LR ity il G LR BRAL 1 o
VAT, B 5208 CraorH 833 N3pO380S13,
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Lps = Mk low salinity group Ao F i K/NR 27397.55 D, 25 HL S (pD) A 4.88.
. wza %} B4 control group - s s
LSOF o p @ a i 1L ff 2 SRR TR B (Asp+Glu) B8k 32 A4S, A
TE AL S S R IR S (Arg+Lys) MK 18 4>, Ak
ERECH 56.58, MEREEREH. IBIEECN 67.27,

MO K ZBU(GRAVY) H—0.491,

é

o

MDA/(nmol/mg)
=
(=)

MM

0.25 -
/A

R R S 24 48 o 25 CsCA EESEERFF LR RG#H L5317
P tme ¥ CsCA IENGIIHG R IER T 31 5 M NCBI
M3 R )X T M MAIRN =R (MDA) B P R S FRRE f 49, 1 FRELENY L 3
I FIORAELITI | RO SEERAY CA PR 25T ) R

FE I L5 R )5 B 7 25 5% 5 6(P<0.05). e =

Fig. 3  Effect of low salinity (8) on malondialdehyde (MDA) gl (%% 3)tAT Rt

content in the gill of Cyclina sinensis FTH WAL A CA E LR T4 s 2t

Diffi 1 he col indi ignifi N
1fferent etterziofrfletrei;;LZ?E(;.IE)SI)C.MG significant B/‘] Neighbor—Joining %éﬁ,ﬁ’fhﬂj’ﬁﬂ@ 5 FJT/T\‘, ﬁf)ﬁﬂ

1 ACATGGGGACACAGTTCCGTCAGCTTCTACCATACTGGGTTATTTTGTGACTAATATTTCACAAAATACAATCAGGACTTGTGGTCGAAA
91 CAGGGCTTGACCAGCGGGATTTAGTGAAGAAATATTGCAAGATAAGGAGGGAAAGACTGGTGGTTATAAGACAGTGGTAGAAGTCACATC
181  GAAAGTCTCGACCTTAAAAGTACAGGAGAAGAAACCAGACGCAATGTCTTGGGGATACGCACACTCTAACGGTCCACATACATGGGCGGT
271 GﬁfahTTCCAGACGCAGCAGGCCACGCCCAGTCACCAATAGATATCAACACAACAGAGACAGTGTACGACAGTGAACTTGAAGCCACGCC
1 MFPDAAGHAQSPIDTINTTETVYDSELTEATT?P
361  CCTGACAGTCAGTTACTCACCTGAAGATGCCTTCACTGCCTGCAACACGGGGTCAAGTTTTAAAGTTAACATTAGCAAAACTTCAGAGCT
31 LTVSYSPEDAFTACNTGSSTFIKVNTISZ KTSEITL
451  GAAAGGTGGACCATTGAATGATTGCTACAGACTTGAACAGTTCCATTTACACTGGGGTTCATGCGATAATCATGGATCAGAGCATATGAT
61 KG6GGPLNDC CYRLEAGQFHLHWGSCDNIHGSEHMI
541  AGATGGACAGTCGTACGCGGCTGAGCTTCATCTTGTTCATTGGAACTCTACAAAATACTCGAGCTTCGCCGAGGCCGTTGACCAGCCCGA
91 DGQSYAAELHLVHWNSOSTI KYSSTFAEAVDAQPD
631  CGGTCTGGCTGTGCTTGGCATTATGATTCAGTCTGGCGAGGAGAATGAAGGCT TCAAAGATATGGTGGATACAATTAGAAACGTGAAGAA
21 G LAVLGIMTIAQSGETENESGTFZ XKDMYVDTTIRNVEKK
721  GAAGGGACAAACCTGCCAAGTCTTAAAAGAGTTTAATCCAGCTGTTTTACTTCCAGAAAACACTAATGACTACTGGACCTATCACGGCTC
151 K G¢GQ TCQVLKEFNPAVLLPENTNDYWTYHSGS
811  CCTGACCACACCTCCCTGTTATGAAAGTGTCCAATGGATTGTTCTACGTCAACCAGTGCA ATATTCACCAAATCAGTTTCAAGCATTGCG
189 L T TPPCYESVQWIVLRQPVQYSPNI QFAQATLR
901  TAATATGTTTAGTGACGAAGCAGAAGGGATGTGTATCGTCGACAACTACCGACCCCCTATGCCCATCGGGGACAGAAA AATTCGTGCTTC
210 NMFSDEAEGMCTIVDNYRPPMPTIGDTRTIKTITTRAS
991 TTTCAAAGGCATCTCATGAAAGCAACCGTCGTTATATTCATTGTATTTTCCAAGCCGGTT CATTAGCTAAACGATCTCATTTAGTCGATT
241 F K G I S =*
1081 TTTGATTATTTACAAGAGTTTAATCAATATCCCTGTAAACGATTATGACATTAATACATT GAAGATTATGTTAGTGAGTTAATTCCAGAG
1171 CTTTTTGGAGTCAAC GTGCAACCGACCTTTCATGTCCCAAAATCACCGAAAGAGCAGATAGTAAATAGCCTGTGAAATCATTTAGCCCGG
1261  AAAGGAAAAAAGAAATTAGCACTCAGTTACTAATATTCATTGAATCATATCATACATATG TTAAACTAGACTCGTACCATTTACTTTCTA
1351 TGCTAGAAAGTCTCTAACGGAAAAGA AATATATATGTAGACTTTCATGAATTGATGGCGTAGAGCAAAATGACAGCAGGAGATAAAATAA
1441 ATTTTGTTTGACTGTTTGCTCGATCCACTGACTTATCGTTAAAAGAAAAACGCAGATACG TTTTGTTAAAAAACAGTAAGAAATGCTACA
1531  TGAAATAAAAGAGAAGGAAAGCTTTTTGTG ATTTTTTGGGTACAATTTATGCACCATTTTATTTGTATTTACTTTGCTGTATCGTAAACA
1621 TTTTATTTTGATAATATAGACATGATAAAAAAAAAAAAAAAAAAAAAAAAAA

Bl 4 Fif CsCA H:H 4K cDNA 751 K Bl 2 2 /2 15 51
TTHENRIREIR S T ATG; T Rk X RN T 5 EEHE (ORF).
Fig.4 The cDNA and deduced amino acid sequence of CsCA4 in Cyclina sinensis
The box indicates the starting codon (ATG). The underline area indicates the open reading frame (ORF).
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Tab. 3 Theinformation of carbonic anhydrase (CA) amino acid sequence in Cyclina sinensis and other species

YFp 2 FR species GenBank 71 accession ID YFp 2 FR species GenBank £} accession ID
Hs Cyclina sinensis /N Mus musculus CAA36233.1
B 5 R Ictalurus punctatus NP_001187560.1 LWL Mytilus galloprovincialis VDI34781.1
BE . Danio rerio NP_571185.1 FEHREA U Ruditapes philippinarum QBL56985.1
WL 6% Oncorhynchus mykiss NP_001117693.1 FEUWRHA Archivesica packardana QFP92278.1
KVG A Salmo salar NP_001133769.1 ¥4 4558 BB 4 B Brachionus plicatilis RNA21817.1
%l f Oreochromis mossambicus AAQ89896.1

100

89

—
0.1

B 5 XA Ictalurus punctatus
REL,#1 Danio rerio
WT#% Oncorhynchus mykiss
100 K PG4 Salmo salar

Z 3k Oreochromis mossambicus
N Mus musculus
LG I Mytilus galloprovincialis
JEREEWAF Ruditapes philippinarum

86 — A HIA Cyclina sinensis
100 FEigiA drchivesica packardana

FE4RE B3 W Brachionus plicatilis

Bl 5 JET 7005 H ALY AR BRI I B (CA) E IR 51 i) R SE b AL
Fig. 5 The phylogenetic tree derived from multiple alignments of carbonic anhydrase (CA) amino
acid sequences from Cyclina sinensis and other species

RN, BEHh . drhs KPR JE AR T
WA, H A FEH SR & IR R A — i
653325 /N R i 2L s s i 5] kg — 4 ik Ak 4y
o ARAREE AT T A R MG 1 R R A 42K R
F—AiE 4y S, Hod A A R A BT 81 56 &R,
TR R AR, B0 DR 2K R —14
HEAG S 3 R A RS AR EE BT B S — A
Gy, SULEShYIEG R R BT,
2.6 CsCA ERFmEFHEREESH

qRT-PCR i RK:M CsCA mRNA 775 I 8 2H
LI [ R IE LR 6), CsCA mRNA (=S
FER B ] A RE K 2 5 BT E TR, K
AT 12 d CsCA mRNA EiEBETA B E
(P>0.05), %% 24 RAMTE, Rk N HTE] 5
i, 48 d i i T [ (P<0.05), %= 96 d faiE, H
AW AR 5 o A 24 d I Y 635 B 5 4% ) ] o5 2%
3 (P<0.05), HARAIA]S R I 2 F(P>0.05),
Xof B ZH 45 B ] A5 TG 22 5 (P>0.05) .

W EEE

O {4 low salinity group

g 15 - X FE4H control group
b
S14r  ,=3;mSD
L3t
Q
=12
S 3 a
8 a
22
-
< 0

0 6 12 24 48 96
i [8]/d time

K6 MREREMT ERE 8)F IS CsC4 mRNA

HUERPER SN

HEIR 1] b7 B AN [) B 2 7 I 2 45 6 (1) i

] 22 5 o 3 (P<0.05).

Fig. 6 Sequential expression of CsC4 mRNA in

Cyclina sinensis under low salinity (8)

Different letters indicate significant differences between dif-
ferent time points in the low salinity group (P<0.05).

J& — T FL AT H 2 B A vl v DL 2K,
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FEFR FE PR 2K SR A 5 A A 2 pr U

T A L 5T DR T (AN LB | 6 8 45 ) I AR fB s, L
R F=A 3 2 1) ROS, St B I o AN o
481k &% DNA $i0i, SFEepefie 7 PR i
AL EAT TEBRIR N £ ROS SR LR G e T
e M A A M N PR S SRR, HOE AR e e —
FEFREE b R TR AR AR R IR B AR TR Y
A BORZSNT, FELEYIAR Y SOD Hl CAT Wil
H B IPTA AL, SOD ¥t A B T4 1L O,
1 H,0,, #RJF CAT FRH4 H,0, # 1kl H0!'™, L)
TH RS H X HUA R . FEARRER P RER 4
HIATESCI TR 6 d N, SOD Al CAT 45 & 3%
PR _ETH(P<0.05)., HES 12 KA, SOD i F§7E
— NEFER K OE, CAT B4 W2 T [(P<0.05); 4
48~96 K, SOD K CAT iHtE¥y Rk, HARTwIHA
it 6 1 o AR PR Oy 7 0 Ak TR SR R B TR
B2 S ARbd ZE U TR ER R 18)
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Effects of salinity stress on antioxidase, ATPase, and carbonic anhy-
drase gene expression in Cyclina sinensis

GE Hongxing" %, LI Wengian', LIU Jialing', REN Guoliang', WU Yuchen', XIE Lingli', WEN Lujie',
DONG Zhiguol

1. Jiangsu Key Laboratory of Marine Biotechnology, Jiangsu Ocean University, Lianyungang 222005, China;
2. Jiangsu Institute of Marine Resources Development, Lianyungang 222005, China

Abstract: Salinity fluctuation often causes physiological stress responses in aquatic animals, which may result in
stunted growth and sometimes death. The clam Cyclina sinensis is one of the most commercially important bi-
valves in China, and it is necessary to study its adaptation mechanism to low salinity. In this study, the changes in
superoxide dismutase, catalase, glutathione peroxidase activities, malondialdehyde content, Na'/K ‘-ATPase,
Ca*'/Mg**-ATPase, and carbonic anhydrase enzyme mRNA temporal expression levels were studied under low (8)
and normal (25) salinity conditions for 96 d. The results showed that: (1) compared to the normal salinity group,
the SOD, CAT, and GSH-PX activities in the gills first increased and then decreased under low salinity (P<0.05).
The Na'/K'-ATPase activity showed a downward trend over 96 d and reached the minimum at 48 d, which was
significantly different from the initial enzyme activity (P<0.05). The Ca®"/Mg”"-ATPase activity did not change
significantly in the first 48 d (P>0.05), but increased significantly at 48 d (P<0.05), and maintained a higher level
afterward. The MDA content increased first and then decreased, increased significantly at 12 and 48 d (P<0.05),
and decreased significantly at 24 d (P<0.05), and was significantly higher than the initial MDA content (P<0.05)
at 96 d. (2) The full-length cDNA sequence of the carbonic anhydrase gene from C. sinensis was cloned via rapid
amplification of cDNA ends-polymerase chain reaction. The full-length cDNA of CA was 1672 bp, consisting of
an open reading frame of 738 bp and encoding 245 amino acids. The phylogenetic tree results showed that the
carbonic anhydrase gene had high homology with other lamellibranchids, indicating that evolution was conserva-
tive. The qRT-PCR results showed that the mRNA expression of the carbonic anhydrase gene under low salinity
increased significantly at 24 d. This study indicates that antioxidant enzymes, including SOD, CAT, and GSH-PX,
were first activated and reacted in the gill tissue of C. sinensis during adaptation to low salinity environments.
With time, the activities of antioxidant enzymes were inhibited after reaching the tolerance limit of the organism;
then, the Ca®"/Mg”'-ATPase activities increased, with the carbonic anhydrase gene playing a regulatory role. The
antioxidant enzymes, ATPase, and carbonic anhydrase play important combinatory roles in the long-term adapta-
tion of C. sinensis to low salinity conditions. The results of this study could benefit the healthy and sustainable
development of the clam breeding industry.
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