IKF= 2448, 2024, 48(10): 109102

;j(/é‘%jﬁ T

JOURNAL OF FISHERIES OF CHINA ‘
DOI: 10.11964/jfc.20220413442 Science Press

AR M$E3R SERCA EREE Ly B85 = FiAiE Y
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2. H K= A B v AV RIE FE oy, RO R IR K e o B ER SR SG R, TIOR B8 214081
3. REEERE, KPR ER YRR BERTE L, B 201306)

WE: FEREENBEEAN T ARG EALNERATIE, AHEHEZT AKE LR
Ca® ¥R £ (40, 80. 160 fr 320 mg/L) xt H fe 4k 1y Ca® Z 54 S F o, HFarEF 8 X
HHFMF M4 R (SERCA) #ATHETHUKRE S ®. £RET: OFREAERTRE
Ca” 7 3L Y BB L 41 4 % Ca’ 5 53 #5480 X 2L Bl SERCA. PMCA. RyR 1 NCX # 3t %
ELA, Bimd MIH &% ETH, mkEd Ca" 5HEMEAT LA, RUEKEH Ca™
AR P e ok B BT . @A Bl RNAL #R T 4t SERCA 3 B k 3k, 3 3 A thfr fm A\ 320
mg/L Ca” By KK F e BB Y BE F PMCAF NCXEH kB LA RRREF K% E
T, Bapn Ca W E £, & W SERCA B 7 b 46 4k % AR 4 4 0 i Ca™ VR JE o 48
WERSIF P REEEMEA . @K T SERCA F F 1y k3£ ¥ J€ K o 46 5% 2 48 o 1 7%
BfE, EBERMEXREREE. AW, BHELETKH T SERCA L, 2T % #E K
7, BRERGE, FiEEEK. R KN, SERCAXHE T AL Ca¥' g T THh T
Hom PR EEOY T KT AP REAEEH RN — P HARREEB S A
KR AR E AL, AR M 45 R (SERCA); BL%; 5T
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Fel ) (C). WEACHI (D Dy Al Dsy). Wi5¢ ]
(B) Fi 72 J5 1] (A-B)*, w4 g B 1 i i 7 e —
AR R R, RS2 A ARSI
L eI LR B b SRR 8 & 3
HI L T RTBB S Y 255 700, WP 52 1 sl e 212
HEVER, W0 2 R 0 B A2 B R A T HRAW
R X3 R A R I A R 0 D R (mollt-
inhibiting hormone, MIH) {3 i 345 4 FHUY.
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A 1 R M SE T LA IH ST R 25
B IE R S8k, XA SR ATE TR E
FHeia i B, ARG B A s h B A R
(A AL CaCO;y, PRI I5E 72 i 19 v 5 2 i 3 A = 1Y)
BEPE AL, DA R PR B M R A LA S 3 1
USR5 PN Y Ca® R BE L 4 L AP Y Ca™ ik B2
R 2 A5 VA L, FH ™ A B 5 S Ca ok 3 A B K
Bl Ca™ (55 M= AT R TR A B A e
T CaF 5y IhRE e vE, JFp Ik A EEYE, W
FC W A AE = BE DR A I A R A s LR,
AR AR K Ca¥ (R, ™A i 40
M) Ca® W BEM2 3 =28 f A T o B AN 4 A 2
I b Ca® il . Ca” % (ATPase)fil Na'/Ca* 3 #i
#% (Na'/Ca*exchangers, NCX) JL/™ 2 [ B4 %ok
SEpgtes JIL A 48 KA LI M (sarcoplasmic retic-
ulum, SR) A1 JUL A 4 A2 (%) P 52 % (endoplasmic
reticulum, ER) J& 20 il P EG6if 77 (1 QA #1521, FE
AERFANM N SRS PR G CHEYE] . 7E Ahearn S5
P FEsh Y (BE . B IE Rl AR R r9ES s
AR A, Ca® il i £ T SR/ER R E AL
Joi W5 %L (sarco/endoplasmic reticulum Ca’ ATPase,
SERCA) M2 1 5t 3= 3lyiz i £ SR/ER 1, I 7E
SRS 447 o4 5 48 55 R 2 T8 v T A vk
Ji 22 24 fE SR/ER JE E 17 7 ryanodine &% {4
(ryanodine receptors, RyR) Fl 1, 4, 5- =& JJLEEAZ
{RIEIH (inositol 1,4,5 triphosphate receptors, IPsR),
JiE1 HA 4 R K i 77 119 85 AL SR/ER Rk 21) 40 Jit ot -
HE AT 7K PR 58 B2 4L /Y TR (apical) 20 B Y
NCX I Ca™ it 18 44 Ca Bt 5l iz i #E A 40 5t v
53T M Wk B R JE ) (basolateral) FY Ji AR 55 ZE
(plasma membrane Ca>’ATPase, PMCA) F1 NCX ¥
Ca’ 3V FE 6 B A A N 2 Bl iz i 1) 2 A &b

SERCA 1 Jy i — ¥ Ca™Hi il 2% % A SR/ER
) Ca™ ", & Ca'fF S M CHE T, &5
AR P Az B T Mk AE S
S AN T RE MV 2 07 T, T HAEH e sh )
Wd e By i 4 v B E AR PN AER e s,
2 MR B e BF (Panulivus Argus). FL 4% 35 X} #F
(Litopenaeus vannamei) 1 #5 #& (Callinectes sapidus)
LEW P TE R SERCA PN AEARSL 565 L)
Erptssh, a1 bR SERCA K
) cDNA 4 K 741 (MW725297), Jf 38 i 52 o
Jt 5 i PCR (qQRT-PCR) % 4 HH AL 9 B ) SERCA
FEFEM 2 (IRAW) FEEpr 2 ULA . 68 AR |
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W Y #E) gz k. B, Waeshdh
ViR E] T 5 HES Y SERCA2a I SERCA2D 7]
TS AR R O = A 11 £ e ol =823 < 3
SERCA F&H5 SERCA2b HA IR, SERCA2b
PR MR, AR W LA A LB P AR
WL dn b iz ik, B & Ca’ 2% Ml ) ALK
Ca’ fhiz gt )y, PRIULAfE e 4% Z & () SERCA F
B 57 Ca” Fe S IAE 5 Ca B9 1A

AW AR FIR B Ca™ B g rh AR o B 1% | K
W7 Y 28 M Ca® (5518 B A G HE R 5
IRAR T MIH SR AT A5, Kkt v Ca™ 5
Wi 2 KA . A RNA T4 (RNA inter-
ference, RNAI) £ RFFE T SERCA FEH TP xF Ca*
{5 5 A OCSE ] | A P Ca® ViR B B Xt g ¢ 11
o, AW IR Ca¥ My L S i N T
SERCA BEIH, W HAE h A8 48 B 45 2 - 8 7 v (1)
Tiihe B X 58 i s T T — RN . 5
B 25 Bk MR R Ca™ (5 5 3l F X W 58 1 52 ) J
SERCA F:NEH M Difeie =% .

1 M TE

1.1 LI

S0 8 Syt B G T I ) Ak 5 [T 1 4
DA (11.13£1.04) g, HUA T EIK=BE2E0F 57 B
IR AFF 5T HP O M BH V8 1) 0 88 o € 77 e S
B FE7E 100 cm x 40 cm x 50 cm YIRS EL N, KR
10 em, JKiEg (2542) °C, 24 h RS, ARG,
B2 R4 100K, BRIRE#RZ 172 KRR FREEK
B HMEE VRECTT AR, RS R . At
FERNAT T R AN R 5L 5 B 4 R A B
TR SALUE [ VFAIEgR S . SYXK (Su) 2017-0007],
SR U Nl i L (NS AR <81 AR (8 LS U e NS
R AR K 2E A B2 51 2 il R 2 T B A T

1.2 PEGERE Ca"RELR

ARSI FRFE KR R (25€2) °C, % 2 Kfel
K, BRFEARL 12 RBW IR K, BHBE 1
UKHBC 7 ik, FMRETE BRAR T . X RRZH R K R 78
YRR FORK, Ca™ B TR ST 4L M A K A i
Ty A4l CaCl, #RAG A A Ca® ¥ BE 1 257K, 40
L /KR FFUNINAEY CaCl, 1 KU AN CaCl, J5 FRFH KA
SEPR Ca™ W FE WLEE 1, e il 5 10 77 FE K Al 3R 45
Ca™ Wt FE Lb 6 3 5 A X 77) & (GENMED,
) B UE SR Ca™ Ve BE o K- R JC T B i Ak F i 52
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FT 1 FRFEKMEZLIEIRIT Ca™KE . 40 L /KRMAY CaCl, E XK CaCl, FFEKIFSLER Ca™KE

Tab.1 The concentration of Ca*" added in the culture water, the corresponding amount of CaCl, to be added and

the actual concentration of Ca" in the culture water after adding CaCl,

the amount of CaCl, to be added

40 LK NfiCaCl, /g FEFAIK 52 PRCa™ e B /(mg/L)
actual Ca’" concentration

in water of 40 L in culture water

20 4] S B HCa” W/ (mg/L)
}01; s experimental design of
group Ca’* concentration

XTEEZH  control group 0

SEEGH I experimental group | 40

SEEGZHIL  experimental group 1 160

SEIGLATI  experimental group ITI 320

0 41.2
4.439 81.2
17.757 201.2
35514 361.2

Vi) 440 114 52 65 488 - S e A %o R 2 5 SI2 06 21 SR A B
B 40 2, MEMELRCH 1 - 1, B2 4T

SCITFRANS 0L 1. 3. 5F1 7 d &3k 6 Hfd
BEICHR B NMA (n=6, ME : HE=1: 1), VKIEHREE
Ja BURE o NS =20 8 RS AL Hh BCm k1, R
T 1) Al 9K B A S PR 4, — B I A B EER
4°C, 3000 % g B0 15 min WeH FIRED MM, &
T80 °C vk, HFKM Ca™ ¥k ; 7 —or A
INABUEER], 4 °C VKA 05 4 °C, 5000 %
g B, W IR I, & T80 °C UKAH,
FHF R bt Bz 3 R i, BCHE . Y 2% B R AR AR
A RNA keeper (Vazyme, [E) & &L E 20 min
JE T80 °C VKAf, HHT RNA fH2HL,

1.3 qRT-PCR #l

% I8 RNAiso Plus reagent (TaKaRa, H1[#) {#
VUSRI LR RNA, S ~7 BT 3 B e ot
W % 5 i ) & HiScript I RT SuperMix for
qPCR (+ gDNA wiper) (Vazyme, "' E) & % —
% cDNA, RS A 5256 25 v AL G 1 B e 4 S
J% , f# F Primer Premier 5.0 #k 4 i% i+ SERCA.
PMCA. RyR Fl NCX 5:[X 5 N Z: K UBE2B 1)5%
JeEEG W) (K 2), ] Livak 5 ik A9 77 kA6
SR HEROR . DLH R RN S 2 KW 15 19,
ffi H§ ChamQ Universal SYBR qPCR Master Mix
(Vazyme, ) ol & #7900 E -GN, qRT-
PCR [ 45 o J Ko A 4 14 i e A i i e, DL
PR RSP . ST [R] Ca® Uik B 2% 88 iy rh A
LA Y g% B b Ca’™F 5 A OC JE
SERCA. PMCA. RyR Fl NCX 5 R A% MIH (/) A1
Xf ek ARk
1.4 [MHEH Ca™iRER

DU I JRAE S Y Ca® MR, P I 805 Yk 3 A
A& (Solarbio, ™), e MULHH 51 THAE
T Y 7 1) [ AR HE RN 2, B AR A Al 3 A

R E K7 2: 2 E /) sponsored by China Society of Fisheries

*2 WATASI

Tab.2 PCR primer sequences used in the experiments

ek MBI -3") SV &
primers primer sequences (5'-3") purpose
SERCA-F GCCCTCAACAGCTTGTCCGAGA qRT-PCR
SERCA-R CATTACGGCAAACCACTGATTCCA qRT-PCR
PMCA-F GCGGTTGACCTTGATCCTATGG qRT-PCR
PMCA-R TCTTGGCTTCCACTTGCTCCT qRT-PCR
NCX-F CTGCCATTACCTTTGTTGCTCTG qRT-PCR
NCX-R GTTGCTTCCTGTCACATTCCCA qRT-PCR
RyR-F AGACATTTACGCCTTCTACCCG qRT-PCR
RyR-R CCAGATGTGGAAGATTTGTGCC qRT-PCR
MIH-F TGAAGACTGCGCCAACATCT qRT-PCR
MIH-R CGTGAGGTCGTCCTTCTGTG qRT-PCR
UBE2B-F TTGCGTTCACAACTCGTATCTACCR ¢RT-PCR
UBE2B-R GTCCGTGAGGAGGGAACAGA qRT-PCR
dsSERCA-F GGAGACCAAGTGGAAGAAGGA RNAI
dsSERCA-R GTGGTGTCCTCAGTCTCGTTG RNAI
T7dsSERCA-F  TAATACGACTCACTATAGGGG RNAI
GAGACCAAGTGGAAGAAGGA
T7dsSERCA-R  TAATACGACTCACTATAGGG RNAI
GTGGTGTCCTCAGTCTCGTTG
dsEGFP-F GTGCCCATCCTGGTCGAGCT RNAI
dsEGFP-R TGCACGCTGCCGTCCTCGAT RNAI
T7-dsEGFP-F  TAATACGACTCACTATAGGG RNAI
AGAGTGCCCATCCTGGTCGAGCT
T7-dsEGFP-R  TAATACGACTCACTATAGGG RNAI

AGATGCACGCTGCCGTCCTCGAT

52, s AR ZI AR R Cat R
1.5 Itk BB AR 57 8 2R 7K FE A6

D 00955 9 ot PG B2 O R v T HH A g p2
R B T i) & (Fankew, H[E), FIH
i BBk £, 5 W% [ F i 72 (enzyme linked immunosorbent
assay, ELISA) & #EATAG I o U 2 1Y) ] s A8k
HERR LR, BEEESN 3 AR, bkl 21t
SRR S R R

https://www.china-fishery.cn
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1.6 SERCA E[EH RNAi LI

ds RNA & & & SERCA # B F #3069 4
M M SERCA ) cDNA 4 Flllg AR pUC19-
EGFP Jii ki ' /) EGFP J¥ %1 , fifi /1 BLOCK-iT™
RNAIi Designer (http://rnaidesigner.thermofisher.com/
rnaiexpress/mnai Design.jsp) #& J¥ Fll Primer Premier
5.0 A1 RNA THE51 9. JF A4l T7 RNAIL
Transcription Kit 17 & i {4 F 36 WA 7635 73 5 1 0 Y
S AS N T7 )3 3 7 )3 51 (TAATACGACTCACTA
TAGGG)., EARS# W 1 ix. 1 T7 RNAI
Transcription Kit i ifll &, Ao Y B W
cDNA B #e , & W SERCA % A ) XL 5% RNA
(double-stranded RNA, dsRNA); Lk pUC19-EGFP
R AR, & EGFP J:H %) dsRNA, % G
PRk ali AL =, diAb e R e ok
TR = W ) Apgo WOGAE, o HWk B, J+ T
=20 °C RAEHE W0

¥ 4li b J5 i) SERCA I EGFP 3£ X ) dsSRNA
HH RNase-free ddH,O Fi B MR L 1 pg/pl, #%HR 4
ug/g W HLA), i 50 pl (B T S g A A 4%
B =0 RIS SR Y SERCA FEH
) dsRNA, XJHRZH 1 35 ddH,0, Xf fR2H 1T i3 54
EGFP %X dsRNA, {FHHTE dsRNA Hfin A
WEIZLER R, RS I Y 2148 7R A AR ik L g
B A 5 B AT R, LA dsSRNA I 5 31 52
RN . BUESHG 24, 48, 72 F1 96 h [l rhAEL%
K (n=6) 1 Y 4+ B , K JH qRT-PCR J7 ¥ £ I
SERCA (WA xF ik B ARk, M FE 5 s /KSR
dsRNA 0%

SERCA ¥ B F 4k /5 SERCA. PMCA. RyR
Fo NCX 3B 04 A 5 ek Ca® R-P4m il
BILBE AL 150 52 (] 3 1) vh AR o0 B, 4y Sy xR
(9 ddH,0). S2K: 4 T (FE 5T SERCA () dsRNA)
FISCu2H 1 (5 SERCA 19 dsRNA H 3758 7K Hon
A 320 mg/L #) Ca®") (n=6). T 5T 24 h J5 B4 41 1Y
Y #4H, KM qRT-PCR J5 %Kil SERCA., PMCA .,
RyR Fl NCX FE I A X R ik A8 4k o i Fluo-3
AM FREFRGIN Y #5 B 40N Ca® /K, gl 2l
JLA 1 0.05 % (A JBE AT 0.01 % 1) i SR TS AL
S LB E T 2 (AM) BERTAEY) Fluo-3 AM #E4T
rE . HIWEIRER 22 vhis Wi (PBS) VEURAIMIL 3 5,
FA LA A0 ASAR I Ca? e 5 7= K-

SERCA A B F #.2t 8L % 44 % ok BE L1k
PR — Rk, AR FETCHR B A AL T [R]— It e (s
FoJa 4 d) PR EGEEE , BT, 5

https://www.china-fishery.cn

B R R IR KRN (25+2) °C, 4 H M 1 RS
ikl SEEREE A X HREH (74 RNase-free H,0) .
SEUG A T (5 SERCA ) dsRNA) F1 8256 21 1 (74
5§f SERCA 1) dsRNA H 758K H A 320 mg/L Y
Ca™), T4 30 K, &4 REH 1K, HITF K
Wire s ol . AR, ARSI e %
WE 5E FIAE T 00 A8t . 6B U R — R Wi 7 )
55 4 RO EAE, JFgeit g FUEE iy Wi 52 ] B X 8K
(R 1 ORISR 2 R 5E 2 8] B R A0

1.7 HiESHh

qRT-PCR 4 5L ] 27A8C Jy vk B2 315 56 X (4
k& . F IBM SPSS Statistics (version 20) {4
XoF HE PR X FRAR AL L Ik B R K S Ca®
WeRE . 4HAE N Ca’ /KM s g i AT g it o0t
KR E 225381 (ANOVA) Fl Tukey F& HSD £
5, Ry 255 RS 22 R A SR L (P<
0.05 F/RZER R, B BIEREREFR
{# H Graphpad Prism (version 8.0) 44 i K .

2 4

2.1 HIEGEEE Ca"REIWER

R R E Ca’' 2k §5 2t o 4¢ 4k 4 % SERCA.
PMCA. RyR. NCX #= MIH & iAt9%rh 4
Zirh, SERCA FENAEARFIMR B Ca® b ¥ 1 d )5,
AHXT 2R I8 BTG & 22 5% (P>0.05), AbHE 3. SAI
7dJE, MEXTEREEREF LI (P<0.05), H 40,
160 F1 320 mg/L b H2H 2 [A] TG & 35 25 5% (P>0.05).
PMCA FERAE AW EE Ca® hb PR 1d J5, MIXFFIA
w LR EES (P>0.05), A3, SM7d)E,
Xt 23k B E I (P<0.05), H. 40, 160 1 320
mg/L AbFRAH Z (8] TG i 3 22 % (P>0.05). RyR [
TEARFHE Ca> b T 1 d )5, FIXFEA R LR E 2
5 (P>0.05), ZhFE3. SHI7d)E, HIXRERER
¥ FFF (P<0.05), H 40 mg/L AbFRLH - FF i B A%
F 160 F1 320 mg/L 4L FH4H (P<0.05). NCXH: K78
AN BE Ca A HE 1 d 5, ARG ek & 0 e 3 22
5 (P>0.05), ZhFE3. SFI7d)E, HIXRERER
# T (P<0.05) (K 1),

Y #EH, SERCA FEHAEA R Ca™ Ab i
1dJ5, MXIFRKETCEE 2 (P>0.05), AbFE3,
S 7d)E, MXFREERE LI (P<0.05), H 40
mg/L b B 1 R BE AR T 160 F1 320 mg/L 4k 3
4 (P<0.05), PMCA & R 78 A A ¥k FE Ca™ b 3 1
dJE, tHXRIBETEE 2SS (P>0.05), 43,

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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51 7dJE, 160 F1 320 mg/L ZbFHLH A%k B
Z BTt (P<0.05). RyR 3EPRAEA R H B Ca™ Ab B 1
dfE, tHXRIEE TR E 25 (P>0.05), 433,
S5H 7 dNE, MXFRLEEE LI (P<0.05), H
5d5 7d# 40 mg/L AbBRAH E TR AR T 160 A
320 mg/L 4b B4 (P<0.05), NCX J R 76 A [A) He i
Ca™ b BRJ5 , FAXTFik & 8% L7 (P<0.05), H. 3
d 5 7 dHY 40 mg/L AL FEZH | TF IR EE AR T 160 F1
320 mg/L AbFR (P<0.05) (K] 2).

AR A% MIH FERAEAR TR Ca* b ¥ 1 d )5,
AT A T B 25 R (P>0.05), AbHEL 3. 5
7dJ5, 160 F1 320 mg/L Kb PRI AR Fik i B % T
[% (P<0.05) (1€ 3).

f sk & Ca®' 5 Bl A & KT 6 T AL 4

AR RE Ca b3 1, 3. s 7d ), Thaesl

() =7 40 mg/L = 160 mg/L =7 320 mg/L

Aa

SERCA H: K FIARR ik
relative expression of SERCA gene

I} ) /d
time

(a)

() =7 40 mg/L == 160 mg/L =7 320 mg/L

25 r
5 5
Jl
HE 4
E
5 °
=g
= E 2
msl
x o
B0
1 3 5 7
i TE]/d
time
(©)

FERE MR Ca™ W B AR AL AN R 4 TR . FRH1
KEERFMA Ca¥J5, Mk E Ca® e E7, JIF
55 Rb ST B AT Ca® Ve BE BAE L. W B2 R R Y
AL AE S FroR, SR KRR Ca¥ s,
IR N A RV i oA S 1 R (1B T
Th e o 40 mg/L AbBEH I T 08 A T 160 F1 320
mg/L AbFEZH (P<0.05), 160 Al 320 mg/L ZbHHZH 1.
3.5 5 7d B MEKEEEE R TXEA, H
SRS BTN =

2.2 SERCA E[FAHJ dsRNA Fift

SERCA B 4y dsRNA F 4k 3 % FI H
qRT-PCR FARAG X HEZH T . X HR4L T 550564
) SERCA FER AR XS ik & o FEGT 24, 48, 72
196 h J5, SERCA LTI RN 65.67% .

ww () =7 40 mg/L == 160 mg/L =7 320 mg/L

(0]
e
S
%53
B
g&z
=B
=5 1
DO
S 2
&F
EO
1 3 5 7
i 1) /d
time
(b)

4 w0 =7 40 mg/L = 160 mg/L =3 320 mg/L
B Aa

Q
5
HIIEH;D IAa
KO
K= 3
=%
= 8
50
>
< g
T 0
1 3 5 7
Ff 1) /d
time
(d)

E1 #8484 SERCA (a), PMCA (b). RyR (c) 1 NCX (d) EE MM FILE
N B 5 B 3 % 7 — B 1) 25K (7 b 40 2 1) LA 235 25 57 (P<0.05), ARk 5 5 B 3 7 [/ — &b BB 4L R [/ e i) A 2 1) L AT BB %5 7

(P<0.05), K2~ 6 [F.

Fig. 1 Relative expression of SERCA (a), PMCA (b), RyR (c) and NCX (d) gene in the gills

Different lowercase letters indicated that there were significant differences (P<0.05) among different treatment groups at the same time point, while dif-

ferent uppercase letters indicated significant differences (P<0.05) between different time points in the same treatment group, the same as Fig.2-Fig.6.
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9 () =7 40 mg/L == 160 mg/L =7 320 mg/L
g _
Iaf 0
) EC) Aap, AaAa
. a
RE 6 [ [
Tz u
oy
= ©
Lo o 4
= o Ab
'z Ab
m g
~ 202
Qo Ac Ac
A o
SN
2= 0 i il
e
1 3 5 7
I [)/d
time
(a)
w0 = 40 mg/L = 160 mg/L =3 320 mg/L
o 8 r
% Aa
g A AT
HE 6 T Al i
B o Ab
= ©
= g [
28 4
o @
=3
d
#E
=z A Ac
=3
20 . L
1 3 5 7
i a)/d
time
()

w () =T 40 mg/L == 160 mg/L =T 320 mg/L

o
457
il
9 S 4 | AaAa
i L]
[
ES 3
=¥
% 2
il
S ol
S 2
~E
ER -
1 3 5 7
I 1A)/d
time
(b)
w0 = 40 mg/L = 160 mg/L = 320 mg/L
25
1 5
95 4
g
& o 3
¥
£ 7
o 2
ES o 1
>
= g
B0
1 3 5 7
I} [ /d
time
(d)

El 2 Y 8Ed SERCA (a). PMCA (b). RyR (c) 1 NCX (d) EFERHEMNRIEE
Fig. 2 Relative expression of SERCA (a), PMCA (b), RyR (c¢) and NCX (d) gene in the Y-organs

© 1.5 - w0 =40 mg/L mm 160 mg/L = 320 mg/L
]
s é"
ES Aa[}a Aa Al As ”
A 1.0 Aa
=
m g
4< O
27
L
= % 0.5
SIE
=%
g 0 L
1 3 5 7
I A]/d
time

3 ERMELALF MIH EERENRIEE
Fig.3 Relative expression of MIH gene in the eyestalks

55.50%. 32.10% F1 15.43% (I 6), }iHH dsRNA A
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Fig. 7 Relative expression level of SERCA, PMCA, RyR
and NCX gene after knocking down SERCA gene

Different lowercase letters indicated that there were significant differ-

ences (P<0.05) among different treatment groups of the same gene.
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Fig. 8 Calcium fluorescence index in the cells
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*3 SERCA EETFHEHRFERG T
Tab.3 Molting statistics after injecting dSRNA of SERCA

SEE S Ko TG % 05557 AT /d RO /%
groups number mortality rate molt interval weight gain rate
XHEZH  control group 30 46.67 22.31£2.17° 34.22+6.26"
SEERYH T experimental group | 30 33.33 34.47+3.56" 23.05+5.26°
G experimental group 11 30 23.33 26.93+3.04° 28.43+9.26"

W ANEVNE FRER IR [F]— B ) s AN [F] A R AH 2 A) AT 35 72 7 (P<0.05)

Notes: Different lowercase letters indicate that there are significant differences among different treatment groups (P<0.05).
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I NCX B 85 7 K X B P MIH 7EAS [ 4 2L rh A7 7
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PRSI, RN Ca® Vi BE 3G N, SCEe 4l
L7k T Ca ¥ B2 55 W50 He 3R Wk B2 4 S 8 T
P, WK EREE Ca® Wk I nl R 5 rh AR U B
W58 PR R R G

H 52T LA i SR AR K Y Ca™,
Ffamat IRz M5 ik L as i, 58 Ca® i
W, fEAE SR e R SE R AL . A R, 3R
B P S TR KR TR S IS ), R Bl A o
ST AT, R [EVR B Ca® Ab BEAH 1) il 20
Zh SERCA, PMCA. RyR Fl NCX K& R i A % £
ki BT, Sk L Ca® vk B W R R vk
B TR . 454 Ahearn S5 $EH 19 523
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Ca” W BTV, b AL ol 2 e i i R 230 i
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TOU 41 A (4 RyR K Ca>  Bo M 1] 55—l USL,
TOU) NCX ) FH 325 5 4 46 K Ca®* LTSN USL 3K
SHE MR A, Ik e Ca” e Tt
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cGMP 6 1) £ 11 B3I 1 58 B 3R A A i A
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o T SERCA FEH, I 10 FRFE KM A e
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Function of sarco/endoplasmic reticalum Ca*-ATPase in calcium regulation and
its effect on molting of Chinese mitten crab (Eriocheir sinensis)

YU Junjie', LIANG Meng', CHEN Xue’, DING Xiufang ',
ZHOU Lishui ', FENG Wenrong ’, TANG Yongkai ">

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214128, 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. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: The Chinese mitten crab (Eriocheir sinensis) is a vital freshwater economic crab in China. Its growth is
limited by exoskeleton. In the process of growth and development, the exoskeleton must be shed periodically in
order to complete its phased growth. A highly complex calcium regulation mechanism is needed in the molting
cycle of E. sinensis. Sarco/endoplasmic reticulum Ca**ATPase SERCA (SERCA) transports Ca>" from the cytosol
to the sarco/endoplasmic reticulum (SR/ER), where Ca> is mainly stored in cells. In order to improve the molecu-
lar mechanism of molting of E. sinensis, a series of functional analyses of the SERCA gene, the key factor of Ca®
signal transduction, was carried out in this study. The experimental group prepared four kinds of culture water with
different Ca*" concentrations by adding analytical pure CaCl, (40 mg/L, 160 mg/L, 320 mg/L) to the fresh water,
and the control group without CaCl,. The relative expression of genes were tested using qRT-PCR method. The
result showed that the relative expression of genes related to Ca** signal pathway SERCA, PMCA, RyR and NCX in
Y-organs and gill tissues increased, the relative expression of MIH in eyestalks decreased. The concentration of
Ca” and ecdysone in hemolymph increased tested using ELISA method. The results showed that high concentra-
tion of Ca>* could promote the absorption of Ca’* from the water environment and transport across cells to hemo-
lymph through the joint regulation of SERCA, PMCA, RyR and NCX in the gills of E. sinensis, thus increasing the
concentration of Ca*" in the hemolzymph. In Y-organs, the relative expression of genes related to the Ca™ signal
pathway was increased, and the Ca”" signal was up-regulated, which was involved in the regulation of intracellular
calcium homeostasis. Meanwhile, the MIH gene was down-regulated in the eyestalks. This series of reactions pro-
moted the transformation of E. sinensis to the premolt stage, accompanied by an increase in the concentration of
ecdysone in hemolymph. After injecting the ds RNA of SERCA gene to E. sinensis for 24 h, 48 h, 72 h and 96 h,
the knock down efficiency of SERCA gene were 65.67 %, 55.5 %, 32.10 % and 15.43 %, respectively, which
showed it could effectively knock down the expression of SERCA gene, meaning it can be used in the next experi-
ment. After knocked down of SERCA gene by RNAi and no Ca™ was added to the culture water, and knocked
down SERCA gene in high calcium environment (320 mg/L of Ca’* was added to the culture water), the relative
expression of PMCA and NCX genes in Y-organs increased, while the relative expression of RyR gene decreased.
The concentration of intracellular Ca* was tested using Fluo-3 AM probe and it was increased. It suggested that
the SERCA gene played an important role in maintaining intracellular Ca®* concentration and intracellular calcium
homeostasis in E. sinensis. Continuous knock down of SERCA gene expression could significantly prolong (P <
0.05) the molting interval and decrease the weight gain rate and survival rate of E. sinensis. SERCA is the critial
factor of Ca”" signal transduction, which not only participates in the regulation of molting, but also plays an
important role in many cellular functions, knock down of SERCA gene expression may cause intracellular calcium
homeostasis imbalance, interfere with Ca* signal, and cause adverse effects on other physiological activities, thus
reducing the survival rate of E. sinensis. Continuous knock down of the SERCA gene in a high calcium environ-
ment resulted in shorter molting interval but aggravated intracellular calcium disorder and decreased survival rate
compared with continuous knock down of the SERCA gene group. The results of this experiment will provide an
essential reference for the further study of the molting mechanism of E. sinensis. It suggests that SERCA gene
plays an important role in molting of E. sinensis. The study will improve the molecular mechanism of molting of
E. sinensis, provide basic reference for further study of the molting mechanism and genetic improvement of E. sin-
ensis, and provide theoretical support in the exploration of scientific culture and improving culture efficiency.
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