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E: SR Z K (calcium-sensing recceptor, CaSR)fE Ca*' HIBL T 7] 5 5 ¥4 40 M o T 45 A P B, AE LA IS B 53
Bipparh R IEE BN, NPT & % JE A (Genetically Improved Farmed Tilapia, GIFT)CaSR 5 R B 45 s f HAE Bt
AIE TS S5 AME T IR EALE . AR RT-PCR AT T & 5 P IE# CaSR cDNA 2K 5%, FIH]
qRT-PCR i R Hr T 1% FE I FE RN [ 4 40 ) ik #ial, It — 254000 T B AU0HE 7 (0.55 mg/L)FFHE H % 2 BB Fn 4
MPAT- AR SCHEN mRNA (A7 Mk, FIRAIH ELISA B4 1T P bt S0 B v a9 28 4k, Ll MGEsd HE A
TUNEL 44 35 40 5005 T 40 i i 8 S A b RPA T 00 L 25 R R, & % dE 6 CaSR cDNA JF 51142 K 3265 bp, 11
5 21 bp S EGRASIX . 2823 bp FFALFIBLHEFRN 421 bp 3HEGuADIX, ZihD 940 N2 . CaSR H:F mRNA TEA R 4
SUh g Rk, LA Rk E i, BRI A8 R AR R L A T S B IR 2S5 b i3, (kA 4 i
P SR IRL(5.0 mg/L)MIHE, B4 TR SOD . CAT Fil GSH-Px Hi (bGP, Ei# CaSR mRNA 1953k, JIf
512 Bel-2. Caspase-3 il P53 JT- 3K mRNA H) A, BFFE45 R KW, CaSR Wl figlid A F Ca” AT,
M2 575 5 % R i 4 i S0 XL

K SR P A, BHPURZIR; R, SENE; gAEET
FESZES: S917 XHFRERRD: A XEHE: 1005-8737—(2021)09—1129—12

P TR M ANAG S5 SR A5, 54
WA Ca® JE 32 AR GE A P RS 22k B A,
S HURAZ /K (calcium-sensing recceptor, CaSR)J& G
BB IKZ A (GPCRs) R I — B3, 1993 4§
AR FURSE IR BT S I B Ca™ R
WFEFIR). CaSR SEHAE LA LY AE4E, 1E
H5ET R A LA LI AN RS . B
HHss bR LAY BEER YRR
PLAR N FR SRR, it S Ca™ SR sh g & ]
JEEIATR G HEAME S il . WA
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AT DA 22 240 AL B (I (MAPK s) i
TEANE AT AR PR Ran 2P 5E 2% 0
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KB R O WU FE LI (8] /Y 2 K, CaSR 3
IR G N, A TR R T, HAETOA
KR H IR KFEAZ CaSR IG PR RIS, A
H¢F CaSR MIIREMMFR B AEZ, HZEZ%EHh
T i EEIEY ", Qiang & EHF
FEEA ST miR-92a X CaSR {1 ] 8 45 4F
By &8, Je% % 3k i (Oreochromis niloticus) -4
JrF CaSR 2k TG HEANM A Ca™ He i L K 40
L8 T PR 1 2 SR AT I S AT, 4 0 1 L 4
FEAIR, 3R CaSR W 2 52N FH . i, oF
SR8 CaSR XTHMEIE T EH AT 6e A B T
W2 T it S PRI P38 58 AL
KSR, AR UL IR BRI 2

— o BREAFREE T SR YIS P 4 (reactive oxygen
species, ROS)id & =4, A AR AL B, ™

SR 0 2 A K AAE R R A R A AR
B S E, A AR U . 2R
A8 TR K 10 B (Micropterus salmoides)! > JIFJJE
il AL ) 15 A i (superoxide dismutase, SOD),
4 T RK 3 4 Ak 9 1 (glutathione peroxidase,
GPx). i3 %L & i (Catalase, CAT)S5HT A ALEFHY
e R E R, 4 Carassius auratus)FFIET
SOD {ftET R#E LA, {H CAT M GPx {fTER#
FtE . w2 AE 1 (Genetically Improved Farmed
Tilapia, GIFT) 23k [ R 77 i X B B AR K SR 5 1
X, BAARKE BT S m AR S, H
TSR BRLHE . &% RS
SES AL R NS AN (NENIIE P &)
JifraE 5 2 AR S e Y IR AN e, ALt
AR UE B AEM RN, MM
RT-PCR i R Fi k5 CaSR F#£H cDNA £ 51,
i qRT-PCR FARKG % A mRNA 7675 &
e HA P RIREN, B A AT CaSR
520 M T A OG 2 A R Ak AR fb, R B R
ELISA A+ & % HE oI b S A B 14 1
254k, @it HE Al TUNEL 3 63 0058 200 it A4 55
PeE Ak, PRTEM AT CaSR X35 & P HEf
MR TR AR, DU R B R )
XML AL Z i 2%

1 HRET%

1.1 EIedrd

SLER T E Y ARk A R E KR A B IR
IR 5E 0 T B4, SEIS T R ik
A ZE N 450 L JEF KGR 8 77, K28+
1) C, pH 7.6+0.2, TEMCIIE], 5 HAEEFKES: 7
SPRFK P E =5 mg/L, HREEIETTE 5%
IR AR CRLEE 11 29%, HLIERT 8%) M ¥k (8: 00
A1 16: 00),
1.2 HERNARIEEFEFIE&H CaSREE cDNA
hE

iz B8 Trizol Reagent Hfli 5 iR EGE &%
e (R 30 ) IFIEH ZUREAC S RNA T 1%
F14) B I AR BB J P RSN A5 2L 20 RNA Y 58 341,
L UM EEE T RNA A M 405 DL
F4 T 2 27 6k RNAA A BEdi, 1) PrimeScript™
I1 1st Stand cDNA Synthesis Kit 5] & 17 5 4%
&, G cDNA 5 —ff, —20 CIRAFREHT. M4
GenBank 23 ¥ ¥ HE 1 CaSR F: [ 7 5
(XM_025910710. 1) 519K 1), LAE &2 R
f) cDNA WML, 4T CaSR JER ] H Be i o
. PCR WA Z: 10xLA PCR Buffer IT (Mg™")
2 uL, dNTP Mixture (2.5 pmol/L) 1 pL, b Fi#5]
¥4 0.5 uL, cDNA #ifg 1 pL, LA Taq 0.2 pL,
ddH,0 #h% 20 uL; KW F)F: 95 'C 5 min; 95 C
30 s, 55°C 30 s, 72°C 1 min, 35 MEH; 72 C
10 min, PCR 7=yl . alifk, Pk BHYE 72 b B
W1k BB IR AR A R EH T . CaSR %
5/ 313 7 91 # TRV 5 1k i A T SR
1.3 CaSR EEF T4

¥ 5y g . HRRF AR 308 PHE R AR
#| CaSR % ¢cDNA 2K ¥4, #|H NCBI ORF
Finder 734 2P 09 FF 78 e HE ;. AT ExPASY .
TMHMM 2.0, SignalP fll NetNGlyc 1.0 ZE7E£k
F1 J50 43 B X ks 0 0 356 R i i 56 7 ) BHL 2 Jo R
zE#); F|F NCBI H Blastn £ Blastp 43 5l % 13 51|
TR IR AR R R R R, lid DANMAN
B T2 A e, FIFH MEGA 7.0 (Neighbor-
joining )M HE R G AR, 43HT LLEAS [F] 4 ]
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Tab.1 Primersused in gene cloning

5|9 primer

511751 (5'-3") primer sequence (5'-3")

P18 H ¥R amplification target

CASR-F AGCACTAGTTTCAGGCCT CASR partial sequence PCR
CASR-R GTCATGATTTTGGTAGCTAG
CASR-5-F TCCAATCAAAGAAAAAAAACC CASR 5' PCR
CASR-5-R GGTGTTTCAACACTTGCGAT
CASR-3-F CCGTGATGGCTCTAGGGTTT CASR 3'PCR
CASR-3-R CAGAATTTAGGTAATTTTTACTT
CASR-GSP-F TCCGTGATGGCTCTAGGGTT CASR qRT-PCR
CASR-GSP-R CAGCTGAAACAAACTTGCCGT
BCL-2-F GACGATGATGCCAGGGAGAG BCL-2 qRT-PCR
BCL-2-R CTCAGAGTTCACTGGAGCGG
CASPASE-3-F TGAATTTCCGGGCCTGAGTG CASPASE-3 qRT-PCR
CASPASE-3-R GACAGACCGTCATCGTGCTT
P53-F TTTTCTCCTCCCTGTTCGTGG P53 qRT-PCR
P53-R CGGGAACCTCATGCTTCACT
p-actin-F CCACACAGTGCCCATCTACGA B-actin qRT-PCR
p-actin-R CCACGCTCTGTCAGGATCTTCA

RO R AR o 16 SKEREEE PCR il

14 HFEFEEREALR CaSR EERIEHSH

PENLME VG Ik A B R AP0 5 & P A (R
2930 g) 6 2, VREIRIF(MS-222, 200 mg/L)Jm, fiF
FUBCH G 8 O FERE L ERE . MR, .
Wi L LR, WA, —80 CLAAFAH T
CaSR AR A RKIR 77
15 HEMBEXIEEHARE

PR AT R Bl U E T 3 B Y R R Bk
JE S g Y R B (055 mg/L) RN IR
(5.0 mg/L), HANALFRAE 3 NFAT, SLIRTE 6
AFRFEAR AT, BSR40 BN —
PR FR 3 & PR (R E Y 30 g). T
Hr, BERE 2 h AR E AU 1 DOk A,
3 TR AR A SOR AT K R R AR, 4%
I AT Qe AR BEE Y BN o S5 TR IR 96 ho
Y IIAEBRE AT A 0, 2. 8, 24, 48, 96 /AT,
BRI R FEATLER 3 R A, MS-222 JRRIE e 1 HiCH:
JFRELH 2, 8 BGHR 70 4l BUREAS B AN R R R e T
—80 CRURIAAFH T#E1T qRT-PCR IS M
B, BRI HSREARE T 4% 2 R PR
VP A R B SR

FIH Trizol IEFEHUITRE ML LA L RNA,
DIFREU B RNA 1ER#HR, FIH PrimeScript™
RT Master Mix (Perfect Real Time)ii 7] & (TaKaRa,
KIEVHAT I 5k A5 cDNA, DL AR, MRIE3R
BEEP M CaSR FEH PP R4
F5|#%) CASR-GSP-F Fll CASR-GSP-R (1), KIE
% AR A0 -actin ZEHE NS, @ id qRT-PCR
FARKN CaSR 3K mRNA 7675 & 2 AE A R 4
LU RIBIE L, DL iE R B P AR
WEH CaSR 3&H VL ) Bel-2. Caspase-3 1 P53 —.
PP T- 2 mRNA #93RiA2EfL ., qRT-PCR 4% |t
SYBR®™ Premix Ex Taq'™ (Tli RNaseH Plus)ix 7l &
(TaKaRa, KiE)#AESAT, AR 2xSYBR
Premix Ex Taq'" 12.5 uL, b, FiF514945 1 uL,
50xROX reference Dye 11 0.5 pL, cDNA #4fg 2 pL,
ddH,0 M % 25 pL; RWFEF: 95°C 30 s, 95 C
55,60 C 30 s, 40 MEH . NELRT PR RIE,
FERIRAESS RGN PCR G 184 fih £k K 4 fie itk
2., WAETOLE R PCR MARH CAH, R 272C
PO A JE ] mRNA f AR 55 & T2
51 A4l NCBI 4 2 % A fa e PR 241 )7 5 1



1132 Hh [ K R A

428 &

HEER 1.
1.7 HAEEENNE

FRURE S 249 0.1 g T 1.5 mL JoE EP 45 (N
BER)H, Sl 9 AR 0.1%05 R 5 22 vk
(Fi¥Y), Ri%(60 Hz) 200 s, B4 C, 9000 r/min)
20 min, J& MR W SO AR A 85 0%, R
T B A A B ) kK B 2 4G D (ELIS A )it 711
&E SOD, CAT. GSH-Px —FiiE AL BETRE
1.8 HE #1 TUNEL $&i K a&l&

P2 T 4% 2 R EHER T EE 24 h
&, ik, BWERASaE, DR, e R
KR, 23 T HE YL Ml TUNEL Zefal?!)
B R 5 E B T LS A M i T S AR AL R T
0L, Ho TUNEL Y il b, 1EH A TH T4 i
1) &0 RELAZ A 90 A 28 G P €0, PP O T A B 1 2
A% R bR B A
1.9 SHit54H

Sy A5 s 5 S B AR DR (X £SE) 3R
7o I SPSS 17.0 et # b X 5t i A7 b 3, 56
ffi ] Shapiro-Wilk Fl1 Levene #3484 #71 404 A% 1IE
SR Z W B, SRIE SRR ¢ KA
DU AU 3 (] — S ) 2 S 3 20 55 % REZH ] (1) 22 57
WM, Hrh P<0.05 AR E 2R, HHRHEER
J7 27T (one-way ANOV AR il [7] — b PR AE A
[ B 0] 5 0 22 5 0, AN E CaSR 3k
R FE2ER, H258EN, 4 Duncan Kk
HATZ E LR, P<0.05 H2ZEF R FH

2 ZERE5HMH

21 HEFTIEf CaSR EE £ cDNA FHI4FE
MRGH LD

PHES S E & Z B CaSR HIH cDNA 4
4K N 3265 bp, 45 21 bp S'AESAS X . 2823 bp
FFRCEEHE L K 421 bp (9 3'AEZRASIX, 265 940
AR, WU R & HAEXT o 105.6 kD,
PRIGAEHL S PRy 5.98, HG LR 20 Al Hh 1 L fup 5%
FE(Arg+Lys)BCh 85, i HL faf 5% FE (Asp+Glu) BN
96, WK CaSR & HL5H A G &AM &
I R 1L B 5 WS 5 A 3, I DX i ey
— K. & 18 ZERRE 5 AT S 11 AN 7E N-

WAL 1 N IS5 5, 5 ol —
1) C wm e (K 1),

Blast & RMrah R EoR, HE P Ef CaSR
JFPONHERTTRKT L 5P P e | Ry
4k ffi (Oreochromis mossambicus, AY541693.1)1
RS, A 99%, 55 4l0N i (Maylandia
zebra, XM_004563992.1) . 1A X b Al 1 (Haplo-
chromis burtoni, XM_005922221.2) 19 [&] J5 14 N
97%; TEREERIKF ERIEIESLS 99%. BEHCAN
[ Fh CaSR M FEIRIT I & T RS dE b
(K 2)o Z5H 7R CaSR FE R AT 43 1 2 A
fili LEh ik & & Ak CaSR 5 [RE B %
HifRR AL, Hih 58P Eafsiiit
A AN FEL R R B2 B Y ki CaSR
ARG R TP RGO R B ARSI 25
22 CaSRERFREFEFIEEEARRALRPMERIE

I E i PCR B ARG 45 5 7R, CaSR 3EH
mRNA 7675 & P el . 68, ONE . R, B
WRNE . . i SR 5 9 AN A 3Rk,
Hh N A bR A fm, HREE. i .
JHFRIE, O 2 36 1 e /D (1] 3)

23 BEMEXNEETIEEARFALRKNIIG
231 HE F8%XR FH HE REEGINE
TR TR H A ISR, R R, #E L
PR W2 B0 A0 M TC Y, JHE 44 A 5 B s 2>,
JHF 240 i P9 2 Ak 22 (8] 4b AT 4d),

232 TUNEL #&4%R F|H TUNEL @ik
I A L U AR PR T, A5 R B, 55X
HRZH (1] 5a Fl Se)fH Fb, A2 (] 5b F1 5d) A
ZUrh PR T 40 MR H B G, 2% B sl AU e T
EARHE B P AT

2.4 PBFREZHZAH SOD, CAT #1 GSH-Px &k
EE AT

Bl 6 il Bon 1A INE T 2R
ELH 2 3 R A AR N TS BRI 7 BO6T R A 1Y 728
o FTLLE B, Bl B4R E B ] A RE G, Zb 3
SOD. CAT Hl GSH-Px $i %8 b B 1 1o 20 i 1 o,
EEE 24, 48, 96 /NI IIYEREE R E K, Hi
SOD JGPETESS 24, 48, 96 /NN IR 24 7
(P<0.05), CAT {GHPETESS 24 /NI 96 /NEF A %)
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183
649
210
730
237
811
264
892
291
973
318
1054
345
1135
372
1216
399
1297
426
1378
453
1459
480
1540
507
1621
534
1702
561
1783
588
1864
615
1945
642
2026
669
2107
696
2188
723
2269
750
2350
777
2431

2512
831
2593
858
2674
885
2755
912
2836
939
2917
2998
3079
3160
3241

tccaatcaaagaaaaaaaaccATGAGACTGCTTCTGTATTATTTGACACTGCTGGGGTCCAGTTATGTGATTTCAACGTAC

M R LL L YY LTULTULG S S YV IS TY
GGACCCCACCAGAGAGCACAGATGACTGGTGATATTTTACTTGGAGGTCTTTTCCCCTTACACTTCGGCATTGCATCCAAA
G P HQRAQMTGDILLGGULFU?PTLHEFGTIA S K
GATCAAGACCTTGCAGCCCGGCCAGAATCCACCCAGTGTGTCAGGTTCAATTTCCGTGGTTTTCGTTGGCTCCAGGCCATG
DQ DL A ARUPESTU QG CV RTFNTFIRGTFRWILQAM
ATTTTTGCGATTGAAGAGATTAATAACAGCAGTACACTCCTTCCCAACATCACGCTGGGCTACAGGATTTTTGACACATGC
1 F AIEETINN NS SSTTLULPNTITL G Y RI1IFDT C
AACACTGTGTCAAAAGCCTTGGAAGCCACCCTAAGTTTTGTGGCCCAAAATAAGATTGACTCTTTAAATTTAGATGAGTTT
N T V sS KA L E A TULSTF VAQNI KTIDSILNTLDE F
TGCAACTGCACTGATCACATACCATCAACCATTGCAGTAGTAGGAGCTGCTGGATCTGCTGTCTCCACAGCAGTTGCAAAC
c N cTtpbpHIPSTI AV VG A A G SA VS T AV AN
TTGCTGGGTCTACTTTATATCCCTCAGATCAGCTACGCCTCGTCTAGCCGCCTACTGAGCAACAAGAATCAGTACAAGTCA
L L GVLULY 1P QIS JYASSSURTILLSNZI KNQTY K §
TTCATGAGAACCATTCCTACAGATGAGTACCAGGCCACAGCCATGGCAGACATTATTGAGTACTTTCAGTGGAACTGGGTC
FM R T I1 P T DE YQ A T A MAD I I EJYF Q WN WV
ATTGCTGTGGCCTCCGATGATGAGTATGGGCGTCCAGGGATTGAAAAGTTTGAGAAGGAGATGGAAGAGCGAGACATCTGC
1 AV A S DDE YG R P G 1 EIKFEZKEMTETET RTDTIC
ATTCATCTAAATGAACTTATTTCTCAGTGCTTTGAGGATCATGAAATCAAAGCTCTGGTTGACAGGATTGAGAATTCCACA
1 HL N E LI $ Q CF EDHETIZ KATLUVDRTIETRNTS ST
GCTAAAGTAATCGTTGTGTTTGCCAGTGGCCCAGATGTTGAACCTCTAATCAAGGAGATGGTTAGGAGAAACATCACAGAT
A K VIVV FASGPDV ETPTLIKEMVRTRIPENTITD
CGGATCTGGTTAGCCAGTGAAGCTTGGGCAATCTCCTCCCTTGTTGCTAAACCAGAATATCTTGATGTTATGGCAGGGACT
R I WL A SE AW A 1S S LV A KU PEYTULDVMAG T
ATTGGTTTTGCTTTAAAGGCAGGTCGTATACCTGGCTTTAGAGAGTTCTTACAGCACGTCCAACCAAAGAAAGACAGTCAT
1 G F AL K A GR 1P G FRTETFTILI QH V Q P KK D S H
AATGAATTTGTCAGAGAGTTTTGGGAAGAAACCTTCAACTGCTATCTAGAAGATAGTCCAGGATTCCAAGAAAGTGAGAAT
N EF V RETFWETETT FNTCYTULETDST PGTFQE S E
GGCAGCACTAGCTTCAGGCCTTTGTGTAGTGGTGAGGAGGACATCGCAAGTGTTGAAACACCATACCTGGACTACAAACAC
G S TS F R PLCSGETETDTIASVETTPYL DY K H
CTTCGTATCTCCTATAACGTTTATGTTGCAGTTTATTCCATTGCACAGGCGCTACAGGACATACTCACATGCACACCTGGG
L RIS YNVY VAV YSITAQATLQDITLTTCTP G
CGTGGACTTTTTGCAAACAATTCCTGCGCAGATATAAAAAAAATGGAAGCATGGCAGGTCCTTAAGCAGCTTAGGCATTTG
R G LF ANNJSO CADTIK K ME A W QV L KQ L R HL
AACTACACCAACAGCATGGGAGAAAAGATGCGCTTTGACGAGAACTCAGATATGGAAGCAAATTACACCATTATAAACTGG
Ny T Ns MG EK MR F D ENSDMTEARNY TTIINW
CACAGGTCTACTGAAGATGGCTCTGTGGTTTTTGAGGAGGTTGGATATTACAACATGCATGCCAAGAGAGGAGCCAAGCTG
H R STEDGSV VF EEVG YY NMHATZ KT RGATZ KL
TTCATTGACAGGACAAAGATTCTTTGGAATGGCTATAGCACAGAGGTGCCGTTCTCTAATTGCAGTGAGGACTGTGAACCT
F I DRTJIXKTILWNGY S TEVU?PTFSNCSTETDCE P
GGCACAAGAAAGGGGATCATAGACAGCATGCCTACTTGCTGCTTTGAATGCACAGAGTGTTCTGATGGTGAATACAGTAAT
G TRIKGTIID S MPTCTCTFETCTETCSDGE Y SN
CATAAAGATGCCAGTGTTTGCGCCAAGTGTCCAAATAACTCCTGGTCAAATGGGAACCACACATTCTGCTTCCTCAAGGAA
H KD AS VC A K CPRNNSWSNGINUHTFCTFL KE
GTCGAGTTTCTCTCCTGGACAGAACCATTTGGGATAGCTCTGGCTATATGTGCAGTTCTGGGTGTTGTCTTGACAGCCTTT
V EF LS WTEPF G 1 A L A I1C A VL G VV L T AF
GTGATTGGAGTC TTTGTCAGATTTCGCAACACCCCAATTGTGAAGGCCACAAACCGAGAACTATCGTATGTGCTCCTTTTC
VI GV F VRFURNTTZPTIVEKATNU RTELSYV L L F
TCACTTATCTGTTGCTTCTCCAGCTCTCTCATCTTTATTGGAGAGCCACAAGACTGGACATGCCGTTTACGCCAACCCGCC
S L 1 ¢c c FsSs s 8 L I F 1G E®P QD WTCRL R Q_P A
TTTGGGGTCAGTTTTGTTCTCTGCATCTCCTGCATCCTTGTGAAAACTAACAGAGTCCTTTTGGTATTTGAGGCCAAGATT
F G V SF V L C 1 8 C I LV K TN RV L LV FE A K I
CCTACGAGTCTCCATCGTAAATGGTGGGGATTGAATCTGCAGTTTCTCCTGGTGTTTCTGTGCACATTTGTCCAAGTCATG
P TS L HR KW WGL N L QF L L VF L C T FV Q VM
ATATGTGTGGTCTGGCTTTACAATGCCCCTCCTTCTAGCTACCAAAATCATGACATCGATGAGATCATTTTTATCACATGC
1 C V VW LY N AP P S SY Q NHDIDETITITFTITC
AATGAGGGCTCCGTGATGGCTCTAGGGTTTTTAATTGGCTACACATGCATATTGGCAGCCATATGTTTCTTCTTTGCATTT
N E G S VM AL G FL I G Y T C I L A A 1 C FF FAF
AAGTCACGGAAACTTCCAGAAAACTTTACAGAGGCCAAGTTCATTACTTTTAGCATGCTCATATTCTITATTGTTTGGATC
K S R K L P E N FTE A K_F I TF 8§ M L1 F F I VW I
TCTTTTATTCCCGCATACTTCAGTACTTACGGCAAGTTTGTTTCAGCTGTGGAGGTCATTGCTATCCTGGCTTCTAGCTTT
S F I P A YF S T YG K F VSA V E V I AL L A S 8 F
GGGATGCTAGCCTGTATCTTCTTCAACAAGGTCTACATCATCCTCTTCAAACCCTCCAGGAACACCATTGAGGAAGTCAGA
G ML A C I F F N K V Y 1 1L FKPSURNTTITETE V R
TGCAGCACTGCAGCCCATGCTTTCAAAGTGGCTGCCAAAGCTACATTAAAACACAGCACAACTTCAAGAAAAAAGACCGGC
C S T A A HA FXK V AA K A T LKUH S TT SR K K TG
AGCCTCGGTGGGTCTTCTGCCTCAACTCCTTCCTCATCCATCAGCGTCAAGACCAATGGCAATGACTACGACACTGCTTCA
S L GG SS A S TP S S S 18V KTNGND Y DT A S
GGAAAGCACAGGCCAAGGGTGAGCTTTGGCAGTGGAACGGTTACTTTGTCCTTGAGTTTCGAGGAGTCCAGGAGGAGTTCT
G K HRZPU RV S F GS GTVTTULSTULSFETEST RTR S S

CTGATGTAAtcgctaggtgt g g8 tttagaa
L M *
tgtttt gtacttg g g
g ggt: ggcaatattttcaattgttgettgttctttagaggattatc
cactttctaaaaggcgttcgeactgttttatgg g tat
attttgt
gcaagtaaaaattacctaaattctg

B 1 HEPIEM CaSR K cDNA 4K K 2 IR FH bt

INEFRRIR 5 3 AR IS X, KE FREFIRGTGIX, MR 2R B R S T (ATG) M L% T-(TAA), KEBAR>
FRETIRF, MOHEMRCC R Bt iRk 2k, T RIZH R BENRIX, J7HERR 7 R e N-HESE AL A1

Fig. 1 Sequence analysis of full-length cDNA and amino acid of CaSR in GIFT

The lowercase indicates 5’ UTR and 3" UTR, and the coding sequence is presented in capital letters. The bold part represents the start
codon (ATG) and the stop condon (TAA). The signal peptide sequence is shaded in gray; the italic “C” in bold indicates the cysteine

residue; transmembrane domains are underlined; potential N-glycosylation sites (N) are boxed.
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# ®F 3k GIFT

Je B B k£ Oreochromis niloticus (XP025766495.1)
100 [* 2535 L 55 B Ak 41 Oreochromis mossambicus (AAT06805.1)

4 £ Neolamprologus brichardi (XP006802333.1)
26| SL]) B it Maylandia zebra (XP004564049.1)
54 1B ECANRN £ Haplochromis burtoni (XP005922283.1)
|_ L SEWNZEHR Archocentrus centrarchus (XP030601738.1)
% Salarias fasciatus (XP029957032.1)

LIHEZR 7l Takifugu rubripes (XP003971318.3)
43| [ 188" Morone saxatilis (XP035522506.1)
59 — W8 Sparus aurata (XP030293458.1)

39 AR FLEER . Trematomus bernacchii (XP033996464.1)
— & A\ Homo sapiens (XP006713852.1)
0L 100 “——— KK Rattus norvegicus (XP017453358.1)

K2 e P AR S ALYl CaSR i R GEHELRY

Fig. 2 Phylogenetic tree derived from CaSR of GIFT and other species
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brain gill heart liver kidney  spleen stomach intestine muscle

ZHH tissue
El 3 CaSR 3K mRNA 75 & P E A R H 2 P Ry £k
ARG A F s AL 4R R) 3k 1 25 5% 35 (P<0.05).
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Abstract: Hypoxia is one of the main environmental stress factors affecting the growth, reproduction, and survival
of fish in aquaculture. In addition to the antioxidant defense system, the mechanism of hypoxia tolerance in fish
also includes many regulatory factors that play an important role in hypoxia signal transduction. The cal-
cium-sensing receptor (CaSR) is a transmembrane receptor belonging to the G-protein-coupled receptor (GPCRs)
superfamily, and is widely conserved in mammals, fish, and other vertebrates. CaSR can participate in a variety of
important physiological processes by regulating different signal pathways under the stimulation of Ca*"and other
agonists. Apoptosis is an important physiological activity in most organisms, and under normal conditions it pro-
motes the development of the organism and helps maintain homeostasis. Oxidative stress induced by hypoxia can
induce cell apoptosis. It was found that hypoxia upregulated the expression of CaSR, and increased CaSR pro-
moted intracellular calcium overload, which induced endoplasmic reticulum stress, and could affect cell apoptosis
genes in specific pathways, leading to downstream apoptosis. However, the regulation of CaSR on cell apoptosis
under anoxic conditions is primarily observed in mammals and has rarely been reported in fish. The aim of this
study was to investigate the characteristics of the CaSR gene and its regulatory mechanism involved in apoptosis
during hypoxia stress in Genetically Improved Farmed Tilapia (GIFT). The cDNA full-length sequence of the
CaSR gene of GIFT was cloned by RT-PCR. Quantitative real-time PCR (qQRT-PCR) was used to analyze the ex-
pression pattern of CaSR in different tissues, and further detected expression changes in CaSR and the mRNA of
other apoptosis-related genes in the liver under hypoxic conditions (0.55 mg/L). Finally, ELISA was used to detect
changes in activities of antioxidant enzymes in the liver, while morphological changes and apoptosis in the liver
were observed by HE and TUNEL staining, respectively. The results showed that the cDNA full-length sequence
of the CaSR gene in GIFT was 3265 bp in length, including 21 bp at the 5-UTR, 421 bp at the 3'-UTR, and a 2823 bp
open reading frame (ORF) encoding 940 amino acids. The predicted protein structure contained a seven-transmembrane
domain unique to the GPCRs superfamily. Multiple sequence comparisons of CaSR proteins indicated that CaSR
has the highest similarity with the corresponding protein in tilapia. CaSR gene mRNA was found to be expressed
in nine tissues, with the highest expression in muscle, followed by kidney. Hypoxic stress could lead to structural
damage of liver and promote apoptosis of liver cells. Compared with the control group (5.0 mg/L), hypoxic stress
could enhance the activity of SOD, CAT and GSH-Px antioxidant enzymes and maintain them at high levels, and
could also significantly upregulate the expression of CaSR mRNA and cause mRNA expression changes in Bcl-2,
Caspase-3, and P53, all of which are apoptosis genes. The results suggest that hypoxic stress could induce oxida-
tive stress and cause damage in the tissues of GIFT, and that activated CaSR might participate in the process of
hypoxia signal transduction through mediating Ca*" to affect the expression of key genes in the apoptosis pathway
under oxidative stress, thus leading to the apoptosis of fish hepatocytes.
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