IKF7A 2R, 2024, 48(5): 059404

;¢
2l s 2 ¢ nn
JOURNAL OF FISHERIES OF CHINA ‘
DOI: 10.11964/jfc.20240214374 Sclence Prass

@
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(1. VR KK 24, AR R AT KT B KA A 2 AR HF bt K 400715,
2. JE T X AR R HE) HL, ER 402660)

A

WE: S L0 CN) ER/LEREOBRE, TREIWNRELL. 2R AT
HREE R . AR FIH cDNA Kty 8 (RACE) #AK %% 4% = /A ik CN
HH o BT HE (HcCnda) # cDNA 75|, #H#H4T T £ B ¥ 04 . ##E pET30a-
HcCndoa B kB # &, e kk. 4. EREEAAEDRSE &S cBHik. A%
B B % (Western blot, WB) #Fu7¢ ot 8 & PCR (qPCR) $# R oA & Feh A fn & 4 4
KA¥ME GL2 5 HCndo e Z AT R AL F kL BN R LT, HCnAo
cDNA 4% 2737bp, 3" UTR £ 131bp, 5'UTR ¥ 1 154bp, CDS X 4 1452bp, %
A3 NEAE, FYE A E BB EER T 8 PP2Ac 4194, WB fr qPCR 4 R § 77,
HeCnAa e Z AWM BEAS AR 2 F%E, AEATN. AR, R, PN XL ERS,
MR P RAER K. £RIEME GL2 &% = A ildF )5 3~24 h, # % HcCnda By %K
EREMNE, hHATNTRAEHMR EAT, K4 )5 240, FRE. AR k. 4
EREYHREERE NG, MALE4Ah, Hrll. 8. IEE. FREITHELAELE
k. ARZW, =AM bE HCnda 3£ B 5 H 4 # Cndo X B & EAEML, BAHRKTFH
PP2Ac 543, A AL F LRk %, HEETZANHEANERLEN AER N . AH
RERTET Z AW HCnda B I & T £ w ek, BT HeCndoa X W% 5 =
MEHNTERLEENE, FERANARZANEN 2R ABNE R KRS EE T
b,

REER: =AW, ERAEME; HSHAMEHRE,; kg, aFLE

FESHES: Q7865 S944.121 CERFRERD: A

P 2255 P % B [ (calcineurin, CN) J212 5 A&
PRI ME—3Z Ca” FIE5JH % (calmodulin, CaM) 77
()22 TR/ 93 2 R AR TR, i AL VAL (CnA)
FE AT 3L (CnB) 4 A - RAIRTE . 24 CON #iiik
T J5 AT R A2 ) Ko B W IR A B L R R AL,
4+ 5§ NFAT. NF-k<B. MARK. GATA4., ATOHS
FXARETEE, SHIRERER . BREAAL.
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T2 WL & B RN LET 4 7 A A5 7 T A 4% o 2 9
YRR R B HESh P e g b A v, T
CN FRIR7KF-3E M T i S AR DG () 3Rk LA
Z 5 Ow™, Wk, SR8 CON TR il iy
FIAE T, AT 38 5 9055 CN SRR T 5 0 2 S Tl A
IR, FRRTEAE . SR E AL . BRI
B G RRT B FEIREMESI T, ON AT
RETEDRIE N . M RKE . 7O . WLIRIE K
Fph 2 RGE DI RE S 7 I R R EAE 20, At
R, CNTENZRRFMBIRAIE . PERl5r1k
ST R FEE AR P, AN TS 2 B
PE PR AR 253 1 S NF-«B {5 530 i sl HoAth 5
KRB RR RS, RERZEERY, AT
WWNEHESH YR TS EHESI Y . PRSI, CN R AE
BUA R S I 28 i E mBARE ], R JF R DLk
FERMERIERT TR — A EE T ], SRTT, CN7E
BHESI Y T LR AT, J0 R Rk
IR Z AR .

=AW (Hyriopsis cumingii) J& & & T 2L (1)
KSR, PHAR B 0y & 2R REAIE B PERE,
BAARNA BB LT E A B ES, (BAE
MR FAMNFEET, &FH2 =
AR R Bl &, P ERmE F 8K
BRI, BRI EAR LA, K e
LR IR BRI FE N, K W2 RS
NI (deromonas veronii) . W&/KS PPN (4. hydro-
phila), V77 ZF 72 B M (Stenotrophomonas mal-
tophilia), JCFLEEBRTE (Streptococcus agalactiae)
PENAR M (Pseudomonas fluorescens) 55 23 &Y
S, SRR, RS AR T, R
FELAG T = FAWLEE B 258 7 b A e o Rtk , e =
FA LI S A S e W S0 A B T 2 o H A e e Bk
AR, g FRFE b B s B 2 SR 0BT A SR w4
IR SR AR R e . ARSI e T = AL
HcCnAo K2, JF ) 15 Jirt T7 4 [ /<P i T ek e
=L, #R T HeCnda S5 = i LI A $ /8%
PeGBENL S, DA A DS S v 4 95 s B 4 B 1L
BRSNS, HES) LSRN K e

1 MRS ITE

1.1 SCIg# Rt

ARSZE AT B = AR E [ (42.59+£1.75) g,
1 ], kA E R AR R R RS
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B0 0 KB R O R JE e, /N B (Mus musculus)
W PR B 4R A R A IRA R, IR
MBS GL2 o A 7= 5256 % A EG — A AL IR 6 1 43 25
AT . SCEGTTHART, B = MR %, fhl kiR
T (23.0£2.0) °C, 24 h FTR4, KBRS KIFH
/NEREE (1x10° A~/mL) FEATHEME .S58 HA )X /N B
IEH PRI, AR e BORL, AR R R
JE R (23.041.0) °C, SZ 56 b P AR N B0 ™ A% 8
ST S50 Sl R R A S S R A BRI

1.2 S5

HeCndo KB 69 0% MWELBRECH MW
SR Y i = AW HeCnda SERRSE A
B, FH Primer premier 5.0 34358315149 6 1),
AT AR TR (L) BhAERA RS . SHEH
AR ARAECY () %, #% B8 RNAiso Plus (TaKaRa, H
%) AR B AT = A I AN RNA AL,
I 42 B RNA 4 8 SMARTer RACE 5 /3 'Kit
(TaKaRa, HZA) &V, #17 cDNA A
FHPEER YR, TR =4 1% 1IEE iE 5
e Lk S ZliAk R, If 5 pMDI19-T (TaKaRa, H
A #E, AL AKIGFFH (Escherichia coil) DH50.
JEZ SN (TaKaRa, HA) W, i w5575 HEEL

x1 AXWAHAESIPTIER
Tab.1 Primers used in this study

e Fe51

name sequense

RACE3|% RACE primers

HcCnAa-3'-F1 ATAACAGTGTACGAGGTTGCTCA
HcCnAa-5'-R1 GTGACGGGAATCCTGTTGTTT
HcCnAa-5'-F2 AGCTATGCAGCTTGTTGTGATTT
HcCnAa-3'-R2 CGGGAATCCTGTTGTTTGACT

JFEZRIXE|Y prokaryotic expression primers

p HeCnda-F CCGG AATTCGTCACAGAGGATGTG

p HeCndo-R CCGCTCGAGCTATGTCACTTTTTCTCCT

AC
qPCR3[#) qPCR primers

HcCnAo-q-F AGTGTGCTCCAGCTCAAGGG
HcCnAa-q-R GTGGCGGCATTCGCTCATTA
EF-1o-F GGAACTTCCCAGGCAGACTGTGC
EF-1a-R TCAAAACGGGCCGCAGAGAAT

e FRILH S R R IEE, BRI H %R BamH 1 B V)AL
Mo REETYRARECOR 1 BFYINL R

Notes: The underlined parts were the protected bases, the double
underlines parts were the restriction sites of BamH 1, and the dotted
lined parts were the restriction sites of EcoR I .
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PATR VR HEAT IRV PCR BGUE, Jo¥ PHME se % T A=
TAY TR (i) B A BR A /il

HcCnAo 35 B 89 /5 5 5 A7 Z R I =
L J5 ik, K NCBI X HeCnda 3 M #E 17
ORF [X it | (https://www.ncbi.nlm.nih.gov/orffin-
der/) B A H R R 5 R 7 51 AH UL 73 BT (hittps://
blast.ncbi.nlm.nih.gov/Blast.cgi); F|f DNAMAN 6.0
MAF AT G AR Y 5 43 B f 2 8 8 L s R
SNART(http://smart.embl-heidelberg.de/) 1r£E Tl &
MR 25 #38 ;. F] F Expasy(http://www.expasy.org/)
TEL ST F BUREE s AR TMHMM(http:/www.
cbs.dtu.dk/services/ TMHMMY/) T35 19 5 fi6) 345 i 2%
PSR 43 F it s ML MEGA 7.0 30, SR HI4E
ik (N)) #9788 HeCndo 2EH ) RGEHEER

R R IR R E G sk Z: R U P 45 0
B I7, EHXF HeCnda ) CDS J¥ 51T R ES |
Y, e LRSI 54 551 A EcoR 1 1
BamH 1 (TaKaRa, H )GV 5 G5 1), #AT
PCR ¥ 34, P4 =Wy atifb e . )5 56 F 1 4
PEJR, 544K pET30-a(+) (TaKaRa, H 7%) i ]
EcoR 1 Fl BamH 1 #E47XEFYI %4, MEEIRE
& pET30a-HcCnda, J& itk 2 KIGAT WAz 2540
Jid DHSa, 7EHTRI8%EE R A9FAR (50 ng/mL) b ¥
Bt A7, PRIESRTE, ROk B A TAEY
TR () By A B |1 434, DU TE 6 1Y
W AT IR TR 2L R . ¥ BRIy
KEE SR 5 PR UF B K pET30a-HeCndo 355 AR
W hF RS2 A 41 il BL21 (TaKaRa, HA) o, 1F
50 pg/mL WHTRAREE R VAR B IR bR e 7%, Bk
VTR TE Y R 35 5 AT K PCR B0k, 39k iE
B BT VR AT R AT, IR R R R gk
KM (OD 2924 0.6) B, JiIn AZ&¥ 0.5 mmol/L ()
57 N 5 -B-D-B AUt i = FLBEF (IPTG), 37 °C 1%
Ft4h, BRHMEARL, HiFRgE s ol
WA, S PR R R TR AR, RS S R
DR IEW, # MR 3 <K His pns 85 H a4k i 7]
& (AR PEFRRY) AT 2l4k, J5 34T 58 VN s Ik e s
JREHL VK (SDS-PAGE) il 2 11 2B AL 17 1

% AR 8 F) & B AR ) Z R FH
FECVR T, KaiAb)E M e AL FRAT 1B AT
g, SHIE T 6. 4. 20 1. 0 mol/L IYJRFEMT
W 4 °C ZHRIFEENT, BEEEENT 4 h 724,
FEBENTE R BT AR RS SR L, R

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

T2y 30 min ¥ 45, FH Bradford 25 ¥ I %2 iR
Ma Gk, Bilg)MERSFREARE, #
FEHHES] 1 pg/ul J5 B 100 pL, 586 [CAE 7 %
1: 1 AR IR & (BT S e i 9 R S8 A )
J& SR e s A5 F 3 IR 58 A/ 7)), i€ 30 min
AT FA, XN REET T 2 RS .
HHEAT 3 RS, RIBR BRI 205 7 10 d, 5
3WTESIE 7 d XN EUIR BRIBOUM AR L7, —80 °C
PRAF# o A A BT BRIl i (Western blot) 45 il
YUK ek ik 1 E(T SDS-PAGE HLUK 5 %
i 2 B 9 Z K I (PVDF Ji5) 5 5% MG 4 153t
Ml 2h, T-BST ¥tk 3 UK, BK 10 min; il &1 2
SERETUR 11000 MM —4T, 4 °C Rk
WEE, T-BST YU 3 Uk, &I 10 min; BRI 4
AR IC Il F P/ 1gG GEE R, )1 :

1000 Fi BEAE N — 91, =RFEENEF 1 h, T-BST
Ve 3, BEIR 10 min; EE ECL A2 &L
&R, THE) 8O BGWE .

HcCnAa #) mRNA KF 22 KA =
LAY AR R 2040, MR 4% RNAiso Plus (TaKaRa,
HAS) (9 #8430 B 617 RNA $2 30, AR 4fE Prime-
Script™ RT reagent Kit with gDNA Eraser (TaRaKa,
HA) BB I E T cDNA A . Rl HeCnda
B CDS XL E /I TIY (& 1), LIE
M F-la (EF-1a) W%, F| ] BIORAD CFX
Connect™ ¢ ALK HeCnAdo K PRITE =1 I
EERRI A b AR Kbt . e RN IR R
10 uL SYBR Green Mix (TaKaRa), 0.4 pL HcCnAa-
q-F. 0.4 uL HcCnAo-g-R. 1 pL c¢cDNA Fll 8.2 uL
ddH,0. I FE ¥ 95 °C HAEPE 305, 95 °C 7%
P 5s, 60°CiRk 30s, 72°C %A 15s, FEH 39
AMEIR, (2 AT RS A R ek i

HcCnAo 09 & & K F 20 20 &k ik S
Zhou FE W, B AMIIE R OR R LS, R
i RIPA 2L G =K, D) $8AE B 17 R
HP2H, #M4E Bradford 2 e e 0 & (=
K, ) BAEGIIE AW, IR 20 pg &
134T SDS-PAGE il 5 2% Western blot £ ] . LA
WL (B-actin) N2, 3 5 LA 5 00 2 SokE
LA beta-Actin Mouse mAb (Cell Signaling Tech-
nology, & [E)1E & —¥i 1T Western blot, F|FH
Image J 4% 45 SR A4 T K BE 43 i H — kb 21
K HeCnAo 7EAN R ZHZ A X8R 1 3R B7KF- o
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mE R Rk 1 50 Ffg = A
[(42.59+1.75) g] BEML A 2 21, O 4 G i Bl
GL2 }5 3% ZX0EUE KT CREEUER &N 1.98x10°
CFU/g), 24115t 100 pL 80% B SE #) 1
B (1.58%10° CFU/g), X B& 41 vE 54551 B 0.85%
TRk FEHESERY 3. 6. 12, 24, 48 h % fifi
PLE 5 HBEHATIORE , WA R, —80 °C R 47
bR 26 E B PCR KN H Y3 K 1 k25 1E

IESAT ] SPSS 19.0 B AF kAT 403t
00T, SRR R 5 25341 (One-Way ANOVA)
AT R E VAT, ARV B AR E 2 (meant
SE) #&/R, P<0.05 FZE5FWE, P<0.01 H2%E 5

2 4R

=A% HeCnAa EERIFS 4

A SZEF ) RACE $52 AR 5 45 51 = £ IR 45
Ve P W IR B 3L [ HeCnda 9 ¢DNA B3, £k
2 737 bp, H 1 3'UTR K 131 bp, 5'UTR &K
1154 bp, CDS Xy 1452 bp, 2wt 483 4> KMa
(1), SMART By I RESL 1 I0 7%, HeCnda ¥
Y415 PP2Ac 25435k (&l 2-a), HeCndo 4 i 1) &
FI e BRARE 20 B ol 0, i8R BB 4 T 5
i (MW) 4 54.68 ku, RIS & (pI) M 5.73, A&
FEAEAG 5 AR R IX SR K Rt A & B, 7E

21

e

42
132
222
312
402
492
582
672
762
852
942
1032
1122
1212
1302
1392
1482
1572
1662
1752
1842
1932
2022
2112
2202
2292
2382
2472

2562
2652

5 365 i 48 HE TR 1k B e R R K,

AAGCAGTGGTATCAACGCAGAGTACATGGGGGATTCGATGC
TTTCCTCGCTTGGAAAATCCTTACAAATCGTAGTTTAATAGTGCCATCCAAGGCACTAGTAGGTGTAATTCATATTTTGTAACCTCCAGG
ATGGCTACATCGGAGGGTAAGCTGTCGACAACGGAGAGGGTTGTAAAAAGCGTGGCTTTCCCACCCAGCCATCGACTGACAATGAGTGAA

MmATSEGKTLSTTERVVKSVAFPPSHRTLTMSE
GTTTTTGATTCCAAAGGAAAACCAAAGCCAGAGGTTCTGAAGCAACATTTCATTCTGGAAGGCAGAGTCACAGAGGATGTGGCATTACGA
VFDSKGK?PIK?PEVLI KA QHTFTITLESGRUYTEDUVATLR
ATTATCAATGAAGGAGCTGCCCTTTTGAGGCAGGAAAAGACGATGCTGGACATAGAGGCTCCAGTCACAGTATGTGGTGACATACATGGC
I I NEGAALVLURGQETZ KTMLTDTIEAPVTVCGDTIHG
CAGTTCTACGATCTTATGAAATTGTTTGAAGTAGGTGGCCCACCAGCAACAACTCGGTACCTTTTTTTGGGAGACTATGTGGACCGAGGC
Q FYDLMKTLTEFEVGGPPATTIRYZLFTLSGDYVDRG
TATTTTAGTATTGAGTGTGTTTTATACCTCTGGGCATTGAAAATTCTGTATCCAAGTACATTTTTCCTGTTACGAGGTAACCATGAATGT
Yy FSI1ECVLYLWALZI KTITLYZ®PSTTFTFTILLRTGNTUHEC
AGGCATCTTACAGAATATTTCACCTTTAAACAAGAATGTAAAATAAAATATACGGAAAAAGTATATGATGCATGTATGGAAGCTTTTGAT
RHLTEYFTTFZ KA QETCKTI KYTETZ KVYDACMEATFD
TGCCTCCCCTTAGCAGCTTTAATGAACCAGCAGTTCCTGTGTGTACATGGAGGACTGTCACCAGAAATCCACACATTAGATGATATTAGG
cLPLAALMNG QFLT CVHGSGLS S®PETHTTLTUDDTITR
AAGTTGGACGGATTCAAAGAACCACCAGCATTTGGTCCAATGTGTGATTTATTATGGTCAGATCCATTAGAAGAATTTGGAAATGAAAAA
K LDGFIKEZ®PPAFGPMC DULILWSDZPILETETFTGNEK
ACAACAGAACATTTTACACATAACAGTGTACGAGGTTGCTCATACTTTTACAGCTATGCAGCTTGTTGTGATTTCTTGCAACAGAACAAT
T TEHFTHNSVRGCSY FYSYAACCDTFTLUG QAQNN
TTATTATCCATTATTAGAGCACATGAAGCACAAGATGCTGGCTATAGAATGTACAGAAAAAGTCAAACAACAGGATTCCCGTCACTTATA
LLSITIRAHEARQDAGY RMYIRIKSAGQTTSGTFZ®PSLI
ACAATATTCTCAGCACCAAACTATTTGGATGTATACAATAATAAAGCTGCTATATTGAAATATGAAGATAATGTGATGAATATTAGGCAA
T I FSAPNYLDVYNNIEKAATITLI KYETDNVMNTIRA
TTCAACTGTTCTCCACATCCATACTGGTTGCCAAACTTCATGGATGTTTTCACATGGTCCCTTCCATTTGTAGGAGAAAAAGTGACAGAG
FNCSPHPYWLPNEMD VFTWSLPFVGETZ KV TE
ATGTTAGTGAATGTATTGAATATTTGCTCAGATGAGGAATTGCTATCCGAAACAGATGACACGTTTGAAGGTGGTGCAGTGGCAGCGAGA
MmLVvVNYVLNTCSDEELTLSETDDTTFESGSGAVAAR
AAGGAAGTAATACGTAACAAGATACGGGCCATTGGAAAAATGGCTAGAGTATTCACTGTTTTGAGAGAAGAGAGCGAGAGTGTGCTCCAG
K EVIRNZEKTITRAI GKMA RV FTVLRETESTESVLQ
CTCAAGGGCCTGACACCTAATGGGTTACTTCCCATGGGAGCTCTATCTGGTGGCCGAGAAACACTCAAAACTGCTCTCAGTGGATTCTCA
LK 6L TPNGLLPMGALSGSGRETTLIKTALSTGTFS
CCAACACATAAAATCAGTGGATTTGAGGAGGCCAAATCTCTGGACAAAATTAATGAGCGAATGCCGCCACGCAAAGATGTGCTGAACAAT
pTHZKXKTITSGFEEAKSLDI KTINETRMPPRI KDVLNN
TCCAGTAGTTAGGACCAAGCAGGTCATAGCCTTCAAACCCATGCTCTGTGCTGTGCAGTTCTCCACTCTGCATCATATTTGTCCAAGGCA

S S S
GAGGAGCATGATTATGAGATGTTGACAGTGACACCTTGACAGTTGCCCAGATAGACAGAAGCTGGCCATTTACTCCACTACTTCTTCGAT
TCACATCAGGAAAAGACCCTTTAATATTTCTTTTGGTTCCTGATAATTCCATGCAGTGTACTAAATCTGATCTCAACTTTCCTCCATCAA
TTTCACCTTGAGCTAAATTTAATATTGCTTTAGCTCATTGATAAATCAAAGTGCAGTTTTAAATCTCATCATTAAGCAGTGTTGGGAATC
CATTTTAAAGCATATGCCAGCAAGTTAAGCTGTCTACATGCAGAGTGAAAACTACAAAGCTTTCTTTGGCTTCAGTGCATATTTCTTTAA
GTAACTACAACAGTTCTAGTCAGATGGATATTTTTCTACTTTTAATATTCCTGTAAGCAGCTATGATATGAGCTGCATTGTGTTGCATTG
ATTTCTTCCTAGAAACTGGTCAGCTTCTATTGCAAATGTTGAAACCTGCTATCAAAAACTTGACCATGGGCTTTCATGTTGAGCATGGAA
GATGGGATTTCTGTTGAGCTTCACAAAACGGAACTGGGATTACGTTTCTTAAATTTGGCAAGATTCAGAGGGCATGCATTCTGCTATTCA
AAAAACAGCTTTATTGTTCGGATTGAGGTACTATTTGTCCAGGACTTGCATATTCCTATGAAACAGCCAGTAAATGAAGGAAGGATGGGT
TCTAAAGATGTATAAATTGATTTAAACCTTTCCATTTTATCTGTTCACAATGAGATTGGAATGTTTATGGACTCTGTCTATGAATGTCCT
TTGGATTTTGATGTGCTTAATTAATTCATGAGTGTATTCTGCAACAACAACAAAATGTTAATCATGTTATTGAGACAGAAATTATATTTG
TAAATTTGCCAGCGTACCTGATTCATGAATATTTCATCTTTTCAGGTTATTGCAAAGGCCATTGGAGTTGATGAAAGTATGAATCCATTG
CTCCCTACAATACATTAAGAAAGATCCAAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

El 1 HcCnAe ZEEMZERRFIIMESHRERFS

FASEER AR T RERE,  XUF RIZ B 0 AR L R /5 B R e R R 1 PR IV 1A

The shaded part represents the functional domain and the double underline marks the serine/threonine-specific protein phosphatase active site.
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Fig.1 Nucleotide sequences and deduced amino acid sequences of HcCnAo gene
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2744, 15 472 i AR S I KBk, FR4K
4 1.989, BAEYISEKMERE (GRAVY) H-1.187,
ZE AR FEK R (K 2-b),

22 [ERMEFFR ST

HT HeCnAa WRIETR T, W 5K 405
B M S 41 W5 (Ostrea edulis) .
MR K B DL (Pecten maximus). /)N3k W (Capitella
capitata) . #L.1 (Haliotis rufescens). %W D1 (Myt-
ilus galloprovincialis). 181§ (Octopus sinensis) .
INER, (Mus musculus). N (Homo sapiens) 3 9 1~¥)
FEATESI LT, HeCndo 5 9 AR B ILRR T
G B W IR, RS2 PP2Ac 45 F U B AT
e BEORSEE (18] 3), FIHAR B RN ARG KT
PeER TN, ZMAUEES A AEIRYE (Xenopus
laevis), /NRIFEZ R R LB, SRR B I
GRS SES TN (SEON

23 ERFRIER S mERERHIE

25 3% KL pET30-a(+) F1 3% 35 Ji k. pET30a-
HwMamw%Aﬁ%H@Bu1¢F P REE SR,
SRR . RINBR KRB R . Rk
ﬁ% 75 T S Al A JE i 8 B 4T SDS-PAGE £
W, SRR, RBEMARNIE TR sk Em A
BITEZ) 40 ku b AE7E— SR BRI %00, P& HE
FIRVIN, T 7E 25 48 B VR R 28 38 2R Y R 175 5 R R
HOR M AR B 2k, RUIRIE S HEA R
Fik, HAMLEANATESRN , A BOR B
(% 5-a), $EW=MPLEEFRIRH LA ER, UZw

(Crassostrea gigas).

BEFLIRIML TG 9 —HT . HRP FRICH) BT 1gG o —
P, N Western blot & LA R R 1E . 455R B
N, AEZY 50 ku AAFAE L — 2R, O R AF, i
# I 2 s BEUIA HAT RAFRE A (18] 5-b).

2.4 HcCnAo BYRLARIED

X =AML BFRRAR . ANERE . TN,
JELOEE e ERE. BpiE . MRS 9 e
1 HeCnAo (AR X 2235 5 547 mRNA 7K - R [

K BIAGI AN PIASYEBE 25 73 M HeCnda 15 =
FpLEE—BH LR I FRIBIR O . PO RE A5 R

%,MfMaﬁ9¢ﬁ%$ﬁﬁ%ﬁ,ﬁﬁW%m
T ROk 3 T A 42 (P<0.05), FEF
LY A BE . PR R R R,
WAE AR . AN . gk o rp ) Rk i B 5 K
T HABZH L (P<0.05), Ho v i bk L v i) K3k 5 02
i 2P iKY (B 6-a), Western blot 45 3 i
7N, HeCnAod® Iy i rp it 2 55 1 3 5 T Ho A 41
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Fig. 2 Molecular characterisation of the HcCnAa gene

(a) domains prediction, the PP2Ac domains (53~344 aa); (b) hydrophobicity prediction.
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Fig. 3 Multiple sequence alignment of H. cumingii HcCnAo. with other species

Black shading indicates amino acid identity, other shadings indicate partial amino acid identity.

KA C gigas
W45 O. edulis

84

100 KB M. edulis
40 WK B L P maximus
31
A WU H. cumingii

G4 W8 Drosophila melanogaster

B D. rerio

100 N M. musculus
100 EPIRIE X laevis
0.25 %L A H sapiens

4 ETF HcCnAoa SEEBRFIINARZLEN

Fig. 4 Phylogenetic tree constructed based on HcCnAa amino acid sequences
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(b) Western blot, 1. A141EH.
Fig.5 Expression and purification of pET30a-HcCnAae protein and polyclonal antibody specificity detection
(a) SDS-PAGE, M. protein molecular weight marker, 1. PET30a (+) bacterial induced, 2. pET30a-HcCnAa bacterial uninduced, 3. pET30a-HcCnAa bac-

terial induced, 4. purified protein. (b) Western Blot, 1. tissue protein.
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Fig. 6 Relative expression of HcCnAa in different tissues of H. cumingii

(a) relative mRNA expression, (b) relative protein expression. 1. intestines, 2. mantle, 3. foot, 4. hepatopancreas, 5. gill, 6. blood, 7. gonad, 8. kidney,

9. adductor; different letters mean significant differences (P<0.05).
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Fig. 7 Relative expression of HcCnAa in different tissues of H. cumingii after bacterial infection

(a) blood, (b) foot, (c) adductor, (d) gill, (¢) mantle, (f) hepatopancreas. * means infection group expression level compared with control group has signi-

ficant differences (P<0.05); ** means infection group expression level compared with control group has extremely significant differences (P<0.01).
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The HeCnAa gene cloning in Hyriopsis cumingii and expression after
infection with Aeromonas veronii

LONGKai', SUNYu', LIYanhong', TENG Shujun’, WU Zhengli "

(1. Conservation and Research Centre for Aquatic Biodiversity in the Upper Reaches of Yangtze River,
College of Fisheries, Southwest University, Chongqing 400715, China;
2. Agricultural Science and Technology Promotion Center of Tongnan District, Chongqing 402660, China)

Abstract: Calcineurin (CN) is a threonine/serine protein phosphatase that plays an important role in the antimicro-
bial response and immune response in molluscs. In order to investigate the role of CN in the antimicrobial immune
response of Hyriopsis cumingii, the a-type catalytic subunit of H. cumingii CN gene (HcCnAa) was cloned by
rapid-amplification of cDNA ends (RACE) and its characteristics were analyzed by bioinformatics methods. With
the pET30a-HcCnAa expression vector successfully constructed and the mice immunized after protein purification
and ultrafiltration, polyclonal antibody with good specificity was obtained. The relative expression of HcCnAa in
different tissues were analyzed by Western blot (WB) and quantitative real-time PCR (qPCR) in a fit state or infec-
ted by Aeromonas veronii GL2. The results showed that the full length of HcCndo. cDNA was 2 737 bp, includ-
ing 131 bp of 3’ UTR, 1 154 bp of 5' UTR, and it encoded a total of 483 amino acids. The sequence contained
PP2Ac domains, which are conserved domains of protein phosphatase. WB and qPCR results showed HcCnAa
was expressed in all the tissues of H. cumingii. The expression of HcCnAa was highest in adductor, higher in foot,
gill, intestines, kidney, and gonad, and the lowest in blood. After infection with A. veronii GL2, the expression of
HcCnAa was significantly up-regulated in gills at 3 to 24 h, and also in adductor at 6 h, in hepatopancreas, foot,
blood, and mantle at 24 h, but the expression significantly decreased in adductor, gill, mantle, and hepatopancreas
at 48 h. This study suggested that the HcCnAda gene of H. cumingii was highly similar to the Cnda of other species
with conserved PP2Ac domains; it was expressed in all tissues, and played a role in immune responses after the
bacterial infection. This study successfully accomplished the cloning of HcCnAa genes for the first time and the
polyclonal antibody was obtained, supporting the involvement of HcCnAa in the immune response after the bac-
terial infection in H. cumingii, and thus established a solid groundwork for future investigations in immune regula-
tion, disease prevention and control strategies for H. cumingii.
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