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E: KM RACE 5 R 753G =8 T8 (Portunus trituberculatus) D3 IK(CCAP)FEH . % F 4K 606 bp, 53
EGAGIX 72 bp, 3'IHIEARILIX 108 bp, FTFALFITLAE 426 bp, 4% 141 DEILRR, FIM> T 15.6 kD, Flg&r &
9.55, [FRMEHT L, =Pl T8 CCAP SHIINHFEE (Scylla paramamosain)F Wi 1 (Callinectes sapidus)y) CCAP
FIUR R, 30 85%FN 82%. RGEMAM T A, =R FESHERE LR N —X, ZE S/ CEEM
R MARIBH R, CCAP H I TE It 28715 i BRI 205 B e, HLUUR INRTHRANZEZL . 1l id 70 B CCAP JE K
TEARER Wb o R b A SR IR M0 2 B, IR T 5 3 B AF CCAP TE M 217 th AU R A48, 7E 24 h, 48 h A1 72 h 3248 4H.
143 35 B B 3 1 T X IR 4L.(P<0.05), 43BN XT BEAHLEY 1.73, 2.16 F1 2.19 1% (RSN CCAP Z K0T FRAK —JEte T

TEARER ST FET- 2, 155 R ENE ATP fif(Na'/K'-ATPase)Fl V %I ATP [i§(V-ATPase)l 1% 77 I H #2554 STUn%h
WK CCAP 38 845 Na'/K -ATPase Fil V-ATPase i J LA ik 31 £5 5 & W (1976 -

KGR R TR WoTsh OBk SR S R 2 RSt

FESES: S917 YEAFRERD: A

=Y T (Portunus trituberculatus)J& T H 5¢
¥ (Crustace) . 1 /& H (Decapod) . # ¥ £l (Por-
tunida) . 12 & J& (Portunus), 2 FE 52 /1)K
FIH AR —N L My —Fh bR kA
Fesh¥y), =Ptk 7B nI7EER N 13.7~47.7 (38
A 7R AR R K P S 0 I R 22 AR R B 1Y
FusEl, HEAFEZME T, Kb
Na'/K'-ATPase. V-ATPase ik iR fif fiff (carbonic
anhydrase) 35 B T/ @B 7EFL B aE W P R HE T &
TR INAED) S 2 KA N — R 25 B4 T
T B I B AR R, Y O
28 N 43I R AR FH T AH DG B Fi da Bl T R 19 8
BRSSPSRV BB TRNEZ L, 5IEFRE
BT I K R B 2R B, AT IR T A
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— R 45K PFCNAFTGC-NH,, JF7EPIAS 22 & W5k
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A7 PR ARAVE I TTAS 481 B E W B8 (Callin-
ectes sapidus)'" . B W (Drosophila melanoga-
ster)!') | BT (Aedes aegypti)t >4 HAh H 52 S Fl
B duh &I CCAP [AFERA .0 R IMET . B
WA, CCAP A A LA R s 45 30 s sh 1),
SN M AG R, AT I K K (Manduca sexta)
O R OV L T R I R VR TR CCAP
H—EEYRE, ERMET, LR CCAP MZit
SIS A0 T S BOR MR E T, Arakane 45
i RNA T 546 % CCAP MHZ Rk A7 T4k, &
IR AR B (Tribolium  castaneum) W B2 47 4
1k TEH 5SS, CCAP AMUAESE 2 17 b & 4
T—E W ERUSY, [ E 9B 8 E E Y  AR h
RAE T HEWAEM, & AR A e T ML
2N XS B (Litopenaeus vannamei) CCAP mRNA [
Ak, JEAT CCAP Z IKfg S i 2 46 i FLAN X IR
FERAK P T A7 120 M Ak R (B, SR, TR
BEARAR) Al il AR AR AR R ) CCAP mRNA s [
K, MR 2971 mRNA KNS & A B2
AR BRI, A =R T CCAP JEHE
T8 I A D REAE AT 1 A DL

A 23l G = P AR TR B S A A 2
CCAP [N H B, iz RACE # R34 cDNA 4
1, i PCR A0 7 HAEARER e T Mg pf 28715 v
FRIARIE, HeAh, S INEER) CCAP £
JOR -0 2 92 385 e 5 A OGBS g, #E— 22 T
CCAP TEMRERAF N AT, LI =
PEAR B2 3% TR A5 () N 43 W IR AR B P R 2
A

1 #B5EFZ®

11 EWHHE
SR E H KIS T S S HH L AR A B R
A K 72 FR A R RIHEAT, PRI = et

T (K E 100 g£10.0 g) T2 N /K Je s 85 77—,

HBEER 33, MEE4EFFAE(18+3)°C, FFLiFTA,
R B A3 R G I T S 4 1/3 ARFR T K
1.2 EHEBEXE

Bl ML BT 3% — A B = P T IR A 7 3R B
LS, SCHG T E LI AL(EREE S 1) BT (3

JEh 33), B4 80 H =it FHEIF e 3 AT
SIS ) A B SR R A I o 4% 2 40 O A R R T
#BOh, 3h, 6h, 12h, 24h, 48h, 72 h H}E] &
B pp 2y, A4 3 1, BT RA P RAE . 7l
ML 3 R =itk T8 U T R R i 1Y
53T

1.3 CCAP &Rkt &t

CCAP ZJik PFECNAFTGC-NH, (4 J#F>97%) T
R T N, 2 AR S B v IR G L, P22 &
g Z [ EA T s s . 5 L CCAP ZRkSE
FH/b B 8K i fit 5 1xPBS FiBE 2 0.75 pug/uL.
MR T = PR TPkt 60 HfdME A
TG TR S AT S0 0 S i R4, TS CCAP
ZIRA A PBS 4, A4 50 H o 7E =P 7
Ui Pk R FE B M FE AL, A A LA SS 40 L
CCAP(300 ng/g {AF)MI 40 uL 1xPBS. KH4
1) 30 HCAZRE R 11 FMRER IR st s, Wigg
FETZR; FIATHY 20 H A IE# A9 K H 44t
Bk, JEFHESER 30, 6h, 12h, 24h, 36h,
48 h B[] AR AH 2, g 3 H
1.4 CCAP cDNA €K&

MR8 =P M 188 2t i 21 85 I v 0 16 15 3 1Y
CCAP %1, iz Primer Premier 5.0 4%t 3
F15" RACE RS 1E5 14, PRHUER =it g4
ZH41 RNA 31 SMARTTM RACE Amplification
Kit (Clontech A7) it RACE cDNA #i4 ., i il
TaKaRa LA Taq DNA R4 fiff(TaKaRa A F))5
RACE i@ 1514 UPM ., NUP FlIlU 4% 3'F1 5' RACE
BRI (R DT 3R 5K 5418, PCR [
FLF: 94°C 5 min, 94°C 30s, 57/60°C 30's, 72°C
1 min, 35 MEFF, 72°C 10 min, 4 CLETFE FH 1%

FAREEE IR L VKRN PCR 7=, A B e i it 75
CET)EH M B, AL pMD18-T £
A (TaKaRa 2 7)) Fll DHS o K T 11 JEk A2 245 41 (7
B EERL), PRECBH M BT B TR 7 PCR %E, H
1) B 5 o TR V3K 7 S R AE IR AR BR A Wl AT
W o
1.5 RF3aHh

f# FH Vector NTI 11.5 B A{F k47750 PR, 15
#| CCAP X ¢cDNA 41, RH ORF Finder £ 4k
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AR AT 3 DR T ) T AE (ORF) F I, i Signal
4.1, SMART 7EZAEWARE B 53 A A% 22 1A 4 %
BEEMEARYHEER . 2505, G500, BB
PRI | BK PR T F0M 43 AT, R Blast 7E 2672
J7 43 A B8 5 5 HC Al A o g ) 905 R — B
il DNAMAN 5.2 845t & B MR 79 1T 2 5
FESIH AT i3 MEGA 4.0 3R FHAR 12 B 34T
ARG IR
1.6 RNA ZERRFER

iz ] TRIzol AR B =it + 8 4 20 21 S 45 52
WA RNA, ffi A% 2 & & Y (NanoDrop 2000
Thermo Scientific) 1 1.0%3x J5 B &8 B¢ H, 3k A%
RNA 1y S5t 8Pt . FIH PrimeScript RT re-
agent Kit &7 £ (TaKaRa 2\ 7)) S #4 54 i cDNA
Bt BARAE T . SE4H DNA 6%, 5xgDNA
Eraser Buffer 2 pL, gDNA Eraser 1 pL, total RNA
1 uL, RNase Free dH,O 6 pL, FiE/ N 5 min;
cDNA A, 5xPrimeScript Buffer 4 pL, Primer-
Script RT Enzyme Mix 1 pL, RT Primer Mix 1 uL,
RN 10 pL, RNase Free dH,0 4 pL, 37°C
15 min, 85°C 55, 4CIR-1F. FE*)G 1 cDNA A
T =R T8 CCAP LR 1 K- E /4T o
1.7 CCAP ERFEWAHALRIERZLHEBAHAWRIE
FFESHT

8 2 ARTH I =012 T8 CCAP A:[H cDNA
LK FH, FIA PrimerPremier 5.0 A5
ER G|, p-actin YER NS (K 1), ] ABI 7500
Real Time PCR {¥ fil TaKaRa SYBR Premix Ex Taq
I a5 3 = e 78 45 L S 45 SRS A B A e
RN WL HETT AT, ROV R R SR A TaKaRa
SYBR Premix Ex Taq™ I 8] H 20 uL & R ix
#E, PCR Wi AT M. 95°C, 30s;95C, 55, 60°C,
34 s, 40 MEFR; 95°C, 15 s, 60°C, 1 min, 95°C,
15 s, 3R 2724 W20 CCAP HEP A AR T 26 35 1,
W SPSS 19.0 FAF X E s 2E 47 B R -y 22 43 40T,
FIH Excel X 4t iH45 A T1E R, P<0.05 FK/m B A
& =R,
1.8 =BT EERAL Na' /K -ATPase 1 V-ATPase
i& I E

XIS CCAP 2 K 1 8 21 20 145 il i o I

FE o Na' /K -ATPase i 770 72 fff F e 50 2 it fik
H Na'/K'-ATPase k&, #54bFi41 684 28U
R, MERFRICE S )5 A 2L &I A 9 1%
PRFR B A= B ER 7K, 2500 r/min, 250> 10 min, B
H(10%2135 L), FHAEREER K 10 15H6 B 1%,
() B FH 2% 2 Hir 5 0 355 00 4 2 1 (R s A AR
BAREANES Z U B IEAT . V-ATPase FiiE 114 H
IR VR ATP BRI 5% 0 M (ELISA) iR
FEIATIE . FRICITES J5 24 0.05 g, A
500 pL [ 1xPBS(pH 7), 21 A& ORE ., H
TREAES % UL BT,

2 ZEREHSW

2.1 CCAP E[E cDNA MBS EMEEFNH

K H RACE J5ik s 3| =Pt + 1 CCAP
cDNA 4K, GenBank % %5 : MG565968, CCAP
[ cDNA 2 606 bp, FH ¥ 5 HE 426 bp,
53R AL X 72 bp, 3'uAEGRASIX 108 bp, HA
polyA 45t . Z IR 75 /AT B, CCAP JE[H 4w
ih 141 A2 R, Wsr+ it 15.6 kD, FIE5FH
/5.9.55, SMART. Signal 4.1 7ELREA: /b £ HH,
ZEAHA 30 N E SRR A B E T IK(E 1),
FIHTEL B A Blast X CCAP 4 KL% FiH At 4 Fil
() CCAP Z 2 k17 [ IR M F X, 45 2R W,
CCAP 54l7CH B (Scylla paramamosain) Fl ik & By
AL, [RIVEE S5 85%F 82%(1K 2), R &k
ot s, =i FE S EEE R —3,
SRJE ST AR (K 3),
2.2 CCAP ERFALRRESH

K P E 7 PCR 400 T =Yt T CCAP
FEATEAR R L R AT RO . &5 R B,
CCAP JER 7E i pif 2275 rPopE X ik i de e, i L HR
WA LA e Rk (E 4).
23 EEMER CCAP EEEMMHMEZTHHNER
RIESDHT

SRR A S st CCAP
FHE M FRIBERME 5 PR, LR EREbE
Ji, CCAP SL R ik & kA T R A8 ik, 23
ST BEE Lk, R 6 h, SCERA
CCAP SE[H 1y 35 1 5 I T X0 BR4H(P<0.05), Z
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Tab.1 Sequences of the primers used in this study

514 primer JF%1(5'-3") sequence (5'-3") JH# usage
CCAPS'F ATGCGAGACGCCAGGATGC 5" RACE
CCAP3'F CAGATACTGAAGGAGGGACCGT 3' RACE
CCAPS' S CCATCTTGTTCTGAAGTTGCTCC 5" RACE
CCAP3'S GGACATTGACAGCCTTCTTGA 3' RACE

CCAPR CGCATTGCTTCCATCTTGTTC qPCR
CCAPF CCTTTCTGCAATGCCTTCAC qPCR

UPM(short) CTAATACGACTCACTATAGGGC RACE

UPM(long) CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT RACE
NUP AAGCAGTGGTAACAACGCAGAGT RACE
p-actin-F CGAAACCTTCAACACTCCCG qPCR
p-actin-R GGGACAGTGTGTGAAACGCC qPCR
acatggggagge 12
aggctttagtcagtcgeccgtagetggtagagcagagatcacacacagcecttccaaaggaag 72
ATGTATTTTACAAGTTTGTCCGGACGCGCAGGATTGATCATTGCAGGGACCATCCTCCTT 132
signal peptide

M Y F T S L §8 G R A G L I I A G T I L L 20

ATGGCGTTTCTGATCGCAGATACTGAAGGAGGGACCGTCGCCAAAAGGGACATTGACAGC 192
AP-1

M A F L I A D TE G |G T V AJK R|D I D S| 40

o o
CTTCTTGATGGCAAAATGAAACGCCCTTTCTGCAATGCCTTCACGGGGTGCGGCAAAAAA 252
AP-2

|LLDGKMI§§PF©CCAPNAFTG©@E§6O

CGCTCCGATCCTGAACTGGAGGGCCTTGCTTCTGGTTCAGAGCTCGATGACATAACCAAA 312

R[S DPE L EGLASG S ELDDI TEK|S0
°

CATGTTCTCGCTGAAGCAAGGTTATGGGAGCAACTTCAGAACAAGATGGAAGCAATGCGC 372
AP-3
l[H VL A E ARL WEQL QNI KME A MR| 100

ATCCTGGCGTCTCGCATGGACAGCCGTCCTGTATTCAGGAGAAAGAGGTCTCTTATTCAG 432

T L A S R M DS R P V Ff R RKU RPE L I Q] 12
e o6 o o

CCACAGTATAATCATGCAAACTCTGCTGCAACTCTCAAACATAAGGGAGTCGTTGAGAAA 492

AP-4
[P Q Y NH A N S A A T L K H K GVV E K| 10

CAGTGAacaacaggagacatagccgacttcctccatcaataaaataatcatgcagcttte 552

@* 141

agaacctcagtggctctgcgtatccaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 606

Kl 1 ZJeth FH& CCAP F[H cDNA 2K KL gmts i s 3 m )7 5
MELFRIRTIK, LIRS, RAFIREIAL R, RO B R R B LT,
R A5 P B PRSP B R, PR TTHESR AR DR IK, R 507 27 VIR,
Fig. 1 CCAP nucleotide sequence and deduced amino acid sequence of Portunus trituberculatus
The dotted line represents the signal peptide, the solid line represents the polyadenylation signal, the black dot represents the

cleavage site, the black circle represents the amidation site, the grey circle represents the conservative cysteine, the black box
represents the associated peptide, and the grey part represents the mature peptide.
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Portunus trituberculatus

Scylla paramamosain . . . .
Callinectes sapidus )
Carcinus maenas b
Litopenaeus vannamei . .
Procambarus clarkii . .
Homarus gammarus - -
Orconectes immunis - -

Portunus trituberculatus
Scylla paramamosain
Callinectes sapidus
Carcinus maenas
Litopenaeus vannamei
Procambarus clarkii
Homarus gammarus
Orconectes immunis

Portunus trituberculatus
Scylla paramamosain
Callinectes sapidus
Carcinus maenas
Litopenaeus vannamei
Procambarus clarkii
Homarus gammarus
Orconectes immunis

& 2

. BYFT LIIAGTI
LVTAATI

LMTAWTI

VI. AAAS
VM. VLP

: KRDIpgsk
B KRDIpgsk
: A DSV
B KRDIpgsl
1 KRDIES
KRDIgs
KERDIgs
LVESENI G

I QPQYNHANSAATLK
TQPQHDEVES AAALE
TQP QENHVHFATTLD

I HPQHDRVES VI TLNHEGD

i

APA. HAPQAAAPSQNQOMDT

PQ. . DPR
PHT. QPR
PQ. . QPR

LTTSPK
LTSTPQ
LTTTPK

VES
VET
VES

G

100% 140
85% 138
82% 142
76% 142
65% 138
65% 137
59% 139
59% 137

=R FEE CCAP R M7 5 5 H AL B 72 5h¥ CCAP &R 751 LX)

Fig.2 The CCAP amino acid sequence alignment of Portunus trituberculatus and that of other crustaceans
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JEZ W EF, 7E 24 h, 48 h 72 h SZERAH 1Y 3k

03 T B4 (P<0.05)43 51 Ry %o BRZE (1) 1.73 .
2.16 F1 2.19 1%,
2.4 5 CCAP SHME=FRFENFT oM

B th E1E XA T E

PR TEEARARER WA TS CCAP k4

100 |;Procambams clarkia 73 [CJRFEUR

Orconectes immunis S 37 ZE0R
Homarus gammarus KN E i
Litopenaeus vannamei 753 F X HF

Carcinus maenas SRS

15524 crustacean

Portunus trituberculatus =R T

Callinectes sapidus W&
Nilaparvata lugens ¥ K,
Rhodnius prolixus K21 5% %

44

99

95

3 CCAP %

Culex quinquefasciatus BUHE R
Papilio Xuthus F#5 KU
Bombyx mori iz

B H2% insect

Helicoverpa armigera F4% 1

SRR ¥ 5 NI Z G b

Fig. 3 The Neighbor-Joining Phylogenetic tree for
amino acid sequences of CCAP

FEST PBS 245 W) ] s AR TR A& 6 Fr7R . 7 h
5 PBS HIET-H N 24%, 15 CCAP £ k4%t
T-3K 4%, 12 h J5 2 B ]S 0T 318 ke 3
F—%., 4 CCAP F1 PBS J5, #isi4ih
Na'/K'-ATPase Fll V-ATPase Fif #a#an& 7.5 8
fime B 7 B, WS CCAP Z k4l Na'/K'-
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T T

n=3;x+SD

CCAPHIXT 35 relative expression o

Tr Br E B H G
24K tissue

K4 =Pt THE CCAP JENTERHLUP IRk
B, Iy%; Br, Mi; B, IRHH; G, &8; H, ONE; L, FFEERE;
M, JILA; Tr, MMy, A EAR/NG S5k
RFEAF AL 2 5 13 (P<0.05).

Fig. 4 Distribution of CCAP gene expression in
different tissues of Portunus trituberculatus
B, blood; Br, brain; E, eyestalk; G, gill; H, heart;

L, liver; M, muscle; Tr, thoracalia.

Different lowercase letters indicated significant
differences (P<0.05).

n=3;x+SD
b

| [ %4 control group
[ ] fKkh4H low salinity group

CCAPHIX AR
relative expression of CCAP

0 3 6 12 24 48 72
fit[A]/h time

Bl 5 fKERMMHE T CCAP BRI 7E i b 22745 i
FIRIK VB ER B e i 1] A4 A2 4
ANR) FBRAR R [F) — B[R] 52 36 2H 5 %6 IR 2H 22 55 . 3 (P<0.05).
Fig. 5 Expression profiles of CCAP gene in thoracalia after

low salinity stress of Portunus trituberculatus
Different letters indicated significant differences (P<0.05).

ATPase {if J7 5% HEZH 52 B b T I B A1 1) ke 94
JFHAE 3 h BEE T, EX A 1.9 £5,
12 h A1 24 h W) G K T % R4, V-ATPase Jiff 1% N
B ETHE TRMBEHEIFEAE3 fl 6 h BES
TRERRZH, YRt A 1.2 45 (& 8).

3 itig

AWFFER M RACE HORRMG T =itk T4

0.7 - —=—EE+FEST 2K low salinity and polypeptide injection
—e—{£h-+F4PBS PBS low salinity and PBS injection

= 0.6
3 n=3;X+ SD
S05¢

Q
E04r
x

M O03F

0.1+

0 1 1 1 1
0 7 12 24 48

H5} 1] /h time
K6 [REHE T EST CCAP ZIK)E BiTbT- R Ak

Fig. 6 The rate of death after CCAP injection in low salinity
of Portunus trituberculatus

N H5PBSA
b PBS injection grou,
20l 'BS inj group
- = [ B5FCCAPL k4
’ﬁ g CCAP injection group
' 215t n=3;%+ SD
.; . b
o -
A O
2 1.0
*czc % 0.5
<
4
0
6 12 24 48
B []/h time
K7 1495 CCAP £ k)5 Na'/K'-ATPase
BT it 7% i s ) 25

AR B 3R ) — B ) S 36 20 5 0 IR 2 22 57t i 3 (P<<0.05).
Fig. 7 The relative enzyme activity of Na'/K -ATPase changes
with time after CCAP injection of Portunus trituberculatus
Different letters indicated significant differences (P<0.05).

[ 1 41PBS4H. PBS injection group

1.4 [ 1Hgf CgAP%%?E CCAP injection group
b n=3;x+SD
.gﬁll'aa a a a @ a = a
I % a
1.0
g
Z=EO08
ge
£ 8 06
g
> %04
>
0.2
0 L
0 3 6 12 24 48
Fif [E]/h time

Bl 8 4T CCAP ZJIKJE V-ATPase AHXT I BT i) 25 4k
ANTR) FBRAR R [F] — B[R] 52 36 2H 5 %60 IR 2H 22 7t 1 3 (P<<0.05).
Fig. 8 The relative enzyme activity of V-ATPase changes with
time after CCAP injection of Portunus trituberculatus
Different letters indicated significant differences (P<0.05).
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CCAP ¢cDNA 4K, CCAP 1 30 ™ E HEMR2H 115
SHRFN APL. AP2. JUK. AP3. AP4 41, H
WK 51 PECNAFTGC EA 55 5 By g oy 0200,
AT REXT T L sh W 1 A BRYE ShA B) TOCEEE T . )
U A R, CCAP 5481 8 1) [ s 1 45 e
ARG AW M R, CCAP EE A pifk
X, SR TESIEE . BOUEBRET SR
h—%, SRMEFRGLAKIE, =R T
B CCAP fE RS kKA LA H 7281 CCAP,

CCAP 1+ 2 HahWh BA Z AT EE,
BT LU AT 0B S8 n] U A a2
LA R G240 % S E 4B, 17 S 00 M i
Kot S PR A 30 3 R ) s o g g 11 33340
it HLUFRIRHIEE R R, CCAP F R 7E i pf
2 AR Rk A, TEMG IR AR D 3Rk . 1R
F B R N o b g B, HRAR L B2
AL R R mhfele 3, e w245 v,
Berlind %1%V % g i 42 B0 BE 45 B AR AR 98 31 85
TKHB A, McNamara 2507 5% 36 B SN A 31 15
A I, T S MR B H ) AT DL R K TR I
(Macrobrachium olfersii) Ifil Ik B H #4851 3 £
eV, $EoR Bph 2875 78 B 72 s Wig i e iy v
KR T —2MEH . N THZE CCAP 7 =itk T
T 3 B L AR, AR SRS A TR ER e T
CCAP TEf &7 rh iy F ik A2 e Mt B BE3e 6
h CCAP M3RIk e i 2 I T X REZH, e vT G
5ER B i R RO N AT G, BlJS CCAP %
I B AW T, 24~72 h B3R TR
2, ek 2.9 £, UEBRER DR A B4E CCAP (1)
R, K CCAP RSB 5T =K TES
BRI R

R KB B EME Tzl e
P30 ZR G R I A, B8] A 2 I A0 A 0 B Ao R
R AT 2R B3 X R (Penaeus monodon)is i JE A1
THE, FRERERE SR EIH L P Na' /K -ATPase
Bt R A i AR P FE sl A R AR T 4 B
i EA T8 R G o), Hih Na'/K'-ATPase #
V-ATPase & ¥ T HE/EHP, Chen 21N 114
HMESS CCAP {45 FLYA XS R FEIR K (TR 32
sk, ARG RGN . AHIEZE I i 1k 2E A R v

FeAb i CCAP JURKIFHEAT 2 P9 i B i & 1,
Bl O B R AN SRR, —IER
THETE 7 h LRAIIET R B ERRL, X—45%S
Chen ZEPOGRTF 9% — 8, HE— 5 I 2 8 41 4
Na'/K™-ATPase F1 V-ATP [ini% 117484k, 455 5%
R, PRINE S CCAP Xf Na'/K -ATPase 1 V-ATP
fitg 1% ) BT — e s MR, LHE S 3~6
h CCAP "] L)L Z % Na'/K'-ATPase FHI% /1
(&35 1.9 £%) .11 Na'/K -ATPase 1% J17E 12~24 h
i E AR, PTREHR T AT A Na'/K'-ATPase Al
V-ATPase 1 J1 L FHREIR TR B8 % e E-Al, Y4
CCAP F&f#iT, Na'/K-ATPase 38 i AR FGE 77 5k
FRUERNIBIEIE, R T CCAP Xf Na'/K'-
ATPase il V-ATPase FOJRFEAME, R A 150 BA {4
HMTITEY CCAP TEARNAFTE R I v . 2 Hif s
T LS 2 7R i CHH AITP 7] REAE 52 3h 1 (115 15
FETE A o R HE T — 5 A O, AR SE
SRR HEAEE R ] CCAP 75 =Jite T B (R Eh i
W RGP YER, Ui CCAP 7 =ik TR
JETE N R T — A E R, I nT ReaE i A g
Na'/K"-ATPase 1 V-ATPase 1 JJ 1735 =9its 7%
RN i T

S 3k

[1] Dai AY, Feng Z Q, Song Y Z, et al. Preliminary investiga-
tion on fishery biology of Portunus trituberculatus[J]. Journal
of Zoology, 1997(2): 36-39. M Z =, it RER;, %.
SRR T A Y D R A (D], s e Ak,
1977(2): 36-39.]

[2] Sui Y M, Gao B Q, Liu P, et al. The tolerance to and optimal
salinity for growth in swimming crab Protunus trituber-
culatus “Huangxuan No. 17[J]. Journal of Dalian Ocean Uni-
versity, 2012, 27(5): 398-401. [FEAENS, moftds, XIHE, %5
SRR TR 1 SRR 52 RS B KL R AT
[0]. KM FERA224R, 2012, 27(5): 398-401.]

[3] Wang X Q, Cao M, Yan B L, et al. Integrated culture of
swimming crab Portunus trituberculatus[J]. Fisheries Sci-
ence, 2009, 28(2): 105-108. [T 2%u%, WAl i, 4.
SR T EEGE FRE AR KR, 2009, 28(2):
105-108.]

[4] Zhou S L, Jiang N C, Lu J P, et al. Progress of the study on
osmotic regulation in crustacean [ . The gill’s structure and

function and its” concerned factors[J]. Donghai Marine Sci-



268

Hh K R

%26 &

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

ence, 2001, 19(1): 44-52. [JEIXUbK, ZET00, FHEOF, %
s PB i I T AT TR 1 SRAZ5H 5Re &
g B[], ARIEIEE, 2001, 19(1): 45-52.]

McNamara J C, Faria S C. Evolution of osmoregulatory
patterns and gill ion transport mechanisms in the decapod
crustacea: a review[J]. Journal of Comparative Physiology B,
2012, 182(8): 997-1014.

Christie A E, Dickinson P S, Stemmler E A. Crustacean
neuropeptides[J]. Cellular and Molecular Life Sciences, 2010,
67(24): 4135-4169.

Pan L Q, Liu H Y, Review on the osmoregulation of crusta-
cean[J]. Journal of Fisheries of China, 2005, 29(1): 109-114.
GEEH, XA Mo B Ts L =T k().
IKFE2EAR, 2005, 29(1): 109-114.]

Arakane Y, Li B, Muthukrishnan S, et al. Functional analysis
of four neuropeptides, EH, ETH, CCAP and bursicon, and
their receptors in adult ecdysis behavior of the red flour bee-
tle, Tribolium castaneum[J]. Mechanisms of Development,
2008, 125(11-12): 984-995.

Dircksen H, Keller R. Immunocytochemical localization of
CCAP, a novel crustacean cardioactive peptide, in the nerv-
ous system of the shore crab, Carcinus maenas L.[J]. Cell &
Tissue Research, 1988, 254(2): 347-360.

Stangier J, Hilbich C, Beyreuther K, et al. Unusual cardioac-
tive peptide (CCAP) from pericardial organs of the shore
crab Carcinus maenas[J]. Proceedings of the National
Academy of Sciences of the United States of America, 1987,
84(2): 575-579.

Fort T J, Garc Acrescioni K, Agricola H J, et al. Regulation
of the crab heartbeat by crustacean cardioactive peptide
(CCAP): central and peripheral actions[J]. Journal of Neu-
rophysiology, 2007, 97(5): 3407-3420.

NicholS R, Kaminski S, Walling E, et al. Regulating the
activity of a cardioacceleratory peptide[J]. Peptides, 1999,
20(10): 1153-1158.

Chen W, Hillyer J F. FlyNap (triethylamine) increases the
heart rate of mosquitoes and eliminates the cardioaccelera-
tory effect of the neuropeptide CCAP[J]. PLoS ONE, 2013,
8(7): €70414.

Tublitz N J, Allen A T, Cheung C C, et al. Insect cardioac-
tive peptides: regulation of hindgut activity by cardioaccel-
eratory peptide 2 (CCAP2) during wandering behaviour in
Manduca sexta larvae[J]. Journal of Experimental Biology,
1992, 165: 241-264.

Tublitz N J, Truman J W. Insect cardioactive peptides 11

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

neurohormonal control of heart activity by two cardioaccel-
eratory peptides in the tobacco hawkmoth, Manduca sexta[J].
Journal of Experimental Biology, 1985, 114: 381-395.
Marshall A K, Reynolds S E. Control of the insect oviduct:
the role of the neuropeptide CCAP in the tobacco hornworm,
Manduca sexta[C]. London: Cambridge University Press,
1998: 334-353.

Li B, Beeman R W, Park Y. Functions of duplicated genes
encoding CCAP receptors in the red flour beetle, Tribolium
castaneum[J]. Journal of Insect Physiology, 2011, 57(9):
1190-1197.

Chung J S, Webster S G. Expression and release patterns of
neuropeptides during embryonic development and hatching
of the green shore crab, Carcinus maenas[J]. Development,
2004, 131(19): 4751-4761.

Phlippen M K, Webster S G, Chung J S, et al. Ecdysis of
decapod crustaceans is associated with a dramatic release of
crustacean cardioactive peptide into the haemolymph[J].
Journal of Experimental Biology, 2000, 203: 521-536.

Chen T, Ren C H, Wang Y H, et al. Crustacean cardioactive
peptide (CCAP) of the Pacific white shrimp (Litopenaeus
vannamei): Molecular characterization and its potential roles
in osmoregulation and freshwater tolerance[J]. Aquaculture,
2016, 451: 405-412.

Chung J S, Wilcockson D C, Zmora N, et al. Identification
and developmental expression of mRNAs encoding crustacean
cardioactive peptide (CCAP) in decapod crustaceans[J]. Jour-
nal of Experimental Biology, 2006, 209: 3862-3872.
Cruz-Bermudez N D, Marder E. Multiple modulators act on
the cardiac ganglion of the crab, Cancer borealis[J]. Journal
of Experimental Biology, 2007, 210: 2873-2884.

Wilkens J. Possible mechanisms of control of vascular resis-
tance in the lobster Homarus americanus[J]. Journal of Ex-
perimental Biology, 1997, 200: 487-493.

Fort T J, Garcia-Crescioni K, Agricola H J, et al. Regulation
of the crab heartbeat by crustacean cardioactive peptide
(CCAP): central and peripheral actions[J]. Journal of Neu-
rophysiology, 2007, 97(5): 3407-3420.

Stangier J, Hilbich C, Beyreuther K, et al. Unusual cardioac-
tive peptide (CCAP) from pericardial organs of the shore
crab Carcinus maenas[J]. Proceedings of the National
Academy of Sciences of the United States of America, 1987,
84(2): 575-579.

Chung J S, Wilcockson D C, Zmora N, et al. Identification

and developmental expression of mRNAs encoding crus-



552 4

PNARTT A = PR O BRI A g 2 B A AR R 17 v 114 Zy BE i

269

(27]

(28]

[29]

(30]

[31]

[32]

[33]

tacean cardioactive peptide (CCAP) in decapod crusta-
ceans[J]. Journal of Experimental Biology, 2006, 209:
3862-3872.

Pulver S R, Marder E. Neuromodulatory complement of the
pericardial organs in the embryonic lobster, Homarus amer-
icanus[J]. Journal of Comparative Neurology, 2002, 451(1):
79-90.

Stangier J, Hilbich C, Dircksen H, et al. Distribution of a
novel cardioactive neuropeptide (CCAP) in the nervous sys-
tem of the shore crab Carcinus maenas[J]. Peptides, 1988,
9(4): 795-800.

Richards K S, Marder E. The actions of crustacean cardioac-
tive peptide on adult and developing stomatogastric ganglion
motor patterns[J]. Journal of Neurobiology, 2000, 44(1):
31-44.

Trube A, Audehm U, Dircksen H. Crustacean cardioactive
peptide-immunoreactive neurons in the ventral nervous sys-
tem of crayfish[J]. Journal of Comparative Neurology, 1994,
348(1): 80-93.

Granato F C, Tironi T S, Maciel F E, et al. Circadian rhythm
of pigment migration induced by chromatrophorotropins in
melanophores of the crab Chasmagnathus granulata[J].
Comparative Biochemistry and Physiology Part A: Molecu-
lar & Integrative Physiology, 2004, 138(3): 313-319.

Nery L E, Da Silva M A, Castrucci A M. Possible role of
non-classical chromatophorotropins on the regulation of the
crustacean erythrophore[J]. Journal of Experimental Zoology,
1999, 284(6): 711-716.

Wilcockson D C, Webster S G. Identification and deve-
lopmental expression of mRNAs encoding putative insect
cuticle hardening hormone, bursicon in the green shore crab

Carcinus maenas[J]. General and Comparative Endocrinol-

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

ogy, 2008, 156(1): 113-125.

Gaus G, Stieve H. The effect of neuropeptides on the ERG of
the crayfish Orconectes limosus[J]. Zeitschrift fiir Natur-
forschung C, 1992, 47(3-4): 300-303.

Dircksen H, Keller R. Immunocytochemical localization of
CCAP, a novel crustacean cardioactive peptide, in the nerv-
ous system of the shore crab, Carcinus maenas[J]. Cell &
Tissue Research, 1988, 254(2): 347-360.

Berlind A, Kamemoto F 1. Rapid water permeability changes
in eyestalkless euryhaline crabs and in isolated, perfused
gills[J]. Comparative Biochemistry and Physiology Part A:
Physiology, 1977, 58(4): 383-385.

McNamara J C, Saloméao L C, Ribeiro E A. Neuroendocrine
regulation of osmotic and ionic concentrations in the hemo-
lymph of the freshwater shrimp Macrobrachium olfersii
(Wiegmann) (crustacea, decapoda)[J]. General and Com-
parative Endocrinology, 1991, 84(1): 16-26.

Wiwegweaw A, Udomkit A, Panyim S. Molecular structure
and organization of crustacean hyperglycemic hormone
genes of Penaeus monodon[J]. Journal of Biochemistry and
Molecular Biology, 2004, 37(2): 177-184.

Morris S. Neuroendocrine regulation of osmoregulation and
the evolution of air-breathing in decapod crustaceans[J].
Journal of Experimental Biology, 2001, 204: 979-989.

Tiu S HK, He J G, Chan S M. The LvCHH-ITP gene of the
shrimp (Litopenaeus vannamei) produces a widely expressed
putative ion transport peptide (LVITP) for osmo-regulation
[J]. Gene, 2007, 396(2): 226-235.

Liu M Q, Pan L Q, Li L, et al. Molecular cloning, charac-
terization and recombinant expression of crustacean hyper-
glycemic hormone in white shrimp Litopenaeus vannamei[J].
Peptides, 2014, 53: 115-124.



270 Hh K R £ 26 %

Cloning of crustacean cardioactive peptide and its functional
verification under low-salt adaptation in swimming crab
(Portunus trituberculatus)

SUN Dongfang', LYU Jianjian"*, GAO Baoquan"?, HUAN Pengpeng', CAI Ying', LIU ping'?

1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs; Yellow
Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
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Science and Technology, Qingdao 266071, China

Abstract: The swimming crab Portunus trituberculatus, an important marine economic animal widely distributed
in China, belongs to Crustacea, Decapoda, Decapoda, Portunidae, P. trituberculatus is an aquatic crustacean with
wide tolerance to salinity (13.7-47.7). Salinity is one of the most important environmental factors affecting the
growth and development of P. trituberculatus. Ingestion, molting, growth, metabolism, immunity, and other proc-
esses in P trituberculatus are greatly affected by salinity. Therefore, it is important to study the mechanism of
salinity adaptation to breed improved salt-tolerant varieties of P. trituberculatus. In this study, random amplifica-
tion of cDNA ends technology was used to clone the crustacean cardioactive peptide (CCAP) gene. The full-length
CCAP gene was 606 base pairs (bp) long, including an open reading frame of 426 bp, 5’ untranslated region of
72 bp, and 3’ untranslated region of 108 bp, with a poly A structure. Amino acid sequence analysis showed that the
CCAP gene encodes 141 amino acids with a predicted molecular weight of 15.6 kD and isoelectric point of 9.55.
Homology analysis showed that the homology between CCAP of P. trituberculatus and Scylla paramamosain and
Callinectes sapidus was higher at 85% and 82%, respectively. Phylogenetic analysis showed that P. trituberculatus
and C. sapidus were clustered first, followed by S. paramamosain. Tissue expression analysis revealed that the
relative expression of the CCAP gene was highest in the in thoracic ganglia, followed by in the brain and eye stalk.
Analysis of the expression pattern of the CCAP gene during low-salinity stress showed that low salinity signifi-
cantly altered the expression pattern of CCAP in the thoracic ganglia; CCAP gene expression in the experimental
group was significantly higher than that in the control group at 24, 48, and 72 h (P < 0.05) with values 1.73-, 2.16-,
and 2.19-fold higher than that in the control group, respectively. In vitro injection of CCAP polypeptide reduced
the mortality of P. trituberculatus under low-salinity conditions and the activities of Na'/K -ATPase and V-ATPase
were significantly increased. The results demonstrate that CCAP plays a protective role in P. trituberculatus under
low-salinity conditions by regulating osmotic pressure and may be associated with increased Na'/K'-ATPase and
V-ATPase activities to modulate the osmotic pressure balance in P. trituberculatus.

Key words: Portunus trituberculatus; crustacean cardioactive peptide; gene cloning; salinity stress; polypeptide
injection
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