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WE: N5 2 IRTE D k(Sepiella japonica)/N UK (small cardioactive peptides, sCAP)A= ¥R IR, i#id
RACEH; R 77 F# 2 [C AT 2 s CAPHE R (R FRSjsCAP, GenBank &35 : MG779491), 15 5] 5K 696 bpf
cDNAFAI, A 45111 bpiI5 B4 L X (UTR)A1324 bpI3'UTR, T 1)U SEHE(ORF) 35261 bp, 48614
FEIR, AHXS 7> T E(MW)49.331 kD, 45 HL i (p]) N8.52. 15 5 IR LA A S JEEIX Tl 45 SRR W, sCAPH & B /Y
TS KT AU RIS LI G544 . DRIk, HEI 12 85 1T B B 40 A PN 20 W B B A R FEVE T o S/ o iz
NEEKMEE . T sCAPRIEIR T FIHHT I R G L T R B 2 IR TCAT 20 5 7 % W (Sepia officinalis)sE %%
KRB, AUEIE $190%. i#id 7% )% € FPCR (Quantitative real-time PCR, qRT-PCR)F: A X} SjsCAPHE K 7 i
FAHEVEFIEPE 2 [TCET S AN R 2 rh (1 0k Tk AT 70 17, 45 R BRs CAP - ZEAEM i (B35 30, 72w by
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WA A T LS B EE M WL MBI T AU R R A R DA% 3 B S BE
HANE T o sCAPEELR ) L)y v Rt LA S 2R 3R 58 58 8. 73 #r A sC AP V. 280 fifd 7 37 LA B AR )5 Th R AT 9 B8 5 — 58

F A, RN 2 IRTCEH S IR A BT BHIR ORI 5T A B — s O BRIR ST HF .
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1.1 SEIERAR
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AR 28 G IR S 1 2T 3 B RNA R (CWBIO A
F) GRS R RAE, T UKz 8] 9256 % 5 —80°C (1)
PRI VK AR H R AT 2% FH o AR A il 2 IR TE 4
LR e B0 4, SR TS AL E T TA 4% 2
R [ B i, ARG AR R T5% 4
S Gk HE R =
12 KWHE

BERNARBAK cDNASE — L5 A R
2 RIE SIS A H S RNAE RN Aiso Plus
(TaKaRa2A &) )47 #2 0. 2 ng B RNAF T-cDNAZH
— SRR 1A K, SER 5 lBM-MLV (Rnase H-)
370 B (TaKaRa s &) BB 45 5 7233047

SR T BMsCAPEEZUFYIH T E
MRPENCBIC A B R S W (Sepia officinalis, AFS32
691.1)FIEI(AB198190.1)[1sCAPHE R T4, Wit
B RO S s CAPHE R K% O B 181 3 51 9, W
% 19sCAP-F/sCAP-R.

KH25 uL PCRAE R FEPremix Tag 7]
(TaKaRa2 ®]) B 5317, PCRMHI 21t 1.2% 55 T
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Tab. 1 Primers used in sCAP gene cloning

Blk/E Fr3
Primer name Primer sequences (5'—3")
sCAP-F ATGGMTAYCTKGSRTTGCC
sCAP-R ACCWGGGCARCWTTCCWTTCC
SsCAP-5'Outer ~ ACCAGGGCAGCTTTCCTTTCC
sCAP-5' Inner GGCAACCCCAGATAGCCAT
sCAP-3' Outer ~ ATGGCTATCTGGGGTTGCC

sCAP-3' Inner TGTTGCGGAATGCCACTAATGAAG

outer/sCAP-5" inner, & 1)f13’'RACE(sCAP-3'
outer/sCAP-3' inner, % 5%, K cDNAKP"
B H#ESMART ' ™ RACEIR 7 £ (TaKaRa /A &) ]
FodkAT, PCRIIE AL . B i 5 ¥ Bl
K BRI .

SR ESMsCAPERE cDNAZKFFI 75
BREMEERZESH  RHADNAMANA: 7
SE AT PHE AT, IR1GSjs CAPEE R 1) 4K 7 415
FENCBI LTl FLORF X ;  #| HI£E £ B/ Expasy-
ProtParam (http://We-b.expasy.org/protparam/)m]){%
FLR e HE R e 51 R O 2 B AR XS B A
ZEHL S R TMHMM Server v. 2.0 (http://www.cbs.
dtu.dk/services/ TMHMM/) % sC AP i 45 #3503k 4T
Tl ; %A SignallP"™™ (http://www.cbs.dtu.dk/ser-
vice/SignalP/) Tl & H J5 Fr 51 o (145 5 )ik, A1
NetNGly 1.0 Server (http://www.cbs.dtu.dk/services/
NetNGlyc/) Tl 8 B KBRS 5 F FINetPhos
3.1 Server (http://www.cbs.dtu.dk/services/NetPhos/)
TR 9 B R AL AT s R Clustal X' 2K js-
CAP 5 T AN A i O UM 2 PR = B 1R 7 91 147 [F)
VEHELLRT; FIMrBayes v3.2. 6% f4! SR F ULH- 3 4
IR B RGN .

SR SMWsCAPERBARARBFRME D
#r I R B S W A A ik R D
. . B B B LA PERRCR SLAOR ).
O N T S ik £ R DAY R R B B
YA, A ME A H U E B RIL B IK
MUk EE . &2 RIS WRB-actinFEF (IN56
4496. 1)/ NN 2, il qRT-PCR [ J7 1%+ Sjs CAPHE
D] K A AT s e R E AT 0 My, S LI 2R Dy
BN IR, R T SR Sk B, Fodis
SPSSHAT HEAT B[R 2 T7 22 43 #r S TR 38y, AbFRAH 2
[E1] ¥ 5535 1 22 57 (P<0.05), I Origin8 il B B 1422 il
K. 51%EE & 2.

BRI S RN AR URICDNA S — 8 A5 B
JTER M SRYG T7 5 TR . 400 ngff)cDN AR
TqRT-PCR, HIFEVR 2 S S ML AF 1% IS YBR Pre-
mix Ex Tag' " 11 Kit (TaKaRa2\ &)/ 5 3 B -
1E,

ER T BWHZRsCAPE R K BLARIEE
i 53 #r sCAP G AL 2% AT R DL W i 26 21
cDNANAEAR AT B PCRY 1, Atk 1R ET 154K
MR Y5 £ 712 i 7 £ (DIG RNA Labeling kit SP6 /
T7 kit, & ) BB AT R E R IC . 1E SUREN 5 %
SCRAET A J7 15 A0 [F 51 9 ATF/ATRAIBIF/BIR
(% 2), IEXIREHE X IR . ¥l 8 REE S
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Tab. 2 Primers of SjsCAP used for qRT-PCR and in situ hybridi-
zation assay

G/ BN 5]l

Primer name Primer sequences (5'—3')

RT-sCAP-F CCTGTGCTACTTCCCAAAT
RT-sCAP-R TCTCATCTCATAACAATCCCT
Actin-F TGAGAGGGAGATTGTGCGTG
Actin-R  GAACATAGATTCTGGAGCACGG

AIlF CCTGTGCTACTTCCCAAAT

GATCACTAATACGACTCACTATAGGGCCTG
TGCTACTTCCCAAAT
GATCACTAATACGACTCACTATAGGGTCTC
ATCTCATAACAATCCCT

BIR TCTCATCTCATAACAATCCCT

AIR

BI1F

I i 25 23 R FH 4% % 5 HR I [ e ik 48, SR R AS [
FEWRERA LK . HRIE I R, A, )
Fo AT & ZHIRBE . K E, &EABK
37°CAabEE20min. ZHEW) T 1E42°C AR A
1h, [FFERE T S84SR, 10% Blocking &
R M 1h, JN1: 5008 B —HTAnti-DIG-AP 4°C
W, 76 = i FNBT/BCIPH:5,30min, #f /7, Olym-
pus CX3 1WA T WS .

2 4R

21 SRITEMWsCAPEECDNAZ KSR

2R TE 2 WA 4 ks CAPHE [F cDNA 4 K
696 bp, 1111 bpfJs" LGRS X (UTR). 48612
FEML 1261 bp i B 2 HE(ORF) F1324 bp3'-UTR
2 i, TN A AR E AR 2 B (MW)289.331 kD,
S R (p])N8.52. IS TR LR B A X i B H AT AR
MG B i, % E A B AE SR 1—205 2 5
RO A — NI, 7—295 & L/ N %
DX 35k, & VAN BE AL S RS ST 0 a6
20 B (Ser)br 5, A1 T3 7. 234 35, T2H1795 41
R 3N EBR(The) L A5, AL F18. 22F176°5 67 1,
I B ER(Tyr) 7, 7 F24° 57 5o
22 BRI LEMsCAPEIRM SRR G ILR
=5V

MNCBIIE B 2 W (AFS32691.1) . nH XUHE
I8 (Octopus bimaculoides, XP_014771607.1). FL1H
(BAE66649.1). x4 (Aplysia californica, XP_
012943902.1) LA SKOK-F- V4 Wi (Crassostrea gigas,
NP_001292304.1)/]sCAPE N R L 751 5 8 KT
Bt 5 s CAPHE R 28 FE R 17 51 34T % L, 45 SRR A
2 I TC T 5 s CA PFE [R5 7 2 R [R] J8 1 fge ik 2]
90%, 55 MM BUBE RS S T 0 1 [F]6 14 53 731 66 % Al

54%, 5 A A A I [F]JE AR T-40% . FRATT
FENCBIHE L [ 54 5% CLA1 5 sCAPIE R A AH [ D g
{100 FC At A M o IR 2 TR ()95 e 71, 1 DL B
HEBE Ty R AT HEAGA (AL 2, 76 B I A
IRA] KA, B 10040 T — i FE, 31217200 754X,
115 5 38 M 2R (Posterior probability). 455K 5
2 [RTCE SIRSR 4 00 Rl 12 7 S, FLG
PN AUBREE AN LU, 55 it 4 DL R OSP4 45 B4
VDI — KL, 5 R0 8 S5 s SR 21 0%
RBOR(E 1),
23 BRI EMsCAPEFEHLREER M

Sjs CAPTE A MEREA A& 5 AN H R I F — €
BRIK, e Rk B, ik, RN
P B TR R A R A . TEREPEAN R, R
A S HA A R b SjsCAPFR X B B A g%
R(Habeir)s TEMEMEAMA AL (1) R I8 2 & =
HE5HAWHALH BEMER . 7EMEE S A
HIZ [A1SjsCAPFRIL EAA WM 72 7, Bt
-2 0 3Rk B R MEME 3. 405 o 70 ME 1 5 e P
HIRZ [A]SjsCAPFRIL A BE V2R, HfEvEm
H AU FRIE A MEE 14565 (E 2).
24 BRI ESMWEHEMKsCAPEENELTIEE
L5 A

I AT F4 28 B AR 2 (R TG4 5 Mis CAPHE A
mRNATE i 2H 23 b 1 28 4 s BEAT Al M s Ao
3R, TE WG 20 23 1 2 AN X 335 Re L 42 217
W )5 CAPHE RImRNA PHPE 425815 5, 10 A IFE SCERET
BT SARAREM RIS 5. SIRAN AL
3R 2R 18 EAH . gl g EA
P 7R S R TE R T F £ e 28 ] )
B R 2 B3 e O 2% ) FE M A 2 5 (E
3B): FETF AU R B i mT AW %% 3 B
PR EAE 5 (B 3C)s FEALI 4 A Hb ] W0 5% 381 4
SRTRH 24 215 5 (8] 3D—F).
3 iTig

AHIEFEE R e BEAS 2 2 RGBT 55 ) s CA P A
A f{IcDNA 4K 5 471, 383 6% 8 K i AR 9 2445 B
I, BRATTHE I 12 H A2 440 PN 73 0 380 248 i A/
THTA I, XEEYEEE T SEAE
fir. AEBINRE. S9HS. EEEREEEEGXEY,
B QRT-PCREEZIE 53 HT, s CAPI L LETEYE J
P 8 RGBT 5 TR A P o e B S A I 38, H O i,
A AHE I sC AP i i 28 i) 2 [ TC T S R A 4 22 3%
GuRAEHIHIES) . sCAPLEZH B[ iR K2 5] 4 5P iR o 4
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0.31

|‘(L03"5 KELZER iy Nicrophorus vespilloides

0.61

0.82 0.082

0.035 TR & Tribolium castaneum
BB, Zootermopsis nevadensis
FE NI Periplaneta americana

0.61 0.116
* 0.078

0.43

JLENIEXTKR Litopenaeus vannamei
i Limulus polyphemus
0.04r —— WIXFE#E Carcinus maenas
036 WE#E Callinectes sapidus
0.07 |M fRE\ Pediculus humanus corporis

0.97 0.111
0.07

0.72

0.061 SR bk 4 PEMsE Danaus plexippus
0.035 JNEWR, Papilio xuthus

0.038 0.04] YREY®E I Bemisia tabaci
0.063 0.04 . .
0.071 % K&\ Nilaparvata lugens

kb e s

&m‘%” TR T W Lygus hesperus
0.04 KT 5% Rhodnius prolixus

0.039

0.72

0.035 ,, o
0.036 4 Rt Papilio machaon

0.032 0.035 [ PEUE Amyelois transitella

0.035

&C /NS Plutella xylostella
0.038 0.035 2% Bombyx mori

M‘ﬁt EHFRUEE Papilio polytes
=== TV WE Chilo suppressalis
M‘% M . Helicoverpa armigera
0.035 Wi Galleria mellonella
— 0066 R Cimex lectularius

0.037

0.55

&35‘% F B HRHISL Aedes albopictus
0.049 0.033 X ELAEA%U5C Anopheles gambiae

m‘%l Fe g B RH- Anoplophora glabripennis
0.036 BB Culex quinguefasciatus
0.058 ,M =R Drosophila takahashii

0.066

10.038 B Drosophila rhopaloa

0.06 0.036 S Musca domestica
. 0

0.06

0.88

0.03 034 B Stomoxys calcitrans
0.035 HRZHNE, Lucilia cuprina
0954 KFFEHA Crassostrea gigas
i R Aplysia californica

0.94

Posterior probability is indicated by numbers at the nodes, all protein sequences were obtained from GenBank

0.91 %i% B CTCEF B Sepiella japonica
0.069 i 2k Sepia pharaonis

0.033 WBEMY X2 Octopus bimaculoides
0.62 WBERE X1 Octopus bimaculoides

034 HE4Y Octopus vulgaris
0.034 . .
0.91 K& /NS Bactrocera dorsalis
071 ggij il SCiR Ceratitis capitata
1 0.036 . BHSLWE Bactrocera latifrons
0.034 - ... .
JINZLWE Bactrocera cucurbitae
00362222 FLRSLIE Rhagoletis zephyria

0.034 MG SZWR Bactrocera oleae

0.82

K1

Fig. 1 Bayesian methods evolutionary trees based on SjsCAP homologous amino acid sequences

j=]

.66

Bl Drosophila bipectinata

0.034 . ..

. W Drosophila busckii
00330.034%% D : )
071 0.03 0.034 BE 4R Drosophila suzukii

M‘: Sl Drosophila eugracilis
0.61 006(;:;3 Sl Drosophila ficusphila

W, Drosophila miranda
0.033 0_034%% phila mirana
0.037 i Drosophila biarmipes

0.033

My‘: S Drosophila elegans
0033 B HWE Drosophila melanogaster

T Sjs CAP IR R SR 7 B M 22 1) DL 07 2R g A

JRI LR ITRE Y 3O R, A AR RR /7415 2R B T GenBank

epodoreydo)

FEFH
epodoyiry

FEFE

snsnjInueIn)

epodonpry

FEFH
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G oA s SR A AR A R R
M (Manduca sexta) i H WL %% 295 4 fi # CCAP Jii

— if: Female
= Pk Male

C
c c c
200 - ¢
[ <
0 c%iﬁﬁmrHLcLNcNL |

e, © P, 5
$E P o R
"(‘\Q x&"@ %\o Q§ va\oo \‘b\"o 4)@\'@4\%
s & &
el P
< <
)
P
&
Ao

B2 MEVERNMENE 2 IR TEEH S s CAPAS R 2 R E 5 1k

Fig. 2 The relative SjsCAP mRNA level in various tissues of male and female S. japonica

K3 2RI S Mis CAPH [FImRNA F g 28 23 Js A 4% 52

Fig. 3 In situ hybridization of sCAP mRNA in brain of S. japonica
A, IE SCEREP X R (AET); B, B E M (VL), 3B (SVL), ®iE(OES); C. B 4MU-(DLL), #LAR(OG), s i (PL); D. #LH; E. #Lrt
(OL); F. MM 2 (40£581); B KIRRBITER IR, b5 RO EEAREE R A A T A
A. a medial sagittal section of the anterior basal lobe stained with the sense sCAP probe; B. vertical lobe (VL), subvertical lobe (SVL),
esophagus (OES); C. dorsolateral lobe (DLL), optic gland (OG), peduncle lobe (PL); D. optic lobe; E. optic lobe (OL); F. optic lobe cells for
10x40 times. The black arrows indicate positive signals. Scale bars in the lower right corner of the picture
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Wik BRI E S IR E ks CAPEEIK 70 [ 5 24 S 3k 58 r 783

R R EFFRACEY, FIRT R FIRT-PCR. 4 41 AL A1 5
ﬁ%fﬁﬁﬁ%ﬁ%%@w%wm&mdmm\ﬂ
AR (Litopenaeus vannamei)™ . 7K % (Daph-
nia longicephala)[zs]\ KA HER (Rhodnius prolixus)[29]
AR 22 R G BICCAPIIRIE . A SCHIRR 7T
SR AP E RGN RIS S, 5 Bk
TR ah R —3.

HHi A ok T O BUK B 0 78 = AR R E H 52
K RHELUAIEET. B FHENK(Corazonin)
& MSEIN Kk (American cockroach)F #% K ILHT, T
FER W AT CARI O N2 3)™: CAPSRICAP2
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WELHE7E A B % R 22 R Ge o sh e, ANE B 1
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JIK(NdWFamide) & 4% 18 i 0E G IR R 18 =il
L EMAERL-TCa R H R B TP St
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B TR O ) A RN B A LA 4 W ok 2 7 B
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CLONING, EXPRESSION ANALYSIS AND LOCALIZATION OF
NEUROPEPTIDE SCAP IN SEPIELLA JAPONICA

LI Ying', ZHOU Yu-Xin', SHAN Yu-Han', HUANG Wei', LIU Hui-Hui', PING Hong-Ling’,
SHI Hui-Lai’ and CHI Chang-F eng1
(1. National and Provincial Joint Laboratory of Exploration and Utilization of Marine Aquatic Genetic Resources, National

Engineering Research Center of Marine Facilities Aquaculture, School of Marine Science and Technology, Zhejiang Ocean
University, Zhoushan 316022, China; 2. Marine Fisheries Research Institute of Zhejiang, Zhoushan 316021, China)

Abstract: sCAP could stimulate heart movement and contraction of muscle and fallopian tube, enhance posterior bowel
contraction and participate in biological molting. This study identified the sCAP gene (GenBank accession No.
MG779491) from Sepiella japonica as SjsCAP. We cloned a 696 bp full-length cDNA sequence of SjsCAP gene by RT-
PCR and RACE techniques including 111 bp 5" untranslated region (UTR), 324 bp 3'UTR, and 261 bp open reading
frame (ORF) encoding a protein with 86 amino acids. The molecular weight of the protein was 9.331 kD and its pl was
8.52. The prediction of signal peptides and transmembrane domain indicated that SjsCAP might play an important role
in extracellular. The protein is hydrophilic. Phylogenetics analysis based on SjsCAP amino acid sequences demon-
strated that S. japonica has the closest relationship with Sepia officinalis with a 90% similarity. Expression analysis of
SjsCAP gene in male and female individuals showed that it mainly expressed in optic lobe and also has the high expres-
sion in the brain. The expression level in male was obviously higher than that of female cuttlefish. The results of in situ
hybridization assay showed that significant positive hybridization signals were detected in the optic lobe of the brain
tissue of S. japonica, the vertical lobe, subvertical lobe, peduncle lobe, dorsolateral lobe of the esophageal nerve mass,
and optic gland. These results provide some theoretical basis for genetic resource conservation and development of S.
Japonica.

Key words: Sepiella japonica; Small cardioactive peptides (SCAP); Bioinformatics; qRT-PCR; In situ hybridization



