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Research Progress of Neuropeptides in Cephalopods
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Abstract: Neuropeptides are small protein-like molecules excreted by neuroendocrine tissues. Recently, the
economic value of cephalopods is highly awared by the public, and the research on cephalopods neuropeptides is
widely conducted. Using techniques of high performance liquid chromatography ( HPLC) to isolate and purify,
mass spectra (MS) to identify, and immunocytochemistry to target neuropeptides, they are found to play an
important role in reproductive regulation. These neuropeptide studies will provide important data for supporting
the cephalopods artificial breeding. This review updates the research findings about seven groups of cephalopods

neuropeptides including their classifications, locations, structures, and functions, as well as their development

application prospectives
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A O (R A 1997) 0 Sk M 2K
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1.1 APGWamide Z£ % ik Henry %5 (1997)
TR O P R I e R ) B A B — ¥ 4
41 Ala-Pro-Gly-Trp-NH, 1% Bt iz £ ik, E. A5 # i
TN A A A B S L TR0 B AR B Y iR A
—Fh K GWa, XFORF Z KRS TEKR 2 ENMA
HE R 5E 1 Ala-Pro-Gly-Trp-NH, Z i HA [A]
JEAE (Henry et al. 2000) , I HIX 4> 2 RS A
SR R AATE T AR 3 h (Di Cristo et
al. 2005 ) , fl 25 £1 $f APGWa, KPGWa, RPGWa
Fl TPGWa,

NCBI %4 2 %8 G 3k JE 28 APGWamide [

Fe 95 B, B 3 W) A A A I i 2R (Aplysia
californica) 9 H-ffi #2 ( Haliotis asinina ) F1 05 U
(Mytilus edulis) 3% 3 FiAE Sk 2 28 9y A Y £ )
A, PRSFVEAR 513 IR X 2 08 R e A Sk
RETHTEN EENFEFEZREHN, HX 5
APGWamide 7E A [|] £ 9 14 P9 (9 VE FI A [m) A5
B B 3% & (Henry et al. 2000, Ohtani et al.
2000, 2002, Chansela et al. 2008) ,
1.2 FMRFamide 8% £ Bk FMRFamide #H
KZ K FaRPs B U 1R X5 W Flh Ak LAY,
LI MkGE C-v i) RFamide SN 43 1F 4y 44 ( Price et
al. 1977) , 2 )& T RFamide #f¢ £ ik ( RFamide-
related peptides, RFaRPs) G — A R
(Li et al. 1999, Fisher et al. 2004 ), FaRPs i}
T LB AE Sk 2 4 T A B ) i PR 3R 3K (Lo
et al. 1997 ), Martin 4§ (1987 ) 1 Chin %
(1994 ) 43 350 DA L 15 F1AG 15 43 5 1 X > 22 ik
W% % 5L, £ 35 FMRFamide , FLRFamide
FIRFamide 1 ALSGDAFLRFamide,

NCBI %% 48 e 8 & 7 LT 3k B %K
FMRFamide # 3¢ Z ik 0 {5 B: & % W
(Y11246.1 A1 GU388435.1 )., # & I
(U04736.1,876115. 1 F1 FJ205479. 1) Jin M &f
1t ( Loligo opalescens) ( AF303160. 1) 1 & 1 T
(Idiosepius notoides) (FJ896403. 1) ,

1.3 LFRFamide 73k /224, LFRFamide £f
X 2 Ik GNLFRFamide 2 Zatylny % (2010 ) &
WAE T 5 Wb & B, Tl 5 K HE 52 IR
( Lymnaea stagnalis ) i) FRF1-6 ( Hoek et al.
2005) ¥ 4% 4= ) FRFamides ( FRF-A, -B, -C)
( Cropper et al. 1994 ) I %5 f#E 12 ( Fusinus
Sferrugineus ) ) # §l £ K ( fusinus inhibitory
peptides, FIP-3, FIP-4) ( Kuroki et al. 1993) It
&I, LFRFamide #H ¢ £ ik L iZ )& T RFaRPs
FE T By RFamide W i%, 1fii 9 FaRPs ¥ Ji&
(Hoek et al. 2005, Zatylny et al. 2010) ,

NCBI %45 JE vp 8 763k £ 2% LFRFamide ¥
R 17 5 1 30 5%, BE A 3% B 19 AL A T i 2 — T
E{EAHE R, Zhang 25 (2012) 238 1 7T 5
W, SOFaRP2 (J¥ %15 . GU388435. 1) J§ 51| % i1
1 =% J& F LFRFamide 25 Z ik,
1.4 GnRH GnRH B —FhirZm) =4
TR N R E B R (T8 55 % 2010) . H
i, & 23 ) 16 TS HEsh W) A MEsh ) b kB T
it 28 FHZE AL Ay GnRH ( Nuurai et al. 2009 )
Iwakoshi 45 (2002 ) M\ W w3 25 Hh -+ kY
GnRH 2% L % pGlu-Asn-Tyr-His-Phe-Ser-Asn-
Gly-Trp-His-Pro-Gly, iy %4 & Oct-GnRH,

NCBI %4 P2 4255 1 LAF 3k £ 28 GnRH A
P {5 2 Ll (ABO37165. 1) (SR 46 &
(AB447557. 1), % 4b, Di Cristo % (2009b) %
i, I GnRH - I i ) 124 35 20 7 571 5
I iy — 2
1.5 VYSAPYG Marvin % (2001) 7£ 75 & W,
AP K B —Ffop B A2 Ik VYSAPY G, H B iR
N Val-Tyr-Ser-Ala-Pro-Tyr-Gly-OH, H {ij JC Itk

P28 KR 245 B iRA .
1.6 sCAP Iwakoshi %5 (2000) 7F K i /N2 £

(0. minor) B X 41 4L b $2 R 4 b 2 480 BUIK
(‘octopus cardioactive peptides, sCAP), Ocp-1
& Gly-D-Phe-Gly-Asp, Ocp-2 & Gly-Phe-Gly-
Asp,Ocp-3 &y Gly-Ser-Trp-Asp, Ocp-4 & Gly-D-
Ser-Trp-Asp. {EL 4 5 %1 3% 4 Fi I 6 4 3617 52
fii o Kanda %5 (2006a) 7F H -4 i & Bl sCAP [
KLY oct-SCPRP: Ser-Asn-Gly-Tyr-Leu-
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Ala-Leu-Pro-Arg-GIn-NH, , J& # I Ocp-1 Fll
Ocp-2 T B8 /2 i JE PN K iR 48 (Achatina fulica)
Achatin- [ 9 #H 2¢ % [ ( Kamatani et al. 1989,
Ohta et al. 1991) (1 7= 4 (Iwakoshi et al. 2000)
NCBI % 5 J# b 42 % H H§ oct-SCPRP
(AB198190. 1) FI 7§ ik sCAP(JX459945. 1) %
A o
1.7 Tachykinins Kanda % (2003 ) 7F EL 1 fiY
i B YR e ke B 2 R B IR, Ot TK- T 1

%1 & Lys-Pro-Pro-Ser-Ser-Ser-Glu-Phe-Ile-Gly-Leu-

Met-NH, , OctTK- I (1% J¥ 5| 4 Lys-Pro-Pro-Ser-Ser-
Ser-Glu-Phe-Val-Gly-Leu-Met-NH, ,,

NCBI %4 & th A & B Bl ( AB085916. 1)
18R G il 28 JIRHE TR P 31045 R o

2 Sk EZEM KA A R fiE

2.1 APGWamide £ £ it Henry % (2002)
e JH VAR €5, 3% - 1 % 25 b, g 8 0K J5 33 92 Oy 1 %
B A APGWamide #H ¢ £ IKFEAT T % € Ml
HEbRIE, bricss R 2R, APGWamide [A] i} 77
TE T A B 28 28 8 Rl 28 R A v, 7 L ik 22 op
KK M, TPGWamide 1 GWamide 7£ 8 & 25
FIRLTE 28 B P AR 28 28 490 2 ot 28 AR vh 2 RE WL
G BN T AE 7 L b AT AR 28 R e e A 2]
[F] B BT I A2 26 R0 XL5e S8 A1 L s B v WL 4 3
i) RPGWamide 1 KPGWamide, 21 N1 7E T 7
LRI, (B2 APGWa FKJ5 )
S 53 T8 o D) S A EAS ) GWa (Henry et al.
2002), Di Cristo 45 (2005 ) i F 4 4% 2H 1k Ty ik
XFE W Y AR B TE R X R & R SRy
APGWamide #4717 B — 25 B bR , iF 52 31X
2 JRTE LI 1 I 20 2 ORI 50 40 A o A ELH
R A Bl 22 R GE v, APGWamide B8 52 v 14 4
T B AR AE TE T 22 BN op R S R AR G A
WEL I, R0 I 60 A o 5 R Ak IR AT R R o A M P
i %) A= B TP ARG ) APGWamide #52 P 15
5o LI R Az BRI Fh O A RN B O A IR 4 L
(Wells 1960) , i % {3 T4 61 4 v [A) 52 &, JF i
e 3t 2 A DI, BIVR S B A (A B S AE fif
) i D AR ) A B A S 0 DX (DN e B AR

HEISMEE) (Wells et al. 1975) o 75 il i B0 A
R i T 657 3 ) X A A R B R e b 25 2K A R
i B9 A5 00 L2 b R A WL ¢ B A % PR PR 1 S
(Di Cosmo et al.2001) , 7EKOR4E IR rp, HAEH
P9 F 1) J 400 i v WL 4% 31 APGWamide 19 FH 1 2
2 2 i (Di Cristo et al. 2005)

APGWamide 75 F 2 W i 3 v A pf 28 5
&8 AR 28 AR R 9 AN X 5 70 A A B A IR
K ( dipeptidyl aminopeptidase, DPAP) B 4] f)
7Y GWamide — {2 32 it € v fi OF 45 19 12 3
(Henry et al. 1997) , Jf: GE # i H 51 of 393 5l 24
YA YU 4 (Henry et al. 2002) . 75 LW 14 4
JEETR Ak A R A A R A g B PE B B (Di
Cristo et al. 2005) , LA M € Z31F 52 A4 )G AE B A=
FEH I AR R, HE D APGWamide 5 ) 5% A ¢
(Painter et al. 1998) . X Fl £ Jik 7£ EL 1 1R H- A
F R A7 TR A]RE A IR 8 58 A PE A O (DI
Cristo et al. 2005) , {H 1 T APGWamide 7£ 1 5
AT B R eh o3 A B AL AN [ R R 2 AR
ZIRI Bz 28 5k (Voss 1977) A WF 5 3 #fi )
X 22 KR AN [R) g b 5 4 B AT RE AS [W)
(Messenger 1996)
2.2 FMRFamide %X £ ik FMRFamide #f
KL K ZAFAE T JC A HE 3 W) F0 R HE 3 )
(Dockray et al. 1983, Panula et al. 1996) , TETH
b FaRPs B8 6% I 42 PR 4 A9 (3 32 240 g 5 o) B
A B0, ( Hanlon et al. 1988, Zhang et al. 2012) ,
JtZ 5 98 i OP 45 I 4 45 (Loi et al. 1997,
Henry et al. 1999) . Gall 25 (1988 ) i i3 % %% 4H
75 0 E FaRPs £27E T R S g Lt o, B
J&i,Loi 45 (1996, 1997 ) fE L R AN vh A 1
FaRPs A9 3574, Salima 45 (2011 ) % 7 £ I X
M FR G h FaRP 40 i 09 70 A 9547 T 1F 40 F
98, K I FaRPs FEAFTE T RIE bl MM &
1T 2 v — 2o Ty g/ it Je BAR PR 28 b
HX R 28 2R g8 Z A Y B g B IX 32 B A 7R
PRANE IR S G RN W A 2 T

5 FLUE Hh, Di Cristo 45 (2003 ) X% 9 Fi 7
Pt R Gt AT T FMRFamide (40038 % {7 , % B
BF 1A X35 ] P 7 7 T K BRI B o FE TR AL I
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B AR 2 fi 22 2F 45 DR IXHE fE i W %2 3
FMRFamide 2 FH M 1) #i 28 K A , 0 4 92 BH 44
(0P 28 70 T BEAFAE TR B B 2 v S B
P 1) B 25 2 4 52 AR AR 2 R S S ph 2 2T
Hek B AL, 22k TN i 285 JE X, 2% 1 7R AL 1)
&Y 48 )2 X 3 ( Di Cosmo et al. 1998) . Di Cristo
45 (2003 ) 75 L 5 AL rh g & B FMRFamide
5 GnRH Z [HfFfEFS L4, 0F Bt 2 5
o A B IR AA T H A A TR AR i
[Fi) A 7 2B 5 22 42 Hh ke J SR ] (Di Cosmo et al.
1998) .

T Bk 2 FH sk B2, Wollesen 45
(2008, 2010) X fik 5 5 W 47 7 FMRFamide
FHOC 2 BRI S 8 O, DF5E 45 ) 5 Di Cosmo
(1998 ) 7 FLUH () T 5% 45 R 2R 8L, A g2 B AR IXC
B2 o A AE K R 22 R g (i AR ) DL K
A3 45 7 X TR DA 28 4 % ST 3 A0 ) 2
(O Sl ¢ o S TE M e 2 % I e S e e
A PE BPE S o AR TR 55 W G S Y
LI NI | B = i 1= N N RN 1 i SR S SR
FMRFamide % %2 B P45 69 #h 28 40§ %% 52 &8 2
(Wollesen et al. 2008) . % 4, Tibor (2011 ) Xf
FMRFamide 7 H: iy 4 {4 35 4 v (9 41 5C A H
17 43R, 903k J2 26 0 3 b w28 KA Ak |
FORUR IR o
2.3 LFRFamide LFRFamide 7£ i 23 i 7 fig
i H 4% 2 5 9 9P i vh O e RS o3 W W il AR
DL R 4 i B 4 A9 U 46 (Henry et al. 1999)
MicroLC-ESI-MS/MS 41 41 45 id % W
GNLFRFamide {7315 5% 28 Wi | 1 7 2 WA o
WAL R G (Wt Bl Epg R gl s
W) UL KB B R R, A, 7E S 50
ERMZ KA T & AR5 H) GNLFRFamide FH
PEAR S AHAE MR E 3 A 28 AR A <
PR A & B, X 5 FMRFamide )53 fii
X H4R K (Zatylny et al. 2010) , 1ij LFRFamide
Pl 22 JIRIE e A HC Al A5 1R Bl 0 v s, B A5 45 o
W A7 S my JLAS 2 B8, ) dnomg | A R iR F
( Shetreat et al. 2004, Bechtold et al. 2007 ) , A
KRS -35 60 Jie — e 2 5 W R R 3 /Yt 5 8

HCIG 355 (Sossin et al. 1987) . BARIE B A
HEUESE LFRFamide 78 3k &£ 28l 2 5 i 26 7
Bl H 45 5% 263 3 1) D) B X B 5 LFRFamide
TE 75 2 W 1 41 2005 1 BH P ISR A BT S I Y
(Zatylny et al.2010) ,

2.4 GnRH GnRH 7£ JC & HE 3 ¥ Al A HE )
Pyrb g R VE R R B B L S R RSk 2R
Hr, Oct-GnRH H A I 5 4= 58 (19 T B , 4] an 75 5
i B S5 FORS B8 b A S 5 28 AR SEOILIMOR (22
178 M — % (Kanda et al. 2006b) , M\ T 37 7
By U0 45 IR 45 ( Twakoshi et al. 2004 ) , [A] F¢ 7F EL
WA RS ST B E E s, om0 R
BB UE 3) ( Minakata et al. 2009) , DA B fi 4 ( Di
Cristo et al. 2009a) i fit %% 2% ( Di Cosmo et al.
2001) ,

Di Cosmo %5 (1998) % ¥ GnRH ¥ FH #:
1) i1 28 T A7 AE T L 0 A v A g BE M B AR
25 2F Y [l R A A 2 LT 4E M A1, JF A 1 2 KA il
Je5E Mo 46 W 25 £F 4 4 th (Di Cristo el al.
2009a) . 7E X ELW Y A G 8 K A BB AT
cGnRH- [ f g Je i, & B cGnRH- T 4
P SN A 28 R A B i A 1) JUL PR )2 R e B
Ji 64 vf e J7E (Di Cosmo et al. 2002) |, iy 51 AZ it o
SUTE iR A A T 000 ] BT %) el 28 27 4 52 A 5 P
PEo FEH G XA 2N b, HOWLEE 3R 45 b
L YA g BH A% S W (Di Cosmo et al. 2001,
2002, Di Cristo et al. 2002 ), Di Cristo %
(2009b ) *F 75 £ W A A1 B S PE 4T T Oct-
GnRH [ RT-PCR 4 %% & {if » RT-PCR 4 %
SR, FE G L OF S B AT Rt Oct-GnRH ¥ 3%
ik IR R R AR AR . RS E N BN IR Z R
P2 B 1R B B 22 TCAEAE T 00k I R 2 £ 4
RO AR A R AR 2 Y e B PR 2 os T
B ST X3 St IR 81 Bl 2 4T 4 o o il
ZF 4 ), E R 5T DX I 0 BH A A 5 AR X L 179 45
55 (Di Cristo et al. 2009b)

5 bk w58 3B A AN [\ 02, T
(2011 ) X} &[G TC&F 2 W, ( Sepiella maindroni ) #f
177 ABC 51 mGnRH e 4 4, & 9 4 9% B
PEIX B F SAAAE Tl b2 A Y 3 i R
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A 22 [ (1 B 2R 2 LR RS BEvh et
rh LA B 25 2T A TR/ 500 R S A R, PR
I I 2 9 Rt B B B 1 PR R R . 5
A, Amano 4§ (2008 ) Xif KA 2 W, ( L. bleekeri) [
M 21647 T GnRH 2514 A1 cGnRH-TI 11 f
FELAL . GnRH 2514 Gy PP 1) 40 g i 3 22
Gy A TEIE B4R, 2D a4y A AE R RSN
FIE I R B 2 AR 40 i e e 21 G ) P
BB, 9% [H 1 B A 28 28 4 CEB o6 T B X, At
o UE W2 A Ak B 6, cGnRH-TT 4328 FH 2k
(R A0 AR B A R AN i B A S R A
(Amano et al. 2008) , [H: #f 2 2F 48 )32 o0 A 1F
i 77 ( Makoto et al. 2013) .,

2.5 VYSAPYG VYSAPYG fE H—Ff il A 41
il 4 0T AE AE T R 5 W Bl T - ATANE LA
4, AR ESI-MS (9 4H 21 8% 0 WK,
VYSAPYG At FEKRM & EL4 1 B
2T 2ff I 6 21 24 vp  H 7 638 1 b A RN £ 3
A A K. T4, TE Ik B B
AR VYSAPYG [ A7 7, B A ) 33 Fif pft 22
JIK AT R 2 F R 2H 2B T A el 2 R A 43 I R
B ( Henry et al. 1999, Marvin et al. 2001 ),
Marvin 45 (2001 ) 7E F 5 AR P9 & B3 o
ZJIKEF, fE &8 - LAANE WLER 4 AT A=
YIiE 1, &I VYSAPYG fig g B (KX 3 F
AU LA U 46 e T, H R TR B R R E
APGWa il FaRPs j= 4= A [R] %R i, ¥ v i 2= /0
3B, P, HE D SRR R 28 K Y HE 2R B
e H A AL, A7 AT g [7] FaRPs — #E X A= 5 1% 50
E AR o

2.6 sCAP Kanda %5 (2006a) A oct-SCPRP
i) RT-PCR 7=4#i/t47 T Southern Z%3g Hl JF v 4%
2,45 R oct-SCPRP 6] B 77 16 T 4h i b 45
RGN X AR 28 R G0 AL S S e
SR N =R AR N T N SR S = 3
BRI S R B A T AR e S et b
EWN MM, MK B/ & 1 ( Iwakoshi et al.
2000) FIEL 4 ( Kanda et al. 2006a) 143 51 43 &5
2 2] By Ocp Al oct-SCPRP ¥ J& F .0 LK, {2
Ocp A5 il 3 0o E e 45 /9 A L, 17 oct-SCPRP 4

WA o b W5 R W] X LR 2 KA TE D e
25, Ocp X212 ( Rapana thomasiana) % 5|
LA FE R, Ocp-1 94 26 LT Achatin- T,
AEAE 52 MR Glu, DT [R] 432 52 i 21 LA i3 3l T
Ocp-3 AEME 1 H XS 7% 51 L™ A= 1 F (Twakoshi et
al.2000) . 7E 08 3CHE ( Meretrix lusoria) #, Ocp-3
[F)AE RE XS 2 51 WL A= 4 L (B Ocp-1 218 AT 4
] Jz i ( Twakoshi et al. 2000) , oct-SCPRP fg %
S HOE TR 15 42 51 LA UL 48 (Kanda et al.
2006a) .

2.7 Tachykinins K2 77 T sh ik
th fH K 2 28 B ET A Kanda 55 (2003) 75 B
B P 2 B OctTKs, J A 22 58 75 OctTKs £7
TE T I W Y T 0 265 20 6 A S P, ET RE X
HE Sl £ 2 A B #E H AR

3 E =

S TR P ZE IR A AIE T AR T AR sh b iy
HAWP R =, A2 0 2 IR Rh 2 e 91 1 4L
I, A SR P2 K Y 2 e R TR B A O T 2 A
/b Veenstra (2010 ) XF 8 & 2K i £ 3% 16 & 12
(Lottia gigantea) V& N Ko H Al AR gh ) b E 28
-SUNECERYINGIE G LY & i S S NN €]
35 Fofr ot 2 IR AE SR A Bl W v K RH DG A 2 IR R T
WA TE R b IF T gr 7o B, AR B
70 Fp DL SRR AYFL IR, O B IER 4 B AR 3 W)
Mz ik 5 R Rl 28 IR AF AE T8 98 56 & . Tibor
(2011) X} A& Zh %) FMRFamide #1774 , [
3 X 29 A gl A PRy G Al ot 2 JEK R 35 A R
MESEAT T MR, Hob  EAE B2 s
JUR R £ 380 2ok oA A8 B 5 T 4 AR RS R - 3 1 A
TOIR A 4  7 A B v 57 2 Ok 7 A R, E
I — R 0 A BRA A BN o 3% 5 T R A5 T
VEAE ¥ 0 28 S5 SR S 1] 9 W b op BLE T e
(Critz et al. 1991, Kanemaru et al. 2002) , 1lij 7
SR EEA HE . A, Bl 2 R Z 1] Y A
HAEH K Z, LA R A 28 IR A H A B R 25 2 k)
JBt 2 8] {4 AH OC M (B A5 %5 U1 & T, Di Cosmo
ZE(1998) W 2¢ FMRFamide #1 GnRH 7E E 1 #i
I H Y B A, K I 2 R AT BEAEAE —
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G2, 48 75 Sk 2 28 P 28 KT A P 81 9 A BT
By iF AT B8 A7 7R 22 AR . BF O A5 R R,
Bernay 45 (2005 ) 75 {15 W Hh % BLAC B 55304 4
¥ % (ovarian regulatory peptides, SepCRPs) Fll
2006 4 & B (17 B9 5 BE B £ K ( Ovarian jelly-
peptides, OJPs) 54 28 IR 24 Wy Jot X 1 5 Wk 14 A=
B A PR Bk B A 98 5 4 ] ( Bernay et al.
2006)

Har, e p— 2 X 2 2RIk 2 2RK
N 5358 FUE 58 30 TR, JF B IUS 7 92br &
TERaR o AHFRE Sk JE S b 28 IR WF 58 TAF AW
WA, 5 1 A 22 BE AR o T HL 7 1 57 58 5
HAETE G 77 FEL A MR P A [ R ] )
2 JRONS Sk 2 A B 1 R T AR X —
P, 737K R fifp D S S [R] R, 38 5 B AH O
WF5E 3 I JE R B BT 98 TA% .

& % X W

Amano M, Oka Y, Nagai Y, et al. 2008. Immunohistochemical
localization of a GnRH-like peptide in the brain of the
cephalopod  spear-squid, Loligo bleekeri.  General and
Comparative Endocrinology, 156(2) . 277 - 284.

Bechtold D A, Luckman S M. 2007. The role of RFamide
peptides in feeding. Journal of Endocrinology, 192 (1): 3
-15.

Bernay B, Baudy-Floc'h M, Zanuttini B, et al. 2005.
Identification of SepCRP analogues in the cuttlefish Sepia
officinalis; A novel family of ovarian regulatory peptides.
Biochemical and Biophysical Research Communications, 338
(2): 1037 = 1047.

Bernay B, Baudy-Floc’h M, Gagnon J, et al. 2006. Ovarian jelly-
peptides ( OJPs ), a new family of regulatory peptides
identified in the cephalopod Sepia officinalis. Peptides, 27
(6): 1259 - 1268.

Chansela P, Saitongdee P, Stewart P, et al. 2008. Existence of
APGWamide in the testis and its induction of spermiation in
Haliotis asinina Linnaeus. Aquaculture, 279 (1/4). 142
—-149.

Chin G J, Payza K, Price D A, et al. 1994. Characterization and
solubilization of the FMRFamide receptor of squid. The
Biological Bulletin, 187(2) : 185 - 199.

Critz S D, Baxter D A, Byrne J] H. 1991. Modulatory effects of
serotonin, FMRFamide, and myomodulin on the duration of

action potentials, excitability, and membrane currents in tail

sensory neurons of Aplysia. Journal of Neurophysiology, 66
(6): 1912 - 1926.

Cropper E C, Brezina V, Vilim F S, et al. 1994. FRF peptides in
the ARC neuromuscular system of Aplysia: purification and
physiological actions. Journal of Neurophysiology, 72 (5)
2181 -2195.

Di Cosmo A, Di Cristo C. 1998. Neuropeptidergic control of the
optic gland of Octopus vulgaris; FMRF-amide and GnRH
immunoreactivity. Journal of Comparative Neurology, 398
(1):1-12.

Di Cosmo A, Di Cristo C, Paolucci M. 2001. Sex steroid hormone
fluctuations and morphological changes of the reproductive
system of the female of Octopus vulgaris throughout the annual
cycle. Journal of Experimental Zoology, 289 (1) : 33 —47.

Di Cosmo A, Di Cristo C, Paolucci M. 2002. A estradiol-178
receptor in the reproductive system of the female of Octopus
vulgaris: characterization and immunolocalization. Molecular
Reproduction and Development, 61(3): 367 —375.

Di Cristo C, Bovi P D, Di Cosmo A. 2003. Role of FMRFamide
in the reproduction of Octopus wvulgaris: molecular analysis
and effect on visual input. Peptides, 24(10): 1525 - 1532.

Di Cristo C, De Lisa E, Di Cosmo A. 2009a. Control of GnRH
expression in the olfactory lobe of Octopus vulgaris. Peptides,
30(3): 538 -544.

Di Cristo C, De Lisa E, Di Cosmo A. 2009b. GnRH in the brain
and ovary of Sepia officinalis. Peptides, 30(3): 531 —537.

Di Cristo C, Paolucci M, Iglesias J, et al. 2002. Presence of two
neuropeptides in the fusiform ganglion and reproductive ducts
of Octopus vulgaris; FMRFamide and gonadotropin-releasing
hormone ( GnRH ). Journal of Experimental Zoology, 292
(3): 267 -276.

Di Cristo C, Van Minnen J, Di Cosmo A. 2005. The presence of
APGWamide in Octopus wulgaris: a possible role in the
reproductive behavior. Peptides, 26(1) : 53 - 62.

Dockray G J, Reeve J R, Shively J, et al. 1983. A novel active
pentapeptide from chicken brain identified by antibodies to
FMRFamide. Nature, 305(5932): 328 -330.

Fisher T, Lin C H, Kaczmarek L K. 2004. The peptide FMRFa
terminates a discharge in Aplysia bag cell neurons by
modulating calcium, potassium, and chloride conductances.
Journal of Neurophysiology, 69(6): 2164 -2173.

Gall S L, Feral C, Van Minnen J, et al. 1988. Evidence for
peptidergic innervation of the endocrine optic gland in Sepia
by neurons showing FMRFamide-like immunoreactivity. Brain
Research, 462(1): 83 -88.

Hanlon R T, Messenger J] B. 1988. Adaptive coloration in young

cuttlefish  ( Sepia officinalis L. ): the morphology and



<292 Y r ik Chinese Journal of Zoology 49 %

development of body patterns and their relation to behaviour.
Philosophical Transactions of the Royal Society B: Biological
Sciences, 320(1200) ; 437 -487.

Henry J, Favrel P, Boucaud-Camou E. 1997. Isolation and
identification of a novel Ala-Pro-Gly-Trp-amide-related
peptide inhibiting the motility of the mature oviduct in the
cuttlefish,  Sepia  officinalis.  Peptides, 18(10) : 1469
- 1474.

Henry J, Zatylny C. 2002. Identification and tissue mapping of
APGWamide-related peptides in Sepia officinalis using LC-
ESI-MS/MS. Peptides, 23(6): 1031 - 1037.

Henry J, Zatylny C, Boucaud-Camou E. 1999. Peptidergic control
of egg-laying in the cephalopod Sepia officinalis: involvement
of FMRFamide and FMRFamide-related peptides. Peptides,
20(9) : 1061 -1070.

Henry J, Zatylny C, Favrel P. 2000. HPLC and electrospray
ionization mass spectrometry as tools for the identification of
APGWamide-related peptides in gastropod and bivalve
mollusks: comparative activities on Mytilus muscles. Brain
Research, 862(1/2): 162 - 170.

Hoek R M, Li K W, van Minnen J, et al. 2005. LFRFamides; a
novel family of parasitation-induced-RFamide neuropeptides
that inhibit the activity of neuroendocrine cells in Lymnaea
stagnalis. Journal of Neurochemistry, 92(5): 1073 - 1080.

Iwakoshi E, Hisada M, Minakata H. 2000. Cardioactive peptides
isolated from the brain of a Japanese octopus, Octopus minor.
Peptides, 21(5): 623 - 630.

Iwakoshi E, Takuwa K K, Fujisawa Y, et al. 2002. Isolation and
characterization of a GnRH-like peptide from Octopus
vulgaris. Biochemical and Biophysical Research
Communications, 291(5) . 1187 - 1193.

Iwakoshi E, Ukena K, Takuwa K K, et al. 2004. Expression and
distribution of octopus gonadotropin-releasing hormone in the
central nervous system and peripheral organs of the octopus
( Octopus wvulgaris ) by in situ hybridization and
immunohistochemistry. Journal of Comparative Neurology,
477(3): 310 —323.

Kamatani Y, Minakata H, Kenny P T M, et al. 1989. Achatin-I,
an endogenous neuroexcitatory tetrapeptide from Achatina
fulica Férussac containing D-amino acid residue. Biochemical
and Biophysical Research Communications, 160(3) : 1015 -
1020.

Kanda A, Iwakoshi E, Takuwa K K, et al. 2003. TIsolation and
characterization of novel tachykinins from the posterior
salivary gland of the common octopus Octopus vulgaris.
Peptides, 24 (1) : 35 -43.

Kanda A, Minakata H. 2006a. Isolation and characterization of a

novel small cardioactive peptide-related peptide from the brain
of Octopus vulgaris. Peptides, 27(7) . 1755 - 1761.

Kanda A, Takahashi T, Satake H, et al. 2006b. Molecular and
functional characterization of a novel gonadotropin-releasing-
hormone receptor isolated from the common octopus ( Octopus
vulgaris) . Biochemical Journal, 395(1) . 125 - 135.

Kanemaru K, Morishita F, Matsushima O, et al. 2002. Aplysia
cardioactive peptide ( NdWFamide ) enhances the L-type
Ca’* current of Aplysia ventricular myocytes. Peptides, 23
(11): 1991 -1998.

Kuroki Y, Kanda T, Kubota I, et al. 1993. FMRFamide-related
peptides isolated from the prosobranch mollusc Fusinus
ferrugineus. Acta Biologica Hungarica, 44 (1/2) : 41 -44.

Li C, Kim K, Nelson L S. 1999. FMRFamide-related
neuropeptide gene family in Caenorhabditis elegans. Brain
Research, 848 . 26 —34.

Loi P K, Saunders R G, Young D C, et al. 1996. Peptidergic
regulation of chromatophore function in the european cuttlefish
Sepia officinalis. The Journal of Experimental Biology, 196
(5): 1177 - 1187.

Loi P K, Tublitz N. 1997. Molecular analysis of FMRFamide- and
FMRFamide-related peptides (FaRPS) in the cuttlefish Sepia
officinalis. The Journal of Experimental Biology, 200 (10) :
1483 - 1489.

Makoto O, Nicholas T. 2013. Molluscan GnRH associated with
reproduction. General and Comparative Endocrinology, 181
254 - 258.

Martin R, Voigt K H. 1987. The neurosecretory system of the
octopus vena cava: a neurohemal organ. Experientia, 43
(5): 537 -543.

Marvin L ¥, Zatylny C, Leprince J, et al. 2001. Characterization
of a novel Sepia officinalis neuropeptide using MALDI-TOF
MS and post-source decay analysis. Peptides, 22(9): 1391
-1396.

Messenger J B. 1996. Neurotransmitters of cephalopods.
Invertebrate Neuroscience, 2(2): 95 —114.

Minakata H, Shigeno S, Kano N, et al. 2009. Octopus
gonadotrophin -releasing hormone ; a multifunctional peptide in
the endocrine and nervous systems of the cephalopod. Journal
of Neuroendocrinology, 21(4): 322 -326.

Nuurai P, Poljaroen J, Tinikul Y, et al. 2009. The existence of
gonadotropin-releasing hormone-like peptides in the neural
ganglia and ovary of the abalone, Haliotis asinine L. Acta
Histochemica, 112(6) : 557 —566.

Ohta N, Kubota I, Takano T, et al. 1991. Fulicin, a novel
neuropeptide containing a D-amino acid residue isolated from

the ganglia of Achatina fulica. Biochemical and Biophysical



2 3 W 524 Sk R 22 AT 5 Uk R

+293-

Research Communications, 178(2) : 486 —493.

Ohtani M, Aimoto S, Muneoka Y. 2000. Development of an
antagonist of molluscan neuropeptide APGWamide with a
peptide library. Peptides, 21(8): 1193 - 1201.

Ohtani M, Minakata H, Aimoto S. 2002. Potent antagonistic
action of synthetic analogues of APGWGNamide, an
antagonist of molluscan neuropeptide APGWamide. Peptides,
23(5): 843 -852.

Painter S D, Clough B, Garden R W, et al. 1998.
Characterization of Aplysia attractin, the first water-borne
peptide pheromone in invertebrates. The Biological Bulletin,
194(2) . 120 - 131.

Panula P, Aarnisalo A A, Wasowicz K. 1996. Neuropeptide FF,
a mammalian neuropeptide with multiple functions. Progress
in Neurobiology, 48(4/5) . 461 —487.

Price D A, Greenberg M J. 1977. Purification and characterization
of a cardioexcitatory neuropeptide from the central ganglia of a
bivalve mollusc. Preparative Biochemistry and Biotechnology ,
7(3/74) ;261 -281.

Salima A, Aude A, Martin M, et al. 2011. FaRP cell distribution
in the developing CNS suggests the involvement of FaRPs in
all parts of the chromatophore control pathway in Sepia
officinalis ( Cephalopoda). Zoology, 114(2): 113 —122.

Shetreat K A N, Cropper E C. 2004. Afferent-induced changes in
rhythmic motor programs in the feeding circuitry of Aplysia.
Journal of Neurophysiology, 92(4) ; 12 - 22.

Sossin W S, Kirk M D, Scheller R H. 1987. Peptidergic
modulation of neuronal circuitry controlling feeding in
Aplysia. The Journal of Neuroscience, 7(3): 671 —681.

Tibor K. 2011. Diversity and abundance: The basic properties of
neuropeptide action in molluscs. General and Comparative
Endocrinology, 172(1) : 10 - 14.

Veenstra ] A. 2010. Neurohormones and neuropeptides encoded by

the genome of Lottia gigantea, with reference to other mollusks

and insects. General and Comparative Endocrinology, 167 (1) :
86 - 103.

Voss G L. 1977. Classification of recent cephalopods. Symposia of
the Zoological Society of London, 38(4): 575 -579.

Wells M J. 1960. Optic glands and the ovary of Octopus.
Symposia of the Zoological Society of London, 2. 87 - 101.

Wells M J, Wells J. 1975. Optic gland implants and their effects
on the gonads of Octopus. The Journal of Experimental
Biology, 62(3) : 579 - 588.

Wollesen T, Loesel R, Wanninger A. 2008. FMRFamide-like
immunoreactivity in the central nervous system of the
cephalopod mollusc, Idiosepius notoides. Acta Biologica
Hungarica, 59 (Suppl 1): 111 - 116.

Wollesen T, Cummins S F, Degnan B M, et al. 2010.
FMRFamide gene and peptide expression during central
nervous system development of the cephalopod mollusk,
Idiosepius notoides. Evolution & Development, 12(2): 113
-130.

Zatylny C, Bernay B, Zanuttini B, et al. 2010. Characterization
of a novel LFRFamide neuropeptide in the cephalopod Sepia
officinalis. Peptides, 31(2): 207 —214.

Zhang Z B, Goodwin E, Loi P K, et al. 2012. Molecular analysis
of a novel FMRFamide-related peptide gene (SOFaRP2) and
its expression pattern in the brain of the European cuttlefish
Sepia officinalis. Peptides, 34(1): 114 —119.

A 1997, B A IRBIE IR, AW 5 A Bk
&, 24(2): 116 - 120.

TH . 2011, & [RTEEH W ( Sepiella maindroni ) ki 45 #4 K A
PERR R B R e e H B % L BT 5E. Sl #7 I
WA B2 A IR 3, 36 —41.

FHFE, BRI, RHC. 2010, JGHHESh IR IR 3R B
WRDF IR, WL F by M. AR, 29
(4): 360 -366, 372.





