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Purification and characterization of a novel neuropeptide
with contractile activity on the smooth muscle from the
brain of squid, Todarodes pacificus.

Eun-Hee Jo

Department of Biotechnology, Graduate School,

Pukyong National University

Abstract

A novel neuropeptide with contractile activity-was isolated from the
brain of the squid, Todarodes pacificus using the esophagus of the squid
as the bioassay system. To purify the neuropeptide. the acidified extract
was partially purified with Sep—-Pak Cis solid phase extraction cartridges
using stepwise gradient with inereasing the percent of methanol (10 %,
60 % and 100 %) containing 0.1 % TFA. Contractile activity was
recovered in the 60 % methanol fraction and this fraction 'was further
purified by ion-exchange and C;s reversed-phase HPLC. Finally, a new
peptide was obtained in isocratic condition of 21 % CHsCN at a flow
rate of 0.5 ml/min} This peptide was analyzed by MALDI-TOF mass and
Edman degradation method: The molecular weight of this peptide was
1559.9 Da and the peptide was. tetradecapeptide. ‘To .compare the
identity between native and ~synthetic peptide, -the purified peptide was
synthesized by the solid phase method. The C-terminal portion of this
peptide turned out to be —-NHjy form.

From these results, the structure of this peptide was having the
following primary structure: GFKDNVSNRIAHGFamide. We have named it
squid brain tetradecapeptide (SBTP). SBTP showed a potent excitatory
action on the esophagus of the squid. The threshold concentration of
SBTP was between 5 x 107" M and 10 M, and En. was 166.39 +
26.09 % at 10° M. In order to investigate the structure-activity
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relationship of SBTP, various analogs of SBTP were synthesized. They
are analogs with is deleted one by one amino acid residue in N- and
C-terminus. Contractile activities of these peptides were measured by
using the mid-esophagus of squid. N-terminal deleted analog, 1DES
-SBTP, showed a similar contractile effect compared with that of
SBTP-NHs, while, other analogs was inactive. These results indicate that
1DES-SBTP is the minimum structure required for the contractile
activity on the esophagus of the squid.
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Ctatd Olalialll &)1 a0l =2 B2 AFIN Ol A= Ha=2l SHLEOICY.
RHEFS2UM <LAE EAQ neuropeptidesE= HMS=S9 XIHE

(Macrocallista nimbosa)l cardiac muscleOllA ZAEl cardio—excitory #4582
JtXl= FMRF-amide (Price ef al., 1977)2 [E&S (Mytilus edylis)l A Zel
= 2t ZB S22l enkephalin (Leung et al, 1984), 1= (Thais clavigera)
CZ2LPH Thais clavigera?l esophagus®t penial complexOll CHoll +==&4d=
JtXl= GGNG peptide (Morishita et al., 2006), &0 «(Octopus vulgaris) 2 =
H HE20 =848 JtXl= tachykinin (Kanda et al., 2003), =T s2¢!
E0tAtel (Asterina rubens®t Asterina forbesi)2l radial nerve cord2%H
cardiac stomach, tube foot, apical muscleOl UHoll 2012 48 IJth=
SALMFamide (Elphick et al., 1991; Elphick et al., 1995; Melarange et al.,
1999; Elphick and Melarange, 2001; Melarange and Elphick, 2003)Jt QUC}.
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HEOISOICt (Ohta et al., 1990, Ukena et al., 1995, Paemen et al., 1991;
Veenstra et al., 1994). MATP= =3ZR]Ql Fusinus ferrugineus 2+ Achatina
fulica2 2E zz==2 ZALJCH (Ohta et al, 1990). 1 F s=0l
Eisenia foetida2l gut®t Pheretima vittuta?l whole bodyWlA XIZ 0l (Eisenia
foetida)2l gut2t Z X (Anodonta woodiana)®l rectum, S5 et0l (Gryllus
bitmaculatus)® crop0l o ==&&2 JtX= MATP-related peptide
(MATP-RP)J} ZAEIUCH ( Ukena et al., 1995). 8t BRSS! Manduca
sextalll A juvenile hormone2l 2HIE HAADJ|l= 42 L= MATP-RP,
Locusta migratoriaz S8 OIS (Locusta migratoria)2 ==& 21t R L
(Leucophaea maderae)®l hindgutOll CHoll ==&&E LIEHLH= MATP-RPIt
LA AL (Paemen et al, 1991; Veenstra et al., 1994). XIZNXl LAHE
MATP-RP2| 2Xt7ZEE= Table 10 LEEFLHRACEH. MATP=13~14012 Ot0| =4t

OZ 0IR0M AW =2 HMs=2 E&20 Ul =F24= LIELT. 0l

= MATP-RPE REFS=22 Uh2tst SUA Z2AEHUXE SHU LB &
2 SEF M= OFENX B10E b AL

CEFE =SS0 Hixcotdl 240 SHY %22 Us0M A0
AF HEH EE AMBASIH 222 B 2 £2HOZ HoiXl= systemS

AL QUCH Ol 01wz "&EF2 =E 0I8ct0 Melg24ds Jikls
peptideE #Hdl= AR Ol MAGAHRUCH HEZQI M| peptideZ2=
Xl (Octopus minonQ D28H AZE == Aets &St 842 JHXle
cardioactive peptides (lwakeshi et-al., 2000),  HEO (Octopus vulgaris)
A small cardioactive peptide-related—peptide (Kanda et al., 2006)2t
nerve terminalOlA A XME oxytocin/ vasopressin (OT/VP) superfamily
(Reich, 1992)S0l QICt. 12l AN (Loligo wvulgaris)? =IZ2H
neuropeptide F-related nonapeptidedt ZHAZAUCH (Smart et al., 1992).

etd = d8iline 20 2 FE=2FH M2 dclgd BEOE=



L= Edman 2o, 24 EF L HPLCOH 2o GFKDNVSNRIAHGF-amide
ol peptideZ2 YHARCE L& 0l HEOIE= gut mobilitydl Z&s 0IXl=
MATPS =2 RAIEES UHERHCH SEFZ2RHE XS 23 MATP-related
peptide (MATP-RP)OICt. Ol peptide= # 2|4 squid brain tetradecapeptide,
SBTPct HEHGHRALE.

2 =20MEsE SBTPS RX-E42to MAZAHE LOIED] |l 1O &
ME &HotQUCH £ Me|&AMd2 X Atol)| f8 Bioassay systemlz= 234



Table 1. The amino acid sequence of MATP-RP

Phylum/ Species Structure Name Reference
Mollusca
Todarodes pacificius | GFKDNVSNRIAHGF a SBTP
Fusinus ferrugineus | GFRMNSSNRVAHGFa Fusinus MATP | Otha efal.1990
Achatina fuliaca GFRGDAASRVAIIGFa | Achatina MATP, | Otha efal.,1990
GFRQDAASRVAHGYa | Achatina MATP, | Otha efal., 1990
Lymnaea stagnalis GFRANSASRVAHGYa Li et al.,1993
Annelida
Eisenia foetida GFKDGAADRISHGFa ETP Ukena etal., 1995
Phieretima vittata GFRDGSADRISHGFa PTP Ukena etal., 1995
Arthropoda
Manduca sexti GFEKNVEMMTARGFa Allotropin Paemen efal.,1991
Locusta migratoria GFENVALSTARGTFa Lom-AG-MT1 | Veenstra ef al., 1994
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H pE SAMZEAA & HHAIFEONA PFLAIULCEH A0IU= MBS QAN

FH HE 2ldE =, HHELZ =5 SZAIHA 280 AtEotl &K

1.2. Al € TH&E

Sep-Pak Cig cartridge= WatersAl (Miliford, MA, USA)OIA & GHACH
Jeln HEIESE2 #4561 2ol Fmoc-NH:~PAL-Resin- (0.55 mmol/q),
Fmoc—-amino acid Wang Resin, Fmoc-amino —acid % . 1-hydroxy
benzotriazole (HOBt)2 Advanced ChemTechAb (Louisville, KY, USA)MIA =
&StACE. N, N-Diisopropylcarbodiimide  (DIPCl)&. Watanabe — 3H&3| At
(Hiroshima, Japan)2% & FotACE. Piperidine, trifluoroacetic acid (TFA),
m—cresol, 1,2—ethanedithiol (EDT), thioanisole2 SigmaAl (St. Louis, MO,
USA)OIM T &otRACEH HPLC-grade2 N, A-dimethyl formamide (DMF),

water (H.0) 2 acetonitrile (CH3CN)2 TEDIAAF (Ohio, USA)0I A S,
10|29 RE AUS S22 AFE6t L.
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miOl ZIH St GIIU-& st 1 N HCIOl S &5 HCIS- &It =RULH
Cht2 ©HZ AIZ : Ether = 1.7 1 (v/v)2 BIEZ etherE &II&t F, ethers
£ =Zolot X8y 82 Mgk = €8 MNES =506t s58H AM2s
FEHOZ 22 ZcZIot)| ?ot0 Sep-Pak Cig cartridge 0l =oAL &
XN Sep—-Pak Cig cartridgeE 0.1 % TFAJ} EZ&&E 100 % methanol£ 0| EdH
243 A2 =, 0.1'% TFAJL gt H,02 S&0ol E&3st oLt S=ol B

Sat = 08 AMN=2E F2ol 0.1 % TFAIE Zst= H,O (D.W), 10 %
methanol (RM10), 60“% methanol (RM60), 100 % methanol (RM100)2 =



2.2. BE2 =x&4d =29 EA
2.2.1. 230 H &2 (RM 60)2RH =54 HE0IE2 FHA

LN brain == = RM600I 2& 0 esophagusOll CHoll Jt& 2 4=
B 2401 Y 2 RME0LZ2RH Melgd BEO0IES FHMaI ol ¥
& HPLC® Ol=2 exchange columnEs WXE2Z AEoIULH, & 6HAH2
FMUE S HHFBCLCH

Rl FMUB2=ZE= CapcellPAK Cig (4.6 mm X 250 mm, 5 um,
Shiseido, Japan)S AIZoIH o0 =2elXH2S TS 20 AZ0H, 0.1 % TFA
EZ&olE H.O (pH 2.2); BEOH 0.1 % TFAE E&ol= 100 % CH3CN (pH
2.2); gradient, 5 ~ 65 % B (60 min); 2=, 1.0 ml/min; &%, 40 CT. & &
2S2 Q0 AL HEIZ0N Ol =842 =ds 20, 28 32 - 33¢
(23.3 ~ 24.3 min)OlA &4 2 LHERICH (Fig. 5).

S BN FMUE=2= Tskgel SP-5PW HPLC (7.5 mm=X 75 mm,
Tosoh, Japan)2 MEB0I20H =Fcl=2d2 L2 20 AZ0, 10 mM
Phosphate buffer(pH 6.0); BE0i 1.0 M NaCl £ XE&'et=10 mM Phosphate
buffer (opH 6.0); gradient, 0 ~ 0.6 M NaCl (60 m
C,40 C. 2 2eE=2 20 AL H220 ol =24 =88 |2,
Z& 15 - 168 (28 ~ 32 min)UliA &S LIEIRICH (Fig. 6).

A B EMUEOZ = CapcellPAK Cis2 AISSIAL0 2elxde U3
ot ZCH AS0H, 0.1 %-TFAS E&dte H.0 (pH 2.2); BEOH 0.1 % TFAE
IL8teteE 100 % CHCN (pH™-2.2)5 gradient, 18 ~=30" %8 (51 min); %
1.0 ml/min; 8%, 40 CT. & 2E&S Q&0 AT 20 ol ==&4
& 2, 28 249 (16.6 ~ 17.4 min)llA A4S LIEHHCH (Fig. 7).

Ul 8l EMAE 2= Tskgel SP-5PW HPLCE AIEolUCH Zelxtde
CtS3t ZCH AS0H, 10 mM Phosphate buffer (pH 6.0); BE0# 1.0 M NaCl
£ Z&ol= 10 mM Phosphate buffer (pH 6.0); gradient, 0.2 ~ 0.4 M

NaCl (40 min); 8=, 1.0 ml/min; %, 40 C. 2t 288 QA AL TE
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in); £, 1.0 ml/min; &
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20 ol =24 =&& Z21, 28 128 (9.9 ~ 11.5 min)lIMd &2
LIEHHCH (Fig. 8).

A Bl ZMUE 2= CapcellPak Cis2 AIESIRS0 &2l£2A
o+ ZCH A0, 0.1% TFAE E&3dt= H.0 (pH 2.2); BEOH 0.1 % TFAS &
&5t=100 % CHsCN (pH 2.2); gradient, 15 ~ 30 % B (75 min); 8%, 0.5

rno
o
olo

ml/min; 2%, 40 T. 2t 2SS 20 AL 20 ol =842 =3

sk 2, 28 188 (40.4 ~ 41.3 min)UlA &S LIEIRICH (Fig. 9).

Ol EMUE 2= CapcellPak Cig2 AIESIRCH =2clxdg s
2Ch AZ0H, 0.1 % TFAS E&dt= H.O0 (pH 2.2); BEOH 0.1 % TFAS Z&
St= 100 % CHsCN (pH 2.2
, 0.5 ml/min; %, 40 T. 2 2SS 20N A& BE20 Ool ==

t, 28 58 (15,1~ 16 min)Oil Al &S LIEICH (Fig. 10).

); gradient, 21 % B=20H} isocratic condition; &

I

o = oo
842 =48st &2

[

—

= MALDI-TOF |mass spectrometer (Voyager-DETM PRO spectrometer,

Perseptive Biosystems, USA)S AF=a6l0d =AGIRUCE.

2.3.2. Ot0l & HE-Z2F

QAN HZ2LH HHME HEIOI=ES OFofedt AEsS Z2Fol)| RAdhAM
JlzME AR Procise®cLC Sequencing System Model 492 cLC
(Apply Biosystem, Foster city, CA, USA)E AIE05t0I Edman EdlE2Z 24
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2.5. HEIOIE2 &4 ¢ &EA

2.5.1. HEIOIES &4

Fmoc-2 2 AMESI0 D&ECE BEOIESE 4otRUCH (Merrifield, 1964).
C-ZH0l amidestE EEH2 EIEIOIEE E4Adot)l ?Ioi Fmoc—NH2—PAL-resin
=, C-Z 0l freedt ZS= Fmoc—amino acid-Wang- resing AtE0tACH

HEIOIEE 846t fIHA 48 DMF2 %=X (resin)E & (swelling) Al
2l 2, 20 % piperidine/ODMFE 0l&6t0H X2 H Fmoc-E&JIE E oA
Ct. DIPCI/HOBtEH S 0IE5t0d Z&AIZIDXA Gt= OOl &Sl FtZ=ADIE Ol
AHZ EHz 245tAIFH, NH-PAL-resin £= NHz—amino acid—-Wang-resin
ot BFSAIRCH H BW BtE0) 228 +=X= DMF2 AMZ&ESLD, CtAl 20 %
piperidine/DMFZ2 ® HM=z F&E Ot0l= 42 Fmoc-JI1E EHoIRULCH BtE
=, DMFZ AM&EGtD S BM 0t0l-4t=  DIPCI/HOBtEH 2= Z&= AlZICH
Olet 22 WEE =X

L.

_|>-|

S g PI=oke, 28k HEOIE AISE X0 EEAl

25.1.1. 230 & Rdio MIHBEONE & KA
QAN J2RH FHMEH LXNHPI2I SHEA BEOEE 25 LE 0t

Ql

AOZ BHETIY O, CLEOl amidestEl0f Us S
SBTP-OH 2ZR°| BEOISE BAGHRIL, T3 PE-F4H2O S4BBHE &

Ot2J] 2o N-ZHO0lA Ot0l =&

S
_O'j
C
=
H>
_>'£
o
|0
Hu
=
N
il
o
m
i
@]
@
_'
0

(2-14), 2DES-SBTP (3-14), 3DES-SBTP (4-14)9] N-Z & SEHE A5
AULCH L5, C-LCOA OF0IL-At0] &XEC2 HMHE ST 14DES-SBTP



(1-13), 13DES-SBTP (1-12), 12DES-SBTP (1-11)E & 4&aIRULCt. 0l
CHSS EXAE2 Table. 20 LIEFLH ALY

]
0x

2.5.2. HEIO|E-£XQ EC EYS
A HEOIEN HEZNH U= =X =M (side chain)el ESJIE2 M
otJl oA ZEAIZ [TFA (5 ml) : m-cresol (0.6 ml) : thioanisole (1.7

mi) : EDT (0.9 mD1S AMB3I01 &20IH 90 22+ BSE AL #8 =,

ml tubelil 21 =, 2= MHZEE FIIotH BEOIEE ZFstotALCH Oldl
ceEgHs 422 7, HHZES0H =0Rlse EHAYS =20 MAAR

2.5.3. &4 HEOIES FHA

25.3.1. 230 © =i SHEEOE & FREX

S2Z HX8 crudedt B4 EEIOIESS 24 HPLCZ 22X ME ot
Ct. 2801 & =XC22H ZMlet SBTP2 gid EEOI=
oz 2& ZHHMSIACE: Column, Vydac Cig (10 x 250 mm); BE0HS
gradient, 5 — 65 %.(60 min); %=, 3.0 mi/min. 22 EHME & HEOE
= H=SHA Vydac Cig (4.6 X 250.mm)E2 ALE8HH 14 .25 % (33 min)
CH3CNe| 2=z HHMIGHRULC.

2.6. MolEd 54
2.6.1. Z&Q E=2HHE
2.6.1.1. AN (Todarodes pacificus) esophagus
QAN ZF2E FEE crude 229 MZIEAH =F, HPLC H M AU A

al

=

ne
ro
HI
o
]

g =HME2 +==524d= =3doJl ol 2802

i



esophagusE AIZ3IRCH. QANE ttez 22l & OlHUANEH 2te H=2
Ol Kl AEe SLEREEZ2 7 mmZ HHUWAH &4 s30W AISSIAL 2
WHES bufferctOll A &otF M, A2 S &2CH (mM) NaCl 466, MgCl.

54, CaCl; 11, KCI 10, NaHCO3z 3, Na-HEPES 10.

2.6.1.2. 9 X (cCallistoctopus minor) esophagus

AN & === & dH=S2 delgds =do| ?lol &YXl esophagus
g MEotAU. 8X2 2% =ZAM0IE gz Zt & OtcHE XUts

el
Ol

esophagusE 7 mma T HEHo =z =L 2 UE2 bufferottil M
HOW, A2 2 2Lk (mM) NaCl 460, KCI 10, MgCl, 55, CaCl, 11,
glucose 10 and 0.5M Na—-HEPES (pH 7.6) 10.

2.6.1.3. HICt DS (Neptunea cumingii)) esophagus
CENH 4 2 FHAZSO| Mlg2#Hd=E2 =JHOHIL foil HOLDS2

ME . ZINSHH crop

]

2
ShL P

E
fwl
-
o
10
I
A
o
'3
=
(]
0jo
0o

—_

esophagusE AtE0
OlAd 0.5 cm ZO0& 0N esophaguss X =8tCE. =8t esophaguse 7
mm B&o HHHOZ OISRUCE 2E WA 2 bufferotll A oA W, =42
CtEat 2ZCk (mM) NaCl 445, KCI 10, CaCl; 10, MgCl, 55 glucose 10 and
0.5M Tris=HCI (pH7.8) 5

0lo

ANESHQCH ZH-OIe BEZ H2 O3, a2 ZHotH cropll 21 0f
HEZ0HAM 205 cm ENHE EE20AM 2 cmel I3Jlz MY HEoH D, &
H

E¢et crop2 7 mme HECZ HSALL 2= HE2 bufferotlil Al HotHA2

MgSQO4 2.5, NaH2PO4 4.2 and Glucose 10.
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2.6.1.5. XI&0| (Marphysa sanguinea) crop—gizzard
AN L FEE2 L IH=SO MEHd=2 =JotJ| fol XNHOI

crop—gizzard2 AISSIQICH XE0IE LNEAIZI & N2l BEH ez &Y

ron

F= AZO0FHO fIXIE crop—gizzardE 1.5 cm 3AJIE EE&HLH A

Xl
>

O,

v
fo

£
7 mmALS SEHOZ DIEQL, 2 A2 buffercttil A ot S
A2 el 20k (mM) NaCl 445, KCI 10, CaCl. 10, MgCl, 55
glucose 10 and 0.5M Tris—HCI (pH7.8) 5

FA

2.6.1.6. AE2t0l (Verlarifictorus aspersus) crop

N & === & dAH=2| delads FFot)| ol A5ct0l crops
A EotRALH ASct0le B &= HASE 0lEot0 ZoHet = AL0teol ?IXlst

t

=
s
roy
{0
\‘
3

3

04
Hn
lo
ra
[0

el

2 SSAL ZE UE S bufferctlil Al &otRS0H, L2 OSSR 2CH (mM)
NaCl 128.34, KCI 4
5

.69, CaCly1.89, glucose 10 and 0.5M Tris—HCI (pH7.8)

2.6.1.7. 8JLAL2l (Asterina pectinifera) dorsal retractor muscle (DRM) 1}
Cardiac stomach (CS)

QAN L FEE 2 HHEQ dolgdsS FEolJ| ol =ItAtel dorsal

=

retractor muscle (DRM)2k Gardiac stomach (CS

eye spot= M HSt

cEoz QtEL CSe =JtAkel 2 = S8 S0l fIxlet 5252 CS
o gt BES HAZ [l 0l= HREE M2 JIRIE 0ISof =20 &4
Ol JtXl &== HOHC 2= WEE2 bufferotlilA dotRAM, =d=2 O

S 2ZCH (mM) NaCl 445, CaCl, 10, KCI 10, NaHCOs; 18, MgCl, 55,
Glucose 10 and 0.5 M Tris—HCI (pH 7.8) 10.
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2.6.1.8. Rat (Sprague-Dawley) duodenumil aorta

230 - 250 g2l ratE decapitationotti S ZEHst F, FIZ2RH 1 cm
B Z0& =229 duodenum= 2 - 3 cmsS MYl HSsHCH HEE
duodenum® ZHZZAE MHE = 5 mmELS HEE Bt=lh 2= HE2
bufferctOllAl OIRHB20, £4 tS3 20k (mM), NaCl 100, KCI 2.0,
CaCl. 3.0, MgCl. 3.0, NaHCO3; 24, and Glucose 5.6. 0| 2242 95 %
022 5 % CO2 20=2 EStAIZ2I = 37 T2 #A&esE ¢3E0 HEEACH

o
0

118.7, KCl 4.7, CaCl, 1.8, KH2PO4 1.2, MgSO4 1.2, NaHCOs 24.8, and
Glucose 10.1. 0l EUE 95 % 0.2 5 % COZ 2022k RE3IAIZI = 37

Tz =AN&= gSX0l BEERULCH

2.6.2. =842 =3

2.6.2.1. 28N (7. pacificus) esophagusOfl st ==&42| =¥
FHIE ACR O Z2WCTMIS .| ) X AD | |

physiography system (NECSanei, Tokyo, Japan)2l isometric transducer0il

HZotM 1.502 HHS. EFL 052 2HALZ AFEHS JHIGIHA 6022

40
j]>
ro

-—

OLX3BIAIZI & 107° M carbachol2 152 2292 33 05t =ZE &4
3t AIZLCEH 0l1F &=H|E =528 2 HPLCEHM THHNAN 22 2E==S £0

Ol AlES2 Fst & =842 =860 physiographyatoll J1S6t%
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2.6.2.2. YXl (Cminor) esophagus0l|l st ==& 40| =3

ZHlE 9X2 AEE OotHE=2 2 mle BESX0 DEAIILD AEZ2

»
o
3
@
—
=
o
—
=
N
=]
[%2)
o
[
')
@
=
=2

physiography system (NEC-Sanei, Tokyo, Japan)2

Zot0 1.5 g2 8= & Fl, 1682 AHCZ 2AFSENHS WHCIHA 6022t

2.6.2.3. BICtDS (N. cumingi) esophagus, Z#0| (A. fulica), S ct0l
(V. aspersus) crop, XIY0| (M. sanguinea) crop-gizzard, ZJtAt

2l (A. pectinifera)2 DRM1F CSOl st =84 =3
ZHlE HE2=2 OriE=2 2 miel B0 UEADIL HAE2
physiography system' (NEC-Sanei, Tokyo, Japan)2l isometric transducerOil

ZotH 1.5 g2 EH2 & Fl, 1658 2AACZ ASEUES WHGIHA 6022t

HEst AMULH =24 S32 £=20A BSX Uil SII1E =SAIA FEA

0

OLXGIAIZI & 10° M acetylcholine (Ach)

0x

2.6.2.4. Rat (Sprague—Dawley)-duodenumi} aorta®il CHet &

=35
ZHIE duodenum& OteHZ2 organ-bathh2l-XIXICHOI DEAIZILD, |F

e
[N
ol

2 isometric transducer (Narco F-60, Narco Biosystem Inc., USA)0
4 resting tensionOl 1.0 g0l =5 902t EE3t AIZLE Z& Q| tensionOl
1.0 g0l XIS 10 M2 Ach2 152 2AO2 33 S5 SASHAIZICE

2202 Ads ol =Hl=E aorta= force displacement transducer2t
ml BtESXE2 HBE L-type wirelll ZRUCH BFSZ0 EHA 22 1

g
Of RNEESE 9022 Bd€st ALY, 1562 2A2Z bufferE WHIOH =UALH
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1 g tension0l |RAIE™H 50 mM high—-K+ solution2 2 33| &4d3stAlZl &, &
2 2=2201 10°° M2 norepinephrine (NE)Z 0IE58t0 £==AI2I & Al22
S5

2.6.3. SHXC

1A

+EH42 10° M2 CCh2 ZHUA=0l et AU 5 %2 A LIEFRY

Ch. 849 A= Y9XsE L Enw (10° MUIAS 2= %)2AM HILEHRALCH
EHE Xele student's t-test2 A L 2= Bl 22 means + se.2 E

AlIGHRACH
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Squid‘s whole brain (1.5 Kg)

v
5 % acetic acid extraction
v
Boiling (100 C, 10 min)
v
Add to ethanol, salt and acidic solvent
!
Centrifugation (25,000 x g, 40 min, 4 )
!
Sep—-Pak Cig cartridges
{
| | | | |
F.T D.W. RM10 RM60 RM100

Fig. 1. Summarized procedures for the extraction of squid's brain tissues.
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Squid‘s whole brain (RM60)
v
CapcellPak Cig
(5 > 65 % CH3CN, 60 min, 1.0 ml/min)
v
TSKgel SP-5PW
(0 — 0.6 M NaCl, 60 min, 1.0 ml/min)
!
CapcellPakCig
(13 = 30 % CH3CN, 51 min, 1.0 ml/min)
{
TSKgel SP-5PW
(0.2 = 0.4 M NaCl, 40 min, 1.0 ml/min)
I
CapcellPak Cig
(15 — 30 % CH3CN, 75 min, 0.5 ml/min)
!
CapcellPak Cig
(21° % CHsCN, 0.5 ml/min)

Fig. 2. Summarized procedures for the purification of neuropeptide from

the brain of the squid, Todarodes pacificus.
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Table 2. The amino acid sequences of SBTP analogs.

Name Primary structure
SBTP G F KDNWVSNR |
SBTP-OH G F KDNWVSNR |

N-terminal analogs

1DES-SBTP F KDNV S NR I
2DES-SBTP K DNV S NR I
3DES-SBTP DNV S NR I

C-terminal analogs

14DES-SBTP G K™D RN RMMWSFNF R~
13DES-SBTP G FUK-B"N V S—N_Ri J
12DES-SBTP G F KDNWV S NR
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Force transducer

Amplifier
buffer

— o —

Stimulator

= -“__,
Recorder

Fixed point

Fig. 3. Physiography system to measure the contractile effect on the

smooth muscle.
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el JHRI AN 2™ KIS0, NaCl & &= EIK6HH
Cte, DEXEol cted & XS MAGHALCH. 1 = Sep-Pak Cig cartridge
E 0l8ot0 22FME 229 ==& (0D.W., RM10, RM60, RM100)S 2+

Z Ol

ES)E

[y

il

QAN AT Ooll ==242 SHoIACH. O 2, RME0UHIA LB UHE

]o

CHoll JtE 8t ==g4d=S UERH2H, D.W.28 RM100lA= RM60ZCH

QUCH MEtM EOl Z2H0I ChoH IS 23 A= 4
0f =

(=]

(1]
nio
-

tEF

2. Bg2 =54 HE01=2 FAl
21. 280 & === RM602| X

22 HH=E RM60S YA CapcellPak Cig (4.6 mm X 250 mm, 5 um,

Jov
wW
N
|
w
w
3
=2
>x
FO
0
i)
H
08!
o
rJ
=2

Shiseido, Japan)2 &clst 23, &
ol ==2482 UEILHACH (Fig. 5). 0 2HESS s=ot01 & BM ZAc
H=z 0.25 M NaCl/2 mine s&E32W& 50 SP-5PW (7.5 -mm X .75 mm)
columnOil HEAZ20;. 0.27-~.0.32 M2 NaCl0l Lot 220N E&EE

2 LIEHHEE (Fig- 6). [ Aokl Al B S22 S2s

nfor

ZENN ==
CapcellPak Cis0ll HE6t0d 1 %/3 min2 sE=FHIE HE56t0 I8 Z0 &
15.9 ~ 16.1 %2 CH:CNOIA QAN AL "HEZ20 =

ALCH (Fig. 7). Ul S HHMSHZ Tskgel SP-5PW columnOil CtAl = Z5HN

-
ol

5
0.01 M NaCl/2 mine s&=7HHE H&otW =c2Is Z1 2 0.02 ~ 0.03 M

NaCIOlA Q&0 A0l gt ==2482 UEHUACH (Fig. 8). HSHM CHA

B ZHTHZ 0 24282 CapcellPak Cig 0l 1 %/5 min2 sZ=FHIE
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MZSIH 21.4 ~ 21.6 %2 CH:CNOA AN AT HE20 ol =24
LIEFHHRACH (Fig. 9). RIEE 22 21 %2 CHsCN isocratic =z ¢
peakE 2RACt (Fig. 10).

o
o

EHCZ 2N & XHCZFH HHE BEOIEZES 2AEd OOl

NEs ZAGHI| {6l MALDI-TOF mass? Edman 2ol S 0l=Zst= Ol0l
& NE EADJIE AMSSIUCE

3.1. Q0N o R BEZ =54 HEOE

AN = === RME0LZRH HAME-=2&e 22X AdIANNMES 24

st 21, =2 2 1561.0a0l0H, 1442 Ot0lc &t &D|2 L& E tetrade—
capeptideB CH (Fig.11). XA EES T8 &2 CHGly-Phe=Lys-Asp=Asn-Val-
Ser—Asn—-Arg-lle-Ala—His—Gly—-Phe.

SBTP2t  XISWHAL &4 2 =3
(homology)S Z=AtEt 21t SBTP= HilsS= SES=S0UA BEZ20 CHol
+==2842 LIEtW= Myoactive tetradecapeptide (MATP)2t S AFGHRCH 4
b Ol EEOIE=E 280 ZHlAd=E AS22 ZHE MATP-related peptideOl
Ct. Ol peptide= ®2l&t squid-brain tetradecapeptide, SBTRct H HGHRU L

rn

/5| JTHIE'.O'E%_T]_'.O /\I-%/\‘l

e

—
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mAU
600 — T‘ i
Py

W
1_._,,_:‘-,,.\-‘“
500 — i
' =60
£
= |
Q
o 400 — ‘ di
: =
@ -
= 300 I s 5
g | )
£ =
] | 5
2 200 I. e
) b |
."‘ | |
S
ol /ST Ll l
l H | MLJJJ uwlg H (] F\.\g J‘II!
0 = .___,J\U\_f*- -/ o
I T 1 T T 1
0 10 20 30 i e

Time (min)

Fig. 5. The 1st reversed=phase HPLC profile of sguid brain -extract RM60
a Capcell PAK Cig column.-RM60 was eluted-with a linear gradient
of 5 %~ 65 % CH3CN in 0.1 % TFA (pH 2.2) for 60 min at a
flow rate of 1.0 ml/min. The black bar shows the fractions with
the contractile activity on the esophagus of squid. Aliquot (1/800)
of the obtained fraction was applied at the time indicated by an

arrow.
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2.0min

mAU
1200 = 4 4 |
L 1.0g
1000 -
1
= — 60
s
g 800 —
- ﬂ ;,
9_=," 600 — ! =
= \A " - 30 CJ
=] -
= Z
S 400+ ||
= —15
) A
200 - M
I \ﬂw\‘k\ ) |
{ -
0 -
[ | I | |
0 20 40 60 80

Time (min)

Fig. 6. The 2nd reversed—phase HPLC profile of.bioactive -peptide on a
TSKgel SP-5PW column:-Active fractions were eluted with a linear
gradient of 0 ~ 0.6 M NaCl in 10 mM PBS (pH 6.0) for 60 min at
a flow rate of 1.0 ml/min. The black bar shows the fraction with
the contractile activity on the esophagus of the squid. Aliquot
(1/600) of the obtained fraction was applied at the time indicated

by an arrow.
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mAU
600 —

2.0min

500 -

400 — L}

300 —

200 H

Absorbance at220nm

CH;CN (%)

100 —

Time (min)

Fig. 7. The 3rd reversed=phase HPLC profile of«bioactive-peptide on a
CapcellPAK Cig column.-Active fraction _was™ eluted with a linear
gradient of 13 %~30 % CHsCN in 0.1 % TFA (pH 2.2) for 51min
at a flow rate of 1.0 ml/min. The downarrow shows the fractions
with the contractile activity on the esophagus of the squid. Aliquot
(1/600) of the obtained fraction was applied at the time indicated

by uparrow.
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mAU
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Fig. 8. The 4th reversed—phase HPLE profile of bioactive peptide a TSKgel
SP-5PW column. Active:fractions were eluted-with_a. linear gradient
of 0.2 ~ 0.4 M NaClin 10-mM PBS (pH 6.0) for 40 min at a flow
rate of 1.0 ml/min. The downarrow shows the fraction with the
contractile activity on the esophagus of the squid. Aliquot (1/500)
of the obtained fraction was applied at the time indicated by an

arrow.
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mAU

600 — 2.0min
1.0g
7 M
£
S ' 1
e 400
~
E 30 :3
-
£ 300 . <
= | - Z
G 1 U
=] \l neeT -
s 2004 |} T i 3
A T T
= ‘
|
100— ‘
|
0_
I T T T T T 1
0 10 20 30 40 50 60

Time (min)

Fig. 9. The b5th reversed—-phase HPLC profile of bioactive peptide on a
CapcellPak " Cig ‘column.. Active fraction eluted with a ' linear
gradient of 15 % ~ 30 % CHsCN in 0.1 % TFA (pH 2.2) for 75
min at a flow “rate~of 0.5 ml/min. The.downarrow shows the
fractions with the contractile activity ‘onthe-esophagus of squid.
Aliguot (1/400) of the obtained fraction was applied at the time

indicated by uparrow.
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Fig.

mAU

15 —
2.0min
1.0g
=
1 2

g 10 — '

(o |

b=

=

&

=

3

-

7 5-

=

-

0 - sz K‘_“_VJ
I | I I I 1
0 10 20 30 40 50
Time (min)

10. The Final purification. of bioactive peptide on-a. CapcellPAK Cis
column. Active fraction was-.eluted_isocratically ‘with-21 % CHsCN
in 0.1 % TFA (pH 2.2)"at aflow rate-of 0.5 ml/min. The
downarrow shows the fraction with the contractile activity on the
mid-esophagus of squid. Aliquot (1/10) of the purified peptide

was applied at the time indicated by uparrow.

_28_



100 —
1561.24

50

Intensity (%)

[ I I | I 1
500 1400 2300 3200 4100 5000

Mass (m/z)

Fig. 11. Determination of molecular weight of by MALDI-TOF. Molecular
weight was 1561.2 Da.
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0
ol
LHO

ol
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X0
ol

—_
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&l

s24d Hlu

9

g1
JHE dAE,

ZI-

HHE SBTPZ
LN L Z2H

3.2.1.

b

o
=

==
T =

SBTP2l C-ZE&t modification ™4

Ei (SBTP-OH)2t C

i

S

&
[

P

SBTP-OHZS

CapcellPak Cig (4.6 mm X

=)
250 mm)E AtESH0l BE0HS gradient, 5 — 65 % (30 min) CHsCNS| =

tOl amide

—atC|
=2

=]
=)

i C-ZH0| freeSt

0

(SBTP-NH.) &

Ot D]

SBTP-NH, &

gd

SBTPSt

HAZ,

o

o

~J

o

&2 SBTP-NHt HHlE sl €2 0R

Ct (Fig.12).

&3
Ll

ol

D NIAR=

£

4. SBTP-NH2l R=AH &

JDF
==

£ ot:

cll
=

dln

=
IS

WS, = O

1
[

SBTPSl X%

i, SBTPE &

=
=

MALDI-TOF mass
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Absorbance at 220nm

A. SBTP-NH, (51) B. SBTP-OH(S52)

mAU mAU
200 200
100 N 100 N
| |
0 — ]
200 & 200
=
100 51 2 100 S2
| = ‘
ﬁ
0 B
200 } 200
N+S1 = N+82
100 100 “
0 ; | : . : : . I ol .I‘ : ,7 & Iy, , , .
0 5 10 15 20 25 20 0 5 10 15 20 23 20
Time (min) Time (min)
12. Comparisons between HPLC profiles of the native ‘SBTP (N),

Fig.

synthetic SBTP-NH. (S1), and synthetic SBTP-OH (S2). N, Sf1,
and S2 were injected to a reverse—phase Capcell ~Pak Cis
column and ‘eluted: with--a linear gradient of 6% ~ 65 %
CHsCN in 0.1 % TFA-(pH 2.2) for 30min at a flow rate of 1.0
ml/min. N+S1 and N+S2 represent a mixture of the native and

synthetic peptides.
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Table 3. Molecular of SBTP,

SBTP-OH, N- and C-terminal deleted

analogs.
Molecular weight
Peptides
Observed (M+H)" Calculated (M)
SBTP-NH> 1560 1559
SBTP-OH 1560 1559
N-terminal analogs
1DES-SBTP 1357 1357
2DES-SBTP 1229 1229
3DES-SBTP 1113 1114
C—terminal analogs
14DES-SBTP 1413 1415
13DES-SBTP 1356 1358
12DES—+SBTP 1118 1220

_32_



5. BE2 +524 57
5.1. SBTP-NH, @ SBTP-OH 219l +Z&4 HI

QAN HIZ2H HHME SBTP (SBTP-NH;) ¥ SBTP-OHZ AIE0otH &N
AT HEZ0 e =242 HIWotRICh & HEOIES =882 HIuWot)|

2151 107° M2 carbacholE 1582 212902 33 &
01E2 107" MOIA 10° MK =& QEEO2 E05}

ol €= carbacholg H

)
il
0x
1
i
5
P
10
~
B

SBTP= 107 MOIA 1.11 %9 2xigt2 JHRCM, 10° MOIA 166.39 +
26.09 %2 M +==2HZ UEIUACH BHH SBTP-OH= 107° MOIA 30.29

[
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10 ) 8 A Q
0Q Q O \
@) *
S 20 -
4
o~
Q
S
£ T00
=]
=
% 120 5
300 ;

Fig.13. Concentration response curves to :SBTP-NH., SBTP-OH induced
contraction on the isolated esophagus.of-the squid. The percentage
of relative contraction were calculated by 10™° M carbachol (100 %).

(SBTP-NH.: @, SBTP-OH: O)
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5.2. SBTP ¥ 1 |&HE9 &0 (7. pacificus) esophagusOil
st ==84Hw

QN ATZOME SBTP-NH, ¥ 38FS N-ZH REM, 38%9 C-2d

CHO =842 HIWEI| ?Ih 107° M carbacholE 152 2t222 33|

(e)
S50 EMSIAIZI F, BEOISE 107" MOIA 10° M DKl 5§ QEXO
2

)
m
@)
w
®
_|
o
2
x

OotACH Ol & SBTPR2E H B N-ZHAIIE XE 1
c

SEHe gd=2 2R, 1 2 ULKX gd=20Mde 25 EHS0l LIE

.
>
62
30
[w)
m
g
=
rr
o
fuin
10
0

T oE2HZ LIEVHTE carbacholOll 28t ==

HAGEACE SBTPE 1077 MOIA 1.11 %2 «AXI2t2 JtXD, 10° MOIA
166.39 + 26.09 %2 EU +=ZH2 LIEHHACL. 1DES-SBTPE 5x107° M
OlAl 26.62 %2 24Xlgt2 HXID, 107° MOIA 152,84 + 12.46 %2 =0 =
S2ds LIEHHACH BrHN 2DES-SBTP2t 14DES-SBTP= 40| 2t&ol &
ACAUCH [OetAd, 230l 2 220 Oist 0l A3d BEOoESS =

=
842l AJl= SBTP> 1DES-SBTP > 2DES-SBTP2t 14DES-SBTP &0l
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Fig. 14. Concentration response -curves to SBTP, analogs of SBTP
induced contraction on the isolated esophagus of the squid.
The percentage of relative contraction were calculated by 107
M carbachol (100 %). (SBTP: @, 1DES-SBTP: [,
2DES-SBTP: O, 14DES SBTP: V)
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5.3. SBTPY LIE &2 =9

0g
o
ry

of CHét g4l

SBTPS CHE &9 HE20 s ==&4 HwsE fdi <X, Bt1s2
esophagus, 0|, H5et012 crop, HXIHO0|2 crop-gizzard, 2JtAt2IS
DRMIt CS, Ratll duodenumOl AFZEIRUCH. S8t SBTPS &2 0l 4=
OtE2J] 25t Rat aortaE AtE0GHRULCE.

e

SAMHS Hlws)| {6t 28 XX M2k 10°° M carbachol = 10° M
Acethylcholine2 01261 =X2 0l2] &435 A2l & SBTPZ 107'° MOIA
107 MIHKl Q&= o2 E0 6L

4>
M

O 2 YXIQ HIODES esophagus 32 25 5 x 10° MOIA Sxlie
LFEHH QLD = mOlQt HE2t0le croplid=E 5 x 10° M, 24X0l9
crop-gizzarddl e 107" M2 %Xl 2t2 LEFHRACE (Fig.15). BHHOl ZItHAl2
S| DRMIt CSOIAE 220l LFEFLEXI 2 QUCH (data not shown).

Est IRJQ Rate duodenumil- CHoHAM = ==&40| LIEFLIAI 2 QUXICH
Ratol aortall oAM= &2 ==2201 10° M2 norepinephrine (NE)OI 2
B £=H22 100 %2 22 M SBTP= 10° MOIA 9.67 +1.34 % 2 &

2t 0| &= UHEHYCH (data not shown).

_37_



Fig.

2.0min

WV\:' 1.0g
| ] il
A N anne D e M o N e W MJ"' \J'UML‘U o A-"\m" M'FM“ i[ UI
L} L} L}
SBTP10°M SBTP5x10°M SBTP10-°M
P R A N . & ._./\_l\/j\‘/L
1 t t
SBTP10°M SBTPSx10°M SBTP 10°M
I -..-.-MM
L] ] L]
SBTP10°M SBTP 5x10°M SBTP10"M
M MM A i AR AAAAA Y IR M AL AN
1 1 1
SBTP 10-°M SBTP 5x10-°M SBTP 10-'M

M

o AN i P [ A N mtad
1 1 ]
SBTP5x105M SBTP10"'M SBTP5x10'M

15. Typical tracing-illustrating-the contractile -response .of SBTP-NH2
on the various tissues-of-invertebrates.” The-peptide was applied
at the time indicated by arrows. (A: the esophagus of Octopus
minor, B: the esophagus of Neptunea cumingii, C: the crop of
Achatina fulica, D: the crop of Verlarifictorus aspersus, E: the

crop—gizzard of Marphysa sanguinea)
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V. & =

Q&0 brain F&=2 Sep-Pak Cig cartridgeE O0IE6tH 412 =2EL=Z
£& ZdHotAtt. gptde=z DW.E2 Ach % catecholaminesilt &2
amineFE R0l Z&otld AS0H, RM10E 0= serotonin, dipeptide?t 22 A
A 42 LIEtW= 2201, RM60 RM 10050l= EEOIE2 A8 2
2SS0l ZEEA UL LN AL HEZS AIEotH 22 ZHME 4049 2

2 S0l CHol 2= =&e 21, D.W.,, RM10 & RMEOOIAE =8-S0l

ZCACH D.W.E29 BL= Ol0t= Ach £ catecholaminesS2l &0l 2Jolf &=
X

il

X2 columns WA BHEXO

9| esophagus XZS A0l =54 BIEOIES HAMGHHCH Ol HME
peptide= MALDI-TOF mass2 Edman o2 S AM=EotH 1X AZES| %43

Ct. EHME peptide= 2e= Ot0lcbt & (+) chargeE = OH0I=dtS &R
St 14009 OI0I=AtC2 AT JASH =22 1561.2 (M+H)'0ICH. F Xl
8t peptide2| C-ZEHSEHE Z0t2I| o amide SEHt OHEHEHS & & dtH
coelutionst ZWt HHE peptide2~C-L 0| amidest DI HU=" SHEHL 0| St

SI/CH Wt EHE peptide2l-2t&set 1XL 27X E GFKDNVSNRIAHGF-NH:

-

OICt. HHMIE peptidee FEFS=20AM E2lE myoactive tetradecapeptide
(MATP)2t SAIZII =2 Aoz HoFTD SE/RZEH HS 22l= MATP-
&2 Squid brain tetradecapeptideOldt= 2=

Mo
I

related peptideOICt. 0
T ol A SBTP2F HHGIRLCE.
MATPE =S=FJQl Fusinus ferrugineus?t Achatina fulica®l &&E

Fusinus MATP2t  Achatina MATP:, Achatina MATP:It = =2 LAL
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(Otha et al, 1990), 0IF EBES=Q Ejsenia foetida®t Pheretima vittuta2l
gut & whole bodyOllAl ETP2F PTPIOF EHIEIACH (Ukena et al., 1995). L&t

HX==Q Manduca sexta?t Locusta migratorialll A Allatotropin (Paemen

et al., 1991)3F Lom-AG-MT1 (Veenstra et al., 1994)JF ZALUCH. 0l
MATP 2 MATP-related peptide (MATP-RP)= 13~14J12 OlDI=&tC 2 0IF
A USH, dHsSS, Ses2, EXNS29 TE20 Ast =848 LIE

LTt

SBTP2t H10l LIEHH MATP-related peptide2t2l |AIE=E Hluwoi=2H
Fusinus MATP (71 %) > ETP (64 %) > PTP (57 %) > Lom-AG-MT1 (57
%) > Lymnaea MATP (50 %) > Achatina MATP1 (44 %) 2L =2
SBTP= Fusinus ferrugineus2l MATP2 Jt& SAI=IL =C U 22 A
MEs280< Lymnaea MATP, Achatina MATP12t= RAIEIE ¥2 S &

2= QUCH 22 HAM==20IKX8t Fusinus -ferrugineuse L2 2 HYM2

[m]

1, Lymnaea stagnails®t Achatina fulicas= 2120 MAlGls FAMZ0|
2

st A&BZ2 XH0[IF SRt ES| Cheket HAst 42 20lch d2E

U
U

SHE XIHOIHAM [ &ASE ETP, PTPRE HISOINA 2248 Lom=-AG-MT12
SBTP2t 57 % ~ 64 %2 SAEZ Lymnaea MATPRt Achatina MATP12CH
O =2 SAEZE LIEHRC.

MATP-RPS| LRAXAZS 2E.ZY

EEH0 s 9 SO GE Offlsdtez AdeE S8 5oz =0
£ = UL (Table 1). S SEE-N-ZchHAe A BHMNA Al S 00l
&b &I, Gly-Phe—(Arg/Lys)0lD C-2&ol 2= C-LHoZ22H A Mt
S B &2Iel (Phe/Tyr)-Gly2t amidedtE C-ZE0ICH 0I2F 201 2E
MATPOIl EMots 2&E S22 Me|lg2dsS UEIUH=O S8 d4gS ot
ACtD HAE 0L 0l MATP-RPE 2t g9 2 &dss, gMssE, EX
S22 UE S20l UM 4ot Ot0l=st ME0| S JHHAOIXIEH, &2
SeHliME M2 H® =2 |FAES XIUHC g S8 22 SEsSS0AM 2
28 EEPS PTP= MZ 2042 OtOl4H &DIBH0I CHEXIEH, SESS0HAM 2
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maderae)ll ==& 2t hindgutOll CHoll ==&4&s LIERT (Veenstra ef al.,
1994, Paemen et al., 1991).

SBTP= 2O (Todarodes pacificus)2l esopahgusOi A 107° M2 = M s
CetESs UERCH Y (Callistoctopus minon 2l esopahgusOlAl SBTP= 5
x 107° MOIA ZMEIS=CE BACH HX2 FR NSO QENHY
Hl==otH U=l 02 Xt LENA 22 FEF01J] ME0lch M24E
b OFEDMA SXI22HE=E MATP-RPIF ZALX 2
o 20t X2 MH LHOIE MATPIH ZMoHH Melgd 20l JIH6tD U
£ A olel MAZNACH SBTPE QNS XA 0|20 Crest Zo

O
5o
20
P
B
o
1N
ror
N
]

gl

20l ol ==&848 UERIC SBTP= BIGLS (Neptunea cumingill A
TOAM 5 x 107° MO AXI2t2 LIENHODI, 2Ol (Achatina fulica)2l cropOil
e 107° MOIA SXI2tS UERWEE. &8k XIZ 0l (Marphysa sanguinea)®
crop—gizzardOl A= 107" _MOIA SXI2tS LIEFHM, P E2t012 croptiA e
5x 107° MO 2XIgt2 LIEFWICH Z0I8H S IS (Neptunea cumingii)@l
AL YXIol A0 CHol SBTPR AXIgt0l SAFGICE Table 10l LIEHH &
MGl KAZO - 2I5tH G0N MAlGlE LSS
ferrugineusOl M 223 & MATP-RP2t SBTP2l XA S0l ItE SAISHI| M2
ol e RHRFS22 ZAZCH A0l At=st BICtDS (Neptunea cumingii)

©| esophagustl ol Sal - H= =ZSHA Bt

o

&0l Fusinus

0l
o
P

OS2 MAED

8t®, Achatina MATPiE Achatina fulicall penial retractor ‘muscledli Al 107
Ml AXlgts UEW L]  Fusinus=MATPE" ' Fusinus  ferrugineus2| radular
retractor muscleOilAl 107'° M 2 SXI2t2 LIEFRICH (Ohta et al., 1990). &t
ETP= HS2t0l (Gryllus bimaculatus)? cropOil CHAHAL 107° M2l SAXigte U
EFLHRACEH (Ukena et al, 1995). 2 ¢HFUNAMZ SBTP= Ol&0 ZHE
MATP-RP2 SAISIA Ol (Achatina fulica)2t CE ZEF2 FSetol
(Verlarifictorus aspersus)2l cropOfl CH3H 2t2H 107° Mt 5 x 10° MOIA %5

gtS= LIEFWHRATH Oleiet 2= 0IFH 20k Of

=

receptor®t SBTPJ} BIE6l0d Me|gd2 LIEtsE 24 &0 £8F SBTP= YAl
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Lb BICH D32 &0 et 2d20= €80l ASctolol ol Cha 8BS

O MIIOF Xt Blud =2 Xl gt= LIEHWHRCH delu SBTP= UOE X

B)al

Silt= gl XHEO0IS crop-gizzardOll CHoll ==BtES UEHWHIl IoHA
1077 MOIA SXIgts  LIEFWCH
crop-gizzardOilAl 107 M2l SXigts LIEFHUCH (Ukena et al., 1995). E.
foetidalt P. vittuta= SXI0 MAIGtE XIFO0I0IXIS, Verlarifictorus aspersus

= MEW 22 8IS0l Maots XIEO0I0ICH Ot0t= Olelgt 42 xH0ls

-

StH, ETPE= E. foetida%t P. Vvittuta2

Ol Algl 2 HR0A AIEe XZZ0| O2I] Wm0, ChAl 2ol A,
MATP-RPOI CHoll BFSdl= receptordl 22 WO CE2H SE3tD] YD
Olch M2H=C,

=
HO

BHHOl 20tAk2l (Asterina pectinifera)@l dorsal retractor muscle(DRM) 2t
Cardiac stomach(CS) Ol A= SBTP 10° MOIAIE OFRal B2 < LEFLIA &
ULEH OE ZHSHE=E el 2 AT AEE SItAkel & 0e SBTP2E B
O EMSLAl 2= 23 20 0ledst 20t HAHGHA SDHAtel

>
el
rlo
rlr
é
g
=
gl_l
A
0]
o
(=]
"
010
p'y
\
U
O
=
Ol
T
b
(_)'ﬂ

EOﬂ—l [ = = A & = o M
N 2a¥ez 2UAs I Sotatele =2S=220l Bl LINX s=S28 8+
2 SItA2IS S22 RIXI0F OHE ZXsS0IL #ESEL0 EI] 20l
Ct. Jd2=2 =IbAkel2l DRMIE CSOllE SBTPE BfSots =EX It EXMotAl
2s == U

Z 1t duodenum@l HEZ0-LHoll Zek=2 LEEFLHKRIT 2 AL TefLt, aortalfl U

ANe HS Z2AHE MATP-related peptide0l] @AM AlE & oF OfLlet T
2 USs PRS2 HE20 ol =242 UEIHACH &8 X& &

S=0HAME SBTPIH 4= LiEtLE 0ls= MATPS

N-2HEH U C-2EH0 2EX 00l &I PSS IIXD| ME0I2t M2AE
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