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Purification and characterization of novel neuropeptides
from the starfish, Asterina pectinifera

Eun Jung Kim

Department of Biotechnology and Bioengineering, Graduate School.

Pukyong National University

Abstract

Three novel neuropeptides, named SF-1, SF-II and SF-Ili with relaxing
activity on the dorsal retractor muscle (DRM) were isolated from the whole body
extract of starfish, Asferina pectinifera and characterized on biochemical
properties. SF— 1, SF-1I and SF-II were purified by gel-filtration, ion—exchange
and Cis reversed-phased high performance liquid chromatography. The primary
structure of SF=1, SF-I1l and SF-III were determined by a combination of an
automated amino acid sequencing and MALDI-TOF mass spectra. The results of
primary structure of SF-1 and partial primary structure of SF-1l and SF-1ll
were as follows: SF~ 1, F-G-K-G-G-A-Y-D-P-L-3-A-G-F-T-D: SF-1Il, G-A~
[-X-K-D~-P-Y-M-D-1-M-S~L-R-E-S-N-Y-X; SF-Ill, S-G-T-G-X-T-Q-F-5-G~
R-A-Q-L-K-V-G-Q-D-A-L-S-X-V-L-A-D-S-N-X. Comparison of the amino
acid sequence with those of other known neuropeptides revealed the SF- 1,
SF-II and SF-UII were novel peptides having relaxing activity on the starfish

DRM.

SF-1 was synthesized by the solid phase method. To compare the homology
between native and synthetic SF-I. synthetic peptide was compared the
retention time on HPLC and molecuiar weight with that of native SF-I. From

these results, the C-terminal portion of SF—- | turned out to be not -NH» type
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but —~OH type. SF- 1 showed threshold response at 107 M and the maximal
relaxing effect (Emas) was 120+7.0 % at 10 M. The relaxing activity of SF- |
on the startish DRM increased dose—dependently, suggesting that its activity is
mediated by receptor present in the muscle. Circular dichroism (CD) spectra
and Chou-Fasman's prediction results suggested that the secondary structure of

SF- 1 took unordered structure.

In order to investigate the structural-activity relationship, various analogs of
SF-1 were synthesized by solid phase method. They are analogs which is
deleted one by one the amino acid residues in N- and C-terminus and
Ala—substituted for each amino acid residue of SF-1. All the synthetic peptides
containing SF~I  were measured relaxing activity on starfish DRM. The results
when comparing N- and C-terminus analogs with DRM showed that Phe' in
N-terminal and Asp'® in C-terminal played an important role in receptor—affinity.
In addition, SF-I(5-14) was minimum seguence reguired in showing the relaxing
activity, but it was >100 orders of magnitude less potent than the native
peptide. Also, the relaxing activity of Ala-substituted analogs in starfish DRM
suggested that Pro’, Leu'® and Phe'® in SF-I played important role in showing

the relaxing activity.

On the other hand, the relaxing response of SF-I, S1 and S2 were
investigated with starfish DRM. cardiac stomach (CS) and tube foot (TF). St
and S2 are neuropeptides which are purified from starfish Asterias rubens. In
starfish ORM, relaxing potency was as follow: SF-1(120x7.0 %)>» Si
(45.2+2.4 %)> S2 (15 %)> FMLRa>FMRFa. The potency of starfish CS was
as follows: SF-I>S1, but S2 didn't affect. In case of TF, the relaxing activity
when tested at a concentration of 100 pmol L™' was as follow: SF-1>32. On

the contrary, S1 didn't show relaxing activity but showed the contractile activity.
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Significantly, these data indicated that SF-| functioned as general muscle
relaxants in starfish, but varied in its relative importance in different organ
systems. In starfish Asferias amurensis DRM, relaxing potency was also as
follow : SF—1>S1. Comparing the result of activity in the DRM of two different
species. SF-| showed higher activity in Asterina pectinifera than Asterias
amurensis. But S1 showed more or less higher activity in Asterias armurensis
than Asterina pectinifera. The change of relaxing activity between Asterina
pectinifera DRM and Asferias amurensis DRM suggested that SF-I showed the

species—-specific activity.

To investigate the mechanism of SF-I cause muscle relaxation in starfish
DRM, wvarious signal transductional drugs were used. Some changes in
pretreatment MDL-12,330 (adenylate cyclase inhibitor), forskelin (adenylate
cyclase activator). TTX (Na'—channel blocker) and hexamethonium (ganglionic
antagonist) were observed when compared with control. The contractile activity
of acetylcholine was aiso depressed by verapamil (Ca**-channel blocker),
NPC-15,437 (Proteinkinase C inhibitor), phenoxybenzamine (Calmodulin
antagonist) and SF-1. These results suggested that SF-I was controlled by
CAMP, Na'-channel. Ca®-channel, Proteinkinase C, Calmodulin and neuron.
However, the mechanisms by which SF-I causes muscie relaxation in starfish
remain unknown. Furthermore, other signalling pathways may need tc be

investigated.
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MNERYBEZA MZAHUHA dE3Y 2 TF 282 5tH,
acetylcholine (ACh)it 22 HIEEOIE S transmitterzt W HE=ECHY LHAH Y
Tt (Elliott and Barchas, 1979: Krieger, 1983). 0IE2 H&Z22 2=XH, a9
=& 2 0l S22 Y Y 2RSS FEE 8L ULH (Zadina ef al,
1986), oxytocine/vasopressin family, growth hormone releasing factor family 2t
substance P (SP)/tachykinin family (Table 1)S0] E2ZSE2 2 RHESZ A 2H
FlaotAH FelE HS22 A M EN 2 H2E8 HEZotd AUl
(Hoyle, 1998).

ABE HEOES JIsH AN BE2 +F

o

Ol &s AHEE myosindt actin

il

of Zatt} 2l AEE=Ch. Myosin light-chain kinaseJt mycsin regulatory light

chaing 21&rgtAlH myosin0l actindt &% %

K
ol

HH =522 UEHHsE 23,
myosindt actin® Z&0| HaE 2H T 0I2EHZ0| LIEILEA S0 (Adelstein et
a, 1982). REHOF JZRUE JIXD UX %= LRE B2 (A9 M

I Y =& HEQ &g PHotH, UEEY =5, 2o, g ¥ B2&EL |
59 JIs0l &Hots X2 M AL Olcis HEZE2 IRISSUM 20 Ot
dt MEta stse HHMs20lAT 201 20 filaments?t dense bedygE ¥ & ot
muscle fiber@ A ZIH&0l B 0= HF 20 (Twarog., 1967). 0l &t Ol
2 0l8s AlZ4E HECIES HED ZEHO 2A&

=2 =
2 JEe D ACH, =2 AMS =22 catch relaxing peptideg =&

XD AUACH (Table 2). HEEOZ FFEL X2 pedal ganglia28H ACh

o

Ol 218 anterior byssus retractor muscle (ABRM)2l catch tensiont CHatd 0Ol
2EHE KN FMRFamide (FMRFa)2l =Ecit 210} (Kobayashi and
Muneoka, 19390). ABRMCZ2E HMI| XS0 °2ist ABRM2 +=Z"HE ZEIAIl=
small cardioactive peptide (Fujisawa ef al. 1993) ¥ Mytilus inhibitory peptidelt
HMEIACH (Fulisawa et &/, 1991). £t D HO| (Achatina fulica) MBELZFH

HdNE - NS0 A8t ABRME E2HE AMAIIE= WWamidedt EDEHAD




(Minakata et a/. 1993), leeches (Hirudo nipponia)2l whole body FEEZ S E
leech intestineti UHSIH S48 UEILHXICH vaginalisde OISAZMHE 20|=
leech excitatory peptide®t XZEO0| (Fisenia)el gut & whole body25H earthworm

excitatory peptide (EEP)-113t EEP-20F &AL} (Minakata ef &/, 1997).

diLt, ddsee0 Axssl Moy O 2EE S22 2MED As IS
22 ZFdcls HHSEY 2FARU HFESZ2Q 2|KAA RAE A2 M2tG

=3
HXXe, =SMs=22 088t H3z 0igigt A FHO|CH (Elphick and Melarange,
2001). =38l 0l =L=s22 28HA = &l longitudinal muscle band2t 2IHAH
2 body wall 20l Mot &2
SO &l Z2OtMCIE ==HEMA B2 FXSIHLEL 0ISA 82 FEUS2
SREN AN FEH0 g2 830 FIJdUHH UeLt (Motokawa, 1984), 0|2

Melglst® A= HO QIR XA et (Elphick and Melarange, 2001). =2 =2

2| dorsal retractor muscle (DRM)

HEsZ22 22 MESIH /n virodtGilA 0122 REot= 220l screening®l
S L} (Elphick and Melarange, 2001), 2I &

ACh, catecholamineil GABASZI Z2E2 JI2XQ AIXYSHE2 & 20 A&
S ACH (Baca, 1935: Beauvallet, 1938: Garcia—-Arraras ef &/, 1991). Ji2iLt,
19923 Diaz-Mirandas 0l 2loh oH& (Holothuria glaberrima) 22 R H e
rectum longitudinal muscle bandM A AChOl 2& S =0 CH&H 0/2&M
£ UEHHE=E GFSKLYFa, SGYSVLYFaldt 20 db /}2M, immunoreactivity I8 S

Olgst A28 02 =220 o2 = MOl WHAH FEstD AZ0I s B0

10

(Diaz-Miranda ef a/, 1995a). T8, & (Stichoous japonicus)® longitudinal
musclell body wall25E sH& 2l longitudinal muscledll +=F&HE 2= NGIWYa
2t intestineRZ25H OIAEHSEHE FUst= GYSPFMFa 3 FKSPFMFalt 21NEIHA
Ct (lwakoshi ef a/, 1995). =CF OtLlct, SAS (North Atlantic)Oll ZIHot= 20t
MNAER  Asterias  rubens, Asterias  forbes/@l  radial nerve cordsZ2FH
radioimmuncassay (RIA) JI20| 216t FMRFa 22 peptide?! S10t S2J1 HH &
ACH (Eiphick ef al, 1991a). OlS2 JI&E9 2HA AL HEQIZ U2




SALMFamideZ FR&IULD (Table 3), FMSE2 EF0U UNHA S0Ecz2 I

=z MEH BEOISRO (Elphick and Melarange, 2001). S11t S2= 22JHAl2I2
cardiac stomach {CS), tube foot {TF) ¥ DRMOIAM 0| 48 HASH, 55| CS
o OIS AE stomach0l H2eF HESH LI feedingdles SO0 SR8 Jgg 8
Cl= 201 2HHFCH (Mefarange and Elphick, 2003). =8, S13} 82 HA X XS N
3 ZMESEH 2 ARS8 neuromuscular organtl &A EMStY UASH
(Mocre and Thorndyke, 1993: Newman ef a/. 199522 b), NO (Nitric oxide)2t
SALMFamideJt in vivodtOl A CS21 O0j2& &0 AN neuronal controlE HOHE XS
DECOE=E HP EOE dHb QAL (Elphick and Melarange, 2001). JdiLt, &H3H B
EOI=0F 2420 /AN Sxst 92 SdsH s Jszs Hdbs A0 &2
DERASL, INSSH AN AFHE HEOISH 2§ HA= 356 HSHHOICH

(Diaz-Miranda and Garcia-Arraras, 1995b).

sHE, SHalt S HAIZIOA 23 NE &3d BEOIESE C-2Ho 2Ed
SALMFaE #Holil A2 (Table 3), 0124 AEI 42 LEHHN U HOE

de= DIX=2H0 e X9 282 S22 H 0 248 AP A28 &4 FH0I0H

2
BEOl=2 A28 S0 2 g8 018 = US F0 0otu
of, Me|&49 BgE x2HsiCh (Ro et a/, 1995). =2 cane toad® A EWAM SP
ol &2l OOl &HO1 XTEH= HUE HIHEM WMl =E8d EJF 282 245

B0 " Ut (Liu et al, 2002: Liu ef a/, 2000). 8, mosquito (Culex
salinarius)I A &el®l tachykinin (Cus-TK)Q ZJIE AlaZ XI#380 microscopic
Ca® imaging® MO HHE ZFF 2D Phe’ Arg’0l 22 Aaz X#E R
CHe 3% 40| AlctM Cus-TKIF HE2 =52 Me|&#ds LIEHH=0 2N
Ol &II2F ERE 982 80| P OSACH (Torfs ef al., 2002). WetA, HH HE
Q= Molgds 20101 Aol RA1A%d=s A48 Jd, 0 ALE CHAGAIIIH

il

L = 1 X2 BelE A Z2 ole YElexz 7ol 2L

K
0
on

ﬂlIO

F
tou
L
Jx




?
Jt OlHl 8t SM==22FEH M2E2 ¢34 BEOIZ=E F#2-dMotdl, Ol=

o

2 HANAMNE WSS SIHAEl Asterina pectinifera DRMOI THEH 0|2t & A
AEZ=z otH Z2otalelol EMots ol dE UEtHE 3889 SF-I, SF-II &
SF-NIE 22-3AistA2Lt, SF-I2 SF-IR XL E ™ol HolAl 2otk
2d, B =20Ads 288 dNFAXI RYE SF-19 2R XE XAGH ?IGHH

E

5

DRM, CS & TF2 Aot diwstd A el 02 Ch2kst signat transduction
0 0ole =22 AESIH SHAE DRMOE LY SF-12 012 HIZiLIEES Y
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1. M=
1. NEEE
AN AMESE BEDAC (Asterina pectinifera, 4500tel, M&E 8 ~ 15 cm)E=
2002 8 B2 L8 S0I20AM MISHHLCE HOI= AEhe HEJIACE F
Al AEN AFRSISLH. 2 HR0M S5-S018 22 2Zol)| Rk AAESH Asterias

amurensisg HMLs ZE ZILAlels E20WM2lQ Asterina pectiniferaZ ME0HRA

AME2 HE 98 Millex-LCR13 (0.5 ), Ultrafree-MC (0.45 m), Syringe
filter (0.44 wm)%t Sep-Pak Vac Cis cartridge= WatersAl (Waters associates,
Miliford, MA, USAJOIA FelatAdd, MO AMESH preswellen CM52=  Whatman
(England)2 2 FL8IAECH D2l BEOSSEs #4610 Al Fmoc-NH-PAL-
Resin (0.55 mmol/g), Fmoc-amino acid Wang Resin, Fmoc-amino acid &
7-hydroxybenzotriazole (HOBT)= Advanced ChemTechAb (Louisville KY, USA)0I
A REZ2 B A A-Dilsopropylcarbodiimide (DIPCI)E  Watanabe  3t8H3| AL
(Hiroshima, Japan)22E FSIYE0. Piperidine, trifluoroacetic  acid  (TFA),
m—cresol, 1,2-ethanedithiol (EDT) ¥ thicanisole2 Sigmahb (St. Louis, MO,USA)
Ol A Fe5H9CH HPLC-gradeS! A, A-dimethyl-formamide (DMF), water (Hz0) 2
acetonitrile (CHisCN)2 TEDIAAF (Ohio, USA)OlAl SIA 2, EYPC (egg-yolk
phosphatidylcholine) 2t EYPG  (egg-yolk phosphatidylgycerol)=  SigmaAt (St
Louis)Ol A FBACH 2 01202 RE AA2 ESE AMSotA

1.

01

e

12

=]
=

e w

st EXF A precontractile 222 M acetylcholine (ACh) 2 carbachol




(CCh)Z A28 2H, NO synthase? AXME HsiH 2 N°-Nitro-L-Arginine
Methyl Ester (L-NAME)Z O0IE5tRACt. L8, adenylate cyclase inhibitor2! MDL-
12,330-HCI, adenylate cyclase® activator®! forskoiin, G-protein activator@!
mastoparan, cholinergic receptor & HIS0I® fA3teld +2H  inhibitore!
atropine, A& Na® channel blocker@ tetrodotoxin (TTX), <& X protein kinase
C inhibitor® NPC-15,437-2HCI, Ca®" channel modulator®! (+) verapamiHCIZ At
E5tACH. L8, calmodulin  antagonist@  phenoxybenzamine-HCIt  ganglionic

blocking agent® hexamethonium chlorideE ArZol .

2. AlEYH

2.1. BIIARIZRH AIEY F&

&0IU=E SIHAIEL (4500t21)2 70 % methanol 80 2 SEHES2Z 65 C
MK 5220 BAUCH 01F 5 % =48 @10 THE WMGI0 4 TUAH 402 s¢
10,000 x g2 RAI2CIE &L AHEE2 Al &% 70 % methanol EWUE Jt&
£, 5 % EMENUE D10 homogenizer2 TFHSI0 MSH 22 XAz A2
SICH Olmiel E&EZ0 St |2 UHES 18 o =6t 4592 sF5A12)
08, Al&:ethanol = 2.9 (v/v)2 HIE2 ethanolE EIIst -20 € HEsD0 2
2 E 4 COHA 402 =€ 10,000 x g= AAM=22I0 ANM=E HHotHLH Tldld

MEBEWMOS A SFSIH Al2:ethanol = 1:10 (v/v)2 HIE=Z ethanolE® & Jiol 4
CH A 402 =9 10,000 x g AZ2eIolH BFHSZE HHIHG. &4SAU2 LAl
st [ AlZ:ethanol = 3:10 (v/v)9 BIEZ ethanol2 &JiolHd 4 CHA 408 S

o 10,000 x g= #Ha=s2lold HAEE2S HHSHL. 0 StHE HE ASdEs
ethanol & NaCI2 A2 (1 L):ethanol (8 L):NaCl (11 g)& Hig2 &8t 3, 4
HA 402 =0 10,000 x g2 HANEZ2IE #HotUD SHI AEWM2 =50
Z&t AEHH F =50t 0.1 N HCIOI RIZ= 1 N HCIS #2182, 4 C
20,000 x g2 A 2CIE #EIRULL

10
0z
HL
o
o
ka
Ol

e 22MOz B2HS ®2ol)l 2ol Sep-Pak Cis cartridge

FCI5HACE. Y M Sep-Pak Cis cartridge® 0.1 % TFA2} Z&EE 100 % methanol




2 B43AIZ F, 0.1 % TFAJL 28 & H,02 EF5l BEaoAL. S0l BESH
@ O8 ANZIE FYUdtW 0.1 % TFAJL Z&&E H.0 (D.W.), 10 % methanol
(retained materials: AM10) & 60 % methanol (RM60)2 100 % methanol
(RM100)2 SESE 22t 22 A3 2JtA2l ORMOI HE CISHE A SJ0 AIS5HR
Ch (Fig. 1).

2.2. JtAic| DRMOI CHEt o|2&d 222 FAl

Fig. 20l LIEILISZO0l EJtAtel &5 = DRMOI CiE ol 4ds JtE st L
EtH RMB0=2 cation exchange column (CM52, 2.5 x 30 cm), 3882 94 HPLC
column (Vydac 218TP510 Protein & peptide Cis, 9.2 x 250 mm, 5um, USA;
Hypersii-BDS Cis, 2 x 125 mm. 5 um, HP, USA; Capcellpak Cis, 4.6 x 250
mm, 5 pm, Shiseido, Japan), 0|2 W& HPLC column {TSK-gel SP-5PW, 7.5
x 75 mm, Tosoh, Japan), S0I2 ®& HPLC column (TSK-gel DEAE-5PW, 7.5
x 75 mm, Tosoh, Japan) 2 size exclusion HPLC column (Superdex Peptide HR
10/30, 10 x 300 mm. Phamacia, Sweden)& uwli PBSHOZ AME6HH ZF Mo
Ct {Fig. 2).

Ol2 e HPLCE H2st PE 94 HPLC EAHTHUA AZHZ2E= 0.1 % TFAE
¥&ste HO0 (pH 2.2)% BEBWMZ= 0.1 % TFAS Z&ote 100 % acetonitrile
(CH:CN) (pH 2.2)2 ol=s6td BEN gradiet® Sl ML L3 size

exclusion HPLC= 0.1 % TFAZE 2 &dl= 30 % CHiCNE A0l 222 2Z Al
ZACH HHO AlEZ2st ExIE2 220 nm, 254 nm ¥ 280 nmed, 3HSHNA &
01T FHESS =LAl DRMOI CHOHO! OI2H2 S =Z0| ASTAC. Ba =25e A

EoHA O3 SHS FHAEN AIZct 2, ot =<8t S&01 E0HE WA
HPLCE 0OI=8 HNUEE Yt=530H

EtAll FE2 RM60 (Fig. 1)8 ®AH CM52 (2.5 x 30 cm}E 0IEatH Us
HE FAHOZ 22|E #ot9lt © gradient, 20 mM — 1.5 M ammonium acetate
{pH 5.0, BAIZY) 8=, 2.75 mlU/min (Fig. 3). ¥ H2 ZU0AM fraction 40-45
(Fig. 32 A region)} fraction 49-50 (Fig. 32 B raegiomlA 282 LIEILHU2H,

rg

_10_




% 24 2 O3S &H 20 28U
CM529) &M Z& (Fig. 3 9 B region)2 & HM ZRAAEFLE A& HPLC

column (Vydac protein & peptide Cis, 9.2 x 250 mm)2 0|82, Z2lXH

EY

HE

2 U= 20: gradient, 0 — 100 % B (2002); 8%, 3.0 mU/min; %, 40 T,
fraction volume, 4.0 mL. EJtAtc] DRMOIAM 2F S&8IE2 |2 H4E FFHS 2
fraction 25-26 (Fig. 42 B-| region) fraction 28-31 (Fig. 42 B-il region)Ul A
O12EHE ERAL (Fig. 4). 242 UeYH & PEES2 229 M ¢9HE =85t

AL

—

22.1. 2JlAl2l &2 RM602Z22H SF-12 AH

Fraction 25-26 (Fig. 421 B-l region)2 M M ttH = TSK-gel DEAE-5PW
(7.5 x 75 mm) column2 AIE3IH JHSIRCH, B2 TAHS OSH 20 A 204,
10 mM Tris—HCI buffer (pH 9.2); B 204, 1.0 M NaClg E&dt= 10 mM2
Tris-HCI buffer (pH 9.2); gradient, 0 — 0.5 M B0l (100 min), |%: 0.5
mi/min, &%: 40 T (Fig. 5} fraction volume, 1.0 mL. 0|2 W& 4+X HPLCE
85t S, E0tACI2 DRMOII CHet ol2&dE =3¢gt 21t fraction 13-14 (Fig. 5
o black bar region)0l 482 UERD. 0 FEE2 55 & U HH RES=

Capcellpak Cis (4.6 x 250 mm) columnZ 0I23lH CIAl 22/l l, 22X A

flo

CtE&m ZCh gradient. 15 — 30 % B (60&): ®=. 1.0 mL/min; %, 40 T.
1 23 22 % CHCNOH s Xi= Fig. 62 black bar regionlid & 282 22
Ch. O 4282 OAd Wl =& HPLC Sl Wl HE D4 columnidt & &0| O
2 Hypersil-8DS Cig (2 x 125 mm)E OIS OlTH, BEZ0OHS gradient, 15 —
30 %2 60F =° 0.5 mUming F52Z 40 CTOHA 2clotRd2H, 20 % CH:CN
O h&&l= Fig. 72 black bar regionflAd Ol2&d 232 AL (Fig. 7). OIF
=N 320 =2 =228 #M52 RSt size exclusion column®  Superdex
Peptide HR 10/30 (10 x 300 mm}2 0I5t HPLCE #ot¥H 2 (data not
shown)., Ol 2UHE &4 peakE FEHCZ 20 % CHsCN2 isocratic ZH UM
Hvpersil-BDS Cig (2 x 125 mm) column= 01260 HHM&IRC. 22 20, 1612




o HESAlZtE #= sfU2 =8 222 IHoIARL, M= S22 starfish F
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2.2.2. EJIMCl &2 RME02ZRH SF-II2l Xl
Fig. 42 B-lt regiontl Y% E fraction 28-312 Al HM SH=E TSK-gel
DEAE-5PW (7.5 x 75 mm) columna ME5t0 FHSIACH, 2dxHd2 USHh
20 A S04, 10 mMY Tris-HC! buffer (pH 9.2): B 20K, 1.0 M NaCig Z&dl=
10 mM2l Tris—HCI buffer {(pH 9.2); B 2044 gradient, 0 — 0.5 M (100 min),

10

=: 0.5 mlL/min, %; 40 T: fraction volume, 1.0 mL. (Fig. 9). Ecl& =28 &
EJtAMEl DRMO HEr oi2E8HdE =HS 2 fraction 14 (Fig. 921 black bar
regiom) 7t &S UEYOH, 0 28 & & Ul BE BEOF Hypersil-BDS

Cis (2 x 125 mm) column2 AI86t0 LAl SalotA2H, Bd2H28 St 20

o

BE0OH2 gradient, 15 — 35 % (602); S%. 0.5 mU/min: %, 40 T. 0 & 23
% CH;CNOl ol &l= Fig. 109 black bar regionfllAl &4 2&s ACH O 24
FTE2 O Bl Yl TSK-gel DEAE-S5PW (7.5 x 75 mm) columnE ALE6HH
MR W, F2IA2 L3S0 20 A Z04. 10 mM2 Tris-HCI buffer (pH 9.2);
B 20§, 1.0 M NaCIE€ Z&ot= 10 mM2 Tris-HCI pbuffer (pH 9.2); B S0
gradient, 0 — 0.5 M (100 min}, 8= 0.5 mU/min, %: 40 CT. 202 &
HPLCE &3t Z 1, Fig. 118 black bar region®ilA OIS HE LIEFHSH, 0f 2
B2 0l HIH HA HPLC2 23 % CHiCNEl isocratic 2222 Hypersil-BDS Cyg
(2 x 125 mm) columng OIE8IH =elatA2M, Fig. 129 black bar regionWll A
Cl=tEas LebdOH OlF 2HE 30U st 22ak)l 2ol Superdex Peptide

0 (10 x 300 mm)S 0I86IU L (Fig. 13A), YHE 4 peak= HEHS
2 23 % CHiCNY isocratic ZHOUIA Hypersi-B0S Cis (2 x 125 mm) columns

ALS = X
=3t 2&

OlZotd ZMITAUCE 1 28 16./522 HES

>
S
i
Ay
fr
9’@
C
1¢
[
m

A 5t (data not shown), Ol 222 SF-IIZ HHSIALH (Fig. 9).
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Fig. 1. Typical tracing ilustrating the relaxing response of starfish extracts,
Asterina pectinifera. Each down arrow represents the sample applied to the
starfish DRM. The precontraction was induced ACh. 5x107 M.
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Starfish extracts RM 60

l

CX (CM)
v e
Cis HPLC Cig HPLC
v ~ !
AX HPLC AX HPLC AX HPLC
1 ! !
Cis HPLC Cis HPLC Cis HPLC
! ! !
Cia HPLC AX HPLC CX HPLC
! ! }
Cis HPLC Cig HPLC Cis HPLC
! ! !
SX HPLC SX HPLC SF-1
} !
Cis HPLC Cis HPLC
l !
SF-1 SF-HI
Fig. 2. Summarized procedures for the purification of SF-I~Ill. Cis HPLC, Cis

reverse—phase HPLC. AX HPLC, anion-exchange HPLC. CX HPLC, cation
—exchange HPLC. SX HPLC, size-exclusion HPLC.

_14__




2.0' -l
E ‘ J’g
S 5F -
<t
n
N —
= =
N Tt
gmi- 159
: 3
o 1.0 o
205 T :
- -0.5§
e A B 1y B
ot B .,E:

1 - 1 L A, A

0 10 20 30 40 50 60 70 80 99
Fraction number

Fig. 3. CM5A2 cation exchange chromatography of starfish extracts RM60. The
RM60 was loaded onto CM52 (2.5 x 300 mm) column and eluted with a
gradient of ammonium acetate (dotted line) at flow rate of 2.75 mbL/min (pH
5.0). The black bar represents relaxing active fractions on the starfish DRM.
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Fig. 4. Reverse—phase HPLC profile of the active fraction B in Fig. 3. The
active fraction B in Fig. 3 was loaded onto Vydac Cig (9.2 x 250 mm) column
and eluted with a linear gradient of CH:CN (dotted line} in 0.1 % TFA at flow
rate of 3.0 mL/min. The black bar represents relaxing active fractions on the
starfish DRM.
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Fig. 5. Anion exchange HPLC profile of the active fraction B-l in Fig. 4. The
active fraction B-I| in Fig. 4 was loaded cnto DEAE-5PW (7.5 x 75 mm)
column and eluted with a linear gradient of 1.0 M NaCl (dotted line) in 10 mM
Tris—HCI buffer {pH 9.2) at flow rate of 0.5 mbL/min. The black bar represents
relaxing active fractions on the starfish DRM.
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Fig. 6. Reverse—Phase HPLC profile of the active fraction in Fig. 5. The active
fractions in Fig. 5 were pooled and loaded onto Capcelipak Cis (4.6 x 250
mm} column and eluted with a linear gradient of CHiCN (dotted line} in 0.1 %
TFA at flow rate of 1.0 mL/min. The black bar represents relaxing active peak

on the starfish DRM.
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Fig. 7. Reverse—Phase HPLC profile of the active fraction in Fig. 6. The active
fraction in Fig. 6 was pooled and loaded on to Hypersil-BDS Cis (2 x 125
mm) column and eluted with a linear gradient of CHsCN (dotted line} in 0.1 %
TFA at flow rate of 0.5 mUL/min. The black bar represents relaxing active peak
on the starfish DRM.
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Fig. 8. Final purification of the active fraction in Fig. 7. The active fraction was
loaded onto a Hypersil BOS Cis (2 x 125 mm) and eluted with isocratically 20
% CHaCN in 0.1 % TFA at flow rate of 0.5 mL/min (A). and the bioassay with
the starfish DRM (B). The molecular weight of single peak (down arrow) of Fig.
8A was determined by MALDI-TOF Mass spectra (C).
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Fig. 9. Anion—exchange HPLC profile of the active fraction B-1l in Fig. 4. The
active fraction B-1l in Fig. 4 was pooled and loaded onto DEAE-5PW (7.5 x
75 mm) column and eluted with a finear gradient of 1.0 M NaCl (dotted line) in
10 mM Tris-HCI buffer (pH 9.2) at flow rate of 0.5 mL/min. The black bar
represents relaxing active fractions on the starfish DRM.
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Fig. 10. Reverse—phase HPLC profile of the active fraction in Fig. 9. The active
fraction in Fig. @ was loaded onto Hypersil-BDS Cig (2 x 125 mm) column and
eluted with a linear gradient of CHsCN (dotted line) in 0.1 % TFA at flow rate

of 0.5 mL/min. The black bar represents relaxing active peak on the starfish
DRM.
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Fig. 11. Anion-exchange HPLC profile of the active fraction in Fig. 10. The
active fraction in Fig. 10 was pooled and !caded onto DEAE-5PW (7.5 x 75
mm) column and eluted with a linear gradient of 1.0 M NaCl (dotted line) in 10
mM  Tris=HCI buffer (pH 9.2) at flow rate of 0.5 mL/min. The biack bar
represents relaxing active fractions on the starfish DRM.
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Fig. 12. Reverse—phase HPLC chromatography of the active fraction in Fig. 11.
The active fraction in Fig. 11 was pooled and loaded onto Hypersil BDS Cyg (2
x 125 mm) column and eluted with isocraticaliy 23 % CH:CN in 0.1 % TFA at
flow rate of 0.5 mL/min. The black bar represents relaxing active fractions on
the starfish DRM.
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Fig. 13. Final purification of the active fraction in Fig. 12. The active fraction in
Fig. 12 was loaded onto a Superdex Peptide HR 10/30 (10 =x 300 mm) and
eluted with isocratically 30 % CHiCN in 0.1 % TFA at flow rate of 0.5 mL/min
(A). The bioassay with the starfish DRM (B8). The molecular weight of single
peak (down arrow} of Fig. 13A was determined by MALDI-TOF Mass spectra
(C).
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2.2.3. EJtAlel =&EEZ RME02ZRH SF-IIS A

CM522 g4 =8 (Fig. 32 A region)& & Bl HHUXHESR Vydac Cis (9.2
x 250 mm) columnE AIBSIICH, =2 X222 USH 20 BSOS gradient, 0
- 100 % (2002); %, 3.0 mL/min; 2%, 40 T fraction volume, 6.0 mL. =&
S9o| 242 =Fs Z1 fraction 34-36 (Fig. 142 black bar region)MM &S
LIEHHSICH 0 2ES2 M Bl ©H R TSK-gel DEAE-5PW (7.5 x 75 mm)
columnE Aot FHoiien, 2oz UsSy 2tk A Z2M, 20 mME
Tris—HCI buffer (pH 8.8); B Z0f, 1.0 M NaCI2 Z&ole= 20 mM2 Tris—HCI
buffer (pH 8.8); B 2DH2 gradient, 0 — 0.5 M (100 min). ®=; 0.5 mL/min, &
S 40 T. E22tAICIS) DRMOI CHet O|EHE2 sdst Z i Fig. 152 black bar
region0l EAE UEH2H, 0| Z8sE = M
Cis (2 x 125 mm) column@& CtAlI 2215t
© gradient, 20 — 40 % (60F): |, 0.5 mL/min; %, 40 T. #H& 26 %
CH:CNOIl S &l= Fig. 162 black bar regionfiA LIEISCH O 4232 L4
B HPLC M HEHR TSK-gel SP-5PW (7.5 x 75 mm) columnE AFE5tH FA
ofFHen, EclXAAHE Usu 20k A &0, 10 mMe phosphate buffer solution
(pH B6.0); B 20K, 1.0 M NaCI2 Z&ol= 10 mM2 phosphate buffer solution
{(pH 6.0); B EIk2l gradient, 0 — 0.5 M (100 min); =, 0.5 mL/min; 2%, 40
T. &40l2 wWe=X HPLCE <88 £ SIotAlcIel DRMOI CHE o2 8ds =3

o

2 Fig. 172 black bar region0l 4S8 UEWC2H, 0 REHER2 s & 4
M BHESZR Hypersit-BDS Cis (2 x 125 mm)& CIA| 22I8tHOH, 22/XAH2 O

S 20 B=20H2 gradient, 25 — 30 % (502} 8%, 0.5 mL/min: &%, 40 T
{data not shown). 48 SH ZES2 OAS SHE 25 % CHCNE isocratic
AHMA Hypersil- BDS Cis (2 x 125 mm} columng 0I26I0 JHSACH 1 &
o, 22.9328 HREAZE #H= diLE2 SXZS FASM (Fig. 18A), 0] 2
H2E SF-NIZ HHALH (Fig. 18).

(]

m}

i
o
o

A26_




Absorbance at 220 nm

Acetanitrile (%}

(=

e 26 30 a0 50 6C 70 80 80 100
Time (min)

Fig. 14. Reverse—Phase HPLC praofile of the active fraction A in Fig. 3. The
fraction A in Fig. 3 was pooled and loaded onto Vydac Cis (9.2 x 250 mm)
column and eluted with a linear gradient of CH3;CN (dotted line) in 0.1 % TFA
at flow rate of 3.0 mL/min. The black bar represents relaxing active fraction on
the starfish ORM.
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Fig. 15. Anion—exchange HPLC chromatography of the active fraction in Fig.
14. The active fraction in Fig. 14 was pooled and loaded onto DEAE-5PW (7.5
x 75 mm) column and eluted with a linear gradient of 1.0 M NaCl (dotted line)
in 10 mM Tris—HCI buffer (pH 8.8) at flow rate of 0.5 mL/min. The black bar

represents relaxing active fractions on the starfish DRM.
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Fig. 16. Reverse—phase HPLC profile of the active fraction in Fig. 15. The
active fraction in Fig. 15 was pooled and Ioaded onto Hypersil BDS Cis (2 %
125 mm) column and eluted with a linear gradient of CH3CN (dotted line} in 0.1
% TFA at flow rate of 0.5 mb/min. The black bar represents relaxing active

fraction on the starfish DRM.
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Fig. 17. Cation exchange HPLC profile of the active fraction in Fig. 16. The
active fraction in Fig. 16 was loaded onto SP-5PW (7.5 x 75 mm) column and
eluted with a linear gradient of 1.0 M NaCl (dotted line) in 10 mM phosphate
buffer solution (pH 6.0} at flow rate of 0.5 mlL/min. The black bar represents

relaxing active fraction on the starfish DRM.
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Fig. 18. Final purification of the active fraction in Fig. 17. The active fraction in
Fig. 17 was loaded onto a Hypersil BDS Cig (2 x 125 mm) and eluted with
isocratically 25 % CHs:CN in 0.1 % TFA at flow rate of 0.5 mL/min (A). and the
bioassay with the starfish DRM (B). The molecular weight of single peak (down
arrow) of Fig. 18A was determined by MALDI-TOF Mass spectra (C).
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SEHE FOEIl Foh N-ZHEOUA OO/ &t0l St =XAH2E HH=
SF-1{2-16), SF-1(3-16), SF-1(4-16), SF-I(5-186), SF-I1(6-16), SF-I{7-16),
SF-1{8-16), SF-I(9-16), SF-I{(10-16), SF-I{11-16), SF-I{12-16) % SF-1(13-186)
of N-2tt SEIIE S4otRACH EE, C-LHUlA Ol a0l =XEC2 HHE
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SE-I0l Us A2 Gl IE Alaz XNEE 14572 SF- REAdl #
=

o REHE 45l

8

SFE-1(5-14)8 222 5l 2249 FHIE Alaz2 I BE 8F
Ct.

2.4.2. BIEIOIE-=X]2 HCHi EES
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Table 4. Procedure for solid—-phase peptide synthesis

Step Reagent Operation Mix time {min}
1 OMF 3xWashing 3
2 20 % piperidine/OMF 2x Deprotection 3
1 x Deprotection 20
3 DMF 6xWashing 1
4 Fmoc—-amino acid Coupling 90
HOBt/DMF and
CIPCI in DMF
5 DMF 3xWashing 1
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Table 5. The amino acid seqguences of peptide used in this study

Peptide Sequence
SF-I F-G-K-G-G-A-Y-D-P-L-S-A-G-F-T-D
SF~1 amide F-G-K-G-G-A-Y-D-P-L-5-A-G-F-T-D-NH;

N-terminal analogs
SF-1{2-16)
SF-1(3-16)
SF-1(4-16)
SF-1(5-18)
SF-1(6-16)
SF-1{7-18)
SF-1{8-16}
SF-H9-16)
SF-1(10-16)
SF-1(11-186)
SFE-1(12-186)
SF-1(13-16)

C-terminal analogs

SF-1(1-15)
SF-1(1-14)
SF=1(1-13)
SF-1(1-12)
SF-I(1-11)
SF-1(1-10)
SF-1(5-14)

G-K-G-G-A-Y-D-P-L-S-A-G-F-T-D
K-G-G-A-Y-D-P-L-8-A~G~F-T-D
G-G-A-Y-D-P-L-S§-A-G-F-T-D
G-A-Y-D-P-L-S-A-G-F-T-D
A-Y-D-P-L-5-A-G-F-T-D
Y-D-P-L-S-A-G-F-T-D
D-P-L-S-A-G-F-T-D
P-L-5-A-G-F-T-D
L-$-A-G-F-T-D
S-A-G-F-T-D
A-G-F-T-D
G-F-T-D
F-G-K-G-G-A-Y-D-P-L-S-A-G—F-T
F-G-K-G-G-A-Y-D-P-L-S-A-G-F
F-G-K-G-G-A-Y-D-P-L-5-A-G
F-G-K-G-G-A-Y-D-P-L-5-A
F-G-K-G-G-A-Y-D-P-L-S
F-G-K-G-G-A-Y-D-P-L
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Table 5. Continued
Peptide Sequence
Ala-substitutied
[Ala']SF-I A-G-K-G-G-A-Y-D-P-1-S-A-G-F-T-D
[Ala®]SF~| F-A-K-G-G-A-Y-D-P-L-$-A-G-F-T-D
{Al2°]1SF-1 F-G-A-G-G-A-Y-D-P-L-S-A-G-F-T-D
[Ala*]SF-I F-G-K-A-G-A-Y-D-P-L-S-A-G-F-T-D
[Ala®1SF-I F-G-K-G-A-A-Y-D-P-L-$~A-G-F-T-D
[Ala’]1SF-I F-G-K-G-G-A-A-D-P-L-S-A-G-F-T-D
[Ala®1SF-1 F-G-K-G~-G-A-Y-A-P-L-S-A-G-F-T-D
[Ala®]SF-| F-G-K-G-G-A-Y-D-A-L-8-A-G-F-T-D
[Ala"’]SF-1 F-G-K-G-G-A-Y-D-P-A-S-A-G-F-T-D
[Ala"]SF-I F-G-K-G-G-A-Y-D-P-L-A-A-G-F-T-D
[Ala"®]1SF-I F-G-K-G-G-A-Y-D-P-L-S-A-A-F-T-D
[Ala"*]SF- F-G-K-G-G-A-Y-D-P-L-S-A-G-A-T-D
[Ala’*]SF-I F-G-K-G-G-A-Y-D-P-L-S-A-G-F-A-D
[Ala'®]1SF-I F-G-K-G-G-A-Y-D-P-1-5-A-G-F-T-A
[Ala®]1SF-1(5-14) A-A-Y-D-P-L-S-A-G-F
[Ala’ 1SF-1(5-14) G-A-A-D-P-L-S-A-G-F
[Ala®1SF-1(5-14) G-A-Y~A-P-L-§-A-G-F
[Ala®1SF-1(5-14) G-A-Y-D-A-L-S-A-G-F
[Ala'’]SF-1(5-14) G-A-Y-D-P-A-S-A-G-F
[Ala"]SF-1(5-14) G-A-Y-D-P-L-A-A-G-F
[Ala"*1SF-1(5-14) G-A-Y-D-P-L -S-A-A-F
[Ala"]SF-I(5-14) G-A-Y-D-P-L-S-A-G-A

Sl
52

FMRFa

FLRFa

G-F~N-$~A~L-M-F-NH;

S-G-P-Y-S-F-N-8-G-L-T-F-NH,
F-M-R-F-NH;
F-L-R-F-NH;

_36_




Table 6. Purification condition of synthetic SF-1 and its analogs

Peptide Gradient (time) Isocratic condition
SF-1 18 — 25 % CHiCN (15 min} 22 %
SF-| amide 18 — 25 % CH;CN (15 min) 22 %

N-terminal anatogs

SF-12-16) 19 — 25 % CHICN (15 min) 23 %
SF-1(3-186) 20 — 25 % CHCN (15 min) 22 %
SF-1(4-16) 20 — 25 % CH.CN (15 min) 24 %
SF-1(5-16) 20 = 25 % CH:CN (15 min) 22 %
SF-1(6-16) 20 — 25 % CHsCN (15 min) 22 %
SF-1(7-186) 20 — 25 % CH:CN (15 min) 21 %
SF-1{8-186) 18 — 23 % CH;CN (15 min) 18 %
SF-1{9-16) 17 — 22 % CH;CN (15 min) 17 %
SF-1{10-16) 15 — 20 % CH:CN (15 min) 15 %
SF-i(11-16) 10 = 15 % CH:CN (15 min) 10 %
SF-i(12-16) 10 = 15 % CH:CN (15 min) 10 %
SF-1{13-16) 10 — 15 % CH:CN (15 min) 10 %
C~terminal analogs

SF-1{1-15) 22 — 27 % CHsCN (15 min) 25 %
SF-1{1-14) 22 — 27 % CHaCN (15 min) 25 %
SF-1{1-13) 18 — 22 % CHsCN (15 min) 19 %
SF-1{1-12) 18 — 22 % CHCN (15 min) 20 %
SF-I(1-11) 17 - 22 % CH:CN (15 min) 17 %
SF-1{1-10) 17 — 22 % CHCN (15 min) 17 %
SF-1(5-14) 22 — 27 % CHiCN {15 min) 24 %

% SF-1 and its analogs were loaded onto Vydac Cis (9.2 x 250 mm) at flow
rate of 3.0 mlL/min.
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Tabie 6. Continued

Peptide Gradient (time) isocratic condition

Ala—substituted

[Ala']SF- 20 — 25 % CH3CN (15 min) 21 %
[Ala"]SF-I 20 — 25 % CH:CN (15 min) 21 %
[Ala®]SF-I 22 — 27 % CHiCN (15 min) 23 %
[Ala*)SF-I 22 =» 27 % CH:CN (15 min) 22 %
[Ala°]1SF-| 22 — 27 % CHsCN (15 min) 22 %
[Ala’]SF-I 20 - 25 % CH:CN (15 min) 20 %
[Ala®1SF-| 20 — 25 % CHsCN (15 min) 21 %
[Ala®1SF-I 20 — 25 % CHCN (15 min) 21 %
[Ala"]1SF-| 17 — 22 % CHsCN (15 min) 17 %
[Ala'']SF-I 21 — 26 % CHsCN (15 min) 22 %
[Ala"”]SF-I 22 — 27 % CHiCN (15 min) 23 %
[Ala™*]SF-| 18 — 23 % CHsCN (15 min) 18 %
[Ala"]SF-I 22 — 27 % CHsCN (15 min) 23 %
[Ala"®1SF-I 22 — 27 % CH:CN (15 min) 23 %
[Ala®]1SF-1(5-14) 21 — 26 % CH.CN (15 min) 23 %
[Ala"1SF-1(5-14) 21 — 26 % CHICN (15 min) 22 %
[AIa®1SF-1(5-14) 21 — 26 % CHsCN (15 min) 22 %
[Ala®1SF-1(5-14) 21 — 26 % CHsCN (15 min) 22 %
[Ala'"]SF-1(5-14) 19 — 24 % CHCN (15 min) 19 %
[Ala''1SF-1(5-14) 22 = 27 % CH:CN (15 min) 24 %
[Ala"*18F-1(5-14) 22 — 27 % CH,CN (15 min) 04 %
[Ala"*1SF-1(5-14) 19 — 24 % CHLCN (15 min) 19 %

# SF-1 and its analogs were loaded onto Vydac Cia (9.2 x 250 mm) at flow
rate of 3.0 mL/min.
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2.5. Circular dichroism (CD) AHEZS £H

2.5.1. 2IE&9 A=

Small uniamellar vesicles (SUVs)E 01X 22 0185t0 MESHATH (Park et
al., 1997). SUvs= Z2t 4 % AEXEEM EYPC, EYPCIEYPG (3:1)2 =42
E 0FENHRL2, &
30s)8 ME5&N 102t BHE6t0 whtst =, 150 mM NaCl0l X&8& 20 mM TES
2HEMN (pH 7.4) 3 mLE S0 =38 F, CD AHEY EZFH0 AMEotACH

25.2. CO ABEHS £F

TES &=, EYPC, EYPCIEYPG (3:1) & 50 % TFESIUIAM SF-I] 2X 2L E #
15t #1581 mm pathlength® quart cellEe AIZolH JASCO J-600 spectro
polarimeter2 CD AHEYZE ZXHoIUC. AHEHEZ 150 mM NaClol E&= 20
mM TES 2EM (pH 7.4) ZMSI0IA 5x107° M HEOIE ST2 SHGAC. =4
\ EYPCSH AFMXIAQI EYPCEYPG (3:1) 2IEE EMSINA BEOIE== 2 mM
! 2|2 ZeiE 20 mM TES 2&Y (pH 7.4)0 SalZAC a-helical

b
>~
>
HY
rx
iy
=
193]
o

. Ultrasonic homogenizer (TAITEC, VP-

>

1l
e

(o
ben

A

|
contentst= (189 Ao22H HASR-HCH (Pouny and Shai, 1892).

fr = ([0]20e—[0]1%22) = (8120
(0], ABNMO2 HYK B residue : [6]%0% [8]'%me 262 222 nmOUiA =

Hat 0 %% 100 % helical K% (2,000 30,000 degcm®dmol )2l gt0ICH

i/
njo

0

6. Molgd =3
S0tAel FE22 ¥ FHE SF-i2) dajgds sdot)| fioll 2JtA2ISl DRM, CS
T2 rat aorta ¥ atriumE AFS oAU
2.6.1. X2 H2MH
2.6.1.1. EJtAtel DAM ¥ tube foot (TF)
ZJIAI2IS eye spotE HHE & HIBID SEXg 22610 Y2 HESH, 50 &

0

Bl

2 [ict S¢2 JNEXNE= DRME2 ¥HE £ AT (Fig. 198). 0l muscleE mess®
2218t & 20 mmEEL SHOZ OLE(C} €5, 2EM2| BIIE (ambulacral plate) st
st TFE &t Ji» ECol ampullaZ 2 OHZECZ 8l &8 (Fig. 198). 28




UEES 55 mM Mg artificial sea water (212544, ASW)GIOIA BB OO0, &2
S 20 (mM} NaCl 445, KCI 10, CaCl>2H.0 10, MgCl»6H:0 55, Glucose 10, and
pH 7.8 Tris—HCI 20.

2.6.1.2. 8JIM2l cardiac stomach (CS)

EHAEIS HISiD SHE TAAY 2218 F, 209 FUN XS 5829
cardiac stomach £ & SZ& HAZ F=0 (Fig. 198). 017 2HHOZRH HER
HAQ% JIHE O12ah LA &0 JHK E&= O HUt. 2 HEE DRMI 22
oIZal (ASW)A UM BotRALH
2.6.1.3. Rat aorta 2 atrium
Male SDXl rat (230~250 g)& decapitaiondttd SR & s & AHFE Wt fIX
baortaZ ZFotALH Z2Fe e ZHIHES MAHGHD, 2 mmEES €2 DalE
e 5 mL BFSX0l DFARCH Rat atriumE M8 & X
sHY HHOA EHUO. R THE Kreb's bufferdttl M 0|20 B ed, £
S8 O3 20 @ (mM), NaCt 118.7, KCI 4.7, CaCl; 1.8, KHPO4 1.2, MgSQ4 1.2,
NaHCOs 24.8 and Glucose 10.1. Olci&t 8HEZ 95 % 02 5 % COE 2022 E3A
2 & 37 C2 FAM=E ¢tEL0 A ACH

26.2. O|2g49 =3
2.6.2.1. E2JtAcl DRMOIIA S Oi8ld =3

FEHIE 2 HHEE organ bathWH2l XA DAEAZID, IEZ2 isometric
=
=/

Qo

o0

o
1n

transducerdil H& (Fig. 19C}alX resting tension0l 1 g0l TI%
Ch Z22 tension0] 1.0 g0l RXEH 10° M AChS S0 243 AT, 158F
107° M2 ACh2 E05I0 282 +ZAI2 5, HEDICE s58e X &
g WAHLISE A6t A signal transduction ZEE XElst 2 108 20 10°
M2l ACh2 D OlF BEQISEE HSAZCH

2.6.2.2. EJIMCl CSHAS Ol&gd =3

ZHIE stomachsE 2 mL 2HEX0H ORMI 22 ¢$ye=z
tension0l 0.5 g0l T == 6022t BES AIZICL 015 107° M CCh2 ® X250 =
A21E, 107 M BIEH|S 8 SHGHALE

e}, resting

,40,




2.6.2.3. EJtAtD] TFOIAS Ol28d =3

HIEX o XX TFE 2EA2 &, AB2 isometric transducertil & ZaHNH
resting tension 0.5 g0l ST E 6022 BEF AIZICH 0% 30 mM high-K' ASWES
ASW [Hal B2 X0 2360 222 R £FA12I0H 250 483} € 107 M
HEIOIEE &0 &AL

2.6.2.4. Rat acrta ¥ atriumOilAl2 &4 53

ZHIS acrtaB® 2 S force displacement transducer (NEC-Sanei. Tokyo. Japan) 2
S5mL et2Xe AZEH L-type wiretll Z2ACH BISZ0 SHE A2 1 g HE0 A
CIGEE Qo= EEg AIHD, 108 2AHSZ puffer® nHoH FUCH 1 g tensionO|
SX TS 50 mM high-K* solution®2 33 #4835 AR, 01F & $5830 10°
M2l norepinephrine (NE)Z 0IZ3t0 == AI2! 2 peptideE SHSIRACE AtriumE bio

tachometeret A2 S transducer (Narco F-60. Narco Biosystem Inc., U.S AL XX

CHOI T2 GIQD, 1 g2 Z2is T OHESE AIZDH 012 107° M2 NES 02510 +5
A2l & peptide2 S0I5HALCH

2.6.3. A

O|AEHS 10°MACh 2 10° M CChel ZH4 =0 W8 MUHE 012 %2 A LIE

WO BHE, BI20] )= EDs (R0 0129 50 %= LIEIY M9 5&) L Epex (107°
MOIA Sl Ol %2 M HI AR EDgR 2 least square methodE H&olHCH, =
HE Hi= student's t-test2Z A T RE BIE g2 means + s.e.& HAIGHHLCEH

_4‘]_




tube foot

cardiac stomach

dorsal retractor muscle

Fig. 19. Vertical section through madreporite (A), horizontal section (B) and
physiography system (C) to measure the relaxing effect on the DRM.
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1. 2JIAIEIZRH 014 HEEO0ES =&

JAEL FE20A Ot S99 SII80H. NaCl € 4t HIJMMEE HYH 0=
A, o 2 XNLE2 MHSAUCH O & Sep-Pak Cig cartridge€ 0/ &5H04
Mgt 229l &2 (D.W.. RM10, RMB0, RM100)2 AtZot starfish DRMU|
Olatgdes EHHGIQCL 1 2D RMOOUIA JI1E 28 &#4=2 LIEHHAZ20,
RM101t RMI000IA S OiREES BAUL. B, DW.UHIAE 242t =308 2
ACH {Fig. 1). Metd 2 SFHAMdsE 1R A4E O848 X RME0E MESHH

oy BEH0EZ FUSHALH

Paal
% om
i
>

4
At
0

S

J

=
o

2. 2JtAtel DRMOI CHEt ol&d BEOIE2Q A

SIMRIZ2REH ZEE RMB02 EMGH) s HH 202 w@2X 2 CM52
calumn (25 x 300 mm)2 AIESIALH, Zclel =2 s8 Z2tAlel ORMOI CiaH Ol
Statd EZHEI0H 1O 20 columnlll Z286te d&8E 2= Fig. 32 A regionlt B

regiontilAl Q|28 4= LIEIUIRA L, Ol 282 s M ZHHUH ASERLL

2.1. SF-12 #EH

Fig. 32 B region2 & HM BB HUAZ Vydac Cia (9.2 x 250 mm) column0il
H2CAUD, Fig. 42 B-Il regiondt B-ll region® M Ol2&HdE 2L Fig. 49

B~ region2 M HHl “H=Z2 S0I2 W&=X2 DEAE columnlll B4, 0.05
M NaCIOlA E&E& 23l0M 242 LIEFWALCH (Fig. 5). Columnl Z&st=s & &
2 0120 20 242 UEth=s Z2HUl= O0t: &A0t0l-dE Edots A2
MACHACH H=ZHM 0 FE2 Ul ¢l HAHZ F B CH 02 429

Capcellpak Cis {4.6 x 250 mm) columnE OIEotLCH (Fig. 8). Ol 0.25 %/min
9 =& FHHE FRUSH, 22 % CH;CNOUA oitgds XY Z2E HAL. 0 &

8 282 U

AE9) Cig column® Hypersil BDS column®l Wl HIH SHHIQL 28

HI
J
i
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LHRE HEEZAULD, 20 % CH.CNUA EH 2EHE 2ACH (Fig. 7). AS6HM 24
& 3J10 2st 22lZ otIl Pk size exclusion columnOl HE&ACH 1 20 O
FEAZ 2420 M Y peak® EECUL, EHERO=2 Hypersil BDS (2 x 125
mm) column®lA 20 % CH;CN2l isocraticEH2 2 HRPEAIZH 16.12¢2] &Y peak
£ AL MADLI-TOF massE M E6I0 289 BAUHS ZHE ZHY 1601.72 Da
Olgt= 0] #QigACH (Fig. 8).

2.2. SF-l1e) HX

Fig. 42 B-ll regions HFM&7] ok Ml BHM =2 DEAE (7.5 x 75 mm)
columns ME3StACH 1 2, columndl SN 0.07 M NaCillAd E&&l= =&
HA Sd2 UERO (Fig. 9). 0l 84 F&2 Ul Wl HHMAE 2L Hypersil-BDS

Cis (2 x 125 mm} columnOll 1 %/3 min FAHC=2 HELIUSH, 28 % CHiCN
HAM Bd ZEE AU (Fig. 10). 0IF CAl L8 DEAE column2g =22ictdd

t (Fig. 11), 2B AM 0 28 A4 column@ Hypersil BDS Ciglfl 23 % CHICN
2| isocratic 2 S E HEJIADLE, HPLC profilelAd ©HASHOI OtL 222 LIE

SHCH (Fig. 12). WatA 2458 LHEHYH main peakE size exclusion column0l = 2351
O HEEAMZ 2320M HA2Z2Z ZlotDh (Fig. 13A). IBH2ZE 0| peake
CtAl Hypersil BOS columnfil 23 % CH:CN2l isocraticA2H2 =2 HELAD, HRES
A2t 16782 #= =28 222 2 + UAL (data not shown). 0 SA <)

FAEE EFE 2 2306.95 DallACH (Fig. 13C).

2.3. SF-lllel &M
2 2004 LIEHH CM 522 Fig. 39 A regionS A Mot foid & HWl A

£ Vydac Cig (9.2 x 250 mm) columnZ AIE8HC. O Z W 30 % CH;CNOIA

24 FaE 2A2H (Fig. 14), 0] FEE2 M M HAQI DEAE (7.5 x 75 mm)
columndlf BHEZRJU2LE, columnt EXEX %D 2EE FENA L0 LEHC
(Fig. 15). Ol4st 2= BEFEC SES0| SO0 A0 HII4 o0l &S

Z0l 8oty UAsANE D2E0=E 2SS 2A0ECH £3, columndtl S2E HWRES

FEE0 240 2=z A2 242 XA 2 220 HAHIH gHEeE 7
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AL ACGE X2 2080 HASis 42 AdH =222 Ul ¢l S& column?!
Hypersil BDS Cisll 1 %/3min@ 2 HEEHUASLH, 26 % CHCNO EZE 220 A
]|

0|t A2 LIEHHRACH (Fig. 16). 0 & A X column0ll =&

HL
J i
1o
&0
=)
Ml

Ol ©IX HALSZ, O B ANMHE &

j=)

|2 W&=X columngl SP (7.5 x

75 mm) columng AFESEHACH (Fig. 17). 1 23, columnll =<0 0.06 M NaCli

HA 228 ZEUHM O 242 UEILRICH 0] &S Hypersil BDS Cis column

O 0.1 %/mine ZHOR NEZ5tH, &tLt2 peakE LA+ (data not shown). 0

peake= EHESESCIF 25 % CHiCNOl isocratic £HUHA HESAIZH 22.9382 Jt&

g 22 Sclel, 2UEE MALDI-TOF mass £F Z 1 3655 Dallith
)

3. ZHE Oi=28d HEOIEsES EA4Z ¥ ol0lkd A8 ZEE
EHCesg HHMS SF-I, SF-II 2 SF-{ie] ZAFd OtDl% &8 AEE L AMSHI
?I5t0 MALDI-TOF mass spectrometer?t Edman i E 08 Ol & 24471
£ MESIRIL Table 72 0IE BHEOIER ODIZ& AZE % 2HEE LEHUID U
Ch. SF-i2 &= 0t0l'= & Phe, Tyrit chargeE 2t= 302 Ot &b, 4002 Gly,
1082 Pro & Serdt Thrit &2 S4H0I0I:-6EE SR 16012 OHOIEM2E A4
T USH, N2 1601.72 (M+H)' OIAUCH =X HEI0IZY X2 012X
H&XP 1602.61 Dalt HSE & YXSIFUCE SF-ile 20| 2306.95 Daez &
LD, HESE O MY TyrE 2HE R . (+) chargeE = Lysit Argah
(—) chargeE Ji& GIUE E&dl= 2020 01at2 o0l ae2 0IRHE BEol=et
= A8 2 4 UYL LE SF-llis SEE OOl 4 Phe 1M (+) chargeE 2
= Lys® Arg, (~) charge® AspE H&ol= 300 Ol&e Ollicaez REENH U
UCSH, BAgz S BN 3655.00 Da0lUCH 22iLt, HHst &9l FELZ SF-jI

3]
w
m
L
I
=}
=}
H
>
x
ng
AL
Iz
o
rﬂ
o

FH OIS HXIK G@RALH.

3.1. ¢ SF-1t 8d SF-12] sS4 Hl

El

C-2¢ modification HRE 2L0ot22] A C-2<0l OtIEsE SF-I (SF-]




amide)t C-2ZLH0l modificationTl XAl &2 OH-EEH (SF-1)2 AU OS2
Vydac Cig (4.6 x 250 mm) columng 01856t 22 % CH:CN2 isocratic Z20A
F2IE A0 I Z SF-| amidedt HEEAIZH 14.985%, SF-101 HEE A2 15.751
S0HA EECACH (Fig. 20). £&, HAHE SF- (N EHE SF-I ()8 sEC=E
Qe 22 TAHOZ HPLCAN FUSIY DL, 0IS2 Fig. 210A LIEHHE= diet 201
N2 16.003&, S&E 16.002&, NIt S EZEE SL& HFEMILUA &M 2=
CIACH 8tHM, g5 SF-| amide?t MHEE SEAZ) 2= 2 peakE LIEHUY
X &30, Fig. 201 Z0] 242 peak® FlDIULH (data not shown). 0leig &
SZ2RH HHES SF-10| 42 OH-typell 22 EZEE & + UUCH, 22X
SF-19] x4t E=E S 200 BEHIIML @ Phe-Gly-Lys—-Gly-Gly-Ala-Tyr-Asp
~Pro-Leu-Ser-Ala-Gly-Phe-Thi-Asp.

4, SF-12l CD AHEH

SF-19] 2XRXEE Eolotd ®lot TES FY, EYPC, EYPCEYPG (3:1) & 50
% TFE ~ZCHHAM CD ABEHZE ZHGRL Fig. 22= SF-19 CD AHEHE L}
EHHCH TES SHEMUEIUA SF-I2 203 nm 220U A negative maximum gt2 JtAl
= ﬁ IEEHE UEUWAT. HHEO random?E&= 198 nm 220 M negative
HEYo E45 ALK, SF-120 R0 UHAE AHEY
0 right shiftT/ 4 120, 225 nm 220 M negative maximumz UEH= Ho=

x

Ot T8 SEALE REECZI 8rols A2z 44

[
I>
=
Im
o

maximum gft&
PO &&Es random+ &

Eg G2 HEHE LIEtHLH £8 a-helix R E20z2 A& 50 % TFESHH A S
AHEHE U2 2MHAM = 22l double minimumE XLIE a-helix?t SAS &
E LERXISH a-heiixS RS 5 %0 ALK RAUACH OIHES TFEZ HEHHA,
SF-12 S 20l randomst X8 FSHLE L42t2) helixE SEHES LgWOH £
Chou-Fasman®l 2xt-2Z% HIZE0 2a6tH, SF-I2 Table 90 LIEHH B2 20| B
-turndt random coil® FEtULH et CO ABEHY 217X MSHEH s &

dE2EH SF-2 random>2E e turmnR2 A0 OtLiel U2 EFRX =g=" X E
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5. SF-19 R=H &4, 248 53 2 HFESAZ Hlu

SF-12f TXe 4o HFBHE 0TI A, SF-I8 DL 50 12&87
of N-YE REMS 6559 C-2C RTM L N-ZLD C-2eto] &I} HHE
SF-I(5-14)Z & &3IUCH (Table 5). Tavle 82 XHE FHMS RTHSS =X =T
A, HRBARN A448C Y A2 DUES EHCL HREAIZ2 Vydac Cis

O 10 — 35 % CHSCN (25 min)2l Z2i0A &H
o

_II)I'

ob”ALL, SF-19] N-2E & C-2H RTHE &1 HMAHEN Mt HRSEA2Z0 %
HECH Teld, N-22 ST SF-1(2-16)4 SF-I(3-16)2 LEE= 212t 0.09
OlH, HRSAIZH0l 254351 2557222 HO RASIRA20, C-2H R =
A dE0 22 0112 €2 SF-I(1-12)2 SF-I(1-10)2 RS AIZE L8 [ AGH

AL

SF-11t SF-I(5-14)8 ZE=Z Gt 220 /Ues ot 2 Alalz X & &
THE FHoAD (Table 5), 0§ &

e BHES HABIHE TAMSIACE (Table 9). Ala-XIE RTHEL HREA

£ Vydac Ciz (4.6 x 250 mm) columnE 0IE0l0 22 % isocraticZHUA SHG
ACH TIPS SF-12 Ala-X @ REHS AL, SF-12F HIEAMZY 2 X010t Y
oLk, [Ala'"ISF-ITH [Al2'*]SF-I2 SF-| 20t 82 0ia WE HSE A2 JHRCC
L3 Ala-X8 SCH ESHM (A°]SF-ITH [Ala”]SF-12 -0.112 S8 A48E
O A4 RHES JIRXC, HIEA AHM 102 014 XU0IE QUL U=
29| SF-I(5-14)2] Ala-XI& RTHO ARE SF-I(5-14)20 52018 SH =5
ACLL [Ala'*]SF-1(5-14)= SF-I2 SAIE HRPEAIZS IR L3 -0.489 =
ost A4+MTE A [AlR’]SF-I(5-14), [AIR°ISF-I(5-14) ¥ [Ala"’]SF-I(5-14)2
A2 QUENA X022 LIEFNRLKID, Ol218 244 E9] TH0IY HRS A2
2 RAN0 s A2 UEIGC. 0122 A2485Y AZH2 RELES LIE

SO
HF
9|
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N EENE

tor
ot

o2 HS

0

Al210l OIS &

ir

AcxE H2AECH

B SF-IT SEHES 2 PEE LOHEY) A Chou-Fasman®l 2X 72X O
=S 0|25 (Table 10). N-ZED C-2etol &2t HAHE |REHES 2%
random coillt B-turn37EE FHEIASH, Ol0I=& HAHN M KTHE Al #XT
O 2 21501 AACH LB, SF-19] 2 00l MS AlaS2 XIBS BEICO A
ANl SF-1T KA PEZ LERHCH D24, [AlR°ISF-12 9B MMM 142 &0
WA helix® Z&& tun?AS LIENYCH 211, [Ala'®]SF-l= 1280 ®II0 M 15
HIE A0 248 helix® E&8 tun2EZS HACH: 20l MZSCTACH SF-1{5-14)
o 2t OIDI- A FIIE AlaR 2 X838 ST AAl [AR®ISF-I(5-14), [Ala''1SF-I
(5-14) L [AlQISF-1(5-14)0IASE OVMOtA 142HM DIIDK helixE® Z&E tun
XIS EIAC

6.1. EJIAlcl DRMOIIA Sl O|&&Hd
DRMOIA SF-1F ST XSS olat8 A2 X AlsHI 26, 10° M AChs & X2l
I £=ZAI2E ¥, BEIOISE 107'° MOIA 107 MKl &= S008I0 Fig. 23A=

ORMS] HE X O|2AHE LB OIREBIEE sk AEH22 FIt oA,

(@]
3
=

-

ZESE IS 100 %2 ol &UHE 0l= %2

A LIEHD, 0122 EUE s A& 218 38, Ena ¥ EDstE Z IR

6.1.1. SF-ID} SF-I amide® O|2+&tA
HHB SF-1t C-2EH0l Ol0IS &= SF-| amide® 42 HIWSI| AstH S0t
A2l DAME 0IZ5tACH Fig. 24= 01S9 =% AZR M2 LIEHACH SF-IDt SF-|
amide= 1077 MOIA 212f 059 % ¥ 0.66 %2 AXUS LEHUOH, 229
(efficiency)E LIEHHE Epadd® 107° MOIA 120.047.0 % 2 134.7+

448,
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Fig. 20. HPLC co~elution of SF-I-OH (OH type) and SF-I-NH, (amide type) in
reverse—phase HPLC. Peptides were loaded onto a vydac Cig (4.6 x 250 mm)
column and eluted isocratically 22 % CHsCN in 0.1 % TFA at a flow rate of 0.5

mb/min.
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Fig. 21. Comparison of retention time on reverse-phase HPLC between
native (N} and synthetic (S) SF-I. Peptides were loaded onto a Vydac Cis {4.6
x 250 mm) column and eluted isocratically 22 % CHRCN in 0.1 % TFA at a
flow rate of 0.5 mL/min. The mixture of the two peptides was co-eluted as a
single u. v.—absorbance peak (N+S).




[6] x10™* deg- cm? dmol™1
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Fig. 22. CD spectra of SF-l in 20 mM TES buffer (@), EYPC (O), EYPCEYPG
{3:1) liposome (¥) and 50 % TFE (V) at 25 C. Peptide and lipid concentration
were 50 uM and 2 mM, respectively.
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Table 8. Molecular weight, Hydrophobicity, Hydrophobic moment and
Retention time of SF-I, N- and C-terminal analogs

Mass spectrum

Peptide Observed Calculated . l(::mI)
(M+H)" (M)

SF-I 1603.53 1602.61 -0.08 0.32 27.277
SF-1{2-16) 1457.62 1455.44 0.09 0.47 25.430
SF-1(3-16) 1400.52 1398.39 0.09 0.50 25.572
SF-1{4-186) 1272.9 1270.22 -0.13 0.77 26.125
SF-1(5-16) 12156.69 1213.47 -0.14 0.83 26.307
SF-1(6-16) 1159.03 1156.12 -0.15 0.9 26.243
SF-H7-16) 1087.96 1085.05 -0.12 0.98 25.730
SF-1(8-16) 923.46 921.88 0.12 0.88 22.439
SF-1{9-16} 808.29 806.8 -0.24 0.75 20.144
SF-1{(10-16) 711.09 709.69 -0.27 0.86 18.690
SF-1{11-186) - 596.54 -0.02 0.80 11.562
SF-1{12-186) - 509.47 -0.08 1.01 11.092
SF-1(13-16) - 438.4 0.03 1.36 10.962
SF-1(1-15) 1490.12 1487.53 -0.28 0.15 27.908
SF-1(1-14) 1389.28 1386.43 -0.27 0.18 29.174
SF-1(1-13) 1241.89 1239.26 -0.10 0.07 23.207
SF-1(1-12) 1184.61 1182.21 -0.11 0.08 23.768
SF-1{1-11) 1112.46 111,14 -0.07 0.10 22.739
SF-I(1-10) 1025.43 1024.07 -0.11 0.09 24.166
SF-1{5-14) 999.44 997 52 -0.43 0.79 28.36

¥ + H : Hydrophobicity, p : Hydrephobic moment by Hoop and
Wood method, R.T. : Retention time
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Table 9. Molecutar weight, Hydrophobicity, Hydrophobic moment and
Retention time of Ala-substituted SF-| and SF-1(5-14)

Mass spectrum

Peptide Observed Calculated H’ H (Rm;)
{M+H)" (M)
SF- 1603.53 1602.61 -0.08  0.32  15.840
[Ala'1SF-I 1527.46 1526.51 0.05 0.4t  11.247
[Ala®]SF-I| 1617.65 1616.63 -0.11 0.30  15.008
[Ala’1SF-| 1546.79 1545.51 -0.29 052 22.388
[Ala*]SF-i 1617.76 1616.63 -0.11 033  17.534
[Ala®]SF-| 1618.81 1616.63 ~0.11 0.28  17.395
[Ala"]1SF-I 1512.65 1510.51 0.04 0.21  11.521
[Ala®1SF-1 1560.97 1558.60 -0.29  0.30  13.439
[Ala®1SF- 1578.45 1576.57 ~0.11 0.29  12.945
[Ala'®1SF-1 1562.32 1560.53 0.01 0.27 7.494
[Ala"1SF-I 1588.19 1582 .61 -0.13 0.35  19.687
[Ala'®]SF-I 1618.43 1616.63 -0.11 0.31  28.357
[Ala"*]SF-I 1528.50 16526.51 0.05 0.19 8.065
[Ala"*1SF-| 1573.60 1572.58 -0.08  0.32  16.998
[Al2"*18F- 1560.70 1558.60 -0.29 012 20.900
SFI5-14) 999.44 99752  -043 079  8.06
[Ala®]SF-1{5~14) 1013.02 1011.01 -048 074  19.825
[Ala’]SF~1(5~14) 907.08 904.89 -0.25 068  12.812
[Ala®1SF-1(5-14) 954.87 952.98 -0.78 053  15.089
[Ala®]SF-1{5-14) 972.97 970.95 -0.48 077  13.878
[Ala']1SF-1(5-14) 956.81 954.91 -0.30  0.66  17.869
[Ala" 1SF-1(5-14) 982.89 980.99 -0.51 079  22.829
[Ala'®]SF-1(5~14) 1013.08 1011.01 -0.48 080  27.563
[Ala"*]SF-1(5-14) 923.03 920.89 -0.23  0.61 7.515

# « H : Hydrophobicity., u : Hydrophobic moment by Hoop and Wood
method, R.T. : Retention time
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Table 10. Prediction of secondary structure of the peptide by Chou and

Fasman prediction method

Seguence

Peptide

SF-1

SF-1(2-186)

SF-1{5-16)

SF-1(1-14)

SF-1(1-13)

SF-1(1-12)

[Ala®}SF-

[Ala"]SF-

SF-1{5~14)

[Ala®] SF-1(5-14)

[Ala'®]1SF-1(5-14)

[Ala'' 1SF-1(5-14)

[Ala"*)SF-1(5-14)

: B-turn, H : helix

T

¥ C ! Random coil,
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(Ve
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ot

20| @3 (potency)E UEHHE EDse2t2 SF-IDH SF-i amidelt 22}
4.0%x10°° Mt 3.0x107° MOIICEH SF-IDF SF-1 amide® EDsy & Emaat0l JCHA
AOIJE AU 20 C-2UH2 Sl 284S UEUW=O ERE FEE 6HA 2=
Aoz M2AELH Table 112 SF-| amide® SF-12] &4 =AM A

6.1.2. SF-igt 1 RS2 o284

6.1.2.1. SF-13 N-2H RTHEY 012

Fig. 259 262 N-2 T QTHSH e 5T AZEZHES LIEHAN, oltsy 2
e Table 110l LIEFHRACE SF-1(2-16)2 107"° MOIA 0.35 %2 AXIS LIEHLY
A2LE, 10 MOIA control 20 2F 20 % Y2 96.36+1.92 %2 A2 LIEHHAD
EDsot 2 2.1x1077 MOIRICEH SF-1{2-16)2 &84S control?! SF-12 S&o/E2 Mt
HIRGHO 2 10MHES SH LIEFSECH %8, SF-I{3-16)D SF-1(4-16)9 X2t
107 MOIA 202t 1.7 %9 1.8 %2 UEIQH, P22 94.4+13.4 %%t
87.4416.0 %, EDso2t2 4.0x1077 MIF 2.2x1077 MOIQICH 0lS2 +2HIte &3
2D F OIAHSES SF-H2-16) RAISHA UEFSTH JeLt, 2Xee 552 4l
Wk = O SF-I(2-16)01 SF-1(3-16) SF-I(4-16)2Ct =S #FAS AHlE=E NS
of 4 QUCh SF-I(5-16)= 107° MOUIM 4.58 %2 Xt 107° MOIM 109.4£6.5
%2 Emaxgt2 LIEHAACH Wl M XIDMK HHE SF-1(5-18)0IA =SH et &
3132 LIEHHE EDsodtD 107° MOIAI Sl ZICH 012HEH20] SF-1(2-16) D SAISHH Lt
EFGtCH Ol28 2= N-ZTHol A0 Phe'0l EQ8 2Ast=2 stlt= 22 90(8HLC.
M, SF-1(6-16)U SF-1(7-16)2 107° MOUIA Z0H O/2BISS 2424 86,442 %%
73.144.7 %2 LEFLHAXICH, SF-1(5-16)0IA LIEFSH 100 %2 OIFEAZS LIEHA
Xl 2otATH (Fig. 25). E£8. SF-1(8-16)1 SF-1(10-16)2 107° MOIA 37.1+4.1 %
9 19.545.2 %2 EHZ LIEHHA D, SF-1(9-16) Al 75.96+0.96 %2 42
0 100 %°l 0 OiFENHE UG 2&HAU0H SF-1(11-18) SF-1(13-16)2
107 MOIA 22t 8.1+£0.6 %% 5.35+ 535 % X JIRD, SF-I(12-16)2

z

|’0Il

107 MOILA 15.4115.4 %2 AREBAE 2AUCH SF-12 &JIE HMHESE AXsE
= MRS =4 UENG D, 242 2A4SACH (Fig. 26). N-2E ST 242
dJl= GS% 20 @ SF-I»SF-1(2-16). SF-I3-16). SF-I(4-16). SF-I{5-16)>




SF-1{6-16), SF-I (7-18), SF-1(9-16)>SF-I (8-16)>SF-I{10-16)>SF-I(11-18),
SF-i(12-18), SF-I (13-186).

6.1.2.2. SF-II C-2Y |STXES ol2g4

Fig. 278 C-2% RCHES 5% AEIHME LHEHHYALH, 0122 B84 =FH
ZWE Table 1100 LIEHLAACE SF-I(1-15)2 SF-1(1-14)= 10°° MOIM 22 3.26
%2 9.38 %2 AXgUB IR, 107 MOIA 22 99.78+4.78 %% 105.72+5.72
%2 A(f OIABHE PHI, EDs2t2 4.0x107° M 1.2x1077 MOIRICE OIS &
FEAY BH2 HO RASIAR0, SF-I{1-15)= SF-IET 100E ST ¥ EDse2t
£ LIEFRCE Ol Asp'®0l C-ZCHOlA Q8 Asg s LB 8tE, c-2o
Asp'®0l HIHE |SCHQY C-LLZRE 22 OH0ILA0l HMHY ST 22
bd X0l AX YUACH Phe b HIAHE SF-1(1-13)3 SF-I{1-12)2 107° MOUIA
SF-19 #4200 #X5l W2 30.54+1.13 %% 23.9+46.29 %° A4S LIEHNACH
Olaist ZMES 100 % ZOH OIASHEZ LIEHNE 2001 U0l Phe' Il EQF =gs
Sti= 22 208t SF-I(1-11)3 SF-1(1-10)2 22t 10°° MT 10°° MOIA
42+1.2 %% 0.9+0.9 %Y SAXUN2SS UEHHAD, 107 MOIA 27.3+2.4 %2}
25.9410.1 %2 OIS2HEAE UEHHACH C-UH QTHES SF-IECH 100 =

e

i

|'0|i
no
J

2 dXsTE UBWHS0, S0I6tAH SF-11-13)2 107° MOA =XIgte LIEHWCH
C-2¢ RHe #42 MIl=s OS2 20 SF-I>SF-1(1-15), SF-I(1-14)>
SF-1(1-13), SF-1{1-12), SF-1(1-11). SF-I(1-10).

6.1.23. Hx &J R#&H2 oS

6.1.21.0} 6.1.22.2 ZHEZFEH N-L REHC SF-1(5-16)2 C-2C Rl
o1 SF-1(1-14)01 107° MOILA SF-I1Dt A 2 OISHEAHS DD UAI G20
SF-I(5-14)8 =tk BH2 UEE 24 &)E AE510 018 4560 0|28

S T MBIRACE Fig. 282 SF-1 SF-1(5-14)8 =% QZRAHE LIEIWCH &8 =
A A, SF-I(5-14)= 107° MOIAl 4.08 %2 DXAS AKX, 10° MUIAIS 0

SF-12] 2t CH 40 %014 ZABIALH (Table 11). J29Lt, 107° M2 SF-|
(5-14)HIM 2 100 %O 0IRHAHZ2 LIEHHN S#&4ENE SXNUHFOU, 55 =




S&E HIUOIAS 1 SF-12] 0|2 L0 HEEHOZ 100HHEE Y2 42 LE

LHATH (Fig. 28).

6.1.2.4. SF-I1 SF-I(5-14)0)l I8t Ala-XI& RETHES2 o2

Fig. 29-312 SF-11t SF-1(5-14)2| 2t OOl &2 Alal2 X &8 REHES =
T SJERNZ LIEIHCH S35, Table 112 01S2 FXMRESE, EDsodt L EnwdtS
LIEHATEH [Ala'ISF-1 [Ala®1SF-1= 242 107 M 107'° MOIM 0.7 %% 1.8 %9
AXAS R, 10° MOUA Epmdt® 14214113 %2 116.6+3.4 %OIALL.
[Ala’]SF-1, [Ala*]SF-1 2 [Ala’]SF-i= 107" MOIM 22 2.1 %, 1.5 %% 2.9 %2
AXBAHS HAD, 10° MUAM ZH 0ISDYS EoudtS 104.244.2 %, 123.3+3.2
%2 101.4+4.5 %O0IACH [Al2"]SF-1D [Al2]SF-1= 107 MOHA 22 1.7 %%
1.0 %2 FAXLSE2 UERUASH, 10° MOUAM EnadtE 11182119 %9
124.2843.3 %0I1ACt [Al2°1SF-IDt [AIR"°]SF-1= 107° MOIA 22 1.4 %2 1.7 %
9 HXAE NEBD, Enndt 1017469 %9 64.947.1 %0IACE [Ala" I1SF-I12t
[Ala]SF-12 107° MOIM 7.4 %@ 7.2 %0 AXEHE2 2UYD, Epadt
102.8+2.8 %2 111.11+11.11 %014t [Ala"]SF-12t [Ala'°]SF-12 22t 107° M
o107° MOIM 3.3 %% 0.2 %o AXIAUE MBI, E..dtS 483+1.7 %%
106.3+1.97 %O0IACH [Al@'°]SF-12 107° MOIAM 11.7 %2 XS0l LIEHG DD,
EmexBt 2 108.140.98 %O0IACH (Fig. 290 30). 2 SEHE USE EDw30 N2
SASIH LIt OO, SF-12) EDse2t ®0F 5-10HIE S Al LEMDH SSHENA
=351, [Ala'°]SF-13t [Ala'"]SF-19] Ol2EA2 SF-IRCH S M6l LU LEts=d. ol
SF-10] O12EHE UEHH=U A0 Leu'"H Phe'Il SR8 As=2 st
ShiE

fr

A

o
rr
g

BHE, SF-1(5-14)9 Ala-XI8 S=MO [Ala’1SF-I1(5-14)2 [Ala'']1SF-I(5-14)&
107 MOIM 22 84744617 %% 84.16+55% %2 OQi2AHES  LIEFHCH
[Ala"1SF-1(5-14) ) [AI2°ISF-1(5-14)= 107 MOIA SF-I(5-14) 2} 40 %014 24
& 58.48+9.67 % ¥ 49.35+8.26 %2 O|ABAHZS LACL. L&, [Ala'’]SF-
(5-14), [Ala"®1SF-1(5-14) 2 [Ala"]SF-I(5-14)= 10 MOIA 18.31+2.52 %,
24.29+4.29 % ¥ 34.32 £12.9 %2 L2 TS UEHAAKXICH, [AIR°]SF-I(5-14)2
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107" MOIlAl &3 42 LIEHHX 4T (Fig. 31). SF-I(5-14)2 Ala-XI& ST
E2 =8 SF-I(5-14)2CH &&0I 22520, =3l [Ala®I1SF-I(5-14), [Ala']
SF-I(5-14)2t [Ala”®1SF-I (5-14)9 2R SHSE 242 LIEHHACH 0248t 2Ds
2 SF-I(5-14)&8 EUAM Ty’ 2 Pro®0l O|RESEE @

= LIEHHCH

6.2. [UWSS R &BH EEOIEY 0|24 Hiw

6.2.1. 2JtAI2] DRMOIAICl Ol 22rA

S1, S2, FMRFa, FLRFa 2! SF-19 OIS A2 HILGEH)| 2A604 SItA2l DRME
AFEEHUCH Fig. 32&= 0IS9 S5 SE2HS LIEHHCEH SF-I2 107'° MOIA 0.59
%ol AR S INFD, 10° MUAM 120.0+7.0 % X OISEAHES LIEHHRACH
SF-19l EDso2t2 4.0x107° MOIQICH & St A2 10777 MO 2.4 %2 2xlgt
S LEIYCL, 107 MOIA 45242 4 %9 01242 LIEHKRUCH 0122 $19 0
2240 SF-IE20 S M3l Wlh= 22 C0IECE £8, S2= 107 MM 2.6 %2
GRS UEHHASH, 10° MUIA 15 %ZHE2 0242 20 SIBLUE @2 &
&2 JHECH FLRFas 107° MOIA 4.3 %2 AXIZ EASH, 10 MUAM XIE
2324132 %ET2 ISP RS HES UEHAL E8. FMRFa= 10° M ST 0laH0
Me Ol 2 SBO0IA 2UD, 107 MOIM 14.63+8.42 %0 HIUB2S LIEHNY

!

Ch TetMd, 0l &34 BEOIS2 242 A2 SF-I»S51>S82>FLRFa>FMRFa

=0} AL

6.2.2. EJtAI2| CSUIAC o128

CSOIAM2l S1, S2, FLRFa, FMRFa % SF-i2l OIABHE TABHI A5G0 107
M2l CChZ Ol8al0l =52 A2l =, BEHOI=E SOHalRAC Fig. 23B= CS2 &

SEOI QIRYAS LIEHACH 2 BEIOIES 104 MO ©2 5520 S0 5122,
OS2 H2E CChel +=HSE S 100 %= of0 #4THA 012 %2 A LIE




$UCH (Fig. 33). SF-12 44.615.7 %o O|2&HE LIEIHCOD, S12 21.2+3.8 %9
242 20 L, S2, FLARFa % FMRFas I &5 S LIEHLWX L QUACH

g

6.2.3. A2l TFUHIMY ol &4

TFOIAMC OIHBAS TASH)| 91501 30 mM high-K' ASWE2
2} . S1, 82, FLRFa ¥ SF-I2 S0{5I2CH Fig. 23CE OIS &l
2 LIEIUCH BEOISE 107 MEIS S0 5IQ D, 01S9 Pr2e SF-19 oj2y
212 100 %2 601 AU %ZAH UEIHASH, CIES Z W= Fig. 3401 LIE
Ch S2= 10* MOIlA 58.3548.35 %o O|EBHZS LIEHWHACLL S19 BP
169.93+8.66 %S +F&H A2 LIEHKRACH deilt, FLRFa2 FMRFas & 42 8
Kbt

=

0

ol

o 2
e+

T 08
0z =

I'If
e & 00

6.2.4. OIRZEJIAt2] DRMOUIA Sl 0| B A

SF-I1TF S12) ZotAt2] Z0l 2 OIS HIWGID RGN, 2 SR0A AR
= Asterina pectinifera®t [t =92 OIR=2Z2JIMEl Asterias amurensis?) DRMZ
AMEBtUCH Fig. 23A0IAM LIEH A0 201 Asterina pectinifera DRMIE R AHE &
B2 OiHE S92 LIEWCH (data not shown). BEIIS = 107° MOIAL 107° MDHXI
& S05A0, AChS +=HS0l et S4UE 0l %2 M UENYCH Fig. 35=
SF-1D 812 55 AEZHE LIEHHTH SF-I1F S12 107" MOIA 22 1.441.4 %
o 26426 %2 HXA2 INECHM, 10° MUIA 82.1+1.94 %9 62.3+4.4 %2 0
SABHAE LIEHAALH OIS s5%C&= IMS Hlws 2, SF-0| S190 =2 &
2 LIEMADH

1]
Y
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Ach 5x1077

2 min

B 107
l,
1 2 min
Carb. 10°°M
C 4
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it

2 min

Fig. 23. Typical tracings illustrating the relaxing response of starfish Asterina
pectinifera DAM (A), CS(B) and TF (C) to SF-I. The Carb. represents carbachol.
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Table 11. The Threshold concentration (TC), EDsy and Emax Of SF-I and its
analogs induced relaxation in the starfish DRM

DRM
TC (M) EDso (M) Emax (%)
SF-| 1077° 4.0x107® 120.02+7.00
SF-| amide 1071 3.0x107° 134.69+9.57
N-terminal analogs
SF-I (2-186) 107'° 2.1x1077 96.36+1.90
SF-1 (3-16) 107 4.0x107 94.39+19.40
SF-I (4-16) 107° 2.2x1077 87.44+16.00
SF-1 (5-16) 107° 41x1077 109.40+6.53
SF-1 (6-16) 107 1.1x10°° 86.42+2.04
SF-1 (7-16) 107 - 73.10+4.68
SF-1 (8~16) 107 - 37.1+4.08
SF-1 (3-16) 107° - 75.96+0.96
SF-1 {10-18) 107° - 19.5+5.17
SF-1 (11-16) 10° - 8.1+0.6
SF-1 (12-18) 107 - 0
SF-1 (13-18) 107° - 5.35+5.35
C-terminal analogs

SF-1 (1-15) 107 4.0x10°® 99.78+4.80
SF-1 (1-14) 107° 1.2x1077 105.72+5.70
SF-1 (1-13) 107° - 30.54+1.10
SF-1 (1-12) 107 - 23.90+6.30
SF-1 (1-11) 10°° - 27.29+2.44
SF-1 (1-10) 107 - 25.89+10.01
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Table 11. Continued

DRM
TC (M) EDso (M) Emax (%)
SF-| 107" 4.0x107° 120.0247.00
[Ala'1SF-I 107 2.2x107 142.1+£11.28
[Ala®}SF-I 107" 1.3x1077 116.58+3.42
[Ala®)SF-I 107" 7.0x107® 104.17+4.17
[Ala*]SF-I 107" 4.8x107° 123.32+49.03
[Ala®1SF-I 107 5.1x10°® 101.38+4.5
[Ala’}SF-I 107" 1.0x1077 111.82+11.92
[Ala®1SF-I 1071 2.8x1077 124.28+13.27
[Ala’)SF-| 10°° 3.1x10°7 101.7246.98
[Ala'®1SF-I 107 - 64.89+7.06
[Ala'')SF-| 107'° 3.1x107® 102.83+2.83
[Ala"]1SF-I 107'° 2.2x107® 111111111
[Ala"*1SF-I 107° - 48.3411.67
[Ala'*)SF-I 107" 7.0x1077 106.33+1.97
AEPISEL 107 o L7107 .108,1220.98
S Ry SITC s
[Ala®]SF-1(5-14) 107° - 37.83+1.47
[Ala’1SF-1(5-14) 107° - 12.38+1.27
[Ala®]SF-1(5-14) NA= - 0
[Ala®]SF-1(5-14) 107° - 14.149.73
[Ala'®1SF-1(5-14) 107° - 4.72+0.55
(Ala"' ISF-1(5-14) 107° - 14.56+6.97
[Ala"*]SF-1(5-14) 107 - 0
JLpatiseous-ia) 10 e, e 31 £2.98
S 10° - 45.24+238
52 1077 - 15.71+0.08
FMRFa 107 - -
FLRFa 107 - 23.18+13.18

# o« NA © no activity
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Fig. 24. Concentration response curves to SF-I (n=18) and SF-| amide (n=9)
induced relaxation in starfish DRM : SF-i (@) and SF-1 amide (O). Relaxing
effects expressed as % the maximal response to ACh, 1x107° M.
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Fig. 25. Concentration response curves to SF-| N-terminal analogs induced
relaxation in starfish DRM (n=2) : SF-| (@), SF-1{2-16) (O). SF-1{3—18} (¥).
SF-H4~16) (V), SF-I(5-16) (M). SF-1(6-16) () and SF-1(7-16) (#). Relaxing
effects expressed as % the maximal response to ACh, 1x10°° M.
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Fig. 26. Concentration response curves to SF-1 N-terminal analogs induced
relaxation in starfish DRM (n=2) : SF-| (@). SF-I(8-18) (), SF-1(8-18) {¥),
SFE-I{10-168) (V). SF-I(11-18) (M), SF-1{12—186) (O) and SF-I(13-18) (#).
Relaxing effects expressed as % the maximal response tc ACh, 1x10°% M.
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Fig. 27. Concentration response curves tc SF-I C-terminal analogs induced
relaxation in starfish DRM {(n=2) : SF-| (@), SF-1 (1-15) (O), SF-I(1-14) {w),
SF-1{1-13) (¥}, SF-1(1—12}) (M) and SF-I{5-14) ([J). Relaxing effects expressed
as % the maximal response to ACh, 1x10°° M.
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Fig. 28. Concentration response curves to SF-| (@) and SF-I (5-14) (O)

induced relaxation in starfish DRM (n=2). Relaxing effects expressed as %
the maximal response to ACh, 1x107° M.
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Fig. 29. Concentration response curves to SF-l analogs induced relaxation in
starfish DRM (n=2) : SF-| (@), [Ala'ISF-1 (O), [Ala®ISF-I (w), [AI2°]1SF-1 (¥7),
[Ala®]SF-1 (M), [AlR°]1SF-I (C1). [Ala’1SF—1 (#) and [AI2°]SF-I (<). Relaxing

effects expressed as % the maximal response to ACh, 1x107° M.
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Fig. 30. Concentration response curves to SF-I analogs induced relaxation in
starfish DRM (n>2) : SF-1 (@), [AIR°]SF-I (O). [Ala'®1SF-1 (¥), [Ala'']SF-
(7)., [AIa"IsF-i (M), [Ala"™]SF-1 (). [Ala'°]SF-t (@) and [Ala'®]SF-1 ().
Relaxing effects expressed as % the maximal response to ACh, 1x107° M.
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Fig. 31. Concentration response curves to SF-| analogs induced relaxation in
starfish DRM (n=2) : SF-I(5-14) (@), [Ala°]SF-1(5-14) (O). [Al21SF-| (5-14)
(w), [AIR°ISF-1(5-14) (7). [AI2°]SF-I(5-14) (M). [Ala'’1SF-1(5-14) (0), [Ala'']
SF-1(5-14) (@), [Ala]SF-1(5-14) () and [Ala"]SF-1(5-14) (A). Relaxing
effects expressed as % the maximal response to ACh, 1x10°° M.

_71_




3

2\?’120'
S 100 |
2
% I
5 80
d
60 |
2
B 40t
]
X
20 |
0..

10 9 8 7 6 5
-Log [peptide] (M)

Fig. 32. Concentration response curves to various neuropeptide induced
relaxation in starfish DRM (n=2) @ SF-I (@). Si1 (), S2 (¥), FLRF{Y) and
FMRFa ([J). Relaxing effects expressed as % the maximal response to ACh,
1x107° M.
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Fig. 33. Graphs comparing the mean relaxation response (£ s. e.) of CS
preparation to SF-1 and S1 (n=3). Relaxing effects expressed as % the maximal
response to CCh, 1x107° M.

Relative relaxation (%}

Fig. 34. Graphs comparing the mean relaxation response (£ s. e.) of TF
preparation to SF-I, $1 and S2 (n=2). Relaxing effects expressed as
percentage of the response to SF-I.
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Fig. 35. Concentration response curves to SF-| and St
starfish Asterias amurensis DRM (n23) : SF-I (@) and S1 (O). Relaxing effects
expressed as % the maximal response to ACh, 1x10°¢ M.
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7. JtAtc| DRMOIA SF-19) ol2&4 OItLS

ZRFUAM HE22 =0 0&2 calmodulin, cAMP, diacylglycerol % NO-
CGMPEE 25N ZAHT D HMEWS Na'll Ca™'0l22 55 MsEZ H Ao
AN E=S DALY el AT ZRF HEIZUM 0101 LHE HALISS E04
SMIMA 208 bt gl SIHAEl DRMOIA SF-12 Ol &4 HIlLSS X

ACH M2t 2 SF0M= SF-12l #40| NO-cCGMP 329 AR 0%,
OI2S2 84 3] KL, H 2SI cAMP 2 Ca™' 23 0o/, RAJEL 2

7.1. NO synthase inhibitor®! L-NAMES! &1}

SF-I10I 2lgh OI2H& -0l NOQH S HI2E ARSI XE=1X &2l5t0 sl
01 NO synthase inhibitor®! L-NAMEE AFZ382CH 107 Mt 107 M2 L-NAMES
2420 1028 B2X0 ™IS £ 10° M AChE S008I0 2=A12! I SF-|

2 S SE0SHL. Fig. 36= controldl L-NAMES!I ®FHell M2 SF-12 o|2as
S 5T EIMH2Z UEHH 3H0ICH 107° MO L-NAMEZ ®XH2I5tS @, SF-12

OI2tEHE 107"° MOIA 0.58+0.35 %S| XS JHED, 107° MOA 108.1+5.14
%2 FU OIHBHE BUCH EDs 2 2.0 x107° MOIICH 107 M2 L-NAMES
HH2ME M, SF-I12 ol2BH2 107" MOIA 2.740.5 %2 AXAS IR 107
MOIAl 100.3+3.9 %2 0 OIAFHE LIEIHUCH, EDspstE 2.3x10™° MOIULH
Oleist ZBHSES L-NAMEO| SF-i2l OIS0 H2 Y2 LB s A2 9

Oletct.

7.2. G-protien activator@! mastoparan® &

SF-I0 28t OI2# A0l G-protein® HRotH LiEHUIEX HEE #0500 96
0l mastoparan2 107° Mt 10° M S&2 22 (02MN SH2X0 dH2s =,
10° M2l AChC2 2ZAI2l & SF-IZ2 X =05 (Fig. 37). 10°° M9l
mastoparans M HclE 2 SF-I19 0/2&842 107"° MUIA 4.97+0.8 %2 «xja

£ JIROM, 107° MUIA 116.8+14 %S Z[H OIUSAHS WAL =0 QL2+, 1075




M2 mastoparan2 XGRS @ SF-12 O|2EAS 1077 MUIA 5.56 %2 %X
22 RO, 10° MUIM 100 %2l 20 Ol A0l LIENICH 107° M 107° M2
mastoparans 22 HXMc|E F SF-| OS}EHES controldt FAFSIFECH 012
G-protein activator@l mastoparan0l SF-12 0I2tEHH He H82 LIEHHA St

AE 90lstit.

7.3. Adenyl cyclase activator®! forskolin® inhibitor@l!

MDL-12,330-HCI2] &1}

SF—12] 0|2t 4H0l cAMP 2 AZE ARSIH UEILIEX XA 96N
adenyl cyclase activator?! forskolin2t adenyl cyclase inhibitor®l MOL-12,3302
ANESHICE MM forskolin® 107° M2l 552 10280l MH2ldtD, 10 M2 ACh
g E0i8 2 SF-IZ & & €052 0 (Fig. 38). 10" M2 SF-I0il 280 5.0+1.5 %
o 0120l LIEH 201, 107° M2l SF-I0Al= 55.6+2.4 %9 =2 0|2BHE ¥

QACH JeiLh, DsEQ 107 MO SF-ItiAE control20H W2 103.241.4 %2 012
BHS LIEHON, EDsoat2 9.0x107° MOIACH L&, MDL-12,3302 10° Mo

STE 100 MH2IS 2, forskolindlt 22 YHOZ |AVHE EZHGIQL
TOOME) SF-IOA 1.7£1.7 %, 1077 MO SF-I0IAl 9.243.3 %
O controlil RAEH O|2&H2 BAUL 2L, DT 10° M
107° M2 SF-I0IAl 202} 842442 % % 106.743.6 %2 OI2HES LEHNAK L,
107° MOIAl control@! SF-IEBTHE 9 20 % 2tAZIACH [MetAl, forskolindt MDL-
12,3302 MXel2 ol SF-10 28 Oi2AH AMO0| G2 HIEHACH, 0122 2
JtAt2l DAMOIA SF-12) OIE S0l cAMPO Cla ZRENHAX 220s A2 90
FCE.

’_—n\
@
(@)
&)
N
iy
K

fon

74 2A3leld 2237 inhibitor®! atropine® &}

ZRBHA AChS 223124 +8H2 S20 Yo ARS L BV 232 R

SO0 2AM UACH Tetd, E2HA21 DRMOITAL AChel =841 SF-12] oj2rs
0t FAJIElE =2HE ERaH LOL=X Z0E)| fldl RAJRA =2/ 9
MOl atropineE AIE5HAUTH (Fig. 40). 10° MO atropine2 EXelst £ SF-19
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ALt =, atropine2 A XEIst T SF-12 012 AL control

totA 2, Ofeddl ZeE ZItAk2] DRMOI A AChll SF-10l SAIIRYE =8

7.5. Na'—channel XISHIQ! tetrodotoxin® &1}

SF-10l 218t OI2E S0l ion-channel2 AKSIH ZHE=X 267 <6t

-

Na'-channel XtSHHIQl TTXE 10280 107 M, 10° M &L 10° Mo &2 2t
HHelgt 2, SF-I2 & 050 (Fig. 41). 107'M2 TTXE AXolst 2
107" MOILAL 0.7240.72 %2 X2t JIAC £8, 10° MOIA 104.045.5 %°| X
h OIRBES BUCH, EDse2t2 5.0x107° MOIRICE 107° MT 10™° M2 TTXE &

H

Meish 22, 107" M2l SF-10IM 242F 4.4 %9 4.2 %O AXIgS BYD, 107 M
o SF-I0IA 49.52 %% 51.24 %S OIHEHZ UEHHY TIXE MH2IGHA %S
control 2CH & 20 %AET Y2 HHE LIE . 0l= 107" M1 107° M2 TTXGHO
M SF-19] QIHEH0l HMHC= A2 2ADISHCH 0128 2= Z22HA2] DRMOIA

SF-12 Ol2# 40l Na'-channeldll 2/8t0 ZHCHECHE AS LIEHHTY,

<
o

7.6. Ganglionic blocking agent?! hexamethonium chloride® &
SF-I0 Slst AL AFAS FsE2 T A RI8tH ganglionic XHEHHIO

hexamethonium chlorideE 10° M, 10* M & 107 MO SEZ 10280 2+2

(B

Helst 2, 107° M2l AChO2 £=A2i & SF-12 X S05I0 0)|2SAS
AL (Fig. 42). 2 Z, 107° Mt 107 M2 hexamethonium® Sldf =& OEH
2 MalEI QX0 107° M2 hexamethoniumOiAds O/ SH& A0 I8 KNS b LIE

LRI SEQUCH J24Lb, DT 107° M2 SF-I0IAS 0|28 S hexamethoniums

=X
o

a4t
on
=

10

MxclotXl %2 control2CH 2 20 %ET AME 0 UENGCH MetA, EIHAte
DRMOI CH&H 107> M2F 107" M2 hexamethoniumS A X2IGHEE [, SF-I12 0|2&
A0l MofldRRll= 22 SF-12] Ol=2 40| neuronE MHZ LIEIE A 280

£ HMAISHLE
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Fig. 36. Effect of N°-Nitro-L-Arginine Methyl Ester (L~NAME) on relaxation
induced by SF-I (@, control), pretreatment of L-NAME (1x10° M, O) and
L-NAME (1x10™M, ¥) in the starfish DRM (n=4). Relaxing effects expressed as
% the maximal response to ACh, 1x107° M.
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Fig. 37. Effect of mastoparan on relaxation induced by SF~I (@, control),
pretreatment of mastoparan (1x10° M, O) and mastoparan (1x10° M, ¥) in
the starfish DRM (n=2). Relaxing effects expressed as % the maximal response
to ACh, 1x107° M.
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Fig. 38. Effect of forskolin on relaxation
prefreatment of forskolin (1x10™ M, Q) in the starfish DRAM (n=5).
effects expressed as % the maximal response to ACh, 1x107°% M.
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Fig. 39. Effect of MDL-12,330 on relaxation induced by SF-| (@, control),
pretreatment of MDL-12.330 (10 M, O) in the starfish DRM (n=3). Relaxing
effects expressed as % the maximal response to ACh, 1x10°% M.
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Fig. 40. Effect of atropine on

8 7 6
-Log {peptide] (M)
relaxation induced by SF-I

(@,

control),

pretreatment of 10 M atropine {1x10™ M, Q) in the starfish DRM (n=2).
Relaxing effects expressed as % the maximal response to ACh, 1x107° M.
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Fig. 41. Effect of tetrodotoxin on relaxation induced by SF-1 (@, control),
pretreatment of 1x107 M TTX (O), 1x10™% M TTX (¥) and 1x10° M TTX (¥)
in the starfish DRM (n=2}). Relaxing effects expressed as % the maximal
response to ACh, 1x10°% M.
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Fig. 42. Effect of hexamethonium on relaxation induced by SF-I (@,control),
pretreatment of 1x10° M hexamethonium (O), 1x10™* M hexamethonium (¥)
and 1x10° M hexamethonium (¥) in the starfish DRM {n=>2). Relaxing effects
expressed as % the maximal response to ACh. 1x10°¢ M.
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V. & =

1. SJIAICIZ2H 0/24 BEOIEl 223X

EJtAZ] whole body =282 Sep-pak Cis cartridgeE 0I25I0 442 =28
T 25 HHolRUlH LH2F D.W.E2 ACh ¥ catecholamineS 1t & & amine&
Ol Z&otd A2H, RMI0EN = serotonine, dipeptide?t 22 HEA &x4
Elltl= Z20I, AMBO RM100Z 0= BEOIE2 444 22 S0 Z&850 U
L. 22 Ml 22S E0tA2] ORMOI 18 243 =Xst 20, ItAlel D.W.
52 &2 catecholamineSel ZZ& 0 SIof 2K +HEHHE ZIAIZIE 48 U

Qg H2AHC RME0D AMI00SR 01 FEU RE HEOIE U2 o
o EEE0 ST OIHEHES LIEUWA=. RM60S 0|2t 40! RMI00ECH 3
A LHERGCH Jedll, AM102l 29 OI2HE A0l Ao W ACH (Fig. 1), TiatA
= S0 E O 2 012g4 2 LIEHH RME0S 01200 0l S S HMHIGHY
©MH, RM1002 0|88 7= 0F0 =38 WAO0ICH

o

SIJtAIEl RMBOE 2 2
o

columns Wit BHEH

SF-1, SF-1I & SF-IN2 ZHYHGtALH Table 72 HHME HEOICES YUREE L
EfHCH SF-12 ER Ot0jdt ¥ (+) chargeE 2t OIDI-AE 2 &RE 16742

Ol &te2 24N A2H, SXHE 1601.72 (M+H) 0IUCH SF-I19] C-&ct &
EM 2Ot 2ol amide ZHER (SF-1 amide)2 OH HEN (SF-NE E A5
co-elutionst 2, MH SF-12] C-YH0| Os =4% = freed OH SEHLOI
HHEZACH (Fig. 201 21). MetMd, SF-19 2Hst YXIRE= 2, sequencer
= UHFsAIZ o ot O3St 20k Phe-Gly-Lys-Gly-Gly-Ala-Tyr—Asp—-Pro
—Leu-Ser-Ala-Gly-Phe-Thr-Asp. SF-12] ZX+L8 HIEC2 JIE0 LHE A F

o BEOIEY sYHS TAE 20 SF-IR e 2SN NS48 2N 2= M

il

rt:

ne
f

ZE SE0Icts 2101 A FLH Table 301 LIEHAS0 SUESER

41
5L

0
=
m
w

#o

S22 HIESH 4B H BEOIES2 Z2, FMRFaZE RHZ & SME 46101 RIAD
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HOF FHoAI 0 FMRFagt |SAIE CYHg XUCH 1

RIAJIE10l OlY bicassay®E OIE56IR0I TiEM Ol&M 20& B 2= M
SF-12 3HZ & UJAPTLD A4S0 0ids HEHQ 24 ZHEQ bijoassay
OIZ6tH HENHC bedy?t intestine2Z2FH 45389 ME2 M4 HEO=Q
burgerkinin@ 2 HPAUA 2HEIRD (Kim., 2004), 0120 Hd =72 EElO

CEZ HHol 21 UCH (unpublished data).

4

0

c
o
e 10

SF-19] YUXRAEXE H4HEY 4002 Gy &INE IHXLD UL 0lHd E
Aplysiaz 2EH S E bucalin (Kocbayashi and Muneoka, 1990)1t Table 20i
EEP (Oumi et al, 1995) ¥ LEP (Minakata ef a/. 1997; Matsushima et a/, 2002}
gt 20l SISSEZFH R AZH HEOISH G0l O S8R50 Alls 237
2% HustE Z0ISCH #02F otllet 2X2E UM 22 Gly0l -Gly-Gly-2J
el EMote SALE X6t L8t Table 2 2 30 A LIEIH SHES B8
otod EMMA E1DE e dHE Heo=Ss2 C-2CiM Phe, Leu, Met, Arg
S0l %ot gAZD US 2 0ls EZts 92l AspE OHAI &IIZ JHAl
1 QUCH Table 12= XS WA A& MAH BEOS = SF-11 0I&INE C-2
SOl AspsE ARotD RUE SEESE LIEHHO, C-ZEe 0tX9 &I1J1 Aspl! BE
Ol= 2= Proopiomelanocortin genetilAd  RiE MWt HEAXY S=Z20 B
-Melanocyte-stimulating hormone (B-MSH, Balse-Srinivasan ef a/, 2003)1 y
-lipotropin (y-LPH, Graf et a/, 1977), B+ 2¥ (Vespa mandaria)2 9 E ZLHE

vaspakinin-M (Kishimura et a/, 1978)0} LHABCL S8, [JUS S22 L ¥ Dg

o

H&  gulcagon like—peptide (GLP, Hoyle, 1998), south american frog
(Phyllomedusa secretes)®l UISUHA RS deltorphin A (Amiche et a/., 1998) 2

= ™0l (Achatina fulica)Sl Aachatina (Kamatani et a/., 1989)Jt L& AT
C-2E0l Asp@l Olefat ABAE BEHO0E £ B-MSH= 1129 MA XX steroid
el XE, s Y 2 RMESEN 20/E =0 OtLldl (Balse-Srinivasan et
al, 2003), W= &Z&lel Jls & 280D AN AL (Valentin ef al, 1993), ¥
~LPHE= XgtZaiel «&0] 20E b Uk (Graf et a/, 1977). Vespakinin-M&
™

bradykininZ&  &2d HEOIEEA HE2 5% 2 st A8g o




R

(Kishimura ef a/., 1978), Q&2 BHHE=ZS 5t GLP ZS0A GLP-12 cAMPE
& AS)L AW YW &0 "HYAMHY A 0
I

HE20 CHoH OIHHEZE JIECHD

A=0t0 glucagonZ2HE Z&XAIZI=
250 AL Sal, GLP-12 rat arterydt 22
2ed ™ AUCH (Richter ef af, 1993).

£k, 228 intestinal growth factor2 22 &l GLP-2&= ALIMMES EAME %
ol &d2 ANUld USH (Drucker et al, 1996), C-Z S0l SF-I 22 Thr-Asp
T30 QUCH Table 120#f LIEIH 0l AHAM HEIOIZQ C-2C0l &Nt Asp
IZ2X= 2EC. dHLE, SF-10] 01 BEOI=0lA

g8 H= A2 2O C-ZHUS AspIt 0l

-
o
i
rr
og
fw
r
p=
o
me ¥
1 00X
|
Mg
Y o
e
e
(1]

=
44
@
T
-
(9]
=
&
Q
D
0

Ay
fr

Table 22t 301 MAIE BEOISSS Xas U2 AZ34 HEOS #22t OfLlet
Zd HEOIZMA C-220] amideEEIZ ETWSHH, C-2Ee 40| ERE A
SHll= 2101 A AL JU, SF-1 SF-I amide® 2JtAtel DRMOI st
SHHS TASH Z OI2EAH0 H S AMBHAI LIE2 20 (Fig. 24), SF-I
2 ORMOIA OIHEHES UEHE [ C-2CQ A0 ZEQEHH XESHA ASE 20
HCH O 2 VIP-OHS® VIP-amide® &#M42 SEHIUS M 2 Bt AU B2
G, 282 UEIUH=E AN VIPS C-Z2H9 HEJl EQ8HH &K Se=lie &8
(Fahrenkruga et a/., 1989)2F FAIES XL},
StB, SF-lle S XNE0| 2306.95 DaC 2 EXHGAULD, HSE Q01 MO Tyr 200
S MESH, &8 2 EHIH Ol0lo M2 ZESH 2000 Ol&2) o0& 2 0IR0 X
HEIOIEE & = AULH SF-ll= YEE Ot &2 Phe 1% (+) chargeE 2
302 Olatel o0t ¢tz A U
A2H, EXNE2 SEZ W 3655.09 Da0lUCt. L8, Table 701 LIEHH HHeF 2t0l

Qo

b

e
Mo

r]é

o
ﬂJIO

[

kJ

-
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SF-li= 4PiMet 202 &0 2861 2K F_rsd, o

0l disulfide bondE 48] JIEGIRE W, 2XNES EFH AN ALZ0 He

XIBHRACEH Ol SF-NIM Z2ESX S22 5 21 Cysllete AE HEE = U

H ot I 4810 208000 MIIS Cys22 ot SF-IIE &4 S0 2ACH SF-I
o)

2

0l & &JiJ Cys

= M= A= 20! Ottt HE 242 oI =20lN YFALSZ 0l
o YAAETE MG ZBFE o UUCH O2tA, SF-ISE SF-INL SME PRAX
E 7510 AGtH cONA H31= &I X& ZOICh

2. SF-13 O RS2 2X9 &4

Z2tAtel ORMOIAL SF-101 O|2HB8M S LIEHHE HA9Y 4 J
JIFIotH N-2¢ & C-20 RS 2242 Ol0ls-& 218 A
£ 4o (Table 5), Chou-Fasman® 0l 21al 228 GZE5tH (Table 10)
A9 HBABAANE T AGHRAL

o
T
z
e
it
10
i
Pl

2.1, SF-I11F N-&S ¥ C-2o ST He X 824

YR2EI HAHE SF-12l 2AREE B0l6H)| 26t CD AHES (Fig. 22)1
Chou-Fasmang 0l 28t 2X 32X 0E ZE0 (Table 10), SF-I12 EXHREE Z ol
o

%= unordered8t REZ LIENGCH CD AMESO =X H), S48 AMIIEO
Tyr

SF-
2 22 OO &0l a2l HSHES otH, AHEXNEUSIHAMAE Asp. Thr, Sers0l

Hrd HSHEZE I BE0IE2 AL S4 2 MEXEATNA Hetkl= 32
b M UKL OlE SOOA SF-191 FXQ Bat gills AE 4548 & &
o S4SEE0 Q0K SSHH HEsHN FSS QA0I&0 2L, TES MU ol
SR 286tHA AHMEHS X0IE BRI HRH &+ ¥ A2 HSHEZ0(29
2 QOI0l 228t Az M2ZET} 0l= SF-10] a-helix? B-sheet?) 22 EXHI
TE Folkl=z 2L =20 ZEAl 2t fAXBGE 22200 HE 20
s 220
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N-2HOZRH &XH2I St M8 TAHE R FA SF-19t He RAL
LIEtS D, 01§ ST M= Table 80IA LIEIH Hiet 201 &2t JAHEO
0 A O UEHDD, A4+48%J 0.098 22 SF-1{2-16)u SF-I
SAZtE RAEHA LENGCH TdU, =8 C2 4l DUHEE= F
AlZrb BEE Al X8 = UL 0122 randomst AEE A=
2 gt FEHE AMBoIH o-helix #X8 PE& HIE 424485 ¥ 4
=4 QUEGE HREANZN HlLoAE W, 00l LXK %S 2012k o=
W YUXISACH Fig. 43= 107° MOIM N-ZE STHES ORMOI h3t Ol2ABAS
LIEFHACEH SF-1(2-16), SF-I{3-16), SF-I{4-16) & SF-I{5-16)& control®Ct & 40
% 2AE B0 % IO OlFBHES UEIHD, 0SS 107° MUIMC &42 Ho R
AFSHRACH Olelst Z0s Phe'0l OIHEAES UEIEN AN ERE I Bls=
2 oolstct. BtAH, SF-I(6-16). SF-I(7-16). SF-1(8-16), SF-I(9-16) ¥ SF-I
(10-16)2 10™° MOIA 40 % OI5tC M2 LHEHHE D, SF-I2 HIWSHA EDsedt & 50
B Ol ZII6HSICH 019 2001 Gy’ Jt MHE £ SEHS 240l 325 2AsE
Aoz ZH0F SF-IMA N-2S 58I 01F 2 &J10t 20 OIHEHE LEIHE X0
UM =RE AEE Bl A8 HAISLH 0le Musca domestica kinin A2 4 H
E N-ZHo=2H 8 Ot0= &0 MAHE ST HUA
SHI H2IMX= ZUWEESE LEUE 20 S8 I8

E 0IXIAl 2301 B0& 0182 ¢330 2ot FLAEE L (Coast ef al, 2002).

| 98t SF-19] C-2UE SEHESS 2XE=E 0D A0l HA
SO0 met, C-2e 0129 Asp®OlA Phe''MXICl FIIE0I 2= B-tunP2Xo &
20| WSEIQUCH (Table 10). D210, HRPEAI2F HAl &A2|JF HIHESE W™D,

2xdEl 22 REME 2 RAE HREAMZS LIEHHRACH (Table 8). Fig. 44

ror
g
[R»]
z-i_l
By
B
=)
T
i
=2

2 107° MOl C-2¢ RTIS2 DRMO (HEH Ol &S LIEHACH SF-I(1-15) 1
SF-I{1-14)= control2CH 20 %1 248 245 LIEBUGSUL, 0l & M2
OIS2HBAH2 HOl |AGIACE 01212 C-Z ool Asp'®Jt SF-I0] OIREAE LIEHKE
O AN SR A2 Sls A2 A0S0 £B SF-I(1-13), SF-I(1-12), SF-I
(1-11) 2 SF-I(1-10)2] 40! 40 % 015l M3 Z2 HAHZ UEHWH 250

fr

’
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Phe'“el M HZ 018t 20|28 DRMUIA X0 OI2EAHES UEBIHEM UMM Phe't
(o]

b EQ8 AYES ST S LIEMWCH

dald, C-2e FEHS 2x 42 HAXNOE [, Table 1001 LIEHHSOI
= B-turn S RATJt 2AE SF-I(1-13), SF-H{1-12)MIAd =HE AL

BNG LAStE 202 B0 C-EO tumA X SHAM AN HE FHS == A
o2 MACIHALH Older a2 AX=s=S0A4 2218 FMRFaZd ME A HEOIE
SOl PXEQ BHO MBBAS EAMS A UNMT, BEOISHAM tun7? X2 2
0l BEIOIS S S8HC 28 a2 FS2 = & ULs 01MQ e B
+ QUCH (Edison et af, 1999). E8, C-LCHO| &XMHC2 HAHE '] viP R
E A0 rat lunglld &4 ZXS & ZD, C-LU0| ERS AEE LD B

C
JE Bl (=0 (Onoue ef @/, 2004a), &2 HJ A SF-|9 C-2ct SEEo &
M HHE &S E%, =2H2A2 Xy A 2 0/ H0 HHG) 2
LIEtLt= He=z 20 2ItAle] DRMOUIA OlRHEM-dS UEI-HM AN C-2c

0| Ewet FSZ stlh= HES LIEHHCEH

b
i
2 o

Mebd, N-2Eh o C-Zch REH9 20 |2EHS UHEHN=H YA
N-2¢tol Phe', Gly’DH C-Zet2ol Asp'®, Phe''0l ER8t A8g o= A2 0|8t
Ch, SE8H, 0iH2 HAW (Coast ef al, 2002: Onoue ef a/, 2004b)et 2 1A
DHE25E SIHARZ DRMOIA OI2EAHZ LEHNE SF-I19) %A ZQ &I SF-I

2.2. SF-I11t SF-I(5-14)2 Ala-XI& R=X2 X% &4
F

HA 2d= LIEHLH= &2 &JIE XTAGH] 915t SF-12] Ala-XI8 S H

E s3] (Table 5), Chou-Fasman®ls 0186t 207X E M=o, Ui
29 QCHES SF-1T A8 random REE NHFCLL, Pro—Ala2 I2s [Ala°]
SF-i9] AL, A 148 BNTK| helix BAZ E&6 tun2XE KUY

OIEZACH 0lH8 2= SF-1I blwel RTHE Bigd Qs A€ UEHHE
(Table 10), OIOIE Ol2ist Hat= a-helix breaker2 ZE8t Pro2 q-helix makerZ

A Eotzs Alal2 x|geh 2ol 2 2Lt
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e, HREANS HIWE 2D, SF-19 Ala-X8 SCHE R2o AL SF-
U SAE HREAZS UEHWIASLE, [AlR°]SF-ID [Ala"]SF-I'= SF-190F We
MHPEAZS JELH (Table 9). OIS & SEHS HIEAMZH W2 018 424

Ol Leud} Phe2 ¥ A2H0l AlaZ XS 2O M= U, Phe'E Ala
2 XEE QCHO AL Phe''E AlaQZ XEE AL HIEAS B35}
HMACH 0|2 BEIOIS RO U= ZIIIE LTH| KAXIE EIECH HESAIZH
2 W0l DIZCHs A2 20|&T0.
Fig. 45= 10°° MOIAM SF-12 Ala-XI18 SCHS DRMUI U8 =% SZ3ME
LIEFLHCEH D22 B2 SASH OI2EHE UEHHSL, [AR°]SF-I= 60 %9 Ol
s82, [Ala®]SF-1D [Ala]SF-12 30 %70 OIHAE A S LIEFUCH 0213 2
= SF-10M Pro’, Leu'®Dt Phe' Dt OIRHEBAE UEILN AN SR8 A2 5lE
A& ollstlt, 5561 Diaz-Miranda2t Garcia—-Arraras (199501 2|8l FLRFas 8 &t
9l intestinedt longitudinal muscle bandMA dl&Rdel AMAA HEO=Q
GFSKLYFa%2t |AEH OB AE 2ROLL, FMRFas BI22 LIERHT 260 &) =
Leud ER40l 20E H AUsH, 012 2 HRZY leu'’s EQHS FWES
L. 5, Phe® Z 2 insectatachykinin (TK)2l Cus-TKS| Phe’—AlaC@ I|&6IHS

Il STLH2 S50 2ALACITD 2BI= HE AL (Torfs et af, 2002).

SHH, SF-1(5-14)2 RXE SF-II HY KAIE SEZ HSDAUD C-Leo
~tumPEE T EEC0 QUACH SIHAZ! DRMOI (8 o|2BN= X
X2 SF-IECH 100H) =2 =STOA LIEIHRA LD, 10° MUIAS olgtet=2e SF-(9f
BISECL 40 %014 2AFACH HIZ, D=5Q 1077 MOIA 2 100 %2 0|2EM2
HAXY ABO| HUPISE RACEUACH GSA, HHBISS LEHHD] 98 24 &
SF-1(5-14)2 R Z 510, 852 LEHHEE UANHAH =28 &2 0
o6t FoH Ala-X& STHE SHSALL. SF-I(5-14)2 SF-I1(5-14)2 Ala~X| &
FRTME2 2AREE HlWol BH UWRE FAS 2L£5 UEUWAD (data not
shown). 2Lt [Al2°1SF-1(5-14), [Ala''1SF-1(5-14) & [Ala"*]SF-I(5-14)2 90l
Mo148t ZIDX helixs &8 wnAXE LEACH (Table 10), ST
22 SF-I5-142 0 =2 o

-

SPEAAE LIEHKRAC (Table 9). E£&t, ZJtAl2] DRM
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MAS QI8N ZXAY, HE20 Ala-X8 ST A0 SF-1(-14ECH 24
SIACH E35l, [Ala’]1SF-1(5-14) L [Ala”]SF-I(5-14)E2 107" MUIAE 25 % DI
ool I EAE LIEHNR D, [Al2®]SF-1(5-14)S &AM S LIEILIA SUCH (Fig. 46).

L8 SF-I(1-15), [Al°]1SF-1(5-14) ¥ [Ala®]SF-19] S22 W, Asplt BtLt =TH
St= SF-1(1-15)% [AIR°]SF-1= SF-IRTH WS O|2BHES UEHHOL DsTOHIA
100 %2 ol2EHE KQXGHACH 121U, AspIt ST ZM6HA &= [Ala®]SF-I
(5-14)lHE OI2H8H0I LIEILER AT Ol2i8t Z2e (=) chargeE 2= Asplt
+EH 2 ZEO U ZEHO A AT S2CHs HES UEHHG 0189 o
TUA neurckinin A (4-10)21 REHE Asp'—Alal XIBBAE M, NK2 =2 0l
CHet 20| 2250 Aspl SR80 B20E ot AUCH (Warner et af. 2001).
Lah C-2Eol [AlR°]SF-I(5-14)2 [Ala'?]SF-1(5-14)2] 9BI0IA 14¥ DDA

o

rer

2 fEI helix€ EE8 tun7 22 BEHE e, 240 Z48 A2 HoF C-2
ol turnt &I SF-10] OI=2EdE LIEtdH UM SRet 282 sl dAEHU

Ch. J2ith, tun7?X W Leubl ZMsHK 2= [Ala’]SF-I(5-14)9 A=,
SF-1(5-14)2t RAISt REE SH8D UL, iscbutyl ((CHa):CHCH-)2IE ZIJHX
£ 2t= Leull methyl (CH3-)JI2 AlaZ XESCZ A EBA0 2A61HL 0lE teu
o isobutyl21Jb £ ZEE=U AN REEHOZ HICA RN L2524
T3 V0B QUSH= VO MAS}, ek, 2JHA2E DRMMIA SF-10] 0|28
S8 UEHH=O A0 Leull ZAEEQ =@ 942 gl= 202 AZEC 01248
SF-1(5-14)2 Ala-X8 |STH 27 ZUE2 NIRH LOF SF-I-14)Y &I =
Asp®. Leu'” L G0l OIREAH S LEHH=H AN Qs &2|US HIAISC
HENOZ SF-(9] N-ZED C-28 SCH L Aa-X8 REHS IRZUES
ZEMEA SF-10] EItAIE] DRMUIA OIS HE LEFHO AN Phe', Pro’, Leu'’,

=]
=

fin

2

Gly'®, Phe'?, Asp'®0l ZQE HE2 B WS LIEFUCH
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3. Odd Xl &0 CHEF SF-12 0|28 45H

SF-1t SHEsE 2 HHsSRAH2 43E HEOIESHS Ot22 K52 H WSl
FIotd ZJHAl2l DRM, CS & TFE AtZot
SZ0ol 311t S2 (Elphick et al, 1991a) ¥ GHES
{Diaz-Miranda and Garcia—Arraras, 1995a)2 AIS6tCH. ZJtAtel DRMO| AChS
HHclEt &, SF-15 KBS 56FE2 BEOIEE sTEZ & SMolYL, =% YE
HoZ 02240l SHEE 2 = UYL (Fig. 32}, 0l= 08 HAMNHAM sea

;9
L"_
=2
Ef
o
M
0 Hu

cucumber Holothuria glaberrimaZ % H &Eclel GFSKLYFaJll longitudinal muscle
bandllAd =% 2A&HO OIABHZ 20 +2HE EF

(Diaz-Miranda and Garcia-Arraras, 1995b). [ictMd, 2 HAIAMA A8 Z2ItAlc
DRM2I ZF 20 AMHAHT SF-10l =SHE ZF5I0l OIS L2 Lot 201 HE
=Lt 20tAtel Asterina pectinifera DRMOIA 0l22 OIHEI4E SF-I>S81>382>
FLRFall =22 LIEECH 0I5 & SF-121 2401 JtE SSHAM UEED, S19
O/22A0] S22C0H 107° MOHAM SHIES A LIEFGCH D2fLh, 01248 2= £t
Atel Asterina pectinifera DRMZ 0186t &8 HO =, Asterias rubens DRMU
A OS2t S19) 9F 3H Ol&te) OIS HE 220 2 (Melarange and Efphick, 2003)1t
AEE 22 LIEHRCH 8, AMESS SR FMRFa%t FLRFas EJhAte! DRMOY
A HsTUA H2 848 LEHHA ZotRCh Ol FMRFa%t FLRFaldt HIISE2
Fe AFA HEISO0I2] HEU 2SS 22 SIMAI2I0 244801 Lors A
2 HASC 21U, 107 M2 D CHlM FLRFaE FMRFaZC0 52 2482 UEHY
Cr. OI22 olharel intestineOl A FMRFaz= OI& 43S LIEFWE =23t , FLRFa&=
Gl2gds 29 23 (Diaz-Miranda and Garcia-Arraras, 1995a)2 HluWsh =M,

=TS9 EZF0 UM FMRFa2C FLRFaJl O W& Olcie A4S 0

o}

>

ESH CSOIAS S1, 82 % SF-I12) OI2ABEE TAMSGHI 510 107° M2 AChS
OlEst el £FUE0l NEHoe2 QAT A 20 (data not shown),
ACh1t 22 +2IE8 FFotL acetyicholinesterase? &2 E2EHE&AY B2 HY
X = 1077 M2l CChE2 MHM2IE & BEICEE S008I0 (Fig. 33). oj2gs
2 SF-I> S12 #2928 UEH], 822 32 O/A2 A0l LIEHLEX 4pACH L&, TF
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= AChUl thoto

S
e
0lo
o
A=
10
H

OlXl UMl 01X TFHl ACh =2 2
ol0Istct. MWatAd 2 ARMME 30 mM high-K* ASWE Al

Al2E &, 107 M BEIOISE SOSIACH SF-1TH 82
= OIS HZ2 LEIYUSM, SF-I0l S220 28 3 LIEISCH J2L, 018 E
S12 OI2EHE UEHUXN %2 +=F843 YA0 (Fig. 34). 01248 2= S0tA
cl Asterias rubensUl A S1it 820t O|2&24dS LIEIRHSH, S22 &40 St20 &
2HHE S AN LIEH 27 (Melarange and Elphick, 2003)%H Agtel 202t ol 30
OlCtT Olciet H2z2ate X0ls A2 U8 SJtAel 59 A8 ¥ AETHY ol
T Qo HMEXNT ZECLH SF-19 0l 42 DRMUIAM O= 280 LHEISSH,
Ol2ist &2 SF-101 20tAlel MY SdEE (catch) ¥ 2523 (mutable)el X
2EE old) U= DRMU S0/H2F ptEstlis 22 2018ttt st®, CS%t TFO
A FMRFa%}t FLRFaz Ol&4 S UEHHX 2=l 01XES SI3tAtele) CS2t TR
OI2 S01H2 =82 ZLEI Ble= A2 LIEHWHOH 018 22 RE SF-I2
SILAEIONA DRM, CS ¥ TFQH 28 st XM ZEEE 02 AHE Ass
2 o+ Uls X Zootllich 28 ZZ0M tioll OIHZ ML 21T tellse AE
M AIBHCEH

oo

e, CHEZS2 DRMOI CHalA OI2BEES S I AGH Sdl OFRZ2EJ1Ak2
Asterias amurensisE  AFESIRA L. 012E A HIl= SF-I1> S1&=CF  LIEHRCEH
Fig. 472 Asterina pectinfera DRMIt Asterias amurensis DRMYIAL SF-1DF $12 0]
SHEHE 5k AEI[NOIZ BlWGHI| fIof Ha SHLIS JehZ 2 LIEHH 210]C,
S19 AR Asterina pectinfera DRMUAECE 107° MOIA 20 %014 St digs
LIER =0, Otots S101 Asterias rubensOl Al 2l HBI 20U O £

Asterina pectiniferall Al 2Lt S 59 Asterias amurensistlA 242 =2 LIEIWY
Ch M2t=0 Sot, SF-101 S1EC &2 OI&#E482 UEBIEXR, & £9 DRMU
Chet Z2tE Hiwol &MY M, Asterina pectinfera DRMUIA 2T Asferias amurensis
DRMOIA OI22 &0l S LIEtSCH Olat 20 T2 SS0AM BEOISS0 84
ol MOIE NG A2 EES20 S0[HY +2H ¥ 159 sublypeOl EXEHLHE

g 20lctH, E-50iFe 242 LIENHT= X2 HAISHCL




gk SF-I1S Exs LA Ust 2842 2O2D] 2I0tM rat aorta ¥ atrium=
AFE5HACH O Z 3 rat aortall % 1070 M ~ 10° M S LHOIA 29.1£19.4 %<
EHHRACH Dyt g2 T AU |AXI0 et 2 4o Haiit
H, 842 UEUWE 5% 8 dH6HA &AL (data not shown). &

gt SF-I2 rat atriumdlAd OI2& Fe&=S FX YUACH Rat acrta®t atriumOl A2l 0l

LEoles #dE JEXN 2SS MAotl, EYXE Jis

z g
O 2U0f ABta0l= ASB DMK Y=CHE S ADBCH S SF-19 rat Tt

a

HEZZE0A B2 0122 a4 ®
molecules® CHASO 2l =& I ECH (Elphick and Melarange, 2001}, S3l =
Is=20A 20122 Moz datyd s O LI W20 e B20iS
Ch. 2ls2 0= a8 longitudinal muscle bands? 2JHAtEIS DRMIE 22
body walltll &€ 2K HEO body wall HUlls X2 2KEW EI1A219
body wallll = HzE2l 2230 HZZHNH Us 2K/S0 EWSHCE (O'Neill,
1989). 012 252 =1 S AMEE SIMMEID body wallg S5t SKISEHL
SO UESE TAEC. U, OS2 Asy 2

SIAI2] DRMOIA SF-19) =gJ|%
HEHD

=2 NOE E& & neuronal signalling

ron
8
o
19
Ja
K]
Y
fr
P
40
o
«Q

1422, AChOl 2lal === DRMS 0]2 240 HEHS BERE Ed LoLi=XA
0101 St5idl HE==SECQ 012484 HIALISS HIESZ [HEF signal transduction
=

A== 0IE0HH X AGIALL. Table 132 2 HA0A AIES ABEQ HHls F

0182 AFMA =X ABRMS catch tension®l CHotH cAMP levelZ 24 Al
Jle AE2 nicotinic acidg HMclotd= [ serotonin®fl 2|8 OI2& 40 & 406HH
(Cole and Twarog, 1972), catch tension@ O|2ASAHM cAMPH 2HHSH0] HIAIE
HE RUACH TetAd =2 HA20A SF-12 0122 -0 cAMPE] 2HHRE T AtGHI 2ot

rir

(4 forskolin (adenylate cyclase activator)lt MDL-12,330 {(adenylate cyclase

inhibitor)2 AF23HCH Forskoiin®ll 26k SF-12 107° M ~ 107° M2l Hs SO0l A

A954




OIS A0l ZIIE D (Fig. 38), MDL-12,33000 <& 10° M ~ 107° M2 DsE
SF-I0IA Ol2E S0l LMEIACH (Fig. 39). 0lei8 ZEE SF-101 A2l DRM
Ol CHOHH OIZ2E S E LIEHY UK cAMPIF 28 USR] 2858 HAISH.
HCHIE high—-K*0ll 216104 +=& guinea—pig taenia colifil Na'Jt s @FHO
2 UHMIAUS M 0120 DX 2D +FE ez JUE SNUHASH, 7 mMOI A
Na & ZIA 018U E 2= (Ma and Bose, 1977), Na'0l 252 0=
OIZE2 20180t 1292, SF-I2 0j22 40l Na'2 Z0E LoDl

30 1o
<
0R
0o

ar
H Mo

™

by 84

40
o

22 TIXE HHlgt &= SF-19 o|2&d #HaE =ZdHolul. 1 21
| FH-™pA2U =&-2EH0IX=s FUACH (Fig. 41). 0lHE ZUES2
Na'Jt SF-12f Ol2H& S0l HEE 01&E S HMOGHH, Astropecten scopariuset= 22t
Al EANAM TTXS EXIE 232 (Lin and Hwang, 2001)& HE AN TTXIE 23
A2l WOIM TEHEZ2AM42 Jts48 HMA S

O
<

L5, 2IHAt2ISl DRMOI Wish Ca®'-channel® XFEtH ol Verapamil (107 M),
PKC {proteinkinase C)2 MB&HXIQ!l NPC-15.437 (107° M), calmodulin antagonist®l

phenoxybenzamine (10° M)2 M M2i8t £ AChUl I8t 42920 2245 24

Bt
Ol (data not shown), Ol= ORMOIA ACh2 #£=820 Ca” 012, PKC ¥
calmodulin® ZtHE XAISCH. S35, 107° MO SF-I1S€ MXH2l6igS I, 10° M

ACh2l =FUYt=20| control20 40 %2H& 2248t 2 (data not shown)@2 20t

SF-12] &4 JIRH 0lS Ca’™, PKC L calmodulin0] 2ANHES =HE & U0}

OfE2l A0 206t 2IAtEl Asterias rubens DRME cGMP-dependent@t
cGMP-independent 228 S0t NOE HHZ OI2E A4S UEWHOD HFDNTAL}
(Boeckxstanes and Pelckmans, 1997). 122 2 AR MT SF-12 ol 4
NO-cGMP2 SHUOWERE 2LO0IE DA NO synthase inhibitor®! L-NAMES AE5I33
Ch L-NAMEE =& 82 &Xclst 2, SF-12 0|22 40| controllt 2 X0[JF 2
U (Fig. 36). Ol= SF-19 Ol2E XM NO-cGMP2t KSR &3BE 2018,
Metarange® Elphick (2003)0 <latH ZILAt2l Asterias rubens DAMOIA cyclic
nucleotide phosphodiesterase M@HHMIC! IBMX (3-isobutyi-1-methylxanthine)& %=

Al cGMPZt cAMPIE 2 ~ 3HH ZJtotRCH eflt, IBMX2 Sttt S28 SAIH H
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clotRE e Ol2EA
olXl gelis A

e, ORMOILA 23ld AANHS HE#E TAGH| I8IH hexamethonium& 5%
HZ &Ml Hi, SF-I12 0I2E A0l hexamethoniumS XclstAl &2 control®
Ct SOLECH (Fig. 42). 018 Z2DZLE SF-10] OI2EAE 2 LIEIEN A0 A HH
g ZFREXNE REU:s A & £ UYL, 01H2 S1b S22t sFAHH D=2
EMot) US0 &H3E 2 (Elphick ef al, 1995)% S350 23 SF-10] AIZE A
Z2E N2 OI2EHEE LIEIEX LU= 22 HAISHCH

=
T
=
ob
2
x
s

= = =
JtabEel 012 HAHUSE UEY 20T SF-101 =Z2XH0l Z&Es £, HIZUWS
CAMPS] S0l Clall 201 0125110, Na'0I=9 =THEH 26 0|0 ZRE =
OF OFLIZ}, Ca™ 2t PKCOI 2o 450 ARTE 2O MASCH NOE G-protein
o OHIHGH HIIZELH cGMP2l €48 SIHAIAH 0I2EHE LIEHHCHD 2 A A2,
= AU L-NAMEDL mastoparan2 ®X2|st 21 SF-12 NO-cGMPEEE &R
AN gs 205 M2E0 7 29 ¢ ZNER IRE0 HEZ 2] 50 A
= 2 0120 20
2 Lietn, 1

1

on
kJ
=
¥
r
=4
o
J
0K
o
>
o
!
i
o
10
on
2
o
r
=
o
[
jml
fr
» +>

Lh, 2 2H0A AIZSE 2SS F2 ZRF DA s WHUES S20 AR
= 29=F 0lcdgt A=2E0] 2NHAMCNMHE XFF UM 22 J1s28 JIEls
. [etA, EJHACI DRMOILA OIZ2E 42 UEW= SF-1S9 RAIE HAHLISE

HEGHA @, F#3 HPHLUE #HE &t Rloides AsEZHA
d0ots CHE 0l 2E S0 e o920t 2ot

i

PUHOZ MAL HENIEE MU e £& 2 HZNAM G2st JIsg U
A EHE SF-12 2JtAl2l2) ORM, CS £ TFOll

A
b, rat aortalfl CHoH OI&*2& = LIEHUCH Ol2fd 2

m
£
o
kJ
e
i
o]
30
=)
e
%
44
n =2

2 SF-10] THefst 242 JHE Hs48 HAlcle He=Z, Aldd BEEOS S0l LiE
X

W= Jiss SEE = Us CLe dejg2d SFE HEAIH SF-19 Jsg &5
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9-16 1
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7-16
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4-16
3-16
216 4
1-16

SF-l analogs

T T T T T T

0 20 40 60 80 100 120 140

Relative relaxation at 10'6 M peptide

Fig. 43. The relaxant effects of SF-1 and N-terminal analogs (107 M) in the
starfish DRM. The relaxant effects expressed as % the maximal response to
ACh, 1x107° M.
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SF-l analogs
@

—

N

-
!

0 20 40 60 80 100 120 140

Relative relaxation at 10> M peptide

Fig. 44. The relaxant effects of SF-I and C-terminal analogs (10™° M) in the
starfish DRM. The relaxant effects expressed as % the maximal response to

ACh, 1x107% M.




Ala-substitution position

16A 1l
15A §#
14A 1 R
13A iR
MA 15

40 60

Relative relaxation

80 100 120 140

at 100 M peptide

Fig. 45. The relaxant effects of SF-l and its analogs (10°° M) in the starfish
DAM. The relaxant effects expressed as

1x10°° M.
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14A
13A 8
1A

SF-I(5-14) and Ala-substitutied analogs
3

8A
7A 4
SA 4
(514
0 20 40 60 80 100 120
Relative relaxation (%)

Fig. 46. The maximal relaxant effects of SF-1(5-14) and its analogs (107 M) in
the starfish DRAM. The relaxant effects expressed as % the maximal response to
ACh, 1x107° M.
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Fig. 47. Graphs comparing the mean relaxation response (+ s. e.) of SF-I and
S1 on the Asterina pectinifera DRM (SF-I, @ and S1, M) and Asterias
amurensis {SF-1, O and S1, [0). The relaxant effects expressed as % the
maximal response to ACh, 1x107° M.




Table. 13 The effects of drugs on the SF~| relaxing activity

Drug Conc.(M) EDso {M) Emax (%)
Contro! 4.0%x1078 12047
ForSkO“nmsgoxmg ..................... 1 03+1 ____________
MDL_12330 ........................... 10543)(108 ..................... 1 0714 ...........
""" 107 soxi0®  loass
107 1.0x107° 125+8
107 1.5%x107° 117417
...... Atropme]o529x1081]018
Mastoparan ............................. 10631“08 ................... HHM .........
107 2.0x107® 100
LWAME]()S ..................... 20)(1()8 ..................... 1 08+5 ...........
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Fig. 48. The proposal mechanisms of SF-| on starfish DRM
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