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Purification of a novel antimicrobial peptide from the tubefeet of
starfish, Asterina pectinifera

Hye Rim Kim

Department of Biotechnology, Graduate School,

Pukyong National University

Abstract

A novel antimicrobial material was isolated from.the acidified tubefeet extract
of starfish, Asterina pectinifera. . Fo purify-the antimicrobial peptide, the acidified
extract was partially purified” with Sep—Pak Cig. solid phase extraction cartridges
using stepwise gradient while increasing the percent of acetonitrile (10%, 60%
and 100%) containing 0.1% TFA. Antimicrobial activity was recovered in the 60%
acetonitrile fraction and this fraction was further purified by cation-exchange and
Cis reversed—phase high performance liquid chromatography. The purified material
exhibited potent. antimicrobial activity ‘against gram-—positive “bacteria including
B.subtilis.

For the characterization of.the purified«peptide, the molecular weight and
amino acid sequence analysis.were ‘performed.-by MALDI-TOF MS and Edman
degradation. The molecular weight and primary sequence of this material turned
out to be a 3715 Da and GKKRNAYFNXDDEXGNPGXIXKLVRGKKSTLN. Comparison
of the amino acid sequence with those of other known antimicrobial peptides
revealed this peptide turned out to be a new one. We have named it starfish
tubefeet antimicrobial peptide (SFTA).

To determine the correct primary structure and cDNA sequence of SFTA,
cDNA cloning was performed by RACE-PCR. The 2nd PCR product size was
identified to be about 900bp and cDNA was cloned with recombinant expression
vector pGEM-T easy and expressed in £. coli. DH5a. As a result of cONA work,
the amino acid sequence of SFTA was identified as follows: GKKRNAYFNCDD-
EWGNPGCICKLVRGKKSTLNCL. In comparisons of the result of Edman degradation
with 3' RACE-PCR result, the residues in positions at 10, 19, and 21 from
N-terminal of SFTA were determined to Cys and the residue in position at 14
was determined to Trp. In addition, the residues of Cys® and Leu®* were also



identified.

Based on the these results, the calculated molecular weight of residues until
positions 33 and 34 from N-terminal were 3715 and 3828 Da, respectively.
Therefore, the primary structure of SFTA turned out to be a "GKKRNAYFNCDDE-
WGNPGCICKLVRGKKSTLNC". However, it is unclear as to whether C—terminal of
SFTA exists as a free OH or NH.. In addition, to confirm the presence of an
enzyme which have a cleavage site between Cys® and Leu®* in starfish, further
studies will be needed. In order to figure out the modification of C-terminus, we
are currently in process of peptide synthesis. Furthermore 5'RACE-PCR cDNA
work is also in process to investigate the prepro—sequence of SFTA.

Xl
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Table 1. Antimicrobial peptides from marine organisms

Species Structure Name
Hagfish .
12AAs, B-sheet Myxinidin
(Myxine glutinosa)
Catfish ) )
19AAs, random-.coil Parasin 1
(Parasilurus asotus)
Winter Flounder . .
25AAs, a-helix Pleurocidin
(Pleuronectes americanus)
Loach d . .
21AAs, a-helix Misgurin
(Misgurnus anguillicaudatus)
Polychaeta o
21AAs, [B-sheet Arenicin

(Arenicola marina)
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SREHES UEHH RM 602 R M ©HZ cation=exchange column@! TSK-gel

5 mm X 75 mm,Tosoh, Japan)& AZ5t0 LIS &2 S2x2AH2=Z
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6
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S M SAHZ, ® HM SAHUNAN LS UHEH 2852 Capcell-PAK Cyg, (4.6

x 250 mm, Shiseido, Japan) columnOfl =25t HHEIF2H =22lx=HS US
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2
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Fig. 1. Starfish (Asterina pectinifera). Starfish has very strong reproduction
power and whole body can grow up to new individuals. They gives

serious damage to starfish, scallop, and shellfish farm.



Starfish, Asterina pectinifera
Acidic extract of tubefeet

!
Cis Sep—Pak cartridge

!

CX HPLC
!

Cis HPLC
!

Cis HPLC
!

SFTA

Fig. 2. Summarized procedures for the purification of SFTA from the
tubefeet of starfish (Asterina pectinifera). CX HPLC; cation—exchange
HPLC, Cig HPLC: Cis reverse—phase HPLC.



24. 8 BHIENOIESY 2N & O0ldt HE 2

0

24.1. g =3

Mol BEIOIESS 2XY =S 2FsD IS

[

gdas20 A= MALDI-TOF
mass spectrometer (Voyager—DETM PRO spectrometer, Perseptive Biosystems,
USA)E AI2dt =HFoIYCH Matrixe a—cyano—-4-hydroxycinamic acidE A6l =

ZotALt.

2.4.2. Ol0I=4&F NEZ2E
& ZJtAI2l (A. pectinifera) 4228 EHHMISH SFTAS Ot0IL-& AEE ZHGHD|
oM S2IIZUEXNSARAU A= Procise 491 HT protein sequencer (Applied

Biosystems, USA)E Aol Edman Sl o2 A 5HA .

2.4.3. Disulfide bond 8% &0l

HMIE peptidel] XA+ LHUlI disulfide bondll S2E &0IatD| {6l dithiothreitol

—

(DTT)E Xealgt peptide2t| XMelotXl &£ peptideE 212t F=HIGHUCH SLAEHQ
peptideE 9 wol 2X EF=0 =2 = 1 #2 10 mM DTTE &EIIStH 37 CTOlA
overnight2 EBHSAIZICt. DTTE Xelotkl &2 peptide= 10 42| 2X SF==0 =0
DTITE Xclst S&EW =LStH 37 CTOHA overnight2 BrS AIZICH BISAIZI 2

£ Capcell-PAK Cig (4.6 mm X-250 mm, 5 um,.Shiseido, Japan) column0il =& &t
o &%= peak=2l retention time (RT)S HIWGHO disulfide bond2 RRE &=
SIRULCE. BtS X242 St 2CH AZ0H 0.1% TFAE X &3d6t= H.0 (pH 2.2); BSOH
0.1% TFAS X &ol= 100% CHCH (pH 2.2); =Z: 5 ~ 65% CH3CH (30 min), &

2.5. cDNA cloning

2.5.1. Total RNA =&

Ql

RNA= TRIzol (Invitrogen, USA)E 0l&
~ 100 mgl =22 210 1 mlQ TRIzol2 ¥
FACH. A 20 M 5 22t incubationst & 200 #£ chloroform2 &EJIol A2 S &

20M 3 22t incubation SIRCH. 4 T, 15 &2 13,000 rpom0lA &2 & H,

0o ==o6tAUCE 1.5 ml microtube®l 50

%, homogenizer2 X2= I AlA

HT



oE M= M tubelll SALH 500 #£2] isopropyl alcoholE& &Itst = vortexot™ 4
o =1 A20AM 10 22t incubation AIA=RCE 1O =, 4 T 10 &2t 13,000 rpm
OA 24 2elott &3 H2 HMIAHStD &2 RNA pelletlll 75% ethanol 1 miS &It
S A =ALCH 4 T, 2t 13,000 romOIlA & 22| & F, &5 HS HIAS
< RNA pellet2 5 ~ 10 22t A20A ZAF=RUCE. 0[= RNA pellet2 30 #t2
RNase-free water& &Jtotd =%LCt. 0|=F RNA= -70 COl 226t

HL

o O

2.5.2. Reverse transcription

&8t total RNAZRH cDNAE S=DJ| <fIoHA, Superscript Il reverse
transcriptaseE ALE5tACH 3’ rapid amplification cONA ends (RACE)E &tJ|<Ial A
SMART™ RACE cDNA amplification kit (clontech, UK)E 0I25t0f 3'RACE cDNAZS
FAGHRICEH 5 #£ total RNA sample, 1 #£2] 50 pmol-3'-RACE CDS Primer A2t 1
#2110 mM dNTPmixE &It & = =E volumeOl 10 #Jk TI&= DEPC-Waters
EIIoLO mixtureE 2AS0 FRUALH.

A28 3’ RACE CDS primer A AE

EolI

tSat 2 CH

ro
O

3 '-RACE ICDS Primer A (3'-CDS; 12 uM) :
5'-AAGCAGTGGTATCAACGCAGAGTAC(T)30V N-3'
(N=A C, G o T, V=A G, orC)

MixtureE 65 COHIM 5 22t incubation ol =5, 2 2t icelllA cooling AlAF

5X

rr

AqCH OO F, 10 #£ denatue mixture?t 2 #£°2] 30 mM MgClLE =& st
first=strand buffer, 1 #£2] 20 mM DTT, 1 #£2] 10 mM dNTP mix, 1 #£2] 40 unit
RNaseE &EIIotdd HAHZE S 42 TOHAM 2 22t incubation &Ch 1 #£2l 50 U

SuperScript Il Reverse Transcriptase (Invitrogen, Carlsbad, Calif, USA)ES ZJIst F
42 CTOHIM 90 &2t Bt AI2I S, 100 #£2] Tricine—EDTA bufferE &Jt = 72 CTUHAM
15 &2t heating Al212 -20 CTOIA 226+ LCH

2.5.3. Primers design
SFTASl cloningE€ otJl ®IoHM €1 Ues ot0ld ME=2 010t forward
degenerate primer@ SFTA-1, SFTA-2E & 4oIAULH Fig. 9 A LIEHLH=O0l SFTA-1

Primer= SFTA2] 1 ~ 7 amino acid residues, SFTA-2 Primer= 3 ~ 9 amino acid



residues22E &H4HGIFOH, AE2 U

0lo

J_—,I' DI-EI.:

SFTA-1 Primer; 5'-GGNAARAARMGNAAYGCNTAY-3" (21 mer)

SFTA-2 Primer; 5'-AARMGNAAYGCNTAYTTYAAY-3"' (21 mer).

5t Reverse primer2 AFEE SMART™ Primers Ch2Db 2tCH

10 X Universal Primer A Mix (UPM) ;
Long (0.4 uM):
5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3'
Short (2 uM):
5'-CTAATACGACTCACTATAGGGC-3'

Nested Universal Primer A (NUP;10 uM); 5'-AAGCAGTGGTATCAACGCAGAGT-3'

2.5.4. 3' RACE cDNA cloning

1 Xt Polymerase Chain-Reaction (PCR)S olJ| oM THE L 8t¥ 1200AH €2

total RNAZ £ & reverse transcriptionot0{ St

rn
o
0i0

2
%
0x
|0
H

cONAS AtSol L gt
= 1 2 template, 1 #£2}-10-uM SFTA-1 primer,-2.5 #£2] 10 yM UPM primer,
2.5 1£2] 10X Ex—taqg reaction buffer, 2 w2 2 2.5 mM dNTP, 0.13 #£2| 5 unit
Ex-tag, 15.87 #£2] D.WE AIEoIJA2MH, PCR =22 U3t ZCh 1X PCR 242

94 CUHA 52 =9 predenaturationot® ), 94 CTOHl A

i

30= =@t denaturation EtZ,
45 CTOIM 12 =2t annealing 8+, 72 CTOIM 12 S92t extension BtSE 5 cycleS
GtRULCH. Ol= touchdown A2 annealing %82t 25 TH R0 425 C 5
cycle , 40 T 25 cycledtd, €22 % E extensionE fAoHA 72 CTOUHA 72 =0t
Bt SSHALE.

2%t nested PCRZE olJ|flol BrE M &2 1 w2 template, 1 42 10uM
SFTA-2 primer, 1 #£2] 10uM NUP, 2.5 #£2] 10X Ex—taqg reaction buffer, 2 #£2
2t 2.5 mM dNTP, 0.13 #£ 5 unit Ex-tag, 17.37 #£2 D.WE AIEstA20, PCR =

¥
fo

CtS Z2CH 94 COHIM 5& =9 predenaturationotl 2, 94 CTHAM 30x S0t



-

denaturation BtE, 42 TOHAM 18 =2 annealing B'E, 72 TUHAMH 18 SO

extension BtSZ2 35 cycledtA L, 22 =E extension2 oM 72 CTUHA 72

O

PCR % size &02l= <ol AFZ8 gel2 1 x Tris acetate EDTA (TAE) bufferg& A

=

256t St=AD, 0| buffer= loading buffer2% AFZ20IZCH 6 x DNA loading dye
£ AE0t0 DNAZH mixingot™d gel2l S0l EUACH 012 agarosell welltl DNAS
2= [ ONABHS S HH ot0 agarosell E22 Jietetoles A Ct.
I 420 dIIgs EHe= sZ0 OE S il SMAIFR! bromophenol blue&t

xylene cyanol FFIOF =0 U DNALF 20| EIIES ZIH DNAS FI|IgdsE HE

o
o
ro
A
o

i

A O]

LRV VN 2

[

-

ne

=

rr

ol= S&EsS StCh &MIIGSAl 1.2% agarose gel2 AE0dt0d 2 25

tLCH

HI

2

lgss

ol

2.5.5. Ligation of PCR products and transformation

PCR productsS 0.5 #£2| TA vectors (pGEM® - T Easy :“Promega, Madison,
WI, USA, Fig. 11)2F 5 #£2| 2 x reaction buffer, 1 #£2] 3 U/#T, DNA lagase %
A 20l 10 It =H&S DW.E 21 & A= S 4 TOHAM overnight Al
ligation ot%ALCt.

TransformationS GtJ1 ®I8t 2F2= competent cell £  coli DH5a (NIH:
Bethesda. MD. "USA)E ArZ3tLEH. 200 #2] E. coli DH5a0 5 «#£2] ligationSt
mixture (DNA)E 41 icellAl 308 St FRALCH. eld 42 €, 30=2t heat-shock
A2, icellM 22 SO SFACK. I =, mixturetil 800-#£2] LB brothE €01 42
S 37 COHA 1AI2t S¢t shaking incubationStRALt. Plate®l =26t ?IoHA 14,000
romOlA & 202 2AZ2] Gt0 cell@ 22 S 200 £ BHXIE &2110 UHA= H
L €& 200 £ BHXIE 500 #£2] 100 #g/ml ampicillin, 300 #£2] 60 #g/ml XGAL
2 250 42| 0.5 mM Isopropyl-B-D—-thiogalactopyranosidedt Z& = LB agar plate
Ol =2otl, 37 COIM 15AI2F BHGHH SHE &S Al2! colonyE ZRULCH Ol colony
= LB broth0ll =& =%JF 100 #8/ml0l EI== ampicilling &JI8 ampicillin LB
(ALB)Ol B&5td 37 CTOHIA 15A12F S©¢t shaking incubationdt L.

2.5.6. Colony PCR
20 ME J|E=O2 SFTA-2 : NUP : DWW JF 1 : 1 : 180l EI&=2 AccuPower™
PCR Premix (Bioneer, KOREA)S AF23l0 mixtureS 2SO Colony PCRS oL},



Colony PCRS =212 94 TOAM 58 SO predenaturation ot 1), 94 CTOHA 3
&= SS9t denaturation BtE, 42 CTUHAM 12 S92t annealing BtE, 72 CTHA 18 S0t
extention BtS= 25 cycle IR CH 12l XIE extentions oA 72 CTUHA 72 =

o BtEotAULH. PCR producte &J|¥ &= ot band2l sizeE = QIGHILCE.

(@}

2.5.7. Preparation of plasmid DNA

Plasmid DNA= LaboPass Plasmid Mini DNA purification Kit (COSMO Genetech,
Seoul, Korea)E ArEot F=ZoIAUCEH 0 HE2 A20M AAGIRSH A& Zel=
14,000 rom22 StALCH.

16AI2F BHEFSH bacteria cultureE 1.5 ml tubelll JIS 210 2228 & Zel &0
celld 22 S 50 mM glucose, 25 mM Tris—HCI, 10 mM EDTAZ A& Buffer St
= 250 w20 resuspensionAlZiCE. 0l buffer SIS MIEZEHS WAL ASEAS K
NAIA MES gde A&t O & 0.2 M NaOH2F 1%.SDS 2 *&E Buffer
S28 250 wE) 43 HT invertoldd MIEES M pHE =0 SMHM DNASL
plasmid DNA, S8HE S BHAAIZCH Cell suspensionO] S+OF& MKl J|CHRACHI}
MSl potassium acetate, glacial acetic acid@=2 & & Buffer S3= 350 w4 £

8 invertoltd 3010t 2 S4H DNA= Il otRACH O = 1022 B8 =CE

to

o

S0 A5 Hot=2 FHoH spin column tubell €10 1228 |&E2| GtFULCH Column
EEH M2 Helld, washing buffer@l Buffer PWE 700 #£E /210 1228 |AZ2
cl otQCH Sst 2 WHeld LAl 1228 A 22l oFLEE Spin columnOl & & O

U= plasmid ONAE =3I fHA 10 mM* TrissHClH(pH 8.5)2 F&E 50 #£9

io

=
elution buffer (EB)E column =20l loadingdt) 122 BtS Al2t2 & &, 1228 &
&=2l ot plasmid DNAE 2 ULt
2.5.8. Sequencing analysis

Plasmid DNA= pGEM-T Easy vector WOl U= T7 promoterE AtE0HN,
COSMO Genetech (Seoul, Korea)Oll 2I2I5t0 HIIME S EAGHALL

2.6. HEIOIES 2Xt =X W=
& ZJtAtel(Asterina pectinifera) S3=0AX & X
20IED] fof EMBOSS garnier tool (http://bips.u—strasbg.fr/EMBOSS/)S A

QALY

ron

P etogd EE0lES 2R X
=7

L]



2l ExZ2H MEZ2 S2=4d HEIOIEE HAMoII RohA 1% ZACZ2
=2 Sep—Pak Cig cartridgeE 0I&dt0H 0%, 10%, 60% % 100% CH3CH
2oL 22l= D.W, RM 10, RM 60, RM 100&2 B. subtilis KCTC 1021

et E.coli D31 20 CHolA 22t &0gd HAEES ot O 210, & ZF0A

LIEtHH RM 60= AtE0ol ez ad EEO0IEE FMotATH. L8t Ecoli DITELH &
&0l S0t LIEtEE B. subtilis KCTC 10212 AFZ6tH HPLCZ =clet 28 S0l

2. XX &= (RM 60)22H &4 BEOIZ=S A
RM 602 TSK-gel SP-5PW column (7.5 mm X 75 mm, Tosoh, Japan)Oll &8t

21, 2 0.55'M NaCl sZ0llM S5 220N 288 LEFUACH (Fig. 4). gt

S8 LEdH #4F2S =S=6t0 Capcell-PAK Cig column (4.6 x 250 mm,

Shiseido, Japan)& AtZot FRHEGIR LD, 2 &

32.2 min0il oHEot= peaklilAl SZEES LIE 2

Cis column2 Ar20k0 23% CHsCHS2l isocratic £ 2 2 peakE L /ULt (Fig.

6).

Jon

S99 stRASAEES =XEH 3=1D_|>, ok

AL (Fig. B)/ =BHS

m
=

Oledt A8 23

HNESHCE SIAEl |+ ZHCZFH HHe BEOIES 2NN Ot0I=d A

w
0
P!
o
(L=}
m
(=)

n
10

i

s
o
He
(@)

= 0l EOIES Mg =2 st &L
Gly—Lys—Lys—Arg—Asn—AIa—Tyr—Phe—Asn—X‘O—Asp—Asp—GIu—X—GIy—Asn—Pro—
Gly-X-1le?®~X-Lys-Leu-Val-Arg-Gly-Lys—Lys—-Ser-Thr*’~Leu-Asn.



(+) chargeE Y= EIlM 00l =401 Lys & Arg0l 72 €014 A& S X Z2|H
EFOISO0ICt (Table. 2). BIEIOIE sequencing® =24 (homology)S Fasta program
(http://fasta.bioch.virginia. edu/fasta_www?2/fasta_www.cgi)S AIE6t0 EASH 21,

Ol 2ZE JIZ0| 22 SHED A0 = M22 BE0ISZ B

ol

02

SIATH #=2

0

b 0l 22 starfish tubefeet antimicrobial peptide (SFTA)E Y otALE

3.2. Disulfide bond R% =&

SFTAOl DTTE XMcalgh X1 XMelotkl 28 S&E Capcell-PAK Cig columnE At
IA 2elst 20, DTTE Melotkl &
2 SFTAE & 17 minOlA peakdt &0 LIZCH (Fig. 8 A). BtHOl DTTE Helst
SFTASl d2= 10.1 min & 12.3 minOlA DTTOl sHEdt= peakdt L], Fig. 8 A
= SAUE 2 17.5, 18.5 & 18.8 minOllA DTTO 2ol &&= MEZ2 peakdt E
S0 LtgtCh (Fig. 8 B). 0l248F Z3t= SFTA LHOI disultife bondJt =Mt W0
S-SZ&0| s MHSW U2 RTS LIEHHE 220 ELEHASS Q0lsttt. O
Lt Ole48h Zugtez NEU2l disulfide bond £ H&dl GISE = I W20

L

r&"

ot 22 5% — 65% CH3CH (30 min) =&

9

Ol

0= g&s ZUE <ol cDNA cloningS =26t

0

4. 3'Rapid Amplification cDNA ends (3'RACE-PCR)

SFTASl cDNA" cloningE ok)| QoA HIERF BollEC=E =AE Ot0ldt AE2
2 H degenerate primers Z45tACH (Fig. 9). SFTA-1 primere SFTASl = BiIH O
N 2= BN OO0l =&k IR SFTA-2 primer=- M« B0 A Ot B2 OOl
A AIINMRIE 0180t AR H A& AFE=-2= primer= table 301 LIEFU
AUCH 0IE St 1xt2t 2X PCREZ =35t Fig.112 vectorE 01&3dt0f 2 900 bp
O] 2Xt PCR productE 2 RUACH (Fig. 10A). Ol band2 nucleotide sequenceE Z0t=2
Jl fIH sequencingst Z 1, 870 bp& 0l Et&I /L (Fig. 10B). Fig. 102 B
FIIMZEo 20N, LE=2 HAIE 2EE SFTA-2 primerfl Y6t 222 LU
LiD QACH 870 bpE0IAM 3' untranslational region (UTR)& 774 bp
poly A tail2l signal®&¢! AATAAALF poly A tailg &0l & UALEH. cDNA 21U E
EMZ Edman EZoHHN 2o SAE 1XF AEW Hlw of & 20, 328M 0l==2 204
O Ot0l=ab ™IIDF FII2 24 L0 SFTAE & 3402 o0l ate2 2H U=
NE OISR n, 108, 199, 21 XIS X= cysteinl=zZ, 148M &Il=

0
0
2 m

b

tryptophan@ 2 & B/ CH (Fig. 12 A). 0] Z2UE EUZ N-Zol H&st 0t0l 4t
NZ2 20t2I| 2ol gene specific primerE #4580, 5° RACEE X8 Z0 RUCH.
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Fig. 3. Antimicrobial activity' gf Sep—-pak fractions against B.subtillis KCTC 1021
and E.coli D31 . '
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Fig. 4. The 1st cation—exchange HPLC profile of starfish tubefeet extract RM 60
on a TSK-gel SP-5PW column. RM 60 was eluted with a linear gradient
of 0 M = 1 M NaCl in 10 mM phosphate buffer (pH 6.0) for 100 min at
a flow rate of 1.0 ml/min. The downarrow shows the fractions with the

antimicrobial activity on the B. subtilis KCTC 1021.
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Fig. 5. The 2nd reversed—phase HPLC profile of bioactive peptide on a
Capcell-PAK Cis column. Active fraction was eluted with a linear
gradient of 10% — 10% (10 min) — 60% (50 min) ANC in 0.1%

TFA (pH 2.2) at a flow rate of 1.0 ml/min. The down arrow shows the
fractions with the antimicrobial activity on the B. subtilis KCTC 1021.
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Fig. 6. The Final purification of SFTA on a Capcell-PAK Cig column. Active
fraction was eluted isocratically with 23% CHsCH in 0.1% TFA (pH 2.2)
at a flow rate of 1.0 ml/min. The down arrow shows the fraction with

the antimicrobial activity on B. subtilis KCTC 1021.
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Fig. 7. Molecular weight of SFTA by MALDI-TOF.
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(A)
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2004
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Fig. 8. Comparisons between HPLC profiles of the native STFA (A), and SFTA

treated with DTT (B). Two type of peptide were injected to a
reverse—phase Capcell-PAK Cis column and eluted with a linear gradient

of 5% — 65% CH3CH in 0.1% TFA (pH 2.2) for 30 min at a flow rate

of 1.0 ml/min.
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10 20

Gly Lys Lys Arg Asn Ala Tyr Phe Asn Xxx Asp Asp Glu Xxx Gly Asn Pro Gly Xxx lle
GGN AAR AAR MGN AAY GCN TAY TTY AAY NNN GAY GAY GAR NNN GGN AAY CCN GGN NNN ATH

SFTA-2

30

XxxLys Leu Val Arg Gly Lys LysSer ThrlLeu Asn
NNN AAR YTN GTN MGN GGN'AAR AAR WSN ACN YTN AAY

Fig. 9. Diagram of primer. composition for the SFTA cDNA' cloning.
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2kb
1k 9 900bp
500bp

Lane 1

Fig.

AAGAGGAATGCTTATITTAACTGTGACGATGAATGGGGCAACCCAGGCTGCATCTGCARL 60
SFTA-2
K R N A ¥YFNCD D E W G N P G C I C

TTGGTCAGGGEGCAAGAAGTCTACCCTCAACTGCCT ATAGACTGAGCATGCAGGTAMAGGET 120
L vVR GKIEKSTLNTCL=

TCGEGECAAGAACTGACTACCACTGAAGGGATTTITAGGACACTGATTACTATCGTTTTACG 180
ACACGAATATCACAGATG GACTT CCTGTAATGCTTTAATCAATCTAAATAGGCTTTTAGG 240
COGGTAGALMAGTAGGCACTIIGTGGTGCAAACGGCCGTTGGCACACTAAGALAGCGAAGGT 300

TCCTCGAAATCTGTTCTGTACTTAATACTICGTTAGCAGGGGCCCCAGCTARTTATCTTG 360
TTITCTGCATTCTTACTTTCCTCATTACCGAGAATGTACAGATGAAAAAC CACGCACGCAT 420
TAAAMTGGCCGTAGAGCAGTAGACAGAATGCCTAGTTATACCTITGAAGGTCTCTCTCAC 480

ATGACGTCACTTCCTACAGATTGCCACGCGCATCGGCATTTIGGGCGTCAATTTTTCGTG  b40
ACGCACATCGCCGCTGCGCCATCGAAGAAAGTTCGAGCAACACGCAGTTGTAATTTTCCA 600

ACGAAGAT GGCGTCCTATGAGAGAGATCTAGAAGATTITTGTGCGAGTGTACTCAATGGCC 660
GTTGATACACTAACTTAGAAAACTCCATCATGCGTTCACGTTCTTCCCTTGTAACTCAGC 720
TTGTTATTAATTTGAAT GT AALAACTAAAATATGCAATT AAACTGCCCAGGTTGTTAACG 780

GGETTGTGTAAACTACAT ACGGACGAALAGCAATAAAT ALAACTATTCCTCATGCAAAAC 840
AAASALAAAASASABA SN BARARN Y0

10. 3' RACE PCR products from cDNA of starfish tubefeet, Asterina
pectinifera (A) and sequencing result (B). (A) Lane 1: Bioneer 100bp
plus DNA ladder, Lane 2: SFTA-1 primer-related PCR product from
A. petinifera cDNA, Lane 3: SFTA-2 primer—related PCR product from A.

pectinifera cONA, Lane 4: control.
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mf HaiF |
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lﬂimzrﬂﬂ m:zt vk

(30150bp)

42D AasLUENE.

CATAT GGGA GAGCT CCCAA CECGT TGGAT GCATA GCTTG AGTAT TCTAT AGTGT CACCT AT, &
GTATA CCCT CTCGA GGETT GOGCA ACCTA CBTAT CGAAC TCATA AGATA TCACAGTRBATTTA &

I L 5P% Promater
higg | Sact astx | MNsil

Fig. 11. pGEM-T Easy vector map.
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5. SFTAS| 2X 2*X 0=

SJtAtel S

=429

duet e

BEOIE=

EMBOSS garnier tool

(http://bips.u-strasbg.fr/EMBOSS/)& ME6IH 2XF 2*EE =0l CH (Table 4).

SFTASl 2iF &€ UH=o & 24,
liAMs 2det SEHE LIEHLHXL RZRUCH SFTASl 1 X8 28 181,

B, 26 MOl GlyOl UL,

N_DH:|-

A0MA tuntxE, deld C-2H

1581, 18

T

178 MUl= ProOl EIHEHCH E£8F S-S bondE IHX11 U

Jl W20l turn X2 B-sheet REZ 0120 H US 210/2tD M2A=ICH,

26



Table 3. Primers for 3’RACE of SFTA

First strand cDNA

Nested Universal Primer A

o Sequence Base (mer)
synthesis Primer q se
SMART™ 3'-RACE CDS Pimer A 5'-AAGCAGTGGTATCAACGCAGAGTAC(T)30VN-3' 57
Forward degenerate primer Sequence Base (mer)
SFTA-1 Primer 5'-GGNAARAARMGNAAYGCNTAY-3' 21
SFTA+2 Primer 5 ~AARMGNAAYGCNTAYTTYAAY-3' 21
Reverse primer Sequence Base (mer)
ART M
LT ; v, 5 -CTAATACGACTCACTATAGBGC-3 22
10X Universal Primer A Mix
QMART M
SHIART 5'-AAGCAGTGGTATCAACGCAGAGT-3' 23

27




Table 4. Prediction of secondary structure from the amino acid sequence of

SFTA

peptide

prediction

STFA

EEEEE
T T/TEE=F FT T Tg" LANEIN Tl

TTTT
ccC

GKKRNAYFNCDDECGNPGCICKLVRGKKSTLN

EE

* H; helix,

E; sheet, T; turn
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4l E 1l
AL Ol2t 20| Bl S0|& HHAL| Jiss s=dole MZ22 -4 BEOEE A
otJ =

| /IoHAM =2 HAF0UME 2ItAelel =2 0IZ20IRUCH M2 g 22l
= TSK-gel SP-5PW & Capcell-PAK Cig column2 AF25tH XIS 21 =S &

M S22 J|&0 20 &REd BHEOIES AZEo SAMM (sequence homology)
O] 9= NZ2 s7ed HEOIEXRSCH, 0 2 &2 HOMN HMOU AsE SIJHAR2
=40 A2HE A SFTA 2t Y SFL

ZHME SFTA= 3715 Dalz 2X4E 2

S
i
0z
i

18l ZIIE EFGHH T 3202 0L0I = AHIkAL 24

EHASEO =E2=, modified amino acide &M £= &2 MZ Wl cysteineOl

ZIE 2 &I & QlalXl &0t X2 2AE = 220 UCH [etA SFTAS =4
= AE WOl X2 cysteine22 Jt8ot 0 SALES Hatol 2 ZW, ©F 3533.1 Dal=z

ZHE =2 SN 3715 Dadt L XIoHAl EULCE =X g0l /THE 0wz <4
X220l cysteine0l Ot CHE &I IJtsd0l Ay, & Bli= =8 =oH 0l 2l oH
2 00l 4 BIPDHOESEINSE- 22 =45

JHCl Ot0l= At 01210 =IOt 00 AtOL-Cff EME Its40l UCH = M Jisds
20t2D| ?IoH SFTAOI disulfide bondE & &A= DTTE XelotH RT2l H &t
MBERCE O 23, main peak StLDJE 2~30H2 LA/ L, RT £8F 0|S5t0 A
LHOI OIS 100 Ol&2l disulfide bondJt &M & 2d0l2t2 WS AHRZBCH (Fig. 8). 1
Lt O 22U 2= XEI|It cysteine@ X9 (=2t THE &
of HRE =g = Q| 20 SFTASl 2Hs&H LXUME S LO0tED

worksS =2otRUCt. O Z1, HEL 2o 2ot 24 48 = 108, 19 ¥ 21
H &9 X&= cysteine@Z, 148 M &Il= TrpE HARMO (Fig. 12A). £8F HE

O Zol&0l 2o BSEIX H=2 338, 348 &I[IF =

fun
FA

=
J
2
|
AT
x
m
0
rr
bl

J =
T ot 3402 &MI|Z2 O0IR & HEOIES N2 3828.4 Dalz SHE AHES

SFTASl At gttt LXIGHA UL Ddellt N-Z2HZRH 33 M &J| cysteine
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128). [Metd SFTAS 1Xt MZ2 GKKRNAYFNCDDEWGNPGCICKLVRGKKSTLNC €
Z0lct Olat=Ct. dfth OFS C-Z2HO0l free-OHZ ZHot=Xl OtLIZE -NHEHEHZ

EMot=Xls € = 8L

cDNA cloning Z0IM 338 &J[21 Cys OIF0 34 &HI|2 Leull HEEH U
Jl 20 AHZ M WA 4= 212 3409 XIIZ2 M= Z2/HEoled A
O WA=CH 2L SFTAS AAMst 2 =™ 2XE g2 33 &Ko

ol &ot= gtOIRULH Olefgt XO0IE2 A F JHAl 0172 Aol = = UCH X BHM

J

2 == HEUHA pHL 252 HEH 2ol matrue peptidedl =IHot= LeuOl A

CysItXI2l EEOIEI =8LUS

U

tsd0l UAS = ULL S BHME 33M &I
Cysdt 349 &IIQ!1 LeuAlOIE X2= enzymelfl 2ol &AM 33z RHE ZC|E
EHOIEDL 2IESEHCZ MALAS IIs4-0| UL

Metalloprotease= protease® St ZEFZ metaldt 2&EEH IJi+2Zo HALISS
+3#5t= enzymeOl =2 zinc-dependent®t cobaltE ERZ o= JLIt ZCh Ol
= metalloexopeptidases 2t metalloendopeptidases& LM A0 0] = metallo-
endopeptidasestil= ADAM proteins 1t matrix metalloproteinasesmetalO0l Z& &
A=l collagendt gelatins Jt==ol 0t SHM RUCH 0l & metalloprotease &
S SO0IM Serdt Leul OOILEAF AHOIE Kt2E 2RE U1 (Gogola., 2002), Leult
lleS AOIE Xt2E &S UCL (Sires., 1993). L&t JIE UWOHAM  Cys-Leult
Ser-Leult 22 cleavage citedt &Mot= X 0/5C peptide bondE XECHL

ot EDE AU (Moncrief et=al.; 1995); t2tA SFTASH B E MAUILHOIA =I5t

Ir

= metalloprotease0l 2lol ME CHOI-Cys2k LeuAtOl O Z M CysHXIJH 1XF AEZ

Hz EHEUE Aoz FFEU (Fig. 120).

SFTAS] &X& 1X MZO S-S bond2 JIECR 2i FXE S 2BUCH

Table 501A LIEFHSOl, Cys (C)o AXIol W@atM c'°-c'®, c?'-c® z&se (A

type)2t C'%-C*', C'*-C® Z&&EE (B type) @ 12l C'°-C%, c*-Cc*' Z&EH (C

type)2 A IISEICH A type2 C'-I-C*' 2 JIFECZ LX) AN S 222 LY
X|

2oz 2XAII EHE0 UCH EB A typell 1181, 128 & 13 &

-

&otE Y= Ot0I= 4SS0l AU, 2281, 258, 2781 & 2881 &D|0l= 2&otE =

[=)
(=)
H
rz
i
o
1
=
o
O
e
12
Q
<
P
o
N
MHH
|0
HU
N
=
10
g.
«

|0
HU
0!
0x
[l
o)

@
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D
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C0t CEMXIJL HZ O AN FMEOR IIE HEE HEHE FHE W22 ==E[
OLXIZ 22 C type2 s—s bondJdt tums Edol= 220 ?Xot] AWM HME2
2 flexiblegt EEHE LIEHLHO JHE HItEH QI SHEHE UEHHCH MetAd Jtafel 2k
X modele ZUE E/US M, SFTAL 2x 2= A & B typeOl C type
gt g2 EME Jts4d0l =L

HI
o
Qe
0

KSMA LAHE LerNol 74 HEIOEE2 a-helix, B—sheet, random cail

£ ELEst En3A0 FAXE FHEUD LAM ULH SFTAL B0 < helix breaker2
Pro (Picotti et al., 2004)0] 1, 15, 18 & 269 M AXI 2t 17HK X

Off 2t2t EXHSHCH 2X 2= Ols TS Soil SFTA= Ol&SH uiet Ot&ItXIZ B
—sheet & tun71xE RKEEBOR HY Ao MAL|UHAC £ SFTAS net
charge= +40111 PIgt2 9.132=Z basictt &&= JHA 1 UON bacteria®l membrane

O — charge® SFTASl '+ chargelt OI2Z&=2 Sol M2 Z2EE A22 ST,

0|22 & 0l& &FE4H mechanismE0 Barrel-stave - £ = Carpet-like2 2goO=Z

bacteria® AIZAIZ == U2 A20[t GAECH
Sl Hd 22X AZES HIELZ J|&E0 22 24 BEIEY S24ds =
ASH 21, SFTAE U2 SE S ASAHdS LIEIUWA EUACH dHU 22 2 H374

0N Z& 2ItAtel 32 =&, 'DRME iEtefot= perivisceral coelomdt gill22H &
Mt SFM-112t2 MEsS Hluna4 die 2, 2 80%-0l&2 ADI|Jt FASHO=E 2

ol S2HFH0| RAtE S XL
OIES0- UNAN BEZAY A0l M2E0, T8t

01 JI&ELZ & 2o 2F2 variableSt 222

HU
0 =2
Jh
m
=
Bl
o
|
&
i
=
un
=
m

CE2H0ll 2% variabledt 220 GRK £= GKK2t 22 RAtet 2201 EMoty EEF
AUME DFEIDEXIZ 2009 OOl 4at &D10F CH2XIBH EQ D= &2 &t" Ot0ledh, F
ot We T8t gets Ollledez 22 SF0 56t Atddy RAHE0l e =00
M2AC M AICH 0 & Ot0I=4tS] 3'RACE ZMt0l HE codons HliWol 2 Zu, &4
Ot0l=4t E= GAA, D= GACZ otUt2l codonOl CHZ2C 0l 8 one point mutation
2 5 =& 20l [ANA Ot0l=dt AE 2HHll JAHA 2 RAFEE0E genomic 2701 U
HM O =2 RAdE UEW &0 2 = UL £8F SFTAY SFM-I11= CysE9

FAXNE 22 R0l U HEO0 S-S bond2 HEHESH OtLict SL 8t B-sheet #XE
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T BEOISS 2y

=2 o

o

Blwol2™, SFTASl crude2 Sep-pak fractionE&
gram-positive= =& gram-negative bacterialil= &&= LIEHHAKXI L, SFM-11 &
crude®t Sep-pak fraction&2 gram-negative bacterialll CHoll <&t &S LIEtH D
—-positive bacterialll ZCh Zet&2d=  LIEHUHRJYCH £t XS
B.subtilis KCTC 10212+ E.coli D310l &&0l «43UXIC shigella sonneidl 2f 37.5
wg/mlel sl =2 gds B0 &8 FHME SFM-I1l= B.subtilis KCTC 1021
%t candida albicansOil HlwWX st 2ds UEHRUXIE, shigella sonneitl ol &
SFTAECH st 8482 LIEIXICH 0l BIEIOIESE0l M2 T2 230 Uiol &2E4
Ol Ct2 B2z UIR0N 20t 0 & e HEOIE= 2DrAtel HAAH UM 2FE=2
specificotHl M2 &35 6t 2= & Jtsd0l /U= A0lct M2AECH OlHSt
SFM-II2F SFTASl &&X0l= N-
Ol0f ol ZAItsolCtD MISECH SFM-ll= N-2ZFEO0IlA 28100, SB1R, ¥ 9B &
J10l ArgOl =6t A2t 61O LysOl =HotH +5°| chargeE Jt&ICt. &HH
SFTASl N-ZcHoll= 2812t 3B Ol LysOl &Motd 420l Arg0l &5t +32

chargeE & Ch./0l2d8t X0l Dk bacteriall membranelil EEotd U= S&GH EE

OR
0
=
m
%)
m
_|
>
rr

I:J

Ol=0l =Moot A= L&t A2 F&EIIRE daHE =, &z 24 X0/t LIE
Lie o0l & Nz ZECH

Ol & EIEIOISON CHEt XkAllSH etz &4 X0l & HIFHLIS XH0l, &58tE22 |KRR=
x
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(A)
GKKRNAYFN “DDE GNPG I"“KLVRGKKST"LN

!

GKKRNAYFNC'DDEWGNPGCI'CKLVRGKKST LNCL

(B)
-KKST'LNCL -KKST'LNC
Molecular weight
Calculated (M+H)* 38284 Da 37;5.2 Da
(@
Enzyme Substrate Cleavage site
Metalloriftehse Bacteroides Fragilis C v LRENG
R enterotoxin S v LKSNPKAEG

* Moncrief et a/, INFECTION AND IMMUNITY 177-178, (1995)

Fig. 12. Primary structure and calculated molecular weight of SFTA and cleavage
site of enzyme. Compared results of Edman degradation and 3' RACE

sequencing (A), calculated molecular weight of two type SFTA (B),

metalloprotease's substrate and cleavage site (C).
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SFM-II R F.\(‘I}E(;.\I’G( AAVTI
SIS ¢ B R NI F N CDID EQIG N PG Cl KLVR KlSTLN
|

Variable region Conserved region Vanable region

Fig.13. Comparison of SFM-Il and SFTA primary sequence. SFM-Ilwas isolated
from the muscle of-starfish. Asterina pectinifera
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Table 5. Secondary structure model of SFTA

Secondary structure model
R

- - + +
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b . I NG

Type
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b
LLagd A | o

2 |,<+.—-'Kt-..8 AT AN o

g
g

Type R-(10==— 19 | Wil EES3 |

3T\ RN :

+
S T ~g—K~ K+""G gV AR
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<Part II>
Purification and characterization of a novel neuropeptide from the
tubefeet of starfish, Asterina pectinifera

Hye Rim Kim

Department of Biotechnology
Pukyong National University, Pusan 608-737, Korea.

Abstract

A novel neuropeptide, named starfish tubefeet neuropeptide (SFTN) with
contractile activity on the dorsal retractor muscle (DRM) of starfish was
isolated from the acidified' tubefeet extract of starfish, Asterina pectinifera.

To purify the contractile peptide, the acidified extract was partially purified
with Sep-pak C;3 solid—phase extraction cartridges using stepwise gradient with
increasing the percent of acetonitrile (10%, 60%, 100%) containing 0.1% TFA.
The contractileactivity- was recovered in the 60% -acetonitrile fraction. This
fraction was further separated by Cj4 reversed phase, gel-filtration and Cis
reversed phase HPLEC and.._a“ contractileactive peptide was purified to
homogeneity.

For the characterization of the purified peptide, the molecular weight and
amino acid sequence analysis were performed by MALDI-TOF MS and Edman
degradation. The molecular weight and partial primary sequence of this material
turned out to be 3465 Da and GNAXXKGTXHEIPPGGNNPYYAVLXGEXNT.
Comparison of the amino acid sequence with that of known neuropeptides
revealed that the SFTN is a novel peptide having contractile activity on the

starfish DRM. To confirm the primary structure, cDNA work is in process.
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Ol &HA, OF2IH Jell) BEOIZAHS =252 LU

SOUHECH O = HEOIE He= MZE AOIN AISE dYole AEAH W XS 20|
MSEY L XH ASS 5, acetylcholine (ACh)t 22 H| EEOIEA transmitter
QF &M 2EL M2|E XEN HA2ZHJUCTID LHAM QUL (Barchas et al., 1985)

Neuropeptidee FelL=Z2H SHIEHA= MIHAMSIEE2EZ 28 4-30018 %

ol ot0lcitez FdE SHOICH 0SS SFAUIAY LAUIAN EBH 2ot
UACH, LEtHoZ WA WK S22 S22 Hl 2 22L2AH 8229 2528, E
2o 25 Y 0|, SSNY 2 EYXE S A2 gLt A= neuromodulator

2 neurotransmitterOICt (Brown, 1994; Shuttleworth et al., 1995; Zadina et al.,
1986). OIS neuropeptide= A BAEZX00F =&HEXl # D, endocrine cellllME BF
SUGIHL RASE 2AS0l LEYUHANH, s22225% FHIE 0 XICH (Holmgren et
al., 2001; Solcia et al;, 1989).

DAL 1 & REFSE2 sFEE A= 1 systemO| HlwWA 2tEtot) Olaiot)l &
J 20 =2 @2 A0 0IF0 A= adsSe ofLioIth fFHFs= & Sol A
S=0l st Hd= 220l 0IF0ANLD UASL FHFSES ZFAHEL HAFS=2
Z2EAH} FAE A0t MACLNHIE 2NS2SS 0/12ehL @PE HIWE OlHIst &F

OICt (Elphick and Melarange,“2001). =Lis=20 A0 AJHL SN 28 HARE=
ACh, catecholaminelt GABA2I 22 HEAQ MAMLSSEHSO 4 A0
O UCH (Baca, 1935; Beauvallet, 1938; Garcia—Arraras et al., 1991).

19929 oll& (Holothuria — glaberrima)2l rectumt longitudinal muscle band0il A

AChOll 2loff =2=l ==&E0 Uoll Ol2&d=S UEHH= GFSKLYFamide, SGYSV-
=

LYFamideJdt E10& H JA20, immunoreactivity 7182 0l&st H22Z2 10 0l 22 0|
lael 8 MMM 9H 2ZEotn UAS0l HSHTZCH (Diaz—Miranda et al., 1995a). &

, oflat (Stichopus japonicus)@l longitudinal muscledt body wall22 & oli&to

ror

longitudinal musclell =242 Z= NGIWYamide2t intestine2Z2F2H 0224 S
S25t= GYSPFMFamide 2% FKSPFMFamidedt EDEAHBCH (lwakoshi et al.,
1995). &8 OtLIct, ZItAt2l (Asterina pectinifera)@l radial nerve cords Z S
gonad-stimulating substance (GSS) (Chaet et al., 1959)2 =DJtAtel (Asterina

rubens®t Asterina forbes)2l radial nerve cord22H cardiac stomach (CS), tube
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foot & apical muscle®ll CHol 2= 0l& 4= JtA= SALMFamides®! GFNSAL-
MFamide (S1)2t SGPYSFNSGLTFamide (S2)Jt ZALIACH OS2 SW=s22 0
UHM S01He=z RYE F=x9 AMBHE BEOIERUCH (Elphick et al.,, 1991). HAX
Matd A3 ZUZEH S1 S2= radial nerve cord 2+ tube foot ectoneural nerve
plexusOl A &XHot) A20 (Moore and Thorndyke, 1993; Newman et al.,
1995a%t b), Sol CS2 0|2 42 stomach0l Hez FH&ES L2 feedingdl U0 A
EQst g2 st BOERACH (Melarange et al., 1999). L£&F Nitric oxide2t
SALMFamidedt in vivo&tOlM CSel Ol2t&&0l AN neuronal controlE OHHEXE
LEL= H7It B1&E Ht UCH (Elphick and Melarange, 2001).

Slss0ls WEECZ 2IHAEIRF, dlafR, 8% S0 Sol UM 018 & =
JtAlelE HMEEC =2 5019 EHE I8 BHEE E2A0Z2 ZMELH SJtA2I2] 5042

EMots SE+= AL, HOIE0IE GEote J/20IT SAS2 otLte
=)

2t &2 =49 S22 water vascular systemd HZEH U

ampulladt &&= 80| SItetH ampullasmuscleOl =50 =
ampulla muscle0l 0|2tC|H 'S4 ROtAS 22lg Z&ED N &L (Fig. 1)
012 22 sS42 242 JEiez BUsS I 22 LW H2ATH JA=s A

A4 HEOISION &M & 210/t =5 2 R
(Asterina pectinifera) DRMOIl e ==& 48S K ER

d BEOZ=E =cl-dH ot

ol
Pan
ol
3%
[oul
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HU
e
0L
I

HF
2l
e
Ml
>

ASN A28 &€ Z2JtAlel (Asterina pectinifera, 1000t2 A EAFZOIAM A

8 MEoH dix= =8EHe =X0A 28g =25 FAotH =SXHENA EXIAIA

va

E s &= 24

AL
_I_
SACH A0IA= HEHS 2SI ZREH S+L2E 2clg =, HHZ =25 52

1.2. A1 2 Tz

ANzl 6iE 28t Millex-LCRys (0.5 «m), Ultrafree-MC (0.45 um), Syringe filter
(0.44 mm)2t Sep—Pak Cig cartridge= WatersAt (Miliford, MA, USA)0IA & ot RALCH.
HPLC-grade®l water (H20) 2 acetonitrile (CHsCH)2 TEDIAAF (Ohio, USA)UHIA

gotdll, O olelel 2= Alfe S22 AEotRULC.

2. BBy

A
1o
I
T

EtAle] ExXTXNCZPH HE2 == 2

=X (1000t2)2 X219 4B volumell oHE 8= 1% acetic acidE

M
o
>
ol

ZOI5H01 100 COIM 5 2 =0 2ol = H2AIZICH S2AHLIOIM (IKA® T10 basic
ULTRA-TURRAX, USA)2 ZZA =S It St 4 CTOIM 402 =S¢ 10,000 romZ &4

2 B2Hez 222 =2clotdl floh 2F 20
mI& Sep—Pak Cig cartridgelil =&StALCH. & Sep—-Pak Cig cartridgeE 0.1% TFA
Jb ZEtE 100% CHCHZ &4d35tAl2l =, 0.1% TFAJL Z&&E H.02 &=206l EEst
OtCH. &&0ol BE3IL & cartridgedl AIEE F0t0 0.1% TFAJL EZ&E H.0

% CHsCH (RM 60)1 100%

(@}

(D. W), 10% CHsCH (retained materials; RM 10) 2 6
CHsCH (RM 100)2 22 =S 22 2= AH =22Ist & 24= 84 =FH0| AM=2ot

Ct.

41



10
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0x
o
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=
2,20 mmAEe oz EALH-Z2E HAE2 55 mM  ASW buffer
OlOIlAl SolR M, RES LS 2CH: (mM)-NaCl 445, KCI 10, CaCly2H,O 10, MgCly
d Tris=HCI (pH 7.8) 10.

2.2.2.1. 2JtAl2l DRM Ol THE =584 53

ZHlE DRME SHSZoAIALLHOI L& A1y RIZ 2 isometric transducer0il &
GtXd resting tension0l 1.0 g0 EF== 30 22t HESHAIZACE. =& 2| tension0] 1.0 gOl
SX S 107° M2 Achg 0I5t 282 S43HAIZICE 01F F=HIE 2F HPLC ZHISHH

OotRULH NEs2 et = =84S SE6t0 physiographa! 0

2
x
ne
ro
HT
Jor
fujo
M

42



Ampulla Ampulla muscle

Ambulacral ossicle

Postural (orienting) muscle

Podium Retractor muscle

Connective tissue

Terminal plate

Fig 1. Basic structure of a-starfish-tubefeet
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Force transducer

Amplifier
buffe

Stimulator,

— — —>

. gloe et e
Secorder

Fixed point

Fig. 2. Physiography- system to measure the contractile effect on the

smooth muscle:
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ZHMAEFE B 4HAHZ A& columnit gel columnE ALEGHH =S ZMGHACH

(Fig. 3). ZMLEN Ar2E HPLC= 3I+E(220, 254 ¥ 280 nm)0l SAI0N =& Jts
0 series diode-array detector (Hewlett Packard, USA)E AtE35HSACH.

ez 5 84S UEY RM 602 H BHMZE Vydac C4 (4.6 mm X 150 mm,

Tosoh, Japan)E AE6t0 Cis1 22 222422 FHGHACH A E0H; 0.1% TFA

EZstote H.O (pH 2.2), B 201 0.1% TFAS IXZ&ols 100% acetonitrile

(CHsCH) (pH 2.2), =21, 10 —-65% (40 min),-II&; 220 nm, |=; 1.0 ml/min,

25 &2

i

S OHM SHHZ, H P SHUNAN 2482 LEH 2222 2 o column
(Superdex peptide HR 10/30, 40 x 300 mm;. Pharmacia, Sweden) 0l =5t &
MR O 22242 U210 20k A 201 0.1% TFAZE Z&6t= H.0 (pH 2.2),

@

Z01; 0.1% TFAS ZE&ot= 100% CHsCH (pH 2.2), BE0OH 30%<l |isocratic 2242
2 8%, W& 220 nm, %= 0.5 ml/min, 8% &=

N B SHlE, & B SAHNAM 2#4dS LIEHH & S Capcell-PAK Cig, (4.6
250 mm, Shiseido, Japan) columns A3 FHMSIALH A2 USH 2
Ct: A 20 0.1% TFAS E&6t=rH0 (pH 2.2);:B E0i:°0.1% TFAS E&56t= 100
% CHsCH (pH 2.2), =21; 20 = 60% (50 min); IIt&; 220 nm, £=; 1.0 ml/min,

=25, A2

X

-

OLXIS EAHIZ, Al Bl SHAHNAM 2485 LHE

% CH3CH isocratic Z210lM =& Mo CH

[
HI
o

S22 2 Cig column2z 29

I
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Starfish, Asterina pectinifera

Tubefeet extracts

!
C1g cartridge

l
RM60

l
CX HPLC

l
Gel HPLC

l
Cig HPLC

!
Cig HPLC
l
SFETN

Fig. 3. Summarized procedures for the purification-of SFTN from the tubefeet
of Starfish (A. pectinifera)
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2.4, HAHEOIES 2XE R OH0I=d A8 23

2.4.1. 21 5F
Mol U B4 BEOISSS 2NY STS 2IMSD ISAFHASD Us

MALDI-TOF mass spectrometer (\/oyager—DETM PRO spectrometer, Perseptive

Biosystems, USA)S AF=256t0 =&oISLCH Matrixe a—cyano—-4-hydroxycinamic acid

2.4.2. Ol0I-&t MEZE
22H FME 22 SFINS Ot0l=dt Agg Z
of

(Applied Biosystems, USA)E AlZ6t0f Edman 2EHO 2 SAGIAL.

& ZJtAtel (A. pectinifera) =

ot ?lohA st=I|=1st A

e
U
i

A= Procise 491 HT protein sequencer
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olHel =& 50i2l 2oz 8482 =F5IY 1D Sep-pak fraction (20 ml) £

SO 242 SEOIRUMLL O 23, 10%2 60%0 ==240| U

0
W S0HE «g2te 242 2L ddl-getdoz DW &2 ACh ¥
catecholaminesit Z& amine®E ®0| E&otl U20H,~RM 10 52 serotonin,
dipeptide®t 22 MEA 2=d=S LIEIHHE =Z20I, RM 6012 RM 1000l EEHOIE
o A SEE0 ZECN AUCID 2N UCEH TetN SIHAtel 2401 2ot Lt

PN
Etct DW S2 8% amine®el 220 2o 252 ==gd= SIHA2le g8 U
Etd 2oz d2AEMH, RM 102 2d= NEM d+dS LIEtUsE 220 28 24

Ol, RM 602 HIEIOl=d2l SZ20 tHet 2d& H0let =0 Wetd RM 60 0

std BEOIES HA

HEZ2 = 842 LIEIYH RM 602 EAHIGH)| /o = BHIHZ Vydac C4 column
5

N
Ji
4>
I
il
I
]
o
-
F
(@)}
ol
H
r
m
08
[
rd
1>
o
o
0

0 mm)E MESIRA2H, 2clel 28 S22 SJtAtel DRMOI Hal ==&

H2 ZFHOIUD 2 29.6 minWIA E=E peakOlAl It 2 main 42 2ACH (Fig.

1

5). HIEoHAM 0 282 2 HE9 gel filtration column 2! Superdex peptide HR

10/30 (10 x 300 mm)E O0I=5t0 HMSIACH (Fig. 6). RTY SXE I [AS Az
2HE HEHCSZ O0t2)| ?lof 2 2E840AM 2AES 0101 21 e =22 &

rr

8ot injection S LCH (Fig. 10). SF=IIl (3655 Da)e= 21 min, SF-II (2306 Da)
23 min, Vasopressin (1056 Da) 28 min, PALAL (484 Da)= 33 min0lAl peakd}
ECQLCH Fig. 60N 2= SH4SE T 2F 23 minUlA LIEIGD] 20 OIS 2=

9F 2000~3600 Da AtOl2l 371 0|2t M2t

N

]o

AZte 2 20t =282 ZAe
H&CH M YW SH=Z 0] &4 282 Capcell-PAK Cig, (4.6 x 250 mm) column

£ MB350 2 39 minll Y= &4 peakE FAMGHAULCH (Fig. 7). HEHC=Z



29%92] CH3CN isocratic 22422 HHEE AlZ2F 21 min0l o & ot
Ct (Fig. 8).

rr
o
ne
o)
D
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ne
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3. dNg HEOI=S E2XE H 00t NE Z2F

ASHCZ SItAIE F5 N2 2H HHE BEOIES SXEW Ot0l=4& A

StAtel 5= FE=2 RM602ZRH FHMeE =22 2NMEs 2F 3465 Daoltd
A LA

& ZJINMA 24 EUACH 0 BE

Gly—Asn—-Ala-X-X-Lys-Gly-Thr-X-His'°~Glu=lle=Pro—Pro-Gly—Gly-Asn-Asn—-Pro
~Tyr®*=Tyr-Ala-Val-Leu-X-Gly—Glu-X-Asn-Thr*.

BEIOIE sequencing? S24 (homology)S fasta programS SdHf XAHSH 21t
Ol 222 JI&0 €A S2Sh FALE0| St= M=22 BE0IEZ BHIJCH L&t
HolA 0| 2& 2 starfish tubefeet neuropeptide (SFTN)Ol2t FH St RULE.

Edman o0l 2ok EAS 1A AS 220 SISHH 4T, 580, 9B M, 259

M 28HM &Jl= unknown OO -4&RRL XE-2ALRALCH 0128 X &)= LA

£ M2 W0l disulfide bondE E4dot= CysJt EMotHL £= = &2 20| 258
d5 Ot0l=ate] &O12] BEOl SJtsotAl &t AZ WOl X2 Z&= &J[JF CysOl
ctd JtE S ot EXEsS Hldtol 2 210, 3086.5 DalZ SFTNS HH=E 2 &
Ol 3465 Danlt ZLXIGHA ZLRUCH (Table 1). [etHd Z=EH OOl MEE LO0HED]

?ol S cONA work2 =& S0l ULk
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Fig. 4. Traces illustrating the contractions 'induced by starfish tubefeet extract in
the DRM of the starfish. Each arrow represents the sample applied to the

DRM.
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Fig. 5. The 1st reversed—phase HPLC. profile-of starfish tubefeet extract RM60 on
a Vydac C4 column. RM 60 was eluted with a linear gradient of 10%~ 65
% CHsCH in 0.1% TFA (pH 2.2) for 40 min at a flow rate of 1.0
ml/min. The down arrow shows the fractions with the contractile activity
on the DRM of starfish. fraction was applied at the time indicated by an

arrow.
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Fig. 6. The 2nd gel-filtration HPLC profile of bioactive peptide on a Superdex
peptide HR 10/30 column. Active fractions were eluted with a 30%
isocratic CHsCH in 0.1% TFA (pH 2.2) for 40 min at a flow rate of 0.5
ml/min. The down arrow shows the fraction with the contractile activity
on the DRM of the starfish. fraction was applied at the time indicated by

an arrow.
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7. The 3rd reversed—phase HPLC profile of bioactive peptide on a
Capcell-PAK Cig column. Active fraction was eluted with a linear
gradient of 10% ~ 60% CHsCH in 0.1% TFA (pH 2.2) for 50 min at a
flow rate of 1.0 ml/min. The down arrow shows the fractions with the
contractile activity on the DRM of the starfish. fraction was applied at the

time indicated by up arrow.
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Fig. 8. The Final purification_ of. bioactive peptide on a Capcell-PAK Cig column.
Active fraction was eluted isocratically with 29% CHsCH in 0.1% TFA
(pH 2.2) at a flow rate of 1.0 ml/min. The down arrow shows the
fraction with the contractile activity on the DRM of starfish. The purified

peptide was applied at the time indicated by up arrow.
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Fig. 9. Molecular weight of SFTN by MALDI-TOF.
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Fig. 10. Superdex peptide HR 10/30 standard chromatogram A: SFIll (about 3655
Da.) B: SFIl (about 2306 Da.) C: Vasopresin (1056 Da.) D: PALAL

(about 484 Da.)
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