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Purification of neuropeptide from the squid, 7odarodes pacificus

Sang Hyun An

Department of Biotechnology and Bioengineering, Graduate School.

Pukyong National University

Abstract

To purify the neuropeptides from the visceral and gill tissue extracts of
squid, 7odarodes pacificus, we used the tissue of squid several organ, snail,
scallop, mussel, hagfish, conger eel as the bioassay system.

The acetic acid extracts of the squid visceral and gill tissue were forced
through the Sep—Pak Cig cartridge, devided by flow—-through (F.T.), 0 %
methanol-elute (D.W.), 60 % methanol-elute (RM60), 100 % methanol-elute
(RM100). The activity was estimated by concentration of 1/50. Among of them,
the RM60 had high contractile or relaxing activity on the most of tissues.

The RM60 of visceral tissue extracts had the best contractile activity on the
squid esophagus. On the other hand, RM100 of visceral tissue extracts had the
best contractile activity on the snail crop.

In the case of gill tissue extracts, RM60 had a reasonable relaxing activity on
the mussel ABRM and contractile activity on conger eel longitudinal muscle only.

At present, purification of RM60 of the visceral and gill of squid, using reverse

high performance liquid chromatography (HPLC) column is in progress.
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rHu

SEd BEOIEs MSEE=EZA AEHNN dsdY 2 XEAS

S ot0, acetylcholine (ACh)1t 22 HIEEIOIEA transmitter?t &M 2=
S0 2™ QUCH (Elliott and Barchas, 1979; Krieger, 1983). 0|22 H
239 2SXE, €29 £= 4 (|2,SSTY L 4 TEHSO dE=

Saoll) USM (Zadina et al, 1986), oxytocine/vasopressin family,
growth hormone releasing factor family?t substance P (SP)/tachykinin
family (Table 1)S0l HFS2 L PHZFS20AM ZYEAGHH 290 3
S2tol Azatiet MENEN 245 FE2E M35t UCH (Hoyle, 1998).

stEd BEOIES JIs0 JANM BE2 =5 & (225 ZE2

—_

myosindt actin® Z &0l 2loi Z=ZE&Ch Myosin light-chain kinase?
myosin regulatory light chaing QlI&tStAIZA myosin0l actindt Z&EHE=
ot ==&ZS UEHH= B3, myosindt actin® Z &0l g A &H
Ol2t&=0|l LIEFLIAH =ICH (Adelstein ef al, 1982). REXCOZ JI2RYE

AD JAX e ExrsF B2 WEY 0d &I & =) ASS 2H

=z
olS8t HHsS2SUHAE 20 10 filaments®t dense bodyE E&otl] U

= catch muscle fiber2 A =M&0l E0E H UCH (Twarog, 1967). 0l
gt OIRUIM ERS2E0E OtLe HHMsSE2 0|28 AFY BHEOES H

=
2 AN 2et Chgst ARZ 0 NG D JA2BM, =2 catch relaxing
OS2 020X ALt (Table 2). HEH2=Z &
=g X2 pedal ganglia2F 8 AChXA=0l 28 anterior byssus retractor

muscle (ABRM)2l catch tensionOl CHold OI2EAHS JIX FMRFamide



(FMRFa)2l =clJt EDE YD (Kobayashi and Muneoka, 1990), ABRMS
SREHE MIIA=0 st ABRME ==&5 SItAIJI= small cardioactive
peptide (Fujisawa et a/., 1993) ¥ Mytilus inhibitory peptidedt &M =AU Ct
(Fujisawa et al., 1991). st LTO| (Achatina fulica) NBELCZLH &
JIE X300 28t ABRM2 ==&42 2AMAIII= WWamidedt 2DEIRUCE
(Minakata et al., 1993). Leeches (Hirudo nipponia)2l whole body F&=2
Z2H leech intestinelll HotH ==& = LIEHLHAIGH vaginalilAM= 0=
248 20l= leech excitatory peptide®?t XI&0I (Lisenia) gut & whole
body2 2 & earthworm excitatory peptide (EEP)-11t EEP-2Jt ZAHEZ AL
(Minakata et al., 1997).

QAN (7odarodes pacificus)Ml M= hepatopancreas22E trypsin
inhibitor2t M <AL (Kishimura et al, 2001), D&EILXIZ cathepsin DIt
HMEZ O cloning ©ACH (Komai et al, 2004). L&t QENZEE major
allergen0l &2l (Miyazawa et al, 1996), mantle muscle0il A
tropomyosindt homologyJt U= 28-KDaol A S HAHMGHH cloningst
2100t JUCH (Miura-Yokota et al., 2005).

Tt QLENZRH diisopropyl-fluorophosphatase= &M & ACH (Wang
et al., 1993).

Jdedlt QAHZRH &34 HEOIEN 28 A= MRe AFHO0ICH

=

etd 2 A70ds 2802 WE O0t0IE 0

2 2 IESS AMEGH 2= L 0[2HES ZAGHRLH E8t & 0l
= 242 LIEtW=E =2 S HPLCE ME0tH =2cl-8H S0l



Table 1. The classification of neuropeptides

Hypothalamic releasing peptides
Thyrotropin releasing hormone

Gonaadotropin releasing hormone
somatostatin

Corticotrpin releasing hormone
Growih hormone releasing harmaone

Neurohypophyseal peptides
VYasopressin
Crvtocin

Adenohypophyseal peptides
Adrenocorticotropic hormone
—hlelanocyte stimulating hormone
FProlactine
Luteinizing homone
Growth hormone
Thyrotropin

Opioid peptides
B—Endotropin
Enkephalin
Dynorphin

Gastrointestinal peptides
Vazoactive intestinal peptide

Cholecytokinin

Gastrin

Substance P
Meurokinin A

In=sulin

Glucagon

Secretin

A otilin

Fancreatic polypeptide
Galanin

Growth factors
Merve growth factor
Epidermal growth factor
Fibrohlast growth factor

Others
Angiotensin |
Bradykinin
Calcitonin
Meuropeptide
MNeurotensin




Table 2. Amino acid seqguences of neuropeptide from several molluscs

Animals ~ Peptide
(Sources) name

Amino acid sequence

References

Mytilus -
(pedal ganglia)
FMRFa
Mytilus Opioid
(muscle)
Mytilus SCPs
(ABRM)
Snail WW-1
(ganglia)
Ww-2
WW-3
Leech
(whole body) LEP
Earthworm
(gut) EEP-1

1 5
Ala—Met-Pro-Met-Leu—Arg-Leu—amide

Phe—Met-Arg—Phe—amide

1 5
Try—-Gly-Gly-Phe—Met-Arg—Phe—amide

1 5 10
Ala—Pro—Asn—-Phe-Leu—Ala-Tyr—-Pro—Arg—-Leu—amide

1 5
Tro—Lys—-Glu—Met-Ser—Val-Trp—amide

Trp—Arg—-Glu—Met-Ser—Val-Trp—amide
Tro—Lys—-Glu—Met-Ser—Val-Trp—amide

1 5 10

Ala—Lys—-Cys—Glu-Gly—-Glu-Trp—-Ala—lle—His—Ser—Cys—Leu
15
-Gly-Gly-Asn—amide
1 5 10

Ala—Pro—-Lys—Cys—Ser-Gly—-Arg-Trp—Ala-lle-His—-Ser

15
-Cys—Gly—-Gly-Gly-Asn—-Gly

Hirata et al,, 1987

Kobayashi and Muneoka, 1990

Muneoka and Matsuura,1985

Fujisawa et al., 1993

Minakata et a/., 1993

Minakata et a/., 1993

Minakata et a/., 1993

Minakata et al., 1997

Oumi et al., 1995
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rectum= 2 cm ZtWUCh 2l YEOZ B0le F M
XIgt opDH0l &S HEGHA

TemZ MIHUALEH 2 HHE2 1 cm EE2 BHS0 2 ml BES0 DEAID|
1 AZE2 transducerll HZAIZLH 2= HE2 55 mM

water (2130oll4=, ASW)ot0IA &olRon, =482 TS 20 (mM) NaCl
445, KCI 10, CaClx>2H.0 10, MgClx6H20 55, Glucose 10 and 0.5M Tris—HCI
(pH 7.8) 10.

22112 €
g0l HES 22 US, )&= Z2MotK cropl IR OS2 20

M 2 0.5 cm IR 22HAM 3~ 4cmel 2|2 MEel HEGRD, HES
0

0E
(=)

crop2 10 ~ 15 mme ®HHEHoZ Br=A 1), penial retractor muscle2 10 ~
15 mmel 20/2 HAZ ¢, OlHBES 2 & HE6tH OtHBS 2 ml BISXE
Off DEAIPID |ZE2 transducerfl HZAIZLCH Ringer 2| &2 S

2 CH (mM) NaCl 120, KCI 4, CaCl>2H-0 0.9, MgSO47H,0 2.5, NaHCO3 18,
NaH-PO4 4.2 and Glucose 10.
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LN F===2 delgtds SFolbJ| ol JtelHlE Bez Jti2l Y
©| adductor musclell Ec1&! rectumE 2 cmE MWW, 1 cm &9 HH
CZ BtE0 2 ml BFEX0 DEAIIILD RAXE transducertl HAZAIZCH 2=
WS 55 mM Mg®" artificial sea water (21 2d<4, ASW)5I0IA oA,

X2 UsS 20 (mM) NaCl 445, KCI 10, CaCl»2H-0 10, MgCl»6H-0 55,
Glucose 10 and 0.5M Tris—HCI (pH 7.8) 10.
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2242 =HG0 physiograph&0fl JIS5tA
2.2.2.2.2. EXl ABRMOIl CH&t phasic contraction &
ZH|E CHEHO| OfiEZ2 2 mIQ BtESX0 DAEAIID FIZEE physiography
system (NEC-Sanei, Tokyo, Japan)2l isometric transducer0ff H25t0{ 5 g2
s =U2CH, er=FCl X= (23 V, 3 msec, 50 Hz)& =0 control atS
AACH OlF &I N=22 102 2HH2Z FU2H, 2 Alg BH2 HI| =2
SN HEo0IAUCH (Fig. 4E)
2.2.2.2.3. £HO0| penial retractor muscle0ll gt O|2A&d £
ZHIE HHEO OteHZE2 2 mIQl BrESE0 DFAIF|LD fIZE physiography
system (NEC-Sanei, Tokyo, Japan)2l isometric transducer0Off H25t0{ 1 g2
AHg = 5, 162 24B2Z ASHUZS WMGHHM 6022t BHIIAIZCH (Fig.
4E).
Penial retractor muscle0fl CHet 0|2 42 SEHE 29| tensionOl 1.0
g0l RX =& 10° M AChS 5tol 243 AIZLD, 1525 107° M2 AChs
S0HoIH 22 =SAIZL. 0|F EHlE ==2E2 82 1/50s52 S0t
ULt NES2 Fet = 0|24 =S =EolK physiographatlil JISotRULH
2.3. L0 FE29 HPLC profile
2.3.1. L0 W& F&=2 HPLC profile
Fig. 500 LIEILI=Ol 2B 70tel HE === &0 esophagus
Ol CHolh 1/50=s= 0l RM6B0OI JtE 2 &4 20 1500tel WE ==
£9 320 UAHME 1/1000sZ0HA 2 42 2ALH 0l 40l IHE
Z RMe02 EHME <ol =& HPLC column (Vydac 218TP510 Protein &
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peptide Cig, 9.2 X 250 mm, 5um, USA)S AIE ol 1], ARZ= 0.1 %
TFAS Z&ol= H.O (pH 2.2)2% BEUHZ= 0.1 % TFASE E&6t= 100 %
acetonitrile (CHsCN) (pH 2.2)2 0I=235t0d BZ0§ gradient2 =cl-E MG

Ct. 2elxA42 tSH 2L gradient, 0 — 60 % B (1202); 8%, 3.0

ml/min; 2%, 40 C; fraction volume, 6.0 ml (Fig. 10).

2.3.2. 2L&0N OJt0l =&=2 HPLC profile

Fig. 980l LIEILIOl Q&N OO0l =& = Xl (Mytilus edulis)2)
anterior byssus retractor muscle (ABRM)OIl CHst &4S LIEIH RMB02
A& HPLC column (Vydac 218TP54 Protein & peptide Cig, 4.6 X 250
mm, 5um, USA)2 A oI, AZBOHZ= 0.1 % TFAE IZ&dte H0
(pH 2.2)2 BEUZ= 0.1 % TFAE ZE&ol= 100 % acetonitrile (CH3CN)
(pH 2.2)2 0185t BEO] gradient2 Zc|-EMGHACEH 2el=H2 S
ZCt: gradient, 5 — 45 % B (40&); %=, 1.0 mi/min; 8%, 40 C (Fig.
11).
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Squid visceral tissue (7 EA) + 1° H.O 400 ml

!
Boiling (100 C, 10 min)
l
5 % acetic acid
I Homogenizer
Centrifuge (10,000 x g, 50 min, 4 C)
!
pellet + 5 % acetic acid
!
Centrifuge (10,000 x g, 50 min, 4 T)
l
Concentration of supernatant
l
Sample:ethanol = 1:4
} Overnight
Centrifuge (20,000 x g, 50 min, 4 C)
!
Concentration of supernatant

!
Sep—Pak Cig cartridge

!
| | | |

F.T D.W. RM60 RM100

Fig. 1. Summarized procedures for the extraction of squid’s visceral
tissue (7 EA).
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Squid visceral tissue (150 EA) + 1° H.O 6 L
} Boiling (100 C, 10 min)
5 % acetic acid
L Homogenizer
Centrifuge (10,000 x g, 50 min, 4 C)
| Concentration of supernatant
Sample:ethanol = 1:4
I
Centrifuge (10,000 x g, 45 min, 4 C)
| Concentration of supernatant
Sample:ethanol = 1:8 + NaCl (15 g/1 L)
!
Centrifuge (12,000 x g, 50 min, 4 C)
!
Sample:acetone = 5:4
l Concentration of water phase
Sample:ethanol = 1:12
!
Centrifuge (12,000 x g, 50 min, 4 C)
| Concentration of supernatant
Sample:ethanol:acetonitrile = 1:1:1
1 (20,000 x g, 50 min, 4 C)
| Concentration of supernatant
Added 1 N HCI (final conc. 0.1 N HCI)
1 (20,000 x g, 50 min, 4 C)
| Concentration of supernatant
Sample:ether = 1:3
l Concentration of water phase
Sample:methanol:acetonitrile = 1:1:2
1 (20,000 x g, 50 min, 4 C)
| Concentration of supernatant
Sep—Pak Cis cartridge

!
| | | |

F.T. D.W. RM60 RM100

Fig. 2. Summarized procedures for the extraction of squid's visceral
tissue (150 EA).
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Squid gill (2 EA) + 1° HO 35 ml

I
Boiling (100 C, 10 min)
l
5 % acetic acid
l
Centrifuge (20,000 x g, 40 min, 4 TC)
I
Concentration of supernatant

)
Sep—-Pak Cig cartridge

!
| | | |

F.T. D.W. RM60 RM100

Fig. 3. Summarized procedures for the extraction of squid's gill (2 EA).
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Visceral tissue
Intestine

Gill Rectum Gill-heart

retractor
muscle

Fig. 4. Squid (7odarodes pacificus) (A), scallop (Patinopecten yessoensis)
(B), mussel (Mytilus eaulis) (C), snail (Achatina fulica) (D) and
physiography system (E).
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&m0l penial retractor muscledt & Xl 2l

A
H =J0 MEE RLE L2 1/50s=2 SHGIRULL

A, Fig. 10l LIEFH XA XM & Sep-Pak Cyg cartridgeE ALE5tH Ze2lE 4
JHXI =& 2!, D.W., RM60, RM100, F.T.S AtE0tLCt 0l AESIH 22L&
O 4JtX =2 (qgill heart, rectum, intestine, esophagus)0il CHol M2l&HS
=XGIQUCH (Fig. 5). M, 28 ZX0 CHaH 107> M2l AChOl CHEH Bt S AHH
UCH J2iLt, AF2E Q0 42bK ZZ0| TisH 107° M2l AChe &3 gte

UKXIEH OIE Z&0 CHolt =S LIEIUHAl 2= X222 0/F0 20t OtotE 0l
S 4JtXI &2 AChOl Ciol &= ot= =Xt 20HE N U= A 20 2
Lt W& ==20 Uoid= G20 20| 282 UHEIUHACH

Gill hearte] 32 D.W. & F.T.0lM OIS ==&ETE UEIUHA LD, RM60
M 2 =24 ER2H, RM1000IA= OtRdH &4dsS LIEFU X 2ZUCH
(Fig. 5A).
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Intestinel AL UAHZ BIES0| 43MOB, DW.Ql L X2 =0 1,
RM60, RM100, F.T.= H@Ese Bt 2
Esophagusll d20Ul= 4JtKN =& =

D.W. 2t ==0I”/A 20, RM100, F.T.

rr
10

T
cla) Jteldlel rectumbl CHE ==gd= =&ol ZgUCH Jteldl e

|J

rectumOil CHoHA = RMBOUIAICH 28 A4S LIEI D, D.W., RM100, F.T.0f
BtSS BEO0IX LUALH (Fig. 7C).

rr

rr

Lt &#O| croptl UHoll ==&4d =dol BUCH. EHO| cropl &2

—

FI

RM100, D.W., F.T.=L2 =842 LtEtR], RM602 E20= Ol2tE

QE O|2SH EH2 10° M AChZ U2 £SA2 & 2 AI29 0|

& IO| penial retractor muscletl CHol AChZ =HZE == AIZ2! = 0|

ad

4= &= 213, RM60, D.W., RM100, F.T.&=22 0|24 0l A LIEtR

Ct (Fig.6A)

gX12 ABRMOIl CHoll Ol=2t&& S =&6tL) phasic contractions 202t
Ct. O|&td=s =&sS 20, RM60, D.W., F.T.=22 ABRMO| O|2Z A 2L,
RM1000i= BtS0l SAALCH (Fig. 7A).

etE ABRMOIl CHoll phasic contractions =&oll = Z0, D.W.OIA=
phasic contraction0] =2 ZH=A LD, RMBO0IA &5 EHE= Hes &2

CH ALt RM1000IMd= 20l =0y BHEH, F.T.21 E2& phasic

contraction0l AZEACH (Fig. 7B).
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1.2. 1500t2] &0 W& ==
ol 2 (Fig. 5 ~7)8 EUZ
22 ME56IM, Fig.22 WEOZ ==oIQUCH WG2tM D.W., RM60, RM100,

=9 delgd 53
O

oA
=
iy
40

|oll visceral tissue 1500t2|

T.8 240 2 230K rectumt esophagusOll CHEH Me|&2t&ds A6t
C

=

1.2.1. &84
Q& esophagus 2 rectum 25107° M AChOl CHall & Br22 20

X &%, lI2E 1/1000s=2 =HGACH (Fig. 8).
AL

i

-

&0 esophagusOil CHoH
ot RM1002 BtEES 201X 2410, RME0UIA JtE 2 =S84 BJA2H,
F.T.= phasic contraction2t0| ZJt6te ZEES 20 (Fig. 8A).

QEON rectum0Oll CHoll ==24d =ZFst 2, rectum2 D.W.2 RM6O,
F.T.Jt phasic contraction2t0] &Jtot ), RM1002 OtFe BtS0l SIUCH

(Fig. 8B).

—_

2. 20 OJI0l F&£=29 Molgd =3

Q&N 20tel OtJt0l === 22 H Fig. 32 F=UH2ZF, Sep-Pak Cis=
H™ U= D.W., RM60, RM100, F.T.E Jt2ldl rectum, &Xl ABRM, H&EN
intestine, &0 &2t longitudinal muscle, 2& 01 esophagus0il CHoll &4

£ =3 otk (Fig. 9).

HHY Jteldl rectumOll st =842 SHs 20, Jteldl rectumOl O

oA D.W., RM60, RM100, F.T. 25 0Ot2 BtS0l ARUCH (Fig. 9A).
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o= D.W.2F RMEOGIAEH ==

HEON intestinell
D.W.2] &It RME0ELH 2 882 EULY.
AALCtH (Fig. 9C)

S0 Z22 longitudinal musclelil (et ==2d= S&s 21, RM60
HAE 28t =842 2 D.W., RM100, F.T.2 OtR&l Bt30l A/UC
(Fig. 9D).
2 Z 0 esophagusOll CHet ==&4d= & 2, 2K esophagusil
CHoh M= RMB00IAM OF= DIAISt 40| LIEtS D, D.W., RM100, F.T.2 Ot
el 8IS0l ATt (Fig. 9E)
2.2. O|28d £
QE O|2EH EH2 10° M AChZ2 U2 A2 & 2t A|29 0|
2HE2 =ZHOIYU2H, X2 ABRM2 AIESHH Olads SEoIAL
&Xl ABRMZ2 AChZ zIUHZ A2l & 0|E2#482 =3l =2 21,
RMEOOIAMCH Ol2&td 2 2”41, D.W., RM100, F.T.2 OtR& BtS0l AUCH
(Fig. 9B).
3. L0 W& FE===FH & ZF EtoIES Zcl- &R
RME0=2 0ol LA UL rectumit esophagusOl CHolf 28t =S84 U
FLHRACEH (Fig. BA, D). E£8F 0| RMB02 22 H neuropeptideE d XISt
ofl bioassay system22Z rectumdt esophagus2 ArESHACH (Fig. 8). OIMH At
CAE ANZ2 %= 1/10000(ACH
QUN HE =22 2 esophagustll CHet &= 26HH LIEFHRA
X2t (Fig. 8A), rectumliM= OGBS E Zel =5 482 20X &%
(Fig. 8B). OOt rectumOl 220t HetEg! AN =2S HOOH= HEO0

=
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HEC Hats 20, =20l HatE o, 2401 T2 LIEtY A 20
240l It 2 RME02 JHME <ol H& HPLC column (Vydac
218TP510 Protein & peptide Cis, 9.2 x 250 mm, 5um, USA)S AtE GtRALH
(Fig. 10).
RMBOOI Al 1/10002 & O esophagusOil 28t 42 LIEFLIAXI2H (Fig.
8A), 1&tH HPLCHEZS IH&l S= MESH
/1000t =AM SEGIAX2 2E N esophagustll BtES M3 LIEHH X

=
g
010
Mo
I
i
[
I
il
I

HT
Jon

EsophagusOll CHol A EtE S & ==JF A/AI| 20 Fig. 7COIAM LIEHE 23X
g AChOll BrSS LIEHH Dteldl rectum2 AIS5IH 84S SHOHULCH (Fig.
10). Jteldl rectumOilA 2 2ES2 2482 SHsH 20, =& 21-22
Of black bar)llA ==&42 ERUCH (Fig. 10). 1 0|F HHOIAKXIL 2482

LEEFLHAT B2 RULH.

Fig. 9= Q&0 OHI0IFE=22 &4 ZU0IC
Z Ot BE29 == ¢ 0|224dS =SZo 2 21U, Fig. 9BUIA LIEHLSEO]
o2 4= LEIUHRADI 20l bioassay systeme =
& Xl ABRME AIZ5ICH Sol, RM600| CHE =&22 0 40| 2.t 261)]
20 RMB02 ALE35H0 neuropeptideES A Mot DX+ otACH (Fig. 98). Ol
2+ 1/1002+ 1/500ICt.

>
[0
ol
>
)l
1o
-
H1
rr
G
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5 S42 LIEIH RME0S AFZ5H0] <A
5t B4 2 &H0l5)

Fig. 112 EXI ABRMOIl CH

chromatogram= LIEFH Z10ICF.
ST =XI2 ABRMOI CHotd 2+ 282 1/20s50i O

UL

PN
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A.Gill heart 7 1 —

t t t
D. W RME0 AM100 F.T
B. Rectum B $ Py e
4 t t ¢
D.W. RME0 RM100 FT
C. Intestine ldduomons st SOR—
t 4 t 4
D.W RM6E0 RM100 F.T.
) fﬁ\
D. Esopagus mmf'/ Uit Mk
T — 1.0 g
4 4 4 4
D.W. RMEB0 RM100 F.T.

Fig. 5. Typical tracing illustrating the relaxing response of squid's
visceral tissue extracts, T7odarodes pacificus. Each down arrow
represents the sample applied to the Squid organ. The precontraction
was induced by ACh, 107° M.

_25_



2N
A. Penial ¢/¢\ \L » r\ h ~ T~

retractor r 4 b4
muscle Ach105M D.W.  Ach 10 RM60  Ach 10MRM100 Ach 107 F.T.
—

X
/ .
u\iw/\ I \;’Wt f .-.JWU«"JI
S W |1 g

B. Crop 1 n t

D.W. RM60 RM100 FT. 2min

Fig. 6. Typical tracing illustrating the relaxing and contractile response
of squid's visceral tissue extracts, 7odarodes pacificus. Each down
arrow represents the sample applied to the snail organ. The
precontraction was induced by ACh, 107> M.
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RM100 D.W.
A. Relaxing of catch . i Y
tension on anterior .'f_ ; [
byssus retractor ;" = ’\ ,.
muscle (ABRM) from  — J )
mytilus edulis Ach 10-5 M Achf1 05 M ActhO‘5 M

B. Phasic contraction of | I |
ABRM from mytilus E ; f

eaulis | | !:: | e
4 | JM = _lL__I i N e v

4 a 4 4

2 min
D.W.  RAM60O RM100 F.T
C. Contraction on f
scallop rectum N ) A *—rm
D.W AM60 RAM100 FT

Fig. 7. Typical tracing illustrating the relaxing and contractile response
of squid's visceral tissue extracts, 7odarodes pacificus. Each down
arrow represents the sample applied to the shellfish organ. The
precontraction was induced by ACh, 10° M.
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A. Squid esophagus

D.TW. Rraso RMTmo FTT.

B. Squid rectum

t t t t \1 g
D.W. RME0 RM100 F.T.

Fig. 8. Typical tracing illustrating the contractile response of squid’s
visceral tissue extracts, T7odarodes pacificus. Each down arrow
represents the sample applied to the Squid organ. The precontraction
was induced by ACh, 107° M.
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A. Contraction on scallop rectum

e

t o1 o1
1/100 1/50 1/100 1/50 1/100 1/50

Ach 1078
D.W. RMB0 RM100

B. Relaxing of catch tension on anterior byssus retractor
muscle (ABRM) from my#ius ediis

2 min

1/100 1/50

F.T.

1 min

.
[ oY A
R

05g

— —
T
Ach A100 1/50 Ach 17100 1/50 Ach 17100 1/50 Ach 17100 1/50
Ach 1079 1o5M 1054 1075 10754
D.W. RMB0 RM100 F.T.
C. Eptatretus burgeri intestine
2 min
f L e p—
t 1
Ach 1075 1/100 17100 1/50 14100 1/50 14100 1/50
D.W. RM60 RM100 F.T.
0. Conger myriaster longitudinal muscle
(\ 2 min
' 1g
PUSTREERDY o RN ——e P
t Ao A t t 1
Ach 10-5M 1/50 17100 1/100 1/50 17100 1/50
D.W. RMB0 RM100 F.T.
1 min

E. Squid esophagus

Fre P -

Phnrliched A
Sl

1/100  1/50 1/100 1/50 17100 1/50 1/100

D.W. RMB0 RM100 F.T.

Fig. 9. Typical tracing illustrating the relaxing and contractile response

of squid's gill extracts, Todarodes pacificus.

Each down

arrow

represents the sample applied to the shellfish, fish and squid organ.

The precontraction was induced by ACh, 107° M.
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2 min
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= | |I a6l o~
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Fig. 10. 1st reverse—phase HPLC profile of visceral tissue extracts. RM
60 of visceral extracts was loaded onto Vydac Cig (9.2 x 250 mm)
column and eluted with a linear gradient of CHsCN (dotted line) in 0.1

% TFA at flow rate of 3.0 ml/min. The black bar represents contractile
active fractions on the scallop rectum.
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Fig. 11. 1st reverse—phase HPLC profile of qill extracts. RM60 of gill
extracts was loaded onto Vydac Cis (4.6 x 250 mm) column and
eluted with a linear gradient of CHsCN (dotted line) in 0.1 % TFA at
flow rate of 1.0 ml/min.
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cDNA cloning of neuropeptide, SF-Il from the starfish,
Asterina pectinifera

Sang Hyun An

Department of Biotechnology and Bioengineering, Graduate School.
Pukyong National University

Abstract

A novel neuropeptide, named SF-1IlI with relaxing activity on the dorsal
retractor muscle (DRM) was isolated from the whole body extract of starfish,

Asterina pectinifera. The primary structure of SF-1I was as follow:
G-A-I-X-K-D-P-Y-M-D-1-M-S-L-R-E-S-N-Y-X

However 4th and 20th amino acid residues of SF-Il were not determined by
amino acid sequencing. We had cDNA cloning study to investigate the
unknown residues of SF-Il. For the research of cDNA of SF-Il, degenerate
primer was made from known SF-Il amino acid sequence. 3 RACE (rapid
amplification cDNA ends) and 5 RACE was produced and used by pGEM®-T
Easy vector and £. co/i (DH5aMCR). To investigate the tissue type expression,
RNA was extracted from 5 tissues (stomach, liver, gonad, DRM, tube foot) and did
reverse transcription.

Based on the results of 3" RACE and 5" RACE, 5" UTR (untranslational region)
was 138bp, 3° UTR was 199bp and open reading frame (ORF) was 240bp,
which encoding 80 amino acids. In ORF, 20 amino acids of N-terminal region
was signal peptide. This gene included 3 sites of KR or RR. By these sites,
except for signal peptide, it was devided into 4 sections; from 21th to 32th,

from 35th to 46th, from 49th to 68th and from 69th amino acid to stop codon.
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Above all, the region corresponding to the SF-Il was from 49th to 68th amino

acid. From these results, 4th and 20th amino acid of SF-Il were Cys. Thus,

the complete primary structure of SF-Il was as follow:
G-A-I-C-K-D-P-Y-M-D-I-M-S-L-R-E-S-N-Y-C

Tissue type expression of SF-Il was strongly expressed on gonad and DRM,

but was a little expressed on stomach, liver and tube foot.
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ot USM (Zadina et al, 1986), oxytocine/vasopressin family,
growth hormone releasing factor family@t substance P (SP)/tachykinin
family (Table 1)S0| Ex82 2 REFTSS0UHAN ZYRAcHH 220 =

S2to] azziet SN 28 FBE MBot UCH (Hoyle, 1998).

X2 2MS22 FTE=E== AIE0IW n vitroAd A 0l2S RYLSls &S
0l screeningTl A S Lt (Elphick and Melarange, 2001), 2LIS20 A0 Al
dEE 2L &st A= ACh, catecholaminelt GABAZH &2 JI=&H0l

MNBNMG2ES &4 A0 M= UACH (Baca, 1935, Beauvallet,
1938; Garcia—Arraras et a/, 1991). JeiLt, 1992¥ Diaz-MirandaS0ll 2
ol ofl&t (Holothuria glaberrima)2 2 £E dll&2l rectumdt longitudinal
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Ct (Diaz-Miranda et al, 1995a). &8, dllat (Stichopus japonicus)2)
longitudinal musclelt body wall2 2 & dlil&t2l longitudinal muscletil ==
24d= 2= NGIWYalt intestineR 222 H Ol2&24ds RE2ot= GYSPFMFa
2 FKSPFMFalt 2SR/ CH (lwakoshi et al, 1995). &2t OtLlet, =

A2 (North Atlantic)ll =Mot= CI2 =SJHACIEQl  Asterias rubens,
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Asterias forbes/@l radial nerve cords25 & radioimmunoassay (RIA) JIE



Ol 2lotd FMRFa 28 peptide? S13F S2JF AHMEIUCH (Elphick et al.,
1991a). 8t YEILAtel (Asterina pectinifera)2l pyloric cecaZ 2 H

phospholipase A2Jt 22IZ 0 cloning= ACH (Kishimura H et al., 2000).
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22 EFEOZFH  alpha-N-acetylgalactosamine—specific  lectin
(Kakiuchi M et al., 2002)1+ cyclin B (Miyake Y et a/., 2001)2| cloning&
Ol S0l SACH

JeiLt 2JtAelE 01 &6t
T= 0t& 0ldIst A FO0ICH

EtAlcle 2L s=20IH SItAEIZ 0 Bote A2 SlaE =ItAtel
I
(Luidia), R =2JtAtelE® (Pseudarchaster), OWJI2JtAElS (Henricia), &l
EJIAMt2l®  (Solaster), LY EIIAIZIE  (Pteraster), S0 EJtAtE

=

dFd HEOIZ2 M & cloninglll 2t8t &
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(Plazaster), £ 2=Jt2l& (Distolasterias), Ot =JtAl2lS® (Aphelasterias),
OtRE=2JtAtel R (Asterias)S0l U=, Sol, Rellietdles E2ItAtel2
=cl= 89 Asterina pectiniferalt %L},

O™l 2 HFRAAME E=2ItA2l2 2 E dorsal retractor muscleOfl CH ol
olt&g8 g XY SF-I, SF-Il, SF-IIIg dMGIACH (Kim, 2004). Table 32

SF-I, SF=Il, SF-lISl Ot0l=dt M€= UEHWLD RJUCH SF-12 =XhE=2
1601.72 Dalld, OtOI=4t &D1= 16002 AT O UCH SF-1I Z SF-111<

A2 22 2306.95 Da2t 3655.0 DaOltt. SF-I12 B%, 24
OtOl=aF AME 21, 20002 Ot0Idt &DIZ2 2HEEN UACtD FEHEON &
Ct. ESH Table 30 LIEHH Bi2E 201, H4&tEl 2AE g0l 2309 Dal=x
AN EAEC! 2306.952 0 28t £ 2
M 208 W f2t Cys &It OGIEZOACH Ol 2942l CysOl
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222 Ot0l=d AE0] 20806] ZEEX HEUCH OetA =dAEUHAE
S SF-IIE Ha= OFANMAl 2t8otH 2EEX 2 4Bt 2022

OtOl &l MDIE 202D <ol cONAEE otdA otRALCH E8t 01S

SF-112] tissue type expression A& Ot=22] oL



Table 3. Molecular weight and amino acid sequences of purified peptides from starfish, Asterina pectinifera.

Amino acid sequence

Mass spectrum

Peptides (pmole) Observed Calculated
(M+H)" (M)
1 5 10 15
SF=1 Phe—Gly-Lys—Gly-Gly-Ala-Tyr-Asp-Pro-Leu-Ser-Ala—Gly—-Phe-Thr-Asp 1601.72  1602.61
(452) (298) (363) (258) (241) (268) (235) (143) (152)  (147) (26) (80) (64) (80) (23) 9)
SF-11 2306.95 -
Gly Ala-lle—Xaa- Lys Asp—-Pro-Tyr—Met- Asp lle—Met-Ser—Leu— Arg Glu—-Ser—-Asn-Tyr— Xaa
(437) (548) (544) (456) (180) (242) (J78) (281) (136) (200) (212) (50) (121) (36) (5) (28) (54) (52)
1 5 10 15 20
Ser-Gly-Thr=Gly—-Xaa-Thr-GIn—-Phe-Ser—-Gly-Arg—-Ala-GIn—-Leu-Lys—Val-Gly—-GIn—-Asp—-Ala
SF-1ll (56)  (117) (65  (89) (41)  (60)  (74) (1) @n @ (34)  (38) (31)  (26) (28) (26) (33 (15) (21 3655.0 —

25 30
—Leu—Ser—-Xaa-Val-Leu—-Ala—Asp—-Ser—Asn—Xaa

(20) (8) (14) (14 (12) (8) B @

% This table was from Kim, et a/ (2005)



Amino acid sequence of SF-II

1 5 10 15 20
Gly—Ala-lle-Xaa-Lys—Asp—Pro-Tyr—Met—Asp—lle—Met-Ser-Leu—-Arg—Glu—-Ser—-Asn-Tyr-Xaa

B.
6000
12}
15
3 4000}
[&]
2000}
ot Y Lkbad e mmuJLm.m; P

1000 1500 2000 2500 3000 3500
Mass (m/z)

Fig. 12. Amino acid sequence of SF-Il isolated from starfish, Asterina
pectinifera (A). The molecular weight was determined by MALDI-TOF
Mass spectra (B).



1. M=z

1.1. Strains ¥ plasmid

= &80 A==

USA)OIH, OIE3

strain £. co/i DH5a MCR (NIH; Bethesda, MD
DL_'_ lgO‘“A‘I _E_Ottil-ol-[]..

S &= XK j.alJ—J_ /\P%Q VeCtOFE
pGEM®-T Easy (Promega, Madison, WI, USA, Fig. 16)0|C}

2. &l&

o

=1d=3!
==

2.1. RNA =&

VERSAGENE™ total RNA purification (from up to 40 mg) kit (Gentra
systems, Minneapolis, MN, USA)E AlEdI % L.

0.5 M tris (2—carboxyethyl)phosphine (TCEP)Jt 4 uyl &JI= 400 pl
Lysis buffertff &€=2D

FAF2Z] whole body 40 mgE < 1) homogenizationdt
Ct. OIZ Preclear columnOil €1 4,000 romOllA 122+ centrifugationot &
t. ColumnE S8t lysate= Purification columnOll €1 14,000 rpmOlAl 1
2t centrifugationdt & Ct

. Purification columns M §E=2

HI

=110 800 ule
Wash | solution2 €21

14,000 rpomOl A 122+ centrifugationdt&d
S WAUS A2 Hel

— T j_
A

Ct. Column
200 ul2 Wash Il solution2 €1

22t centrifugationot % Ct.

14,000 romUIAM 1

HelD CHAl Wash il
solutionS 200 pl €20 14,000 rpomUIAl 222+ centrifugationdt L CH. Column

0l Z& = RNAZ elutionotd| oA Elution buffer 100 pi& €2
OlAM 122t centrifugationdt A CF.

Columns HtELI®2 =2

-/

14,000 rpm
0l RNA= —70 COl E25F L.



2.2. Reverse transcription

F£38t total RNAZEEH cDNAE 2tsJ| oA, M-MLV (Moloney
Murine Leukemia Virus) reverse transcriptase (Bioneer, Seoul, Korea)E
AESIALC 3" Rapid amplification cDNA ends (3" RACE)E &Il ®laiA
adaptor®il 3" primer?t 3° nested primer MZ0|l U= GeneRacer Kit
(Invitrogen, Carlsbad, CA, USA)2l GeneRacer™Oligo dT PrimerE AtZat
AL GeneRacer™Oligo dT Primerd g2 Gt 2Lt
5'-GCTGTCAACGATACGCTACGTAACGGCATGACAGTG(T)24-3".

2.3. 3’ RACE cDNA cloning for the complete coding sequence

of SF-II
SF-112] cloningE &tJ| QM LD U=s ALY (Fig. 12)9 Ot0l- a2

O0lZotH forward primer@! degenerate primer SF-II-1, SF-II-2 %
SF-II-38 & 4dotULt. 2 primer=  SF-IIAE  UOIA HEoR2H.
SF=II-1 primer= 5 ~ 11 amino acid residue, SF-II-2 primer= 7 ~ 12
amino acid residue, SF-II-3 primer= 8 ~ 14 amino acid residueZ%H
& & GHRULCH.
AME8t 3BF2 primers& U313t &L

SF=II-1 primer; 5'~AARGAYCCNTAYATGGAYA-3" (19mer)

SF-I1-2 primer; 5'~CCNTAYATGGAYATHATG-3" (18mer)

SF-I11-3 primer; 5'=YATGGAYATHATGWSNYT-3" (18mer).

LSt reverse primerE AIEE GeneRacer™ 3’ Primer= GeneRacer™
Oligo dT PrimerAl& WS H BMEHE 258MIIKZEH SHEOUHED

GeneRacer™ 3 Nested Primers GeneRacer™Oligo dT Primerdg& W2



14HTHEE 36HMMN2RE LSOO (Fig. 13). AH2E GeneRacer'"
Primer= CtS1t &Ch
GeneRacer™ 3’ Primer;

5 -GCTGTCAACGATACGCTACGTAACG-3" (25mer)
GeneRacer™ 3" Nested Primer;

5'-CGCTACGTAACGGCATGACAGTG-3" (23mer)

1X} Polymerase Chain Reaction (PCR)2 olJ| fIailAd ME ¥ 2

I

2.20lM 22 total RNAZ 2 E reverse transcriptionatd 2t= cDNA

1]

At

OIHLCH Bt ZMH2 1 plel template, 2 ple 10 uM GeneRacer™ 3’

—_— O M

0K

Primer, 2 pl2 10 uM SF-II-1 primer, 5 pl2l 10 X reaction buffer, 3 ul
© 2.5 mM dNTPs & 1 ul2 Tag DNA polymerase (1 unit/ul, Bioneer,
Seoul, Korea)& A&dtR 2, =E volumeOl 50 pldt SIS DW.E €U
Ct. PCR 2212 S &0k
11X PCR =242 94 COlA 532 =2 predenaturationot® 1, 94 CTOHIA
denaturation Bt&, 42 CTHA 30x% &¢t annealing Bt3, 72 C
M 12 =0QF extention BtSS 15 cycleotRALCt. &£ 94 TOIA 30=x= =0t
denaturation BtS, 45 CTOIA 30X S92 annealing 8t&, 72 COHAM 12 S
ot extention BtSE 20 cycledt ), 22 ZB extention@ <IMA 72
COHAM 72 ¢t BtESot Lt

2Xt nested PCR

fjo

otJl fIohA 2 ple 11X PCR product, 2 pl2 10 p
M GeneRacer™ 3’ Nested Primer, 2 uyl2 10 uM SF-II-2 primer, 5 pl2l
10 x reaction buffer, 3 pl2 2.5 mM dNTPs £ 1 pl2 Tag DNA

polymerase (1 unit/ul, Bioneer, Seoul, Korea)& A5t 1D, == volume

Ol 50 uot E== D.W.E €Lt PCR =22 Us &Lk



2X PCR 242 94 CUHAM 58 =92t predenaturationdt® 12, 94 CTOIA

w

0= =@t denaturation Bt=, 50 COIAM 30x =¢F annealing BtS, 72 C
M 12 =0t extention BtESES 30 cycleot® L, 222 % E extention=s
fIHA 72 CTOUHIM 72 =02+ BHSGHRULE.

3%t nested PCR=Z otJ|1 fIoHA 2 uple 2Xt PCR product, 2 pl2 10 p
M GeneRacer™ 3’ Nested Primer, 2 yl2 10 yM SF-II-3 primer, 5 ul2
10 x reaction buffer, 3 pl2 2.5 mM dNTPs 2 1 ple Tag DNA
polymerase (1 unit/ul, Bioneer, Seoul, Korea)E AIEot} 1, =ZE volume
Ol 50 plPt E== D.W.E ULt PCR =22 T
3Xt PCR =22 94 TOlM 52 =2t predenaturationdt 2, 94 TOIA

010
]
my
Q

30x =92t denaturation 8t&, 50 CTOHIM 30x= =0t annealing Bt&, 72 C
HA 18 s=9F extention BtE2= 30 cycleotfl, B E PCR ZZHUHA
extension time2 124 1 Kbl Z0IE JI&22 Fold 1, EJtAtelel &

& 1 Kbl Z0IE EXl &= 2

HT
10

Oletd M2Z|(f extension time= 1

Py

Z oI 12l =E extentiona fIoHA 72 CUHMH 72 =9

Ct. PCR = size &0l <ol MIIESS GtACH (Fig. 16A). 2

T

=2
S

ol
on R

rn
=
S
02

2 0.8 % agarose gel2 AIE2o¥ 1D, Ol gel2 1 x Tris acetate EDTA
(TAE) buffer& AIEdl0 St=% 1, 0| buffer= loading buffer2 = AIES
Lt 6 x DNA loading dyeE Al25t0 DNA2H mixingdotd gelll E0 &
=, 0IXZ2 agarosell wellll DNAZE 20{= [ DNAESHE SHH otH

agarosel =2z Jidigtoles He=2 ot, £et O 420 MIIgste

-

=CJF CHFE SFoHe FMAI201 bromophenol blue?t xylene cyanol FFOF
S0 A0 DNAQL 20| MIIFSE0 DNAS HIIGsE HEEE & = U
ot= AEgS StCh e & G4 A0l gel platell & 2301 X012t &
WOLR eF 1722 MI|IFS SHACH (Fig. 17A).



2.4. cDNA full sequence of starfish, Asterina pectinifera

Starfish cONA full& BtSJ| ol 4=HS UEES AotAUCH HH RNA
©| 5'phosphateE M AHGIII fA6H Calf Intestinal Phosphatase (CIP)E 01&
ot D (Fig. 15A), mRNASl 5'cap structureE M2l <ol Tobacco
Acid Pyrophosphatase (TAP)E O0IE36tACtH (Fig. 15B). T4 ligaseS AtE0ot
O decapped mRNA2l 5’20 GeneRacer™ RNA OligoE ligation AIZ 20
(Fig. 15C), At&8t GeneRacer™ RNA Oligo Sequence= CISt 2Ch:
5'-CGACUGGAGCACGAGGACACUGACAUGGACUGAAGGAGUAGAAA-3’
OtXIZt2 2, GeneRacer™Oligo dT Primer 2@ SF-I12] GSP@!l SF-Il 5'-1

primerE AIZ5l0H & =FZ reverse transcriptiondot L CH (Fig. 15D).

2.4.1. Dephophorylating RNA

Starfish cDNA full2 St=J| {8 H HM =AHZ RNA2l 5'phosphate
£ HMAHotI| 2o CIPE AtEotACH 24 5 plel RNA, 1 plel 10 x CIP
reaction buffer, 1 pl2 RNaseOUT™ (40 U/ul), 1 il CIP (10 U/ul) 22l
1 ¥#st diethylpyrocarbonate (DEPC)-treated water (DEPC watern) 2

uin
U

total volume= 10 ul2 LUFJCH. 0] mixtureE 50 TOHM 1AI2F SO
incubationAlZ32, mixtureES phenol/chloroform extractiont ethanol
precipitationdot i CH. 0] &S 0| 3HAHWANE SLotAH EZ26HALCH 10 pl

O] mixtureWl 90 ul2l DEPC water& €O 100 ple volumel & OtE &, =

i

2k o| phenol/chloroform= i 30=2t mix ot C. = =1
phenol/chloroform? & &2 2 Z22ITH, S2 2 S M §E2 I
OO0l 2 pl® 10 mg/ml mussel glycogen, 10 pl2 3 M sodium acetate

(pH5.2)2 Y10 mix8t £, 220 pl@ 95 % ethanols €1 -20 TOIA

_10_



overnightAlZLCt. RNAZ pellet@2 20|l otJ| fdiA 4 T, 14,000 rpmOil
N 20272t centrifugationot L. Pellet2 AEclXl &0 &S WO T A
M2oHAotl), 500 ulel 75 % ethanols ERULCt. Invertotd mixgd =, 4 T
14,000 romUl A 222+ centrifugationst 12, ethanolS 2t& 36l HAHS £, 28

2t air dryAIZACH 04010l 7 pl2l DEPC water2 20 =<UCH (Fig. 15A).

2.4.2. Removing the mRNA cap structure

J

Starfish cDNA fullg 2tSJ| 8 & B SHZ full-length mRNAZ
£H b5'cap structureE MG i TAPE AESHRUCH & 7 ul
dephophorylated RNA, 1 pl2 10 x TAP reaction buffer, 1 pl<
RNaseOUT™ (40 U/pl) & 1 ple TAP (10 U/ul)Z total volume2 10 yl
OIUCH. Ol mixtureE 37 TOHAM 1AI2F S2b  incubationAlZ 1,
phenol/chloroform extractiont ethanolZ precipitationst Lt OtXI&Se 2 7

ulSl DEPC water® €0 =SiCH (Fig. 15B).

2.4.3. Ligating the RNA oligo to the decapped mRNA

Starfish cODNA fullS 2tSJ| ?1et Ml 8 SHZ T, ligaseE AFE6H
mRNASl 5'Z01 GeneRacer™ RNA OligoE ligationAlZACH. 7 pl<
dephophorylation & decapping & mRNAOI prealiguoteTl X lysophilize &
O U= GeneRacer™ RNA Oligo (0.25 pg)E2 €1 65 TOHA 522t
O
N oDl 20 40l SLIN 1 uldt EHES Jts40l UL Icelll 22

2t

[

a

incubationotOd RNA secondary structureE W F=SULE 0] BFES2 65

=, 1 yl2 10 x ligase reaction buffer, 1 pl2 10 mM ATP, 1 ul2

[N

RNaseOUT™ (40 U/ul), 1 ule T4 RNA ligase (5 U/ul)Z =II510{ total

volume= 10 plE S LE Ol mixtureE 37 CTOHAM 1AIZ2E SOt incubation

_11_



>

211, phenol/chloroform extractionZt ethanol2 precipitationdt A Cr. OFXI
9o Z 1

ulel DEPC water 20! =4CH (Fig. 15C).

2.4.4. Reverse transcribing mRNA
Starfish cONA fullg B&J1 <l OtXIS SHZ GeneRacer™ RNA
Oligodt HZ &1, decapped& full-length mMRNAE GeneRacer™Oligo dT
Primer 2t SF-112] GSPQI SF-Il 5'-1 primerE AE25l0d & =2 RToIY

Ct. 4 10 pl2 ligated RNAZE 5 pl® S JHS 0.2 ml tubelll LU,

]

2820l reaction mixtureE 2tSACEH Ol mixtured 8 Hol= 1 ule
GeneRacer™Qligo dT Primergs 21, U2 8tZ0l= SF-Il 5 -1 primers
SACE. el 1yl dNTP (10mM each)E E€1 65 TOHA 5&2¢
incubationct®d RNA secondary structureE 20 =RUCt. 0] EtS=2 65 TCOll
A eiohd] H20 SH01 SEEN 1 uldt E20HE Itsd0l ULk Icelll 22
2 F 7, 229 |FEO 4 plel 5 x First strand buffer, 2 plg
dithiothreitol (DTT), 1 ul2 RNaseOUT™ (40 U/ul), 1 ul2l Superscript™Il
RT (200 U/ul) & DEPC water& &JIot total volumesS 20 ul2 otLH.
Ol mixtureE 42 COHAM 50= =@t incubationst =, 70 COHlA 152 =0t
SEHSHAIZCH Icelll 222t & =, 1 ple RNase H (2 U/UDE €1,
OlA 202 =2t incubationAl2! &, =20 COl Al &EDIX 226+ CH (Fig.
15D).

2.5. 5° RACE cDNA cloning for the complete coding sequence
of SF-II
5 RACEE olJ] SolMd 3 RACEONA Ll ZIUE O|2otSCH. ¥

RACE reverse primer & AFEolJ| 9ol Fig. 160 ZEAlst 220 gene

_12_



specific primer (GSP)E 2t A6t CY.
SF-Il 5’1 primer;

5'-AATGCCTCTCTCCTCTTACG-3" (20mer)
SF-Il 5°=2 primer;

5'-CAGTAGTTGGATTCTCTAAG-3" (20mer)

Forward primer2 AF2E GeneRacer™ 5 Primer?t GeneRacer™ 5’
Nested Primer= GeneRacer™ RNA Oligo Sequenceliiel = W SE 23
HIHDEA & 1582 EH 40BHMNKE AMESHH ASAUCH (Fig. 13). AIEE
GeneRacer™ Primer= CtS1 2
GeneRacer™ 5" Primer;

5'-CGACTGGAGCACGAGGACACTGA-3" (23mer)
GeneRacer™ 5’ Nested Primer;

5 -GGACACTGACATGGACTGAAGGAGTA-3" (26mer)

1XF Polymerase Chain Reaction (PCR)S otJ| oM ME & 2™

2408 HYS 2dX™ME GeneRacer™ RNA Oligo Sequenceldt HZE
full-length cONASE AtEdtA D, GeneRacer™Oligo dT Primer 2t SF-I12]
GSPQl SF-Il 5'-1 primerE AtE8& & &R 2 templateE AIE0t0 PCR &t
ULCH LtSH =42 1 ple template, 2 pl 10 uM GeneRacer™ &
Primer, 2 pl2 10 uM SF-IlI-1 primer, 5 pl2l 10 X reaction buffer, 3 ul
O 25 mM dNTPs & 1 ple Tag DNA polymerase (1 unit/ul, Bioneer,

Iiny

Seoul, Korea)& AlZal¥ 1D, == volumeOl 50 plJdb == DW.E £«
C

4 COHIA 52 SO predenaturationst® 2, 94 CTUH A
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a

30x SOt d
HA 18 =92 extention BtS=2 15 cycledot L. £ 94 COHIAM 30 =0

denaturation Bt&, 48 CTOHA 30x =9 annealing 8t8, 72 CHIM 128 =

enaturation B+, 45 CTOHIM 30x% =9Qt annealing Bt=, 72

-

Ot extention BlESES 20 cycledtfl, 222 ZZE extentions oHA 72
COHAM 72 =¢t BtESotLt

2%t nested PCR=Z otJ1 fIoiA 2 ple 1Xt PCR product, 2 pl2 10 p
M GeneRacer™ 3’ Nested Primer, 2 pl2 10 uM SF-II-2 primer, 5 ul<
10 x reaction buffer, 3 ple 2.5 mM dNTPs & 1 pl2l Tag DNA
polymerase (1 unit/ul, Bioneer, Seoul, Korea)E AIEot}A 1, =ZE volume
0l 50 uldt S5 D.W.E ERUCt 2XF PCR Z2AH2 TS 2L

94 TOHAM 52 =92 predenaturationot®l, 94 TOHAM 30= =S¢t
denaturation BtS, 47 CTOHlA 30= =S¢t annealing BtS, 72 COIA 50=
S0t extention BtESE 30 cycledt¥d, 1X PCRE H<SR0= extension
timeS 1222 GI/UKXL, &MI|Fs 210 500bpE X AAI 20, 2Xt
PCRS d=20l= 50xg HotULE el EZF extentiong RIoHA 72 CTOl

AN 72 SO BIE6IRCH PCR & size &0l ol 0.8 % agarose gel &

2.6. Ligation of PCR products
PCR productsE &HIatIl | PCR DNA Purification Kit (Bioneer,
Seoul, Korea)E AtEotRUCE. PCR product (50 ul)0il PB buffer€ 5 volume
(250 pNE A pipettingstd mixingst =, binding column tubell €1
14,000 rom0I A 10=2t centrifugationdtACH. A2 H el binding column2
M SE=Z 52! = 500 ule Washing buffer& €1 5 grxlst =, 14,000

2 H=2 Held ChAl 250 ple

Bl
2

L

12

romOl A 10xE2F centrifugationdt A Cr. BiF A L
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Washing buffer& €1 14,000 rom0UlAl 122t centrifugationat Qi Cr. iF A LE 2
H=2 el CHAl 14,000 romOIlAM 1&2F centrifugationat 2, column2 M &
82 £2! =, clean benchWlAl 1022t 2L Elution=2 dtJ| |l A Elution

bufferLt D.W.E AIE0IUCH, 2= =0I1J] ?IoiA 50 TZ GIE= D.W.

£ MoK 50 T2 WEE 35 plel D.W.E column &0l loadingdtl 5
=2t BESAI2ZE2 & =, 14,000 romOl M 122t centrifugationdt A Ct.

3.5 pl2l purified PCR productE TA vectors (pGEM®—T Easy ; Promega,
Madison, WI, USA, Fig. 16)2 ligationdt S, mixture= 4 ~ 16 CTH A 302

or overnightAl Zi Ct.

2.7. Competent cell X2 transformation

Bacterial strains@2 £. co/i DH5a MCR (NIH; Bethesda, MD, USA)E
MNESBIR 1D, E.coli = Luria-Bertani (LB) brothOlA 37 COIlA incubationdt
QL. O =d2 U8 20 1 % Bacto-tryptone, 1 % NaCl, 0.5 %
yeast extract.
LB agar plate0ll Xtet £ coli DH5a colonyE LB medium 3 mi0l &3
= overnightdt®d incubationdtRACt O Xtet =22 1 mIE 250 mlSl LB
mediumOl CIAl 58 =, 18 CTOUHIA O.D.goo 0l 0.601 & WNXl shaking
incubatorOll A BHZOIRUCH BHZMRSE Z& 50 ml conical tubell Lt=0d

21 jcell 1022t =0tE F, 3,000 rom, 4 CTUHA 10228 FAZCloHY

o

cC
==

0

elld, O0lel XAl of & 80 ml2l transformation buffe (TB)
SAZI = jcelll 1022t =0tSRUCL. TBY =& 10 mM
PIPES, 55 mM MnCl,, 15 mM CaCly, 250 mM KCIOIH, KOHZ pH 6.72
Sr=QUCH el MnCl 2 &EIt6tK 0.45 um filter2 filteration SHALCH. Ct
Al 3,000 rpm, 4 TCOHIA 1022t |AZels & 20 ml2 TBUH 2RAI311



DMSOE 7 % (V/V)&2 DJIotQUCt. J2l1 icell 1022t =0t<1, 0l21 &
H o = micro tubell 300 ul® EZotAJCH el AFHEE IRl =70 C
deep freezerOll 2 26tALE.

ME & 2ted 2 .60 A ligation8t mixtureE 200 pl@ competent £ colf
DH5a MCR1M 4 iceOlM 302 =S¢ SACH el 42 TOHAM 30 2¢
heat—shocked AlZ|11, icelll 22 =2 SACHIL 0l mixtureE 800 plel LB
brothE 21 shaking incubator0l 37 CTOHIA 1AI2F SOt incubationAlZiCt.

2otJ| RIoHAl 14,000 romUIAl 1562t B =clotlt. =26t @ s&E
NN 4SHS 2F 600 ul Ex HEl =, LHHA S0HA 200 2 B&8=S

2S2A2112, 02 100 pg/mle  ampicillin, X-gal 2 Isopropyl-B
-D-Thiogalactopyranoside (IPTG)Jt Z£& & LB agar platetil SZ3dt1), &8F
= plateE 37 CTOlIM overnights @t incubationotd S & &2 Al21 colonyE
L ALt Ol colony= LB brothOl & %It 100 ug/ml0l &l &= ampicilling
#Iot0 ampicillin LB (ALB)OI &35t 37 CTOHA 16AI28 S¢t shaking

incubationot A Ct.

2.8. Preparation of plasmid DNA
Plasmid DNAE £.col/@ 2 AccuPrep® Plasmid Extraction Kit (Bioneer,
Seoul, Korea)E AtE5t0 F=ZGHRUCEH 5 ~ 7 ml2 bacterial cultureE 14,000
romOl A 122t centrifugedtd @2 Z2/CH 22 cellof 250 ple Cell
Resuspension Solution & 250 plel Cell Lysis Solutions €1 2 1 ~ 5=2t

()

incubationst S, 350 pl2l Neutralization Solutiong €10 S Al 14,000 roml

A 1022 centrifugationdt R L. ASHZ silica column tubelll €10 ChHAl
14,000 rpmOlA 122t centrifugationot KL L. Silica columnOil &% Us

plasmid DNAE EZ=0lJ| fIo0A washing bufferE washing & S, 100 pl2l
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Elution Buffer& AIZ0oSiCt.

2.9. Sequencing analysis
FOH

ol

Plasmid DNAS pGEM®-T Easy vector LH0I Q= T7 promoterE Al

T
BioDye Terminator Cyclic Sequencing BtS2Z PCR8t = Applied

2.10. Homology search

DNAsis software (Hitachi software)& ArE5tA20{, NCBI BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/)E AtE0ot0d CHE  sequence2tol
similarity &= homology search& ©ot® 1], BioEdit software. (Tom Hall,
North Carolina State University, Department of Microbiology)E AtZ0olH

SequenceE alignAlAE UL,

2.11. Tissue type expression
SF-1IDF 2JtAk2l e =& 0l expression T =JHE 20tE2D| fdiA 2
JtArCI Ol &EXH5tE 59K £& (Stomach, Liver, Gonad, DRM, Tube foot)2
AE35H0 VERSAGENE total RNA purification kit (Gentra systems, USA)Z

2t2t RNAE ==0IULCE Ol RNAE Aceo/Acsgo ratiodt 1.6 ~ 1.80] T/ H A
ol =gt &= RToIULCEH. RTE dHJIRIE primer2 dT-20mer (Thymine@t

200 2= 21)2F M-MLV reverse transcriptase (Bioneer, Seoul, Korea)
==

AZSHHLCEH ALS

i
0K
ol
9

=l SF-Il Forward primer= &M 577bpE 139bp(ATG)
FH 162bptXI0I12, SF-II Reverse primer= 517bpSH 540bpltXIZ Ct
S 20 (Fig. 14):

SF-Il Forward primer;

5 -ATGAAGTCGATCACGCTGACTCTG-3" (24mer)
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SF-II Reverse primer;
5'-CTTCCTCACGTGCCATAACATTCA-3" (24mer)

controlZ = B-actin@ AI=ot L.

B-actin Forward primer:
5'-CCCAAAGCCAACAGRGARAAGATGAC-3’ (26mer)
B—actin Reverse primer:

5 -GACATCCGTAAGGAYCTGTAYGCCAAC-3' (27mer)

B-actin® tissue type expression PCR=Z2 otJ1 <Ioid 1 plg
first=strand cDNA, 5 pl2l 10 x G-Taqg reaction buffer, 3 pl2l 2.5 mM
dNTPs, 2 pl2l 10 pM B-actin forwardet 2 pl2l 10pM B-actin reverse
primer 2 0.5 pl® G-Tag DNA polymerase (2.5 units/ul, Labopass,
Seoul, Korea)E AM&3dtR 12, =3 volumeOl 50 pldt SIS DW.E £

Ct. PCR =342 94 CUHIM 58 =2t predenaturationot® 2, 94 CTUH A 30

M

= =9 denaturation Bt&, 54 CTUHM 1& S¢Qt annealing Bt3, 72 COHIAM
12 ¢t extention BtES 40 cycledty ), 22 =S extentions ol A
72 COIM 72 =2t BrSotALt.

SF-119] tissue type expression PCR= o2l oAl 1 ulQ first—strand
cONA, 5 pl2l 10 x LA Taq reaction buffer, 8 pl2l 2.5 mM dNTPs, 5 ul
ol 25 mM MgCl, 2 pl@ 10 pM SF-II forward, 2 pl2l 10 pM SF-II
reverse primer ¥ 0.5 pl2 LA Tag DNA polymerase (TaKaRa, Shiga,

9

Japan)E AlZald 1D, == volumeOl 50 ot == D.W.E EULt PCR
AHE2 94 CTOHAM 532 =t predenaturationst®d, 94 CTOHIA 30x= SOt

denaturation 8t&, 60 COHlA 12 =9 annealing Bt8, 72 CHA 18 =
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Ot extention BtESES 40 cycledtfl, 222 ZZE extentions HoHA 72

2t xA4E 2eeEl SF-e HdUEel 22 B Ethidium bromide
(EtBnN2 YA B-actin® 2AEQ HIWGHS D, EHE XHels student's
t-test2 ol 1), softerware 2 densitometric signals= BiolD image
analysis system software (Bio—Rad, Hercules, Calif.,, USA)E AtSdtALC

(Fig. 21).
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, ) Base | Tm
3" RACE Primer Sequence 5
(mer) | ()
GeneRacer™ i ,
. 5'-GCTGTCAACGATACGCTACGTAACG-3 25 176.0
3" Primer
GeneRacer™ , )
, ) 5 -CGCTACGTAACGGCATGACAGTG-3 23 1 72.0
3" Nested Primer
SF-II-1 primer , ,
5 I 5"-AARGAYCCNTAYATGGAYA-3 19 | 44.9
SF-I11-2 primer , ,
7 19) 5'-CCNTAYATGGAYATHATG-3 18 | 41.0
SF-11-3 primer , ,
(8 14) 5" -YATGGAYATHATGWSNYT-3 18 | 44.0
, ) Base| Tm
5" RACE Primer Sequence 5
(mer)| (TC)
GeneRacer™ i ,
. 5'-CGACTGGAGCACGAGGACACTGA-3 23 | 74.0
5 Primer
GeneRacer™ , ,
, ) 5'-GGACACTGACATGGACTGAAGGAGTA-3"| 26 | 78.0
5" Nested Primer
SF-Il 5'=1 primer i ,
(5 - 5" -AATGCCTCTCTCCTCTTACG-3 20 | 58.5
SF-Il 5'=2 primer i ,
7 19) 5" -CAGTAGTTGGATTCTCTAAG-3 20 | 48.9

Fig.
primers.

_20_

13. Primers for 3° RACE and 5 RACE including GeneRacer™




primer

P s Base| Tm
rimer equence
g (mer)| (C)
B—actin , ,
) 5'-CCCAAAGCCAACAGRGARAAGATGAC-3" | 26 |65.0
Forward primer
B—actin , ,
) 5 -GACATCCGTAAGGAYCTGTAYGCCAAC-3'| 27 |59.0
Reverse primer
SF-Il Forward , ,
orimer 5 -ATGAAGTCGATCACGCTGACTCTG-3 24 |67.6
SF-Il Reverse , ,
5 -CTTCCTCACGTGCCATAACATTCA-3 24 |67.7

Fig. 14. Primers for tissue type expression.
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& oap Strumhns ¥ poiyA tal

A mRNA  m,G-p-pp AAAAAAA

¥ {—\c P
Truncated mRNA POy AARARAARA

rCEP
MNon-mRMA PO,
TAP
B mANA rn;G—p—p—£:).

L] ¥ cap svuchro ¥ pody A il
Truncated mRNA AAAAAAA
Non-mRMNA

—— CH P(_}l.‘E ?AM.»:\A
RNAOligo %\ / o,
RNA Ligase
D 5 FRMNA Oligo I pelya i
mEEsme—-——— TITTTTIT{N)ss
First-strand cDNA GeneRscer™ Oligo oT Primer

= Reverse Transcriptase

Forward B8P primer
E I Forward GSP nesied primer
5 —_— —
TITTTTT-(NNNNNNNN)
First-atrand cDNA -—

[
Genafacar™ ¥ Neated Primer I
GanaRacar™ 3 Primer

CenaRlacs™ ¥ Prmer
F I _Gulz'hcsr' & Nested Primes

E—

TTTTTT TN}

Firstarand cONA — —

]
I Revarsa GEP primer
Rewerss GSP resed prmar

Fig. 15. Several steps of making GeneRacer™ RNA oligo ligated cDNA
full sequence using GeneRacer™ Kit.
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X | 2009 7 l

Seal e Nae | 2707 [Ggat [stan
11 ori Aat | 14
Sok| 20
BslZ| | 26
Bz | 37

Ame" tZ |
P pGEM*-TEasy s Morl | 43
Veclor T Sacll :3
(3015bp) EeaR a9
Spe | g4
EcaR1| 70
Nerl T
BsiZ | I
Pl a5
cri Sall 40
Ndeg | a7
Sac | 129
Berd | | 118
Wil 127
Tes |

T7 Transcription Start
-

5. .. TGTAA TACGA CTCAC TATAG GGCGA ATTGG GCCCG ACGTC GCATG CTCCC GGCCG CCATG
¥ ACATT ATGCT GAGTG ATATC CCGCT TAACC CGGGC TGCAG CGTAC GAGGGE CCGGC GGTAC

T7 Promotar | ” || | | "
Apal Aatll Soft| BalZ | Neal

GCGGC CGOGGE GAATT CGATTSY ATCAC TAGTGE AATTC GCGGC CEOCT GOAGG TCGAC

clonad msart;la,

CGOCG GOGCC CTTAAGCTA TTAGTG ATCAC ‘I'I'MELCGCCG GCIG?IGA CGTCIFZ AGCTE:]
L |
[_iot1 ]
o Gac |l Ecodl | Spal Ecof | a7l Pstl Sall

5P Transcription Start

CATAT GGGA GAGCT CCCAA CGOGT TGGAT GCATA GCTTG AGTAT TOTAT AGTGT CACCT AAAT . 3
GTATA CCCT CTCGA GRETT GOGCA ACCTA CGTml' CGAAD TCATA AGATA TCACA GTGGATTTA . &
|

SPE Promaoter

Mtz | Sact Bstxl Nisitl

151 TMADEM A

Fig. 16. pGEM-T Easy vector map (Promega, Madison, WI, USA).
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. 2 & £E2

1. 3’ rapid amplification cDNA ends (3’ RACE)

SF-112] cDNA cloningE otJl fIoiAd 210 U= 0t0lest MEZ2RH
degenerate primerE ZHA&GHACH (Fig. 13). SF-ll-1= SF-112] 5 ~ 11MtXl
°l amino acid residue, SF-lI-2 primer= 7 ~ 12JtXI2 amino acid
residue, SF-11-3 primer= 8 ~ 14)tXI2 amino acid residueZ £ & ZrA st
2Lt Reverse primer2 A28t GeneRacer'™ 3’ Primer= GeneRacer™
Oligo dT Primer2 X HRRE 25HMNIXI0I D, GeneRacer™ 3 Nested
Primer= GeneRacer™Oligo dT Primer2l 14HTHSE 36HMIKOIH ArE
E primers2 Mg ¥ 2HOl 2.3.10 Fig. 130 XtAISI LIEFLHRACE.

ME & 29y 220l 2®HE 2ddE starfish mRNAS RTEF template

oy
M 32 4
[m)

]

5l

SF-I12] degenerate primer (SF-Il-1 ~ 3)2 2819 nested PCRS
. PCRAI, 11Xt PCR2 annealing temperatureE 42 T2 45TC2 %=

o

ot D, cycleke 15 & 20 cyclesZ LS OU A PCRGIRICE Ol &2
42 COUHIM 45 T2 == PCR 22 A 15 cyclestl= 42 CTOl
A randomdltHl ESZEAI210] KA&0112, 20 cyclesll= 42 CTUHIA 45 T2 &

0
H
o

H

E =0 =0 specificityS =0IHA &

0

BHES A DX}F ot 2XF & 3
X PCR2 252 50 CT=Z ot¥d, 1X PCRSE 45 CELC =0 A bandQ
specificity2 =% Ch. Tm2 double strand DNAJ} single strand DNAZ &

= =80l AWM



4Lt degenerate primer2l &< Tmgt0l E&otCt) 2|
o & d&¥0l= Z20GHAl £ UALH.

PCR%Z, band2 sizeE Z0I2D| ?IHM 0.8 % agarose gelE AFEdHN
HMI|ES2 GtRULE. Size marker= BioneerAt2l 25/100bp DNA ladderE At
Z0RAULCH &HIIF=s 2D, 11X PCR band= smearctAl Ligtd, 2X 2 3%t

PCR band= < 400bpd =2 F=HoIRLCH (Fig. 17A). 0l band®

pot
N
o

=
Rl

oIIT

nucleotide sequenceE 2 0tEJ| ol sequencingst Z1t, 277bpA0| &t
S [CH (Fig. 178B).

277bpE WA 3’ untranslational region (UTR)2 199bp0IA 12, SF-I112
2081 &Dl= CysOIRUCH (Fig. 12A). Ol ZHE EUZ N-ZHHol HEtE
Ot0lc & HZEE 20t2D] <IH gene specific primerE & 4&35t0H, 5° RACE
£ 5tUCH (Fig. 17). Gene specific primers Z4& Al, 3'primer2 Mol £
22 =& M0l OtH, primerdt 22 222 Z=o6tAl & MEO0IL0
JeMd Ol 222 Mo, LIHA ME0AM TmatS 2021, 0lA0%
Ol8s W=x=Y2ol OMIGA, Primier primer, AhnHybet= primer design &
|Z6t0 primer2l GC =4, primer dimer®{%, 2x+-x &4 O

2 2 hair-pin?X=2 2021, 012 16t primers &A6HA L.

HU
|J
0
o
o

2. 5 rapid amplification cDNA ends (5" RACE)

N-ZHEHO| & OO0l ME2 20IED] <6l gene specific primer
(GSP)E Z45tH, 5° RACEE ottt (Fig. 17). 5 RACEE dtJ| <
3" RACEOIAM L2 ZU=22H 5 RACE reverse primer 2A GSPE
A2, 1 Mge TS 2Lk

Jo
o

ol
0
x

d
0x
ol

SF-Il 5'=1 primer;
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5 -AATGCCTCTCTCCTCTTACG-3" (20mer)
SF-Il 5'-2 primer;
5 -CAGTAGTTGGATTCTCTAAG-3" (20mer)

Forward primer2 AF2%= GeneRacer™ 5 Primer2t GeneRacer™ 5

&

Nested Primer= GeneRacer™ RNA Oligo Sequencell 22t X B SH
239t 15HTHEE 40HMIIXIOIH AI2RE primers2 ME L 289

2.5.1F Fig. 13.01 XtAlSl LIEHLHRACE.

Me 2 28 2404 £

o

F A& GeneRacer™ RNA Oligodt g2 &l

F

starfish cDNA full lengthe= GeneRacer™Oligo dT Primer 2 SF-Il 5—1
primer€ A&06tH S &F2 templateE AtEolULt. 0 & BFZ
template2 28 SF-112] GSP (SF-Il 5'-1, 2 primer)Z nested PCRZS ot
Ct. PCR =22 MMz & ZYol 2.4.0 LIEILIRUCE. PCRES & M, SF-II
5-1 primer2 Tmgt2 58.5 COlL, SF-Il 5'-2 primer2 Tmat2 48.9 C
}UCH SF=II 5'=1 primer2l Tmat 2£Ct nested PCRZ &t= SF-II 5'-2
primer2l TmOl YAUAIJl MEUH 11X+ PCRAI annealing temperatureES
Tm=58.5 COll HIioH 0l LF0HAM 45 T2 48 C=Z cycle2 L= A PCR
ot Lt 2Xt PCRAIOI= annealing temperatureE 47 C2 &&ot¥ ], 1At
PCR2l ZH=220l= extension timesS 1222 6t XI2H, &MIIFs 21 500bp
=PN; AI 201, 2x PCR2 &E=0l= 50x==2 &HotALt PCR
size 022 i 0.8 % agarose gel &MI|ESE otRUCH (Fig. 18A). Size
marker= BioneerAt2l 100bp plus DNA ladderE AtESHACEH 1 21, &
template 25 1X & 2X0AM 22 band2l 2as 2L 1X PCR band

= smeardtHl U, 2X PCR bande= & 400bpE T2 F=AZJACH (Fig.

]
5

0

18A). 0l bandQ nucleotide sequenceS 0t2J| ol sequencingst &
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1, 336bp 0l 45 FCH (Fig. 18B). 336bp=0AM 5 UTRE 138bp0IA 1D,
SF-II2 4WHRH &DI|l= CysOIULCH (Fig. 12A). 0 Z2E 3 RACERF dH|12al
0 &&st SF-119] cDONA full sequenceE S LHRUCH (Fig. 19).

3. Full sequence of SF-Il from starfish (Asterina pectinifera)

Fig. 192 SF-lI2l cDNA ZuE Z&ot LIEtH Zd0ICH Ol full
sequence= SF-I12] cDNA cloningZ1t, Untranslational Region (UTR)S il
M 5 UTR2 138bpz ?AEEN UL, 3 UTRE 199%p= EEotD UL
5t Open Reading Frame (ORF)= 240bp= 807 Ot0IAtS 2
JUSM, 1 = 20712 0t0I= 40| signal peptidedil oS &l
gene= 300l KR £= RR2 RS ZEgot=0l, signal peptideE M2
ot 212 E 328 (S-1), 35BHMEH 4621 M (S-1), 492 M =SH 68H
(SN &L 69BMMEH SBZI2ENKX (S-IV) 42292 LIEDH (Fig. 20). 2
Z0AM SF-ll= S0l oHE S0 SF-II2] 4T 20Ol =MSt= 00l =
A

A2 CysZ HHEULH etk ME peptidel 28t AE2

o

|_|_|,
il
40
4%
[l
=}

Gly Ala lle Cys Lys Asp Pro Tyr Met Asp lle Met Ser Leu Arg Glu Ser Asn Tyr
Cys

a0

OICt (Fig. 19). &8t SF-II2 2XEES ST 2 Z 1, 2306.95 DaOlALt.

Metd 2 H3RA2Q Kim (2004)2 Z 1, peptide sequencingl A LI &
AU 2 208 OtOI&t S OHD

JI2tel disulfide bondE &48tlt= AE &€ = URULH

12112 signal peptideE 20t2J| oA IS 22 program= AF&E3dHH

ro

—_

cysteineE HHI/JUSH, 0| &

o
\_I

rr
y

HI

HSolHSB  (http://www.cbs.dtu.dk/services/SignalP), 0l programe &

HOIA ScHE neural networks (NN)2F hiddenMarkor models (HMN)S &

_JOII
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ORA
n

Table 4= XI2THA L2H & eukaryotic secretory preproteins = 10

Off aHEdl= N-terminal sequencesE UEIHCE Table 40 LIEIH X

o

bl

4

Jm

6| OIE C}BH

— T

A
ro

HI

e A S 2 signal peptideE AK0t] UL, H
= 0, Ol HMES 2dot= ribosomedl Met CHECH Cytosol WO
freest EiE Z=THol= ribosome=S2 soluble & mitochondrial proteins
£ 9F=1), Endoplasmic Reticulum (ER)OIl ribosome0l €2 EEHR! Rough
Endoplasmic Reticulum (RER)UI A= trans—-membrane proteins, lysosomal
proteins & secretory proteins& Bt=Lt.

BN O=Z 0|48t signal peptides2 2 JtXl SE S JtAILD UL
signal peptide= signal peptidase cleavage site2FH %22 2 4 ~ 10
ED10 ProOILE GlyOl Q12, NZH 220 basic amino acid (Lys

Arg)S ARKotd UL ZS2E 0= hydrophobic region0l RULCH.

HA
rr

R
o

10
A=

signal peptide= signal peptidase cleavage siteJt Alalz Z2U= &

UCH (Watson, 1984, Table 4). SHeHEIQ| ST 2 02 2R [,

e

M signal peptidell NZE U Ues basic amino acid= biomembranedl =

Mot= acidic phospholipid2t E&J|&Ql ASAZ2E o1, 02401 20ty

fol

g2 ot hydrophobic region0l phospholipid@l acyl chain 2=t &
2ot CHEHAIQ] oF £0=Zx AL M, Ol signal peptide= signal
peptidase0ll 2ol Z2IHl =Ct. Table 401 LIEFH preproteins X & SF-I112
signal peptidell <= NZHS & B X0l basic amino acid®! Lys
£ ARGtD Y20, Z2UAIA (6BHMRE 18HM amino acidItXl)di=

hydrophobic region2 E&otl] QUCH E£8t signal peptidase cleavage site

Jb Alal = DIF0 22l ERS=XHE8 RAtet HHES SdE3=2E

NU= A 20 (Fig. 19).
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Lt AHME SF-e LR F2Z0] Lys - Arg & Arg - Argll
dibasic amino acids@2Z 0IRFH M U= H2= 20+, dibasic amino acid

1]

OIAIBl= dibasic peptidasell 2o E ST SF-IIJF Me|2Md=2 LIEUH
A 20 (Fig. 20).
Oled &t

rr

re

A= proopiomelanocortin, pre—procholecystokinin,

]

prooxytocin

rr

' proinsulindt &0l endocrine glandllAl 28I%

il

prohormones= Xl & dibasic amino acidE 2 Al6l= 242 processingdl 2
c

o 228222 (Wl hormone=S MAGHH CHFEH M

=
S=0 2OtAI2IS H20 UUAE Xl CHeHAl gl HIEIQIEE AMAS|
Jl AN &40 2ol processing=ECle 242 LEIWD QUCH 2l 0]

X2 g0l S—|, S-ll, S-IV SO0A S-11t S-ll= 4ol Ol== AMIE
ol SF-IIQF OF&IDFRIZ 2JFA2I2l dorsal retractor musclel CHGH Of 28t
S8 SHoIY XL S-1 S-Il= DRMO| CHoll Ol2ABtESS LIEHWH Al L QULCE.

4. SF-|| tissue type expression

|
SJLAtEl 5l =& (stomach, liver, gonad, DRM, tube foot)S AlZ5}t

ol
P
x

40

SF-IIDF JFAt2IS O EZI0l Al expression &Zl=JIE 02 D]

9
10

N}

FOF
—/

04, VERSAGENE total RNA purification kit (Gentra systems, USA)Z

J

By

NAE FZ0IAUCH Ol RNAZ Azso/Asso ratiodt 1.6 ~ 1.801 = EEotH
S8t 2= Reverse Transcription (RT)oRACH. RTGHI| <IGHAM primerZ
dT-20mer2t M-MLV reverse transcriptase (Bioneer, Seoul, Korea)E AlS
ot Ch.

ANESt SF-Il Forward primer= &l 577bpZ& 139bp (ATG)RH 162bp
DEXI01d, SF-Il Reverse primer= 517bpS®H 540bptkIZ TS 2Lt
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SF-Il Forward primer:
5 -ATGAAGTCGATCACGCTGACTCTG-3" (24mer)
SF-Il Reverse primer:

5'-CTTCCTCACGTGCCATAACATTCA-3" (24mer)

control2 = B-actin® forward 2t reverse primerE ALEotALCH. AtESEt
primerS1t B-actin & SF-119 PCR &2 M= & 2t 2.11. 13} Fig. 14
Ol &fAlol LEEFLHRACE.

PCR2 olJ| <8t X2A2=Z B-actin® FRE= LEIXQ G-Tag DNA
polymerase  (Labopass, Seoul, Korea)& AIZ0IUCt. Annealing
temperatureE &H&E [, B-actin@ forward primer2 Tmgt2 65 T,
reverse primer2l Tmgt2 59 CTRLL 0I5 & Tmat0l O =2 B-actin
reverse primere Tm= 59 COl 5 CE 4 54 T2 HE&GIALH (Fig. 14).

SF-lI2l PCRS &%= G-Tag DNA polymerase (Labopass, Seoul,
Korea)S AFZ0oIAXIEH bandJdt LIEFLIXI 0tA, CH2 S82l LA Tag DNA
polymerase (TaKaRa, Shiga, Japan)S AIZ06tQCE. Annealing temperature
E H4FE M, SF-112 forward 2 reverse primer 25 Tmat0l & 68 T
Ct. 0 BS= bandE &I HE HABLEZ annealing temperature?!
68 COIA 5 CTE W 220 O A ot 60 T2 HEHSALCH (Fig. 14).
2t ZXNYZ SF-I19) AtHEel e %2 HX Ethidium bromide (EtBr)2
ME B-actin® 2E 2 HIWSIR LD, SHE HMels student's t-test2 A
Ct (Fig. 21).

HS control2 = B-acting AFEGIRULE PCROIZ ZEES 20tED]
FIoHM 1.2 % agarose gelll &8J1ESst 21, SItAEI2l gonad?t DRMU
A

25 2ES /AL UE ZHUNM= Ae 2E8Es 2ACH (Fig. 21).
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DRMZ =JtAtel =2 &2 i =2 22 s8S0 =0U= 2=0ICH

el 0 =8 Ht2 Otci= MHXZBE XA 0lets HHolI|JDF Bole 28X

AAESSHE A& UCH 542 gonadE JHAILD UM, HdS ot=0 €=

AAMYCE 2D 2N UL

ol 2 22 ULH, Ol=

£ A BME O0lsy =20 20stt. stuel 25 ¢ Fez ®H
0

|0 SEtel S8R0 A5 I
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Ot =HI& ZFAD SN HtE SOl SEHAIA tube-footsS FE2EZ ==MH
A&t & BME water vascular systemOl 204 8tCt. Tube—foote 2%
22 logitudinal muscleZ & podiumOlgt 22t &4 (ampulla)0l UL
podium0| #==2 otH ampullardt = HA fluidE ez 22U, BHH

Z podiumO| Ol&2= otH ampullardb =0t fluidJt ¢teE2 sHAH &

Ct.

Stomach % liver2 digestive systemOICt. SJtAlel= SAH22 0| 0K
RS dAMs=sd HFRE U= [, 22 HOIE Sceimd & BES =d
stomachE %22 UWOH MA ASHAIZIHA E406t= MAASE SHCHD &



AXM QUCH (Richard C. B. and Gary J. B., 2003).

SF-l1e] =& && AaZ U, SF-IIJ 50l DRMOI 2ot
o2 0IF0 20t MM WA prohormone
processingTl &l SF-IDF IHXZ2E AL HZLHH 22 S8 =2 H
HU S=dHM DFOl &= XAME Fole Melgds LiEt=e 2 20

el DRMSt gonadOil&= 2ot A= 0lde 2= SF-IIDt
DRMOIl CHolf &8t Ol=2tg EtH = 242t &
clob M el gonadlilAd €S ZAIACZ 2eot=0 20HSCHD 2 g
H&AICH &8 SF-ll= DRM ¥ gonad2Cte 246K 2F tube-footl A& E&
TIACH [M2tM SF-ll= tube footll UHHAME Ols 2 & el water
vascular system0Oll podium® Ol2t0 204 &ttt ML HACH Z2&
SF-IIJF DRM, gonad, tube footil CHolAM 28 &= X2 0O

oF 5 2 0/2A20 2#HS LIEHHO XDIRae gatd KX
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»* 400bp

st Pmd Trd

B.

7th L 311 5'-2 <] >
D' CCG TAC ATG GAC ATT ATG AGC CTT AGA GAA TCC AAC TAC TGC COC CGT AAG AGG

Pro Tyr Met Asp |le Met Ser Leu Arg Glu Ser Asn Tvr Cvs Arg Arg Lys Arg

SFI15'2
AGA GAG GCA TTC CCC CAA GAG TAA AMC AGC GAG CGA TCT GGG AAG GAG GTG AAC

Arg Glu Ala Phe Pro Gln Glu #*=

ACA AGA TGG CGA CCA TAG CAA CCG GGI GIG CGC CTG CGC GGG ACA CAT TIT TIC
TAC ACT ACC ATA ATA TAG TGT TAT GAG ACA GIG CTA CAT TCG GGI TCG TCA Cal
TGA ATG TTA TGG CAC GTG AGG AAG TAT CTT TIT TIT TCA TIC TIG AAA AAA A

AL AMA A T

Fig. 17. 3 RACE PCR products from Asterina pectinifera cONA (A) and
sequencing result (B): (A) Lane 1: Bioneer 25/100bp DNA ladder, Lane
2: SF-IlI-1 primer—related PCR products from Asterina pectinifera cONA,
Lane 3: SF-II-2 primer—related PCR products from Asterina pectinifera
cDNA, Lane 4: SF-II-3 primer-related PCR products from Asterina
pectinifera cONA. (B) The sequencing result was 277bp including 199bp
as a 3" UTR. SF-Il 5" primers were underlined.
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-+ 400bp

13t gua qatma
B.
5" ACA GAT TAT TAC TTG GGC CAA AAA AGC AGA CGA GAC GTA CAC GAA GTG AGC GOC
AAA ACC TIT GCA AGA GAA GOC AAC AGT CGC CAA TIT TIC GTT TGG GIT AAG ATC
GGC AAG GOC GCC CCG CTC AAC AAA TIC AAG ATG AAG TCG ATC ACG CTG ACT CTG

Met Lvs 3er lle Thr Leu Thr Leu

TTC TCT GTC CTG ATG ATT GTG TGC CTA GTG ACG GCC ATC GAC ATA AAT AGG GAA

Phe Ser ¥al Leu Met |le Yal Cys Leu Yal Thr Ala lle Asp |le Asn Arg Glu

CAA CGC GAA ATG GAT TIC AAG AGG CTC GCC GAC ATT ATG GAA TCG TTC CGT GAG

Gln Arg Glu Met Asp Phe Lvs Arg Leu Ala Asp |lle Met Glu Ser Phe Arg Glu

TTG GAC AMG AGG GGA GOG ATC TGC AAG GAC CCG TAC ATG GAC ATT ATG AGC CTT

Leu Asp Lys Arg|GIy Ala lle Cys Lys Asp Pro Twr Met Asp lle Met Jer Leu

AGA GAA TOC AAC SF I

Arg Glu Ser Asn 3

18th

Fig. 18. 5° RACE PCR products from Asterina pectinifera cONA (A) and
sequencing result (B): (A) Lane 1: Bioneer 100bp plus DNA ladder,
Lane 2: SF-II 5" primer—related PCR products from full length Asterina
pectinifera cONA, Lane 3: SF-Il 5'-nested primer-related PCR products
from full length Asterina pectinifera cONA, Lane 4: SF-II 5" primer-related
PCR products from gene specific Asterina pectinifera cONA, Lane 5: SF-Il
5’-nested primer-related PCR products from gene specific Asterina
pectinifera cONA.(B) The sequencing result was 336bp including 138bp
as a 5" UTR. SF-Il was indicated by box.
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5' ACA GAT TAT TAC TTG GGG CAA AAA AGC AGA CGA GAC GTA CAC GAA GTG AGC GCC
AAA ACC TTT GCA AGA GAA GCC AAC AGT CGC CAA TTT TTC GTT TQ3 GTT AAG ATC
GGC AAG GOC GCC CCG CTC AAC AAA TTC AAG ATG AAG TCG ATC ACG CTG ACT CTG

Met Lys Ser lle Thr Leu Thr Leu
1
TTC TCT GIC CTG ATG ATT GTG TGC CTA GTG ACG GCC ATC GAC ATA AAT AGG GAA
Phe Ser ¥al Leu Met lle ¥al Cys Leu ¥al Thr Ala |le Asp |le Asn Arg Glu
10 20
CAA CC GAA ATG GAT TTC AAG AGG CTC GCC GAC ATT ATG GAA TOG TTC OGT GAG
Gln Arg Glu Met Asp Phe,lvs Arg Leu Ala Asp |le Met Glu Ser Phe Arg Glu
30 f t 10
TTG GAC AAG AGG GGA GCG ATC TGC AMG GAC CCG TAC ATG GAC ATT ATG AGC CIT
Leu AspTLys ArglGly Ala |le Cys Lys Asp Pro Tyr Met Asp Ile Met Ser Leul
1 ho 5]
AGA GAA TOC AAC TAC TGC CGC CGT AMG AGG AGA GAG GCA TTC COC CAA GAG TAA
‘Arg Glu Ser Asn Tyr C}E*Arg ArgTLys Arg Arg Glu Ala Phe Pro Gin Glu **=
T0
AAC AGC GAG CGA TCT GGG AAG GAG GTG AAC ACA AGA TGG CGA CCA TAG CAA COG
GGT GTG O CTG CGC GGG ACA CAT TIT TTC TAC ACT ACC ATA ATA TAG TGT TAT
GAG ACA GTG CTA CAT TCG GGT TCG TCA CGT TGA ATG TTA TGG CAC GTG AGG AAG
TAT CTT TIT TIT TCA TTC TTG AAA AMA ARA AMA AMA A T

Fig. 19. Nucleotide sequence of SF-Il cDNA with the amino acid
sequence for the prepropeptide: signal peptide underlined and SF-lII
boxed. Arrows indicate to the cleavage site by dibasic peptidase.
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Signal peptide Purified SF [l (20AAs)

- S- | S-11 S-1 S-I¥|3 utR| paly A Tal

Fig. 20. Diagram of SF-II cDNA full sequence: KR and RR indicate the
cleavage site by dibasic peptidase.
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B-actinl l I l l I

05 -

= = =
[ e -
A A A

SFII/P-actin

=
=
A

—1 1
Stomach Liver Gonad DEM  Tube foot

=
=3

Tissue

Fig. 21. SF-Il tissue type expression: Lane 1, stomach; lane 2, liver;
lane 3, gonad; lane 4, dorsal retractor muscle (DRM); lane 5, tube foot.
Expression of a gene encoding the B—actin was used as a control.

_37_



Table 4. The N-terminal seqguences of some eukaryotic secretory preproteins.

SIGNAL PEPTIDASE CLEAVAGE SITE

U

Bovine growth hormone MMAAGPRTSLLLAFALLCLPWTQVVGAFP
Bovine proalbumen MKWVTFTSLLLLFSS AYS@RGV
Human proinsulin MALWMRBRLLPLLALLALWGPDPAAAFVN
Human + —interferon MKYTSYTLAFQLCIYLGS LGVCYC
Human a-fibrinogen MFSMRIVCLVLSVVGTAWTADS
Human Ig heavy chain MEFGLSW LFLVAILKGVQCEEVQ
Rat amylase MﬁFVLLLSLHGFCWAiQYD
Murine a—fetoprotein MKWITPASLILLLLH FAASKiALH
Chicken lysozyme MRSLLILVLCFLPLAALGKVF

Zea maize rein protein 22.1 MATKILALLALLALLVSATNAFI

The hydrophobic cores (gray) of most signal peptides are preceded by basic amino acid underlined.
% Watson, M. E. E. Nucleic Acids Res. 12, 5147-5156 (1984)
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=
T T =

H

HEDJLALel (Asterina pectinifera)® whole body =EZ2=2Z22H =JiAl2l DRM
(dorsal retractor muscle)0fl O|2EAH 2 XL MZ2 AlAA BEOIS, SF-IIDF HHE

ACH OOl =4F sequencing 20 SF-11Q 1XF 2X2E= CS 20
G-A-I-X-K-D—-P-Y-M-D-I-M-S-L-R-E-S-N-Y-X

Jedlt SF-11el B 4B 2022l Ot0l =&k &D1DF Of
oo ZHEX LU 201 cONA HRE Soll 0IX2 &IIE 246t A+ SHALH

SF-Il cONA AR E &t RAHAM EAZ L A& SF-Il L2 o0& MEE
O0l=235t0l degenerate primerE Z&st =, 3 RACE (Rapid amplification cDNA
ends)2t 5° RACEZE ol Lt CloningS ot2l oA pGEM Teasy vector & E£.colf
DH50E AMSOIRUCH £& ZHY LSS 202D /AMM 5K =2 (stomach,
liver, gonad, DRM, tube foot)lilAd 22t RNAS F=Z06t0{ Revese transcription 6t4
Ct.

3" RACE2} 5 RACES ZIE =&old 5 UTR (untranslational region)2
138bp, 3" UTRE 199bpOIALt. Open Reading Frame (ORF)= 240bpZ 8042
OlD|=AtS ZYotD JUASHM, O = 2009 0tOI= 40l Signal peptidefll aHE ==
SRALL. 0 KRKEX= 3200 KR £= RRY =2/AE ZE6tD AL Signal
peptideE HMIotH 21HMSEH 322, 5HMEE 4621, 49H MR E 682
GO EH SZIDENA 42912 LET OS0AM SF-lle 498 M2 H 68EH M Ot
Ol A0l SHE SOl S-Sl 43Tt 20 MOl EXHots OO &2 CysCE g
AUCH MetA SF-IIe) &&st 1Rt E tS 20

G-A-|-C-K-D-P-Y-M-D-I-M-S-L-R-E-S-N-Y-C

Le SF-19) X2Y a2 0 st ZAF 2, stomach, liver, tube footOll Al

= oot 2 &AL, gonadet DRMOIA Z&t s EALH
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