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. Saxatilin THWE] (PPSAX)E] F= weveeee

{1

. Saxatilin cDNAE 233} plasmid
(DFLAG_SAX)Q ::[L,;f_ ...................................

. AZF saxatilin®] AIZE E EAFE e
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FEE MEE 2IHOR! zaxatilinZ| B G
Ha HEIMEY O)Fis HSk

A+ AIH  FAle olFd A= FH AFFTS
extracellular matrix (ECM)2] 33} &3 HS A E] H 37 o5
2 Tl Fadlolty =k AAHALY ZogrRyYH Fed 4l
O d 2 (disintegrin)¢! saxatilin® #AZ3 P
AA 7L, FHAA AET saxatiline] @ FI Aol H A= G
2 O A7 etk skl
Wy 2 A3 Pichia &XANA @wdE saxatilin @9 AES
phenyl-Sepharose®} Source 30 94 AZnlEIH IS o] &3lo] &=
AR oM, saxatilin®] BE3HA G dad S JdALE 53
HE E3lo] gy} Saxatilin®] ¥ 1A 29
He= AEsSFLTS o] 8319, integrin FHAELY LW =
RT-PCR (reversetranscription- polymerase chain reaction)< =3}
MAP kinase 4% W3} 2 apoptosiss < western blotg ©]-&3o] &
AsFAth gk saxatilin A2l o)k FEIAMES MEZAA W=
Attt T3 saxatilin FAAE @ FEIAE A LHAAT]7)

sl A7|FAo =z ME MY DNAS AIstE= W<l nucleofection

b

£

S AN, I 9GS saxatilin A2 @ AS X3 Ay}l w
A e s

ol¥st HAS Fa Ax3F saxatiling Y INEZ Pichia &%
28y 2dstal &7 AASAT Axd saxatiline EAAEF S
AA|etHFar, HETAHES] vitronectin, fibronectin®] tH3gF A EZHF-=}
(ICsp for vitronectin; 65 nM, ICs for fibronectin; 25 uM)3} A 3E 2]



(ICs0; 25~75 pM)S F= ofEH o= Astdtt. Egh saxatilin
Ay HEHEe] MAP kinase 429 ERKE A4 A= &
stal daRFSIAEY AEZEAAE WAL obe] AE TS
S A% FETHEE] apoptosisdl =EEE S St ATh

=

ol o]l Ao Ro] 25F Y2QlH Z1H Sl saxatilin®]

SN 4] E]% 9k o integrin, disintegrin, saxatilin & A}, A 23 oA

M| 3 apoptosis



BHEA MEE C|A2H 22 saxatilin2|

i G " gEM=Eo olRs 9%

1 A o}
I. ME
e RCE Ay (atherosclerosis) i 4] HYEHdde (PTCA:

percutaneous transluminal coronary angioplasty)<S A]33sk & oF
30~40% A== A AFJHS (restenosis)ol A 3 FEEAE
o T2 % olFd iy Fag wdl Fo dtelth ol A
3lo] whAl7| A o 7 SHE FHo =A% AdHlZY (integrin)
¥} extracellular matrix (ECM)ZHY] 3480l Ta3 Zog B
Ha Qo MEYs JFEA 2+ integrin &A= AMEUY HEEF

(cytoskeletal) UEY A} AEAR A4S AAANAFE d3Ss 3

=

¢

N

o
e

o
™ fibrinogen, vitronectin % laminin® #< AMXF2 22F (cell
adhesion molecule)oll A YEUE= 54 34 ofn =4t MEES
A EZ2F (adhesion) ¥ A3 2] A3 (spread) =& &% (integration)
of 7lostE Aoz dHA dvh. E integrin FEAZ A=

AE ASTHAEE cytoplasmic kinase®] A3}t A A1zt (growth



factor) =84 % jon channels S Zd3to] 2 HHA o2 AEF7
o - o3t AMxe FA, APE 3 Tl FHAT dFE v
Avkar ®mal = o,
Integrine a9} B9 subuniteZ ©]F ]3] hetero-dimeric subunits 2
Zgel wel 7247 & ligand A9 AENS 545 Fofubet
ECM ww# S92  fibrinogen, vitronectin, collagen, laminin,
osteopontins ol W3] Z}7] ©tE Eol4d & Zt= integrinEo] S48}
H, ME oAl Aeis HdYs "@dstA A AdaAE 74
st g, g9 AFES Ax 2 udESAd AEA Akl A
integriniﬂr ECM @il d7ke] J5 480 AgddS 2dst=d, 4
I+ (platelet) ol A3+ integrin®! GP IIb/Illai= fibrinogen¥}2]
AT s sket e Add A

do
il

S Fal

A= dad H
o] e oA HHETA ] T4 B o]Fel loJA %= integrin
E

& 2 T4l integrin a.fs7b Z A ¥ols)
AAZ sERANA FHAEA &4 F integrin ayfstt GP IIb/Ila%}
Aztel= &A1, Abciximab (ReoPro, Centocor, Einstein Weg,
Netherlands) S Fogto =24 I3 AU 2SS AT F AN

o} wek daAE A B4 A Abciximabd Eroﬂ 3k 79, vitronectin

o]yt osteopontin® #2 ECM @l A3yl HITAEZ Q] integrin ol
T&A 7J?4 HEgS AAT F AJW. 223 abs integrinel
o]

shoba] gAdel old e oAz FaAE
& #AANA A TFAE (macrophage)®] HF&
g3 ow A= Aow B AT, Integrin ofy FEAE A E-

ME = AXE-matrixite] AaAG Qo] 8 IS gdgoz



=
U TGF-pe] A, Mg FA, apoptosis,
o st gl ®3, ECM proteind}

= ~ Tl
integrin &4 7+ A3 AL XA (angiogenesis) Aol U
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o
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ox
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ol
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!
=dl, o]& cytokine?} integrin & Ao o3t AsHgo] Mz
weol A3 dxeA duEol glee wo Fof

st wlEof = ¥ (thrombosis)? A8 (hemostasis)oll J &S 1]
A ole] 7HA @ dEe] EAea e, s dadEH
AAlst= HAetol=Eo g A7F 7B et A SYNS
ol A GP Ib/Ma =& A thdt fibrinogen® ZAFHF-Holl= 3712 o}
=ik S Arg-Gly-Asp (RGD) A€ol % F83 Aoz delA
A0 #A kistrin'™?  flavoridin™", albolabrin®® 2 echistatin
BILBID = gag SHAAASS FZ7} nuclear magnetic
Haxlon, ol oAAE o
g o YL FERIL Tk A FEEL YoPE o
23k Ferol =50 avfsot asf o2 WEE = integrinell wHal AH
ZA8A (antagonist) = A WMA] f2=AE 29 (disintegrin)©] 2} a1
W e, wEak o]#st RGD AES ¥ ¥3tE disintegrins S ¢
AEZ7F ECM @l do)] f2u e 2s waldtean FdHdolE A
s Ao FAHAT, B AP Aol Fael MAste B4 F
shupel A WAL (Agkistrodon saxatilis emelianov) 58 saxatilin
(Genbank No. AY005480)°¢] 2= A+ ¢F 7.7kDa®] RGD AN ¥< %
© M Z& disintegring 8¢ v} vt Saxatiline @42 $3 S
ZetA A Boolye daRlAE7E ECM ©ldol] F2ksh=

ol E
o
ol
&

resonance (NMR)E A&
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1. FHEA =L saxatilin®| i

Saxatiling  Pichia pastoris XA L&A 7]7] 9ste] &)
pPICY9 (8.0 kbp) (Invitrogen Co, Carlsbad, CA, USA)¢] a-factor +
H A E @A C-terminal F9 ol saxatilin FH1AE AFAA T
B pPSAX (18 1)& +5383 Y. Pichia GS1157 5 (Invitrogen Co,
Carlsbad, CA, USA)oA A HEsl7] 938t yeast extract pepton
dextrose (YPD) #l %<} (500 ml) 30 C Z=A 3hollA 1.3~1.5 ODsoo”t
A v eFstth wi o]l € ¥ AlxE dAEYs 35 oE, F
T2 23] AAHea 1 M sorbitol &9 (1.5 mDell @3t &8
gl 80 plet Sall AlgdE 4= A3 5 pge pPSAX DNAE 0.2
cm electro—cuvetteo] 492 %, electroporator (Bio-Rad Laboratories
Inc, Hercules, CA, USA)E o]&3}o 7500 V/cm, 10 ms pulse &7
sl Al FAHE Ak viX e o 2 histidine A<&w] Aol A Aol

7F53 239 saxatilin A TFFE AR

2

=
T
Eil

2, FEE M= saxatilinZ| A

ol A At FHAAANEZE Pichia #55 ol&3 FdA AxF
saxatiline A34Fs}7] 913 histidine A<&ufA] oA Ad7st pPSAX &
2 ZF2YE 1% glycerole] ¥3¥ BMM (100 mM potassium
phosphate, 1.34% yeast nitrogen base, 4x10°% biotin) <4 Al <] o]



—
| =
— 1A PCR
|

Samatilin cDINA
Hhol Lys Arg-,_

]
Stop -EcoRI 25 PCR
573 HE
o] I T - T 1

Gamatiin cDMNA

Xhol/EcoRI 2t

2! subcloning

pPIC9(E.0 kb)

Samiilni(]]N;’L

EcoRI
Ci— fac:tur \ { :
57 A 010 HI=4

;opPEAX T
AmpR 2 3kbp
4
ColE1

Sall

e 3 A0

gaggccggagaagaat gt gact gt ggcgct cct gcaaat ccgt gct gcgat gect g
E A GEECUDT CGAPANUWPTCTCDA

caacct gt aaact gagaccaggggcgcagt gt gcagaaggact gt gt t gt gacca
A T C KL RP GAQCAETGLCT<CUDDOQ
gt gcagat t t at gaaagaaggaacaat at gccggat ggcaaggggt gat gacat g

CRFMKIEU GTI CRMARGUDUDM
gat gat t act gcaat ggcat at ct gct ggct gt cccagaaat ccctt ccat gecc
D DY CNGI S AGCWPRNWPFHA

2% 1. Saxatilin Z&AME (pPSAX)e] %9} saxatilin ¢cDNA




HFske] 30 T, 200 rpm =7 stollA FF %= (ODeo) kol 3~47F 2
W 7kA] ' Fsk Atk wike] i %, 4 TxAeA 3000 rpmo
AAEE st mFA S A AL 0.5% methanole] ¥ BMM
2 WAL AOX Z2ZFE (promoter)ol] 2|3 saxatilin &
S, 24X 7 F712 1% methanol S
ABAIZFe] s wHaRges Fdsdn. E FE 5
BE Eojd 23 saxatiling =528 357 935k

HFdEge AATL F A4 ARvtEIGgIHE °E

=
o2
2
o

(o3
e

off &
[-4 U
ftlo
Jo
z
2
v
I
v

ool e
_O‘L
£l

pot
=
0%

e & 12
o

A

o
o
o>

o

ol
-

t}. =, 1.5 M ammonium sulfate® #H3& A7l phenyl-Sepharose
(Amersham Pharmacia Biotech Inc, Piscataway, NJ, USA) column
o loading?dt & 1M ammonium sulfate 4o 2 =3I} o] &

3% Source 30 RPC (94 a=zvtE 13 3) (Amersham Pharmacia

Biotech Inc, Piscataway, NJ, USA) column®] loading 3}l
acetonitrile & =T781(0~50%)% 42 A %23 saxatiling &5 =
ESA=

3. #ogt REA M=L saxatilinZ| @YSF

AR AT saxatilin®] &4 43 SHIA AW (platelet
aggregation inhibition assay)l = ZA3tA vk Alge] 2143 3
A FH e H platelet-rich plasma (PRP)E A %38} ARSI T &,
Alel & 400 mIZFH dojx Ay F5HE 225 e 300,000
Mol dadte]l HEE 4% H PRP g4l 450 plet phosphate
buffered saline (PBS) & Alg589S 50 e #H7kst & d4ads
A A7) (Chrono-Log Co, Havertown, PA, USA)ol A 37 T2 &%
2 387 et vpA o ® 2 nMY collagen (Chrono-Log Co,

ol

=

o

Nt

o

[‘-1[!:_1



Havertown, PA, USA)S %718t d4xde3S

o Aoz FawgH AAYEE AR,

g
B
N3
1
_E
H

4, & "HEZHze] s

A3 HdIA o U saxatilin®] FFES FASH7] St A E
Ao wel rate] tEWgd FF2HEZ (RAoSMC)SH ¢17ke] o) ul

& HEZAE (HAoSMC)E AFE3th. RAoSMCi+  Sprague-
Dawley rat (male, 10weeks)®] ™% ™S Chamley—Campbell” 5 2]
Hel mhet 23 28 o5 10% fetal bovine serum (FBS) DMEM
(Invitrogen Co, Carlsbad, CA, USA)ol A wj<kal3dar, HAoSMCE 4
43t¥ M X (Invitrogen Co, Carlsbad, CA, USA)E T+t 5%
FBS SmGM2 ujFed (BioWhittaker Inc, Boston, MA, USA)ol| 4 j
Fat3

5. €@ HEIHEZ Si oy

BEIANE F3 JAAES flste] 96-well plate] vitronectin (7.5
pug/ml) (Takara Co, Otsu, Japan) << fibronectin (25 pg/ml)
(Sigma-Aldrich Co, St. Louis, Missouri, USA)S Z+z} 4 TCollA 12
A ZF ZE3E 3 0.1% bovine serum albumin (BSA)2 & blocking 3}
of H]5ol% Ads A Trypsinﬂﬂli Hold RAoSMCE
0.2% FBS7} *3t¥l DMEM #Hj<fie] ©of 1.5 ml microtubeo]
stal, A Z2E saxatiling o3t wE== 2 ste] 2083 37 C, 5%

10



CO; vl F7]o A v FalAth. Vitronectin =+ fibronectin® 2 FH ¥
96-well platecl 15x10° cells/well®] =2 AEE H7bske] 37 C
2 5% COp Zdoll Al oF 3AIZF wjkate] plateo] F-#¥ %= sFATh
zZbo] Zu & 96-well plateS PBSZE 23] A F3sle] mHE 2 A¥E
S AAF F 49 paraformaldehyde® 1133} il crystal violet <
Agor JAsATE M 96-well plates multi-chammel
spectrophotometer®] 91 540 nm oA FHEE FHsto] M X

Bage Axeg
6. i HEIHE S ANEA

RAOSMCE 96-well plated] 2000 cells/welld] HE= FEAA|Z] 3
0.2% FBS DMEM HJ %o A 724 7HEQF serumS LZEAA AXF
2% 1Y AAAA TR atE, 2% FBSH bFGF (20 ng/ml)
(Takara Co, Otsu, Japan), =+ PDGF-BB (10 ng/ml) (Upstate
Group Inc, Charlottesville, VA, USA)%S 2] A& xt71 kw8 x] o
saxatiling ot¥st 22 Aglsto] 48115t 37 C, 5% CO, =71
o Al w AT wiFo] £ F succinate-tetrazolium reductase]
Zdol o3 ABEAESY FAHAYHS] PreMix WST-1  cell
proliferation assay kit (Takara Co, Otsu, Japan)E ©]&3}o] AX3F

4g ZAshglnh

7. Reverze transcription-polymerase chain reaction (RT-PCR)} 54

11



o ] FQ73 integrinq! oyBs ¥ asp:12] subunit A5 <
3ol5t7] 98] Q1A integrin FAAMLE S EE A A

PCR primers, =, a2 sense primer; agatctggaccag

o,
et
r
ke

=

A 3E
H ¥ 3}
s

e
e

mlm

t}o
gatggtt, 0y%] antisense primer; atctgtggctectttcattg, PBsel sense

O

primer; accactgatgccaagactca, Bs ¢ antisense primer; gcatcaacaatga
gctggag, 059 sense primer; ccaggatggctacaatgatg, 052] antisense
primer; cccacaatcagatcaggata, B12] sense primer; gttacacggctgcyhgt
gtt, B19] antisense primer; ctactgctgacttagggatcE 3}3t Al

A5 % FBS (0.2%)7F 3% DMEM ®l ol serumo] iZ2¥ e
%= HAoSMCE T7243b Hjdkstel AESA S AAANA F2 7,
PDGF-BB (10 ng/mDE #7}8tal saxatilin (200 nM)& 1413+ &<t
g st Aes AEZE PBSE 13 AFH3 F Ultraspecll RN
isolation kit (Biotecx, Huston, TX, USA)S ©]&3}o] RNAE F=3}

>

It F=3 RNAE reverse transcription kit (Promega Co,
Madison, WI, USA)E o]&3at] REGAZ ths, o WgEs
template&. 2 el st FHAe] WdAFES PCRES Z@) #

Attt olu] AlEZe] RNAY tigh tix=a* o= GAPDH cDNAJ
¢k primer (sense: accacagtccatgccatcac, antisense: tccaccaccctgttg
ctgta)& o83t FAQl Fs BT

8. Actin cytosEeleton staining 54

RAOSMCE H-32}sl7] a5 # cell culture cover slip (Nalge Nunc
International, Rochester, NY, USA)S 24-well plated] ©]g] ¥

AZE 2 9ol 2o Fut dad Axe wjdds 100pM
saxatilin®] ¥ 0.2% FBS DMEM Hj&ofo = wAslar AlX7F

12



FArate AlA7ZEA] 37TC R 5% CO 1ol A wiFstsleh. AE7F F
F3F7] A ZFebH 3.7% formaldhyde® 1A A 713 0.1% Triton X-100

o] g3l M¥EE F33 the rhodamine-phalloidin  (Sigma-
Aldrich Co, St. Louis, Missouri, USA)S ©o]&3}e] actin
cytoskeletonS GASIATE AAMHEA A X7} EoAE cover slipS
24-well plated] A slide glass® %71 mountingdtil 3 38h& 0| 7 of A
40008 = #HEeFSA T

9 | CHESEHFS =EZHEZ2| =ignal transduction B EFEHE)

Culture plate (100 mm)ollA 70% A== S213 RAoSMCE 0.2%
FBS DMEM Hj ool A 72413t vk AIA AESA S AR A Fok
ot v 0.2% FBS9F bFGF (20 ng/ml), PDGF-BB (10 ng/ml)%s
A7Fel Al = saxatilin (20 pM)o] ¥ DMEM ®j o2 u A
stal 37 T ® 5% COz oA wigetAnt. AlE= 4 T PBS®
13] Ml#skar M lysis buffer (20 mM Tris-HCI [pH 7.5], 150 mM
NaCl, 1 mM Na EDTA, 1% Triton, 25 mM sodium
pyrophosphate, 1 mM E-glycerophosphate, 1 mM NasVOy4 1 pg/ml
leupeptin, 1 mM PMSF)Z 3418t th. 4 CeolA 13000 rpme =2 10
78 4AEEEe] A8 A=dS BCA protein assay (Pierce
Biotechnology Inc, Rockford, IL, USA)E A}&3le] dwlds-s =
Astac g53% a9l d (50~100 pg)S 4~12% NuPAGE Bis-Tris
gel (Invitrogen Co, Carlsbad, CA, USA)°A #HA7]d%3 &
Immobilon-P transfer membrane (Millipore Co, Bedford, MA, USA)
of H7lolF At 10% non-fat skim milkE 233k blocking

solution® & membrane’d 2] H]E-9]% backgroundE $l¢l 3L, blocking

13



solution®]| primary antibodyE Yo &5 U horseradish
peroxidase—conjugated secondary antibodyS 3HHUT HFEAFHTE 1
t}e ECL chemiluminescence detection system (Amersham
Pharmacia Biotech Inc, Piscataway, NJ, USA)& ©o]&3}]
membranes @At @A 5o wHAS ##E7] 98] primary
antibody= ERK (Santa Cruze Biotechnology Inc, Santa Cruz, CA,
USA), FAK (Tyr397) (Upstate Group Inc, Charlottesville, VA,
USA), pTyr (Santa Cruze Biotechnology Inc, Santa Cruz, CA,
USA)5 < A&t

10, Transfection

3 FGZAE Hutoly 2 MEHE ZEACE A F e
205 FHatr] flste] theFg shshA

t}. 1% cationic liposomeS ©]€3% Lipofectamine PLUS™
(Invitrogen Co, Carlsbad, CA, USA)X2]® 7} Nucleofector ™
(Amaxa Biosystems, Koeln, Germany)E ©]-8 3% nucleofection 23}
=2 B3t transfection &85 AAMES T}

24-well plateol 5] RAoSMCE transfectionsli= A5, HA AEXE 2
3 A 7x10" cells/well®] FE= platel H7Me F 37 C, 5% COz
o] wj%F7lel A 10% FBS DMEM Hj%fel o 2 uj ettt s=41%
pFLAG-CMV1 (Sigma-Aldrich Co, St. Louis, Missouri, USA)S 0]
23lo] CMV1 Z2RE 9} flag epitopel] saxatilin A AE fusion?]
2 AW E pFLAG-SAXS % 3tk (17 2).

LipofectamineS AF&3F #4389 transfection® 74-$ serume] $l&
DMEM uj&ebol A 4 ple] plus reagent T 1 pgel E2F=1|= DNA
£ 1 pl9] lipofectamine reagent®} 43¢ ¢F 250 pl®] serumeo] $1+=

14



pFLAG-CMV1-SAX

Preprotrypsin/FLAG

CMYV promoter

Hind

19 2. Saxatilin cDNAE

15

SV40 Ori
Saxatilin hGH poly A
Bam H1
X313+ plasmid (pFLAG-SAX)9] %,




DMEM #j#] 2 A g RAoSMCell A 3staith 37 T % 5% CO. %=
Ao A 6A17F w3k Fo transfection reagent’} ¥ 3HE viA]E A
Astar 1 mle] Al 10% FBS DMEM #i%Fe] 0 & A3}l 24~48A]
7Hs v et gith. B-galactosidase &4 S encodingdt: bacterial
lacZ A AZ reporter +HARE AF&-3FS T}

Nucleofectionoll =  HAoSMC-  nucleofection kit  (Amaxa
Biosystems, Koeln, Germany)& o]&3tglom gwel ukgo] 1x10°
Ml AEZE AREH AT Trypsing o] &3dto] 22 Alx2E 5 pg =5t
Zv]= DNA< 100 ple] HAoSMC-$ nucleofection solution¥} 49
Nucleofectorol] A WFSA| it} HF-g-o] 1 Fo|= 6-well platet} 60
mm culture plateol] 2o 10% FBS DMEM ®j oA 37 C 2 5%
CO; z73}tel| wlfaldt). o] A3} w7 A]| 2 reporter genel = -
galactosidase &2 encoding3dl+= bacterial lacZ A AS A3

© 1 nucleofection 24~483A17F 3 EA351%)

LacZ A2 transfection o= lacZz &gl A+ A 5ol B
galactosidase WA WS F3 kA9l lacZ marker protemO] 1]
He golsk 4 2}‘}1"/}. Transfection® A|Z%= PBSZ A2 3d & A
¥ A3} &N (2% formaldehyde, 0.2% glutaraldehyde) 2 & 10%-7F
ket At g AXE X-gal 94 € (1 mg/ml X-gal, 5 mM
KsFe(CN)s, 5 mM KiFe(CN)s, 2 mM MgCl)oll A 14~24A7F &<t
37 Ceo xAstel]  WEEEATE Transfection®  AlEZe] B
galactosidase®|] ¢t X-gal 7|Zde Fady FFAHo= ey
3,5'~dichromo—4,4'-dichloroindigo #A+& ¥#%#3}o] transfection & &
= A5

16



m. &2
1. FHE A= saxatilin®| W QU sfY

Saxatilin H@HE Q] pPSAXC =2 2 H3AIZ Pichia pastoris®]
His' 22YES Adste] wjgde ofd @4 Y-S methanol® A s}
o AFE3F saxatilin®] THS FEIATEH F pPSAX HHAWEHE
Yo 2 methanolo] #

saxatilin - 2] W&ol {FEHITE olF 243 (HHo=
methanolS 1% F%& H7}stal 48417 & &%

SQlsk7] $skel SDS-PAGE
= 33 A3 oF 7~8 kDa9] saxatilin &2 W=7} AAEYSS

selstaint (29 3).

B>

sl o g HulE saxatilin @M A S

2. SEE M=Z=L saxatilinZ| 2| AU HA

Pichia pastoris M FHS dadgste] 22 FF S phenyl-
Sepharose column® GAAEZrtE1#f3] columne EHA|A AxF
saxatiling A A3 & SDS-PAGEE o]&3d] #A43 Ay &
7.7 kDa®] @AM =9E Slstlt (29 4). =3, N-terminal ©}v]
=2 g iEA 9 MALDI-TOFE ©]&3 &A% ZAHZ434E5 &3
AAS AF£3 saxatilin® N-terminale] A3} FLsHA HEH
AN AFF saxatiline] X} A& ExeF 7712 D

Sl saxatilingd S &elstAtt (19 5).

17



a9 30 AE2F saxatilin®] A HE DAY 1
W exE @A sizeE kDal® UER Q)
size markere] 1L, 2% 36A] 75 <F methanol®
Holw, 3, 4, 5 6& Z7] 36, 48AIZF, 60AI%L,
methanolZ F =¥ #jgdoeltt, 2dolA 7 (ax)> A
saxatilin SN A S YERAT
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215 kDa  i—
144 kDa o

6 KDa i — .

=== T .

g% 4. A AxF saxatilin® SDS-PAGE 23}, Pichia &%
oA W& saxatilin @ &S phenyl-Sepharose®} Source 30
AdARnE TR E o] &ste] AAsIAT. SDS-PAGE #4142
ok 7 kDa A7]9] GUdMEH e &% saxatiling £35S

o,
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( 7]_ ) saxatilin

A il b Wn———— _,-ﬂ""'r 'JMM
() EAGEECDCGSPGNPCD

a9 5. AEF saxatilin®] A#EA (7F) F opu| A4l AEEA
(}). AAS AT saxatiline] AZFEA A3 saxatiling 7,712
Da%lS 3elstda, AAw ?lr 2ol N-terminal MEEHS %

3t saxatilin® FdeS F AT}

for
Ot

o
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3. SEE YEE saxatilind] 28t HAn=E] Ay S0}

AA S AZF saxatilin®] AL 2AFE7] Yete] WESH JAY
el
o

saxatilin®} A WEPo] =¢l GRGDSPE Wz o & Al &4y

A 245 v SAHsAY. AP E3 A= saxatilin®] 1Cs Fk
2 °F 139 nM&E o]+ HFdP9 ICs #< 136 nM¥} Hjue w A9
=
[

& BHL e Aow FAHn. EF GRGDSP §4Hetol=
1

4, =S saxatilintd o) S SEIOME & ST}

RA0SMC®] vitronectin®ll thgh H&IAE 722 A2 3 saxatilin®]
Fwol vlaste] As) wkon, ICo= F 65 nME 2 H ATH(LH
7). B3 fibronectin®] WA= saxatilin®] &XZol B]#H 3 ME HF
| AsE k= IC5#-> vitronectindll thal A Btk oF 4004) 3
TS oF 25 pMY S Fe AT (2" 8). wWekA saxatilin® H &
A E FZ A So]H L 53] vitronectin® W3] =, vitronectin®]

FE&AA ayBs integrinel] el w5 SolH o= AR o] BHlE A

21



120

100
30 | —— Mative saxatilin
== Recombinant saxatilin
el & GRGDSP
40 |
20 F
1 1 1 1
10 100 1000 10000 100000

Saxatilin Conc. (nM)

2% 6. AZ$ disintegrino] €3 collagen = 4T &
|22 a2z ARFS Ags dav S dAAEY &

4 A percent (%)E YEMHY 7252 AFE3 43
SH gdAAEY T ME 4YHERHIZ Utk AE AAF
saxatilin<, = AE3F saxatiling, W= GRGDSP I Elo| ==
FA18 Y ZH2Ee] ICs 32 137 nM (M 9E saxatilin), 139 nM
(M Z% saxatilin), 270 mM (GRGDSP)Z &7 = 3l th

)

o
53

o
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(%)

100
a0
a0
kil
]
all]
40
an
20
10
i gl : : : : : : : :
0 ] alll T ma 125 1 1Ts 2000 225 250
Saxatilin Conc. (nM)

O 7. AxF saxatilin®  vitronectinel] ™ dF H& M E F 2

AA &, MEFL vitronectinel] ek A3 FEIAE FE Y

AdEE %= YepdHY, 7t252 g AxF saxatiling &

(nM)E YEebdTE A3k saxatilin®] s=o v sl 3

)
LA E 9] vitronectin®l] 3k F-Zro] oA T}
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(%)

120
100
en
B0
an r
a0 r
|:| <3 L 1 1 L 1 L L 1 L 1 L

1] m A A 40 &O 6D V0 80 80 100 110 120

Saxatilin Conc. (UM)

19 8 A FEF saxatilin® fibronectinol] 3 HELA L B2 <
A&, ME=L fibronectin®] sk 3 HE LA ES] H= o
A= (%)= HElH, 7252 A3 A2 saxatilin®] &=
(UM)E YEFAT Vintronectinol] gt Ay} wlz7bx] 2 ] gk
saxatilin®] F Xl W dste] A X2 fibronectin®o] tgk F-32ko] <
A = AT
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5. MER saxatilind] =/F @& HEIDIMHE S Y2}

RAoSMColl W3t saxatilin® F2 Al &3+ FBSol &3 AxF
M= &37F il ev PDGF-BBY bFGF9F #& Azt A
ot S thafj A= saxatilin®] FIol HlHslo] AE FAo
A JAEE FAsAt (¥ 9). PDGF-BB, bFGFol 93 A%
A oA AFAA ICepk2 22 ¢F 75 uM, 25 pM=E o]+
saxatilin® vitronectin®l]l gt MxE F-ZJA Al YEFH ICs (65 nM)
Frrh of 40~1008f o] =2 kel

- n
ol & 1

) 4

6, @&t HEZHZENAM2 integrin FE Ale] B EHES}

=, HEIAE U integring & vitronectin®] F-8AQ1 integrin ayfs
I} fibronectin®] <& A<l integrin asfis + 7FA integrin subunitE
¢ mRNA W3S RT-PCR2 A3ttt 19 10914 & 5 3%l
saxatilin #12] A] PDGF-BB% ¢ A #&A<1x7F &A1& wf 54 integrin
fraael o] S skt
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(%)

100
90
g0 |
—8—  proliferation by PDGF-BB
[ —A—  Proliferation by bFGF

z2 B

-E-._\. \\'
i :
3:] : T —
: -_____'_::::_‘__‘_‘_ —
.
10
0 I I

Saxatilin (uM)

hYA

=

9. Az FEA AMEF saxatilinel] o3k HE
38 AR agEZ AEZHS AR ogh Ax
percent (%)= YERH Aol g A (O)= saxatilinell <
PDGF-BB (10 ng/mD%= A&9AE, (A)= bFGF (20 ng/ml)
e AZIgAE Jelbdh

-
37

,4
o gl lo
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GhPOH

S HE A E A9 integrin F A WA WS 2o A AEZEFS RT-PCR

AHEo] A Al intensity S UEFUTE, 7FEZ=CA 1S PDGF (10 ng/mD)¢t 2% FBSZ, 2+ 5% FBS
(contro) &, 32 2% FBS (control)®, 4+ saxatilin (200 nM) 30% A2 & PDGF (10 ng/mD<t 2%
FBS®, 5+ saxatilin (200 nM) 30% dxgl¢} 34 PDGEF (10 ng/ml)9} 5% FBSS o2 1A7F 283k 3

A L9 integrin A (ay, By, o5 B) TS UERAT
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7. @ HE2hEzs] SHE| A actin cytoskeleton H S|

Saxatiling g3t dF HI2AFEE Azlo] Ao ulebA

saxatiling A g|stA] 2 AAAES] Feel 19 119 (Fhek 2&
87 P ANA AE FFRHA] HA} FAaE A Ik EE
(29 11 the=z Hgs dFEsAT. oF 50% HE9 confluency =
FzheE d3 JE My s (50 uM)9] saxatiline A 2] st -
ofF GAIZF AF = R MEV FReEs st R #
< AT (17 11 vh). o] ¥ g saxatilinol] ©|gh AlxZ F 25
of A4 dds ME=AAS Wzt Fi a1 ARAEdES ez

saxatilin #12] % B A 879 actin cytoskeleton ¥ 3ZS rhodamine-
phalloidin®.2 x3ste] #HzetA Tt 1 A3} 19 129032 0] Ao
H]3to] saxatilin * 2] 9] actin cytoskeletono] H43] slA€ S 22l

B =
B, SHFE HEIDHZEOAM saxatilind =fFt fEFGE =&

Saxatilin®] & AAEo] 23 NEZH AsdES o9 Adst=
A5 FAsla1A saxatilin®] MAP kinase®] ERK (ERKI1, ERK2)<]
ggstel mA= FIFs sk olE 9138 PDGF-BB % bFGF
o ARAIAE A d9 FEIAES ERK 43 W&
immunoblots &3] <latsl=t 99 = PDGF-BB 4731t A=
of th3le] saxatiling A28 oA PDGF-BBel % 9JsiA =4
wHT o X1 AZEEQE ERK Q14EsE whEo] AdH S Flstdn (L
H 13). ol g A= bFGFe| 93k Aol A = saxatilinol] 2] 3f
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Saxatilin (20 puM) 4 Saxatilin (20 pM) 24h

Saxatilin (50 pM) 6h

% 11, A=F saxatiline] o ¢k HFA X FEwst 1
(et (th+ 20 pM 2] saxatiling X 7
2} /‘1]4_«] el 7k tﬂﬁ‘ro}p RES AFEe A
«] saxatilin A 2] § 5A1ZF 5o
9 agolth (7~} 4049, 2 ~w}; 1008] #E).

> orr 82w

rsﬂiﬂ
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a9 12, AFY saxatilinol] ¢ 3+ &M actin cytoskeleton
of Wigt 1§l (Zhek (Whe ZA2 B AlES 50 pM 9] saxatilin
of Agj¥l MEE Yt (thet (FhH+ Lol dsste AxE
rhodamin-phalloidin & A 3Fe] ##3 Aolvh(7}, 1 23 1004,
oh, 2k & 4000 ). 29 (hek (2w A BAAAIES 50
MM saxatiline] H#® AEZ=Z (oA HBEIAES  actin

cytoskeleton®] A =] & & 5 3
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PDGF-BB - N -

Saxatilin - + - - - - - + + +

Time CTL 30m [[10m 30m 3h 6h 20h |[10m 30m  3h 6h 20h

b |= s — — —wid S =
 cweeecr—ssss=

9 13, A3 saxatilindl €] MAP kinase®] ERK &4 ® 3},
PDGF-BB (10 ng/ml) 3721 =kel A 23 saxatilin (20 pM)ell €]
dlA ERK1 (p44)e} ERK2 (p42)7F €43t =%t PDGF-BBe
-JHP ERK 42 30% olF= #ZAAsA o} saxatiline 7 A g

T PDGF—BBoﬂ °]g ERK 242 3413 ol § & X3 ZHast

1ot PDGF-BBoll Wt 9|3k ARt 11 A7 4] ¥ A
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ERK <143} whgo] o AFES sdstA #ZE + v 2=
Azt glo] saxatilin® H#wroe 2% ERK ¢14Ha7t 7se 4+ 9
= S & F AT Saxatilin®] Fxol wE ERK <l4tsh sl
E A A3, a7 149 29 A 1%01]7\17_4% saxatilin7r . 2 %=
| Hl#lstel ERKe] QIAMSH7E S7hdthes AbE S 03 5 Al
nti-pTyr antibodyE ©o]-&3ste] A48}y = X tyrosine
WES FAT F ATk 25 120 kDa A% 91219 FAKel 333t
T3k saxatiling TE7F Z718bA QAbs HtheE ZuE$

235 s (2" 14).

o
i

off
it
o)

i)
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9. SaxatilinCf =Pt A& EHEIME apoptosis=] SH

A7 HIF A ¥ saxatiline e & S = ¥ FExeg A

2 I o]lFo MEE AMEstEd olE FHoew FAHE v
apoptosis 9l F= &2l3}7] ¢35lo] saxatilin 2] & AP Aol u}
£ apoptosis ¥EAQAES] W3 E immunobloto® 1&ATE 1
A3 29 159 o] saxatiling A2k @3 HE LM XS genomic
DNAE Hol ZdAxEe] A vlus] & A3 saxatilin A2 Foll+=
& A9l apoptosis @Al genomic DNAQ ladderings #<elst <
ATk (29 15).

r_u

i&
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sazatilin

(nbdy O 1 10 10° 107 104

188 .- J—

&2

43

38

459

38

29 14. AZEF saxatiline] 23 ERK % FAK®e| &43}. o]t
A glel 02% FBS DMEM  sjkolol A 5384 3o
saxatiline T LE®¥ = g 3tA v}, Saxatilin® %7t S7Fgel o
2} ERK (ERK 1; p44, ERK 2; p42)¢} FAKel| 333l tyrosine
o] &AMl HAT Yo £AEL g de A7|E kDaloZ U}
bl Zlojt,
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139 15. Saxatilin®] 23 DNA laddering &%} 50% confluentdt
A7 HE A X 100 pM2] A =3 saxatiling A 2] F 6A]7H
genomic DNA$| laddering d73-& &<lstqict adAA 9% &
2 DNA size markerE YEMT, 12 saxatilin ¥ A2 (0.2%
FBS DMEM), 2+ saxatiline A 2]g «* (100 pM saxatilin/0.2%
FBS DMEM)o]| t}.
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10, @@ HEIHMBoIM saxatilin FEE} W Hg

Lipofectamin< } 3t transfection W2 liposomed oA = A&
Aol Hlax glon) 2 AM AT advanced microscope
imaging system (AMIS) 944 software (Biobud, Seoul, Korea)
E o] &3 AMMESTE A A JaHoR 10% HTHe] ol
SE ZEER A Aol ofFojH S stk (2E 16 7h.
=]

Hol nucleofection®] 2t A 7] A transfection WS o] &3 ¢

MEEA0] A =A 50~90%°] o2 m-$¢ =& transfection
EES 45 F AAbT (2" 16 ). o]E F3l saxatilin A7}
ey gy HE2AMEe] vjYAS 3]43te] anti-saxatilin guinia

pig antibodyE ©]&3sle] AEZ2ZFE Eu)¥H saxatiling Fels 2}
°F 8 kDa Ax9 d@wd W=g sttt (29 17). o9 22
saxatilin® SHx AT Bt A xEe Flolu} =24 o

ERK, FAKS @43} sd& T aol& ##shA aksich

e
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219 16. Transfection® E¥ FEIAEY 487 GAEA.
ZA8td JAS F3 LacZ DNA7ZL transfection®] o] lacZ % =}
& Wdste Axre FEAS drh adgdAN Obhe
Lipofectamines  ©]&3}o], ()= NucleofectorE  ©]-83}¢]

transfection®l A ¥E et}

o
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29 17. Nucleofection®ll ]38k Aol A saxatilin A 33
ol Z+7} & & DNA (Flag-sax, Flag, LacZ)E 3+ A EX
E°] Nucleofectors o] &3t @& A 2l transfection 3T
I wgde 2~39 F 3]43l9] anti-saxatilin antibody & ©] &
3] immunoblotS 3=, 1Yo A saxatilin E=¢H A
(sax control)¥} pFLAG-SAX ZdWEZ transfection® Al 3Eo]
A rd ¥ saxatilin (Flag-sax) 7]+ FLAGo| &3t A&
Zol7b e & 7 Ak 2HAA 9% sAES duiEe A
715 kDal 2 YERH Folth

r2 o
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M7 35 (atherosclerosis)oly #d-sMdF = (PTCA)S Aldgh
°F 30~40% A= dH AFEF (restenosis)S T HI
Xz gL A Aoz d#HA Ut 53
HE LA E TH| £33t integrin &A1 ¢} fibrinogen, vitronectin
2 Jaminin¥} 22 ECM w¥ldzte] A5 283 integrin 58 A <
AEZANe] g EEEAER Ay Alx Asdd st
cytoplasmic kinase®] €43yt 422 484 2 ion channels 2}
o Ao Agol o3 AHAN MEFVIY -7 50o] AEY F4,
g 9 F3t Soll AR 9F¢S A= AeE B Hi v
HEIAZAE wpy, by, osby, oy, ash, aby, ogh, ool o, o
aghss TFE3E integrin family”7} £A8t= AOE B Ha 9o},
I AR wly, afy, osfy, of, ofssol FE integrin® 2 ¢ A
Ak 53 dlesWe HIIA XM= vitronectin®]  FEA QI
integrin o832} fibronectin =& A Q) integrin asf o] A|E o] F-zk o]
T2 2 2A 9FS FE Aoz dFHe g, w3 ’ﬂsﬂ%
ATE F3 integrin a9t vitronectin®] ZAFS JAE = AU
RGD X3} disintegrin &4 AAAIE A S uf hFst FTSA 2}
v A2 AEFE olF B FA o] AsfH= Hoew Fd
v Qi
w AToM = A AR ALl A 2R 1Sintegrin?l saxatiling
al z A %) R g oR
FH g AAg Afolx: 1 gdo] WMEdA FHie AP F
3 1

e A ol Aelsto] Al E9

ALY 4 % olFo] Fu fuUL

4
o

e e AdE gyskala,

a
¥
QO
j
=
o
o

= .
Bz oo]ls W A wAE IS BAEYHT. HE A EY
vitronectin®] W3t F-2 AA5=H (IC57H)E 2 66 nM (18 7)E 1
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3L, fibronectino] el = <F 400v] =& T&= (19 Q)

stelste] vitronectinel ekl B SolddE & 5 9

o
oN

=
=
2

N
i)

N
Ak T saxatiline] HEIAES T2 vHE= &

fibronectin@} H &AL o] AFES AT & U+ saxatilin &= A
AAE = AMAS GA HAT (2" 9). olg AAS Het

o SAAAE F3 A AF2T ool oA integrin oy ERE
o oy}l integrin asf7HA = FAlo] oAIsjoF 1 EARIF USFE o
AslE Aolt) 34, integrin® B osubunitES AFEZ Wl A tailin,
vinculin, paxillin, FAK, CAS%Se HFEuuwlzayl 2-8310] actin
cytoskelecton W3} 2 M EA S AGdAZ WMo JeFS nxE Ao
2 4 Jdrh. B ApoME saxatilin A2 Al HEAE U
integrin F+dA W& WIS RT-PCRE &3] &<l35t% =4, saxatilin
Agl Al integring a.fs9t asfio] AALGAGTE A et RS
ALAS R Y (29 10). FH <ol Gax transcription factor”b
integrin o o w9 LHE Ao BHu @upglo]t o]
integrin®] wdS ZAst= AAFEREAA ] gk disintegrin® 4 &
< Fegd e Fo3 AHE A& F ASs Ao U
RT-PCR 23S s AHg3t saxatilin® F% (200 nM)+= integrin

olAlste] HEIAE TS AT
R

o

[‘>L:i H

} o]
3 sHo] Aan Aare gpoptosiso] o]
A BE F2 FAdsdn (28 11, 12, 15). 28 %= B3t
PDGF-BBY bFGF #& A3 2k¢} saxatiling 2ol A= 4%
of Zg7AAtel vk ogk ERK <QlAbstutl® ¢ 21 AlZFE<k ERK <14t
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Atk = saxatilino] ¢¢ ERK @43s= AR F8AE A=
e R ¥MLEE TE W5 O0R integrind e Ao R o] F
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Abstract

Effects of Recombinant Saxatilin, a Novel Disintegrin from
Korean Snake on Smooth Muscle Cells

Sae Ah Sun

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Kwang Hoe Chung)

Background: Restenosis occurs in approximately 30~40% of
patients following percutaneous transluminal coronary angioplasty
(PTCA) for treatment of atherosclerosis. The stimulation of
vascular smooth muscle cell (SMC) is critical steps in the
development of the neointimal tissues that contribute to the
restenosis of an arterial wall. RGD-containing peptides are able to
inhibit the binding of ligands to certain beta3 integrins, such as
alpha(Ilb)beta(3) and alpha(v)beta(3), both of which are involved in
neointimal hyperplasia. To elucidate the detailed mechanisms
involved in the inhibition of neointimal hyperplasia, the effects of
saxatilin, a RGD-containing disintegrin, on smooth muscle cell
have been studied.

Methods and Results: The recombinant saxatilin was highly
expressed in Pichia pastoris and purified to be homogeneity with
an active form. To investigate the biological effects of the
disintegrin on SMC, changes of cellular signaling, gene expression
of SMC as well as inhibition of SMC adhesion and proliferation
after treatment of the disintegrin have been examined by
immunoblot and RT-PCR, respectively. It interacts with integrin
alpha(v)beta(3) and significantly suppresses the adhesion of rat
aortic SMC to vitronectin with an ICsp of 65 nM and the
proliferation of SMC induced by basic fibroblast growth factor
(bFGF) with an ICsy of 2.5 M. Saxatilin disassembled cortical
actins at focal adhesions and induced cells to be rounded and
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detached, but it did not alter microtubule structures in the early
stage of cells being rounded. In saxatilin—treated SMC, focal
adhesion kinase and ERK were phosporylated. While SMC
proliferated normally on plates coated with saxatilin, cells treated
with saxatilin eventually underwent apoptosis. The disintegrin also
significantly down-regulated the expression of integrins, beta 3,
beta 1, and alpha 5.

Conclusion: These results may provide new insights into role of
integrin in SMC pathophysiology as well as role of SMC in the
process of neointimal hyperplasia and have significant implications
for disintegrin therapy for the treatment of restenosis and
atherosclerosis.

Key Words: integrin, disintegrin, saxatilin, recombinant proetin,

smooth muscle cell, apoptosis
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