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QJ , 

11 'YIrWItIel 

" ~V'H!lJ1!0Jj'1 (Daboia russellii siamensis) ..:j9fiJ~i1'Vi'lJlJlf) hmt:l'lJ.fIlflmn..:ju(l~.fIlfl~d\.jtltlf)~tl..:j l'YW N 
"" " 

~t:lm9fiJ~iin~ lJf)iJmf)TJl'l nJ~'lJ'lJ!i'itl~ U(l~i11J~ 1~11mQtJ'lJ'Vi~'U ~..:j !1l'Uff1!'11~bhfitlJ~yhl11N~
~ ~ q u ~ 

. " 
Qf)~ UlJ1!CJ11n~ !fftJ951~ l'U 11 ~ ~'!J''U I'll llJi'!ntJ1 n'lJ f) (l1 f) f11'Hfi~Yffj'l1~..:j Qf)~UlJ1!CJ11n~ 'J1lJl1..:j 111 'J ~'U 

ff1 fi ty1'UYf fj ~ !!lJ1!CJ11~ V l'iJiJ 11 'J ~ 1tJ95tJYl1..:j f11 'J!! 'Vi 'VlV V..:j bhjiJ f11 'J ~f) fj 1 miN!! t1 i~ f11 'J f1f)fj 1 

tl..:j fl11 'J ~ f)tl'lJ ~ tl..:j Yffj..:j!!lJ 1!CJ111 W;..:j ~ f) 11~ 'lfJtJ1r1'! 'Ii1h f) (l '1 f) f11'J !n~ Yf fj tJ1 '111 ri f11 'J l'f)fj 1~ iJ 
" " 

11'Jdy'Vl ~.fIl'Vi~~~U 'Virtlmf..:jm ~tJ1f111lJi'~ l~l11H'11'J~ 1tJ9ftJlU'Vl1..:jf11'J !!'Vi'Vlv~tll11 ~1f) N(l..:j1U~ 
N1UlJ1 'Vl1..:j f)~lJ ~1~tJl~ffr1..:jr1'tl..:jfflJ~~U (cDNA library) ~lf)fi tllJYffj ~ !!lJ1!0Jj'11~ff1!1 ~ !!(l~ hiiJ 

~ d'nl '" '" " W W '" ." '" f11'JMf)fj1tl..:jflu'J~f)mJ~tl..:j'Vifj~!'lJtl..:j~'W~1m'Vlfl'WfI Expressed Sequence Tags Analysis 'Vi'lJ11 ~U'Vifj~ 

.c:1 do.aid. '}I d 0 & QI clQ.IQI Q.I 

lJf11'J !!ff~..:jtltl f)'tItl..:jtJU'Vl!f)tJ1 'tIV..:j f)'lJ m ~ 'lJ1U f11'J hacmatostasis ruu mu1U lJl f) 9f..:jfflJ'ViU'Ii f)'lJ I'll llJ 

!llUYffj'tlV..:j~UlJ1!CJ11~iJ N(ll~ tJ~'J ..:jfiv'J~'lJ'lJ!i'itl~ 'tItl..:j!'l1ttl~ Qf)n~ 'I1~..:j ~1f)f11'J ~f)fj11~tJ lU1JU'J nl~yh 

f11'J!Wf)'lJ1bl''Vli111'J~'W.wfj~!!lJ1!CJ11'!l'iJ~ RVV-X !!(l~ PL~ rivu1~tJli'1ti Gel filtration column 

chromatography U(l~ Anion ex,change column chromatography !!(l~Y]11f1(lU!!(l~Nil~ l11'J~U~'Vi'lJlu 

cDNA library ~1tJ recombinant technology ~lU1'W 5 ~U 1~ff1!1~ ~tl phospholipase A2 (PLA2), factor 

X activating enzyme (RVV-X), factor V activating enzyme (RVV-V), serine p-fibrinogenase U(l~ 

rlerdostatin homolog (Daboistatin short disintegrin) 1~tJ~111'J~u'¥Jf)~1ff1lJl'Jt:l't1111Bn1mn'lJ anti his 
., " 

tag 1~ 1~tJl'Wf11'J~f)fj1i1!llUf11'J'Yl~fftl'lJfJUJ fflJ'!J'~'Yl1..:j951!f1iJ'tIV..:j 111'J~'W RVV-X 11..:j lU'I1(ltl~'Yl~(lV..:j 
9 QI cI 4 0 .ai .t.:::\ lI)9J..J 0 

!W~ ~Uff~1'Yl~(lV..:j 'J1lJt:l..:jf11'J'Yl~fftl'lJf11'J'Vl1..:j1U'tItl..:j recombinant protein 'YlNMl L~ CJ1..:jff1lJ1'Jt:lU1 

f111lJi'~1~111i'11'J~ 1tJ'lftJlu 'Yll..:j f11'J U'Vi'Ylvfitl111 
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1t1'\J11~ O"l0bO~ 
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Abstract 


Venomous snake bite is an important medical problem in Thailand. The subspecies found in 

Thailand is Daboia mssellii siamensis that is abundant in Eastern and Central of Thailand. 

Envenomation presents predominately with hematologic manifestations and acute renal failure (ARF) 

which are cause of death in Russell's viper bite victims. However, the exact pathogenesis following 

Daboia mssellii siamensis envenomation is not well established. Since Russell's viper venom contains 

several active proteins that present different biological activities, the main toxin in Russell's viper 

venom involving pathogenesis remains unclear. Moreover, snake venom proteins are source of 

interested biomedical compounds which may useful for medical applications. Therefore, this research 

focuses on snake venom component identification to understand the role of toxins involving the 

pathogenesis for potential treatment in snake-bite patients and investigate the potential snake proteins 

for use in medical application. In previous study, we have constructed a cDNA library from Russell's 

viper venom gland and generated expressed sequence tags (ESTs), resulting in sequences associated 

with haematostasis abnormality found in snake-bite victims. After purification of RW-X and PLA2 by 

Gel filtration column chromatography and Anion exchange column chromatography, as well as 

clon.ing and expression of recombinant proteins-phospholipase A2 (PLA), factor X activating enzyme 

(RVV-X), factor V activating enzyme (RW-V), serine ~-fibrinogenase and rlerdostatin homolog 

(Daboistatin short disintegrin) found in cDNA library, this study has focused on determining biological 

activities of the purified R W -X and other recombinant proteins. Studying these snake proteins can 

provides knowledge for medical useful. 
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Uff~~~mf)T~1tl'l'n:~MI'JUHY1J'I1~'lm~ hh~t.!.w'tJ~1J~rr'Vlt9fiJ~ RVV-X 'tt.!m'J 17 

m~~t.!'Ynllff1Jl't'iJ~~l~"l hrU~~~1~'JfJ11i APTT 

Uff~~'J~~1J Plasma D-dimer 'tt.!Mt.! rat ~Q~~';HJ.w'tJ~'J11J 'l1~~ hh~t.!.w'tJ~ 18 
~ ~ ~ 

"" .
uff~~'Wmiffm'W;lHU~ '~~~~1J~1£JfY H&E (rhcr.:J'U£Jl£J 20 tVil) 19 

"" .
Uff~.:J~t.!tUm111~~~~1J~'JfJfY H&E (rhcr.:J'UtJl£J 20 tvil) 19 

· " " .ltJfi 5 Uff~.:J~WU~~~1J'l1lJ1f) '~~~~lJ~1£JfY H&E (rhcr.:J'U£Jl£J 20 tvil) 20 

.o:::::!. ~ QI djl fj/ d. 0 Q.I • " " ~tJfi 6 Uff~.:J9ft.!tt.!~~1J'Vl£J~lJ~1£Jff H&E (f)TM~£Jl£J 20 t'Vll) 20 

ltJfi 7 H(l~lf)m'Jm~~t.!m'Jffrl.:J rJerdostatin homolog disintegrin l~£Jhj'~\1f) 22 

~ ~ ~ · ltJfi 8 H(l~lm'Jm~~t.!m'Jff'Jl.:J rJerdostatin homolog disintegrin ~1£J IPTG 23 

~ ~ . 
1'l1llJ t'UlJ'Ut.!~ l~"l 

H(lmm'Jm~~t.!m'Jffrl.:J rJerdostatin homolog disintegrin ~lm1m~l.:J"l 24 

· ...1tJfi 10 H(lmm'Jm~~t.!m'Jffrl.:J rJerdostatin homolog disintegrin ~1£J~UJ'l1iJiJ~l.:J"l 25 

Uff~.:JH(lm') purified rJerdostatin homolog protein l~tl'li'11i 26 

Affmity chromatography 'U~.:J T ALON
R 

Metal Afflnity Resin 

, QI t , d ~ 
Uff~~H(l'U~.:J rJerdostatin homolog protein ~~m,)£J1J£J~m,),)1lJf)qlJ'U~.:Jtf)(l~m~~ 27 

m,)'Vl~ff~1Jf)wvh.:Jlt.!'U~.:J recombinant RVV-V tm~ 30 

recombinant Serine ~-fibrinogenase ~1£J BAEE assay 1~£J'li' trypsin tilt.! control 
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11 qJ 'I11~~'l:J n~~'J ~~ ~ U'U 11 qJ 'I11'Yll '1 ffl1i l'HU "l''tI~ fflfi qJ'tI V'J i 'Yltlundhm (lltl'l 'l.h::: mff 

~dv '1 ~l f1'l_h::: ~ 'Yl ffi 'Yl t1iJfl1111'l1 ftl f)'I1 ftl t1'Yll'J;1ill'W ~'JiJ ~~ 'l:J m fttiV ~'11 ftltl (jru~ '11 ~ '11'U~~ll~fflfiqJ 

'tIVnh:::~'Ylffi'Yltl~V~H1l1~9fl (Russell's viper) 1~t1'il:::'W'U1J1f)1 'UW.I'Uillfl f)nl'J Un::: illfl 191::: l'U VV f)'tIV '1 

i'Ylti iJ'jltl'Jl'UOl'jflf)'JH1l1~9fln~1'U'1__h-:::!'Ylffi'Yltl44 'jltll'UtJ 'W .ff . 2546 'I1~V~~!tI'UrVtln::: 3.9 'tIV'J'J 
~ ~ ~ 

~'l:Jn~ vf'J'I111~ 't mh:::!'Ylffi'Ylti V~l'Jh 0191111 fhdm'il~1f)11fl1111!tI'U 'il~ 'Jlllf) !dv'J 'illf) ~ihtl'l1ftltl'jltl 
. " 

~ 

hi iflhJ'W'UH'W'Yl6Yi 1'j 'J'Wtll'Ulnun:::111Ol'jf f)'l:Jln'Um'J19I11l1;h~'U't!1'U 

1 'Ui:] 'il~'l1'U~1111f'tlfl'J f)n i f)Ol'j !n~~ll'l1 ft'J ~f)~U1l1!9fln~ ~'J hi'Yl'j l'UHtJi~uf) Ol'jfmoll~'J 

!tI'Uf)l'jff)1l119l11WlOl'j Un::: f)l'j 't~!9f~llUn~ll~ !9f~ 1l~'J mi 11 rli1 191 'ill f) Ol'j m::: ~w!l~1 t1~1l~U1l1!9fl 

'j111 111 't~!9f~1l~ i~iJfl1111 ~l!'Wl::: ~V f)l'j ill ~~~ll~l 1'U f)l'jff)'l:Jl~'J~fl'J1 ~!9f~llW~~ll~1mH1J1ru 

. " 
lllf) m 'ilUl i Urifl1111!fftl'J~flOl'j !n~ill1:::u'W' 'U ~ihtl'l~ ~'JU'U 'I11f)!'j lffl1J1'j m~ll ~fJ '1 flU 'j::: f)fJ'U 'tIfJ '1 

~ ~ 

~'l:J~~iJ'U'Yl'Ul'YlfflfiqJ ~ fJOl'j !n~~ll ~flll!tI 'UU 'j::: lt19fu~ fJ Ol'j ~f)'l:J 1~iJ1 t1~ Qf)~H1l1 !9fl n~ fJ~l'J iJ 
01 A G , ... iI "...... 01 9 ilol "l' " 
u'j:::ff'Yl1iill'W !9f'U Ol'j'W(IJJ'Ulff'jl'J toxin-specific antivenom 'j111'Yl'Jffllll'jfl~~Uun'J ~9fu'j::: ~t19f'U'illf) 

lu'j~'U'Ul'J9fiJ~~iJl'U~'l:J~U1l1!9fl !~fJUl1J1't~'t'U Ol'jff)'l:Jl~iJ1t1~lJfl1111H~U'j f)~'tIfJ '1 factor ~1'J'l 
"I ilo'l' I/] I0 

'Ylln:::1J'U!ftfJ~'tIfJ'J~u1t1l91fJ ~u 

f]'Ylt'tlfJ'J~1l'tlfJ'J~H1l1!9fliJrln~v'j:::'U'U lm1~ (hematoxin) !lI'U'I1ftf) !~fJ~f)~!!1l1!9fln~'W'U 'h 

!n~mOl'j m'Wl:::~I9I'j'J'U~nru~Q f)n~ ~iJ1t1'il::: iJv lOl'j U1~~HrlnUn::: U1~r11m::: 'illtl 'l U!tI'U'U~ n ru ­

f)11'J ~l!mtJ'J~flf)n~ 'il:::'U1111J1f)iJ 1 ft'I11911'11n9$1l 'illf)!!rl~HdfJ '1 'illf)iJ extravasation 'tIV'J!~~!ftfJ~U~'J 
~ 

" , "1'" 
un:::'Wftlff1J1!~l i uv~l 'U!l1m£iv1~H1'11u'J11 --ll~'U~nru u'U iJfffl ih mOl'j Hff~'JYifflfity Yi'W'lJ i~1 'U ~Q f) 

n~~fJfl1111 H~ U f)~'tIfJ'J'j:::'U'U 1o'l11P1!dv'J 'ill f)Ol'j n~n'J 'tIfl'Jl U'j ~'U 11 'il ~t11 'U Ol'j u~ 'J~1'\1V'J!ftfJ~ 

!dV'J'illf)Ol'j111'Jl'U 'tIfJ'Jl U'jA'U 1'U~1l'J !lI'Urlnl~Ol'j U~'J~1't1fJ'J!ftfJ~ ~~Uf)~un::: ~ihtliJV1Ol'j !ftfJ~ 
~ ~ 

hil1Q~il1n 

1~ t1rlMl'U~ ~1'U1J1 11 tJ 1£.11 ~t1~'l:J~un::: ~~'l:J n~ 'l~f'U 'VJ 'U1 ~t1 'illf) ff1'Yl9f. !~V111f)l'j fff)'l:Jl 

fJ'JflU'j:::f)fl'U'tIV'J~1l'JU1l1!9fl ~1t1fl1TlJ'i111ijfJ 'ill f)ff1 'U'J fffll'U!ff11ill ffillOl9fl~ i 'Yltl 1'U Ol'j ~~11l 
~ ~ 

" ~fJll~'l:J~U1l1!9flun:::ul~1l~ 'Yll'J f)~1J~~t1 'l~ffrl'J~fJ'Jff~~tj'U (cDN A library) 'ill f)~V1l~'l:J~ U1l1 !9fl 

I/] iI 0 d I/] iI.d ~ "0 I '" "I" iI iI G 

~~ffl! 'j'iJ Un::: ~~ll Ol'j f'ff)lllV 'Jfl u 'j::: f)fJ 'U 'tI fJ 'J'Wll~!'UV'J 191 'U~1m'Ylfl 'Ufl Expressed Sequence Tags 

Analysis 'W'U11iJOl'j Uff~'JVVf)'tIfl'Jtj'U~!~tI1~v'Jn'U m:::'U1'UOl'j haematostasis !1l'U ~1'U1'U1J1f) l'U~ll~ 

~'Ji111~'U i'n'Umlll!iI'U~'l:J'tIV'J~U1l1!9fl~iJ rlnl~t1191 'j 'J~ fJ'j:::'U'U!ftfJ~'tIfJ'Jm~v~\1f)n~ 1U 'j ~'U fflfiqJ~ 
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"I 

'YflJ fltl phospholipase A2 (PLA2), factor X activating enzyme (RVV-X), factor V activating enzyme 

(RVV-V), serine ~-fibrinogenase, short disintcgrin UCl~ hJ'J~'W~'W"l ~fl'l1ClltJ'lfl1~ 

Factor X activating enzyme (R VV -X) !1I'W "hh~'W'\J'W 1~ l'11tY (92 kDa) ~iJ'I1ClltJ lm'lJ'W iJm{ 

'lJtlleJ!~'j~ 13% 'lh~fltl'lJ~1tJ heavy chain (57 kDa) UCl~ light chain (19.4 UCl~ 16.4 kDa) ~~~~n'W~1tJ 

~'W1i~ disulfide iJ N-linked oligosaccharides 6 ~lumj~ l~tJ~tl~'lJ'W heavy chain 4 ~l!b'\1'W~ 'lJ'W heavy 

chain 'lh~fltl'lJ~1tJ metaJloprotcase domain ~~iJ conserved HExxH !1I'W active site, disintegrin domain 

UCl~ cysteine-rich region l~tJ metalloprotease domain ~tl catalytic domain ~li'l'Wfl1'jm~~'W Factor 

, .c:1 i.I,c:g QI & ~ CJI QI QI QI 

X bY1'W light chain 'lJfl11'lJflClltJflCl~fl'lJ C-type (Ca2+-dependent) lectins CJ1~tl1~!fltJ1'IJtl~fl'lJfl1'j'il'lJfl'lJ 

Factor X RVV-X bYl'lJl'j()m~~'WflWyh~l'W'lJtl~ blood coagulation factor X l~tJfl1'j~~~~'W1i~ Arg­

Ile ~~lumj~ 194 !lIwwl,r blood coagulation cascade l'11~1'U!!Cl~!fi~fl1'ju~~~1'IJtl~!~tl~ 

(Disseminated intravascular coagulation, DIe) 1'W'lJru:t!~tJ1n'Wfl1'j~ blood coagulation factor X Qflli' 

1t1ri1'U'lJlfl!lIww1,rtil tl~'IJ tl~ ~\1 fln~hibYl'lJl'j m!~~~1 tM~ l'lJtI fl91 UCl~iJfl11'lJ!~tI~~tl fl1'j!fi~ 
" dQ.l I QI jJ '1 CJlCJI 

bleeding 'Wtlfl'illfl'WtJ~'W'lJ11 RVV-X tJ~bYl'lJl'j()m~~'W factor IX UCl~ protein C t~~1tJ 

Factor V activator (RVV-V) !1I'W~fllt1'j~'U~'W'lJl'W.yhJ~U'lJ1!CJ11~~l'11~1'Wfl1'lJ~n'lJ RVV-X 

'I " d QI ~ 1 .d rJJ .J 0 'QI 

t'Wfl1'jm~~'Wfl1m'IJ~~1'IJtl~!Cltl~ t~tJ'Vl RVV-V m~~'Wfl1'j'Vll~l'W'lJtl~ Factor V CJ1~'il~'Vl1~1'W'J1'lJfl'lJ. . 0 

'I ~ 'I ~ "" "I Val '~iJ d .,.. d .,.. 'I
Factor X t'Wfl1'jm:t~'W t'l1!fl~ fibrin clot t~ 'il~'W'lJ11~ 1tJ'Vl\1fl~U'lJ1!G)flfl~'il~'lJ'j:t~'lJ'lJtl~ Factor V t'W 

, 11, 

!~tl~~lflr,htlfl~!i'W!~tl1n'lJ Factor X ri~~w1,r!~tl~U~~~1tJlfl ~~t4'U RVV-V ~~!lJ'W lt1'j~'UYifflfiqJ 
, " 

~tlfl1'J!fi~'WtJl~bY.fll'W'lJtl~~iJ1tJYi () fl~U'lJ1!G)fln~ RVV-V () fl ~~ tl~l'U mi'lJ serine proteinase iJl1l'l1t4fl 
CIJ 'U 'lI ClJ co q 

'l I· ~ .. ...J n I ~. 44 88 182 
t'lJ!ClQCl 29 kDa 

n 

lJ'j:tfltl'lJ~1tJ 236 ammo aCId, catalytIc trIad G)f~lJ'j:tfltl'lJ~1tJ HIS , Asp UCl:t Ser , 

.J ~ . ~ 'l 
6% carbohydrate nCl~ 12 cysteins G)f~'il~bY'jl~ 6 disulfide bonds fl1'jm:t~'W Factor V t~tJ RVV-V 

U~fl~l~'illflflnm:t~'W l~tJ thrombin ~m:t~'U l~Vfl1'j~~ Factor V 3 ~humj~l'W'lJru:t~ RVV-V ~~ 

!~tJ~ 2 ~l!mhi~u~l,r active factor V ~l'11~1'Wl~!'yhn'W 'W'lJr,h RVV-V ()flV'lJ6~fl1'i'Vh~1'Wl~1~tJ
'" 

diisopropylfluorophosphate (DFP) 

Serine ~-fibrinogenase (SBF) ltl'W enzyme arginine esterhydrolase '1!'I1,,'I'I,1'1 ~'1~lL'vn~ 

~'eJ ~-fibrinogen chain 1"(J hydrolyzes"ester lHl~ amides '\Jtl..:J arginine 1'W ~-fibrinogen chain 'til 

1,r1:'HmJ'I'I~il'1i" ~-fibrinogen chain ~'1i1.hiJfn'W~~iJiJ haemostasis II"~ thrombosis l{j'eJ'I~lf1llJ'WiI~~fl 
'I'I,1'1~ih 1,r!~'eJ" i~Il~'1'1i1 lI'1li~'ViiJ caseinolytic activity '\J'eJ'I!'eJ'Wi9flJ ~lf)f)l:i~mJl Vipera lebetina 

fibrinogenase (VIF) 'ViiJ'"hiJ cleavage site 1'Wfm cleave fibrinogen ~'1lmllf) plasmin 1l,,~iJ'ItYllJl:i\1 

inhibited platelet aggregation 1'W human rich plasma ~~f)m~~'W1"(J ADP ml~ collagen !Hl~iJ'I 
'ViiJ1lii fibrinogenolytic effect 1'W'I'I'J'VI""'eJ'Itif)~1fl 1"U'ViiJ1liJ phenylmethanesulphonyl fluoride 

(PMSF) u,,~ diisopropylfluorophosphate (DFP) IlJ'U inhibitor '1lt) enzyme 

Disintegrin !1I'W peptide 'IJ'Wl~!~fl~'W'lJl~'W.yhJ~~11t1 ~mlJ'W cysteine-rich peptide active 

site 'lJtl~ disintegrin t1'j~fltl'lJ~1tJ amino acid 3 m.1JtJ 1~tJ~'W'lJri1'W'lJlfl~tl Arg-Gly-Asp (RGD) 
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~'l~ "'''' ~d 'l~"" "'~ • 
sequence "lf~ ~"lf ~'Wfll'j~'lJfl'IJ target integrin 'IJ'W platelet "lf~lHm mlfl~fll'jt'J'lJt'J~fll'j!fll::;fl'lll'tJf)~ 

I "I d.c:i ~ QI .Q .d.d ~I .J.c:t 0d 

platelet f)t'Jl~ ~'jfl~ lJ~~'IJ'WllflWVl'IJ disintegrin 'I1mt'J"lf'U~'Vl'jJ active site !lJ'W non-RGD C)f~'jJfll'j'Vllnw 
, ,~ ", t" 
Yimnflmnm!\91fl~l~n'Whj t'WYiillfi'~~~f)ti'W disintegrin Yi1'l'IJt'l1'ljil'h rJerdostatin homolog 

(Daboistatin short disintegrin) 

.at .c:t Iddt ~ d 0 "I<JI 
fll'j lflrl'Wt'J'W Uri::; express t'J'Wmm'W !'V'lf)IT'jl~ recombinant proteins 'Vll;1'llll'Hl'Vll~l'W ~~ 

" 
mijf)'W native protein ffllll'joih1'tJt~ 'Wffmllflrl1flfll'j !n~'V'lt'Jl~Mn1'l'l1"'~\l fl~Ull'H"lfln~ 'jl11l1~iJ~ 

vhlH'iHf)fllfffffl1n protein-structure function relationship !'!$'W fll'jVll mutagenesis 'I1~f)fll'j'l11 

functional domain 'tJf)~ enzyme !t1'W~'W l'W'tJUJ::;!~t'Jdn'W fll'j ut'Jfll 'tJ'j ~'W~l~"l ~rilflty1'WVhl~ 1~t'J 

!'Vlflt1fl'Vll~;d !fllh1'W !t1'W~ fl'Vll~'I1.cr~ ~1 iUt'Jfl hh ~'UVhl ~ ~ rilflOW f) fl1Jlfffl1nl fi'!'!$'W n'W 1~t'J1'W 

" . " v 

" 
~l'Wl ~t'Jillfi'lj fll'j ffmm-lrl'tJf)~ 1'tJ'j~'W R VV-X Yiut'Jflffn~ ~ lflYlEl~U'jJd!"lfl~ f)fll'Hn~1'It'Jl~ffm1'l11~ t 'W 

'" 
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CV _I 	 do 	 1~Q1J1::;ft-3fl 

.,j ~ ".1 '" 1 "" "I .J ~ .1 '1" ... • ~ 1L. 	 !'VHll'ln'lnV'lfluj!: fHl1J'UV-:J'V'l'1l~U'lJ1!ctf1 U!"l5-:Jft n ctf-:JI'UUu j!: ~tI'lfU vtIl-:J'lJln~vmj !'U1 ~ 

. . " 
nft lnmj !n~Yi'I:J uft!:lhliJrimjfnmViliiJj!:ff'Vl~mViVi~~u

<u 

o 
" 	" . 

mjffn'I:J11ufif-:Ju'il::Yhmj'Vl~ffV1Jmjl11'llU 'UV,:j 1iJj~uVi'W1J1UW'I:J,:j!!'lJ1!ctf1 leiU RVV-X,
<u 

PLA2, RVV-V, ~-fibrinogenase !!ft:: rJerdostatin homolog (Daboistatin short disintegrin) If1t11-n 

a. .Q Q.d <r.c:t ,111] g,J iI <j Q,I 	 ~ II 	 .c;1 

!'VlflUfI'Vl1,:j'lf1!fI'lJ ctf,:j ~iJj~U!,\Hnu bfl1'llnmjffj1,:j b~tlVlf'l'tI recombinant technology 'VlfllWll'il!:'lJ 

fl11'lJff1'lJlj (l 1 U mjl11,:j1U 1~!'\1iJ flU native proteins !~ellJ 1 1 iJ ffmll'l1l1iJj~UW'I:J~~ff1'lJ1j mJ 1'lJ1 

tI cI 'JJ d.:1 • a..d g,J lI]& Q 	 d gJ.::1 tq I0 	 0 

iJj:: It1'1fU'Vll-:J mmVi'Vltl jl'lJ (l,:j mj ffj 1,:j !mU ~1J fl fI 'Vl 'il1!Vi 1:: ~vi iJ j ~UVi 'l:I~ctf,:j fll1'lJ t'Vl b fI Vl 'ilU1 b iJ ~ 
III 	 Q qd.d d.c:tJ' 

mjj n'I:J1'Vl'lJiJj::ff'VlllmVi'Vl~'UU 

- 1 	 1 d~ , III i/cvo 	 1J1::; tI'ti'UYlfll~11'il::; !~11J 


~ 1 ".1 .. ,J "" '1 "" "" '" 
1. 	 !'U1 'ilfl,:jfluj:: nV1J'U fl,:jVi'I:J~!!'lJ1!ctf1'lJln'Uu !!Cl!: ff1'lJlj (lVll1J1tlnCl I nm j !n~Vi'l:l '!1 Cl-:J Qn~ 

nfll~ 

2. 	 ff1'lJljmJ1liJj~uw'l:I~1iJl~lh:: It1'1ftJ'Vll,:jmj !!Vi'Vl61~ !9iu mjl-nlU,:j 1U diagnosis, mj 

li'liJj~uYi'I:J~fn'l:ll hflLQVi1!:'Vll,:j1J1,:j"l5iJ fI '!11fl mj Hi'i~!ctfi'lJ!!nYi'I:J ~~li iJj::ff'Vl~mVi 
CI " 

~,:j'UU 

3. 	 ff1'lJ1j(lHi'i~ liJj~u~lifll1'lJff1'lJlj(llumj Hi'i~'U1tlUCl!: ~f1ff'Vl~,j~j !!~,:j~ulu~m~1~ 

4. 	 1~f1Jmj~Yi'lJ'wlUl1jff1jmU1'lf1~ 
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o 	 ltlH'lJ'Uf)l'Jl~£J (Research design) 


t'tJU'1J'Uf)l'j~f)fjlttl'\..Ht'U'U Descriptive Research 


<II 
Va"'"o 	 '\J l,!V) ell,! f)l 'J~ 1~l-n..A.:J ll,! 

~..::::I 0 ~ QQ.I 

1 Ii fl11Vlll'W'Wfl111 ~[1 

1. fll1'Y1Vl ~H) tlfJ tlHTlJ,r~ vh -1 9 'II tl.:j hh ~ 'W lih:l J'tfllVl RVV-X 11[1 fl tl1 '1'Y1 ivl1 £Jlll'YIl-1 ;11tl ij, 

recombinant RVV-XH 'Yi~tl RVV-XL ''W'Yi~tli>l'YIVl~tl-1 

'YIVlj;ytltlfl11fl1~~'W'V-I~1'j;ylJl'tfllVl~1-19lHII,j-1~1vl1[111l APTT 

.:::::. r .c:1 0 ..:tt. 
'V-Hnb'l'lJ19l''WfI~l'1'l 'Vl'WllJ1'Vlflb'l'tl'U rW Nonnal plasma, Cryoprecipitate plasma, Cryo­

" 
removed plasma, FVIII deficiency plasma U~::: FX deficiency plasma 'Ii'W~tl'Wfll'ji~t1 'Vlflb'l'tl'U 1f1t1fll'j 

lhvHnb'l'lJ19l'UfI~l~'l 'tJ1lJ1U! 100 f.ll ~b'I'lJn'U 1'tJ'j~'W~1J~ RVV-X tl1"l'YIi~utlf)~1t1i1i'Vl1.:j;r.Htllj, 

recombinant RVV-XH 111fl RVV-XL ~tl11lJl'Ii'mj''W~1'1'l 'tJ1lJ1W 100 f.ll t'Wm'lflfl'Vlfl~fl~ tilJ~ 

~Wl1.fJiJ 3lc n~l 3 'W1Vi ~fl(i)1mf'Wl~lJ 25mM CaCI2 'tJ1lJlW 100 f.ll u~:::~'Unm'fl'Wfhrlmy.:jIf)~t,1'W 
ti'fl'W~mb'l'lJ1~U~.:j~1 11~flfltl1'UfJtlll1iJfl'W n'Ul1~flfl'Vlfl ~fl.:jVJ f)'tJ'j::: fll'j U~U'Vl'W~ 1'tJ'j~'W~fj~ RVV -X 

. 	 " .. 
~1t1ffl'j~::: mtiVit~ffll1~'UI~fl 'ill'11 'tJ'j ~'W~fj~ R VV-x U~::: Vhfll'j'Vlfl~ fl.:jctll 3 tl ~'1 t 'WU~~::: f)l'j'Vlfl~fl'l 

!II "'I 	 c:I Q.I ~ ~.:::I1" 
'YIVlj;ytltlfl1'jfl'j~~'WI~tlVl (Whole blood) 'Yi1l'll-1V11Vl1U11i VeT 

l'ill:::lftflfl'1Jfl'ltl'W'tJf)~111fl'\Jfl.:jtl'W l'1i'htl hemophilia 'lfUfI A ~ij FVIII inhibitor 

'tJ1lJ1W I ml trit'W11~flfl'Vlfl~fl.:j~lliij111flij1'tJ'j~'W~fj~ RVV-X tl11lJl'li'lJ'Ii''W 2 f.lglml fl~ml1 
11 JI 	 JI , I 

'tJ11J1W 100 f.ll 'illf),:r'W~'1Yi'lHVi~Wl1.fJiJ'I1'fl'1 u~1~'Unm'l'i'WViVilftflflU~.:j~1 

2. fl11'Y1Vlj;ytltl.fll1~ fl11tf)Vl~lJ l~tlVl''W'Yi~ tlVlI~ tlVl 11~~'Wmnj;y.fll~ 'IItl-1~'WI-dtl IritlUVlhh9i'W~lJ~ 
'tfllVl RVV -X lI[1fltl1'1'Y1ivl1[111lm-1;1Itlm'UtTVl1'Y1Vl~tl-1 

tlw:::~i~t1t~ 11~ rat t'Wfll'j'Vlfl~fl.:j U~~:::f)~lJ'Vlfl~fl'lt~l1~f)~lJ~::: 6 ~11f1t1ljf)~lJ 
,11 	 ., 

~ 	 I d.od. 91 o..tt.. ~ '..::::1.od 91 q d. 

Negative control tlflf)'llJ'VlQfll1~fl1t1'Wltf)~fl, f)'llJ Positive control tlVf)'llJ'VlQfll1~fl1tJ'Vifj~'j1lJ'Vl 

tl11lJt'li'lJ'Ii''W 7 f.lglkg U~:::l1~fl~lJ'Vlfl~fl.:j $iflf)~lJ~Qfll1~~1tJ 1'tJ'j~'W~fj~'lfUfI RVV-X ~11tJf)'U1"l'Vli 
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t ~~ .d j1CjJ td-Q
'YI~'Hl.:J ~~HJfll'J'Qfl 'Ynj~'JT1J'YIfl11'1H'UlJ'U'U 7 J...lglkg (Positive control), ~'l.h~'UYI't:J~ 

Q .c:I.Q.'"Q ".Q.d. .c::t d d . CjJ CjJ 

'If'Ufl RVV-X 'YIUtlfllJ 'Hr'YIti~1t11ti'YI1.:J'lf11fllJ'YIfl11lJ1'UlJ'U'U 1.75 J...lglkg (equipotent sublethal dose) 
" . ..t!!I. 0 .t!!I. CjJ ,,~o dod ~ 9 c:l 

'I1'Jel'Ullmn) (Negative control) l'Ul'Yll.:J1ff'Ul'Hl~~l'YI'Ul (femoral vein) U":::'YIlfll'HfllJ1CHlfl ~'U'I1"elfl'YI 

~f~lJffl'J"n'Ul~elflu~.:j 3.8% sodium citrate ~nm 5, 10, 15,20,30,45,60, 120 U"::: 180 'U1Yi'l1".:J'~~lJ 
r r jJ " 

111'J" ~'U ~fj~'lfiJ fl RVV-X '11".:JlnlJl~elflYi'U lYiYi 180 ti lfll'J" lfllJ9f'Ul.wmll fl ,~ , ~ ellJ'I1lJ1fll~,111'1 '0 , 

nl Q.I 9.1 cv.c:t9 CjJ Q. ~ 9J " " 
uelfl, ~lJ, lJllJ 'YI'U'YI ~'U 10% formalin u,,:::tlellJ'lf'U1'Utl~1t1 Hematoxylin and eosin (H&E), Periodic 

acid Schiff (PAS) u,,::: Masson's trichrome ffl'l1~lJfll'J"'YIflffellJ.f)ld:::fll'Hnfl~lJl~tlfl'1'U'I1"elfll~elfl 

'YIflfftllJ lfltlfll'jl~ 111lJlru D-dimer '1'UYlmfflJll~tI'1~ commercial D-Dimer test kit (NycoCard) fl~lJ 

. 
.c::t Q Q.I " 3. fll'jYlVl,n:)1.Jffiln~YI!'Yil.l1~fflHn'Yi'j1Jfll 'HT'n.'l recombinant Jerdostatin homolouge 

.., .d'l 'J} 'J} 

'I1M'illfl'YI ~fl"'U lerdostatin homolog cDNA l'Ul pET 32a plasmid u,,::: transform l'Ul 

'J} II) 'J} 0 .., '" ~ 0 'J} 'J}

E.coli BL21 U"1 ~fl'Yllfll'J"flfllm)fl single colony lJl 4 clone lY1el'Yll cell culture u"1m:::9iJ'U express 

proteins ~1t1 IPTG I mM U":::tilfll'jfl'j:::~'Ufll'J"ff~l.:j recombinant lerdostatin homolog protein 'l'U 

ff.f111::: ~ 1.:j"11~ tl'l1lff.f111::: ~l'11lJl::: fflJff1'l1~lJ fll'J"ff~l.:j recombinant ~.:J mil1 lfltl~'J"1 'ilffellJ 'illflfll'j til 

SDS-PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) u,,::: Western blotting 

4. fll'jU£JO11.h9hA'rhl~'lfilVi recombinant Jerdostatin homolog protein 'l11J~hlnivh£Ji1i Affinity 

chromatography 

'illflfll'J"~flfjlJ:.l"fll'jfll'jfl'j~~'U express recombinant lerdostatin homolog protein 1~ff.f111:::~ 

1'YilJl~fflJ~cr~fitl 0.7 rnM IPTG ~flrul1lJii 30°C i'Unm 5 ~1 llJ.:j uft1~nh rlerdostatin homolog 
• jJ ~ • 

protein Yil~l!'UlJlUtlfli~lJ1cr'YI~1~ltI'l~11i Afflnity chromatography 'U'C).:j TALON
R 

Metal Afflnity 

Resin l~tI rlerdostatin homolog protein ~.:JlJ'J"'J"~ anti-Histidine tag 'il:::Qfl~lJnlJ Co 2+ ~lJ'J"'j~tlQ 
R " 

.f11t1i'U T ALON Metal Affmity Resin 'Utl.:J colunrn U,,::: pooled fraction ~.:jl1lJ~'Uel.:J rlerdostatin 

~ 0 '1 i 'JJc>od ,J ~I 0 " 'J}'l ~ 1 od '" "" '1 "" homolog protein lY1tl'YIl refold ~~tI 'lf1Ti Dialysis C1mu'Ufll'j'YIl tl1 ~u'J"~'Ufl'Uff.f11Y11fllJ 'UTi'J"'J"lJ'lflfl 

'J} ~ .d 'J} 'J} '1~ 1 od '1 'I 'J} R '1 ..," I"" 
mn'il.:jlY1lJfl1llJl'UlJ'U'U'Utl.:J ~u'jfl'U ~~fH'lf Amicon Ultra-IS centrifugal Filter Devices ~~tl1~u'J"lJlru 

. " 
l11'j~'UYii~'U~fl~'Uflel'U 
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5. m';j'YI~(;n)'I.Jf}W"'~n'm'\le>,Jhh~hrrhl~'l.i1"l'YIi1f.w~ recombinant Jerdostatin homolog protein 
.. 

Q.I <v 	 f ,,~tJ.Q.~ , 

'Wm';jU'I.JU,Jm';j';j1'JJf)~'JJ'\Ie>,JHH1~!t1e>~~1t11li platelet aggregation assay 

f11'J'Yl~HH)'lJ specific activity 'tIfl'l rlerdostatin homolog protein l~l£Jli specific Platelet 

aggregation inhibition test lfltJU1 whole blood 'tIfl'lfl1-.rUfl~~TU1'U 3 f1'U tril'U!t~-n::;tHWfl~ij 3.2% 
I 	 jJ, , 

sodium citrate l'Uf)~'J1ril'U 9:1 !.wf)ilfl'ln'U!~Dfllt~'l~l 'I1~'l'il1fl,:r'UlhlJl1J'U 1,000xg 10 'U1Vi !.wDt-H' 

lJj!ll • oJ o 1 !II'" !II 	 ~ ~ 0

!~ PRP (platelet-nch plasma) 9f'l'il::;~flm m'ilU'il1'l~ltJ PPP (platelet-poor plasma) 9f'l!1J'Uf11'J'U1 PRP 

i1 a .,; '1 !IIlJj !II 9 	 !II
lJllJ'U 3,500xg 15 'U1'Yl !'YHl t'l1 !~ 250 xlO specific Platelet aggregation inhibition test IL !Wl 

incubate 37°C 10 'U1Vi U1 rlerdostatin homolog protein r.tbYlJn'lJ platelet ~1'fi lfltJli'l'l.J'J~'Ul'U 
~ I"" 	 0 .., i 1!II?t !II cS 0 !II .,;
lJJlJlUJ 1,5, 10,20,40 !!-n::; 50 ~glml ~llJ-n1~'lJ t~W 'If BSA !1J'U negative control mn'il'l'U1!'tI1!fIJU'l 

i !II !II 	 .,; , ,
Helenna Aggregometer t~tJm:::~'UflltJ collagen 2 Ilglml !f1'JD'l Aggregometer'il:::UTWfl1f11'J 

• d a 	 1 0 0 d ~ gJ

'JllJfl'llJ'tIfl'l !fl-nflWfl~ t~tJmf11'J'Ylfl bYU'lJ f11 'J 'Yl1'l1'U 'tI f) 'l rl erdostatin homolog protein 'Ylfll1lJ!'tIlJ 'tI'U 

6. 	 m';j'YI~"'e>'I.Jm';jYi1,J1'W'\le>'l recombinant RVV-V Ht1~ recombinant Serine (3-fibrinogenase 

Y11f11'Jr.t~~ recombinant RVV-V It-n::: recombinant Serine ~-fibrinogenase l'U E. 
" 	 ,!II !II !II 1 '" i~ I a all) !II 0 OJ !II 	 0Q

coli flltJfl1'Jm:::~'U~ltJ IPTG 'Ul'lffl 1 MI'J tlJ'Jfl'U'Yl !~~fl'UllJlbYflflWW metal affinity resin 1t-n:::'Yll 

f11'J refold 1'l.J'J~'U'il1fl inclusion body ~'Wf11'JY11 dialysis l'U buffer 1'l.J'J~'U~1'fiu1lJl'YlflbYD'lJf11'J 

Y11'l1'U~1tJ synthetic substrate ~U BAEE (N-benzoyl-L-arginine ethyl ester) 
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, 
I. f) l'H'1~H;ltllJt'lru (;lmJ~~1,j1 '1H),j hh~h.fVi14 ~ 'ti-nVi RVV-X UfJ f)lJ~q'VlJj~'Jf/11i'Vll,j ~1 It''liJ, 

recombinant RVV-XH 'H1tl RVV-XL hm(lelVl'VlVl~tl,j 

1.1 'VlVl(;ltllJfll'Jf)'J~~~'W(ll(;llJl'ti-nVl~1,j11M!!;j,jcl1'Utl,jhh~~ff14~'ti-nVi RVV-X ~UfJf)1J~q'Vli 
V'~.ct .ct .ct V Ad 

Vl1£J11)'VlN'ti11t"llJ, recombinant RVV-XH !!~~ RVV-XL Vl1fJ11) APTT 

& A if Q.lQ 1 d ~ A d A i ~ 
'ill fl f)l1 fl'flfJ1f-Hl f)111Ifl1l~'l1 fJ ru ff'lJ'lHl 'U tl 'I L'th lIl.J'Yfll ~'U1 "l'Vl1i 'til.J~ RVV -X l.J f)l1 m ~ ~l.J 

'YHnff'lJl'tiiJ~~l'l"l i,rH~'l~1~1tJ11j APTT 'V'I'U1l hh~l.JYhJ~'U~"l'Vlt'tiiJ~ RVV-X ffl'lJl1tlm~~l.Ji,r 
'VHllff'lJl'tiiJ~'Vlfl'tiiJ~ U~'l~11~B~1'l11~ I~1 IrlVt"l11W,jmil.J'UB'l hh~l.J~'tl'l!~'lJ~l.J !i1tJ'Un'U'l1(lB~. ~ 

fl1'UfJ'lJ 1~mQ'V'I1~B~1'l~'lffl'lJl1tlm~~l.Ji,r'V'lmff'lJ1'UB'l~ihtJ l1fl hemophilia 'tiiJ~ A ('Ul~ factor 

VIII) U~'l~11~l.Jnm~im~'t~tJ'ln'U'V'I(llff'lJ1'Utl'lfll.JiJfl~ B~l'll 'j nlll'lJ 1iJ'j~l.J~'tl~'U~rr'Vlt'tiiJ~ Rvv­

X ii'nml.Jll.Jil.Jf)1'jm~~l.Ji,r~.. mff'lJl~'Ul~ factor X H~'l~1'~ Irlmi1tJ'Unm.. mff'lJl'Utl'lfll.JiJfl~ ~'l 

Hff~'lil.JtiJ~ 1 il.J'Uru~~ recombinant RVV-XH U(l~ RVV-XL m~~l.J'V'Imff'lJliJfl~i,ru~'l~1Il1tJil.J 

nm 112, 107 ll.Jl-n lIl'lJ~l~'U ~'l'liU~fl~Nn'Ufl~'lJ negative control (lIl1l'l~ 1) Ilff~'l1l 
11)' ~i~ nl<>d""~<!/II)'II)~O

recombinant RVV-XH U(l~ RVV-XL l'lJffllJl'jtlm::;~l.J 'l1'V'1mff'lJllJflllU'U'l~1 ~ 'il'lI'lJ 1~'Vllfl1'j 
I jJ '" iI , 

'Vl~fftl'U ll.J'V'Imff'lJl"lfiJ~fll.J"l ~'lt1l.Jm'V'll~ 1 iJ'j ~ l.J~'tl~"If-W ~ RVV-X -nIWfl'U~rr'Vl1i'Vll'l;1 Iflii I'vht1l.J-n 

o iii. I ~ i ~ "" d ... ~ """ 
l.J1IlJ'Vl~ffB'Ufl11m~~l.J 'l1mB~ (Whole blood) U'U'l1l1mtJ11i VCT 

" 
1.2 YHlnl'J1!t"l'Jl~Mt"lru(;llJmi'IJf),j1'lh~~ff14,jlJ~(;ll1Jj'ti-nVi RVV-X 

q 'U q 

q QJ i1 Ad 

U'U,jVl1V11fJ11) VeT 

\Jlflf)1'j ffflfJ1fJru ff'lJU~'IJ B'l1 iJ 1~l.J~ 'tl~'U~"l'Vlt"lfiJ~ RVV-X il.J f)11m~ ~l.J i,r!~tJ~ U~'l~1 

~1tJ11j VCT 'V'I'U':h 1iJ1~l.J~'tl~'U~rr'Vlt"lf-w~ RVV-X ~ml'lJ!,j'lJ,jl.J 0.2 ~glm1 ffl'lJl1tlm~~l.Ji,rI~B~ 

'UfJ'l~i11tJ l1fl hemophilia 'tiiJ~ A ~ii FVIII inhjbitor U(l::;I~V~'Utl'lfll.JiJfl~!!~'l~1'~Il1tJil.Jnm 2 

l.J1Yi il.J'UW::;~iJfl~U~1!~fJ~'Utl'l~i11V l1fl hemophilia "If-W~ AH(l~I~B~'UB'lfll.JiJfl~ ii'nmil.JflU 

d QI & .d. d 0 QI QJ .d. 

U'U'l1l1l.Jll.Jtl'l 260 l.Jl'Vl !m~ 20 l.Jl'Vllll'lJm~'U Uff~'l~'l~11l'l'Vl 2 
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• • 

, " 
at1Yi 1 ULY~ 'H-mtl1'jl!ml~'I1fJruLY'lJU~'Ufl~ hh~tJ~~~u~'f[Yl~'1H1~ RVV-X hHll'jm~~tJ'VHnLY'lJl 

~t1~~1~~ lHU~~~d~d£J11l APTT 


10000 

1000-u 
Q) 
U)-Q) 100 
E-

10 

1 

o 

. 
d 

~l'JHYI 1 

Control 

III del 315 s 
del: 240 s 
P 203s 
rrral plasrra: 115.3 s 

Cry 0: 60 S i t 
CRP+Cryo: 60 s • 

• .. ..t 

1 10 100 

RW-X concentration (ng/300f.11) 

oCt, d' Q./..e::­

HLY~~ rHltl1'jd!ml~l1fJru LYlJU~'Ufl~ recombinant RVV-XH, RVV -HL ~tJ tl1'jf)'j~\OltJ 

• norrral plasrra 

• Cryo-rerrove plasrra 

Cryopricipttate plasrra 

x CRPtCryo 

X Factor VIII deficiency plasrra 

• Factor X deficiency plasrra 

1000 

~ iI 

'VHnLYmtJfl~H{l~'VHnLYm~'Ul~ coagulation factor X 1r1U~~~df1'd£Jl~ APTT 

Clottins time (sec) 
Crude Russell's Positive Negative 

Plasma aVIper venom rRVV-XHb rRVV-XLc controld controle 

Normal plasma 35 112 107 37 117 

Factor X-
deficient plasma 300 119 

"W1l~1!)J11'lfl':i1lJ~fr.nlJl'lilJ'litl 20 Ilg/ml 

bRecombinant RW-XH ~fl11lJl'I1lJ'Ii'\.l 2.05 mg/rol 

cRecombinant RW-XL ~f111lJl'l1lJ'Ii'\.l 0.91 mg/rol 

'l>ositive control t1eJi1l~H~~~"J'1JeJ~'YHn"'lJl\lflm:::~tl~1V Cephalin I!~::: 25rnM CaCI] 

'Negative control 11I11eJtl t1UI1~eJf1l1f1~eJ~'tlfllh:::f1l':i 1I~lIl1tl~hh91'\.1iill~ RVV-X ~"JV"'l'l~ :::~l~Hrlllli'ul~~Hm11h~'\.I 

~1l~ RW-X 
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~ RW-X (1.75 ug/kg) 

NSS 

cut-off le\€l: 0.3 mg/L 

Clotting time (min+SD) 

Blood without RVV-X with RVV-X P Value 
Hemophilia whole blood (n=l) 274 2.3 

Normal whole blood (n=5) 20.46+3.98 2.35+0 .32 1.65E-05 

, 
~ Q" ,c:u:::t ..c::.t ~ Q.) , 

RVV-X uumJ 'Hrt11i~1m1i'VIH'lf1IfUJ !"''''''f11'V1~[1£1-:j 

l1~':)'illfl~~ l1J'j~t.!~'hl~9fU~ RVV-X ~~WfliJ~f!'Vlf~':wl~'Vn:j;':Hflii't.!l1~ rat ~iJ':h'j~~iJ 
~, d ~ J d.ctd d ~.d dd d 

Plasma D-dimer ~':)'tIW)l'Jl.:)'j1~~'j1 H(l~~~lJ'tIt.!~.:)"l~'Vlt.!l'Vl'Vl 15 H(l~~.:)f!~£Iflm':)'Vlt.!l'Vl'Vl 30 lJ 

1J~lJltlH'VhtiiJ 5.17 mgIL H(l~ 5.05 mglL 9l1lJih~iJ 'tIru~~'j~~iJ Plasma D-dimer 'tI£I':)11~~~~~1l'J~'hl 

~HlJ1~O}fl~~lJ~t.!~.:)f!~~t.!1<Vi~ 45 ii1J~lJlru~'VhtiiJ 8.63 mgIL Uff~.:)~.:)t1J~ 2 

Time (min) 

" " ~hl1'riJ f)1'j'Vl ~ff£liJ~l'Jliiffm~;t.!~{j£l 'illfl£lll'J1~ ~1':)'l 'tI£I':)l1~l1~':) '~-riJ~'hl~UlJ1 ~O}fl l1~fl 

l1J'j~t.!~'hl~9fU~ RVV-X ~Ul'JfliJ~"l'Vli~1l'Jl~'Vll':);1~flii Hff~':)~l'Jliiffm~fI~ll'J'l tit.! ~fl~iJ~lJ~i'ifl~ 

(fibrin thrombi) f1'j~'illl'J~1'1J't.!l1(l£l~~i'i£lf1' U(l~ glomerulus 'tI£I':)'~ U(l~~iJfl1'j~1J~l'JW~1J(l':)iJ~nru 

10 

9 

8 

7-...J-C') 6 

-E 
l- SQ,) 

.5 
'tjJ 4 
0 

3 

2 

1 

0 

0 


--.- cRW (7 ug/kg) 

20 40 60 80 100 120 140 160 180 200 
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'Vi"fl~Lftfl~~hHftm!mJ (tl1~ 3) lUl1fl~'Y'lU minimal intrapulmonary haemorrhage iifl1'j'j'JlJf1~lJ'tIfl.:J 
." ~ "f d~ I 	 d 'I'" ~ 

inflammatory cell Hm~'Y'lUfl1'jflf1ltYU'tIfl.:JLtY'Umfl~'VllJfl~ (vasculitis) 'Y'lULG)f""'tI'Ul~ ~mll !'UlJ1lJ 
v 	 v d 

flVl.:J hf)~l:Uhi'Y'lU'Y'lfJllltYfll'Vl'tlfl.:j;'ULUfl'l1'J111 ~fl:U'Vi:U'Jf11~ Lm~ ~U (tl1'Vl 4-6 ~l:Ur;11~U) 

, 	 iI iI r 

atJfi 3 HtY~.:J'Y'lfJllltYfll'Y'l;'ULUfl1~Yi~fl:U~'JfJr1 H&E (iilft.:J'tIfJlfJ 20 L'vil) 

A)cRW B)pRW-X C)NSS 

i.I 	 ,iI " 

~ f1ft''j ;HtY~.:J'Vl fJl 1l tY.f1 l'VlYi'Y'lU 1'W ;'U1Ufl 
v 	 v • 

A) 	 ;'U1Ufl1~'tIfl.:J'Vi'U'Vift.:J 1~~U~rNH1J'JLG)fl (cRVV) 3 i'J1m ... '" 
v 	 v ~ 

B) 	 ;'WLUfl1~'tIfl.:J'Vi~'Vift.:J 1~~u l11'j~'U~fj~U~~'Vli9fiJ~ RVV -X (purified RVV -X: pRVV -X) 3 

i'J11J.:J 
iI 	 iI iJ, 

C) 	 ;'ULUfl1~'tIfl.:J'Vi~'Vift.:J 1~~u1-'hLflftfl 3 4111m 

, "'j) I 

atJfi 4 HtY~.:J;'ULUfl'l1'J111Yi~fl1J~'JfJr1 H&E (fllft.:J'tIfJlfJ 20 Lfil) 

A)cRW B)pRW-X C) NSS 

v 	 " • 
A) 	 ;'WLum1'J11l'tlfl.:J'Vi~'Vift.:J 1~~U~fj~L!:U'JLG)fl (cR VV) 3 411 1m 

", if 	 a' t 

B) 	 ;'ULUm1'J11l'tlfl.:J'Vi~'Vift.:J1~1U l11'j~'W~fj~U~~'VlllGjfU~ RVV-X (pRVV-X) 3 91'J 11J.:J 
" 	 " iI I 

C) 	 ;'ULum1'J 11l'tlfl.:J'Vi~'Vift.:J 1~~1JlllLflftfl 3 i'J1m 
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, .~ ~ 

ltJfi 5 U1:'1'f1~91i-H.wV~VlJ'HlJ1fl1~~~VlJ~1tJfr H&E (fh~~'UmtJ 20 l'vi1) 

NeRVV B) pRVV-X C) NSS 

'j) 'j) • 

A) 91'W!.wV~VlJ'HlJ1fl1~'Uv~'Hi-J'H~~1~~1J'W'I:J~UlJ1!C)f1 (cRVV) 3 i11lJ~ 
'U 'U 

'j/ ~ d' I 

B) 91'W!.wV~VlJ'HlJ1fll~'Uv~'H'Ii'H~~1~~1J hh~hj'W'I:J~1J~~'Yln'lfWfI RVV-X (pRVV-X) 3 i11lJ~ 
£ ,1 • III OJ III 'j)", -: "I ~ '\" 

C) 9f'W!W)~VlJ'HlJ1fll~'UV~'H'Ii'Hr;'l~ IfI':i1J'Ul!flr;'lV 3 ''In IlJ~ 

, "",
'JtJfi 6 H1:'1'f1~91'W!.wV~1J~~VlJ~1tJfr H&E (fh~~'UlJltJ 20 !'yil)
QJ 

N cRVV B) pRVV-X C) NSS 

'j) 'j) • 

D) 91'U!.wV~1J'UV~'H'W'H~~1~~1J'W'I:J~UlJ1!O}fl (cRVV) 3 i11lJ~ 
.. 'U 

E) ;'W!tiV~1J'Um'H'Ii'H~~1~~1J hh~'W-W'I:J~1J~~'Ylf'11iJfI RVV-X (pRVV-X) 3 i11lJ~ 

" " ". 


F) 91'U!.wV~1J'UV~'H'W'H~~1~~1J'Ul!fltiV 3 i11lJ~ 
'U 

19 



· 
"" 1 '" 3. fll'n1vnn)'U'l1Ti;liln~'VIl'1ilJl~~nJ 'Wflllf-J~Wl recombinant Jerdostatin homolog protein 

'I1~-:J'illf)~hHrW recombinant lerdostatin homolog disintegrin cDNA l'1i'l pET 32a plasmid 

HL1~ transfonn !'1i'1 E. coli BL2l 'W'l.rh"'llJl'jflm ~ ~'Wf)1'H,,11-:J recombinant lerdostatin homolog 

disintegrin protein 'hi !!L1~'I1~Hlf)f)1'j\91'j1'ilft'fl'IJ~ ':ltJ SDS-PAGE (Sodium Dodecyl Sulphate 
" . 

Polyacrylamide Gel Electrophoresis) 'W'IJ':h1ihh~'W'tI'Wl~ 24 KDa ~-:Jl!'W!~fllHL~hh~'Wl'WiJ~lJltu 

lJlf) ~-:J~1!tl'W~fl-:Jfi'Wlnft'm1~~!lnJl~ft'lJ~"l'~ 1~tJf)1'jfi'W'I11 (Optimization) iJ~lJlUJ IPTG , nm!!L1~ 
<Qd ..A fJ/ CjJ CjJ 

~tu'l11JlJ 'VH'I1lJl~ft'lJ l'Wflm~~'Wf)1'j express rlerdostatin homolog proteins lW1~'j1'ilft'fl'IJ~1tJ SDS­

0.d "" iii 91 "I """"'" ... oJ 'IPAGE UL1~ rlerdostatin homolog proteins YlY-lMI !~ft'llJl'jflYllu~mtJ1f)'IJ anti-histidine tag G)1-:J'W'L1 b'W 

" pET 32a l~tJHft'~-:JY-IL1'illf11'jYh western blot ~-:J~fl liJil 
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'Yi'IJ ';hhH1'Hlj~bI'~l.;J rJerdostatin homolog disintegrin l~wllil~Qf1m~~'U~"w JPIG ~~1libl'l1Jl'Hl'yh 

'lJaml'Jln'IJ anti-Histidine tag 1~ ~.;Jt'IJ~ 7 

M 1 2 3 456 7 8A 

M 1 2 3 4 5 6 7 8 
B 

ltl~ 7 N~{)lnnl'Hl"J:::;~Ufll"Jff~l-J rJerdostatin homolog disintegrin Tfl£J'1l'~\lnn"J:::;~U~1£J IPTG . 
Yi!1~1~1.;J9 (A) UbI'fI.;JJ!-l{l SDS- PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel 

Electrophoresis) !!tl~(B) UbI'fI.;JJ!-l{l western blot 

'Yi'lJlm'Yi~ Lane M: low molecular weight standard marker, lane 1- 8: incubated 0- 6 hour and . 
d 

overnight (16-20 hour) cells lysate of recombinant Jerdostatin homolog 'VI 37°C 
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rJerdostatin homolog disintegrin ,~ 1~tJ'illflf)1jyh SDS- PAGE u,,~ western blot 'VflJ':hijltJj~t! 
J 0 ~4A • ~ 'iJ ~ d1'j/ "'"Q.I'llt!l~tJj~lJlru 24 kDa tJjlfl!l'llt!lJl!m~{1'TJJlj(l'V\1tJ!lmtJ1fl'lJ anti-HistIdine tag 1~ 'Vl\lt! ~!m)fl 

~ 1.1 d 1 'I ~ d ~ 'j/ '" df)1jm~~t! lJj~t! rJerdostatin homolog disintegrin ~tJ t'lf IPTG 'Vlfl11'JJ!'ll'lJ'llt! 0.7 ruM ~\lttJ'Vl 8 


M 1 2 3 4 5 6 7 

A 

r Jerdostatin homolog ..­
24kDa 

B M 1 2 3 4 5 6 7 


r Jerdostatin homolog 

24kDa 

lU~ 8 ~fi~Hl1m'jn'j~9j''j.,!m'H''~\~ rJerdostatin homolog disintegrin ~1[J IPTG fl11~!,y~,y'j.,!~h:j9 
(A) H{1'~\lI!·m SDS- PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) U"~(B) 

Uff~\I~m western blot 

't'imm't'i(;J Lane M: low molecular weight standard marker, lane 1: cells lysate of recombinant 


lerdostatin homolog without of IPTG !m~ lane 2- 7: cells lysate of recombinant lerdostatin 


homolog with IPTG 1t!tJ~lJlru 0.2, 0.5, 0.7, 1, 1.2 ~m~ 1.5 ruM ~l'lJftl~~J 1~tJ1-M''Qrul'LQiJ~ 37 
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'WUili'Hr~'Olf1~fl'.i~~ufi" ;HJ 0.5 mM IPTG ~f)111H'ii'1J'ii'U~1~"llu E.coli Bl21 ffl1J1':if.lff~l~ 
rJerdostatin homolog disintegrin lfi' 1~tI'01f1f11':iYll SDS- PAGE m'1~ western blot 'WUili:illh~u 

~ ~ ~ 

'lJU1~'lh~1J1ru 24 kDa 'll':ilf1!l~U1J1m'1~ffl1J1':if.lYll't.lBfl~tI1tlU anti-Histidine tag lfi' r1~ijlfi'~ftflf1 


f11':im~~u 1'll':i~U 1~tll~nm~ 5 i11m ~~t'll~ 9 


A 

M 1 2 3 4 5 6 7 8 


r lerdostatin homolog 

24kDa 

M 1 2 3 4 5 6 7 8 


B 


rJerdostatin homolog 

24 kDa 

~tJ~ 9 N~Hl1fl11fl1:::~'\.ml1~,..h3 rJerdostatin homolog disintegrin ~1fJn~wh39 
(A) ttff~~Nft SDS- PAGE (Sodiwn Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) ttft~(B) 

ttff~~Nft western blot 

'VI~1!IL'VI~ Lane M= low molecular weight standard marker, lane}- 8: incubated 0- 6 i11m 

ttft::: overnight (16-20 i11m ) 'lJfl~ cells lysate of recombinant Jerdostatin homolog m1Jih~u 

1~tll~ 0.5 mM IPTG 1~tll~~rui1iJiJ~ 37°C 
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, cv at 9J 9) ~ ~ 
'ffU11'11{N'illfl'Ylmg:;I'l'WWJtJ 0.5 mM IPTG b'W E.coli BI21 ~1'lJl'H1~n~ rlerdostatin. 

homolog disintegrin ,~ l~tJ'illflfl1'JYll SDS- PAGE U{1g:; western blot 'Y'l'l.Y:hiJhh~'W'\J'Wlmhg:;'lJ1f.l.1 
~ 0 .a..a.A QI ,,~e!~..tt ~ at 

24 kDa tJ'JlflU'\J'W'lJ1tmg:;~l'lJ1'JfI'VlltJUflHl1fliJ anti-Histidine tag !~ n~lJlmm)flfl1'Jm~~'W ltJ'Jl'llJ 

l~tJli''Qf.l.I'I1JJiJ~ 30 °c ~~ttJ~ 10 

M 1 2 3 4 5 6 

rlerdostatin homolog 

24kDa 

rlerdostatin homolog 

24kDa 

liJ~ 10 N'Hllfll'jfl'J~~'Wfll·HY~\:.I rJerdostatin homolog disintegrin ~1[J~W'HiJil~h.:,j9 
(A) U~~~f·m SDS- PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) U{1~(B) 

u~~~~m western blot 

'HlIl[J!'H~ Lane M: low molecular weight standard marker, lane 1, 3, tt{1~ 5: incubated 25,30 tmg:; 37 

°c cells lysate of recombinant lerdostatin homolog l~l'JtJ'Jlf1'illfl 0.5 mM IPTG, Lane 2, 4, U{1g:; 6: 

incubated 25, 30 tl{1g:; 37 °C cells lysate of recombinant lerdostatin homolog l'WtJ~'lJ1f.l.1 0.5 mM IPTG 
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" 
~.:.Jt!"H"ltJl~ilf1l'Jm~~'-J express recombinant Jerdostatin homolog protein l'-Jffml~~ 
, • I '" 

mlll~fflJViq~¥iflf1l'J~tiflfll~ 0.7 mM IPTG Vi~W'\1iJiJ 30°C l'-J~lm 5 il1lJ.:.J UJ;l~'\1~.:.J~lflt!'-J~.:.Jihl!·m 

~l~ltJ purified protein l~fJli Affinity chromatography 'lJfl.:.J TALON
R 

Metal Affmity Resin ~fl h1 

d 

4 f)ll!AEJf)hh~h.frhl~'tf-n~ recombinant Jerdostatinhomoiog protein l't\'1J~q'YIn~lEJln Affinity 

chromatography 

2.0 

1.8 

1.6 

] ,4 

J.2 

1.0 O!W99 AU 
:5 310 75 rrS/crn.c 0.8 15634 1m 

0.6 

0.4 

0.2 

0.0 

so 60 70 eo 90 100 110 12() 130 liO ISO 160 170 
Ttne [rrru~l 

. 
ltJfi 11 Uff~.:.JVlJ;lf1l'J purified rJerdostatin homolog protein l~fJlrn Affmity chromatography 'lJfl.:.J 

TALON
R 

Metal Affinity Resin 

~lflttJ~ 11 uff~.:.Jl-H~~'-Jil rJerdostatin homolog protein ~'lJ1q'Vlt~~ft'1'i)~'\1~~flflfllJlflQ 
1'-J Fraction ~ 13-391~fJ Fraction ~ 17 lJtJ11llWlllfl~q~ ~m~~rlm'h pooled fraction '\Jfl.:.J rJerdostatin 

homolog protein lllvil1-HltJ'J ~'-J¥i'-Jff .f)WH~lJ1'-J 1inlJ'l5l~'\1~ fl~~~ fJflil refold l~fJl~li Dialysis 

uft'l~~lJ'fnllJ~.,j'lJ'lj''-J'\Jfl.:.J l1J'J~'-J l~tJl~ Amicon R Ultra-15 centrifugal Filter Devices ~m~1~tJ1lJlW 

" . . 
lwiTwplfl'-Jf1l'J dialysis lJf1l'Jb.!qj~fffJ rJerdostatin homolog protein ~VlfJ.:.J 0.56 mg ~m~dJm'YllJfllllJ 

~.,j'lJ.,j''-J'\Jfl.:.J rJerdostatin homolog protein l~fJl~ Amicon R Ultra-I 5 centrifugal Filter Devices 't'l'lJillJ 

!iI !iI .,;. .% QI '''' ~ II) !ii' "" doll)" 1"1 !iI"IfllllJ~'lJlJ'\J'-J~~lJ'\J'-J\1.:.J 2.13 ~'Vll ~.:.J'-J'-JffltJ t~l'llJ rJerdostatin homolog protein 'Vlffllll'J\1'-Jl tlJ t'l5 t'-J 
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.. 
o U] ~ Cj .cl o' .q 91 Cl Q,I.q

fllHIl platelet aggregation tfl 8.57mgt'Ufll'JUHl.:J!OlHH'I 1 MI'J WWJ~.:J'V1f1ft"tl'UfJruft"mJ~~tl.:J 

rJerdostatin homolog protein ~tlhJ 

Purified Dialysis Concentrate Wash 

(mg) (mg) (mg) concentrate 

(mg) 

4.52 3.96 8.43 0.14 

, 
Vll"H3fi 1 Uft"f1.:J~·H'Ifll'J1f1'!J~lJlru 1'!J'J~'U~";1I:J1~ BCA™ Protein Assay kit 

• 
5 fll1'Y1P1~H)'UfJflHllJiwh.m-.:jhh~h,!'rh:l~'U~q'YIn't1ijPl recombinant Jerdostatin homolog protein 

'l!fll1ff'U~-.:jfll111lJflQlJ'IlD-.:jlfliiPllilf)P1~1tJin platelet aggregation assay 

Platelet inhibition 
10,00 


9,00 


8.00 
".... 

--~ 0 7.00 

c 6.00.2 
5.00 -~ 

..c 4.00

.£ 
3.00 


2,00 


1.00 

0.00 

( • rJer<iostafill homolog • Neg e control ) 

, .. 
atJfi 12 Uft"f1.:JN{l'IJtl.:J rJerdostatin homolog protein ~tlfll'JfJ'UfJ.:Jfllj'Jd:IJtl~:IJ~tl.:J!tl~f1!iitlfl 
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Concrntralion 

or recombinant 

-
X 

( % inhibition) 

i\'lran ± SO 

( Standard OrviatioJl ) 

( % inhibition) 

SE 

( Standard Error) 

Jerdostatin homolog(Ilg/mt) Nl N2 N3 

I 

5 

10 

20 

40 

50 

1.36 

2.46 

3.58 

4.88 

8.46 

8.47 

1.85 

2.26 

3.70 

4.87 

8.41 

8.43 

1.64 

2.54 

3.56 

6.24 

8.76 

8.78 

1.62 ± 0.25 

2.42 ± 0.14 

3.61 ± 0.08 

5. 33 ± 0.79 

8.54 ± 0.19 

8.56 ± 0.19 

0.14 

0.08 

0.05 

0.46 

0. 11 

0.11 

. " 
V1l'H.1ii 2 bb~~.:! ~(lf1l'JV'UV.:jf1l'J'J 1 1J fl~1J'IIB ':Ufl~~U~B~'1UU~(l~ fl111Jt'li'1J"j\! 'liB.:! rJerdostatin 

homolog protein bb(l~uft~.:jfilsD ,SE hUJ N U'VJUflUUfl~~vhfll'J'VJ~'Hl.:! 
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Concentration of 

BSA 

-

X 

( % inhibition) 

mran±SD 

( Standard Deviation) 

( % inhibition) 

SE 

( Standard Error) 

(/lglml) NI N2 N3 

1 

5 

10 

20 

40 

50 

1.05 

0.47 

0.52 

1.14 

0.00 

1.00 

0.47 

0.59 

1.03 

1.14 

1.07 

0.56 

0 .58 

2.25 

0.26 

0.00 

1.18 

0.91 

0.70± 0.31 

I.IO± 0.99 

0.60± 0.39 

0.76±0.66 

0.75± 0.65 

0.82± 0.23 

0.18 

0.57 

0.23 

0.38 

0.38 

0.13 

. " 
Vll'H:ln 3 Ut'1'fl~r.n'lm'J~'U~~m'J'J1'lJf1~'lJ'UB~!f)~flL~Bflhm~[;'1:::ml'lJL.,j'lJ.,j'U'UB~ BSA ~~1~L~'U 

negative control Lm:::m"fl~y;jlsD , SE lfltJ N H'Vl'Ufl'\.nJf1~~v'ilm'J'Vlfl[;'1B~ 

ai III !II 'I !II d • "'!II !II
rm'Vl LWillfWl1'Jl~ 2 Ut'1'fl~ L'I1L'}1'U11 rJerdostatin homolog protein L'lJBQf1m:::9,!'Ufl1tJ collagen 

" . . 
2 Ilg/ml ~~ljN[;'1~Bm'J~'U~~m'J'J1'lJf1~'lJ'UB~tf1~flL~Bfl'lJlf)Vi~~~1tJiJ~'lJ1ru 50 Ilg/ml L~mmtJ'U~VitJ'U 

" 
f)'U negative control (~l'Jl~ 3) B~l~ljt!v"hfii1l U[;'1~t'1'1'lJ1HIt'1'1iJN[;'1~mv'U!Viv'Um'J~'U~~m'J'J1'lJf)~'lJ 

d '" • ....J IIj ~ .Iai 
'UB~Lf)[;'1~mflm~'\111~ rJerdostatin homolog protein f)'U negative control CJf~ut'1'~~ L~ L'U!lJ'Vl 12 

... ~ • IIIj !II • .J ... IIj , • 'I 
~~'U'Ut'1'1lJ L~11 rJerdostatin homolog protein CJf~tJ~ L'lJ!flV'W'U'lJ1f)fl'U L'U Daboia russellii 

?t i.1 d aid ?t ... ''I ' .J ?t i.1 d aid
siamensis L1J'U !lJH1'U'Vl'lJ active site !1J'U RTS ~flB~ L'Uf)'l'lJ'Ufl~ short disintegrin CJf~~1J'U LlJ'J~'U'Vl'lJ 

'U'\..Il~~~f)'lJ1f)iJ'J:::f)B'U~1V amino acid ~1'U1'U 43 ;{1lj 8 cysteine residues U[;'1::: 4 disulfide bond ~~ 
" " . 

m'Jlj cysteine 1'U ~1'U1'UUBmci'Uihi~ N[;'11,rl iJ'J ~'U t'1'1'lJ1'J (l~'Ut'1'fI1'Wfl~ L~'lJ1'U 1'i'J'J'lJ'Il'1~i~41m~Bv'il 
.cg ,., , e% o'q 11) tc:l I A q

dialysis (l~U'lJ11f)1'JL[;'1tJ~~0J$"[;'1 L'U E.coli ~::: L'lJ'lJ post-translation U~!'lJB'W~l'Jrul amino acid sequence 

'Yi'U ';hhilj amino acid ~~1J'U Asn-X-Thr ut'1'fl~'".h liJ'J~'Uifhilj N- glycosylation ~~B1~~~'Uflm'\19,!N" 
'I1i1~~v'il1,rliJ'J~'Uiflj activity ~Bf)1'J inhibition Platelet aggregation 
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6 Jn1'Y1\?H:"{)'lJfll1'rhnt!'tI{)~ recombinant RVV-V ua:;:: recombinant Serine ~-fibrinogenase 

" 'Yl'l.J';h~\1 recombinant RVV-V U(1~ recombinant Serine ~-fibrinogenase hjft'l'lJl'J"fl~l 
n I "'''''''''' '" 11) ~ .J, .J ?I ~ 0 I '" "'''' 11) ~ I dn n

lJ!]~f)'HJ1f)U BAEE bfl C)1\1U~f)~l\1'illf) trypsin C)1\1!lJl.J control l.Jl.Jft'l1J1'J"fl'VlllJ!]f)'H.rI bfl ('~lJ'Vl 13 ) 

~ .dl d lS)' iI ~ Q.I ~ ~~ Q.I 0 ~ fjJ qd 

l.Jl.JB1'ill11J1t'Jmf)1'J" refold 'Vl blJ~f)~tl\l'tltl\l recombinant protein 'YI\I 2 ~1 C)1\1'Y11\1~1 'iW'ill!1Jl.J\91tl\l11111i 

.;Id "~1I)~.J " 
tll.J'Vl'il~ t11 bfl1J1C)1\1 active recombinant protein I'ltl iJ 

BAEE assay 

0.25 

0.2 

C") -...- Trypsin
II) 0.15 
N --.\- rRVV-V0 
0 0.1 -.w- rfb 

0.05 


0 


o 30 60 90 120 150 180 210 240 270 300 

Time (sec) 

. 
aiJfi 13 f)1j'Vlflft'tlUf)1'J"Yll\11l.J'lJtl\l recombinant RVV-V U(1~ recombinant Serine ~-fibrinogenase 

~1t'J BABE assay 1~HJ1~ trypsin !~l.J control 
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'il1flfll'jffflfj1~"'tlfl'l hh~trvhJ~'lJ1 f!i'lf9fi!~ RVV-x b'U fll'j m~ ~'U'Vm1bYlJ19fi!~19i1'l"l brr 

" . " 
H~'l~1~r.wl1i APTT "mi1 hh~'U-wfj~'lJ1bli'l~9fi!~ RVV-X Vi~11lJL.ulJ.u'U~'lLL~ 2.600'1 83.33 nglml 

bY11J1'j (l m~~'Ulrr'Vm1bYlJ1,jfl~ LL~'l~1L11fli11'U'l1 "fl~m'IJ~lJfl~1'lljumY1flqJ 1~tJf1'lm1lJ L .ulJ.u'U 'tlfl'l 

l,j'j ~'U -Wfj'l'IJ~ bYi'l f9fi! ~ RVV-X bY'l 'il~ 1~n ,,11'U fll'j m~ ~'U1rr'Vl "lbYlJ1,j fl ~u~ '1 ~1111 fli1~ 11lJ 
'U q q" q 

L.ulJ.u'U~~lfli1l~tlm'Vl1~'Vl"lbYlJ1'\Jfl'l~{htlh~ hemophilia 9fi!~ A ('tl1~ factor VIII) ~'l,jfl~ 

'Vl"lbYlJ1'\Jfl'l~{j 1t1h~if'il~ 1~nm'U1'U,j 'j~lJ1ru 5 i1 llJ'll 'U fll'j 'y'llll1''VlmbYlJ1u~'l ~1 u~ lrlml11J1 

i'l~bYfl'lJfl'IJ 1,j'j~'U-Wfj~'IJ~ bli'li9fi!~ RVV -X ~~11lJl.ulJ.u'U~1'1"l 'Vl'IJi-ll~nm l'U fll'jvh lrr'VlmbYlJ 1 
, "V r 

11~'l~1mtll'Un"11m11~tI'l tl'IJVii'l~bYtl'IJl'U'VlmbYlJ1'\Jfl'l~'U,jfl~ fl'lU'U l,j 'j~'U-Wfj'l9fi!~U~'lti 1bY'U1 'ilVi 
" 

o Gt t)/", I ~ d', 301",'1 .dd~ .d QI, .t!i d Q.I <jI 

'il~'U11J1 b9flJ'j~ brJ9f'U bWjlJ1t1i'llJlJqJ'l111fltl1fl'IJ b'j~mfl~11'\J'l~19f1 

l.Qfl'l 'ill fl coagulation factor X L~ 'U substrate '\Jfl'l RVV -X fl'l ti'U f1'1'W 1'Vl mbYlJ1~ '\J 1~ 
" 

coagulation factor 9fi!~u (factor X deficiency plasma) lJ1i'l~bYfl'IJtl'IJ RVV-X ni~~1'j'j)~ln~fll'j 

U~'l ~1'\Jfl'l'VlmbYlJ1~'U i~ fl~l'l h n~llJ 'il1fl~"fll'ji'l~bYfl'IJ'Vl'IJi11,j'j~'U-Wfj~'lJ1 bli'lf9fi!~ RVV-X ~ 
3J!)IQI " • .& gJGtj,l.do. 

~11llL'tllJ'\J'U~'lH~ 83.33 (l'l 666.67 nglml bY1lJ1'j(lm~~'U b'l1'VlmbYlJ1i'l'\J1~ coagulation factor X 

" " LL~'l~1i~ Lm~ li'n"11'Ufll'jvhlrr~mbYlJ1H~'l~1 i~111fli11'U'l1"fl~~1'IJ~lJfl~1'lljumhflUJ vl'lUfll'il
• u 

" 1~'UL'Vl'j1~ fll'j WJfl coagulation factor X flfl fll M''l1lJ~ 'il1fl~mbYlJ1fll'ilL~'U i,j i~V1fl fl'lU'Ul'Wtl'lU~lj 
01 '" Q !II Q 0 'I !II !II 'I !II Q '" 

coagulation factor X lJ'UlJ11~tI'lmfl'Ufltlflfl1'ilbY1lJ1'j(li'l1 b'l1 RVV-X bY11J1'j(lm~~'U b'l1~mbYlJ111'\J'I~1 

i~ 'l1~flfl1'illiJ'U i,ji~~ RVV -X fl1'ilbY11J1'j(l m~~'UbY1'jg'U~fl~1'U'Vl"lbYlJ1 'U fl flL'l1t1fl 'il1fl coagulation 

factor X ~'lfll'iltl-I i,j fffllnh1rr~mbYlJ11n~ fll'j 11 ~'l~1 i~l%'U tl'U ~'lti1 'il~ ij fll'j ffflfj 11~tI1~lJ191lJ.. 

ff1'U recombinant protein i~bY11J1'j(lm~~'U'Vl1'l1'Ui~ fll'illn~'il1flfll'j~ RVV-X lm~ RVV-V 
" .

1~'U glycosylated molecular vl'l heavy lm~ light chain lm~fll'j~~\9l recombinant proteins fl'lm1ld~~~ • 

.. oJ " ~'U l'Ull'IJ~Yii1t1 E.coli ~'l i~ij glycosylation OJf'lfll 'ilff'l ~,,~ tl fll'j'Vl1'l1'U'tIfl'l1,j'j~'U fl'lU'U fll'j ~~~ 
" " recombinant glycosylated protein fl1'il~fl'l~~~ l'U Eukaryotic system 'U fl fl 'il1flUfll 'illn~ 'il1fll'U91'U~fl'U 

"1' '" & "l • "l!ll' "l Q0

refolding 'tIfl'l recombinant proteins fll'il bllL'l1lJfl'U native RVV-X 'il'l blJbY11J1HIi'll'l1'U b~ fltll'l b'jfl 

~llJ recombinant proteins ~~~~i~ ti1bY'U1'il~ 'il~tl11J1~~flUtl'U~'lJfl~~ ~11'Vl1~~fl i,j 

'il1flflrubYlJU~ '\Jfl'll,j'j ~'U-Wfj~'J1bli'l i9fi!~ RVV-X ~ij~11lJbY11J1Hll 'U fll'j m~~'U~mbYlJ1 
" .. 

9fi!~~1'l"l b,rll~'l~1 i ~~1t111i APTT fl'lU'U~ru~ ~1 ~tI~'li'l~bYfl'IJ~W bYlJU~ 'tIfl'll,j'j~'U 9fi!~in 'Ufll'j 
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. 
'" 
~ 

.1 '" ~:I '1 '" d~ d '" "I ~ 9 d 
'lJeJ'I'Yl'lfl'WlJf1~U(l:::'UeJ'IrjlJ1tJ ~'.ifl hemophilia 'If'Wfl A 'YI'lJ FVIII inhibitor U'U'I1I1 ~flflltJ ~'Wnm 2 'Wl'Yl 

.k "I .1 "'1 ~ d .... 1 d' "I ~:I '1 '" 9 ~ 
9I'It(leJfl'IJeJ'Ifl'WlJf1~ 'lfnmU'U'I1I1lJ'.i~'lJlru 20 'Wl'Yl ff1'WWflfl'UeJ'IrjlJ1tJ ~ '.ifl hemophilia 9f'Wfl A '0::: ~9f 

nm'Wl'Wg'l 260 'Wl'Yi 1'Wf11m~'I~1 ~'Im'Ot~tJ'I~e)f)l1:::f11'.itilmtleJfl'lJlf1 fl'nT'W l'lJ'.i~'W~'Y'I9fiJflif~'I 
'" 

Ulff'W1'O~ 'O:::ih'lJlli''lJ'.i::: ltJ6)nrt~tJ1n'Uf11'.i U~'I~1'UeJ'IttleJfl lflm'Q'vn:::fl~l'lt'll'W~1J1tJbfl hemophilia 

rlerdostatin homolog protein ~'IEJ'IhjtfltJYl'U'lJlneJ'W1'W Daboia ntssellii siamensis t~'W 1'lJ'.i~'W 
odd ~ '1 ' .k ~I '1.I~d odd dOJ

'Yl'lJ active site tlJ'W RTS 'OfleJQ 'Wm]'lJ'UeJ'I short disintegrin 9I'ItlJ'W ~1J..J~'W'Yl'lJ'U'Wlflt~f1'lJlf1 

'lJ'.i:::f1eJ'U~1tJ amino acid ~1'W1'W 43 ~1 iJ 8 cysteine residues U~~ 4 disulfide bond ~'If11'.iiJ cysteine 

1 'W ~l 'W 1'W,reJ titGJf'W ifri 'I H(ll11'l,J '.i ~'W ffl'lJ 1 '.i f.l ~'W ff fllYl~'I t~ 'lJ hJ 'Ii '.i '.i 'lJ9fl ~1~~ ltJt~ eJl''h d ialysis 

& gJ I .:::j 

v 
<1'9 If! fA ,~ 

, 
4 t lit ' 

f.l'lU'lJ11f11'.imtJ.:ItOlI~~ ~'W E.coli '0::: ~'lJ'lJ post-translation U~t'lJeJYl'Ol';jrul amino acid sequence Yl'U11 t'lJ 

d .d ~ , .d.:::'''1 la & d di 4 0d 

'lJ amino acid 'YltlJ'W Asn-X-Thr Ufffl'l111'lJ'.i1l'W'W t'lJ'lJ N- g1ycosylation CJ1'1m'Otll'WeJfIt,\HlH~'\1'U'I'Yl'Yll 
v 

lHl'lJ'.i~'Wi1iJ activity ~flf11'.i inhibition Platelet aggregation 
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6.4 	 ..:j l'W1 'iH'J'Yl f)l (j..:jm 

6.4.1 "Cloning 	and purification of medically useful protein from Russell's viper venom 

proteins usefulness" hH'Ul'l,\H'U1l';i~1J1ruu~'W~'W 1] 2550-2551 Yil..:jl'W1~mff~'ilUft1 
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I1J 'liIV ~ IV " 'li'l' d ?I
6.4.2 "Origins of Southeast Asian G6PD mutations" !~j'tJYJ'U1'iJ[Hl~flfl11'jJt !'\1'jJ'YHlJ'U 

" ~'W'11'U~tlfl1T~nJ'Wl 'iJlf)ftl,rf)~1'Wf)tl~'Yl'Utl'U\Jb"'W'Wfl1j1~Cl (tl'f11.) 112550 Yh~l'W.. . , 

6.4.3 "Interaction between GSTM1, GSTT1, CYPIA 1 and NQO 1 genetic polymorphisms and 

pesticides exposure as risk factors for acute lymphoblastic leukemia in Thai children" 
" .

1~~'tJYJ'W1~Cl~~~liitldf)tl''jJ lil~ ~Wln~mru'jJ'\111'YlCllctCl fI~,:jVi 2 tJ 2550 r'il~1'W1~CJ 

6.4.4 "Molecular cloning and expression of Daboistatin a Novel RTS-disintegrin from 

lIJ'li IV ~I " Russell's viper venom (Daboia russellii siamensis)" !~nJYJ'W 90 lJ ~Wltl~mru 
" . 

'jJ'I111'Ylt'JlctCl fI~~Vi 3 112550 r'il,:jl'W1~mtl'~'iJ!!rl'1~tlCltl~ 60 
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3.0 

, 
• fll"iU[JOhh~h'!Vi'l:j-lUlJltcu1111'lJ1m1ti

~ q 

Gel filtration column chromatography ~l'U Sephadex G-IOO 'W'lJ':i1b1'l'JJl'HHWf) 1,J'j~hrViEJ~eJeJmll'U 4 
. 	 . 

f1~'JJ fraction l1iJfltl.!b1''JJ1J~Yl1'l951tfllhJeJ'l RVV-X eJ~1'Uf1~1Ju'jf1 (PI) tll'U PLA2 eJQ1'Uf1~1Jl12 (PU) 

(~'ll'l.J~ 1) 

Crude venom (400 mg protein) in 4.0 ml ofO.05M Tris-phosphate buffer containing ImM benzamidine-HCI, pH 7.5 

Flow rate = 10 mJ/hr fractions collected = 2 ml 

Absorbance at 280 nm (- ); RW-X activity (-+ ); PL~ activity ( ...... ) 

PH 
PI 

25 

2.0 

0 
0:> 
N 

q 1.5 
0 

1.0 

.5 

o o 
o o ~ 

--- 0)200 
~ AA a:tMty (0)5«)) 

--.- RN-X<divity(O)<U5) 

PIV 

1" 

+25 
f 
I 

i 

tzo 
0 
0:> 
N 

1.5 	 0 
0 

1.0 

t .5 

I
0.0 ~~~~~~~:om)-,{),-MOOOO~~~I"'!"t-r~~><>-~~o.,o,0<ncOto~C>HO;.o,.~>rrj-,~~~-,-,f 0.0, 

o 10 Xl :D 40 ~ 00 70 00 00 100 110 1Xl 1:D 140 1~ 100 170 100 100 aJO 210 Z!l 2JJ 240 

Frcdim rurber 

ltl~ I Ub1'~'lf·m Gel filtration chromatography 'tJeJ'l1'l.J'j~'UYiEJ~U1JltC}f111tl'l~1f1~1'U Sephadex G-IOO 

chromatography column (2.6 X 70 cm) 
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3.4 

3.2 

3.0 

2.S 

2.6 

2.4 

2.2 

2.0 

0 
~ 1.S 
:i 
j 1.6 

1.4 

1.2 

1.0 

.S 

.6 

.4 

.2 

0.0 

0 

fll'J" UfJOtJ~ "l'Yltl'l.h~hJ'Wfj1U1J1!9fl GlfU~ R VV -X 


'\1~'Hllm1tJ'J"11J fraction ~i:iflruLf1J-U~'Yll-:j;1!fli:i'IJtH RVV-X U(1::;'Yllf)l'J"!Wflll1' 


..::::::t. d, CjJ .c:::::t..d • ~ .:t 
'lJ'J""l'Yl'lil'leJ~1tJTIi Q-sepharose anion exchange column chromatography 'WtJ11Lfl1JlH1UtlfltJ'J""l'Yl'Ii 

l'l.h~h'!~fj~"l5i1~ RVV-X eJ eJfl1Jl '1~ l~w ll.h~'W~UtJfl '1~i:iflruLf1J-U~'Yll-:j;1!fliit'Q'Wl~'lJeJ-:j RVV- X (~-:j 

tiJ~ 2) 

Sephadex G-IOO PI (80 rug protein) in 0.05M Tris-phosphate buffer cOOlaining ImM benzamidine-HCI, pH 7.5 

Flow rate = I mUmin fractions collected = 2 ml 

Elution buffer: 30 ml of 0.05 M Tris-phosphate buffer (pH 7.5) containing I mM benzamidine and 30 ml of 0.05 

M Tris-phosphate buffer (pH 7.5) containing 0.5 M NaCI and I mM benzamidine 

00Absoroance at 280 nm (-); RVV-X activity ( 0 
00- ) NaCI conc. ( ....... )
; 

-- 00 2S0 (protein) 
o RW-X activity (00 405 nm) 

- -.- NaCI conc. (M) 

y'~., 
/ .A/f-.....,.--...y--~ - \.. \ 

/ \ 
/ \ 

/ \ 
~-~- ~ \ 

/ \ 
\ 

~ 
10 20 30 40 50 60 70 so 90 100 110 120 130 

Fraction number 

l'lJfi 2 ULf~'lf:-l(1 Anion exchange colrnnn chromatography 'lJeJ-:j liJ'j~'W~fj~U1Jl!9fl"l5i1~ RVV-X ~ 

~l'Ufll'J"!Wfl'l1'tJ~"l''Yltl~tJlil~ Gel filtration chromatography (PI) u(1~lh1JlmJf)~eJ~1t11~ Anion 

exchange colwnn chromatography ~1'W Q-Sepharose colrnnn 
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Ol'HWO'IJ~q'VlfltJ1"~'U.wfl~Ulll!"lfl"l5t1~ PLA
2 

m)'Hllml'IJ1"l11 fraction ~ijflUH"ll'tJ'~'V1l-3:jh!flij'IJeJ-3 PLA2 ~-3'W'lJl1eJ~1'Uo~1l~ 2 

(PII) (~-3tiJ~ I) u,,~y'ilf)l1"UtiO liJ1"~'U.wll~1..r'IJ~~'Vlf~eJfi'lt111i Gel filtration column 

chromatography ~1'U Sephadex G-50 column 'W'IJ 'h(t'llll1" ()UVO liJ1"~'U.wfl~'lft1~ PLA
2 

eJeJolllifi' 

mh-3 hnI91111V'l'W'IJ 1iJ1"~'U.wfl~g'UlJ'Ulllfi'lV (~-3'liJ~ 3) ~-3Y11f)l1"1"1'IJ1"111U~1:1 ~ fraction ~ijflUH1'lJ'tJ'~ 

'Vl1-3;1!flijm'Wl~'lJeJ-31iJ1"~'U'lft1~ PLA2 U1:1~Y11f)l1"UVO liJ1"~'U.wfl~'lft1~ PLA2 l..r'IJ~~'Vlf~eJfi'lvl1i 
v. d 

Sephadex G-50 column column chromatography VOfl-r'l (~'l'liJ.yj 4) 'W'lJl1mlll1"()UtlO'IJ~~'Vl~liJ1"~'U 

.wfl~'1fU~ PLA2 eJeJOlllifi' l~tlliJ1"~'U~UtlO lfi'ijflUH1'lJ'tJ'~'Vll-3;l!flijm'Wl~'lJeJ-3 PLA2 

Column size: 2217 x (0.8/ x 100 = 200 ml 

Flow rate = 4 mllhr Fractions collected = 2 mUtube 

Running buffer: O.IM Ammonium acetate, pH 7.0 

Absorbance at 280 run ( - ); PLAz activity ( ··0·· ) 
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Fraction nurrber 

Jtl~ 3 u'(t'~-3~1:1 Gel filtration column chromatography 'lJeJ'lliJ1"~'Ufill~Ulll!OJ$l'1fW~ PLA2 ~~liJf)l1" 

uvol..r'IJ~~'Vlfl~1tI1~11i Gel filtration chromatography (PH) u1:1~ihlll!WO~eJfi'1t111i Gel filtration 

column chromatography ~1'U Sephadex G-50 column 
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Colunm size: 2217 x (0.8)2 x 100 = 200 mI 

Flow rate = 4 mVhr Fractions collected = 2 mVtube 

Running buffer: 0.1 M Ammonium acetate, pH 7.0 

Absorbance at 280 nm (-); PLA activity ( "0··z 

3.5 

I :-~~~(OO~ I 
3.0 

2.5 

0 
to2.0 N 

ci 
ci 

1.5 

1.0 

.5 

00 

70 eo 90 100 110 

ltff~~vm Gel filtration column chromatography 'lieN hJ'.i~hJVi'hl~lt1J1!C)fl'11iJ~ PLA2 ~l'W 
" d 

Sephadex G-50 column ~flfl~~ 11~~~lfl~1'Wfll'.i!!!'Jfll,r1J1ff'Vl1il~tJl~1~ Gel filtration. 
chromatography ~1'W Sephadex G-50 column 

Fraction number 

46 



d 

• 	 YI~Hnl1JfllnJ1J1qYlfi'Uf)~hh~h.!n1:l~u~tl~'lf-n~ 


ltJ ':i ~hJ'vhm!'lJ1 !G)f1 'b'tJ fI RVV-X 
.. 
'l1t1'Hnml'lJ':il'lJH~(l::: fraction ~ijfJtlH"'lJ'!J'~'Yll'l;l!flih~l\n:::tlB'l hh~hJ'b'tJfI RVV­

X !m~Yilf11':ilf1,H'lJltIJ hh~1.Jfi'1t11~ Lowry am; nm SDS-po\yacrylamide gel electrophoresis 11.J 
if 

Q.I 	 ~ 91 I <)",..1 do .C), .C), d 

12% !'iltl 'illf11.J1.JtlB'lJfllt1 Coomassie brilliant blue 'W'lJl1 blJ':iI'l1.J'W'hl'l!!'lJl!G)fl'b'1.JfI RVV-X'lJfll1'lJ 
'" 

'" 	 d '" 'LI '" ~I 1 .d 0'lJ':itr'Yl'fi"l'l U(l~'lJtl1.Jlfl blJ':il'l1.JlJ':i:::'lJlUJ 90 kDa 1.J non-reducing condition t'lJB1.Jl'lJl nm SDS­

polyacrylamide gel electrophoresis 11.J reducing condition 'W'lJ ';hffl'lJl':ifl~fll1J':i~1.JBBm1:l1.J heavy 

chain 1 ffltl tt(l~ light chain 2 ffltl ~'l~mtrJ1.J11J~'l~mflH (~'lt1J~ 5) 

M 
kD 1 2 

yPJI ~ 
100 ~ 

75 ~ 


50 ... 


37 ... 


25 ... 
20 ... 

~ Ll chain 

~ L2chain 
15~~_, 

. 
lUYi 5 bbfffl'lH(lf11':i nm SDS-polyacrylamide gel electrophoresis bb(l~ Coomassie brilliant blue 

staining 11.J 12% !'i)tl tlB'll1J':i~1.J.w'hl~bb'lJltG)fl'b'tJfI RVV-X : M = protein marker, lane 3 = crude RVV, 

lane 4 = fraction ~':il'lJ':il'lJ'illf1 Sephadex G-lOO (PI), lane 5-7 = purified RVV-X, lane 3-7 = non-

reducing condition, lane 8 = reducing condition 
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1l1flfll'jlh,JfJUf'mfl1'HWfl1J1~'Ylfhh~U~llflfWfl RVV-X H"~~Ulfl~fl~ hh~ufill~ 
lflv1rn MALDI-TOF mass spectrometry (~~t'JJ~ 6) '\"l1J rh l'JJ'j~ufill~Gj$iJfl RVV-X iJfllTIJ1J1~'Ylf 

"!~ tm~iJ~ulfll'JJ'j~u 90 kDa 

2CCC 

l~CC 

1201)1)021)1)00 ~ I)I)CO footO BeCCD 
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hh~uvh:l~U1J1LOJll~il~ PLA. 

~lflJU~.:nl1fl1'J 'J1'U 'J11JU~'l~ fraction ~ij~ru b1'1J'JJ~'Vll'l~~hL'flijm'Vn~ 'lltl'l hh~u 
~il~ PLA2 LL'l~111f11'Jl~1l11Jlru hb~u~1tJl1i Lowry um~ run SDS-polyacrylamide gel 

electrophoresis lu 15% L~'l ~tl1J~1tJ Coomassie brilliant blue L~m'l~b1'tl'U~'fl111J'U1"l'Vlf'lltl'l11l'J~u 

~1~mh'l'fl'il1"l (~'ll1J~ 7) 'Y'I'U':h 11l'J~uvh:l~UJJ1LOJll~il~ PLA2 ij'fl11JJ'U1"l'Vlf'Q;'l Ui1~ij'llUl~ 

11l'J~ull'J~JJ1ru 14 kDa lu non-reducing condition 

M 1 2 3 4 

150~ 

75~ 

50~ 
l7~ 

25~ 


20~ 


15~ 

. 
ltJii 7 Ub1'~'ly.mfl1'J run SDS-polyacrylamide gel electrophoresis U'l~ Coomassie brilliant blue 

staining lu 15% L~'l (non-reducing condition) 'lltl'l11l'J~UVl't:J~LLJJ1LOJll~il~ PLA2 : M = protein . 
marker, lane 1 = crude RVV, lane 2 = fraction i1'J1'U'J1JJ~lfl Sephadex G-lOO (PU), lane 3 = fraction 
. " .

'" '" '" 'Vl'J1'U'J1JJ~lfl Sepbadex G-50 'fl'J'l'Vl 1, lane 4 = purified PLA2 
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'Illf1f11'Jvl.!ii't.u-mf11'J lWf1'IJ~,,!'Vlthh ~hrVlEl~'11i!~ PLA
2 

ll(1~'tIl.! l~'tItJ'l hh~m~El~ 

l~tll~1i MALDI-TOF mass spectrometry (fl'ltU~ 8) 'Yl'IJ111u'J~l.!YlEl~'11i!~ RVV-X iJI'l11'lJ'IJ~"l'Vlt 

llLl~iJ'tIl.!1~ lu'J~l.! 14 kDa 

~rl~'-----~-------------------------------------------------' 

.!!. 
<Ii 
c: 

~ 

2. 

2.0 

'.0 

1.0 

o. 

~ 

1 ;;; '"~ 
~ '?\.~\. ..I\.. A A .A. 

. 
'" '" ~ 
l!: 
N 

:il 
.,; ~ '" .M 

~a> 
!:j '" ~ ...;~ ~ .... 

20000 40000 I10OOO eoooo '00000 ,20000 
mfZ 

. 
l'lH18 Uff~'ll!-m MALDI-TOF mass spectrum 'tim lu'J~l.!YlEl~U'lJ1l9fl'11i!~ PLA2 
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f1ru:t0~tJ~llJl'HH!tJfl hh~'W~ld~UlJ";nc111"lfWfl RVV-X U'(l:t PLA21'W~ld~UlJ1tCJ11~~\lhltJ1M 

ijmllJU~"l''Vlf~\lhl1f1tJ'Vllfll'HWfl hJJ~'W~ld~UlJ1lCJ11"lfWfI RVV-X ~1tJlt Gel filtration column 
I .q c1', 'jI .qq 

chromatography Hl'W Sephadex G-JOO colwnn Uft:tWJfl'lJ'J"l''Vl1i~~~1tJ11i Anion exchange colwnn 

chromatography hh~'Wiild~UlJ1lO)fl'll'-Wfl RVV-X ~lwfll~ij'\l'Wlfl'l.h:tlJ1ru 90 kDa Uft:tijflru~lJlJ~ 
.at '::sci ~ lI) 'jI <lI d II] 'jI 

'Vll\l'l11tl'llJ'VlmlJ1Hlm:t~'W coagulation factor X ~fl ~H~llJfl\l'Vll'l1fl n 

rll'\1~'lJfll'JUtJfl h.h~'W~ld~UlJ1lCJ11"lf-Wfl PLA21~lt Gel filtration column chromatography 
v • 

~1'W Sephadex G-IOO colwnn 1'W1'l~\lmfl Uft:tUtJfl'lJ1"l''Vl~~~~1'W Sephadex G-50 colwnn ~1'W1'W 2 
". . 

I'l~\l l1J'J~'W~ld~UlJ1lCJ11'l1-Wfl PLA2 .yhwfll~ij~'Wlfl1J'J:tlJ1ru 14 kDa lm:tij~w ~lJlJ~'Vll\l;1lflijfiij 

mllJmlJ1HI1'Wfll'J'Vllmtll~fllft~flUfl\lUfl:t'Vll\lflfllJ1~ ~'J \l~llJ~\l~l'llfll1 

l1J'J~'W~utJflu1f!'Vltl~ 'il:tul11J~flld1'il:t'Vllfll'J'\11thy)'lJ amino acid sequnece Uft:t'Vllfl1'J 

!mtJ'lJlfi tJ'lJ n'lJ ~ 1'W 'lim.! ft lrlfl'Vl 'J 1'lJ'l1-W ~H!ft:t cll~'lJ amino acid 'il:t 'Vll fll'J!mtJ'lJ lfil'J'lJ n'lJ clone ~ijl 'W 

cDNA library '\1~fl'Vllfll'J screen clone hn.i1fltJtI1'J'Vll plaque lift hybridization '\1~eJ1~ degenerate . . 
"I 0 1/).1 'iI '" 0 I/) 'iI "I '" t.1 '" "" "" primers !'VHl'Wl ~lJ~'Jl\l recombinant protein 'Vl~llJ1HI'Vll\ll'W ~~H'\1lJ~'Wfl'lJ ~lJ'J~'W'Vjld~~llJ1i'J'JlJ'l11~ 

~~11J 
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fll'alfHl'W cDNA 'IIf)~ PLA2, RVV-X, RVV-V, serine p-fibrinogenase U{;l~ disintegrin 

• Factor X activator (RVV-X) 

RVV-X heavy chain ~1flm'/l~ 'VOJ';hiiih~'lH'lJff 2027 !'lJff ftl'I11'lJth~'lJ!'lJff~TU 5'­

end en 'l)EJ~ 1liff1J\j'HU 'eJ~1.;j h~m1J ff11J1'Jfl'l1 Tih~'lJ!'lJff~fl'j'eJ'lJfl'l1Jf)1'Jff~l~ mature peptides 'lJ'eJ~ 

RVV-X heavy chain 1~ !!ff~~~~~ll~ 1 

1 tcaga~gattacagcgagactcattattacccagatggcagagaaattacaacaaaccct 

S B D Y S B THY Y P D G RBI T T N P 
61 ccggttgag~atcactgctattatcatggac~catcca~aatgatgctcactcatct~ca 

P V B 0 Hey Y H G R I Q N D A H S S A 
121 agcatcagtgcatgcaatggtttgaaaggacatttcaa~cttcgaggggagatgtacttt 

SIS A eNG L K G H F K L R GEM Y F 
181 attgaacccttgaa~ctttccaacagtgaagcccatgcagtctacaaatatgaaaacata 

I B P L K L S N S BAH A V Y K Y B N I 
241 gaaaaagag~atga~atccccaaaatgtgtggggtaacccagactaattgggaatcagat 

E K B 0 E I P K MeG V T Q T N W B S D 
~01 aagcccatcaaaaaggcctctcaqttagtttctacttctgcacaattca acaaaatattc 

K P I K K A S Q L - T A II I F 
361 attgagcttgtcataattgtggaccacagca tggcca agaaatgcaa ttcaactgctaca 

I L V I I V D H L MAT r N TAT 
421 a tacaaaaatatatgaaattgtcaacagtgca aatgag atttttaatcctttgaatatt 

liT IYBIVII ANli:IPNFLNI 
481 catg·taacatt g at tgqt gtag.sat t t tggtgcgacagagat t t g at taacgtgacat ca 

H TLI (" · Ii:F <- DRDLI I T 
541 tcagc 9 t~aaactttgaactcatttggagaatggagagcgtca~atttgatgactcgg 

1 A D £ T L N F Ii: R A D L H T R 
601 aaa a gccatgataatgctctgttattcacggacatga gattcgatttaaacac tttggga 

.... H DnA L L F r r, M R P D L Jl T L .-;l 

661 atcactttcttagctggcatg tgccaggcatatcgttctgtagaaattgttcaggaacaa 
I T P L A I ~ A Y P I v Ii: Q 

721 gggaacagaaatttt agactgcagt tataa t ggcccatgagctg agtcataa tctgggc 
~ 11 N F T A I MAR R L g H 11 L ~ 

781 atgtatc..tgacggaal!loaaactgtatttgtaatgattcctcat~tgttatgtctcctgtg 

H Y R D N r I N D r V M P V 
841 ctaagcgatcaaccttccaaattgttcagcaattgtagtattcacgattatcagaggtat 

L S D Q Y L F ~ N C I H D Y P Y 
901 ctt ctag atata acc a a atgcattttca atccacccttgagaaaagatattgtttca 

L T r P YIP Nfl L ~ X V 
961 cctccc gtttgcggaa atgaaatttgggaggagggagaa gaatgtgactgtggctctcct 

p PV C Jl E r & E ~ E & C D r p 
1021 gcaaatt~ccaaaacccgtgctgtgatgctgcaacatgtaaactgaagccaggggcagag 

A H C Q H P C D A A T C L Y ~ A R 
1081 tgtggaaatggactgtgttgttaccaatgcaaaattaag acagcaggaacagtatgcegg 

e N 1.. ' • X TA~T C P 
1141 agagca a gggatg gtgtgacgtccctga cactgcactggcca tctgc tgagtgtccc 

PAPDIi: '-' rVPIlY C' T " Q AR C :? 
1201 agagatcagttgca acagaatggaaaaccatgccaaaacaacaga ggttattgctaca t 

P D .... L " N P (' n If 11 (! Y Y N 
1261 ggggatt g c c ccatcatg agaaac caatgtatttctctctttgggtcacgtgcaaatgtg 

G D r P I H ~ NIL P PAN V 
1321 gcta.aagat t catgt t t tcagg.saaacctgaaggg cagttat tatggctactgcagaaag 

A I ' • P Ii: U L ' ,., . 1'. 
1381 g aaaatggtagaa 9 ttccatgtgcac c acaagatgtaaaatgt .ggcaggtta ttctg c 

Elf " It r r ('0 A P n D ,. (" P L P ,~ 

1441 ttaa at all ttca ccta g a aacaagaatccttg c aaca tgcactatagctgcatggatca a 
LllN r - I'N UP C NHYT C l D r., 

1501 cat a agggaatggttgaccctggaacaaaatgtg aagatggaal!loggtctgcaacaacaaa 

H r M . D a T ('0 E D r ~ v e il N 


1561 a g gcag t g tgttgatgtg aatacag cctacca.!ltcaaccactggcttctctcl!logatttga 

p C V 0 ,. N TA T fl ... T ('l F 0 I 


1621 ttttggagatctttcttccagaaggttcagcttgcct c a.!lgtccaaagagatccatttgc 


1681 cttcatcctactaataaatcacccttagcttccagatggcatctaaattctqcaatattt 

1741 cttcactatatttaatttgtttacattttgctgtaatcaaacctttttcccgccataaag 

1801 ctccaagggtlltgtacaacaccagagacttatttgctgtcaagaaaaaaaaat2gccatt 

1861 ttatcatttgctaattgcaaagcatatttaatqcaacaagttctgcctttggaqctqatg 

1921 tattcgaagtaaatgcttcctcttccaaaatatcacactggctttccaa2ctgtagctgc 

1981 ttccatcaataaacaactattctcattctgaaaaaaaaaaaaaaaaa 2027 
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_,.,. ~ "" ~ 0 ., 0 ., "'1 1 

lU\'1 1 ('l1'Ul'YIUft1) Uff~,:jm~·l.H'Umtft~m~'JflH1e:JlJ ~'U~e:J,:j RVV-X heavy chain. 3' UTR Uff~,:j ~~£J 

fl1'j~~tff'U1~, "l~'Um~mJl'UUff~,:j 1~l'J~1 capital letter, mature peptides Uff~,:j 1~£J~1Bmj'jffu~,:j 

RVV-X light chain ~lflft'Ul~ijih~'Ut'Uff 753 t'Uff Hff~,:j~,:jtll~ 2 Uft~ijfln 

nll1'W~fl1'jfffN hl'j~'W'U'Ul~ 147 m~e:JiJl'U 1~l'Jijri1'U signal peptide Uft~mWhWl'il~fffl,:j mauture 

peptides 'U'Wl~ 123 m~e:JiJl'W ttff~,:j~,:jtll~ 3 

ENTRY Sequence of light chain include upstream seq. 

TITLE: Sequence of light chain, 753 bases, 3E8C9D70 checksum. 

SEQUENCE 


5 10 15 20 25 30 
1 c c t t 9 9 a a a 9 c c t 9 gag t t 9 c c t c t gag c a 

31 gag t t 9 c t a c c t 9 t 9 gag 9 c c gag 9 9 a c a 9 
61 9 t gag t 9 c a 9 c t c t 9 c c a c c t 9 t gag c ace 
91 t 9 a c a 9 t t c t c t c t 9 c a 9 9 9 a a 9 9 a a 9 9 a a 

121 9 a c cAT G G G G C GAT T CAT C T C C G T C A G C T T 
151 C G G C T G T C T G G T C G T G T T T C T C T C C C T GAG 
181 T G G A ACT G A A G C T G T T T T G G ACT G T C C C T C 
211 T G G T T G G C T C T C C TAT G A A C A A CAT T G C T A 
241 C A A G G G C T T C A A T G A C C T G A A A A A T T G G A C 
271 TGATGCAGAGAAATTCTGCACAGAACAGAA 
301 G A A A G G C A G C CAT C T G G T C T C C T T G C A C A G 
331 C A GAG A A G A A G A A GAG T T T G T G G T C A A C C T 
361 GAT C T C C G A A A A T T T G G A A T A C C C T G C T A C 
391 C T G GAT T G G ACT G G G C A A TAT G T G G A A G G A 
421 T T G C A G GAT G GAG T G GAG C GAT C G T G G C A A 
451 T GTe A A A T A C A A A G C C T T G G C T G A A G A A T C 
481 T TAT T G T C TeA T A A T GAT T A C A CAT G A A A A 
511 A G A A T G G A A GAG TAT G A C C T G C A A T T T CAT 
541 A G C A C C T G T C G ~ G T G C A A G T T eTA G G C T G C 
571 C T G A A GAT C C A G C T G T G T G A ACT C T G GAG A 
601 A G C A A A G A A G C C C C C C A C C C A C C C C C A C C T 
631 G C C G C C T T C T C T G C T C T G C C C C C T T C G C T C 
661 A A T G GAT G C T eTC T G TAG C C G G GAT C C G G T 
691 T T T G C C G C T C C T GAT G G G T C A G GAG G T C C A. 
721 A T A A A T T C T G C C TAG C A A A A A A A A A A A A A A 
751 A A A 

ENTRY Protein sequence of light chain 
TITLE Protein sequence of light chain, 210 bases, 66919856 

checksum. 
SEQUENCE 

5 10 15 20 25 30 
1 M G R F I S V S F G C L V V F L S L S GTE A V L 0 CPS G 

31 W L S Y E Q Hey K G F N 0 L K N W T 0 A E K F C T E Q K K 
61 G S H L V S L H S R E E E E F V V N LIS E N LEY PAT W 
91 I G L G N M W K 0 C R MEW S 0 R G N V K Y K A L A E E S Y 

121 eLI MIT H EKE W K S M T C NFl A P V V C K F * A A * 
151 R S S C V N S G E A K K P P T H P HLP P S L L C P L R S M 
181 0 A L C S R 0 P V L P L L M G Q E V Q * I L P S KKK K K X. 

ltlfi 3 "l~'Um~e:JiJl'W (deduced amino acid) 'Ue:J~ llJtftfJft RVV-X light chain 
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• Factor V activator (RVV-V) 
v v 

1l1f1N~f1l'n11 5'-RACE y'hlH'Vlnl.rih~'Ut'Uff'Vl.:j'\1')J~'\JeJ.:j RVV-V cDNA iJ'Vl.:j'H')J~ 
.J ... '" .Id

1,581 t'Uff 91.:j'W'U~f1llru ::; '\JeJ.:j start codon, stop codon tm~ poly A signal Uff~.:jfl.:j1.u'Vl 4 

TGACAGTTCTGGACGTGACTCTGTCAGTGTTCCAGATTGTTGGCCACCCAGCTGCTT 
AATTTGATCAAATAAAGTGCTGCTTGATCAAGAAGTCTCCGCTTGGGTTATCTGATT 
AGATTGATACGGTATCTCAAGTTTAAGTTTGGGACTGGAATCTTACAGACGAACATC 
TTGCCGTGCAGAGTTGAAGCTATGGTGCTGATCAAAGTGCTAGCAAACCTTCTGGTA 
CTACAGCTTTCTTACGCACAAAAGTCTTCTGAACTGGTCGTTGGAGGTGATGAATGT 
AACATAAATGAACATCCTTTCCTTGTAGCCTTGTATACCTCTGCCTCTAGCACGATT 
CACTGTGCTGGTGCTTTGATCAACAGGGAATGGGTC£TCACCGCTGcACACTGTGAC 
AGGAGAAATATCCGGATAAAGCTTGGTATGCATAGCAAAAATATACGAAATGAGGAT 
GAGCAGATAAGAGTCCCAAGGGGCAAGTACTTTTGTCTTAATACCAAATTCCCCAAC 
GGATTAGATAAGGACATCATGTTGATCAGGCTGAGAAGACCTGTTACCTACAGTAC~ 
CACATCGCGCCTGTCAGCTTGCCTTCCCGTTCTCGCGGTGTGGGCTCACGTTGCCGT 
ATTATGGGATGGGGCAAAATCTCAACTACTGAAGATACTTATCCTGATGTCCCTCAT 
TGTACTAACATCTTCATAGTCAAGCATAAGTGGTGTGAACCACTTTATCCATGGGTG 
CCTGCTGATAGCAGAACATTGTGTGCTGGTATCCTAAAAGGAGGCAGAGATACATGT 
AAGGGTGACTCTGGGGGACCGCTCATCTGTAATGGAGAAATGCACGGCATTGTAGCT 
GGGGGGTCTGAACCTTGTGGCCAACATCTTAAACCTGCTGTTTACACCAAGGTCTTC 
GATTATAP~AACTGGATCCAGAGCATTATTGCAGGAAATAGAACTGTGACTTGCCCC 

CCGrGAAAACTTTTGAAAAAGTTAAGAGGAGGAAATGTAGCATATTAGGACATCTCT 
TCTATATCCTAATCATATTCAACTGCATTGGAATATATTCCCAGGCAATAAG~TTTT 

TTAGACTCAAATAGGACTGCTGCTCAAAATAGTGCTGCAGGAATCATGTCCCATTTA 
ATTTCAGTATAAAACAATCTCAGTAAAATGGAGGCCTGTTTTAGGGTGAGGTGCAAA 
ATTTTCTGACTCTAAAATGGACCATTCCAAATATTTTAACCTCTGAATATCTTTCTA 
TTTCTGTCCACTTCTGGAACAGTGGGGTCCTTGATGCTCTCTGAGCTTGTCTTGCAG 
ACGTTTCGTTACCCAGCTAGGTAACATCATCAGTTCTAGAATATTCTCTTCTATTGG 
TACTT CT GT GCCATT TACAATACGCTCATATGGAGTCATGCAGTCACCCACATATCC 
ATATACCCGAGTCCCACTGTTGCTTAAAGAGGCTCCCAGATTAACCCCCACTTCCCA 
ATCACTAAATTGAATCTTTTGA~~TCATACTTT~~TGTAAATTCTCAGGTATCCAC 

AGCAATAAAATCATAT~TGT~~~vv~~~~~~ 

, " 
~'I.Hi 4 ih~'Ut'Uff'Vl.:j'H')J~'\Jfl.:j RVV-V cDNA 

ih~'Ut'Uff~ encode riTU mature protein i~Qf1t11')Jlt~')J'lH')Jlru l~tJf1l'.iy'h RT-PCR ~eJ itJ Hff~\I~,r~tJ 

Vl5 
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193 atggtgctgatcaaagtgctagcaaaccttctggtactacagctt 
M V L I K V LAN L L V L Q L 

238 tcttacgcacaaaagtcttctgaactggtcgttggaggtgatgaa 
S Y A Q K SSE L V V G G D E 

283 tgtaacataaatgaacatcctttccttgtagccttgtatacctct 
C N I N E H P F L V A L Y T S 

328 gcctctagcacgattcactgtgctggtgctttgatcaacagggaa 
ASS T I H C A GAL I N R E 

373 tgggtgctcaccgctgcacactgtgacaggagaaatatccggata 
~ V L T A A H CDR R N I R I 

418 aagcttggtatgcatagcaaaaatatacgaaatgaggatgagcag 
K L G M H S K N I R NED E Q 

463 ataagagtcccaaggggcaagtacttttgtcttaataccaaattc 
I R V P R G K Y F C L N T K F 

508 cccaacggattagataaggacatcatgttgatcaggctgagaaga 
P N G L D K DIM L I R L R R 

553 cctgttacctacagtacacacatcgcgcctgtcagcttgccttcc 
P V T Y S T H I A P V 5 L P S 

598 cgttctcgcggtgtgggctcacgttgccgtattatgggatggggc 
R S R G V G 5 R C RIM G ~ G 

643 aaaatctcaactactgaagatacttatcctgatgtccctcattgt 
K 1ST TED T Y P D V P H C 

688 actaacatcttcatagtcaagcataagtggtgtgaaccactttat 
T N I F I V K H K ~ C E PLY 

733 ccatgggtgcctgctgatagcagaacattgtgtgctggtatccta 
P ~ V PAD S R T LeA GIL 

778 aaaggaggcagagatacatgtaagggtgactctgggggaccgctc 
K G G R D T C K G D S G G P L 

823 atctgtaatggagaaatgcacggcattgtagctggggggtctgaa 
leN GEM H G I V A G G S E 

868 ccttgtggccaacatcttaaacctg~tgtttacaccaaggtcttc 
peG Q H L K P A V Y T K V F 

913 gattataataactggatccagagcattattgcaggaaatagaact 
D Y N N hl I Q S ·I I A G N R T 

958 gtgacttgccccccgtga 975 
VTC P P 1; 

11.J~ 5 ihfi'\.H1Jff~fl\l RVV-V cDNA ~ encode mature protein tm::: deduced amino acid 
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• Phospholipase A2 (PLA
2

) 

PLA2 ~hHruhiiJ~l~'\.H'IJ'iJ 596 l'IJ'iJ u~~iJf)1'jf\1'I1'U~f)1'j'iJ1\~ hh~'U'tJ'Ul~ 122 

m~BiJl'U U'iJ~,J~,J'j'tJ~ 6 
" 

1 ggtgcttctqaacccccttcaactctgaqddddg9ct~ccaactgtctggdttcaqqaq~ 

f. 1 ATr.'\.Gr.AC TCTCTGGATAG T GCCCGTGi'GCC:'GAT AGGCGTj CMGGGr~CCTI T T CCAG 

M R T L W I V A VeL I G V E G N L F Q 

F GEM I L E K T G I< E ·V V H S Y A I Y 

181 GGATGCTACTGCt;C;CTGGGGhGGCC/\AGGCT,GGr.;r:ACP.Cr.ACr.CC]\.CCGA:CGCTGCTGC 

G eye G W G G Q G R A Q D A T D R C C 

241 TTTGTGCACG1\CTGCTGTTACGGGACA.GTGAATC;ACTGCI\'l\CCCCAN\!~CGG::CAceTAT 

F V H Dec Y G T V N DeN P K TAT Y 

301 TCCTACAGCTT7GAGAACGGGGATATCGTcn;n;( ;;.{;i'CI\ACGr\CCTGTGCC7GAGGACT 

S Y S FEN G D I vee 0 ~ 0 L C L R T 

~h 1 (;TTT(~·:GA(~TGTGP.CAGGGCC(;CC.GC;;A1-c:,:,r.CC:T-:'Gl\Cl\GMTGTGA.t.,iAC.~::I...CGJ\C 

veE. CDR A A A I C L G 0 N V N T Y D 

4;> 1 AAAAACTATGAGTACTACTC.~.ATCTr.Tr:A7TGCI\CGG1\GGAGTCF,GAGCAATGCTAAgtc 

K N Y E Y Y SIS H C TEE SEQ C * 

481 tc:qcaqgacgggaaaaagccctccaattacacaatt1'gqttgrgctactc~attattc 

')41 t. <)i'l(H qca a tact qaqcaa t eel.:! ca cFJt gcc.<l g ~< r.t gc ,:}ct~aa tcgad 3d odddd.:a dd 

l..J~ 6 ~l~'lJl'IJff'tJB,J PL~ cDNA ~ encode mature protein U~~ deduced amino acid 
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• Serine ~-librinogenase 
" 

'Wlr:i1 Serine ~-fibrinogenase b1'llJl',H1Qf1 translate flflf)lJll~'Yi,nnJ~ 234 amino 

d. 0 " Q.I I QJ .cl ~ ~ cv A d ,i 
acids 11 'Wl'l1Uf1 ~1ImfJ~~'V11f)iJ 25,529.87 LI~:;;1Ii'l111li'l~1l'Ji'l~-lf1iJ Serine I-'-fibrinogenase gene 'Vl'WiJ 

'lu~'lfU~gu l~fJn~l~iJ!iJb1' Llb1'~-l~-lti.J~ 7 

1 atggtcgttggaggtggtgcatgtaacataaatgaacatcgttcc 
M V V G G G A C N I N E H R S 

46 cttgtattcttgtataacgatagcaactttcaatgcggtgggact 
L V FLY N D S N F Q eGG T 

91 ttgctcaaccaggaatgggtgctcagtgctgcacactgcgacatg 
L L N Q E W V L S A A H C D M 


136 gaaaatatggagatataccttggtgtgcataacttaaatctacca 

E N MEl Y L G V H N L N L P 


181 aataacgatcagaagacaagagacccaaaggagaagttcttttgt 

N N D Q K T R D P K E K F F C 


226 ctcagtagcaaaagctacaccaaatgggacaaggacatcatgttg 

L S S K S Y T K W D K DIM L 


271 atcaagctgaacagacctgttacctacagtacacacatcgcgcct 

I K L N R P V T Y S T H I A P 


316 ctcagcttgccttccagccctcccagtgtgggttcagtttgccgt 

L S L P SSP P S V G S VCR 


361 attatgggatggggcgcaatcacatctcctaatgagacttatccc 

1M G W G A ITS P NET Y P 


406 gatgtccctcattgtgcgaacattaacatactcaattatacggtg 

D V P H C AN I NIL NY T V 


451 tgtcgagcagctagcccattgttaccagcacaaagcagaacactg 

eRA ASP L L P A Q S R T L 


496 tgtgcaggtatcctgcaaggaggcatagatacatgtaaggctgac 

C A GIL Q G G I D T C K A D 


541 tctgggggacccctcatctgtaatggacaaatccagggtattgca 

S G G P LIe N G Q I Q G I A 


586 tcttgggggcactatccttgtgcccaaccgcttaagcctggccac 

S W G H Y peA Q P L K P G H 


631 tacaccaaggtctttgattatactgattggatccagagcattatt 

Y T K V F D Y T D W I Q S I I 


676 gcaggaaatacaaatgtgacttgtcccccgtga 708 

A G NT N V T C P P * 


ltl~ 7 ~l~iJLiJb1'~fl-l mature protein encoding sequence ~fl-l Serine ~-fibrinogenase homolog cDNA 

LI~~ deduced amino acid 
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• rJerdostatin homolog (Daboistatin disintegrin) .
.do,. 1.1] 'J/ d.d 0 QI " 'J/
rlerdostatin homolog 'Yl bflrl'U b~ ll1Jm~'lH'lJff 129 L'lJff Url~fllWJ1'Ul'il~ff~1~ mauture 

peptides 'l.J'Ul~ 43 m~ilinu Hff~~~~'lU~ 8 

1 t c a 
C Q A 

46 aacaacat t cattact cact 
yG T c H C T1'. 

91 ttatccc ctaa 
yG P G * 

.
au;] 8 ~l~'lJ!'lJff'l.Jil~ mature protein encoding sequence 'l.Jil~ rlerdostatin homolog cDNA Hrl~ 

deduced amino acid 
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f1l1N~'" recombinant protein "~-.'j PLA2, RVV-X, RVV-V, serine p-fibrinogenase 1I't1:::: 

rJerdostatin homo]og (Daboistatin disintegrin) 

1 Factor X activator (RVV-X) 

. 	 . 
.a::i Q.I 1J 91 ~ 	 ,t::I G)

• 	 N~flllfff)'lIl't'ill::::~'Ufl111J!"1J"t!'YI!'nJl::::t11J"~-.'j IPTG 1!~::::'111-.'jn~1'YI!'t'i1Jl::::t11J It! 

flll1.u11'1J!9I't1-&I!'Uflfl!'~tI,.nl-.'j{Jlm~1J IPTG 
~ 0' ~ <}" d~ ~ ~ QI 'jJ, d.Q 	 0 

~lnfllJl!ml~lHfttln Iflftt!'Yll!ml~l1Uft~t'J'Wt'J'\..mftll1'lJt'J'W RVV-XH Hft~ RVV-XL m'Yll 

fllJ'Yl~ft'tl'lJfllJNi'l~ l1JJ~'W~,mrill Hft~YllfllJ1!ml~"j~1t'J SDS polyacrylamide gel electrophoresis 
" .'1' !II !II 	 • OJ '1' "'''' ~ '1'.1 '" 

1~t'JfllJt'Jtl'lJ!~ft~lt'J Coomassie blue staining 'W'lJl1'Yl-.'j Iflft'W'Yl'lJ RVV-XH !!ft~ RVV-XL Nft~ IlJJ~'W 

tltlnmmnmt'J hj~l-.'jn'lJ!G)$ftrl'~ hjt1nm~~'W~lt'J IPTG tl~l-.'j h~~1'lJ!rltl1!ml~"j~1t'J11i Western.. . 
Q.I gI 91 ,~ 	 .c:!d " .... 1 c:1 .... 1

blot l1ft-.'j~lflm~~'Wfllt'J IPTG 'W'lJl1ft'lmHINft~ recombinant RVV-XH 'Yl'lJ'U'Wlfl IlJJ~'WlJJ~mru 

59 kD !!ft~ RVV-XL iJ'U'Wl~1JJ~mru 18 kD 1~ ril'W!tJ}fftrl'~'liQflm~~'W~lt'J IPTG lli'W'lJ l1JJ~'W~ 
~l!'Wl~~tl anti-histidine !!ft'~-.'j~-.'jt1J~ 9 

A 
kD M 1 2 3 4 5 6 7 8 9 10 

B 

kD M 1 2 3 4 5 6 7 8 9 10 

66-+ 
., 

45-+ 

31-+ 

14-+ 
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~tJ~ 9 ('\'n!l~Ut1':J) Uff~\lf-Hlf11'j~il~ hh~'W RVV-XH u,,~ RVV-XL l'WtCl)fmfu1Jfl~h~IJ'H"\I'illf) 
'JI 'JI ?I ~ ,. 

m~~'W~11J 0.5 mM IPTG tlJ'Wnm 3 <Jf1 blJ\I 

(A) ~"f11'j nm SDS-polyacrylamide gel electrophoresis tH1~ Coomassie brilliant blue staining'l'W 12% 

t'il" (reducing condition) 

(B) ~" Western blot 

M = protein marker, lane 1 = RVV-XH clonel without IPTG, lane 2-5 = RVV-XH clone1-4, lane 6 = 

RVV-XL clone2 without IPTG, lane 7-10 = RVV-XL clone1-4 

"I ~ 'JI 'JI d ,. 'JI 'JI 'I ' 
!'Wm'jI1f)'hll'\11fl11lJt'UlJ'U'W'YImm~L1'lJ'Utl\l IPTG b~tJ'YI~fftl1Jfl11lJt'UlJ'U'W b'W<Jf1\1 0.1-1.5 mM 

"" .. 'JI ,..\.. 'JI 'JI d 'JI 'JI' ." 
'illf)m'j1tfl'jl~'H~"~11J Western blot 'W1J11tlJmCl)f""\lf)m~~'W~1t1 IPTG 'YIfl11lJt'UlJ'IJ'W~l\1'l f)'W f11'j 

" . 
~il~ hh~'W'Vi\l recombinant RVV-XH u,,~ RVV-XL l1ilifl11lJU~f)~l\1n'W UL1'~\I~\lttJYi 10 ~t"~ 11 

" . 
~\lt~fl11lJt<umj''W'Utl\l IPTG t'viln'lJ 0.5 mM t'Wf11'j'YI~"tI\I~tlltJ 'illf)U'Wl'l1f11'jflf)'hll'Hlci1\1nmYi 

" .
mm~fflJl'Wm'jt~liwCl)f"rl'u'lJfrYh~IJ'H"\I'illm~lJ IPTG !~tlt~ci1\1nm~\lU~ 1 .Jf1 !lJ\I ~\llilJ<UllJfi'W 

(16-18 i'1!lJ\I) 'illf)f11'j1tfl'jl~'I1~"fi'1tJ Western blot 'W1J':h~nm 5 i'1!lJ\I fflmH)~il~!tJ'j~'W 

recombinant RVV-XH lfi'~~~~ Uff~\I~\lttJ~ 12 ri1'W recombinant RVV-XL L1'1m'jf)~il~lfi'~~~~ 

trltllilJ<UllJfi'W (16-18 i1 !lJ\I) Uff~\I~\lttJ~ 13 

kD M 2345678 

66--+ -
45--+ 

31--+ 

21--+ 

14--+ 
~--------------------------~ 

.J ,. d d "" .1 " .. ad." 'JI l'
~tJ'YI 10 Uff~\I~" Western blot 'UtI\I btJ'j~'W RVV-XH 'YI~"~'U'W b'WtCl)f""U'lJfl'YIt'jtl'H"\I'illf)m~~'W'fntl 

IPTG ~fl11lJt<UlJ<U'W~l\1'l n'W tll'Wnm 3 i11lJ\I 
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M = protein marker, lane 1 = without IPTG, lane 2 = 0.1 mM IPTG, lane 3 = 0.3 mM IPTG, lane 4 = 

0.5 mM IPTG, lane 5 = 0.7 mM IPTG, lane 6 = 1.0 mM IPTG, lane 7 = 1.2 mM IPTG, lane 8 = 1.5 

mMIPTG 

kD M 12345678 


_I.d do d "" ,J '1 ." "'''' '" 'JI 'JIllJ'YIll Ub1'~~N{1 Western blot 61H)~ hh~'U RVV-XL 'VlN{1~'tJ'U !'Ulll]f{1{1U'Ufl'Vll'HJ'\1{1~~lf1m~~'UWJI'J 


IPTG ~fl11lJ!'Ii'lJ'Ii''U\9il~''l f)'U lll'Unm 3 i11lJ~ 


M = protein marker, lane 1 = without IPTG, lane 2 = 0.1 mM IPTG, lane 3 = 0.3 mM IPTG, lane 4 = 


0.5 mM IPTG, lane 5 = 0.7 mM IPTG, lane 6 = 1.0 mM IPTG, lane 7 = 1.2 mM IPTG, lane 8 = 1.5 

mMIPTG 

kD M 2 3 4 5 6 7 8 
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. 'l~, ~ "i' 'l~, ~ "i' 'l~,
M = protem marker, lane 1 = t GIH1m'UtJ 1 'if1 ttJ~, lane 2 = t'ifn-nl1JtJ 3 'if1 ttJ~, lane 3 = t'ifnm'UtJ 5 

i1 1tJ~, lane 4 = l~nm1itJ 7 i1 1tJ~, lane 5 = 1~nm1itJ 9 i11m, lane 6 = 1~n-nl1itJ 11 i1 1tJ~, 
'I ~ '~<!I , ~ <!I "i' 0' dd 1Jj' ~ ~ 

lane 7 = t'ifnm'UtJ'lJltJfI'W, lane 8 = 'UtJ'lJltJfI'W t~I:nolmm!'UfI 'I'H'HJ ttJm~~'W~1tJ IPTG. 

kD M 2 3 4 5 678 

66---. 

45---. 

31---. 

21--+ 

• 

'" ~ ~ 
l'm~'illf)m~~'W~1tJ O.5mM IPTG 

M = protein marker, lane 1 = 1~n-nl'utJ 1 i1 1tJ~, lane 2 = 1~nm1itJ 3 i11tJ~, lane 3 = '~n-nl1itJ 5 

i11m, lane 4 = 1~nm1jtJ 7 i11m, lane 5 = l~nm1itJ 9 i11tJ~, lane 6 = l~nm1itJ 11 i11m, 
'1 ~ ,~"I , ~ "I "i' 0' dd 1Jj' ~ ~ 

lane 7 = t'if!d-nl'UtJ'lJltJfI'W, lane 8 = 'UtJ'lJltJfI'W t~mO)m-n!!'UfI'I'H'JtJ ttJm~~'W~1tJ IPTG 
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• ~H'f1l'jH~~hh~t! recombinant RVV-XH U!'l~ RVV-XL 
o 'jJ gJ d ,.d at GJ9/. rI dd 

'W 1fl 1 1'lJ! 'lJlHJ'W'VH'11 'lJl~ b'I''lJ 6tH) 'l IPTG !!{l ~ ')j'1 'l !J{ll'YH '11 'lJl~ b'I''lJ ~ 'W f)1'J 1')j'lJ'lJ !O})'{l {l!!lJfl 'VI! 'J £J 

QJ.q 9J Q .d. ~o'jl rI 
'I1{l'l'lllfHlPl'lJ IPTG 'lJlh1'Wf)1'J~{l~ hh~'W recombinant RVV-XH !!{l~ RVV-XL 'U1f1'W'W'Yl11mO})'{l{l 

cO '" ~ d d , 'LI cO ''I "'I , ~ 
UlJfl 'Yl! 'J £J UIPl f1~ l£J!fl 'J ~ 'l sonicator !'W ~ 'Yl~ b'I'~ lJ 11 ~ lJ 'J ~ 'W! 'J1~ ~ 1'W pellet '11 'J ~ supernatant 'W lJ11'Yl'l 

recombinant RVV-XH !!{l~ RVV-XL ~Qlu pellet ~'lttJ~ 14 U{l~ 15 

A B 

kD M 2 3 4 1 2 3 4 

.- 59kD --. 

, 

a,j~ 14 Ub'I'~'l~{lltJ'J~'W RVV-XH 'HCl'l'llltl sonication 

(A) ~{lf)1'J run SDS-polyacrylamide gel electrophoresis !!{l~ Coomassie brilliant blue staining1'W 12% 

!'U{l (reducing condition) 

(B) ~{l Western blot 

M = protein marker, lane 1 = RVV-XH without IPTG, lane 2 = RVV-XH with IPTG before sonication, 

lane 3 = RVV-XH supernatant, lane 4 = RVV-XH pellet 

A B 

kD M 2 3 4 1 2 3 4 

.- 18 kD --. 

75--. 

50--. 

25--. 

20--. 
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· . - I'" gI "" gI 1-I "" '" alJ'YIts (11'W1'VlU(j1) W:"~~fm lJj\9l'W RVV-XL l1(j~'jJ1f) sonication 

(A) ~(jf11j run SDS-polyacrylamide gel electrophoresis U(j~ Coomassie brilliant blue staining1'W 12% 

~'jJ~ (reducing condition) 

(B) ~(j Western blot 

M = protein marker, lane 1 = RVV-XL without IPTG, lane 2 = RVV-XL with IPTG before sonication. 

lane 3 = RVV-XL supernatant, lane 4 = RVV-XL pellet 

'jJ1f)f11ji1mn~(jf11j~il~ 1tJj~'W~'I:l~9f{i~ RVV-XH U(j~ RVV-XL 1~rJ1~1n'Vl1~ recombinant 
'" 

" " technology 'vnr;hl~ltJj~'W RVV-XH U(j~ RVV-XL !'vilfiu 300 ~g ~t11 ~\9lj'Ut1~t11111j~ft(J~~;t1 U~~ 
" " 250)lg ~t1 I ~\9lj'Ut1~t11111j~ftrJ~~;t1 \9l1lJih~u u~~vhf11j1~m1~111tJj~'W l~w SDS-polyacrylamide 

gel electrophoresis U~~ Western blot analysis 'VlU111tJj~'W recombinant RVV-XH U(j~ RVV-XL ij 

'U'W1~tJj~lJlUl 59 kD U~~ 18 kD \9l1lJih~u ~~m"~~1'WttJ~ 16 

A B 

kD kD 

75~ 

50... 

20'" 

• RVV-XL+­

atJ~ 16 Uf1'~~~(jf11j run SDS-polyacrylamide gel electrophoresis ~t1lJ~1rJ Coomassie brilliant blue 

(GJf'1t1) U~::; Western blot ('1111) 'Ut1~ recombinant RVV-XL (A) U~~ RVV-XH (B) 
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2 Phospholipase A2 (PLAJ 

A B 
1 234 5 1 2 3 4 5 


31.0kDa 

21.SkDa 

14.4kDa 

al1~ 17 ~rlfl1jm~~lHll'n:,.fl~ rPLA2 ~dfJ IPTG ~nm~W1 
(A) ~rlfl1j nul SDS-polyacrylamide gel electrophoresis ~m~ Coomassie brilliant blue staining 1lJ 12% 

~~m (reducing condition) 

(B) ~fI Western blot 

lane 1; incubated overnight cells lysate without IPTG, lane 2; incubated 1 hour cells lysate, lane 3 


incubated 3 hours cells lysate, lane 4; incubated 5 hours cells lysate, lane 5; incubated overnight cells 


lysate. 
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3 Factor V activator (RVV-V) 

• IV d j/iJ iJqg./ iJ 
'WU11'\1Ll 'Hllfl'Vlm~~Jl,lft1~ 1 mM IPTG Ll'l:IJTHlm~~'W 1'\1 E coli BL21 Ll'l:lJlH1Ll'':i1,,:j 

recombinant RVV-Y 1~ lft~'ll1f)fll':iYl1 SDS-PAGE um~ western blotting 'il~'Wu ';hiJhh~'W'tJ'W1ft 
J 0 .<O!I~ Q.I lrJ gJ ~ did A

'lh~:lJ1ru 39 kDa 'lh1fl!)'\1'W:IJlULl~Ll'l:1JlHl'VlTU!)m~lflU anti-histidine tag 1ft 'Vl,,:j'W 'il~'WU11'Vl~ru'\1.fJ:IJ 

30°C hh~'W~j:.ji1~ i~'ildhJ1:1Jlru:lJlf)~~ft (t'l.J~ 18) 

M (kO) 

M (kO) 75+ IPTG+ + 

50 
75 


50 

37 

37 - -39 kD 

25 
25 

15 

_I"" ~ ~ 'I ~ ~ ~.d "" 
l'U'YI 18 (O)$lV) SDS-PAGE ULl'ft,,:jj:.jLlfll':im~~'W 1ViLl'':i1,,:j recombinant RYY-Y ft1V IPTG 'Vl~ru'\1.fJ:IJ 

~1,,:j"1 'QflfY':iULl'ft,,:j\9l1HWU,,:j'\1e),,:j recombinant protein; ('\111) j:.jLlfll':iYll western blotting 'WUi1 anti­

histidine tag Ll'l:lJl':ifl~UnU recombinant RVV-Y i~ 
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4 Serine ~-fibrinogenase 

'Vl 'l.Y,hf1'llJl)tlm~~'Ul,r E. coli BL21 f1'llJl)tlf1'~l~ recombinant Serine ~-fibrinogenase 

like protein l~mr~'j)lf)~m~~'U~ll'J 1 mM IPTG l~HJ'j)lf)m)yh SDS-PAGE ml~ western blotting 

• d'l'ol "" 01 01.1 0 0 1"''''''' '" 1II'J1
'j)~'Vl'Ul1lJ ~lJH1'U ~'Ul~lJ):::lJlW 39 kDa lJ)lf)tl~'UlJlHft~ f1'llJ 1) tl'YlllJ tlm l'Jlf)'U anti-histidine tag ~~ 

i.I 11, , ,. 

l1~ij 'j)~'Vl'U 'hnfJw'I1tJiJ 30°C l'll~~'UYiN~~l~'j):::li'll~lJlWlJlf)Yi~~ ~~t'llYi 19 

M(kD) 

IPTG + + + M (kD) 75 

50 

75 

3750 

37 

25 
25 

15 

-39 kD ..... 

a'll~ 19 (GJi'll'J) SDS-PAGE Hf1'~~rmm~m:::~'Ui,rf1'~l~ recombinant Serine ~-fibrinogenase like 

protein ~1l'J rPTG 'Qf)rr~Hf1'~~~ltL'l111~~fl~ recombinant protein; ('lJll) Nftf)Wt11 western blotting 

• '" '" R 1II'J1
'Vl'Ul1 anti-histidine tag f1'llJl~tl'j)'Uf)'U recombinant Serine I-'-fibrinogenase like protein ~~ 
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5 rJerdostatin homolog (Daboistatin disintegrin) 

., d,!, 'JJ 'JJ 
rHWil1f)'Vl ~~H'l'U rJerdostatin homolog cDNA t'\n pET 32a plasmid ttrl~ transfonn t'\n E.coli 

BL21 'Vfu ';hm:Ul'Hlm~~'U1r1 E. coli BL21 ffl:1J11flff~1~ rJerdostatin homolog protein L~\·H1~~1f)~ 
'JJ 'JJ 'I' 0 

m~~'U~1l1 1 mM IPTG ~~lI~1f)f)11'Vl1 SDS-PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel 

, "'1'_1 '" _I _I & ., d lIJ 'JJ _Id
Electrophoresis ) ~~'\"j'lJ11:U ~lJ1~'U'IJ'Ul~lJ1~:IJ1ru 24 kDa lJ11f)!l'IJU:IJ1 ~~~~mu ~~~lf)'llJ'Vl 20 U(l~ 

d '" I] 'JJ 0 _I "''''''' ., .J lIJ ~ 111 'JJ'!'
recombinant protein 'Vl~(l~ b~ffl:1J1Hl'VlllJ!lmll1f)'lJ anti-histidine tag 0J1~~~'\"j'lJ b~ ~'U pET-32a b~ ~~£.1 

!M'U 1~~1f)f)11Vh western blotting ~~'lD~ 21 

1\1 NI II N2 12 N3 I3 N4 14 

.- 24kDa 

ltJ~ 20 Uff~~~(l SDS- PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) 'lJf)~ 

rDaboistatin 4 1~(l'U 

ltJ~ 21 Uff~~~(l western blot 'lJf)~ rJerdostatin homolog 4 lf1(lU 
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'" 'L J co "" ~ q 'iAco 
~(,1f)n~tWl !U~VllfYil:l~ IVltJ 1'if11i'YIH recombinant technology 

tecMology !~e),V\1f11j1!ml::;r1hh'~'U 1~HJ SDS-polyacrylarnide gel electrophoresis ltft~ Western blot 

analysis 'Vfur.hhh~'U recombinant RVV-XH lm~ RVV-XL iJ'\l'Ul~'l.h::;lJ1UJ 59 kD 11"::; 18 kD 

~l'1.tih~u ~j\l~llJ~f11~H lm~'i:YllJljClr.li)~ hh ~'U RVV-XH 11"::; RVV-XL l'vh fiu 300 11"::; 250 !-lg 
v v v 

..c:. CI 4 0 QJ .c::1 g1qQJ QJ .c:. 
~V 1 "~j'\lV\lV1Y11jlmJ-31'l5V ~llJ"l~U 'UVfl'illfl'U'Vll\lflUJ::;~P'iltJtJ\I'i:YllJljflr.l"~ recombinant protein . 
4 CI G ~ A
V'U'lVfl 4 'l5'U~f1V PLA2, RVV-V, serine I-rfibrinogenase 11"::; rJerdostatin homolog {Daboistatin 

disintegrin)~\I'il~Ul hh~'Ui\lY1lJ~~r.li1~ 1~~\lmlll hJ'Vl~'i:YeJu~UJ'i:YlJU~'\lV\I hh~'U'w'td~~eJ 1'11 
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