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NOVEL ANTI COAGULANTPOLYPEPTI DES AND COWVPLEX

AUdocunents cited herein are incorporated by reference
wonod7lvesa7sentirety. TECHNI CAL FI ELD Thi s i nvenPCoiSG2@6/000222

in the field of snake venomand the invention provides

two novel snake pol ypepti des and nucl ei c acids

encodi ng the sane. Al so provided are various uses,

met IOV R ANDOA GUINN TR EY MP S ARG PeoMPRiEX he
novel snake pol ypeptides and their ability to inhibit

bl ood coagul ati on. BACKGROUND ART Bl ood coagul ation is
All docypents, ﬁg?cglgqr@gm@éomgrm eharenqe;in theix endiretyesul t s
froma series of anplified reactions, in which

speci fic zynogens oﬂrﬁeﬁ?pgygt?ﬁﬁfips circulating in
y activate

the plasma are sequenti a d by imted
. . proteolysis leading to the formation of blood clot,
This inyepsioaliy ipr e ofdd md snhke Vosem ofndbtheoitvétiod) probvides swo novel snake

ALY ] t.hroygh t he trinsi at hy 4). .Menbr ane
polypepgglastn %ﬁ xﬁgcéedcé a?lgg f:%cpgl(n.g%(ie same. lsg Proxy g Vagoyas yses, jpgthods and
compositiony dagad| @ the [Midedyery oFHRS @ileP sﬁﬁk%rboiﬁﬁ%)ﬁéles\ﬂnhacheir ability to inhibit

(FV]l1a), which is preexistent in the plasma (at 1% - 2
blood caggghatiohe total factor VI1) (5, 6), and forns the

extrinsic tenase conplex. This conpl ex activates

factor X (FX) to fag\?gﬁKéﬁgégﬁﬁAﬂjn association with

its cofactor factor orfns a proteolytic
cl eavage of prothronbin to thronbin. Thronbin cleaves
Blood coagylativnge an timnate tespamse fr vasotlan injfgrthatresiits dfora afseliés 6F amplified

. | ot .and acti.xates platelets.for inclusion in the
reactionfy B} i Gty Ao GRE Arelfst (RPN Bt the plesma are
sequenti6Hy Xktivaed A9t WhitédXprdt&dlyad leddiis t @ kdithatibn tcﬂeolﬁ%d clot, thereby

.propagati on of the coagul ati on cascade through t
preventingithq fpss of blaodvidy3)- fittie teitiaigd|through theasxddsic inathweye@). Membrane

1.1 t] . i npal ance,in.its .regul atiaon .
vound Sl S8FEH R FERboh PR DIEF B eSSt s it o
Vila (F\éllae sdiiateis ipremibitang irtlthiel plgsnia(abi 1 252 95 of tHAABIaE tackdrOVII) (5, 6), and
ormation resulting in death and debilitation due to

f
forms th gxfrifysie LCBRSEICQEIPHH- RiStPommexcaYeaign &rte B(F XY tscheidr Ha (FXa). In
< i Af o i i .or .
assomatl'to{g vAIE itk @Bfackl _rfé?djrﬁpe\r/g’%jrzg B@{f%ﬂﬁyp ?k‘dtg’ﬁ&mﬁ) cleX\?Jg%gto Prothrombin to

thronbosis (7) ere rs an’urgen
thrombin. hEhyendyi ydleuves faridogenetit ifibrin, forhbtimgrmertiohi s a fibrin clot and

. di.s er.s.. Ant.i coagul an ar ivotal for the .
v A B 3308 21O TR Bl e v e 1
(FIX) toafactor IRa (FEX0f thh BelpRst i8I Re Bﬁ%bﬁidn%‘f he CBLURSHAY Sscade through
. .anticoagul ant treatnment (8). uamari ns and
the intrinsic pathway. The coagulation cascade is under tight regulation. Any imbalance in its
regulation could lead to either unclottable blood that results in excessive bleeding during injuries
or unwanted clot formation resulting in death and debilitation due to vascular occlusion with the
consequence of myocardial infarction, stroke, pulmonary embolism, or venous thrombosis .

Therefore, there is an urgent need for the prophylaxis and treatment of thromboembolic

disorders.

Anticoagulants are pivotal for the prevention and treatment of thromboembolic disorders and ~
0.7 % of the Western population receives oral anticoagulant treatment (8). Coumarins and
heparin are the most well known clinically used anticoagulants. Coumarins inhibit the activity of
all vitamin K dependent proteins including procoagulants (thrombin, FXa, FIXa and FVIIa) and

anticoagulants (activated protein C (APC) and protein S), whereas heparin mediates its



heparin are the nost well known clinically used

anti coagul ants. Coumarins inhibit the activity of all
woizb@isy7K dependent proteins includi ng procoagairsat®e/000222

(thronmbin, FXa, FlIXa and F\V_la) and anti coagul ants

(activated protein C (APC) and protein S), whereas

. ri.n.medi ates .itsanticoagul ant activity b . .
R LR A A e e ——
10). ThéRbhispeAbifodd bf @Btiorl OF -thdsdCarliRBaSRHRS fdcCodPABr Meir therapeutic

action of these anticoagul ants account for their

limitatioph &y mgintainiag) 4 balanee bstyecen dhnemibesisi andrhgnwstasis {htde Hence, there is a

' nd henopst asi 11). Hence, .there
ned o L MBI O TP BRL 0B RC Ak P e e Smes o
particulanistephint the @dtting @edcbisC(120 AR IBREMAB FiZyFeRfively RBw concentrations in
@artl cul ar st ef) in the clotting process (12, 13;.
blood (1gsaM) pnd itsrpivetal solg insthe initjationpfcesrealtipn chsade (14).07\GoF VIla may

v kM 80 O L R A Bt e

_attractive drug target for the devel opnent of novel
Proteins amdtosipe clirdincsnakie iveneguhave begensesl iPtist désign and tdewdlomment of a

frgm snake venons . have peen used in.the design and _.
momber of SRR ASEHE £ ATHGP SEF ch T ALY SoragenioUmsar disgases (15).
For exmﬁgsllg,ea: En€iSy oPRhiliGH @ﬂ%}ﬁt%hﬁfé&ﬁﬂeﬂ@&&&ﬁ% ggéré BevfSped based on

. (15). For exanple, a f i nhi bitors
bradykinghpetertéaiimigrpeptdessiremn FgudnAies caresnakd owndrop El) bmbibitornof platelet

s B2, DG S RSRGE! LS5 LSO AR o e

family of yiztelats aggtidtionaihibtosnfduid i®vigeid, ante e taligSindRe denoms (17-22).
based .on disintegrins, a large famly of platelet
Ancrod exiraeted 4£qme g VOBt eloMalayentt Viperveises Bload dibeinggen leyels and has

o £ 2 enom
b S A el o R L B R
and has been successfully tested in a variety of
i schaem ¢ conditions i BsdMMABYstroke (23). SUMVARY
Reported herein is the purification and

. [ j op _of t hree-fi.nge OXi henextin A).
ReportefRUATL B4 ARG Il TS HRRET o Y95 BrbH SRS i ) o
mediatesaimtiebaxuil sht seeiiey iR teatendnhaf bR ehid! Sndldf Wéhddhatus haemachatus

Ri.nghal s caobra). The anticoagul ant activity o
13

] f
(African 3 $pbsa dhe AnsanegdanineHvRE RERempxtm Aris epbanced whem hemextin
A intera&@s SHAP st(e%&{de ﬁiréé—ﬁ%%r the! @)e({n%ﬂiﬁﬁ )eg): tﬁ\}?%?lt P C&ﬁg@é a(hemextin AB

conpl ex emextin conpl ors
complexkhown the formation of a conplex between the two
proteins nay be inportant for the anti coagul ant

tivity. .-This.is the.firsft tetrﬁ:r)r(ehlc conpl ex
AT

. a .
The invebigrs Ve shosie sy BORFHELOT 1 PRIerT REoRy dht dP'e BraiFins may be
importan fs¥vhe biigdoaBEIRBXALRItH PHISid the AN Shedd CorkPIBR cBsisting of three-
prol ongs clotting by inhibiting extrinsic tenase
finger toxipi Tha ipvestorrghaveishews ttharherspin e nd is ¢ybyeistic dginplyx prolongs
clotting ﬁ}hﬁh{bi‘cing extrinsic tenase activity using “dissection approach” and by studying their

effect on the reconstituted extrinsic tenase complex.

Further, the inventors have confirmed the specificity of hemextin AB complex and hemextin A
inhibition by studying their effects on 12 serine proteases. Hemextin AB complex is the first reported
natural inhibitor of the FVIIa which does not require a scaffold to mediate its inhibitory
activity. Molecular interactions of hemextin AB complex with FVIIa/TF-FVIla provide a new
paradigm in the search for anticoagulants inhibiting the initiation of blood coagulationThe



effect on the reconstituted extrinsic tenase conpl ex.

Further, the inventors have confirned the specificity
wohodrenrexsi n AB conpl ex and henextin A inhi bit POWSEY006/000222

studying their effects on 12 _serine proteases.

Hemextin AB conplex is the first reported natura

inhibitar of the_ FVl].a Lch does not require . i
motecuft picHOpD i G, SF HEPERER AP SERIPIN Yerovipe sbicited using
biophytitdl efcakitit @S Rdsches®Xhé TefsCOMh&E Whulilks, a model for this unique

. FVIla/TF-FVila provide a new paradigmin the searc%
anticoag@lantzaemmdesaig wrenesed avdeserihedbglavhe i nitiati on of bl ood

coagul ati onThenol ecul ar interactions in the fornmation

i L . S0 uci dated usi.ng_ .
A it QRN o SRAY B BB B 510 g smence o
set fortls iSEQID NOrtoete3 EQ 0D Nhi3soruniagidst, aitit 02 Gdpbmeht teewl, €X
is proposed as described below. A first aspect of the
i hvent i rovides a | ypepti de_ thatconprises the
A secondtipger ol ey mroatdes ¥ gl pepide halrompessrshreminapoid sequence
as set f&Anl @E(g@g NOZ 4&r % ladAHanthuBit opﬁa%:rggxg'ﬁgéﬁoﬁﬁ HifiPlspect of the

) A secon specf of the invention prov
inventiqsp pxpyyides iageud¢ia tacishpelesels wiich:af) ewcodes d méypeptide aeording to the
th 10, SEQ | D NO 4,0r. 5 or a yariant, .mutan .
first or §6¥bpd S @ISO F D A0SR D oG o ERBEO part 6 ora
variant,ihetnig ageitue lceinplaatdndthdrbecul e which: (i) encodes a
pol ypeptide according to the first or second aspect of
{he invention; or (IH% hybri di zes to a nucleic acid
A fourth gsneet pithg fnysgtien proyidss ayegtoy,eqntaining amckme acifl mpjersiy of the third
aspect thERTRMEIENt thereof. A fourth aspect of the
I nvention provides a vector containing a nucleic acid
nol ecul e of the third aspect of the invention. Afifth
A fifth aspgetcaf the invhetiommenidena hpst ool tressfarrabwith @l ector of the fourth aspect
. formed with a vector of the fourth aspect of the
Ofﬂwléﬁ%@%%ion. A sixth aspect of the invention provides a
nmet hod of produci ng a pol ypepti de according to the
A sixthfdspat ofthes@eomibragioedes @ imdiral bﬂy@ah&iﬁg a potpdpRES etording to the
conpri sin turing a host cell according to the

cul
first or pgcppd, a&eﬁg%ﬁ ginyenEORheReilod comREIIEsNERg ashost cell according to
the fiftl44) i i : Li: th :
e SISO o Ry BB 53340 Sk D PELYRBBALE Pl W et o
the firstag peind @speachef thawerentian provi des a nmet hod of produci ng
a polypeptide according to the first or second aspect

f _the i tion, the nmethod conprising the chemcal
U e T N TR T —
first or isBo@At dspéct ITOME dBenfioNBihb GfetRbd @6MBFiShNHe RhERAMA] Snthesis of the

conprising a
polypeptidg..p J

An eighth aspect of the invention provides a method of generating a complex comprising a
polypeptide according to the first aspect of the invention and a polypeptide according to the
second aspect of the invention, wherein the method comprises contacting a polypeptide
according to the first aspect of the invention with a polypeptide abcording to the second aspect of

the invention under conditions suitable to allow formation of the complex.
A ninth aspect of the invention provides a complex comprising:

1) a polypeptide of the first aspect of the invention; and



pol ypepti de according to the first aspect of the

i nvention and a pol ypeptide according to the second
wezpeaks4s the invention, wherein the nmethod ceopISGI®SE/000222

contacting a pol ypeptide accpording to the first aspect

of the invention with a pol ypeptide according to the

secaond aspect of the invent'gg under caonditions

(i) aupelupaniide OThe SEFInGr #RRES inpentiogmat &pth Asprich(of the invention
. \ . AV} | %
providBSPSARY of SEncri e ARURET LIRS RoGARRP X pEBBRUR e first or
secondi aspentitafdhg ireveutifer pr a qooipigzepf ihdeninth aspect 9f dlom ihvasties twherein the
h f the ipvention. A tenth aspect of the invention
me O‘g?oéwrl?gi‘,ﬁ’ﬁsﬁ@fﬁgd of generating an anti body which
recogni zes a pol ypeptide of the first or second aspect
@) of irhQuhitimenid @Rintdl ®ithOANPoBypeplidd b€ thé Mirkt 86 ReEdndOhspect of the
the invention, wherein the method conprises the steps
of : invertion qr@AeAIPIENRS theninth sspectithe Mventinss gidpt i de of
the first or second aspect of the invention or a
::\CO X gl . the invention; and (ii)
(11)0b?%tﬁ%ﬁg%tﬁ%ﬁ%d?%gﬁ@?%{%ﬂsagi d aninmal. An el eventh
aspect of the invention provides an anti body which
An eleventlo gspieetes the poieppappioales fan tahigbddyrwhich re@guoizasia pskypeptide of the

of the invention or a conplex of.the ninth ect of
first oo R PEHE TveRArhel T P Ep e Gt AR seh Tt fygation

provi des a nethod of producing an antivenom agai nst a
A twelidl ¥pept bl heafifehitilin grdvaddshe nidtlicd ofpRRiticin®f ad R@tivenom against a

i nvention, a polypeptide according to the second
polypepiidrezacorsing tocthe fijd aspash obhednvaiignex pelypetidierigeqrdingtia the second

. ¢ ) | on, : ' . _

sspect 0 B n RS G r Bl cobbfenl KO £ el B Wik ER iAo, wherin the
method cemprsen gmnouniizieg fan raimalr with aopayeeppide tacodrdingeto the first or second

i nvention or a conplex according to the ninth ect .
aspect cﬂ‘r%_ b T Pof SHRpiFx HSFERe; Ty he i oﬁse%ctff?fiﬁﬁ fgention and
harves@iY HMboliRE fBREthE Anihi}e fRRE UCthk ProdRictiG o PR AMRRRS. A

thirteenth aspect of the invention provides an

~antivenom effective against a pol ypeptide according to ]

A thireeprthfaspeat ofsthecinverttionhprovidee mni arivenompotiigséipe iagainst a polypeptide
accord%gﬁg ltcl"gelxﬁllg% %s ¢ Otpﬁ él’? e%l%?lﬁéo%?] ?%ﬁﬁpgétb&eeg %cc'()) AN nté'tﬂer:] setond aspect of the
inventibfi b€ A icomplexAcéartinigae fiid miadpaptct Of theiavermicRnAl fotrteenth aspect of the

inventigjré E)\é(;}}gtgqséi %@%H&%‘e{dﬁ{lﬁlé’?ﬂ% Ing)}é@g %f%l&ae{p%rg? %%ﬁ% first or second
aspect Bf‘ﬁl%'?{i\}egpoﬁ) br &b @ & é)?exc&frfﬁ ﬁ?ﬁﬂ?glﬂate&eoﬂh@ }fention, wherein

aspec the i nvention, eln the method conprises
the methiod cemppsesdhe st¢ps)ofcont acting a test compound with said
pol ypepti de of the first or second aspect of the

durd

@) contacting a test compound with said polypeptide of the first or second aspect of the

invention or said complex of the ninth aspect of the invention; and
(ii) determining if the test compound binds to said polypeptide or said complex.

A fifteenth aspect of the invention provides a pharmaceutical composition comprising a
polypeptide of the first or second aspect of the invention, a nucleic acid molecule of the third
aspect of the invention, a vector of the fourth aspect of the invention, a host cell of the fifth

aspect of the invention, a complex of the ninth aspect of the invention, an antibody of the



invention or said conplex of the ninth aspect of the
invention; and (ii) determning if the test conpound
woizote1s40ssai d pol ypepti de or said conpl ex. > RACT/SG2006/000222
fifteenth aspect of the ingention provides a
phar maceuti cal conposition conprising a pol ypeptide of
the fisfst .or con C ] ' '
cleventh 4ibEef of e RartR 0 ARRRR 3L ACRPORNERR, of B\ Bltfon, or o
modulato¥ Rizh@fiediby theendtiend éfthametbenibfaspdve of theémtcnton. .a host
cell of the fifth aspect of the invention, a conplex
i of the ninth aspect of, the inventjon, _an.antibody, of
A sixteenlh ageey, 6hihy THEHECR RPVIdRL & nolERPRROL U ik P BSGONY Gppect of the

invention! genutc i Eﬁg Hhe@P 8¢ th@ thitd SspeBV §NHe GRvertlon@a ekt F Ae fourth
identified by the nethod of the fourteenth aspect of

aspect oftthe inveutert,iaomst celhofithet §8htaspent o ¢he iventian, iargpami¢xonf the ninth

rovi des a pol ti f t first,or.second aspec
aspect of e ¥itin, ah i o i Py et s B R ESG00 3B o of te
thirteenth®8e6i of0fheliiGertidMe bf ia0RMod@atoeGlaHifRll Yyhtelethbd ofishe tburteenth
of "the invention, a host cell of the fifth aspect of

aspect of thednveniiont fosnse in reefipinex of the ninth aspect of the
i nvention, an antibody of the el eventh aspect of the

i i . i t -hi 0 . . .
A soventy P IpL O B0 RBHP RO o ML DEPTRR RIRES i inedigine, the
combinedfrepiratidrocoiyatsiigh aspect of the invention, for use in
medi ci ne. A seventeenth aspect of the invention

. rovides a combi pe eparatjop.for use in nedi.cine
O = PRBPEGiR fred e palhel Toh SBpPl GereTop & HopyBeptidmolece

e&gg&@%@%@aﬁ@e first aspect of the invention or a

nucl €i ¢ acid nol ecul e encoding the sanme; and (ii) a

. pol ypepti de according to the second aspect of the |
()  applvemtidsrmcerrdingiadhe pecond aspash PEihgIIaveaHER OF Agiucksis acid molecule

) . | ght eent h aspect of the invention provides
m%%gﬁgﬁ@pﬁgggof a polypeptide of the first or second

aspect of the invention, a nucleic acid nol ecul e of
An eightéednéh adpectcbfabpmeentafn proeides farthée ose, ofea padgpaptidebf thedirst or second

fourth aspect of the inventi . host cell. of the
aspect off(ie iy eAGRbaS{els RAFIEHUF 8h sy s SoRRSE Bl Msiny fon. a vector of
the fourtll béé‘k@t SHHRE GlveRfiord, RedsNY&NSF @8 fifth dspeot BRMY ACEdHoR dfa @dmplex of
nmedi canent for use in treating a patient in need of

the ninth aspect ofidalimvention &r heymannfadteretod @medicasirag forgpe imgeating a patient

. nventi gn gvides for the use of: (i) a polypeptide
]nrwed°£3@%¥@gﬁﬁmﬁ “the first aspect of the invention or a
nucl ei ¢ acid nol ecul e encodi ng the sane; and

A nineteenth aspect of the invention provides for the use of:

@) a polypeptide according to the first aspect of the invention or a nucleic acid molecule

encoding the same; and

(i)  a polypeptide according to the second aspect of the invention or a nucleic acid molecule

encoding the same

in the manufacture of a combined preparation for treating a patient in need of anticoagulant

therapy.

A twentieth aspect of the invention provides a method of treating a patient in need of

anticoagulant therapy the method comprising administering to the patient a polypeptide of the



(ii) a polypeptide according to the second aspect of

the invention or a nucleic acid nolecule encoding the
weanw/oisu7s he manufacture of a conbi ned prepar aPCOISGR@6/000222

treating a patient in need _gf anticoagulant therapy. A

twenti eth aspect of the invention provides a nethod of

fst or RGN Bhed BE o Mo Rl SRR RO L TR gpwect of the

inventiopph ypeipt ofite Gdurtthapéct SF tias invemng adasmesell o?fthd H8h aspect, a complex
a. nucleic acid nolecule of the third aspect

inventio . o
of the nigfh F4psct o fl iV BRfionpr B Racsticacompasitinn af edifiesniit sspect of the
inventioh!W Bt P /Birst Asiep bt e idvedf; i S QTRESX ;
vk B 08t GE vcflfoh B AR o UL i oot o
anticoagyleait fhecanyt theahetbahposprisinnadhinisiaidg thtleepitenaspect  of
the invention. A twenty-first aspect of the invention

. ' t.,hod, of treatin atient.in need_of .

O SRR R b e, o fRecBRgtion g muclac acid molecule
endoding $eevainfegadd the patient: (i) a pol ypeptide
according to the first aspect of the invention or a

.. nuql ei ¢ acid nol ecul e encoding the sane; and (ii) a

) glypabide decosding felthegecond pwesiceihe invsption oné ntitleic acid molecule
dnBY@RL kN afle, @ nNucl eic acid nol ecul e encoding the
sane. A twenty-second aspect of the invention provides
a method of treating snake-bite in a patient, the

A twentyrsedond aspashef the inyeation piosides angethod bfiecapiag iseale-te in a patient, the

ol vpeptide. of the first.or second aspect of the

method R hdifinRicrinkp che BhtirPh o pOmoRt B e Seskor accasgasiect of the

inventioff a hi€leicnSd nddbulol Bfel irdOfspbd&off AU iARNASREE Ve bPfhe fourth
invention, a host cell of the fifth aspect, a conpﬁex

aspect offthg frvention.ra heyeusl! off then@fth mypest.i womplea of the ninth aspect of the

: : t] j L ofk.the fifte h, aspect of
o 5 FRERHELGR SORLY. I el bbb,
i nvention provides use of a polypeptide of the first

A twentypthisleasped ofl fpqeeseof inv betidnprevideOtise of aPotyRpEIS6S e first or second
¢ {/r@jlgecul . of thﬁ third aspect of the invention, a _
aspect of, ReIBYehPns HBUggigaeKd melserle affthe urd aspesttafdhe nvendes, a vector of

the fourth @bpecPbf thR8nfdntibh ARREELN of"gﬁg};ﬁaﬂr %g)ggcg? ?:Jé%pﬁk Ve ninth aspect of

. aspect of the invention or
the invertinppes ptphermadeuti¢ad chinposition tofathpdiftcenth 4dpecti sf/thetinGdtion in the

i factur f a nmedjcanent for treating
ma““facgﬁ%{ig‘i? B‘g?%g‘ﬂlﬁmafgbg?*}? S I RHBTI ON OF DRAVY NGS
Figure 1. Anticoagul ant activity of the crude venom

Ef fect of cr BREEFDESCRIPTION @FDRAWRGEON tine and
(B) prothronmbin tine. Note the venom exhibits potent

. nt,i cpagul ant ..
Figure £ Antlcoggulant activity of the crude vemom. Effect of crude venom on (A)

recalcification time and (B) prothrombin time. Note the venom exhibits potent anticoagulant

activity in both the assays. Each data point represents the average + SD.

Figure 2: Purification of hemextins A and B. (A) Size-exclusion chromatography of the crude
venom of H. haemachatus venom on Superdex 30 column. Inset, anticoagulant activity of peak 2
and peak 3. (B) Cation exchange chromatography of peak 3 on Uno S6 column. RP-HPLC
profiles of fractions containing hemextins A (C) and B (D) on Jupiter C18 semipreparative
column. (E) and (F) capillary liquid chromatography profiles of the hemextins A and B,
respectively. The homogeneify and mass of hemextins A and B were determined by ESI-MS.
Reconstructed mass spectra of the hemextins A (G) and B H).



activity in both the assays. Each data point

represents the average SD. Figure 2: Purification of
woeneis41s A and B. (A) Size-excl usion chromat egrsphe06/000222

of the crude venom of H. haemachatus venom on Superdex

30 columm. Inset, anticoagulant activity of peak 2 and

Cati on hange chromatQg h

rigure §-ReEnab i o SPRRRRCI BHRBPERLY B8R sidues of
hemextifs A Al B ﬂ@reﬂ%@fiﬁﬂdﬂ%ﬁ&@n aBQraEat{oD) Consedwdi dyefelrﬁl reﬁidues in the

semp arative colum. (E) and (F) calllary qg
three- ﬁngﬂrmmégmlam shaded iin bkad@f yrher feanspeing of e prgtein teSulted in the

honogeneity and mass of henmextins A

Seq“en"egr?ag%mén ngPﬁ% ned by ESI-MS. Reconstructed nass

spectra of the henextins A (G and B (H). Figure 3:
Figure 4\iffices oftientexting 7C #sd B oth prathiombiniimed(/D. Ef¢et of hemextins A and

o el T G e ST S0 oS e s
of heme;[tﬁ?%;jﬂ ddta f)&ﬁt feBf B8t HRORkrde@d SDT @YHyYmatiéh shad@slex between

ther “sequencing of the proteins resulted
hemextinsnA tand Efsqllesira@@i tstheisteffeot oth piothremipty dme3Eadh; datg point represents

Ef fects of hemextins A and B on prothrombin tinme. (A
theavera@efje@{) of henmextins A and B on prothronbin tine. Note
the anti coagul ant potency of henextin A increases in
Figure 3:MGeltilpaRidacs t@die 6RMé fﬁn&hcﬁﬁ@hhdﬁéx&mMomﬂpx.eNeﬂetthe elution
the average SD. (B) Formation of co t%e 3
time of the hemextHsAR AWl is seduced, ta v 4P @Hnweft pdbidyp hemextins, ~
prothronbin tinme. Each data point represents t he
average SD. Figure 5: Gel filtration studies on the

formati on of hemextin AB conplex. Note the elution _
. Figure 6i imcolizdtion bE e istep éBactivriby etA) §Ch@®h!ﬂ@et¢pfﬁ§entaf4@l ghewing the

st glphOEbe B MF b Lot S B, b il gpven and e
thrombir s BlokEng’ SRERS HFtcat b hefleptih 29 (Bh chePRIxEAR \(e:) and hemextm AB
activation of the extrinsic coagul ation

at
complexpfid} hndhd mmﬂnemlm ditnea (d); tHEP YR ERDI(M) @Pﬁll)rém@rfkbﬂl% iR ('% clotting

assays (%gﬁgé?%‘g th%'(}‘éii{t o%’rp% é@pﬂfl%tf}ﬁ&go#m nDtB Erg) ( %)nd

Stypven tine () and thronbin time () clotting assays
Figure ? S @ahibétidn od ITRJFV&Id sdtivifiao(A) dHieainbdiitory pefeney efthemein A (o),

SD. Fig 7. lnh f T FVI
hemextlgcﬁ ,(A%t aynd ]egg}exfxﬁ Frlﬂl‘?’b IHB %?63@‘?1 ggu iop, gm Ii‘[aﬁTE ]?) Complex
e d f @h TREVII ti
formand?l Eabl t1on ofA'Aoﬁ FVT@I 3&?}?% %%hsecgﬁ%quh%igr %ﬁﬁ on bet vvee% enzymate

act1v1tyherrext| ns Aand Bis illustrated by their effect on
TF-FVIla enzymati c

Figure 8: Effect of phospholipids on the inhibitory activity of hemextins A and B and

70 min.

hemextin AB complex. The inhibitory potency of hemextin A (e), hemextin B (A) and
hemextin AB complex (m) for the inhibition of (A) FVIla and (B) FVIIa-sTF amidolytic activity.
Note the absence of phospholipids do not affect the inhibitory potency of the protein(s) and the

reconstituted complex.

Figure 9: Serine protease specificity. Effect of hemextin A, hemextin B and the hemextin AB
complex on the amidolytic activity of (A) FIXa, (B) FXa, (C) FXla, (D) FXlla, (E) plasma
kallikrein, (F) thrombin, (G) trypsin, (H) chymotrypsin, (I) urokinase, (J) plasmin, (K) APC and

(L) tPA. Benzamidine(m) was used as a positive control in all the experiments except in case of



activity. Figure 8: Effect of phospholipids on the
inhibitory activity of henextins A and B and henextin
woBo@wonpi7ex. The i nhi bitory potency of henmexti RCASGER006/000222
hemextin B (A) and hemaxti_gg_AB conplex () for the
inhibition of (A) FVila and (B) FVIla-sTF am dol ytic

IR AT BN S TR P
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specific Ef fect of hemextin A, henextin and the
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m xture contai ning assay buffer in pI ace of the
Flgure i Naiines of bileitiont (A\)HRonble fasiptocah (Linevresser-purg plots for the kinetic

ity SEPRYR R eSS ) DR ISR o 1

of recorfitRéPBSRk |ARK cBplexiTi(8p kéﬂrb&ﬁ:nﬁCﬂthlhhMlc dhvity FVIIa-sTF in the
inhibitory potency of henmextin Ahé: hemextin B (A)

absence ichemsmaR AD CABlpéQ#rr&I%& thaf teoV mixECTeapesbith drerggse in the inhibitor

concentn{) rm%kglt zlhsl {:Pn Ly&ﬂcﬁa@%ﬁi\}r‘ékéyf N?tze f&h ﬂEtaflg)e a classical

phenom@ﬂonl bk dvéd Oiih rbﬁ)co@@kﬂbﬂl& rmmbﬂonsc a(IB)( Uomesy&mdmg den)iary plot
lots for the kinetic activit f FVIla- STFK
dePICtmEﬁ]é%Kn&f the imbikion  Hye popwy yn teshghye dgpicisdhy 12’@5‘1%1%&1“3 of 25
() (1/2 Ki) of reconstituted henextin AB conplex. ()
represents the kinetic activity FVIla-sTF in the
absence of hemextin AB conplex. Note that the Vnax
Figure dikx:l’ﬁ@ss@sdm ol tlhncfpelaatiom iof tchmpleshbefiviesn hearexting ABt ¢asnplex and

FVIIa. @&eé?‘f’ gg?ata in %105%%1? sﬁ%pﬁg Eg%%ﬁlgvgg el?eag_gekféage %p&? {njectlons of 0.2

mM of RRBnEHBNBE hbfnkXien A@b&hﬁl@i $nto @B).4 QL celb poriaiiniigy 10 pM of FVIla; (B)
secondary plot depicting the Kj for the inhibiti

Integratineofghe st dafatyields ﬁ@}reé @éb%’%’f pRkr ket fibg pest Yﬁi‘Fﬁ‘a‘é’f the fitting
hGUE € 21 gl 1f\/plrfgp},$on of
parametgrs 5%754 i l(fv\l\ge%)? ;93 S %éﬁ% el gﬂ% FVila. (A Raw
dat a in mcrocalori es/s versus tinme show ng heat
Figure 13 Ssgaencefinforinafier for dfesnextin® @nd A and sequence comparisons of Hemextin

B and A.

Figure 14: Conformational changes associated with the formation of hemextin complex.
CD spectra of (A) hemextin A and (B) hemextin B at various protein concentrations are shown.
The conformational changes due to the. aggregation at higher concentrations are marked with
arrows. (C) Conformational changes in hemextin A with increasing concentrations of hemextin
B. (D) CD change in hemextin A at 217 nm with increasing concentrations of hemextin B. Note
that no significant changes in CD spectra were observed with further addition of hemextin A

after the ratio of hemextin A to hemextin B reached 1:1 (C and D).



mM of reconstituted hemextin AB conplex into a 1.4 nL
cell containing 10 MM of FVila; (B) Integration of the
woaw7as«syi el ds the heat/nol versus nol ar rat POT/SGCR®6/000222
best values of the fitting paraneters are 4.11* 105M 1
far K, 7.931 kcalM1 for AH ™ and 1.25 caLM 1 for AS..
. FLgure 13: Sequence information for Henmextin B and A
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electrophoretlc nobility. Note the fornatlon of
Figure h’érkmnantms stiglipd betweendemextianAi st Baasing ATie(A) Raw ITC data
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hemextifliAQ (B Bﬂtégrﬂfonhﬁﬁ’fﬁé HW I'TC ard ygaek 'h@aﬁn&@ér%trh@lgr £a%8. The best
obt aj ned data. Figure 16. Measurenent hydr odynam C,

values ofjthgiiting pasameigrsore - ObApr NS N 180N yéor Jia lnadreldt6hkoa]. M for AH.
henmextin B and hemextin AB conplex in 50 mM Tris-HC

Figure tllﬁf fﬂiefce Jgfnﬁ%n&& o\fa gﬂrrlg%n? gﬂilgﬁg%ﬁﬁ]l m%ral\ﬁa ((ga Effect of

temperamed cuthetepdrgetic oﬂwmmmtm Abhamextar B 1ﬁteracean: N e ehealyadhange (41H),

N T A Y AT ST T
compengatl oMV gmﬁ@ﬁtprbf?gf?ﬁﬁ%ﬁ?ﬁ@rabmrﬁcéés%dq]h MG IR Kx@) Bata were

into a 1.4-nl aining 0.1 nM of henextin
taken frqmm)Yq mde‘@&va(ﬁ%nM@Nenhe et dV\/(69T©nd atf@repiced dgedt imethe review by Stites

I r. The ,best  va]
(70)) am?ﬁ?%xé}ﬁ% %\glr%am 0B jlg{e bgrnsf 81':3 sxl}ow? %e&sﬂ‘@@@?@i elfltg?lpy-entropy
compensation inlHenfeitik Mahedvbdtid BrintB¥ctidr. gur e 18. Ther nbdynami cs
of henextin A-henextin B interaction. (A) Effect of

. t enperature_on the en etics of henmextin A-henextin
Figure 19, Hemextin AF c()snp‘l:qq:t ﬁ?ﬁﬂﬁ’%"ﬁ ngﬁ@)éd{f&q,ant buffer conditions. (A) Effect of

buffer ionization on the enthalpy for hemextin AB complex formation. All experiments were

performed at pH 7.4. Ionization enthalpy changes used for buffers were 0.71 kcal/mol for
phosphate, 5.27 kcal/mol for MOPS, and 11.3 kcal/mol for Tris (Ref). (B) Dependence of K, on
the ionic strength of the buffer. The binding affinity decreases with the increase in buffer ionic
strength. (C) Dependence of K, on the glycerol concentration. The binding affinity decreases
with " the increase in glycerol concentration indicating the importance of hydrophobic

interactions.

Figure 20. SEC studies of Hemextin AB complex in different buffer conditions. (A) Elution
profiles of hemextin AB complex in Tris-HCI buffer. (B) Tris-HCl buffer of varying ionic



() change in entropy term (TDS) and (A) free energy
change (DG . (B) Enthal py-entropy conpensation in
woani7ous47pr ot ei n-protein i nteracti ons descri be@8CrisGRov8/000222
literature (O (Data were fgken from Ye and Wi (68),
McNemar et al. (69) and references cited in the review
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MONONET S.

dimer formed in the presence of glycerol. Two putative anticoagulant sites are shown with dotted

semicircles (See text for details).
DETAILED DESCRIPTION OF THE INVENTION

A first aspect of the invention provides a polypeptide thatcomprises the amino acid sequence as

set forth in SEQ ID NO.1 or SEQ ID NO. 3 or a variant, mutant or fragment thereof.;



Fi gure 22. One-di nensional 1H NWVR studies. Spectrum of
(A) henmextin A and (B) henextin B under different
woubdd7answoendi ti ons. In the presence of Nad, tReT/SG2006/000222
b-sheet structure of hemextihh A is conpletely
di srupted. Figure 23. A proposed nodel of henmextin AB
In ol tic .di agram depictjng the formtiaqn
one cEBIRAERY bl FOFIRLLGs s LA AER I R0LNE L LTRL Mmoo
NO.1. Instnothet embbdiynest, fid mlypdptide cbhsddess theXinhso adi® ?Léliu@nce as set forth in

act and rigid tetrameric conplex with 1:
SEQ]D@?)E?'CN onetry. (B) Schematic di agram show ng the

effect of salt and gl ycerol on conformations of

As discubREReldw)ald @nthrRBed Ha‘éﬁfﬁfe%&:t%‘iﬁ&glg\?ﬁ?rﬁss gf ‘Ehe Qoé;peptides of the

conformati onal "‘change I n the presen 0
first aspepj efsthe invenidon.of the tetranmeric hemextin AB conplex in
the presence of salt and glycerol. The dissociation

. i,n two. different planes. Thus the )
As deserle @Y. RERRK T A PR G Elhn welRE cant® PrBmerradingly, the
polypeptidient thef fstegedt of tHenpeRRARSS Sfhitt éﬁﬁ%&éuéanﬁ\é@tiﬂw. ative
anti coagul ant sites are shown with dotted sem circles

Th 1 See.text for det %i | s). DETAI LED DESCRI PTI ON OF THE
© po ey 1R ere embgdigicat bt obtpiaed fiantthervepeovotiés /memachatus

(Aﬁicangg{gylgg%ggy_ t hat conpri ses the am no acid sequence as
set forth in SEQID NO | or SEQID NO. 3 or a variant,

nmut ant or fragment thereof.;In one enbodiment, the
SEQ ID Mo} lyis dhs Hersexsond issquenoé s¢tHertlain Figuscidgvisequence as set
forth in SEQID NO. | . In another enbodi nent, the

i j ' id._sequence as_set
LR CKNIEV YR TR AR G i R B RS PR e
KCN conprised herein are functional equivalents of the
pol ypepti des of the first aspect of the invention. As
cribed herein, mextin A exhibits anticoagul ant
SEQIDI\g‘? 15 theyseguence set dopth mthedirelilinglof Figue 3pvry pept i de of
the first aspect of the invention may exhibit

LK CKNIIVPEDSKY|. aPEGRYN. I\ MT NRKAPIDERAIGde may in one
enbodi nent be obtai ned fromthe venom of H.

haemachatus (African Ringhals cobra). SEQID NO. I is
SEQ ID NQ &3 repsesents iprolingiaefyseaeensitg feaultsHor theAi-grimenal Portioinzof Hemextin

A. Furthek . . CYKMTM_KMPKI PJ ACPKSSL L VKWCC
NS RO ST N 3 T ORh I SEsBc e SGe IPQYOH- i n 1 he

) first line of Figure 3, viz:

@) A second aspect of the invention provides a polypeptide thatcomprises the amino acid

sequence as set forth in SEQ ID NO.2, 4 or 5 or a variant, mutant or fragment thereof.

In one embodiment, the polypeptide consists of the amino acid sequence as set forth in SEQ ID
NO.2. In another embodiment, the polypeptide consists of the amino acid sequence as set forth in
SEQ ID NO.4. In yet another embodiment, the polypeptide consists of the amino acid sequence
as set forth in SEQ ID NO.5.

As discussed below, also comprised herein are functional equivalents of the polypeptides of the
second aspect of the invention. SEQ ID NO.2 is the Hemextin B sequence set forth in Figure 13,

Viz:

LKCKNKVVPFLKCKNKVVPF LCYKMTLKKVPKIPIKRGCTDACPKSSLLYVNVMCCKTD
KCN



LKCKNKLVPFLSKT. . CPEGKN. . LCYKMT. LKKVTPKI KRG SEQ | D NO.

3 represents prelimnary sequencing results for the
woORko@Erns418l portion of Henmextin A Further seqremsGR2@G6/000222

of Hemextin A yielded the sgguence in SEQ ID NO.I. (i)

A second aspect of the invention provides a

SEQ IDRRO YIS Rl Sl IR e B2 bt Hhes g W -t

or fragment thereof. In one enbodi nent, the

LKCKNKVYPERK T eCKNRS R QY KME LEIK VIDPRIKRGSequence as set
forth in SEQ ID NO. 2. In another enbodi nent, the

eptide consists of the ami no acid _sequence as set

SEQ ID; bm TPRTesSREs Hrglfﬂmaﬂ% seaHencine epsBlhEr aadbhdrrmviral portigneof Hemextin
B. pol ypepti de consists of the amno acid sequence as set

forth in SEQ ID NO. 5. As discussed bel ow, al so

conpri sed herein are functional equivalents of the
SEQ IDpNOyd éptheddemettin Besequarwaden§ptcin Bigurd @3 iatheitntvithout the last four
amino aéﬁ?di? NO. 2 is.the Henextin B sequence set forth in

I'gure 13, viz:
L KCKNKWPFL KCKNKWPFL CYKMTLKKVPKI Pl KRGCTDACPKSSL L VNVMCCK

LKCKNKY KERERQKINK NOUPFLCY KM T KEVERBEKFRECTOACPRISHINANVMCCK T
second line of Figure 3, viz:
. LK FL. KT. . CKNKMWPFLCYKMT. L KKVTPKI KRG SEQ | D NO. 4
It is behlgegf%< gg\ﬁlpge B3] l?q,ryqpa'litlgn§ ghg)@n%t?@np@lsggrp@n {igrpasticular the last four

amino adid$)STHHRID R 17, Qi | . g i
_He r%ext iEralQl B sequenc g S é@?ﬁ%%&?lﬁoﬂ%gl%ﬂé ggg%é\ﬁgé$a polypeptide
accordingjte flagisecond aspest off the inventiom whidhomay differ from the sequence set forth in

PELKCKN FLCYKMIL PKI Pl KRGCTDACPKSSLLVYNVMC

sm0 0P ST R LTRSS o
least oneCofl @(g11103] 3 ROAPMe (Ash fRRFifd heids bPSE N (e 8N

acids) of SEQ :df[)p%o 2. Apcolr dian ISy [ nbgﬁje enbé%{?nm%ﬂr%t?r more of
the first, speqnd, fhirdang{ar ferthhampisoasids et the Geerorinil(he.tDKEN) differs from that
set forth S€8P pest of the invention which may differ from
the sequence set forth in SEQ ID NO.2 at the

Ctermnal. Mre specifically, there is provided a
Hence, ipohg pepoiligeent nf thieisetbndt ashea 9if tion@veditidnethere id prc&(idéﬂ Ppolypeptide

. 4 of ur ' ids of SEQ ID NO 2 (e, qg.

which cofpicks SEEATSP -3 fbior T T So3ubetioveaip ey eomelata seauence of
HemextidB, ABerdfi &lfe @hbddiBefeth&e %QB\‘?Jw&e'de? %Qﬂ)d i i

fromthat set f orth in SEQ 1D NO ZI.)OI b e Siiprises SEQ ID
NO.5 and one or more additional amino acids (e.g. 1, 2, 3, 4, 5, 6 etc.) at the C-terminal end of

the amino acid sequence of SEQ ID NO.5.

The polypeptide of the second aspect of the invention may in one embodiment be obtained from

the venom of H. haemachatus (African Ringhals cobra).

The polypeptide according to the second aspect of the invention can form a complex with a
polypeptide according to the first aspect of the invention such that there is a synergistic effect on

the anticoagulant activity of the polypeptide according to the first aspect of the invention.

The polypeptides of the first and second aspects of the present invention are not necessarily
physically derived from the snake venom but may be generated in any manner, including for
example, by recombinant technology and by chemical synthesis such as by solid-phase peptide

synthesis. In an alternative embodiment, there is provided a protein according to the first or



Hence, in one enbodi nent of the second aspect of the

invention there is provided a pol ypepti de which
woanpriises SEQ ID NO. 5. Since SEQ ID NO 5 i s beCirsegeah6/000222

to be an inconplete sequengg.of Henmextin B, then in

one enbodi nent there is provided a polypeptide whi ch

second 55%@? Msﬁi% Iﬁg%xﬁ(g &@cﬁ 41*3 n%gg et?%ng{ﬁgtsn dlv%{o?xgl%m Qraemachatus
Methods figt pinﬂyhg poliypeptides dres aellamoonofn BeQurt BnlGhay bdMRed to purify a
! Fﬁ %ﬁ é#ﬁg of the second aspect of the inverntion may
polypepti RF SFePrd sweepohihedaventiom Prficationrof die polypeptldes may
also be AAFBRENAL HSschibEd iif A E%Q‘g@pec?&%s l?e%em Eﬁ‘éﬁtliﬂg S o%lment the

according to the secon
polypeptidasnef theo fipiteandnisedond: aspdoy peetdbtienal oerale ﬂﬁ)teﬁﬁhb‘lch ®y the method

rst t of e i.nvention such that there is a
desmbeﬁ ﬁl g?xé'l%p eseslgf:té%’thh%ﬂnt he anticoagul ant activity of
the polypeptide according to the first aspect of the
The polypepeided of.thd Hastoohd/ Beddhil dRpe ofhfie éirés%ht ARnGEE be in their
y

asp ects of the pr esent i nvention ar not necessar|l
na'fufaﬂypﬂ‘gf%‘rlé%% fgrmy ealbsit eﬁoquhfrpmethsnamW eammmimnbntnay nm/ be modified,

i SR ST o TR G AR B s it

alone (e. gsmkihe smsielaf-ppl;mﬁtlm Mlﬂﬁﬂﬁl‘sV:iﬁpBﬁsdf&he iﬂ%ﬁ‘t’ibrﬁ ok %@ﬁﬁﬂ e form of
is provided a protein according t

the Coml?elﬁ’é “? tﬂEfnvﬁPE%‘éo%érr s5perle, e nobypeptidesnmapbevnpdified shemlcally to
introduc®biid bl Bkelchemidal froaiito ecB%@ Q%mgl acliAgIRERAt us.

Met hods for purifying po ypept es ‘are et known in
the art and may be used to purify a polypeptide of the
With regarc} 4o dgterminasind qsmxﬁcgtlmf of tpeotiimyv emd inacleicPavid fsb@aht&) persons

skilled 11‘Pfth %? vﬁg aﬁg%?e% at%gtba{ n'g%rq?!%%g{tb am%lgéggl gsegﬁ@%g Soct;raI goﬁgpeptlde is
known, dl‘gmdclﬁﬁﬂiue pivdep ehiy BRAddsTbasd 96 grbise bl éeﬁBn@ﬂ dr %ﬁﬁf{] glbrary of H.
yt

3 pect. are obtai ned or are obtainable b
aemachgjigs @l i dhereby Aetemyiaener ersrifetbeinotypieptids or gdteesequences of interest.

Since cond aspects he )
PO 2 b Adp3e o R TR B v peptide
sequencef dprhe sird diat thesaxitwl eﬁilcfebﬁkﬂB tdRbticenigtoryRnenVa bﬂﬂb@%ﬁ‘gonucleotlde
the oligo %3%' [ §§¥Vlded that they retain th
g ‘P‘EﬁH Sﬁsaiy%?a’rzg fisprnopatmgowheremendad, ryltinle n@@qgmeam
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sequences and the encoded polypeptides are also well known in the art and can be readily

accomplished by the skilled person.

The polypeptides of the first and second aspects of the invention may form a complex with each
other such that there is a synergistic effect on the anticoagulant activity of the polypeptide
according to the first aspect of the invention. Accordingly, in an embodiment of the first and
second aspects of the invention there is provided a complex comprising a polypeptide of the first

aspect of the invention and a polypeptide of the second aspect of the invention. As discussed
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The term “comprising” and grammatical variants thereof as used herein means “including”.

Thus, for example, a composition “comprising” X may consist exclusively of X or may include
one or more additional components. Similarly, a polypeptide molecule comprising a given
sequence may consist exclusively of the given sequence or may include one or more additional
components. For instance, the polypeptides of the invention may comprise one or more

additional amino acids at their N or C termini.



The nmet hod used in the Exanples section may, for
exanpl e, be used to determ ne nol ecul ar wei ght. O her
wortdTadss7known in the art may alternatively berassd2006/000222
The ternms "pol ypepti de" andis-protein” are used
i nterchangeably and refer to any polynmer of am no
The poldkd i ' e Nk thr ough, pepti de )
PO e 24 i A o U PRl i TRt or the recied
sequencag tSuela Viyand sequgmieh etaydatlnge, fRotxpely, all€ Wiriahie ©% Vraﬁﬁg sequences

. . t 10- m no acid residues are commonly referre
1dent1ﬁe?21g é Jesu gﬁ{q}rﬁgrlss_equepﬁlglgpsg* | é)ﬁtl-llmctigﬁ pﬂgerp%/w@rﬁ.iﬁdﬁo included are
fanctionBBYqU8sS BTG R@meRR-RE I%éi% frof A RBL I Savof 8 8fdoub, the first

carbohydrate groups. Carboh and othe
and secopgh agnepisiaditbe suisstion dnshude: fenctivealactpiéxchldnts af the variants and active
s b he.cell in which the polypeptide |s )
frag.mengs?%%ﬁlg g@hglgc% (f(lvs\/l& lufxcll{l/(gel%arw!}\]sdog ng)ti:l%) ggrgpnsg%é) fhe variants, finctional
equivaleBtd wpeé pictide SragheentefinBRAPER Ravdnfoh Sxi@dof ol bﬁ%&[nts and active
& n?g;nfrwg cid b?ckbone structures; substituents such as
agments ol ?@JH'F%?I@ gidvalentar e general Iy not specified, but
may be present nonet hel ess. The term "conprising" and
The pol SepRIBbE #R! firdidspad! ; dﬁgg,fei- 03
P 'i_e%cl udi ng” . Thpet 0?5%@2@%?@%‘@%8 SPde,g the Second aspect of
the 1nvent¢q;wpgy be pgjvlcbedrmyhecﬁmgi afta @‘niqﬂebswma)poQ;fpefﬁi&& ofl'%Blsecond aspect
- ude one or.nore additional copponents. Simlarly,
of the ink ORI IE 4 2B @b s Bt s b th o arumsnsetivelie Bramojypeptide
of the firgDEEpelof EMGhTINGR YayHe HedfoxGh e r i
) i nzf:glpude one or 1rmr eayg{;ledi ti gnal ’c%o‘%%gﬁtzﬁlt%%n ?,Egﬁa}’onal equivalent or
active fragraent pddiemenian Podypdipionipoteh comprisingdrtriertin MBYThe polypeptide of

' L. re .addition am.no acids at their N
the secofl PRI 1 QoM RA S, RSm G T o \Bha FRbiL dectionekpmpivalent or
active fragpentt sf héméhia Bnyeat fusidoni petdid QoMpFitiap entktih N8 He ce, various
e

bi a%.ecitgﬁg sequences. Such variant sequences may i nclude,
combinatips al Bemexiin 4 and hepexinpiBartasiants, watdantsy fustiqualnapivalents, active

fra isd fuksd : Lt .- of [..sequenci ng studi es
e 80 AR 88 RN BT BRE AT E Bl WS e
resultingfogmpléxqeasessy antiedagniant acticityve fragments and fusion
proteins. For the avoidance of doubt, the first and
t he i nveption include: functional

) spects of : on .
tn one cBEERAHE AL RTiferfis ) i Rde, FEmBIEK i dcamesh o pHISbigpnicongulant
activity iff iein¢paseathe ﬁroﬂn%ﬁ;wm ¢iniédgdiraf ﬁahﬁ‘tﬂﬁl Re a%ﬂfﬁbfﬁle extrinsic tenase
. conprising the variants, functional equivarents and’
actvity. active fragments. Sinilarly, the invention extends to

variants and active fragnents of the functional
To deterBiked alse i de he first aspect. of =
o fee he | v eﬁél?g?-ggﬁd&? lﬁég’g’gﬁt’ tjyi/%e 6?%18%}(0?"1?1?}% @&%ﬁa‘ﬂé@tpéﬁtlww the
prothrombin t¢se mayw daténpploymly abedaseribaddbdownid g EREApRE Rction. Briefly
| ex Wi pepti de of the second aspect of the ’

wth a pol
prothromsif Binky gy e medSiehercing or the ecthed of Qusbelsee GRicknAY. (1935)
J.Biol. Chiey €08, 179174} 00§ bk 86 it oFSisBAEMRRRE (18 7.4), 100 pl of plasma and 50
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anticoagulant activity, the prothrombin time will increase.

Alternatively or additionally, the effect of the polypeptide or polypeptide complex on extrinsic
tenase activity can be assessed as described below in the Examples section. As discussed herein

hemextin A and its complex with hemextin B is believed to inhibit the activation of FX by the
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Variants include, for example, allelic variants within the species from which the polypeptides are
derived. Additionally, it is possible that the last four amino acids of SEQ ID NO. 2 may be
subject to variation. Accordingly, the identification of sequences which are variant sequences of
SEQ ID NO. 1, 2, 3, 4 or 5 and which may be identified as a result of further sequencing studies
on Hemextin A or B are also included within the scope of the first and second aspects of the

invention.
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Methods of measuring protein sequence identity are well known in the art and it will be
understood by those of skill in the art that in the present context, sequence identity is calculated
on the basis of amino acid identity (sometimes referred to as "hard homology"). For example the
UWGCG Package provides the BESTFIT program which can be used to calculate sequence
identity (for example used on its default settings) (Devereux et al (1984) Nucleic Acids Research
12, p387-395). The PILEUP and BLAST algorithms can be used to calculate sequence identity
or line up sequences (typically on their default settings), for example as described in Altschul S.
F. (1993) J Mol Evol 36:290-300; Altschul, S, F et al (1990) J Mol Biol 215:403 Software for
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among the acidic residues Asp and Glu; among Asn and Gln; among the basic residues Lys and

Arg; or among the aromatic residues Phe and Tyr.

Particularly preferred are variants in which several, i.e. between 5 and 10, 1 and 5, 1 and 3, 1 and
2 or just 1 amino acids are substituted, deleted or added in any combination. Especially preferred

are silent substitutions, additions and deletions, which do not alter the properties and activities of
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, BLAST al gor%ﬁ hmi's thgﬁlgtrlra P%Q{Q lgsoﬁﬁrﬁ %érlsééggl\{#gﬁ gh e SyStematic or
directed ppytagjon of heaific pasisiuiesiissthe polypeiptidet sequencé. t he
probability by which a match between two nucl eoti de or

. i NQ.-.aci ubstituted for each other. .
Ao LD BB, e S50 BE6R SRR Bl TRE P s g
wherein t"activeo fiygragit! dizfotes 2 anaEAaT §6lybeptie ﬁiﬂt:it@dkwstétﬁééénth%f functional
e e .

ncti.onal _equi val ence, provided that ei

f. | OVl d€t
characterigfife Of GXBbItMa FiQOBETIERt Actiityt pighesollgnre ot ivdeeni i the form of the
lexF Itk 1.6 A ei t her .al one or . when
complex AR A8 ARG A5 bl UL el
resent or the pol ypepti de possesses an anti genic

Active {jegreents rednthei imventiom momiprike tdtelepsi ¥ pepkeditive | fm@BCacids from a
Lhent, .a fynctionally equjval ent pol ypeptide
potypep GRS Ut SDHS R Yo b B poPweBi bisn consecutive
amino adié:gikeR SHQ FRWGNG SEFEING Y, $EbIDhGS, ﬁ;ﬁ?@ g@%@%te oP8EQ 1D NO.

0

with a fragnent thereof, of greater t
> or a vaiaply geant g Sinetignah sqeivalcdieoff @y wie of dipse nemehdsntte. tytypieally is 7

5. a % % 4 3%% 97% .98% or 99%
ormore gespec }‘{72! {/b’aguin%tsi i%t)%%tl 3’/-%  $%1Enp 0 I‘i}’p@&ri%‘é@)-
according to the invention are therefore intended to

The polypentidgslef thetiavention $eigthavamarte Hinga®eiAtitnAlc @M o6 flagments
insertions or deletions). Such nutants

of the p ub%%ih%slu%@ga%ngﬁ PHE DY Hregmtanling el o rnaipatt off ont fused to other
i S 5 S M oo
form a pegnerersgian. dither campdsede siithire . largr potypeptides tthé woBgbeptide of the
i80S STy Dolobe one encoded b L
e ae f ol Bue e i ared po B L 87a . Among

In tbh§ basi% rzﬁi dues Lys and ArP; or anong the aromatic
one embodimet 1 theeirgtnd sgeondraspests of theligveptied,dhere s prowided a functional

equivalenf a8 gt d ﬁ‘%hﬁ:? | i85 2iand 10,2 i

a and 5, 1_land mept gﬁﬁa&q%l’rs ?nuglphgené?%%ngﬁaa i, Gemmon with a
polypeptidepdt the liveshtiode lreoed amboiiidest, ithe amyeeaRTBEOREINGM is shared with
h . Eip%“ al LX E?ref errefd . )

emextin A} hémex or an allelic variant thereof. In one embodiment, the antigenic
determinant is shared with SEQ ID NO. 1, SEQ ID NO.2, SEQ ID NO.3, SEQ ID NO.4 or SEQ
ID NO.5. '

"Antigenic determinant" refers to a fragment of a molecule (1.e., an epitope) that makes contact
with a particular antibody. "Antigenic determinants" or epitopes usually consist of chemically
active surface groupings of molecules such as amino acids or sugar side chains and have specific

three dimensional structural characteristics as well as specific charge characteristics.



are silent substitutions, additions and del etions,

which do not alter the properties and activities ofthe
woabypept7s de. Al so especial ly preferred i n thi BCT/AGa00d/000222

are conservative substitutigns. "Miutant" pol ypepti des

al so i nclude polypeptrdes |n “whi ch one or nore of the

: bst
i is A DSl ali Bl APBAYY R e aepitie: foh Chiymimiso antigenic

determihatsl @$ Iegpﬁdelhf'tfaﬁlliﬂ"uie'detosytﬁhﬁlﬁﬁt e ﬂ%dgdtfoﬁcc‘ifegrglbodles against the
tation of specific residues in the polypepti
protein §seg, fo5 g amples Suickife et el ﬂﬁlﬁlmerﬂ]t%@()sﬁéﬁé))omnt@mfcl aptbpe-bearing

Peptlde@mgﬁrggﬁ%qlmgée?@C%Oita%fé,tfﬁg gx ;};lg,g%”? ISt %@E&? gegl amino acids, at least ten

to 15 annmmaaﬂﬂ:.dorpaiioppdﬁtﬂod&)ohhaﬁ anihd RIS 8EEP epiltfpe-bearing peptldes and
! Lénctr 0 charal?j\Sr ristic of exhibiting anticoagulan
polypeplifey ¢an BTOrdH ASIERg b Dretetn or by chemical heptide synthes1s as
describeddiERdigX or (ii) which has an antigenic determ nant in
common wi th the pol ypeptide. Active fragnents of the
i nvention conprise at |east n consecutive am no acids
Moreover; gatigenio stoapininte caf be hdeq:tnd/ bytphage displiay aflrandobhBeptide libraries

(see, fogg%%ﬂsﬁﬂ om Sn‘%ne[§tl5p r| é%’T‘Dﬁg%uﬁoq %gé%ecm D) 2 ancls%e t al.,

Curr. Gpib. Bdtechnol. 79H@ (ﬂ@d)p Standakd ﬁleﬁﬁ;db%}tldem& tan‘Ei emc determinants
functional equival ent of any one of these”se€quefices

and prodpging W%dl@arﬁfqm. snafl peptides ethet comprsemah eantigenitOdetd@inant are
? 45..
descnbe@f]‘iéor %g ebt e)égo}fapl (ﬁje 1\?}9 2 %%(’&“"gs 1 Mg’?‘?FBL’F g‘?lgtzﬂ' Vol. 10,

Mansonmgdaynt pageﬁ uh@:i 1L th&The qHuahe nPI%ssDr Trdc! ag;@g;]t Pried, t'15“1‘%)duct1on and

pt f the inventjon) may be "freée-standing”,
Characte?nzgy P{” eﬂrc ol?eppag &prltvgdo odigs,hoitacMésogpnal Antibodies

Prod nBﬁ' r 0 o8
roduc g Eﬂg%%iargxggs oz%n‘a V\/nclhc bl g@éh?%lro% a'fﬂ%tglf ?ﬁ' \Mad %3ed§a;d;1 &?ges 6084
(CMbﬂd niveesityiiressi 1995), Iaad g?ehgmobtyqje@:tis M@uﬁdﬁ&Pﬂﬂbc}b@rﬁﬁt In€lfunology,

f ot inven diment forns a single
pages 9 gontsrhagl&?ug % Zr grrur@%mewelﬁﬁgf 1189/‘13 9&7kral pol ypept i des
may be conprised within a single | arger polypeptide.

Such polyipegtities obesiing il attigehlteddiérhfihardRn 6 %Qé'&jtoagceﬂ@ﬁkshgetnds such as
I nvention, there is provided a functional
POIYCIOHQE OF vEPRedlons antibegies, \that Wgrmmmnmeclrﬁchﬁs thn polypeptldes of the
in Né:h G e
ventloﬁhgﬁclgln%g%olqgéﬁ%ﬁ] %g%ﬂelﬁ%o d%{]& V[\é ?l}té’g r#f%nes expressmg the
POlypePtm eafnﬁhn dnvertion &hax)ephnﬁytthe hﬁl@‘épﬂldbsﬁby BeTHRgt d:]rﬂfoﬁat%@raphy The
tibodi [i,c variant thereof. In one enbodi nent,
antibo 1%§n1f1fl)é 8ﬁp éoe }gﬂrﬁ iiagnostie, or therapentic &) aEp1gss other grrdications,
as will bé Bbpdednd to Ble@kilfdd Neadgy. SEQ I D NO.4 or SEQ 1D NQ S.
Antr geni c determ nant" refers to a fragnent of a
cul e &r , an epitope) that makes cont act
_In one embodlment of the first and second aspect of the invention, there is provided a fusion

protein comprising a polypeptide of the invention fused to a peptide or other polypeptide, such as
a label, which may be, for instance, bioactive, radioactive, enzymatic or fluorescent, or an

antibody.

For example, it is often advantageous to include one or more additional amino acid sequences
which may contain secretory or leader sequences, pro-sequences, sequences which aid in
purification, or sequences that confer higher protein stability, for example during recombinant

production. Alternatively or additionally, the mature polypeptide may be fused with another



with a particular antibody. "Antigenic determ nants”

or epitopes usually consist of chemcally active
weuod7aast7gr oupi ngs of nol ecul es such as am no ACTEE2@6/000222

sugar side chains and have_gpecific three di nmensional

structural characteristics as well as specific charge

a teristics.lt,is.known jn.the art. that relatively
compouglﬁ’orl?c(hsfe}gntah‘é?ﬂngmﬂ]é]ph HELeA, zﬁ?e @ﬁﬁﬁ’rﬁrﬂfcﬁ’ﬁnﬁqlwhée (for” example,
polyethgleiegipesipnt s of a protein can be used to stinulate the

production of antibodies against the protein (see, for
Fusion SXAF le, Sutcliffe et al., Science 219:660 (1983)).
usion R(H{qln;géﬁ?ié alsp o gseiibioascrasy nspiide ararienfor pdiihipasp of thesctivity of the
Ivpeptidds IR fivantidLr I . 0. tep am no .
R T ds, at Irétggr? Ittgin&?’{gg u?%fuar%éﬁig?%%:?%‘gs? noérog%%ﬁia?‘i%ﬂ:{eorecogmsed
by a coammallzﬁ-amﬂqbg: an:tnhinlyb Suﬁisiogpplbamgrﬂ?aﬂbm Be Fb;ﬁ@lnie&ﬁd to contain a
and po tides, can be pr.oduc ragmenting the
cleavag i IPHE Brtvtsn htbluciice 56 Hhe RADRSPH L i, inyention and the sequence
of a het@8®e6w ki Bo tHYPHHRG | | '
be g eliigjtj}é%%t;é phage di%s %fpgf}@dc}t%’hfggﬁ% glr%g‘gég%{nlﬁh’gﬂ fib a\%i? from the
heterologpwgglmh(lge y & Gretesslagqisepolypeptden aeShelplea polgpeptide which, in

i [ ...5:26 1993),.and Cortese et al., Curr.
nature, I%Fﬁ(’%‘%g Aaifon “fﬁ‘é%@‘)%?%‘%%’%“ﬁ ¥R net hods for
i dentifying antigenic determ nants and producing
In a prefextadbanbeBmEntoos Swefirst HRDEICHRS adfdet of H¥PIk&RicANhere is provided a
I ﬁgtlgi%ﬂl c determ nant are described, for exanple, by
polypepiigs whichegmpgises g gpinacid sequeneensast forthnp I SEQIMANO. 1, 2,3, 4 or 5
d preRirI9GY setMBlth it Y (9% ORinfh® L€ i
(an Pfer 9 se \lth lﬁﬁgd\%g\gl, g?)II)CS% ,op gg{rgfé%\%tt%u%aﬁg gﬁxacl%onal equivalent

umaha Press, |
or activetragmentthareofi dn afe Subtdirknic theepsliypeptiderdongidts of the amino acid
Ant | LLS, arlN ¢l anal ti bodi.es Production, .
sequencegy, b dent i ,SE%W h daf é@;m’ & X, mpiant dinggiegal equivalent or
active frh@BoIEeréTIR Will RAGE ﬁ%%‘lh&t@?é?m' ' |VeMtidal &5
1995)  and Gol | canor oAl ad R T G R
NOs.1, q,rﬁqﬂﬁm%@a}y, pergexantple, findontBity frdrapsduge sntébodlies a@aihdt Hehodxhin A and
hemextiy\Bl €Y & Sons 1997). Such pol ypeptides possessing an
antigeni c determ nant can be used to generate |igands,
. such as polyclonal or monoclonal antibodies, that are
A third dspertinbeiednvdntion posviddser meleipand idesuld whidk: (iy¥tRAddspolypeptide
d.Sucha | bodi es gay be enpl oyed to isolate or to ) )
accor mfgcfgrﬂl? %stcplb sgron Xa}gpgg Gt rnf‘ge tl]p]\@nﬁg]l;y.@t‘eﬁt)i ]@ﬁé§1d@)q5§sttp(;a nucleic acid
moleculd SRARN E? oDlortaft, Mty ddiRr Ol AL ARINBLOAT 1 01 LY
chromat'ogr aphy. "The anti odi es al'so be ‘enpl oyed as
. diagnostic or therapeutic aids, anongst other
The ohg@w?qo@d@ imsyshe aprimier br berdospEhenliginnclehtidstialy Icemhprise a region of

¥ e .enbodi pent. of the. first d second
nuceotidd @imoe iy 8RR Ehah “inBeni P Qoo tn Hoged TPubhdi. 17, 20,25,
30, 35 (o dDetonseanuei sudletided VFYHapkiede abld hdeculty ﬁﬁédr(ﬁﬁg to ()In one
as

. fused to a peptide or other polypeptide, suc
embodiment of the third aspect of the invention the nucleic acid molecule is a probe or a primer

comprising an oligonucleotide, which oligonucleotide comprises a region of nucleotide sequence
that hybridizes under stringent conditions to at least 10, 12, 15, 17, 20, 25, 30, 35 or 40
consecutive nucleotides of a nucleic acid molecule (and preferably a naturally occurting nucieic
acid molecule) encoding SEQ ID NO. 1, 2, 3, 4 or 5 (or a variant, mutant or functional
equivalent or active fragment thereof etc.). In one embodiment, the nucleic acid molecule is a
probe or a primer comprising an oligonucleotide, which oligonucleotide comprises a region of

nucleotide sequence which is complementary to at least 10, 12, 15, 17, 20, 25, 30, 35 or 40



a label, which may be, for instance, bioactive,

radi oactive, enzymatic or fluorescent, or an anti body.

woeaoo7eisaTpl e, it is often advantageous to incl BAE/SCR@G6/000222

or nore additional am no achgl sequences whi ch may

contain secretory or | eader sequences, pro-sequences,

5 ' td in.punificati.on,.otr.sequences that .
conseofBASORERIUNIESI| 5 KBNS P3RS SRS Loy mucti
acid molecde)emadingps quilygidptide ofl theret byRbY of thadtliehtionaldr Yexample, a

mat u be fused with

e re pal ypeptide ma )
POIYPeP&‘ﬂSt%%es_reE Jﬂ’ﬁﬁ dR dgE‘gd& N@ & dofpduerdStler ianvarisatemutaet, functional
equival&itlof aétiJe%%ehh&e%%&?pt ide (for exanple,

pol yet hyl enfie glycol ). Fusion proteins may al so be
useful to screen peptide libraries for inhibitors of
The stringent gonditiony mafy hehbovpsiripgepty, dedivni stringenoyy erddi@/hight stringency,
. e eful. to. express a fusion protein that can be
high s rg§%§HF§§aﬂg§h§“%§ﬁﬁ§?ciaIIy-available anti body. A
fusion protein may al so be engineered to contain a

It will bel apareaipeedsht thob@sldlled i tHe\eERat £6x FBGHSPER d%fgeﬁéfgcgl of the genetic

pol lglggti de of the invention and the sequence of
code, a ﬁ‘@)tlé Qb suslergyd spleehdessencodiag thtpolypentisleptoff dee fiesy and second

" e . and ifi the het erol oggus :
aspects ggl g%eg}t(’i% é@}ﬂ Bi&gé 4%?%% ] ognolélg %g?bqe§}%ee Fﬁ? to fhe” polynucleotide
sequences of emle knowo lapg eptiirdity whivtting igene)ahayf Be prsduded. TildNthe invention
¢ iq associ ation mﬁtﬁ%a golypeptide of the invention. hi
contemplatgy E3eh 40 FYERBRASHLA Y ARAton R Ralyeleqhide sestiones Biebeald be made

by selecihg b&RbinBNGHR WO dDEERibiS RloA\thgRg. @ Pol ypeptide which
~conprises the am no acid sequence as set forth in SEQ
IDNO. 1, 2, 3, 4 or 5 (and preferably as set forth in
Moreovesthopgysliitpd m. the agwill)appreciate/that eovops may detselebted o inorake the rate
t whichSGuW r | fragnent thereof. .Li. one . _
ot whick gk Lo B ¥ peBElG Yo PAREE srbS e piripla Mg preukaryotic
host in asesydameavitisths diteqhaidywitwBicR paidiar cddom ardutilfred Dy e Rost.
variant, nmutant, functional equivalent or active

Nuclei fr ng t thereaof. It will_be appreciated that the

ucleic f%ﬁgﬁ Elﬂff PEEeR ANYSREOR 193nbs &k theetogm SERNADsHebsasi mRNA, or in the
form ofSDNA, OfncRMilEYor ifta®XaPNA JidFertdhlib 0¥ Al Mol ~
o Nt bodiceslﬂaggaaio%sl,t ahrgc;é}’exti n’A‘Aatnf(;linge ?aﬂrlrléx A Eb{a%‘e?hﬁfcflomng or
produced spatheticatly Fee IDNA i be plocbliederandednoicinile-saandkd. Single-stranded

G ich:..(i) _encades a polypeptide according to
DNA or TOURGHE LU Diguta drabl 8% Rfof s Wit S o stangy be the mon-
coding stryit, iatdb Zeferrbd tPasthe bfi-GereisHaktR! ecul e of part (i) or a
variant, nutant, fragnent or conpl enent thereof. The

ol,i gonucl eotide nmay be a primer or a probe. The
The termy) "nRd@G Ackbmolesulay)als Al pdes 9@31069¢Soﬂfp BN gofl I Adeuch as those

containh%ﬂfi@ﬂﬁ%@ bﬁmt)néy %fﬁ'aﬁ?e, g%ﬁﬁ%gigfeicna%?dy conditions to

east 10, 12,

Suitable experimental conditions for determining whether a gi%/en nucleic acid molecule
hybridises to a specified nucleic acid may involve presoaking of a filter containing a relevant
sample of the nucleic acid to be examined in 5 x SSC for 10 min, and prehybridisation of the
filter in a solution of 5 x SSC, 5 x Denhardt's solution, 0.5% SDS and 100 pg/mL of denatured
sonicated salmon sperm DNA, followed by hybridisation in the same solution containing a
f:oncentration of 10 ng/mL of a 32P-dCTP-labeled probe for 12 hours at approximately 45°C, in
accordance with the hybridisation methods as described in Sambrook et al. (1989; Molecular

Cloning, A Laboratory Manual, 2nd editjion, Cold Spring Harbour, New York).



30, 35 or 40 consecutive nucleotides of a nucleic acid

nol ecul e according to (i)i one enbodi nent of the third
weaspeaisos the invention the nucleic acid nol eedrsG2®6M00222

probe or a priner conprisipg_an oligonucleotide, which

ol i gonucl eoti de conprises a region of nucleotide

mhe gERBRES IR SR GRS 3 T TR LR S g
. n i . i io i |l ecul.
sngeo S MOy, % S 1 A TREH . o

70°C (high|stringeady)eor aidiensy 7SEQ(V@y Mikh amnge,no[?;). HyBfidRati@ mdy be detected

b vari ant, nmutant_or functional equivalent or active
Yfmp0$¥%@€€ﬁ#ﬂ$%g%%bxqu@hy: In one enbodiment, the nucleic
acid nolecule is a probe or a prinmer conprising an

Further, Blerd 8RURINELEhARndiMdLS Bn® k‘dc%@,ux&ﬁfg%dv?f tocﬁg?t{ ék?ﬁg(} %rtsl}e art, which

regi on of nucl eoti de sequence s conpl enen
may be egplptyed éastterihe stiihgeady of hybradisatidh, B@,in@5ne@f the length and nature

N, BRSSO SR T 38 BT e i

concentrBd €68 s&lls AT Othien GoRpHRdny @Rk 48 (RS pFdinde! §SibRRRLEF formamide
of the invention, for exanple, a poPypeptl e as set ?

dextran subfatq, pplyetywtyng Blyqol ete; amd altering the tenifepatuee ofthe hgbridisation and/or
. nt, functional equivalent or active fragnent
Waﬂnng?ﬁ%?eof etc.). The stringent conditions may be | ow
stringency, nedium stringency, nediunthigh stringency,

Further, hi gth atsor posyibie Yo dheoretioallyi pledit rii@nRCor nbt twb | iv&e nucleic acid
ap cha?ed bX those skilled in the art that as a )
sequences ]| RYEISE pades ceiehie sResjtied cudationsn deerdéuds, asan alternative to the
empirical"#hdthdd! @Rs@befl Wb ot CiHRCHL ek 8 hdl9a L8 ic aci

P pol ypepti des of thé firsteanggggtgiégggggggéad@ﬁ?ﬁ%nudew acid
sequence fvidnhyloidises cae bedresety on ki thdoratiegl ealcealatida nof tike tTin (melting

nucl eot i, de. sequences of. .any known .an .
R T e e e o——
hybridisd undenipeelTied @ohaiiBhss6sh AAGI BRACLHAUREY mﬁp\%ﬁigﬁ{e‘% e
vari ation of polynucl eotide sequence that cCou cf be

P G TG RN S
o s R S e e Tk e St i i
e e R 2 PO A i i
s SOHSTRI B8, 0 S0 i MUELS 0 8 b8 o

as outlinqdrn&urrent Protadods ihdvioteailafBiblogyn SohioWilgy ahdBohd) S D93)GE:;
cDNA and genom c DNA obt ai ned by cl oning or produced

t het i doubl e- st ded
Trbpreosst F oot 108(Rs SE-AeE I o RoonagObe ¢ he
codi ng strand, also known as the sense strand, or it

VY dBfotidfe Hl%TaSRQ io?ﬂmnovalent cations,

%GC = % guanine (G) and cytosine (C) of total number of bases in the sequence,
% form = % formamide in the hybridisation buffer, and

L = the length of the nucleic acid sequence.



strand, also referred to as the anti-sense strand. The

term "nucl eic acid nol ecul e" al so i ncludes anal ogues
wohoDAsaand RNA, such as those containi ng nodi PCES8G2006/000222

backbones, for exanple, pepi de nucleic acids.

Sui t abl e experinmental conditions for determ ning

a.gi ven nucl ei c. aci d_nol gcul e hybridises to a
Tm de%%glté%lf ili)gdth%uvqoé( FcOHBTE el eidT‘il‘llloP é iﬁ‘?r@%%'ﬁ’k‘fxn dersratign (Tm(homo))
fldat I I nt. sanpl e, of .t he nucl ei
bet\Neenat’é:xJiodfﬁ{l}é% @bgéﬁr%&%% gu‘?]%" %Xl? sg@@nggsr rflﬁr:}’o ag?m e "fm value to that
of two IR€BI0ROLE nBalkelcOR: | itiETagd to@1;; X .
RO RO o e B s Ep AR U1 Bl n mucteotiae
sequencebetessat turoebictsmingoas seleatasnaualpes TPONRcrehed 1OMEI Mherefore, the
hybri di sation in the sane solution containing a
Tm(heteowyrfor Hierhateroduplex f@matidmis abfained3tiFoupfHabtradiigettle péquletce identity
o 1iee JOF éz hours at approxi mately 45C, in accordance with
% differepee betiiermithe analogons sppeacaén qeestionisad the ngelebtidmopirobe described
aboveﬁ@,h.mé¢9§§' I\%I ecul ar Coning, A Laboratory Manual, 2nd
edi t1 of, Q‘fBP Spring Harbour, New York).The filter is
then washed twice for 30 mnutes in 2 x SSC, 0.5% SDS
The polygiepli@as hudBiC dcldmoRtuled SRNSHIbodRLs df@l?ébreé&?iﬂ%ﬁﬂb.;f Re "purified”.
stringency), at_ |east 65C (nmedi unm high stringency), at’
The term pugifie m@seq'h hepsinsmedns giered )by the land b€ amn" #6M its/matyral state; i.e., if

it occurég '51(1% glgﬁfrrée,i @gﬁ{gﬁ%&gepi %ééd? |8rs g%h%]ngg%mb ftﬁ]dn?gﬁﬁ ﬁ&t b(}lr environment.

Associatbd émpurdties meyrbe aeduced oflielimdiiteda Tl ohd ChodimM] fhe KIBPWR species is
to.those skilled ip the art, which may be enployed to

the predgyninant SRecie} Prefeinids- oM AyBolaTbass iibis nmee abwedsahdesn any other

divi . n . ompasi tion). of .

e OB SRR, LD, B BIREPHATD) S s
substantiplly putified fiadtiors o sebstantitily pusified dhtttorandludbd @ composition wherein
the obj ev% %Epﬂ?‘?ﬁe‘gcéfslpra%%% %F%sstsqfl?pg‘raf (ngrggﬁig{? {qyﬁglgggéq?g) g{ﬂ allamaceromolecular
species pad¥enta| G&erdl, b @@osﬁ&ﬂﬁﬂ%ﬁ% c%nﬁ%isi?igﬁ WAl PBfngh§91txﬂog{%xm% about 80 to

1
and/ or washing steps.. her , I's al so” possi
90 percephahplb masgmelegardipeeienhessérdrin ghe wompositorgi e one embedignent, the

. ;Lo il L. hybridise under certain specified .
object spBEkE s PERMER S Exslhlft BERFOEEA Lo BibpiSorOes e deiccted in the
compositénpby tablenti@idl deteciesCintiheds)alwyen thdCorAfstidH QAkisRbs8tially of

) to V\/nef hglr a variant nucleic acid sequence w ||
a single magrpmgleculag specfss- based on a theoretical cal cul ation of

the Tm (nelting tenperature) at which two heterol ogous
The nuclBi¢Cced ' 10 b W s W bl
e e S0 eIl il e, S U FHEEP M ecid molecuie,
vector ordgstestt eampriningthe samepleeathafeurth andl&ftk ragpetisnef thbénvention in this

' erature for. heterol opgoys nucleic acid
regard. ngg%% gﬁ]neglé{écﬁ%g%%ﬁitepgfeﬂﬂe 18 Tor admumistration to a patient, the general guiding
principle is that the nucleic acid molecule upon administration to the patient should be such that

the polypeptide may be expressed by the nucleic acid molecule. This will be readily achievable
by persons skilled in the art and considerations will include the presence of appropriate

regulatory elements such as promoters etc.

A fourth aspect of the invention provides a vector, such as an expression vector, that contains a
nucleic acid molecule of the third aspect of the invention. The vectors of the present invention
may comprise a transcription promoter, and a transcription terminator, wherein the promoter is

operably linked with the nucleic acid molecule, and wherein the nucleic acid molecule is
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In one engf%%ﬁﬁﬂgﬁ) thehe fsebﬁvmﬁ LROR U tt'ra%gfo%nqg | S%hsaevsegt%? talccaor(|11¥1g to the
fourth aspect of the invention such that a polypeptide of the second aspect of the invention may

be expressed by the host cell.

In one embodiment, there is previded a host cell transformed with a vector according to the
fourth aspect of the invention such that a polypeptide of the first aspect of the invention is
expressed by the host cell and a polypeptide of the second aspect of the invention may be
expressed by the host cell. The polypeptides of the first and second aspects of the invention may
be encoded by different vectors in which case the host cell may be transformed with at least two

different vectors according to the fourth aspect of the invention.
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Accordingly, an eighth aspect of the invention provides a method of generating a complex which
comprises a polypeptide according to the first aspect of the invention and a polypeptide
according to the second aspect of the invention wherein the method comprises contacting a
polypeptide according to the first aspect of the invention with a polypeptide according to the

second aspect of the invention under conditions suitable to allow formation of the complex.

Persons skilled in the art will readily be able to determine sujtable conditions to allow formation

of the complex. Moreover, as indicated in the Examples section below suitable conditions
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invention, wherein the method comprises the steps of:

@) immunizing an animal with a polypeptide of the first or second aspect of the

invention or a complex of the ninth aspect of the invention; and
(i)  obtaining the antibody from said animal.

An eleventh aspect of the invention provides an antibody which recognizes a polypeptide of the

first or second aspect of the invention.

In one embodiment, the antibody binds to hemextin A or B. In one embodiment, the antibody

binds to an epitope comprised within the sequence of SEQIDNO.1, 2, 3, 4, or 5.
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with one or more injections of the antigen in saline, preferably using Freund’s incomplete

adjuvant. Antibodies may also be generated by in vitro immunization, using methods known in

the art. Polyclonal antiserum is then obtained from the immunized animal.

Monoclonal antibodies may be prepared using the method of Kohler & Milstein (1975) Nature
256:495-497, or a modification thereof. Typically, a mouse or rat is immunized as described
above. Rabbits may also be used. HoWever, rather than bleeding the animal to extract serum, the
spleen (and optionally several large lymph nodes) is removed and dissociated into single cells. If
desired, the spleen cells may be screened (after removal of non-specifically adherent cells) by
applying a cell suspension to a plate or well coated with the antigen. B-cells, expressing

membrane-bound immunoglobulin specific for the antigen, will bind to the plate, and are not
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polypeptide according to the first aspect of the invention, a polypeptide according to the second
aspect of the invention or a complex according to the ninth aspect of the invention, wherein the
method comprises immunizing an animal with a polypeptide according to the first or second
aspect of the invention or a complex according to the ninth aspect of the invention and

harvesting antibodies from the animal for use in the production of an antivenom.

The animal may be immunized with a polypeptide according to the first aspect of the invention
or a polypeptide according to the second aspect of the invention or both, either provided
separately (as separate or combined preparations) or in the form of a complex of the two

polypeptides.
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increasing the anticoagulant activity of a polypeptide or complex of the invention and also

includes compounds that are capable of decreasing the anticoagulant activity of a polypeptide or

complex of the invention.

The polypeptides of the first and second aspects of the invention can be used to screen libraries

of compounds in any of a variety of drug screening techniques. Such compounds may modulate
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rnding a an anti body c 'y

Inity o n be readi _ ]
polypeptidebétind firstl obyecond agfecbofitheanyemioinl The polypeptatetmay be provided in

e tom LRGSR 18 B B Re B iR 7Y motho may

further chiRPBN HORRIME HefedetEbhfforid BRIRENG bY datteil itveRBIRity of a
agal nst a pol ypeptide according to the first aspect of

polypeptitie of thevianst droxecond aspeoy oé phe iguenttongrdinhances of drereasesdihg activity of
aspect._of the invention gr.a conplex according to the
acompleﬁoﬁﬁ‘r‘?tﬁ@é’@ © tf&(sl‘?g&}eﬁ{}‘éeﬁ’tulogh, wher ei n the net hod
conprises immunizing an animal with a pol ypeptide
By the acti&@9oftia@ljpeptidecofithe kst seemndnspas piie invertior, we include: (i) the
. invention or a conp]ex according to. the ninth aspect .
activity offthe RElYPAEls 3G EHIOMEHVE ST OIS AOPRSBHES BrPLiis PR (o in the

case of Al %pef%ﬁﬁe U5t Trkt 95&%(:9 deGhi eRvatiod @NtilsVARRRY tol B&m active
ani y be 1 nmuni z with a pol ypeptide accordi ng )

complexdsowitine pbiypsptidesqfahe other tdpeci ofthativention (the pbilijypefihe pelypeptide
according to .the seco spect of .t.he jpvention or

to understaRmDIEK AHEIREP Y FEEay o Oy ob PETRIER Smplex may be

affected)f%fe@pﬁ? theP @AY itNSdmpPlex | Metiils foF fAeteimifingGibibeagulint activity

wo pol ypeptides. Tradi ti onal methods of producing
are discushes! ahoves endrlsosint thei Frembles sgchiemmbalovs uctichsmgthedy daclude the

oa r,sheep _agai nst.the . ' .
pouroi s 4S8 S0 RPN 723 HES LB, vt e oy
described 0¢r8@l foNassdRing iathibition ol ghe exaddseis fhagrontpiex. modi fi ed

venons may be m xed with al um num hydroxi de gel. The

Methods fmApeameings b U tih SUBE cPERoOp AP the Getivity of a
' | 15RO to}RPsIRBRRMES in the art
pdypept{%\%%WB@%%%?S%??&?Z%&%? chi ckeng r&ﬁ] this e

and includepfoe dxamapleydoaking chpaioeents/sofewinmen K-raygrystalle geaphy |
doses of the target-snake venom and as these ani mals

row, ol der, th devel.0 [ eJole] ,C : :
e podheBiis b Sobpatie HRIEP (I LR Wh R Bflof8L iy the sorcening
methods HENEe &MbnEbR taySgofine &l yolution, afifixehas ahwdid supperd, tdrat on a cell
the antivenom proteins are passed on, accurmulating in

surface o feaied|irtraceiuladygs are then

Test compounds (i.e. potential modulators) may come in various forms, including natural or
modified substrates, enzymes, receptors, small organic molecules such as small natural or
synthetic organic molecules of up to 2000Da, preferably 800Da or less, peptidomimetics,
inorganic molecules, peptides, polypeptides, antibodies, structural or functional mimetics of the

aforementioned.



harvested for extraction of the proteins used to nake
the antidote. The serumof the first animal (e.gqg.
woaoedis17schi cken) is then adm nistered to thePCT/SG2006/000222

afflicted animal (the "hostdp. to supply a source of
specific and reactive antibody. The adm ni stered

Test codPouB@dmfuBEL t 0 ent as, though it were .

_ C endogenous’p aﬁtllgﬁé}gd ,ﬁ)(bn?’ng)?ng %ﬂ%e’v%eilg’mcolz%eﬁ?r%aﬁonsﬂ chemical

libraries exlnatiral) provkict ntixtaresi These Anddulatbeanianbaspred] @fmdédifed substrates,
i nvention provides an antivenom effective against a

ligands,p%}zmﬁtl]e tars 5 SHPefgra 8t fnsctipnglgpimetiss cForof suitable review of such
screenig YeRhiq@8s, sRePOSNRAPL A A&eAtIPR%bLLR i ngxﬁlgmgﬁ%g 1@);Chapter 5

aspect of the invention or a conplex accor
(1991).ni nth aspect of the invention. The antivenom may be

produced in accordance with the twelfth aspect of the
' [ . hod, of, the .fourteenth aspect._ of .
Compol P U A0 wRUL DS 1Bt dPRLPitparton PEpUBROT AecRbly fkfpgonists are
moleculas thatbindfo tHeepolypepnidd &Tpoﬂ?)?fé}ziﬁﬂ’@&lﬁplﬁfbhﬂﬁ iARdntion.
0

i dentifying a nodul at or a conpound of a pol ypeptide
he first. 05 second aspect of the invention or

f
M"dmﬁ% Byt BHAgSRISLS) dpmpitsknativelydmation Ry adtse of @(fmpfrt'éivg binding to a
receptor 0¥ £ BblyB8ptidbe pBEj?gl?tidér@BH%bhe@itcﬁr he ﬁn\?\%ntl dul ates” etc.

as used herein’r to conpounds Ich are
ant agoni st s, agoni sts or which can function as both

Modulatep (o mizenistshmay aljomptvaly fiistion iy tindingana esceptod @thi polypeptide
[f ;WM u rstoad that. "nodul at or [ ncludes .
or polyeptil bombier WAL By 8o siting asing Ry dhe binding between the
receptoraint itiopd ypephide € bolypdptide boBpRAl¥ REPLVERiRT conmpl ex of
the invention and al so i ncl udes conmpounds that are
.the_ anticoagul ant activity of a

Potenti g{)beof decreasin | /
oten laE O@B 13 {eSotntegomisdindede ymal puaanid walectlen peptides, polypeptides
and antiPGIi¥PRRE i8S ki el iRl e e

i nvent | on can %Leeﬁda&%h{ligg%r%gréiﬁ?ﬁg%ggﬁﬂéggb&? Hpg prgsvish its
activity.jln thisyfaglfiory hindingtof thef palyprptisie roe polyi@pti®e bothplee 3o nSHEL cellular
. ompoynds .nmodul.atet he activity of a polypeptide of )
binding eI spay B ntiyfed: %bé’ﬁeﬁt ¢ nptyel biglagicrlastisity af the polypeptide
or polypestidel xnpMx ispeeveedpol ypepti des of the invention. hi

one enbodi nent, the nmethod conprises contacting a test

.conpound with a polypeptide of the first or second
In certain gf theyenphodiments AessHbedaborncsimtpledrinding pssaiy$ mapde iest, in which the

second as pe?i?lﬁlgf‘ fz)t%wg‘ﬁ'lf dr%\%@réﬁﬁ %é] ! he‘l’?l‘@%@@ﬁé’ﬁtﬂ"ﬁi@%‘@e pamplex is
detected fryomeatscofi 1 ldbkke dir@tiy c@findireufTHseoci &6 ithSths Gest REmbY¥ehd or in an
. l.ypepti des of. the invention. The nethod may further
assay m‘%g%g F@@P%&O@r%%f?&eﬂ?d OmPetdEdt conpound enhances or
decreases the activity of a
Another techniqu_e for drug screening which may be used provides for hi gh throughput screening
of compounds having suitable binding affinity to the polypeptide or polypeptide complex of
interest (see International patent application WO084/03564). In this method, large numbers of
different small test compounds are synthesised on a solid substrate, which méy then be reacted
with the polypeptide or polypeptide complex of the invention and washed. One way of
immobilising the polypeptide or polypeptide complex is to use non-neutralising antibodies.
Bound polypeptide or polypeptide complex may then be detected using methods that are well
known in the art. Purified polypeptide or polypeptide complex can also be coated directly onto

plates for use in the aforementioned drug screening techniques.



pol ypepti de of the first or second aspect of the

i nvention or enhances or decreases the activity of a
woaoglass78f the two pol ypepti des of the i nvent POTSGBYG6/000222

the activity of a polypeptigde of the first or second

aspect of the invention, we include: (i) the activity

In silicPfnefnd8s Hﬁ'\d/yaﬁ)s%oﬁé %433 i&é}ltﬁ}? é&oé?lﬁ?#gme %\é;]g/gtyg)&%}l%gmdulators may

pol ypeptide 1's on 1ts OwWi
then be paifirmetif desiefl, ¢tperifiensillyaspect of the invention);
(ii) its ability to formactive conplexes with a
spect_ of the invention (the

| ypept i of .t he .ot her . ) n .
A st VREGH (1 iR iniiyh JepudSl & pivdmeggmisamseositon comprising o
polypepfi@é BRtHeOfrstBY sdBnd bt 8H 1Y i iAChingl i i
resul ting con%leg ﬁg§%be aff%%?gg?faghgk%igﬁgyﬁﬁ%mﬂGOfﬂw1hud
aspect of the {nventien, a veeteroeiihexfouttie mbmedt of the iwtmion, mi gt cell of the fifth
LG ng activity.are. di scussed above and al so_in
ospect bt GRARMLECE ERSR b aRC TGl oS eGPl BHBody of the
eleventhpaspettr ofrihienirvestion, AG0 BhStenbh 8 Hiad ﬁﬁftééntﬁ?‘%l?éé't tog tH&8¥nvention, a
dul al so biﬁng}sstgyed for by using the assay describe
modulatpg.ident y the §-@§5qdncgf the,fupgeenth aspset offthe awentiorsi ¢
tenase conpl ex. Methods for determning if the test
In ﬁl@ﬁ@iﬁi&ﬂetﬁ‘@ .activity, .of
O'ne epg)l ypepti deﬂgd{r}ﬁlggﬁ:@%gg%?ﬁ&% gﬁlg)ﬁpcﬁg%m%fa 1%‘11%?%’&‘3% ﬂﬁh&ﬁr st aspect of
the inventidn| ortaguictetnwrid mopeukomsodikg tHeednien the art and
i nclude, for exanple, docking experinments/software or

tallography. The pol ypeptide or polypeptide
In one afibbdficht ¥5¢ iRt SRN: comtation FEmin aybtpepce ethe second aspect
of the insatieani AgusleicheibmelectiB@nédN Nt mBRY be free in
solution, affixed to a solid support, borne on a cell

syrface or lqcated intracellularly. Test conpounds
In one eﬂl{).oé%m% st pharmageytical eampositien womeisen @as ipolpeptitenst, the first
aspect of e !iH¢HnBEn AL i @bl trales, ENZynes, -
pctof Q€ e B Gl AL e UL ponoonce o
the seconbaspedilof the ipyentioator @ nocignicil moleeglslcBSodihg the shde,
2000Da, preferably 800Da or |ess, peptidomnetics,
ecul es tides, polypeptides,

Where 8 gn:cégt?&itcroﬂ?ﬁoﬁiﬁﬁﬁe BiRE 13 BALPeRdeept dhe drsty anpect of the
inventiobod @npslipepiidd. ofemb esROLMS: Wﬂlebﬁlvbﬁt’fgnahl%g%(ggféggfies may be

., Jfor exanple, cells, cell-free preparations,
provided,ip ghe; form<ofH commplex gpmpriging the wioxpalymptid@hersthe polypeptides may be

providedlqﬁ’ﬂiéj @‘é‘%ﬁ‘ﬁ%?‘%@i}é}%@ﬁ@& modi fi ed subsg: at es,

I gan or structural
func_ti onal mnetics. For a su! tabl e revi ew of such
In one embpdipranhghe eatimioftigs polypeptidel dfune fRtt @pect SRHhEGRYention with the

NN, T VTR N L
the rangP@OTH S HON.5:2gRIOkS bier@tty ARt 89981 551 Y §e preferably 1:1.15 to 1.15:1;
more preferably 1:1.1 to 1.1:1; more preferably 1:1.'05 to 1.05:1; and yet more preferably about
1:1. Where the polypeptides are present in a ratio of 1:1, the polypeptides are suitably present as
atetramer, i.e. the complex comprises 2 polypeptides of the first aspect of the invention and 2

polypeptides of the second aspect.

The pharmaceutical compositions of the present invention may comprise a pharmaceutically
acceptable carrier. The compositions may be administered alone or in combination with at least

one other agent, such as a stabilizing compound, which may be administered in any sterile,



nol ecul es that bind to the pol ypeptide or pol ypeptide
conpl ex of the invention. Mdulators (e.g.

wanv@gaesi7st s) may al ternatively function by vi PCUSG2606/000222
conpetitive binding to a reggptor for a pol ypeptide or
pol ypepti de conpl ex of the invention. Mdul ators (e.g.

biocom: ecgué?h%mmgpo?%@t 4 Xlglg}/n& utBlg %nglﬂ‘[l{ E‘g It@,g%pg X%Bffered saline,

dextros, lapd wateent i on and increasing the affinity of the
bi ndi ng between the receptor and the pol ypeptide or

ol t.i de canpl ex of .the invention. Potenti al
The phagadiui rCQm(I’SSIggn%WE%@éﬁMb@)'nY%m a@yéqﬁaadmlms@m by any number
of rout@hﬁ@lﬁﬂﬁ@,h Hiﬁphd)td §mitR! ¥ %}%" dﬁl%ra@&%ugn nagﬁilks% llaléby'ltra—artenal

bind to the pol ypeptide o & Tnvention a
intracerqbgpyentricuiarlyex t |lmgamg1'ul]ians aciniratheyal, | nuttﬁlvéntﬁ&@lﬁt ON, transdermal,

sl 8 08, BEREP i oSl YRGB o Sk

such that the natural blologlcal activity of the
In addltml tppibptactiee Ofgr@iitnts) eBbdedphaRIABSRXAl é‘orﬂﬁ(%i’tﬁﬁ% Bntain suitable
! iﬁ?lla{n of t he enbodi nents descri bed above, nr?f
Plaﬂnacsmﬁ gosertable GREyers ccanaiEsing rﬁxmémhs tahé addnlmtmacwhmh facilitate
t@Sthe Gf f t h ol pt.i de
PrOCCSSllggr o0l 3 pgg?f?g&‘ﬁg q@eﬁxﬁ‘clf go?%p%{ nl%yh ﬂ%e %%%aplpag@gpeuncaﬂy
Further détﬂétphwechmqumsl|fDECfd)1’myulal$(ﬂoan@tadﬂanst¥d'ﬁlohrhﬂa§/ et found in the latest
i nvol ving_conpetition with a

in an as
edition of RERENEGE Bhasiuptusiar Sipnate (Meagt iR GRasemitn ).
screeni ng which may be used provides for high
Pharmactiti @l ¢biRpbsiSEIseRR ofd it RERGM
bi ndi ng gfflnlty to thelpolypepg?Hgggkggl %%Eﬁ?éghmnmcmnumﬂy
acceptable, ARvess wellj osinedn thesed inntevaged suitvble fat eval administration. Such

carriers éx?«fﬂéé ?l?et Pﬁﬂ*{n {croil?' m%)o%lbﬁ%% Eclhjag thog%ﬁllt geﬁggtgng&lrszdragees

capsules slajuiidk, gellsstyrus eslunties, (fuspatiionb emdige ﬁﬁ‘@ G618l gMMibh b}r % patient.
polypeptlde or polypeptlde conplex of 'the |nvent
|nnnb|I|S|n t he polypept|de or
thacgtg}c?paﬁp?rago%soﬁﬁ 0 qsg cap bgob t%@(mghaqoirgmngg active compounds
ith 1ara;kb RAt 8%
o Pt Saead. %‘%?‘ﬁ&ﬁtm 557 AR ASERIT, i rindine)

to obta1n|tﬁblptﬁ or dragee cures. ﬁugdblp@hymapm ci b added, \ip égsired eSuitable excipients
onto plates for

it e S B i

sorbitol; Staidld”fbnﬂeérhpﬁiﬁedfﬂyceab§ﬁtd3%r Hﬁl%fjpltaﬁts A8RidstYsuch a cthy] cellulose,
| ators. The activity of the nodul ators may the

hydroxypggp#fqnp%&celhﬁos&egt s@humeqaﬁm)qyn@ﬂtmdllylosé; gunfis, emrﬂildlng arabic and
tragacantﬁsﬁ’&f:fgro@gl%sf,] Igwg%ﬂ B g@%ﬂﬁﬁ Und'c ﬁé%eglaﬁa ci E&ﬁ%tgﬁ%gg {or splubilizing

agents msjeb@ addeds ﬁmhtasdlhe t:ﬂmes—hﬁk@pél%nylap)‘iﬁqid%hé #at, Gnd alglmc acid or a

salt thereonp suc%msesoglum ﬂglngtgl rd

Dragee cores may be used in conjunction with suitable coatings, such as concentrated sugar
solutions, which may also contain gum arabic, talc, polyvinylpyrrolidone, carbopol gel,
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or
solvent mixtures. Dyestuffs or pigments may be added to the tablets or dragee coatings for

product identification or to characterize the quantity of active compound, i.e., dosage.



aspect of the invention, a vector of the fourth aspect
of the invention, a host cell of the fifth aspect of
woOheo7insent i on, a conpl ex of the ninth aspect ®8€TiSB2006/000222
i nvention, an antibody of i13ge el eventh aspect of the
i nvention, an antivenom of the thirteenth aspect of
P j ' . I r.ident.ified b he net hod , of )
harmack{ied] BYORLLRR WAIREH bE b bR el phy Y Gpemes ade of getati,
as well asrsbBd$eatadt Gapsiies miwdyr oftgetatinl 47l 2 CEUMRAGSdvich A8 gBRBfoRbPSorBitol. Push-
&t ‘ﬁol ?5%1?'0“ de of . the first aspect of the invention or a
CapSHILT Pt COURy ATt cgediea i Bk 9ty Withe filerseor hindespesuch as lactose or

starches, EBEdAATE Nducht LetaRN BF %2 it tains a
pol ypept'i de of the sec%ngglg@pgetg%g{ﬁ%?g’eb ﬁc{/neﬁ?’i gtﬁg%fzerg’ In soft
capsulesnieiagtize gempounds evaylte dissobutidney sussendladrin sdinblequids, such as fatty
IPIRT: I ent h har maceuti cal. conposition conpri ses:
oils, llqufWngg@Ipf 1 ggly?%% @YC%?Wé qr vathogt sfabilizess. + he i nventi on

or a nucleic acid nol ecul e encoding the sane; and (ii)

Pharmacentjual fpeplitidas afitabledfos paemera2 a8@etistefioh sy %Wvﬁﬁhﬁ@%ﬁﬁ aqueous
e

tutionsd cal I L;)g,aci d nol ecul e encodi ng the sane. ere
S0 utlonsp I?é‘i’t%@g i1 pRysielggiselly cpmpatilapgrifies sechpad Paeks' i sobitioh, Ringer's

lution,t BE C hed nvention and ol ypept i de of .
solution, B 1SRl aRTC buftspd (R, hieBf, Wite gDyl BpPob mdy contain
substancerayvhieh fucsessdetic iviscokiey fodr the fusperSRAD|s8%h GO r@@ggﬁﬁ NGrboxymethyl

the,t ol.ypepti des . or the polypeptides may
celtulosey, sghitg 0O HERD: Aty EBYRSPERBY of ohy rsHve demponnds may be
doge @ity ijBGiohbisPeiods) PRRSHIR QbIvERS i
28 RSPl RSBl DRI Sy g vt
include fafp oitss iah s presamofoils e symitenici fartyi acid restehe suahge &hyl oleate,
. . 21 A h f 1:1.
viee, 40ind PSP AR, g SO it e e o
delivery. fopah) the buspehdion dal: A5 bontiRY SifbeS ' i
b , 1 é ?}or e 1|553peef e?abl%j 1:1. %% toﬁliﬂ.gg%: S%;;@gin%s é%tag%r%grg) 1ncrease
the solubé}tgp ﬂgwpg%mg};aﬂp%@ﬂl@ prépsrgisinggfdnglily esncanteated solutions.
present in aratio of 1:1, the polypeptides are
For topi&lli 42 TB 4ol Sratd RE £ONDI ex .
or Oplcorrpr ?é%% pd’zd%ggjlgg%tg%f 3; g%ﬁ%}? teﬁ)ghfpnrag tg Stg%?fartb(fuklrh‘gamer to be
permeate] axesrsed omtharfdmiul gty fegh petesrants atdigenelgkhoAERE Blo arll NE

phar maceuti cal conpositions of the present invention
acceptable carrier.

rise h ceutically. =
The phardiReeuliE I OmHSP BRES S)° BESctinYreioB Py b BeiuTed i & manner that
is knownciohienat,i @p., Wythedls dreasiiveRi¢halili®in i -
b |1 21 G compatn iy cpnab i aggl%%rg]f’lg%@?gda‘fh?}a@ﬁy dragee
making, levigating, epulifyingaencepmlging euteanping at lyophilizing processes.
i ncluding, but not limted to, saline, buffered

The pharfiddufifal r he_phar,maceut.i cal, . .
The pharfenlSal, SRS mATY} 80 e ol AR 80 RS R i with many acids
including duhtrinok dinwiteddtobyiydroyhlonicrbe furic, acetic, lactic, tartaric, malic, and succinic

acid. Salts tend to be more soluble in aqueous or other protonic solvents than are the

>

corresponding free base forms.

After pharmaceutical compositions have been prepared, they can be placed in an appropriate
container and labeled for treatment of an indicated condition. Such labeling may include the

amount, frequency, and method of administration.



of routes including, but not limted to, oral,
i ntravenous, intranuscular, intra-arterial,

wonoo7aagr7ebr oventricul arly, intramedullary, PCT/SG2006/000222
intrathecal, intraventriculgt, transdernal,
subcut aneous, intraperitoneal, intranasal, enteral,
' Iinui} r.rectal .means. .In addition to .
Pharmag b8 orpitiont Bt B vidiiu G jfiknitas it desompositions wherein the

active itgregiosts tar® d6ntaREd GA Mnddffechi taﬁféluﬁt to achieve the intended purpose. The
det .I%Eh,ar aceut i cal I%ﬁagcept abl e carriers conprising o
etermipation oif an eteetiie doskisi well wishinghe eapabidicy bf thaseskillaicieslss ny
of the active conpounds into preparations which can be
Foranl%gp r ' e etail s _on technj.gues. .
Ytor fogl??r’u{llgfl? gltr?b %ﬁlcflag% r%ﬁ%{;tg\{ér&a Slgocr?gn%?yesglén%t%(ﬁ Hﬂél"iﬂr}’ pifher in cell
culture gsgaysse.ge dif tieoplagiic dRémion @ anint] Rivaesamel bk Gdte, 26t SRABE®s, dogs, or
Easton Pa.), Pharnaceuti cal

. Va P i shing, : !
pigs. Anf:%rp,%% p}qﬁgﬂqélﬁyéfsgobeavse deidfieupingtthe Aperanrise cpapentrptiertinge and
route of UdinRgstRNRh MBE@LENFGBIati¥n @&Pﬂl@%l L SeF B &%t&hﬁng\ﬁéelfulk&gc\a’\@ and routes

Inthe art in dosages suitable for ora
for admigisprptiensioykimians. Such carriers enable the
phar maceuti cal conpositions to be fornulated as

i e capsul e liquids, gels .

A thrar BB el B oA RTS8 B PR ametiortes e

symptonisngesbhditiohy Theeppdid efficacyPaad NBERUY ©a) H ﬁﬁ%ﬁhéd)rﬁél standard
ral élse can be obtained t hrough comnbining activ

f
p hmac&%ﬁ?ﬁ@ﬂﬁ’&% et 1 el swtugssqry i@hﬁxmqmﬁai cogsilsgutines by calculating
the ED50 ¢&¢ |db§é‘§hefﬂ$?é{étg§agﬁl‘gffegtg 3 | %%, 6PRL ) %Laléi&&grf ];]25? (the dose lethal

grinding) t nta s or drage
to 50% adxthei popubsioop statistiesd (e, dode rheisi 6L doxiSUbt MblaBeutic effects is the

therapeugc):lj Crlhd%%,ge{]ntélﬁb g&cl%eugﬁégsg [ %gt}épd ﬁs@gﬁ?&g@gém%omposiﬁons
which exhitilt BesdihkRipeutsd ﬁiﬁf@@ls bR RER. A ng?t{%/nl%ﬁ éfreq%? E@{ Qulture assays

. or other plants; cellulose, suc 0Se,
and animg), sfpdiey pregipptl e farpiulates Fange o€ dosage Sodiunmn use. The dosage contained

: . I Lul ose: gums, .including arabic and .
in such EREOSKYE L BERTIoLY SRR PR of cliSona fofpodpasions that includes the
EDS50 witlolittegemo fokicitgsThe dosage hidsC@itihi AR 12heS@odRiiki Zi
P 8en By e added, sgch as_the cross-_%_i nlygd thi b the dosage
orm em@ yg;{,?l}me HVnef thematienhpmd thereutewfpdministietiah. or a

salt thereof, such as sodium al gi nate. Dragee cores

The exadiBifsad AR deform@Hd Yl Libfkr S l.@ cGoatings .
~such Eas concentrated"s uégﬁb"%f’ﬁ‘%ﬁ %n%@k?\?ﬁif% P 5%81‘1 {Q the subject
requringclegptmen. Hosage asl administratiorp ateyadjogtedyo paividéofi€icient levels of the

T S Y
the severitp oy a1t disedke Statey et gekibril HERS- of YE gbgéecft,itgg %lgﬁ ggé}?'g,: ahd gender of

_ rmé@ge added to the tablets or drag
the subjeqfy g @pd iganencyiof adimanstation.olrop sombination(s), révetion sesitivities, and

&f thasdhVv ) i.e .. dosage.Pharmaceuti cal
response &) (@6l o R Y Wb o SRS AR AR Y edretiend prery 3 o 4
days, everppeekesr biwtekhf dghdingon @8 WaetlifeamdSQbiran®SalEoF the particular
f 1 t.capsul,es made of gelatin and a coating, such as
ormuiaifi-y cerol or sorbitol. Pushfit
Whilst the above discussion is said to be in relation to the pharmaceutical compositions of the
invention, it will be appreciated that the discussion may pertain also to the other medical
products or aspects of the invention including the “combined preparations” and “medicaments”

of the invention.



capsul es can contain active ingredients mxed with
fillers or binders, such as | actose or starches,
wout7ioaga1ss, such as tal c or magnesi um st ear at eCTA0A(006/000222
optionally, stabilizers. Im7soft capsules, the active
conmpounds may be dissol ved or suspended in suitable

A sixtedniIbd . .Qi i qui d, 4 quid

A sixtec I pRRe e T BubR Wbl 7 polb PO o ittt second aspect of the

InventioRhamweleeutdid alolécierof did thivd apédt ATl the iFenBah, LHWEESY of the fourth
n1n|stratlﬁp nsélg forpmul ated i n aqueous sol utions,

aspect 03 § EVEHIQR Brogh Bisi gl pspectpitie; iBY@tions & epmplascdf the ninth
aspect ofsheHAdtSion SR aHtib ' : i i i

s AR RN A FRE e e, p v or
thirteenty apashef brdnvragionontmidnlagrtidemified bywhé eetliodcsfans ovrenth aspect

. Vi ' of .t he .suspension, .such as sodi um . .
ofthe LRGeS AR SR S ET RSeiass fo eting o patins
in need SfigltitdapnRht therapyispensi ons of the active conpounds may

be prepared as appropriate oily injection suspensions.

By « Sui t.abl e ‘IP# pophilic solvents or vehicles include fatty

¥ “a pafiepidn neechef apdicoraant thsrapy” ove inghdp patients suffeying dioth, or susceptible

to, afloe i e .triglycerides,. ar .

o,  confl s Sl RS SR A o 4 SLNER T S8 Ko et s any

degree of cinttingethats dorr therpatiidul aepayientOpiayBaddtiimeh Al 15 HeNRARN OF a patient.
| so COE} ain sui tablog stabilizers or agents to

a
Such copfitions By g de omg 9 ety obfthe falloprings guthenmbaeenballic disehssy cerebral
thrombotifecd?bRPRhAtHANiSash) i i3 & lsO08s afsQd
o otlop(i: calfw%f nas aIlQ%g?ﬁ l% g%/arr%tg Fgﬁﬁkgglﬁie%%re}%lg\; 58l discase, stroke,
pulmonagpembyishavenaus thivembpsist desplvain tharmbasis, pblebgispeperEii deripheral
atio Such penetrants ar

anterial. CURGMEET difbebir (Bl opellofia e AIC  rombophlebitis,

phlebotheunitpeR) tiegiogossf, HérgpHRERS ﬁﬂ%nélﬂﬁ‘z%ﬁi,i Qfgi € thrombosis, ischemic
manuf actured in a manner that is knowh in the art, °~
cerebral kasgular fyombasis thfonzhasisaistatasndiseass, xinstabledingsml, winstgble stenocardia,

and throilb@RY Rl Gradr 29eemaki ng, | evigating, emulsifying,
encapsul at1 ng, entrapping, or |yophilizing processes.
The pharmaceutical conposition may be provided as a
As used bepin, thn teralitrebendng't (and grarhdnaticud yarkgitditierdoRcle i RnUid all uses
which relQhy ! JAded Lo, hydrachloric, sulfuric, acetic, .
iy 2 Spse Sl o SYRATOTRS, DIRYENS tas pyifhlisheent ofdisease, asretherwise
revent, hidd&e r&MUE oS AlveRkahd i & . i
P sol vents than ar eq{l%gr(g%}%g)g;%fﬁl ?ér%é@‘?{ 8@e€g§€ésﬁgl?lﬁssympmms mn
any way pvhatsoeyera denee uttrestmensd ripduddsi prophylactie hek thepaeptic etbatment. A
in_an appropriate contai per and . .
seventeaifl Sp &8 bf e BBER RfovBfes 26 BrRBped oereBiom o dreatvsg arpatient in
need of ahtidsabilag thenipy, Nk celabinbe pAPRNbn cdhgugpcY. and net hod
of adm ni stration. Pharmaceutical conpositions suitable
. for use in the invention include conpositions wherein
O applypgideaccp et et firshpweetoph Heriaventionon 2hedeiciagisl molecule
erROBMBthd @nRchEVe the intended purpose. The

(i)  apolypeptide according to the second aspect of the invention or a nucleic acid molecule

encoding the same.

(1) and (ii) may be provided in the form of a complex of the ninth aspect of the invention or

separately.



determi nation of an effective dose is well within the
capability of those skilled in the art. For any
woaopgousyds t he therapeutically effective dose eawsbhe06/000222
estimated initially either 4q1 cell culture assays,
e.g., of neoplastic cells or in animl nodels such as
o ' r .Pigs. ni mal el
An cighficath Bt hiben 11580 R 4,82 5 AhopmeRie oF 56 firt or second
aspect cfdhe arventiin, amuckigscidntbléuld 6f Bk thiedhdlest 6Bthb MvenBbE M vector of
ses

the f %form&t' n. can then be used to determ ne useful do
¢ fourth, aspech Rt dle Fypntitmn Mosk Gelliafdhe fiihspashef tha invention or a complex of

the ninth i f ' I Q that amount. .
o i USSP Rl SRS £l OBl o pen
in need ebardicoagant Weeapgpeut i ¢ ef ficacy and toxicity may be
determ ned by standard pharmaceutical procedures in
ani mpl s, such _as b

. S or, Wi th experiJent.al . ! y
In one %glf’!éddfi%b{ ﬁ% ﬁ}eh%l (ﬂsﬂggo‘lfs}g‘etlﬂﬁné‘ﬁé ¢tef pjovided the use of a
polypeptifi¢ of tHeVRrst axpbd%rdthc tven®APSY AhhQ&) a8 th i
I§t hal to 50}15% of the popul ation) st zfllteilr St@ggqlé%ﬁgoc%ggle Same m
the manyf@efuge ofa mediramens fotrise ap trgating @pdtisot in riesd vfimticoagulant therapy.
therapeutic index, and it can be expressed as the
Optionalt}oEREA j i cal osi tions, whijch, .
P 1Onae{>}()ﬁiﬁ){gi t ] %%ngéedt ? h g@ﬁggu (l‘}l(f:%l;’ A %%%Pya l'es?ﬂug?téaﬁlrye , ered with a
polypeptide of thb sedoné dspfectfithelnventidi oif emAkS@YEd 2t dRbding the same.
studies are used to fornulate a range of dosage for

. T t ai ' h RY
In one eg}lg)g%@ée;@ ?Ié%?agﬁawd]?%?i%%%&? ??8‘%’1 o iléq-re];:%ulﬂcml}%%gggg i)f ‘éhgggcond aspect

of the ine@toANr hautRisaciiablecieleésfng i sERRO Wi th little or
no toxicity. The dosage varies within this range

dependi ng upon t he dosage form enpl oyed, the
In one ‘?%M@F‘%ti ny&sfelglﬂ@eqﬂatasm of ghel inveatiow there @ provided the use of a
1 i i ' dosage W L1 be determ ned. by
polmer IS S LE@b Mo A AR RIS oG8 LI e s

in the mawifjatwt of e quedidamgnt foe aseRrtteatib & pLerd NntdHrdhfitdadhlaBftherapy.
are adjusted to provide sufficient |evels of the
. ctive npiety or to maintain the desired effect.
Optionalf the ettt fugimpliapentsly. Fensaislyusmauemiialiyiministered with o
polypeptiRmaTthd HrsPispbO@d eS8 d&Riont Alasy i 8
t he subj ect,p t he age, vvlei ght, ugfn agc%iﬁ@@e@%l;@?ﬁ%&ﬁgﬁle same.
subject, tinme and frequency of adm nistration, drug
Tn one erberimint theriaspnt hag abeadsrbesa adinitisieredl epolyprpltidesfihasest aspect of
the inveriti®n %rnﬁgl)éic alcﬂﬂgbﬁgﬁléggco% [ RGeuL! cal conposi tions
may be adm ni stered every § ¥ Gays, every week, or
) bi weekly depending on the half-life and cl earance rate
A ninetegsith p$pecipeithe twbmtionf rovideafar tie usdlir! st t he above
di scussion is said to be in relation to the

’ o D ool on. | "
® o BRRIAE Rl AT bt Bebe ok open mi o ssid polecule
efidodint the sani@ dhe al

(i)  a polypeptide according to the second aspect of the invention or a nucleic acid molecule

encoding the same

in the manufacture of a combined preparation for treating a patient in need of anticoagulant

therapy.



products or aspects of the invention including the

"conbi ned preparations"” and "nedi canents" of the
wOonvEson. A si xteenth aspect of the inventi onPOTSGR@6H00222

a pol ypeptide of the first_sy. second aspect of the

invention, a nucleic acid nolecule of the third aspect

By a “@mbih& | WoteR . 3 ourth aspect of the .
By o “Chie pRAREHIGR oo Qb Heflin ke Pitfods HdbaSBES, pgbarsichs whih
1nclude:! (ﬂ\ﬁepﬂlmtlda acamping to te firkieaspediiolf tigsipe&dtionlor bhcleic acid molecule
encodin! %eentl on da(:i} ant |lbod. of the el eventh aspect of the
B Ve R e fndiD 2-RAYRERBAS afcordiag toithe wepnch aspegleef thefinvention or a
nucleic béid holelkipBodife MRISHNM, O ﬁfn% st dhethd; d.of
the fourt eent% 1g%pect of toﬁﬁ [ n%dgnq)i %lrgl (%f%trrnaﬁ'sgg&)%%em in a single
formulatiewy pe mey be pressnt agsdpediterimnulatioas. (Wilbiealompdferits (i) @hd (ii) are in a
: I tient in.need of anticpagul ant therapy.
single Ey :; é\tll(fo}igltﬂfl?‘3 gﬁﬁlayﬁbengxgaug\ lﬁlnﬁﬂec)%’g&u? ﬁt"%‘?"aﬁy'm\kge form of un-
complexied polypeptddsi(endScostielaghixigte bf BHM).0r susceptible to, a
condition with which excessive b? ood clotting is

Th assaqci at ed,, Excess{)ve blood clotting is any degree of
us, the) agfiye ineredigpts mayt be admpnyiened at dhe pran¢ time, (ergayinndtaneously) or at

differentdfthéd (BB s&duehal Uik 8P ke SNEN

) ek al) B 8t 8 p B TP i VB gy gt trom

one anothgxr @rysdappihg.c di sease, cerebral thronbosis, coronary
arterial disease, nyocardial infarction, cerebral

) [ .0k I i
If there 1¥ %?ﬁéa&‘ tgg)lr gé’qsﬁglg(iag a\(}éxﬁl{*sotfﬁpaﬁ%ﬁ g ?Iri% ﬁ&lggm?qtﬁlﬂ’;l’ng] th\e/ ggc%ﬂ?i therapeutic
agent shbupEhbt GeaduchP® tdMe¥eathe B dnRfit 3 is?xgeﬁgigﬁ% l@}'leizléxfeltﬂsl@ AR of the

i ntravascul ar coag;él ation (DIC), th phle
pharmacgpicah sombénationi ef theethempestics ageds iaptrehizived according to the present
inventio"EHJ 3R ' i hic. thronbosis, ischemc ,
VO e ebr aF H%%?S@gtag%%éﬁog,oﬁﬁéogm cats vgflaepydepending on the
exact naisefthe compshaty, ehesn@ravtion tisé Bétv@ers BA AR bR ctiRBhI L lives.
t hronboangitis obliterans. As used herein, the term
+treatment” (an rapmatical variants thereof) refers
The compglagmpmr%ﬁaygg 3§mwa$tewdﬂ%m9rdar-di sease state or
synptons, prevent the establishment of disease, or
In one c@bbEiIENS &he FWLHE cotthdIBI (i) FEESH f( : :1;
6%;t)ro ressi on of di S&Iglge or(%t her g%nfgsflp%ﬁ%%}gey%g%% 12 to 2:1;
more prejiqrabiyn g rappaes bdvde 1. Fbnwere prefeedtliyrbrit2s toric?asttagore preferably
1:1.15 toPf. PRRY | t ti.c treat .. A sevent eent
RLPEIY R bienitly 06T BT Grtb SRErBEBhA:1108 50 U und yet more
preferablgmbpatriat.i on for treating a patient in need of
anti coagul ant therapy, the conbi ned preparation
cagmprising: .(i) a polypeptide according to the first
A mentlggbé’@?e%f& ﬂ’% %nﬁ’\?’é 1 é’ﬁo‘@iiesaan’[&'éﬁh@ﬂco%gﬁ@hn&) lepaflest in need of
anticoag@a@ QHERGy L hE nSARG (ﬁﬁ@js(lﬁ i t ccording t.
t he secg%d aspect %f he %%%%r#ﬁ%ﬁh&g{r% %lgg)ﬁé?ngiacpoal#@tﬂae of the
first or segenst @spect of the invention, a nucleic acid molecule of the third aspect of the

invention, a vector of the fourth aspect of the invention, a host cell of the fifth aspect of the
invention, a complex of the ninth aspect of the invention or a pharmaceutical composition of the

fifteenth aspect of the invention. .

A twenty-first aspect of the invention provides a method of treating a patient in need of

anticoagulant therapy, the method comprising administering to the patient:

@) a polypeptide according to the first aspect of the invention or a nucleic acid molecule

encoding the same; and



encodi ng the sane. (i) and (ii) my be provided in the
formof a conplex of the ninth aspect of the invention

wonowapsa7at el y. An ei ght eenth aspect of the i nvearisaroos/000222
provides for the use of a_pgl ypeptide of the first or
second aspect of the invention, a nucleic acid

s . 'y ect of .t.he. invention, .
@ 2 FRLEEHS: gkt T s RRCRb e of B w1 e agid molecule
en@idingthe strmef i ft h aspect of the invention or a conpl ex

of the ninth aspect of the invention in the
ctuke)nof a.ledi canent for use in treating a

. __manuf
As dlS"‘B&# &RV fnand @ maY oBSPHNts eersraipylommplations or as a single
formulatieReMIpABAL (Of add (). SWHBLER W @R PH YepRhtel EAUSIY 19 9nd (i
, t_hergipi s gr(gvi dgg)y he use of 0gﬁlpol yBée}%Eei%gm{élgﬁg Séh?and (i) may
be adminystered sepspasely, sstuemiially oy sinilanearslya nucl ei ¢ aci d
nol ecul e encoding the sane in the manufacture of a

. .edi . in freatin patient in need of .
GRSk 8 obfof L SBhRREP YR St o n.
si mul taneously, separately or sequentially
A twentyasbopmd sipecedf tiet fresenp dvepigt bevidk 4 Jﬁ%ﬂl%ﬁfdf%aﬁﬁ% 8fdke-bite in a
g

i tﬂ?f tEg invention or, a nucleic acid nol ecul e encodin
patient, i methoferonatisHiEeAwRE P e Religheinehtentide of thedfityt or second

aspect of IR Thvafiidd)iaShRIGE a8dRRAIYAEPLE 6 tlﬂ%d 08 F 8? ‘g{%ﬁg > ?)ﬁga vector of

of the invention or a nucleic ac ecu
the fourth 3sped afithe invensive, e hbsidichefithedifili ipeet (hheRRERicES Be6Huplex of the

. invention there is prqvided the use of a
ninth aspBt Ot PGB 8 Slatmncro e st Oneo) thpchRecorh avpeat of the
invention?u o &itg-tiied shpe®d STk Fre8IE AfllcRbod PRVRRTRsL O ﬂﬁépeéntide of the first

manuf acture of a nmedicament for Use In treat
or secondiaspect o theinyeriiomofe misteiceud maeruld bthalyird Qpecooftht yavention, a

[ [ I mul t aneou S rately or .
vector of HAeRo R o GAOPBE et £GEF 1! H (8B Piies Grmples of the ninth
aspect of fhieristentionec b phirnidteutidal esthpesitict ofh8 GReEitE a@feleflof the invention in
h Iec%ée encodi ng_the same. In one enbodi ment, the

emanu%g'iufee a mgdicampenlAay treptog sada-bitsingrragient. pol ypept i de of
the first aspect of the invention or a nucleic acid

Whilst thé@hvREHbEhANEOSHASh bllEesSRARE - ' i 88 of LD
i . invention provi d_esf)f or hed8§g%g??ﬁ?ﬁ9§ﬁ% %oéjﬁéeug)%ri% o of the
mvention, theosldllet reasler Iveillf anpseciats fhatt thof confraents vrat kpply Odqually to other

I.C..ac] l,ecul e encodi the same; and (1i) a
st o LR ACATL RSB o R 0oL SR 00, | )
i nvention or a nucleic acid nolecule encoding the sane
The practice o thenpresérstCintretionl will Gaipiy) amlds CRARERdOMA{@led, conventional
. tr?atl nc% a }g)_ail ent .in need of anticoagul ant
techniques of molecular biology, microbiology, and recombinant DNA technology which are
within the skill of those working in the art. Such techniques are explained fully in the literature.
Examples of texts for consultation include the following: Sambrook Molecular Cloning; A.

Laboratory Manual, Third Edition (2000) and subsequent editions.
EXAMPLES

Reported herein are the purification and characterization of a three-finger toxin that mediates
anticoagulant activity from the venom of an elapid snake H. haemachatus (African Ringhals
cobra). Although it has mild anticoagulant activity, its synergistic interaction with the second
three-finger toxin enhances its anticoagulant effects. Described herein is the characterization of

the complex formation. The anticoagulant protein and its complex specifically inhibit the



t herapy. By a "conbi ned preparation"” as used herein we
i ncl ude pharnaceutical preparations which include: (i)
wea pirioypept i de according to the first aspect oPCTi862006/000222
invention or a nucleic aci d4yml ecul e encoding the
sanme; and (ii) a pol ypeptide according to the second

.. 1AV ' .. a puclejc acid nol ecul e
L TR -
three-fipges texins iknownstongttbit antitdaghliadN cGectsby the iﬁﬁi%ﬁﬁﬁ‘lt( of‘)ﬁle TF-FVIIa

co 1separate formul ati ons. Where conponents (i) and (i1
TP%re in a si ngle fornmul ation they may be provided in

the formof a conplex or in the form of unconpl exed

Materifloh}aopéthe@s (or of course a nmixture of both). Thus,
the active ingredients may be administered at the sane

Stinme (e.hg‘]'.i si nul taneously) or at different tines (e.qg.
Materiads, g, benbalized) Hafuemachati fenomnwap ebiaiaksl font i Afeican Reptiles and
i r fro ne .anot.her overs | appi ng.
Venom%ﬁ‘@ﬁ{uh%élgggPlgtﬁslgg'gc?a?%?o&l}bogg%?ﬁg rﬁ“ﬁ%\ Falgim gf:é)g oF in e assays),
Russell'sleipmy vemoradRIVW)s{for Sagve einkesnd),t RRinihiR UehSenf $RR tthrombin time

houl d nOthérgf ch as to | ose the benefit of a
assays)aig?ﬂ%ﬁl@ﬂ@ﬁ Q¢ (o d-winylpyridine fverepurshasedefomn Sigma (St. Louis,
MO, USAYbpLALt: i t achi eyed

acggpdi ﬁg%i%&{lﬂ{gpg‘;vég nt Fl%%ie%olﬂgﬁfac%%agsﬁs%e cdﬁ%'ﬁ?’ Japan). The
chromogrsicusubsteathsi Hi-BtlaPi®@Argh-iteartiite) GANAY SdibiiilockRFide (2HC), (S-

i f th h
2255, RS R NP B8 VLB oA SO %), 1 e
Phe-ArdeWA-JH - -ARS-GAR ARS
T e

adm .
PNA-HGIABi2444X% b@mbﬂgﬁlu((ﬁl}w@Me%@m@qu&HQl (8=22200), HhD-Val-Leu-Lys-

. nge. 12 4£Q,2:1; r r rahly, in the range of
PNA2HE B850y BN i REPREIST 180266 end Me0TSuireproTyr.
PNA-HQr @k 2588 lwerd : flord Clirombgdfix 1A BMBER KRB, 665t % v d®Fxch Y H-D-Leu-
Ph’ . 1:&; mor e _pref erabl yglz }1§ 05 to 1.05: 1;I%a%nzljgz}§'/nété m)rg(HD Leu

Gly'éft"é? Aago‘i‘%p 3igs abtained froge ruhendanaBignostieaf InndyeStamford, CT. All
bstratds"W&B ides.:q - . treati a patiLent in

substralcs M0 RO iR 0 Blion o5, s Bt Friomigant buman

tissue fagidni(hinsvie) iwmy ruoctabel fiaii Pade Behhy PeRbirde G¥mbRE Human plasma
was donftiﬁ'iﬁt or1 sec nrg asg{gﬁt of the invention, a nucleic

et By hgplttyyolurgeers (all offer ghemisals pod reagpets uagdwerend highest purity
available/ect or of the fourth aspect of the invention, a host
cell of the fifth aspect of the invention, a conplex

... of the ninth aspect of the invention or a
Purificaymueirvisoesidant nrotefosifl.i lmemothatheciilé vesorh {106 pacin 0l distilled

) OIS0 PRy B REINGH G BTEBS Pl Bt somo
Tris-HChbefferofpH 7.4) and eluted using the same buffer, using a AKTA Purifier system
(Amersham Biosciences, Uppsala, Sweden). Individual fractions were assayed for anticoagulant
activity using the prothrombin time coagulation test (see below). Fractions with potent
anticoagulant activity were pooled and sub-fractionated on a cation exchange column, using the
same chromatographic system. The anticoagulant fraction was loaded on to a Uno S-6 (Bio-Rad,
Hercules, CA; column volume, 6 ml) column equilibrated with 50 mM Tris-HCI buffef, pH
7.5. Bound proteins were eluted with a linear gradient of 1 M NaCl in the same buffer. Fractions
collected were assayed for anticoagulant activity. The anticoagulant peaks obtained from cation-
exchange chromatography were applied to a Jupiter C18 (1x 25 cm) column equilibrated with
0.1% trifluoroacetic acid (TFA). The bound proteins were eluted using a linear gradient of 80%



anti coagul ant therapy, the nethod conprising

admnistering to the patient: (i) a polypeptide
weacewrods41y to the first aspect of the inventi ORCDISG2006/000222

nucl eic acid nol ecul e encodipng the sanme; and(ii) a

pol ypepti de according to the second aspect of the
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anticoagakns eptivint ﬁl(f gfusuj@hﬂp méclﬂémat%gﬁlpﬁéd‘ 8h & ARFR bdtd Pdhmap column
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ke b|t t he net hod..co

Lenvs BRSSP Bo NHEERL: Farifors o yHigny cusd ion malysis. lonspray,
orifice aﬁd Bl VltaS@CHae s@ﬁMOOOBO tahg 350%e %k}%ﬁtlvﬁ WY oekE was used as a

aci d nol ecul e of the third aspect of 't vention,
nebulizer; apd Gprtgn gapeAn g %Esﬁiemazw puing wasvesed ifonsoleerty cfﬂ%hvery (40 %
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Red”“w&r %’l Eé’d@%?" of Piped atadeing stere sediged and paddlyiethylated using
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equally to ot her aspects of the invention and the
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technol ogy which are"within ose Wor
in the art. Such techniques are explained fully in the
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by incubating equimolar concentration of the two proteins (unless mentioned otherwise) at 37° C
for a period of 5 min in 50 mM Tris-buffer (pH 7.4).

Anticoagulant activity — The anticoagulant activities of H. haemachatus venom and its fractions

was determined by four coagulation tests using a BBL fibrometer:

1. Recalcification time: The recalcification times were determined according to the method of

Langdell et al. (25). 50 mM Tris-HCl buffer (pH 7.4) (100 pl), plasma (100 pl) and various
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Gel filtration chromatography — The complex formation between anticoagulant proteins was
examined by gel filtration chromatography using a Superdex_30 gel filtration column (1.6 x 60
cm) using AKTA Purifier. The column was equilibrated with 50 mM Tris-HCI buffer (pH 7.4) at
a flow rate of 1 ml/min. Individual proteins and equimolar mixture of anticoagulant proteins
(incubated for a period of 30 minutes at 37°C) were loaded on to the column and eluted in the

same buffer. Elution was followed at 280 nm.
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range of substrate concentrations. Reactions were initiated by the addition of S-2288 to premixed

enzyme-cofactor and inhibitor in the wells of a microtiter plate. Reactions with FVIIa-sTF
contained 0.0125-0.05 pM of inhibitor complex and 0 to 3 mM of S-2288. The initial velocities
were measured over 5 min under steady-state conditions and were fit by reiterative nonlinear

regression to Equation 1, describing a classical non-competitive inhibitor, to derive the K; value.

V= Vel I+ TRV K g+ [S]} e (Eq.1)
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the light S6Uréd. iSathpli& 88186 M ihehfkah 1A/ §4 Ih%qé *}{e&eﬁgﬁﬁ g 2L pM) and hemextin

unl i ganded speci es) contal ne he "acti ve
AB compley (frd mMD wergprepaied ;jmatedthtﬁyqagipd it gﬁ @(p_%{iﬁleﬁ'o |"Ilht6\My?ﬂ)dynamic
: : re Kis e binding affinity constant, )
diameter FSEAR e frin MPEC Gpriek fnd e RaR i PR b Siar i igpe svcordegeiss °C i
solutions loif diffenent idfic atrehgllis 4ndl dt Hﬁf&bﬁt@lf&?&%ﬁééﬂaﬁ@nﬁ&h&: ionic strengths
were Vaﬁg?grorml ecul e and ligand, respectively, for the

Hithrgaddition of NaGhFrore thmpgmridrtransktiopd@iffesisncatficient (Dy),
. - . '- - - t -
the hydroffHEE Rt IET TR B0 LAl kB SR i s Gna  n

the cell according to standard Marquardt
Dy=ksT/6mnRy......................... (Eq. 3),

where kg is the Boltzmann constant, T is the temperature in Kelvin and Mbeing the viscosity of
the solvent. The intensity-intensity time correlation functions were obtained with a BI-9000
digital correlator equipped with the instrument. The particle size and size distribution were
obtained by analyzing the field correlation function |g®(t)| using constrained regularized
CONTIN method (73).



met hods. The free energy change (AG during the
interaction was cal cul ated by using the rel ati onshi p:
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oM 15&‘}’8@51”&“ on of henextin A and henextin B at different
to trations were nonitored in 50 mM Tris-HC buffer
(pH 7.4). To study the conplex formation, titration
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Concenugggﬁh0$$3é0%@t(%s corrpl ex “and the individual
hemextins were determned in both the gas and sol ution
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Tris-HCl yp&em@ﬂw fret thesve@ﬁ@d elutipn buffay at Tlew Taiq eluher{mipgEhe sample
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as moleqylf Weighbmate. (lhestoubr PR WHedepaEns P ruRping BlyesPexiran. The

column ﬁ\%% %ﬁ?lhgf é‘(ﬂgﬁntg%t Il%@gﬂ%ﬁbﬁp&&hingagrf g{epggggl? ghﬁcletﬁpﬁ& to each run.

Electrostitid] camribotions acthedtemeipit] AB 4dpmplemefdinastainy werei siudied by mgonitoring

o SEE AR GRS B i v

ByliRbhdBlc BoRribtRdRE tHd eIt RetiatiBh VheRé Aetefr@dbd b recording
|so at ed and purified fromthe same venom was used as

its elutien o mdf Trisr-HEduder pil &xipdni hothh stydiesHbe solupinexas fiskequilibrated

h |
i o P B AT TR il e e
respectiFVbiifan® tHRf cohaig eElubioh of ﬁl%tdm’)f/as\lﬁ{omtbﬂﬂdjmommﬂce at 280 nm.

averaged to obt a| n a CEMMA spectrum No snoot hi ng

al gorithm was ap dfor t he data esent at.i on.
ID-NMR spectroscopic studzes - One- imenstonal proton R experiments were carried out

using Bruker 600 MHz, equipped with a modern cryo-probe, and electronic variable temperature
unit. The spectra were acquired using Topspin software (Bruker) interfaced to the spectrometer.
Hemextin A (0.5 mM) and hemextin B (0.5 mM) were prepared in 50 mM Tris-HCI buffer (pH
7) and transferred to a 5 mm Willmad NMR tube. All deuterated solvents were purchased from
Aldrich Laboratories with 99.9% isotopic purity. The spectral width was set to 16 p.p.m. for
experiments in 'H,O and the transmitter/carrier was positioned on the water signal to minimize

any artifacts. The large resonance due to the water protons was suppressed by the WATERGATE



(B) Dynam c Light Scattering (DLS) -Conplex formation

studies with DLS were carried out at 25 C using a
wehaoassd7s nst r umrent ( Brookhaven I nstruments PCT/SG2006/000222
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correspohdih€ kA BbthGiendxfink PearkDBR @ pbeledBépagdielyexpaiurified tusing RP-HPLC
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(Figures 26nandi ) arl gepilleysqish eppiaerihy (84%%/{@ F). 15hs hpgrogeneity

and masgS ?E éx?&g&Md&a}sbéz%ﬁ( We@&&&ﬁ?ﬂé@ﬁ?ﬁgﬂw !M%s@os.)g@ha of hemextins A

experi ments were carrie at room
and B shengkthate peaksnonmpasdehpnagk mtioSuareginge Xrofd thyet td silktcharges (data not

colum (1.6 x 60 c usi ng a TA Purifier t
shown) o Sl tEb b e ps Qblhry o TO3 B 32 daltons,
respecti LG Wha S0 MM Tris-HA buffer (pH 7.4) or the

sge:ci led elution buffer, at a flowrate of 1 m/mn.

The sanpl e ] ) ]
N-terminal sequence determination — The sequence of the first 37 amino acid residues of

Results

hemextins A and B was determined using Edman degradation (Figure 3). The location of the
cysteine residues in the proteins were confirmed by sequencing the pyridylethylated proteins.
Both proteins show similarity to cardiotoxins, postsynaptic neurotoxins, fasciculin and other
membérs of the three-toxin family (Figure 3), and thus belong to this family of snake venom

proteins.

Anticoagulant activity of hemextins — The anticoagulant activity of hemextins A and B was

determined using prothrombin time assay (Figure 4A). Hemextin A prolonged the clotting time
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reaches 5:0| F@ifiics avgition [did abwriaetady thenaAticaigaland efifet.aftar iesdtsvindicated that

99.9% i sotopic purity. The spectral width was sef.to
hemextinss Apmd. B 107812 4l RPHER (200, (e EPple-ipringion 15 cruicial for the potent
anticoachlafsgv b er/ carrier was positioned on the water signal

o mnimze any artifacts. The | arge resonance due to

the water protons was suppressed by the WATERGATEpul se )
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min andgnmines agakl with agetsnBem tiney ofcd Qi hhe PPPeardse of dhepgior peak with
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rtosa FABR S AR S SR ARl e Bt et
and B). To purify the anticoagul ant protein, the crude )
Site of antioaipulns aetiviy £ AachownahdibrdyengpatinfA hnd its icomplex with hemextin B

chr omat ogr.aphy. ( Fi 2A) ... Fractio orr.espondi.ng to .
protons SBRRES LR isbfe 241 S ki SRS ISR 6 ETREOLRSe ongutation
pathwayd $§E048dNE dine PURSEHRADATDrédHE wAESRKE (3263 Three commonly used

corresponded to proteins, nostly containing PLA that
clotting Heestryenanhdy peatbiombenl tisee; Stywpvey Sme. anttiiheonpin kime were employed

(Figure ERYEM% appt}géjchr}]s lbggerd on the principle that initiating the cascade "upstream" from

the inhibited step will result in elevated clotting times, while initiating the cascade "downstream"
from the inhibited step will not affect clotting times. Thus, the anticoagulant action of the
individual proteins and the complex can Ee localized to certain activation step(s) in the cascade
(Figures 6B-D) (for details, see 32, 33). Hemextin A exhibited a mild anticoagulant activity by
prolonging the clotting time in the prothrombin time assay, but did not prolong Stypven time and
thrombin time (Figure 6B). As expected, hemextin B did not prolong clotting times in
prothrombin time, Stypven time and thrombin time assays (Figure 6C). The hemextin AB



anti coagul ant activity conpared to peak 3 (inset

Figure 2A). Accordingly, the focus was on isol ating
woOheo7ang476 oagul ant protein from peak 3, which RrE$/5G2006/000222
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Aand Banti coagul ant effect could be due to either the
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To unde f’a:?‘lﬁarﬂ e?f%ctd&ﬁpﬁg Iﬁﬁfﬁm ¥ PhIFoHP ActREEVEERAEM A and hemextin
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Specificity of inhibition — To determine the specificity of inhibition, hemextins A and B and their
complex were screened against 12 serine proteases. As depicted in Figﬁre 9, no inhibitory
activity was observed against any of the serine protease with the exception of FVIla and plasma
kallikrein. As with FVIia, hemextins A and hemextin AB complex inhibit plasma kallikrein in a
dose-dependant manner (Figure 10). Hemextin B did not inhibit kallikrein’s protease activity.
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Irc St“%?& - ﬁ"hg géagn%g%ﬁang%s Q\SBSOglg{gal\%ﬁl %fetb%%fingo 8}‘ Herﬁ&?in AB complex
to FVIla were also momtored (Figure 12). The binding was exothermic, with 4H = -7.931
keal.M™ for, AG = -7.543 kcal. M}, and 48 = - 1.25 cal.M™\. The calculated X for the binding was
411x 10° M

Conformational changes during complex formation — Earlier, it has been shown that hemextin A
and hemextin B interact with each other and form a 1:1 tetrameric complex and this complex

formation is important for its ability to inhibit FVIla and clot initiation (74). To study
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reached 1 (Bignen4Q). &RYstBdiesr thergfore,shepnibricherading AB cosphereformation is
associateIl %ﬁm% %Qbik%at?o&xﬁfﬁﬁhe&%onﬂ}ﬁaﬂQltx Qﬁ%ﬁ%lgg ?}g:gir:?@{oichiomeﬁy.
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activity was observed after equinolar ratios of
Changes hie meoleauhs diaamatkrBdufing senplscfovatiions Ther dlaereter of the individual
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determin& 85 BRD bibkiebphotdiie thowiiil fothY o8¢ bhadetodindf GERMAAL hBméxtin A and
and” henextin AB conpl ex "'was nonitored on FVIla

hemextinaBi shoiw tapparett inpleoplasi dimeteisn of H8.2pre8 R camorndaBi@nge0.42 nm,

respectivglf#i (gi%l:lge g% gl%tal%é i ?ﬁg ’go%ﬁ]tsegnetég%gtﬁé gir%%r%rﬁ%%f?a%%lﬁej[exr;&oy 6.3 + 0.43 nm.

Since GBNVEYIAVed.a Jpasitémblyt Yiedf tédbhidakt e@ployed Oindetudiitigh rdtéi@-protein
) ~specificity of inhibition, henextins A and B and their )

interactiagioffig), ke wiRsuls Stsre dvidlepr agdidpied byexsyining the stfeeiselsanofher protein
(oin IGO0 5 RV GG s o pomein
and hemextimePpt Taxin 6f dif\Aok affactdhp lhaticaghlaht adiv iy of hémextin A as determined

by proﬂ%%ﬁn%ﬁqg?eﬁ( Fsanl"i“(?t?]s%gwrr]x)e rragc)l( thw néBfoﬁg rzlpclzo%)l(plleg Q\Iugll ltlemextin A In

GEMMA, toxin C at equimolar concentration did not affect the molecular diameter of hemextin
A or hemextin B (Figure 14). The hydrodynamic diameters of the individual hemextins and
hemextin AB complex in 50 mM Tris-HCI buffer (pH 7.4) were also determined using DLS.
Single scattering populations (unimodal distribution) for hemextin A, hemextin B and hemextin
AB complex were observed suggesting the homogeneity of the sample preparations with
hydrodynamic diameters of 10.3 nm, 9.9 nm and 16.8 nm, respectively (Figure 16A). The
presence of monodisperse complex (indicated by the narrow size distribution) upon mixing

hemextin A and hemextin B suggest the formation of a well-defined complex. The size of the



dose- dependant manner (Figure 10). Henextin B did not

inhibit kallikrein's protease activity. However, the
wOonh7mig4osy potency towards FVila (either in tReT/SG2006/000222

absence or presence of sTE)swas at |east 50 tines

hi gher than towards plasma kallikrein. Kinetics of
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(Figure 12). The binding was exothermc, wth DH
--7.931 kcal-M1 for, DG -7.543 kcal .M 1, and = - 1.25
cal .M 1. The calculated K for the binding was 4. 11 c
105M 1 Confornmati onal changes during conpl exformtion
- Earlier, it has been shown that henextin A and
hemextin B interact wth each other and forma 1:1
tetraneric conplex and this conplex formation is
inmportant for its ability to inhibit FVIla and cl ot
initiation (74). To studyconformational changes

associ ated with henextin AB conplex formation, far
UV-CD was used. First, the individual CD spectra of

i ndi vi dual henextins A and B at various concentrations
were recorded (Figure 14, A and B). The CD spectra of
hemextin A and henmextin B di spl ayed negative m ni ma at
217 nmand positive maxima at 196 nm which are due to
the p - p* transition of the anm de chronophore and the
n - p*.transition, respectively, typical of a b-sheet
structure (Figure 14, A and B). However, at higher
concentrations, aggregation was observed in



both the proteins (Figure 14, A and B). Next, a
titration CD experinment was perfornmed in order to
webtoayis41e conpl ex formati on between the two pPOTSGR®6/000222
In this experinment, the copgentration of henmextin A
was kept constant at 0.5 mM and the conformati onal
changes in henextin Ain the presence of various
Table 3 Concentrations of hemextin B was recorded (Figure 14,
C and D). b sheet content increased with the addition
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25 UaS TG PTAH D) CEVMSy TETTEXUiF A ant TenpgbT M § STays
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0.42 nm respectively (Fgure 15). H%msxti n AB clonpl ex
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st udyjsngdy lﬁrd)tel n-protein{ interaction}{(75), the rjesults
wer e f:'urt er validated by exam ning the effect of
another pr ot ei n (t oxi n G isolated fromt he venom of

H-ha ectar—diaretets—of errextin—7A
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37 equi N8I TedpEeftrat $8n did ndflaffe¢t thd&¥hol eclul ar612
di anetoemmofachemextiin A of henextin B|(Figure 14)| The
hydriodynam c di angters of the indivi éplual hemextins and
hemextin AB conplex in 50 mM Tris-HC, buffer (pH 7.4)

37 Wer € }npoTaapErgi+ed.ousi hg DLS.01Singlle scatx eri ng -4.6
popul gh Leg&cf uni nadal di stribution) for hemextin} A
hemextin B and hermextin AB conpl ex wer e observed
suggestl ng t he honngenei y of the sa Ie _prepar alti ons

Wt Sﬂ)ﬁﬁ PTG ch FEtETS U|10§.%. 3 T ageh 76
37 16.8 ?}é%%ectlvel y (Fj gure 16A). The p?]ésence of
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37 50 mM Tris (pH 7.4) + 0.05 -94 ~10 -6.4

250 mM glycerol

Effect of temperature on complex formation — In several protein-protein and protein-peptide
interactions, calorimetric enthalpy could be affected by changes in the experimental temperature.
The temperature dependence of the binding of hemextin A to hemextin B was studied over the
range of 10-45 °C, with the thermodynamic parameters enthalpy (4H) ,entropy (45S), and free
energy (4G) as a function of temperature being shown in Figure 18A and Table 3. It is clear that



indicating that the conplex is a rigid structure (76).

Ther nrodynam cs of henextin AB conplex formation - | TC
woasoveedst o study the thernodynam cs of conpl €T/SG2006/000222

formati on. Each injection.gave rise to negative

(exot herm c) heat of reaction (Figure 17). The bi ndi ng
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Under syl iepritaleet FotURmBGR, GHOBPY 35| BSPISE e PR fonization

enthalpy!! ¥Qbﬂﬂﬁ% ﬁtr§tiﬁ'nfs f%&‘e‘%e als6 %eﬁf@ﬂl\wd # plRphAé aHIMEPS Yeff4Sat pH 7.4.
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the binding enthalpy ngls cor?ected for protonation effects ( S ezccordmg to the following

relationship:
AHops = AHypin + 1zt AHign veeeeneen... (Eq. 4)

A positive slope indicates propensity for the uptake of protons from the buffer, a negative value
indicates propensity for the release of protons into the buffer. The plot (Figure 19A) yielded an
ng' value of — 0.57 and a binding enthalpy (4Hp;,) of —3.638 kcal/mole for the complex



ACp and (d(TDS)/d T)p ACP + AS, and then if DCp " AS,

the changes in AH and TAS with tenperature will be
woaeoghligs7she same and wil|l conpensate each ot heCcT/Sé806/000222

changes were m ni mal over .4die investigated tenperature

range (Figure 18A). The values of AH and AS are al ways
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_the enthal py change_ (AHCbs)  (Table 3) was observed.
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A positive slope indicates propensity for the

starts breafstrgkdovaf toplioteonis  buffar o bighet faaic steengyE¥aGlel S9apB the complex

i ndicates propensity f r e Y .
ctea mpfl G4 g GRS btr BRSPS plhoB F AR ek incicare
that it céAlall Wth -hetheRfin@d agd kB {datH hoe shbahpyTHiPHbisagvatién highlights the

-3.638 kcal /nole for the conpl exformation. Thus, the

probablen agicinationBof oHptEostatisr FEETREHPIS s I JIRG* A d\Ryi $4uRjeH gformation.
s SPER BBl B0 0% iRl U ELSF R ling b
and/or Hehegtin oBtwhs amilergeingct i conforplhtignad nchiangorin dntffars vt higher ionic
strengﬂlg{gg%rg n%lp gt llz_,}{]qn;qglt %8(})%1313%9@@1? fhgr 0¥hﬁise At Is]r?d B in the presence of
buffer of high ionic strength were studied. Hemextin A at 75 mM NaCl concentration showed
two peaks; a second protein peak eluted slower than the monomer. At 150 mM NaCl
concentration hemextin A eluted mostly in the second peak. ESI-MS and HPLC analyses of this
second peak show that it is structurally intact hemextin A (data not shown). Thus, the change in
the elution profile of hemextin A in the buffer of higher ionic strength hinted a conformational
change in the protein, which was confirmed by 1D NMR studies (see below). However,
increased ionic strength of the buffer did not have any effect on the elution of hemextin B

(Figure 20, A and B).

The hydrodynamic diameters of the hemextin AB complex and the individual hemextins in
buffer solutions of high ionic strength using DLS were also determined (Figure 16B). At high
salt concentrations, the hemextin AB complex exhibits a high polydispersity indicating the



The role of electrostatic interactions in the conpl ex

formati on was eval uated using | TC, SEC and DLS.
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change in buffers with higher ionic strength.
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presence of hemextin A. From these results, it may be concluded that the dimer formed at high

salt concentrations does not have any significant anticoagulant activity.

Hydrophobic interactions in hemextin AB complex formation — Hydrophobic interactions act as
the driving forces in the complex formation. The importance of hydrophobic interactions in the
complex formation using ITC, SEC and DLS was also evaluated. ITC experiments were
performed in buffers containing increasing concentrations of glycerol. Glycerol forms a
‘hydration’ layer around the protein, thereby inhibiting hydrophobic interactions. A decrease in

the association constant was observed with the increase in glycerol concentration (Figure 19C



buffer solutions of high ionic strength using DLS were
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Figure 2 1A). Thus déspite the change in
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Fromthese results, it may be concluded that the dine
complex frposthy exigts #§ zg:rmxture of dimer and monomers (Figure 20C). As the antlcoagulant

ot

activity is higher than that of hemextin A alone, the dimer observed at 250 mM glycerol
concentration exhibits anticoagulant activity higher than hemextin A alone but lower than the
tetramer. Thus, the dimer formed in the presence of glycerol is different from the dimer formed
in the presence of salt; the former dimer showed an increased anticoagulant activity compared to

hemextin A alone, whereas the latter dimer did not.
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design and development of anticoagulants.

So far, only two proteins that are known to specifically inhibit the TF-FVIIa complex have been
well characterized, namely, tissue factor pathway inhibitor (TFPI) and nematode anticoagulant
peptide ¢c2 (NAPc2). TFPI is an endogenous inhibitor of this complex (36), whereas NAPc2 is an
exogenous inhibitor isolated from canine hookworm, dncylostoma caninum (37). TFPI is a 42

kDa plasma glycoprotein consisting of three tandem Kunitz type domains. The first and the



the increase in glycerol concentration (Figure 21B).
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The isolation and characterization of two proteins — hemextin A and hemextin B from the venom

of H. haemachatus that synergistically induce potent anticoagulant activity are reported herein.
Both hemextins A and B belong to the three-finger family of snake venom proteins (Figure 3).
Individually, only hemextin A exhibited mild anticoagulant activity, whereas hemextin B has no
anticoagulant activity (Figure 4A). However, hemextin B synergistically enhances the
anticoagulant activity of hemextin A and their complex exhibits potent anticoagulant activity.

The increase in the anticoagulant potency of hemextin A in the presence of hemextin B (Figure



Di scussion Initiation of blood coagul ation during

injury or trauma is essential for the survival of the
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Further, hehbxttoAphé kemextithABawhiplex fihitdtedfanfiblytc agivitycdgivath. Hemextin
by the respective . inhjibitors._and |S not accessibl.e.
B, howepthe 4G TP LERDH PR AT RIOBHHIAY JR<E AATengh S TRl yh. To frther
charactetifd ﬁief ﬁf]ﬁ)lltbfy gﬁgeﬁi\é& lafid afetdriifey theBspRElRRY oPfinhibition, hemextins A
artiticial 1'nhibitors have been designed and o
and B amdeheatexinhB Tdreplek esreisizeqedtagiingt t2nsering prajgaseshidn addition to FVIIa
and its cgalfﬂ %ée?,tllale%rﬂ 1%#{,{2{@?9 oy 1!1(613%8 %%}ﬁ?{s %3\/"0'3? Eﬁlé %%idolytic activity of

only kallikrein in a dose-dependant manner. However, the ICsp for the inhibition of kallikrein

was ~ 5 uM, in contrast to that of FVIla/FVIIa-TF/FVIla-sTF which was ~ 100 nM. Kinetic

studies revealed that hemextin AB complex is a non-competitive inhibitor of FVIIa-sTF complex
with a K; of 25 nM. Using ITC studies, it was shown that hemextin AB complex directly
interacts with FVIla. The binding interaction between FVIIa and hemextin AB complex is
associated with a negative change in free energy indicating that this complex formation is

favored. Negative change in entropy observed with the binding indicates the formation of a



reduced cofactor function for FX), FFR-Vila
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pepti des derived fromTF gy.FVila (43-50). In
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These r esul ts were further confirmed by
ITC permits the study of macromolecular interactions in solution and is the only technique that

can resolve the enthalpic and entropic components of binding affinity and hence the difference in
the Gibbs free energy between the initial and final states (88-90). The interaction between
hemextin A and hemextin B is characterized by favorable negative changes in 4H. Thus, Van der

Waals interactions and hydrogen bonds may play an important role in the complex formation.



studying the effect of hemextin A and its conplex on
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complex ferighion ys hegatize, Abripweskenshanctbat am dypiaglnehservied dn peByin-protein
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hemextin® B ii&t@?a%&&”i{o%%@ hls Bﬁéﬁnﬁn@ﬁ’ LR hot uncommon in protein-protein
interactions (101-110). The observed unfavorable 4S could be due to possible conformational
changes occurring in hemextin A and/or hemextin B upon binding (Figure 14) and/or due to the
binding of water molecules at the interface of the interacting proteins. Ladbury et al. have
suggested that the restriction of degrees of freedom of water molecules within highly hydrated
specific interfaces could also make a substantial negative contribution to the 4C, (111), as

observed in several protein-protein complexes (80, 112-114). Water molecules at the interface
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Thus, the breakdown of tetramer to dimer probably occurs in two different planes of interaction
between hemextin A and B. One plane is sensitive to the ionic strength of its surroundings while
the other is sensitive to glycerol (Figure 23). Further, in the presence of salt, hemextin A
undergoes a conformational change (Figure 23) which may interfere in the tetramer formation.
The dimer formed under high ionic conditions lacks the anticoagulant site (marked by a dotted

semicircle in Figure 23). In contrast, hydrophobic interactions are predominant in the second
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an antiplatelet protein complex which is a heterodimer of C-type lectin related proteins (61).

Pseutarin C is a procoagulant complex which is structurally and functionally similar to
mammalian FXa-FVa complex (65-66). In the remaining cases, the respective subunits are held
together by yet-to-be-characterized non-covalent interactions. Hemextin AB complex is the first
anticoagulant complex isolated from snake venoms in which the anticoagulant activity of
hemextin A is potentiated by its synergistic interaction with hemextin B (74). It specifically and
non-competitively inhibits FV1la, without the requirement of FX scaffold. Thus, this is the first
known natural proteinaceous inhibitor of FVIla. Structurally it is the only known tetrameric
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ing a according to claim9
under conditions suitable for the expression of the
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(ii) Sold gbiypepti€e arptdifigto claim 2.

16.  The complex according to claim 15, wherein the ratio of (i) to (ii) is in the range of 1:2
to 2:1.

17. A method of generating an antibody which recognizes a polypeptide according to any
one of claims 1 to 5 or a complex according to claim 15, wherein the method comprises the

steps of:

@) immunizing an animal with a polypeptide according to any one of claims 1 to 5 or

a complex according to claim 15; and
(i)  obtaining the antibody from said animal.

18.  An antibody which recognizes a polypeptide according to any one of claims 1 to 5 or a

complex according to claim 15.
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complex9accarding b ectaisc ¢ Hriulithe maoutichirenof & medicamentofgyuse in treating a

. ..according to c¢laim 18, an antivenom according to claim
patient 15 §6 Qémﬁﬁaﬁ?i?gpk?ﬁg%tified by the method according
to claim21. 24. A polypeptide according to any one of

78. 19deddfs 1 to 5, a nucleic acid nol ecule according to
claim®6, a vector according to claim8, a host cell

_according.to claim9, a conplex according tq claim15, )
() anaaelynspide agconting fyclpm d)ofapupseic aﬁﬁaﬂ?gl?@ﬁﬁ ghgoding e same;
ac?ﬁ&di ng to claim20 or a nodul ator identified by the
nmet hod according to claim21 for use in nedicine. 25.
A conbi ned preparation for use in nedicine, the
(i) coatpohgpepidepspaliigio otadms o maplei¢ pyidangledujpensoiling the same

according to claim1l or a nucleic acid nol ecule

in the RGRY o o0 855t R RSB SR, AR Bt hgtan
therapy.Same. 26. The conbi ned preparation of claim 25, wherein

sai d conbi ned preparation is for treating a patient in
need of anticoagul.ant theyapy. 27. Use of a

2. Aongbel BERETRIFTGn Pecel/ R EHenE PRy hegetiod omprising
admhﬁs{é&‘lﬁg% %?@%t%n{g? g@%&%ﬁdg %ﬁc%&iihg% bRy 6hEHMISmsaA 1SE hHucleic acid

accordin ost Cell "according to claim9
moleculeraceordimgptb elaimos; anvdtiogatcordihgielain 8na hpst calhacdosding teclaim 9,

o compiQf abpoP TR TR 15 O B Colf SOL AR iR g8 .
pol ypepti de according to claim1 or a nucleic acid
30. NRh&REM 6f REARG AGitibien $i86®f @ftidoagulant therapy, the method comprising

administering to the patient:

i) a polypeptide according to claim 1 or a nucleic acid molecule encoding the same;

and
(i)  apolypeptide according to claim 2 or a nucleic acid molecule encoding the same.

31. A method of treating snake-bite in a patient, the method comprising administering to
the patient a polypeptide according to any one of claims 1 to 5, a nucleic acid molecule
according to claim 6, a vector according to claim 8, a host cell according to claim 9, a complex

according to claim 15 or a pharmaceutical composition according to claim 23.

32.  Use of a polypeptide according to any one of claims 1 to 5, a nucleic acid molecule

according to claim 6, a vector according to claim 8, a host cell according to claim 9, a complex



(ii) a polypeptide according to claim2 or a nucleic
acid nol ecul e encodi ng the sane in the manufacture of
we 20avhs41ed preparation for treating a patient PCI/SGe®d/000222
of anticoagul ant therapy. 9. A nethod of treating a
patient in need of anticoagul ant therapy, the nethod
conprising admnistering to the patient a pol ypeptide
accordirBC 60 TdUiRG 1500A MY pAienaebutidaBicdpbsition Saccdrditie [te €laidCi2d in the
mol ecul e according to claim®6, a vector according to
manufaciiugiofegnedicanesnt fordrdating snpkerbifg in 8 paieitm 9, a conpl ex
according to claim 15 or a pharnaceutical conposition
according to claim23. 30. A nethod of treating a
patient in need of anticoagul ant therapy, the nethod
conprising admnistering to the patient: (i) a
pol ypepti de according to claim1 or a nucleic acid
nol ecul e encodi ng the sane; and (ii) a polypeptide
according to claim2 or a nucleic acid nol ecul e
encodi ng the sanme. 31. A nethod of treating snake-bite
in a patient, the nethod conprising adm nistering to
the patient a polypeptide according to any one of
claims 1 to 5, a nucleic acid nolecule according to
claim®6, a vector according to claim8, a host cel
according to claim9, a conplex according to claim15
or a pharmaceutical conposition according to claim 23.
32. Use of a polypeptide according to any one of
claims 1 to 5, a nucleic acid nolecule according to
claim6, a vector according to claim@8, a host cel
according to claim9, a conplexaccording to claim15
or a pharmaceutical conposition according to claim23
in the manufacture of a nedicanment for treating
snake-bite in a patient.




