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PCT/ 1 B2008/ 002109 WD 2008/ 155658 1 Thronbi n inhi bitor

The present invention relates to thronmbin irfgbi.torga . . "2 109

wdeoisyesbs8r om t he sal i vary gl ands of haenat opRaD@B208/002109
arthropods and in particular to bivalent and trival ent
thrombin inhibitors that actlby interacting wth
thronmbin at two or three different sites. 5 All

docunents nentioned inqyhe hexi japd listed at the end
of this description are incorporated herein by
f C 0 th,on.is..part, of the .

TR PSR PR bR TR el A5 o iy stands of
he¢matoplaigbtg ANOSRIRS amd Be phrtieular o d5REendr #hd trivalent thrombin
.sequentially activated by lim ted proteolysis |[|eading
im0 bR RRY BITASANE P (Aragne at o o Chree i Gorprlesiek

of reactions, thronbin plays a 10 central role in
Adidaeunenty gnatiiencdhtie ith ttpxtofnd digtsdt aisths. enth o thisndescription are

AL SIACH Berllyl ), MRSL @ the zymogens and ¢ hei ¢
coractors, 618§|ng nmul ti pl e procoagul ant and
nti coagul.ant. rol es. .in bloqgd .cqagulation 1,2. As.a . )
B SRR 5B oas £1° PRETFH ERCSS 1o eb gy in which
cBeNgi BehodeRs bH'®rinBipkdtddsed AreRBRALAL) hMBaRd B tedproteolysis
(FV) and factor VIII (FVIII) to provide positive '
lpdinghia e foemalionyof f@brithelohihV ithib tiris netwimk ofitsiaptiaanthadsbin plays a

[ ot or . Xl t.r] ri the 15 jntrinsic .
B85 T LAFARY e RSBk OTb R s wit st of
tHeatymoggnd asbihellcefaetas,splahd Fultipl® @rocaBggardaad fabfiédaghlant roles
.strengthened and stabilized through coval ent ]

i plged coaghlating ~ drisieiocangulant BiREsare. dke fiphirasss phHTembin generated
. i T i . i i . "
2RO LD ;o O] B BESINS Bl
fezdbackdeakingicathedebin thysti Hluenedn cargalswittivate factor X1, triggering the

. pr.ot ease- act.j.vat ed receptors (PARs) an l.ycopr [ .

R BFR 1 1o BB eSS o Piataii Rl it TenBbe clot. Fibrin

ptﬂ!yﬂ{e%' at ﬂlﬂ'tld& stRMgthRAsd hl‘((ﬁ%ﬂaﬁﬁlizé\@'ﬁf%&g}ﬂ@@va%nt cross-linking driven
disintegrin and netall ogr otease with a thronbospondin

by yhrembingeiivated fagtorc Kédy dbranahin\wilsa epnteihutes detthe generation of a
)y ' ot ease,.. t hr.onhi . .
S L RS L N LT S p—
withf potease-tdtivarddo radpiors .(PARS) iapdcglyvedresid agt aid \(B) it prevents
(g%g) and fa%t or E?X@Idl la (FVIIla), down- r?\gul ating _the
desiavdizatipprPlothet Rlatsi Plugs bYhiafbEERs oM PANITSbh deedisiniegrin and
mBBIIBHrofaS §h Y thiRhbpbhdin 3t MHobk dhideaves von Wigebrand factor

Anti coagul ants are pivotal in the proﬁﬁ? axi s an
(MWéat Asnan @hticdegskandigotedser shrofittihcuthathe pactein &hgAPC) in the

o et var e t ot
o SPRE °L i EgeiiPt P mbbsdRR b HaedPaEy B A drietay ot
Vitia ggs), dawa-1eehlatife HeRAt@tod biihtthbahs, such as a

narrow therapeutic w ndow and hi ghly vari abl e

THOR®LERBNANE ordERERE n{ai | datlels @7 $h aﬁi}ﬁ%ﬂdﬁo%@dityg Anticoagulants
continual and intense effort to devel'op new
ararpivatdaigutha ntrephytedin layd ttengent od thqse alifarders. Although heparin and
coumarin derivatives (vitamin K antagonists) are the cornerstones of anticoagulation
therapy, both classes of drugs have well-documented limitations, such as a narrow
therapeutic window and highly variable dose-response. These limitations drive the
continual and intense effort to develop new anticoagulants, mainly targeting specific
coagulation factors’. Thrombin represents a good target owing to its central role in the

coagulation cascade®®.



10

15

20

25

30

coagul ation factors. Thronbin represents a 8000' t ar get

owing to its central role in the coagulatP
WO asBadsss. WO 2008/ 155658 PCT/ |1 B2008/ 002109P2T/1B2008/002109

Thronbi n i nhibitors such as heparin and its anal ogues,

whi ch have been in widespread therapeutic use for

decades, are indirect thronbin inhibitors, that is,
Tl@W@}bnamhﬂa@rp awdh zf heparin antliitshimarsigiés, Q}\Qf@i Bavedhddyy qﬁ’ widespread
thgl%ﬁjelﬁtlc it e% ves | ntaer act. directly wt h the thronbl

SitPedecqdgss antandieect H’é?mbWelyh@stﬁrsotblayls; ﬂua;zactmtpert of an

arsichrofiben t4vhelDiand it 0

t hr orrbi n. Dplr ect t hr%dr%rgﬂénm%e}} e‘?glﬁ E)a\réd[sag?c Ly ‘é{ggﬁﬂf‘eﬁﬁ bin active

siten 48t maqnsﬁ@atbtbteh cag ainthjo lirenctingte fsolublotHheub@ Biltr @ARbreact with
eutic benefits since

t h
ﬁb-HH Bor@" h?{)rﬁbl%o rﬁue lﬁee ﬂgt@,'rqq §rec sarpbleatof oimactivating  both

hese agents can

soblbdn:as:tsﬁbmm-bblﬁhd ﬂﬁz Iﬁbfht Th
f ot o epoind | CCI) ot ( i ¥sf\lcﬁn|§1?ers @%ﬁsﬂeggﬁlml%eg@e&m Beneﬁts since
thesg #Ents gan pfibis the ongymng g)a&l@ttlontp‘mmsb iwithi febéIb Ot Self, Mot just

théiﬂgh,;tgﬁg 3 anpl es of direct
hr orbi fnﬁggllot]to]r%gl\ﬁ%éi M(li’e M%F rpfﬁn Adl-o Beller. 2005. Direct
thn@mbm inhildiony. NaFukl Jaged8 snhang-49). Haermat ophagous

ani mal s have devel oped a rich reserv0|r of inhibitors

Sofrmrexaﬂnblmdfd@ag tﬂlluﬁfﬂbﬂﬂuﬂ[&fo%aﬁl@ﬁld H[gh&‘iﬁ 1%8 g ”“?igﬁ(gn) and

novvn di rect thromnbin |to‘rs

agrﬁﬂPB%g, arRaleRlAg oAt imetn @vhalemaommgdu&smbfr&if inhibitors for
bl Hurétggmlt ac d prgteln i solated fromthe
L OsaI i vagr;1 B a%rgg%e%mdgﬁn Isultlggcﬁ Koyl dmown direct thrombin

nhifitdirs Ihrlmﬂlrsahd&lﬂﬂog,latre Ha$veal 8 kaq{a@ﬁla{}?)h%dﬂs Qx‘ﬁL gﬁﬁluﬁm is a

an acidic. Gt nal tail, both
65 Q &5 41 tpr’i%te’t‘hfstﬁS“:Hnﬁi?& dhgyisalivaryigdangd. 0 midivahalt laedh Hirudo
medlzhbﬁ!‘zﬂét’% IWhdsh ngBﬁleTp]' ﬂ%ﬂrﬁ@gfsﬂ&ﬁiﬂn anH[ an Cgl%gdlc Erigrminal tail, both

electrostatlc and hydr ophobic interac
of nhtckr Wipddp siigoraithe hnodbin mncdémﬂiepdl" a5 GidrRim@akil il¥8racts with

thrcg%%g\s/egﬁogﬁﬁt F{}g&igt}? h%.%ggoﬁ%qﬂ &f Ebfftelaﬁq %E{?S"Eﬁ)aCtlfalSZGhﬁé\# terminal
dongh Yipogt tdean apolar RiRdHGh Bl bAONY A0uISRHAN Bivcing its

ti ngmﬁe hirudin Cterm nal
accc%,rsﬁ;blilt gl 98 bprErudin, a3 (ymer @olyyepitqlef @B febduct of rational
des%ﬁ%'y%'ﬁﬁn@%he\?\lﬂﬁﬁﬁﬁ Eredi; Ft% 1 tﬁﬁn %{ﬁtweoq'nle@gﬂ% 5101457 pePhe-Pro-

ivallrudin are
ArgtRyotusimgerusGtyer elSldaE\Sdatﬁiﬁabé&é4 S USief hih PRI Biyalirudi oW ich are
uni val ent i nhi bitor and binds on

[.
biva %h ? Q8 t%q% tbérgl toTihg eiﬁa%’ﬁq leapdpiative gite g‘éthrt)ltmbumargatroban isa

eac

univialent Bihiifos ahdBindk BLST e active site of
thronbin, 25 ome%/lgrté?l?esé%wts{t{xhey may eventual ly be

The pFRAME Vi ﬁhYd tor gpd in |loss i.nhi pbitory

" gct ivit }g There T eﬁlgl lﬁ@%gmﬁe@% l?tS?C%F]é%@fafc&Y? ﬁ%Ofthrombm
owelyaredt thahrthesbinmyi avenbidllgr be ciiaded iy MREhbRU AL

1nh1t§llbﬁ$?nbl‘p i n@eb' tors that are |ess bP'I kel'y To ] uén{gofn loss of

SPEERy TheTs trmansa negd fersmpre effectine slirornthcombiviaighibitors

and, in particular, for thrombin inhibitors that are less likely to lose inhibitory activity as

a result of thrombin cleavage.
Description of the invention

According to a first aspect of the invention, there is provided a method of inhibiting

thrombin activity by exposing thrombin to a molecule or molecules which interact with

i .lelnno.]D‘"g,
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Description of the invention 30 According tq.g first

aspect of the invention, there is provided a HEtvol 8of 1 1 71 Ug’,

wonmishissassg thronbin activity by exposi ng thr eabiiBov£002109
a nol ecul e or nol ecul es which interact with WO
2008/ 155658 PCT/ 1 B2008/ 002103 3 exosite | and the
. ac.tti ve site on thronbin. Preferably, said nolecule or
Xositet @ﬂ‘deglelaﬁ'ﬂ%? &gt on thirarhbial Preféralely 0sid RolecuRXR$hd18culds interact
Wﬁﬁ@ll%@xc@ft{a?{\’e‘?{os"‘[gﬁ on_thronbin. According to a second
aspect 0 & Crven P e achur sits n Brespbided a t hr ombi n
lnhi-bitor nolecule or nolecules suitable for use in
A‘%“ﬂg‘hg@% 8ieoond fHpsct ot die igxension, dere krepiomiderta tiombin inhibitor
molbéld of Rloicalcs sitdtle FFQSE bE he active site of.
thrombi n. Preferably, théh? F?Féﬁ%?%ési OEHﬁ%ﬁf%FSPﬁBﬁ ahe invention
whieh fipiaetumish exasitsr head et dutiat Isitofof ahositie Prefe%‘l)}ﬁitﬁg thrombin
indibit@d lteaﬁe%?t iozee Fi te of éﬁr ombi n. Preferably,” the
mol ecul 6 oF ChBioSEYIcs itgrct with pil p&exasite deaxopit Bepdttesictive site
of gfrombhmm. i nvention inhibit thronbin activity by first
interacting wwth exosites | and Il and then
Préfotablyachid Rblech® B Libidd ' ite of thrombin, .
: %:,cor di ng to_ca third asgeggcgftﬂg%eqr e ARFORT iASPECts: Aethe ingention
INBAPIE UMb enstyity boofirst enterattiig withl xouted 10ind D288 h&Sin¥racting

i ect, of the invention and thronbin,
w1me?§<$ﬁ/‘8§ﬁ%%§{fﬁ?r8m n inhibitor nolecule interacts

' exosite | and the active site of thronbin,
Ac%grré{g‘éréb? ;Fﬁ]\‘i\ﬁl taﬁpea?? |°tfd'4ﬂe &XGaHeR thereeisodlba eravidaing cohmplex of a

mobctiev holbeuley of e QBRI ashrt Fc))rf%lfxee{n%gl%t dno%nrgitewgg)rrllbelg,u\l)vlelerein the

hruse,d in_the method of the first aspe
thrqrRligiphiifor mpdeculhimetortn withichbsins I and @Bl sit8f thrombin
h 2

3 : . the invention or present in the
precorrpfi g&lgzdﬂg(ﬁef( ﬁgeltet hF’foﬁﬂgzlgaé’@ttH%F‘CttVﬁ’éﬂP A Bxembin. i s t he
the ami no acid sequence

Pre%%%%%ﬁ%&gwqgﬂqﬁm@ﬂ@s@@ |a§peNOOﬂ_)heo mvantion, the

thronhif inkibitenalol@aW ¥AkRN e Bhd SRLL V@' d,e9i . protein. 20
ion of the varieg: ﬁd@ é%(t)togti tjrhlgﬁg‘\/ﬁ 1§t HePIETRnh D the

com;lgqexgls zg lgg:;tfli)éré 2§Be of edlinabotie isfthe mm%g&?n %ﬁi\}%}éig}agglfgtgﬁ amino
TR I A e

~funcfipod)/ o2t of sid oatgid hateifhe variegin protein

i nhibits thronbin-stinmulated pl atel et aggregati on.
The Hisnleticer of \WBOR RS tcO B5vinAQ ' o ;
oo aninDhe BRB {30 Wiengq rperibed above

g eﬁg{ari.rrent al evidence as to
ron, fiist @liyaiof the dickedmblypBmahvaidgiutun ithilictied LhavOBXEoT R4 in

whidht @he 85 s €& led BG4 ACH bR Y ol 1.
1 gt PVBAECHIARA S LTI B i
protgip (mhai_)llts thosmbintsyimulited phitdetdigsRGhidn. I—Y}S\%&% I'W%}O@ 92% doe
not that it does so at three separate sites. e resul t]s S
%f%‘ésn?{né(deﬁ%i?@eﬁtal SHisRnechay to edicthge shel variadin toh&ein is a direct
L of thronbin,
th thrombin.

thronBihligRIbRoh et &R itE‘Eﬁéc@gﬁy Wrth il%)é%%{.ictmewg
Surprisingly, it has now been found that the variegin protein not only interacts directly
with thrombin but that it does so at three separate sites. The results presented herein
show that residues 1-7 of the variegin protein interact with exosite II of thrombin,
residues 8-14 of the variegin protein interact with and bind to the active site of thrombin
and residues 15-32 of the variegin protein interact with and bind to exosite I of thrombin.
Existing direct thrombin inhibitors, both natural and synthetic, e.g. hirudin and hirulog,

are bivalent. They interact with an exosite on thrombin and the thrombin active site
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residues 8-14 of the variegin protein intepggt, W ) :
and bind to the active site of thronmbin 30 an@hw h% ez 0-9.
woesisdasss 15- 32 of the variegin protein interabCTAB10hS/002109 ‘
and bind to exosite | of thronmbin. Existing direct
thrombin inhibitors, both natural and synthetic, e.g.
_hirudin and hirulog, are bivalent. They interact with
itsglf. dhe yatieginrproteinomiihe fasdeddieplé khowhitd tRE {ivegiosd bea thrombin
i?ﬁ@n&o%&w 65 PC‘J['éI E‘%‘go% 002109 4 itself. The
varedih PFEEds ity Bl thromiin es@sjitse arddiwn thomliie active site.
Intepaceioh @f Sestfued 1LNEAIRERL Jefd DLEQE in WIehaGES with .
both thronbin exosites and {ﬂ%e Iﬁ%ﬁ%h‘& r%néNclE}\ {98%@?{‘@.1“ exosites
I |a2g§r PRI Pgofhhgnemﬁdim% 81147 of mmet Variéjn qfrotgﬁffdfawih@ig'g Nwith the
thidhah el e e. thr N _exosj.tes .an appears ‘
to alfiggjﬁ% estefJIuVé”sﬂI1 85-‘1%516%]1‘3% ﬁ’én g i Agresidhest b‘i'ﬁgfmth exosite I
reipfarcing thevdctibe tifebindinlgr ombi n active site, with
subsequent binding of residues 15-32 with exosite |

Unli&ie ol ehrdgbi hitory) §hS Vol PG is Hlw g Ot ner

thronbin inhibitors, the valg?{eglg)lrt]a%f%%ﬁeh%n ﬁ%elgﬁ’(?\ht? Cross-react

WitlePBPh SHiE protessass 8- featmod thaniig hisot hetievaktd BE due to its ability to
d

; ; .q feature that is also believed to be due
mtfp%&lt‘t?@%g%}tfpﬁ? ()i/gqﬂ%ms ThYEP B with nul tipl e domains in
r in.. 10 The .natural. variegin protein which is

Th% Fx&@%@ﬂa ety 8?0?%’68‘?’11‘@6 s Bl cpgy%gtﬁ@m PReitien N4t is shown herein to
displia$ P4 aifel Aty @ Rbibif Qhdt | high levels

of i nhi b taorlyﬂlact i vi tWﬂ?‘%@%ﬁ%&%&?’nq';ingfb?tOiyO.aﬁtlwix (Ki of
APPARmatsty 181 i mnd MCAAtedlapp@x@Bataly) 0.D9 ndfy ianmndehidblyic assay of

ri bed.above. A synthetic

. d
the Qﬁ@&esglbedt JB%VE YR %g{l/t%%tgc V#riegin, protein (]q’laélﬁlg dhgysamensequence but no

| variegin protern h

glygpsybioy lanpositioral 4 ABBlays QNKildk AbsRl PSHI dSh Af1car

MG P and an | 50 ot ot ound 5.40 15 A% 54 1R 848una 5.40
YA ¥ 14888y obithe tpe dgraibde sbeveh dthe abadeot GTlset of thrombin
inhHREA0a B o ' [nhibitory action.s . .
i A i@ge:/ ednt Q@%fgvg% ‘éc; %%8QR% egurnée %tf‘v gglinéléiieﬁlctlon with thrombin
and; iftusefabin oliniwilt dituatiommbhere rapid drfl pteitdnticBadeldiidhCRL desired,

ituations where.rapid and potent anticoagulation are
Suc%e%%si ?%lgl%em?’uc%e a@lhg LY tyecardial gnfaneioge uhembotic stroke,

pulmyerardhtalisinn barddstRmhatdd HRPRALdufarS . pul monar

e S0l i smor  di ssemi nated intr g%/éggaé u%oglgh%%%%u?%{r?%% Presented

creph ghayw that pariagimhestn plsine helfrifs 6 086 atirsvai EgiinkPSiination
and a termn nal

a a s. .0. h . .
halfR}B SR Pahbil Léﬁ?o?%c}lg%resl&y %ﬁéﬁ%@pﬁéﬁﬁ | hexginshawn dept aptisein is

el i mnation
rapigly edcesdiyahe ndratrdigs &dnfirs) af &L 1iRERF {.oe&irébrf.ialtl%rlgt use{ul for
g |

Shorggéoi dq'g%i excreted by the renal route confirmn
& REFQAGUoB dysipg seigicaf Pypcedisel for  short-term

T anti@goagul ation during surgical procedures. The

he erx& giruclyne afithioanbin hah bermbilncitieted bed theatientitdated I@abons of

the dchi€e ket &ii d | ocations of. ZStE active site,
Snosr g ot afionle By o0RRumbin i welliuOuen {onerimis highly

homTlugondrtorthes skiighprsteabarnabe Q@é&@n‘i&r@%ﬁ?éndﬁ%@ 'aB%ctive site pocket

. r ot ases such as chynotrypsin, and has an active site

in WEJ&BQE substrate binds surrounded by two charged regions, exosites I and II. The

terms “active site”, “exosite I” and “exosite II” of thrombin as used herein are thus

intended to refer to these sites as described in the art, for example as described in Lane et

al (Blood, 2005 Oct 15;106(8):2605-12).

In brief, the term “active site” is used to describe the pocket in thrombin in which the

fibrinogen substrate binds and which contains the active serine residue (S195) framed by
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in which the substrate binds surrounded byCﬂMoh@ PqFUZ

regions, exosites | and Il. The terns "active S|te 1 UQ
wOenssbs@s | © and "exosite |1 of thrombin as uBEdIB2008/002109

herein are thus intended to refer to these sites as

described in the art, for exale as described in Lane

et 30 al (Bl ood, 2005 Oct 15;106(8):2605-12). In

thg 60e fand tyHeopse itre 6adbmm Bydrephdbsc WeRth §t91cﬂﬁ§ﬁﬁ ;;ngided b
fibrinogen su ¥ Y

h th
t“%og‘ﬁ%en{ i r%‘?sb‘ﬂ‘bég}ﬁ?% r]r)§og}1 dt Jerogis i uhmémpbsbld uesiuBs of the

S ahn
e oL M, (NEMEARRE 8507 Pl hy%fé%e’p%%é“rﬁmhalc and
cag ket Gentact Wat@rqsldlyesﬂ—mnmimﬂttdwhe (El&‘@a@?hh@eﬁqgfe tglfqn‘? bex051te I” a

interacts w ydrophobi ¢

P 6
usE @RS e %? lgl‘el’ac “SE%I%FFQVG file eofedh an rqsedqe&&él HalaRjE3, R75,

resi dues of
YKi, RE7a, Hind K109/ 1Q0PThS teii @ if-e ¥
make contact with resl)dtaz{ﬁ%e%sIk Clc}stlg%é%{l%g{h %ﬂ% a%Jacentto the
aC%YeeSd(?aFﬁétf%f? preresiclies R K236 d140eRI01,amd R2A3 @ﬂ thebghdiite site of
throfmbih® Xbbif @dj acent to the active site centred on
resi dues K36, H71, R73 R75, Y76, R77a, and K109/ 110.
as used herein is the site

Thg IE&{I%I% ?e%ufes g&ﬂ?%gwg?ft“él Wanhdpte@chowith dky sitessonR@/mbin by

) acent
elem%atlcmi&@actﬁﬂ;OSuc}ﬁélgct%%%ﬁmoﬂt %o Lte
ronbin to exosite I, The mee%:ﬁoepgfrag’nolsgg)ul%gge plectrostatic

mtgﬁ%“j;gvg@( qro#?n&erwgemechaestaw tlﬁrtetala‘eomll1 thlsfefaM;t ,hthen8leRrostatic
inté¥cti 8y nteracti uch el ectrostatic
i nt eract i onsrg(r?r%%/é% or tan 8N 0811 28&"?68%% melecule and the sites
on thgembiact i ons and/ or I ong-range el ectrostatic

interactions. Preferably, the electrostatic
Thd mbéitactli thasmeleeulss o@NGe SROMARL @ LA @ 0 ?9015 Gch %ﬂ;g may be

the nol ecule and the sites on't

det‘aargil?‘?dtegy ofandpd Assp¥t ipewn gh thpear. rﬁnerﬂmam[pld, cthroﬁnlmlblatmldolytlc
1y ORBY, Nb@ y det er ni ned st andard

* lasZaysyknox%nEée?é%etdt bga ger’l?gﬂ Qhe xgg fien of %Hﬁf%mhne following

mcwlg@wﬂmmtmwm pgstmr;eduﬁroaﬁﬁ@smgum il %@%}ésg&et (?1@82238

f ni.troaniline foll ow n I ncubat | on
T RSB OARY HPBL LAY beve WE?mpﬂess&igarbB@rd\ﬂslesmthhméSnM less
tharp2 el s @fanS2 T | atl

Ip s @fan 2@@ less'han TR Mk;]le%ﬁggés 1% :?]Im %glgla or less

h ﬁ]\;e an 1 C50 of |ess than 30N
thary LMy frefppblyeths molaenlesontie ihession have ziln41 aWof 188 Shan 10 nM,

pref&lﬁﬁff} 143 ¢ M 9 kﬂﬁg?ests ngluqlég“ g‘l's ﬁﬁ@lfrﬁ\?}elé% tiggi? g g%/:é 1&? than 5nM,

Prefer ab Y,
less It}%GlmM leesmahhiarnv{lﬁzsmﬂ ZM\@BH@@ |
thro a %{1 ’ M, Ssod gﬁ el e{shlséntl w&@%sgise&n such a
g’n TRIGOLY IC|3§§3§’ ffﬁgﬁnqleem{:s D%@s i¥ramioB nmiyl hdvessKi Baless than

less aNM18mNERS thAdhy EWIAMQ% aeniufxg/lz ?egf; t]%q%éslmvgq% F}{gg%gﬁngl\? less

anmi dol ytic assay.
than p0eMa legs then #Qﬁ;ﬂ/{tlhﬂqﬂthah@@ﬂ pMIasr {5s thivh 2'592;3?\/It E%@er%y, the

than. 5 nM less than 1 nM less th
mole{c‘Mes of A 1nvent1on have a Ki of less than 200 pM, preferably less than 150 pM,

less than 100 pM, less than 50 pM, less than 30 pM, less than 25 pM, less than 20 pM,
less than 15 pM when assessed in such a thrombin amidolytic assay. Preferably, the
molecule or molecules of the first or second aspects of the invention inhibit thrombin
activity by preventing access of fibrinogen to the active site of thrombin. The
fibrinogenolytic activity of the molecules of the invention may be assessed by detecting
ability to prolong fibrinogen clotting time, e.g. by incubating the molecules with

fibrinogen and initiating clotting by the addition of thrombin.
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4\_1/11):.\1“8/002 '
25 than 500pM Iless than 400pM | ess than 300 pM “or 104
| ess than 250 pM Preferably, the nolecules of the
wonvnsias have a Ki of | ess than 200 pM pr ef ecainB3n08/002109
| ess than 150 pM less than 100 pM Iess than 50 pM
| ess than 30 pM less than 2% pM |less than 20 pM
| ess than 15 pM when assessed in such a thronbin
Thaitdbiyyofi the ardayle G mbeeabs ¥e the Fast dﬁﬁ's@@dﬂdﬁas?ﬁcts of the invention
e

tor}otleeactjl etﬁ of the fjrst or second aspects o
i AVERT 'SR STFhhibe thembimmelesoleguay ke dgermingt évemhimehods such
asaB6Sgesofibdd B hBQYS e side of thromoin. ... .
The fi br i nogenol ytlﬁgfegélﬁk\?/ﬁl?f/&o%g% £ W%lgfﬁrl‘“ega%@gtaﬁédob’ﬁc
aciipife p ithnassay doeorded ebeed isyblees e@biabOwiththé ith¥nioth active site,
W rQAs iﬁcol bring ent.cl otting tine, e.f%i., _by incubating
the ol SOgFREYT AHIEVIR; BAPRyRRdmg ol fhrinogen e bothothe iastjve site
anbyeddsite Addf tth@migh. MYIGRN wh; 8( JR°62 ot
PCT/ 1 B2008/ 002109 6  The as'biwfhllcth;//@gﬁg? h{é&rﬁm?%g‘ﬂiy ICopetivity and
1 genly s agtvibhmay ithet bamfesed ondntaspe ol Isth the active site and
sites on the thronbin

exbﬁ?éeﬂt’%‘h%nabilﬁtgbéf%gtrrg&tﬁ?%%sgpq mtgaﬂhw%teﬁ%‘@ I§ a3y begssessed by

no ‘eC ul e I’my e ( .
anglyigis eofdeschangedn i the t B18dig) AORLES HEHRS ?eacﬁﬁﬁ. oné ;B%J—:s%hcea of an
€ assdy

. .ol ecul e having am dolytic activity int
Intaction wah 3&0%0%1@ Hbfmweens fontaspbicin fst bitdhe: tharaebiiftics and

deleGbh V&r Sbd 5; f:Lbrinogenol ytic activity . .

requires %‘F‘ﬁé. hn\gm%?tﬁ%s kallhgoeéig%lget ng%flﬂtSt e phes dnt binding
chagpgierstiss iftoe fasofo dléwobbletion Mot€nap bvhis&d toHeRRIA¥e the precise
locQﬁ(ﬁrﬁ Oe%rgliodol t.i ﬁ}FaCt jvity and -fibrinogenlytic
activity 1P (fSDBIECHIR pldingiorthese difderarttsitai.t h bot h
Preﬁ%e%lac I ve si 1'le and exosite |I. The ability of the

AR Maleruls pramglepulgr vsedar dhe methbd ofithe fhet mdsksswibcule or

mol¥uled BRtNESE f L0t he bindi ng.kinetjcs of

the reacti oﬁ?rﬁTaﬁge&p ?Zggﬁg{éag]foplé%hl%%ﬂg@wa%’(ef:’gﬁaw -tHeferably,
the ppeleatoer melachleappariavémionetisiidy vy 1@ levRisHiAbbition of other

and. del eti resi dues interacting

] . t . f
ser%@?ﬁ@[%sgg :p{sf%tle?alsol)f B dﬁﬂ}l 1tioR og%él%éﬁ@@nq Araiage afcpll. The ability of

exos

the ofdeatt @ molet@ss 6f ®RARRA B ShBi thB%ll‘tﬁ% isgeg,litg%@?g]%asy be tested

b na%ﬁbe,used,to determ ne the precise c
Y Hereaingdts abllitydo bkt theeanbidolytin getiatieheevatietyf f @fine proteases
: ' . nmol ecul e or | ecul es used in
in f?éhgﬁ%%}ﬁ%?sg%}ﬂ?%érﬂ?%dp% ovg,nlbsutgng)eﬁgilcgcg]mrgogyplc. gubstrates for each
seripg peiedses Poffertible, sieconttcaRpP&Ci o®icutense tHaVﬁO&%tﬁﬂ do not inhibit
e

othei- i_bi f thranbin specifically. Preferably,
[PERAPACSFTIRG PR EASES (9eh ep @lasmin iR A and usgkisase @hyicoagulant

prote@® ARV @k stHef ahildyaPiith Ol er. (Serin 0

gqr eferably ‘noai %ag%@g{]&@% P gc%tgaesfe S Sélfsg ﬁ%ggﬁ%t ggé?@t FIXa,
FVI pnd FaBikesin), joryotbér clubitealiskeed peotdsedphRE Hseshyottyiein and
tryp{;iﬁ)vemi on to inhibit thronbin specifically may "be

ested by assessing its ability to inhibit the
jdol.ytic activities of a variety of serine proteases

P ref%g]’gnt ehaméﬁwt?o?fyfméeca@ ayedién thd bsthodbof/ihe firsi agect and the
mol&BRC bf igoledlll j for .each serine )

pr ot ease. Pr ggfngrgg[g% & c é‘#@%@%@?’ﬁﬁ@e JPVERSPRRAvE Hrardam coil
structyrgehled vamddm evolt struchirbiof the molecules of the invention may be assessed

by circular dichroism spectroscopy.

The molecule or molecules used in the method of the first aspect and the molecule or
molecules of the second aspect of the invention may have a half-life when administered

in vivo of less than 1 hour.
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other fibrinolytic serine proteases (such as plasmn,
TPA and uroki nase), anticoagul ant proteasd®RPC Ornan . -

wothsrissasg i coagul ant serine proteases (such aSPEMBm)smozlm 1089,

FXI'1l, FX1, FIXa, FVIila and kallikrein), or other
cl assical serine prot eases (guch as chynotrypsin and
25 trypsin). Preferably, the nol ecule or nol ecul es
Aydisdosed abhee, bt hodecafe dae if iHeSheRSQSE hedfid: 5%}@ t of the invention
Hﬁ%ecule or | ecul es of the second aspect the
ehPiespedvhe secpnd asnecice the invention i mrefeTtbdy t}&mﬂtﬁagm protein

Or@Qhﬁctl%hélléﬁhWaFénP{he}éa? nol ecul es of the invention may
be assessed by circul ar dichroism spect roscopy. 30

Ies used. in the net hod of the

“Flﬂﬂﬁloﬂyll Wafer@d> g F%E‘ lﬂr%telélran%}OélClaplége grolgaytes that show

first aspect an
Slg@éi‘f»‘@n’fd starsptenzﬂ mfmlahey IOV Rt ivafiegRY pRAMS anﬂ aﬂeianl th preferred

ch e,[ glste@g in vivo of less than
Petri legieset theTni@roosligusedatove.n ﬁar@e.llar functional
equli/A6ht0 8R4l n AROM Gty Tt op?ntg}e%g&lﬂh %ﬁy seq Iga gﬁe't“ %g%'?eggmfhéo@bm and

the first aspect I nven
prefdiably é%uwa&asrp&ctxosfte Lheodinvieand 8 de8ve5ief &f @Rlbih th?uncuonal
equi val ent ther e

e@ﬁ?ﬁ ? r4{‘;J)lr‘(/)te|n or .a functiona
unc % Vet I, ROt Lhusgpretepably; aavegirandormotal structure, retain
theipnoferéd K ahd ot 5009a1 i cﬁ%&s&a 098 1208 n\ﬂect?o&s\lgﬁﬁ g' {molecules of

h structural simlarity to the variegin
the invegfipn akdipplay éxeraéadltycdnaﬂmtut ﬂ!lmrﬁbllnm‘étlﬁf[y spetigcHles of
the invention di scussed above. In particular,

The igadtsi I@?ﬁ&medé@rﬂw shaentint et Afinity bethaialibdiy pY&elh%le{h"f]&r}lbm is
tive site on thronmbin and

d th
S“CPMEE e‘%gf? ‘{aée“it 1 Bpiyen w?f??’f &rewbireinhibilexosich @s bivatinglin, the

pre

Varlbgua pa@tEinVcE)e§ nbesHAR Afyr s@ﬁﬁ?ﬁ@am 3 %tf 'tlﬁgﬁ%lbmh gﬁu {t‘y\;%%(egﬂ%g?ﬁ it has

ariegin protéin'thus prefera

bee‘&& qavgc% ¥’M chipmebiny Etigj postudatedehasribé elbrlftyl o th@ﬂ/@rlééﬁ Grotein to
ion wth other

inteM} H@év%ﬁ&#&%g‘%s QE’ QLS I A ]ﬁl?tgn CtEc«r‘ g{ﬂt%w te fhe tgmmblp)ﬂcﬁ@e site

nol ecul es o rnvent f
and ithik istypng illﬂﬁlmtym retéiftd Wy biriehg elchi LRl ﬂerucT?@veﬁefffék Ezlseavage by
thml%bese $ d her ein show that the affinity of
E &5 pFETEER prefugts raeihys m@ns@@ﬂ@ﬂ together uol Ibeke"unctmnal

equlbal\éﬁb @0 theOFaridBinV K hr nhi

as bivalirudi gn }?b%ﬂi Jgi‘F @%ug%h F lé]l lﬁ l%%?})li%% between

aml%‘j’ﬁlgﬁ Yhiand dénff h¢ osshaf of treofiist Aspact dVibe Yin®8Bn Vl\ﬂa%n Hebefore
hronmbin. It is postul ated th

compR AR ARG oH Sy bR wrembia 1w Sacpe atoducs of
b e ooErneade SR BB RITR, (405 B D
MHIE@A%Efgfﬁégp@@m@me%m%?)e@%w P@a) o furrviRal b€ klents of

e products are

thes&&l@@é@g ﬁs(?%lgtrse (%‘d?{g}g%)él?ll%rtﬂ‘? 38@% efclﬁtfacfg? &hyzd aspect of the invention

thus co
may comprise thrombin and the cleavage products of variegin having the amino acid

sequences SDQGDVAEPK (SEQ ID NO 2) and MHKTAPPFDFEAIPEEYLDDES
(SEQ ID NO 3), or functional equivalents of these cleavage products.

Functional equivalents of the variegin sequence or cleavage products also include
variants in which 1, 2, 3, 4, 5,6,7,8,9, 10 or more amino acids in the variegin protein
sequence, or variegin protein cleavage product sequences, have been substituted for
alternative amino acids, provided that the ability to interact with thrombin at exosite I

and the active site, preferably at exosite II, exosite I and the active site is retained.
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equi val ents of the variegin protein. The variggjn
i'no‘derd8l 1 hyg 1y,

protein is cleaved by thronbin between 20 am no
wQaQomndsesd. The method of the first aspect of PO®I1B2008/002109

invention may therefore conprise inhibiting thronbin

activity by exposing thronbirgto the cl eavage products

of variegin having the am no acid sequences

PRBOSIYAFRN(SSED ¢dRt0 c3hsetdive MAGTAR R
B2 (SO TDNO D) ‘of Tunct1 ol “caa el GRFS “grpared o the
original Vary @M@@l%?e@é}ﬁm% Typigdi sucbrsabstitutidriseare anphgX18f vVal, Leu
afdnBe:t B tof i.aventi on .25 coppri se
oty o SSPERTR) a0 AR B CPai B ke A and
Ginp @mongribe Aesid resibyn dneesd SDYERYARRI (tﬁg%dn%tl\éqegi)dugé“ﬁhe and

KTAPPFDFEAI PEEYLDDES (SEQ I D NO 3), or functiona

equi val ents of these cl eavage products. Functi onal

equi val ents of the variegin sequence or cleavage
Tbﬁ&sﬁgtpgesgptgg hered dgraonsirgiei the exsisiencanti \(alniaﬂﬁ oZ thé3var#kgin protein
haBing@mife adid sAbstiHP am po .aci.ds in e variegin

pr Stein 230 Sse%%%hdg{g,aqgél%{?ﬁ Pgé)lfﬂ?oﬂgiﬁ?seﬁl»ri & 8abhde. 13, 14, 17,
Spradust 3Sequéncesicaiiayeoibive Boquiat il RO bresonted hercin also
del%lobéa[{_a@gtt ve amnm no a{cjltgs, provi ded that the E)l Fi ty to

interact Hi (RN ofbi e avaiseds pretain  sequertche hadihp Vemino acid
sulsstit@ionpr &f sy 86 Hrosht ekl , site |l .and the
g A0t ve si tg i s retained. QL}%%glllllith%(I?obl?L lﬂh’é’,ltor%cm_’“y' Preferred

@G{efalmge@&nrsmﬂ 1h3mts_gm10ﬁrm_9n &'ShusFi_hSIﬁJQé g@tia&%ts ;ﬁ@{}ihg%ﬁno acid

it conser i ve amino_acid substitutions
-t n”[glgglg g{ ?ljben?rhréloreocﬁ/tgﬁ?a@ osyigns ekerisA dhiegtionsleepravadents include
varfanpd ealwhidic (5155 ub biitith | DRSRRAMRN vah o Leu .. -
, %dd gl e, among Ser aknd.Thrfe%angnglmtﬁleﬁg%i’s ﬁ’cAgfpegfaﬁ%gon > is
TePRSH X Y2l gnrastionsth isreplaced hy AwapGiy biygositsi & is replaced by

Gld, @5k AU BSsid: X a t he .aromatic residues )
opa angee AL PR etaea B \FEMP Gk e 86T D ifemtaced by Teu, His a
postismotistsmaplecdiiey Bl £y eucposont BY isa@bodf by RSy YAl #hlion 14
is rgl{lgge%ibn ha;/l;_n% am. no iaci,d substitutions "at %’orre 0
St o £y ALPOsItion ['Eis 1gplaged by Giin, Phe at posidian 18 18replaced
by @by, agd aBlogfiod e iMREIEH t el uence.. Th
recul ts é? esent o0 Noreln AraG OHGERSIPRC it feffaced by Asp, or
Al 571 e e Pediin rotmiacadqiens ks NGA G taining
'1’ iié’r Sibi ’nﬁ ilghg’i 1% ;11 %r’?jiéﬂ' eﬁ ;@P‘f Biees ehanges. A misboriednvatiant is one
in vdyeh tel @it & pkitbhes IVRMLs@bd €140t | pel.ud ‘ :
var | aszﬁé E)S/\JI ng_ami no a%li d g}fjgig,%stglﬁlt%%g{ g%:‘“%%gheo?mmo acid
SCUiBFe VI PR HoMHI BARPFPFEASPEBYLDIHS i(SH@l ID NO 4). This
18QUh¥Ah&NtiSqd1RC iants in which Ay at position
i LN S lBbURe SERBS A P ST miostq gbove and at
other ppsitiorstwiilinGhy molahileatA Rk thfaht & itge HERMAREY PVarAhfof one
ofthgcll‘e at eEositi OH 8§ is replaced by 15 Gn, Lys at
ST PEMPIPEUTS hpdng 2 eming acd qubsisionanf apdlsi for am Ald ai [Sosition
22 ref aced byvdiRYin Hi ositi-qn 12 is replaced by
Pro, Lys atV }?ogﬁnti oﬁe(%%n?eg rlé\;p 1(gllced Ar'fS Thi€at sequence
MHI&Bé#’PFéEEHP EYLDDES (MH22A22E) (SEQ ID NO 7).

Preferably, such variants of the variegin protein or cleavage products display an
Improved ability to inhibit thrombin activity. Such an improved ability to inhibit
thrombin activity may be due to improved interaction with one or more of the exosite I,
exosite II and/or active site on thrombin. Improved inhibition of thrombin activity may

be assessed by determination of the ICso and Ki values of such variants using the assays
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Is replaced by Asn, Pro at position 17 is replaced by

G n, Phe at position 18 is replaced by Glfr) 1Albava\ltﬁ/ ﬂn?'][}g'

woasistismss 22 is replaced by Gu, Gu at positi eaT2B200$002109
repl aced by Asp, or Qdu at position 31 is replaced by
H s. Functional equival ents igiclude variants
containing 20 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
dek3ribed Iedréin 19udhfvatiBgs enNANNE
oo i R e Enat pos§f%lftj§‘%Q%?ia‘?ﬁlﬁﬁqlf%{%{/zgw%) e variegin
PIofedn. sajd variant having the amino acid sequence

SDQGDVAEPKMHKTAPPFDFEAI PEEYLDDHS (SEQ I D NO 4). This
Theatqrant ﬁmatyorad ¢iquiveleat™ ylso rindludts Sunadit WFithOSadbgih NRotein or

b d_ at th t
e, OF PratoE BEEPE PRRAGACHBA Ui G fan o @tityoin interact
witls tige M&fsitamtan@facﬁ{/@ 51%501% %Hl%l p?@f}él%gfy &{tg\lthg %xoshta\i n>9051te I

an am no acid substation o
and stive §ie oggh@ﬁnhlhesuﬁélrﬁr@n&ntsmhheymeallahba:hlehhm t@@ﬁe variegin

PEDFEEI PEEYLDDES (M22A22F
prb{af RIS o b oY I oot 1o e dr Pe b B, 9 or 10
anpnoheids from mk SRtEAGENAD aﬁwlwcz S 6t 5 pha eéémscf]g1 }%V@%rmlnea of the

ability to inhibit thronbin activity. Su an |
Vaﬂﬁglfllﬂféte{nogeﬂﬂ‘?ﬂcﬁ Puchsiiegrnsriay aés@tqowamy amino dvéd Slmlﬁtltl,ﬁnons at

onk R 9&6@@ dr nﬁl@ r cﬁﬂ yg‘c{t&i %ggv or E)f)eﬁnlf RS 8ﬁ<ttﬁlglﬁh eﬁéé)ﬁssgx%\%% dnclude

|, exosite || n or active si
fraigmientsibaiving aofantihe ecitisequeatd ssldcyed®ym: be assessed by
deternm nation of the | C50 and Ki values of such

EPKVHE AP REDFIA IPBE AsSBES (B2, (b8 gl nn7l-~
9 VID 2008/ 155658 PCT/ | 620081 002100 9" descrlbed

EPKMHKITA R BRIPEEVIDIDBY (18 S DI feé 1B 196 %r' ar

half-life in vivo to the variegin tein. The term

EPMHWMDWE@Y@&M@L@E%%W . fragnments of the

variegin protein or rag i ants thereof,

MHROXPOBRENIPLERERITAITRON ) KB 2" the ability to

Interact 5 w active site on
DV Vegié?‘f@ﬁ%%&?%%‘%%@#%@ﬁﬁ Iﬁiﬁﬁ@h? St
DViqugﬂ%g dgﬁW§$€§%]§ﬁ%%é2Q&E$Ei@% 8%25&%23 of 1,
SDQ@#R@%%&A%PF%F@IBEE&@%%N"’b‘iiﬂ? : E¥n°{“g§3::

SD&A@&%&@F?A&%N%F&@%%Ae%a%ﬁi%&%ﬁﬁ%ﬁ?f tutions at

nore of the positions recited above.

SD@Q%(&%KBPR@MQ@DEQRHEEYLWSEQM) Nfx myment s havi ng
an_am no acid sequence sel ected from

SD @GIKNHKERRPHUEEAPPEEYIOPSENERR BYEQ SEQD D4NO 6)
EPKIVHKTAPPFDFEEI PEEYLDDES ( EP25A22E) (SEQ I D NO 7)

SD@RRNVHAEPRPHIFEAPPEBYEAIBRE VLI $5R0!1D NO 8)

Functional equivalents also include modified forms of the variegin protein and variants
and fragments thereof that have been modified by the addition of sugar groups or
polymer groups to amino acids within the variegin protein or variants thereof. In
particular, functional equivalents include glycosylated forms of the variegin protein. In
the natural form of variegin, the Thr at position 14 of the full-length sequence is
modified by a hexose moiety. Functional equivalents thus include the variegin protein,

and variants and fragments of the variegin protein discussed above, modified by
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15 MHKTAPPFDFEAI PEEYL ( VH18 SEQ | D NO 20p¢; .
( ) (SEQ OPLQ'S/U)AU 08/ 002 1 Ug‘

DVAEPKIVHKTAPPFDFEAI PEEYL (Dv24) (SEQ | D NO
wWOYWRRRMIKTAPPFDFEAI PEEYL ( DV24KI OR) ( SEQ | D NEeCTMB32008/002109

SDQGEDVAEPKIVHKTAPPFDFEAI PEEYL (SEQ I D NO 11)

SDQADRAQPKL HRNAPQGDFEAI PDEYLI(( SEQ | D NO 12) 20

SDQSGRACPKLPRNAP@DFEAI PDEYL (SEQ I D NO 13)
&1 SOSBNAERKINMISTIRRRGEE EANRER Yb Pokigbe14 Bf MR ik gin protein sequence
FUEB%A%/AERK KTAPPG?&EFEAI PEEYLD (SEQ I D NO 15) )

unctt GAEY €8T 35 drledesheovariseing geoteradptd evdridmos mad dfragments

thdrbef, Vit IHRQE heBl Gh&iRed |9k fragments

t her eof t hat ‘Ghav.e kl)e%n%gm%?ﬂsgghgry} at"ilhrbgheéo‘?f%ﬂﬁ)aﬁ' Pyeferably, the
gl)écﬂ@ﬁ?“‘@‘r euperisss n2Elyetiby rogra bﬁfmlsl@t‘oe_:sﬁdheaﬁhﬁ&i(ﬁﬁ% gétllivalents also
; vari eql rot.ei.n or variants thereof. In
mc\rg\%&ret II)%EI}% lgfé’d %&W&%@H&WE&@P@P@H} anqd yarigge and fragments thereof.
Such PEGgtedtfofind SeMkeBf 1o thR& Ml £Q/ tein. | t

natural form of va??{egi _n?)at he a_?} rtﬂglft%'I %o%o&ngﬁﬂﬁﬁalgﬁfe of these
malgcules i perjaihmedicekapplipgonss  nodi fi ed by a hexose

noi ety. Functional equivalents thus include the
A lpaetieigl Aapvaeed wed agnotdiy ioatht Sneshtioh AGTERS Se \% filsP8: protein,

ey ; s 4 above. i
oo DL LaBBlsct dofee) Dootos eabe giopeiveyhalvonsat patein or
varfans bt fragmearth&seondi-4i8e E@tfﬁ%ﬁiﬂ&ﬁ%@g%ﬁ%ﬁ{ gc}r;}]le}é%grl[)h%ghg grotein

gr ot e'g‘B sequence. Functional e
SCApFEey APF defith “Beletabegous andhem nsah herean ds finegdsintes designate any

0 i80%the n TS difi | | ati
pol} RRHEC othck ke BRY BuRERT pEROR et MrcSiekd bt vabawe. Examples of

heteyolvgpisesuemts,otunirstiy e RsDRRSRIHESHE e I\FU&C&J EM@hninus

are (%qeuiooig!went_s al nglugqql ncl ude PEGyl ated forms of the ’
VA T4 & rotias dlopeainsant seprherrergmd pirsteinh émenhoglobulin
i t : ' o be partjcul ar )

ol to brror o RS Aobel, dRES o Sihal s prpreins,

useful to prolong t

signak segienceredixpalt sgpériceat bonsquehcdsu an&\ivmgahuﬁmiti\sal S atfinity
chrdtS8Ger ﬁ\ﬂ%@g %@at hg i nyention may al so be a fusion

pr ot |ﬁ3 obtal nBESe PYFrOsEAD IS8queHyescats fomgnacially available in
expyesdigmpleranlsisthee @REe dbdi@ns ey B5heghR i | D 8L £, L9 -
: v(iri ant_or fragment tcﬁg?eof ri n rPfrﬁgh 1tB %lggﬁde&ctggiﬁ%on proteins
N oSEgenveYde giddiignat prapetipsusithrwtsignificetiyeingRiritkneie specific
biold&kdNach\8E " n.used herein, is.intended to
O des gcr)}at e;ﬁ%fﬁl)}@g %gﬁry}pf)lés\g@i%%gwg} _ eelrpetlgaﬁpPlercﬁ%li“P]e}éiOﬁPChHOL 60:
52388 02@13) Bxamplss biimedhi adthdiorRdl iotRleRare BXBAR S8R half-life in
bod hﬁltl rothogous ﬁ@gy nces, conprising the fuston
dor of & s SXEE algatigp, et anceasier piwrifisgtiongrecddne: as allowed
by afiay tiu@M\fé@thsﬁZih%%l?ﬁA ar domai ns of nenbrane-bound

i

protein, inmmunoglobulin 15 constant regions (Fc
mai ns of

By PN Pt el ERRaRSw A reampestinse the varicgin
protedin ql_ubﬁme’sfqnad) EquEeaeen tRged drOwbiBJo BiHdI tfxfo(fx%ifll,otﬂe)bgan be used as
a meglflsf of clotnzeying a therapeutic molecule to the site of a fibrin or platelet thrombus.
The heterologous protein may therefore be a therapeutic molecule that is useful in the
treatment of a fibrin or a platelet thrombus. Preferably, such a therapeutic molecule is an

anti-inflammatory agent or a thrombolytic agent.

The beterologous protein may also be a marker domain. Preferably, the marker domain
is a fluorescent tag, an epitope tag that allows purification by affinity binding, an enzyme

tag that allows histochemical or fluorescent labelling, or a radiochemical tag. In a
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chromat ography. Many of these heterol ogous sequences

are commercially available in expressi onPﬁsIl/a!sm LK SR TTIV A
weimsasidigse sequences are comonly i ncl uded i RCTHB2008/002109 -

fusion proteins in order to provide additiona

properties without significantly inpairing the

s%eciufi c 20 biological activity of the protein fused
preferieHemboliange, the riiér Mk 8lraBbHBERIhe. € fiusi -
Wi 36200 Exarpl es of such additi o the, S fusign proteins

¢ Uscfi ng chidengstic thplshBer example, simce Hudvarickin mheteirt Beable to bind

toektdn@Gig) # Ghthe! | l.on, «or an easjer purification
_procedure as gl“?%%/\%% q-%%/&g Otfa{rélagltﬂlgha ﬁb“ OEipi%t?lﬁf orgpus when
linkad terg suirbis warkpr dareainssuoh bb a shis®lAMRABHiGRg,

applications. For exanple, since the variegin ~25
Mpiﬂlodzefcm tangerdfermiohi orfasios gkzbtéﬁﬁk 8R! SadddR! £0%he ALC. 20L& 5 known
to b%nd t Pr orrbldn, t hey can be used as a neans of

c Fnﬁé‘il eﬁlgreg ?%é:roﬁpféﬂﬁmpéea P& gdreral ompleeulai théology,amicrobiology,
redonkMihaht Nk Th et.er ol ogous. protein

may t her ef or%mggl%gy%ﬂ&e?g%gﬁ?lp%m?ﬁe %S (R geﬁ%ur{?sléfstﬂnbr%k
et it (BRO0)t oredtuvetrel @f al (19BI). NGé&deralyp! ﬁgﬁ)bebr&aﬁpr}m&s.be most
cmﬁ%%ﬁ&ﬁ@blg s?ch a_therapeutic nolecule is an

ANt R AT SeqpmbiRantly drona npelpisimsisl prpleculag anwhicBOwo nucleic
acill@qhigices SlecOBIOMS taREQLE N HARY o8 JBIker in.

Pr ef er abl % t he r?%r ker donali n?ﬁl}gjs‘s:é Q‘g#"%wc??{eeg‘c?ewﬂpggﬁ?coded by
nu%*ﬁm@ﬁ}dt Bplcilagthaheantaih [toavslqvant dadimy sequedey ofitid Risioh protein in
quddibdi ng, an enzyne tag that allows histochem cal or

fluorescent labelling, or a radiochemcal tag. In a WD

155658 PCT/| B2008/.002109 11 preferred
Fulécqggéll %glﬁltvfl P ealiar W@ﬁ‘da o tHNgrg bl wehgimi padteingg variants,
fraginedts,f medlidied Rash®k % fr¥hdntd | r88id AN9SL
u{ool s. For exanpl e, sir%gce I ﬁ?r\ﬁgﬁg&r@ggo% ?rﬁqusgb%F'eThese

Mutgngys cqustitete tenfusiiist aspeict of dire bensedaasvell MEBNABe Ubeful for the

1hoR YN o | atel et thronbys when Ilinked to
el BB, Pt el P Enshla P, 14 3 MG i e Mtimers of the
variegiti moteenmanbe bagicularliekdRaos Jraé: e Oepeh Ak fuantiti
thrd WS orllh%)r ot.eins are standard irn t he art a%gl{b\ﬁ/aq%ggﬂganmles of

RYihn 1 0t FapEn JEpteins gwitkiadgidese Pottiesranphe all s tinked to central
link@e AR viodhe6 ¢_akm 4,Q! o4l 1 olo r econbi nant .

DNA te%: hnol ngy anrgﬁ%u%ﬁ%?%@eg%ﬁg% g%rﬁ%{%%%el&%ﬁmﬁf ¢ linked in
a lopg ghitng) W-t@anitusgiolC-teetirals. P{2QABLY, 0k rAUSHRE) cipie-2, 3, 4, 5 or

fusion proteins may be nost

1) . ally,
mork chgljeg of %P&’ea{'lg%ﬂéf(gpéld)rrVéea%i mqr}};s i{mgmlmh eli@ivelests ititbreof.

convenrentl'y
Thenwikriegiul ©Stcim oWiRohiis | L sequences are
qerhused toget her in fr am@ﬁ%‘g@g&%&ﬁgﬁ%gg efnr'ilitl%eli foag il be
1dengigaljg oge Byother s thdyomar bel diffdret uF@sxhingle, & @il Ginr #B¢ comprise

I ' equence of the fusion protein in
severd ﬂa@ﬁt‘&%%@%fﬁle AngEM At s al so i ncl ude

question. Functi ona
' f the varjegin proteins, variants,
The b e Rt el o auten Tty bs baienos! ioviré asiroro.

rotei escri bed above. These 15 nultiners
Whee, Hiei e R IS-F AP ik 7 s dmas be praripoetiniooreliaBeawsistom or in

a celdoMfiiffg H%ﬁf:l%tiée(yeqﬁé?l%e encoding the molecule or molecules that interact
with thrombin. The invention thus further provides a nucleic acid molecule comprising a
nucleotide sequence encoding a thrombin inhibitor according to the second aspect of the
invention that will be useful in the method of the first aspect of the invention. Such
molecules include single- or double-stranded DNA, cDNA and RNA, as well as

synthetic nucleic acid species. Preferably, the nucleic acid sequences comprise DNA.
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met hod of the first aspect of the invention. It is
considered that such nultimers of the varfleyimw i/ nno 10:9.
wonraisasssssay be particul arly useful in order tecbiBmosno2109 =
and inhibit large quantities of thronmbin. The
variegin proteins wwthin thegg nultinmers may all be
Tllm@i nkedbtlo central Ilinker noiety via their Cterm nus.
searakeid weill yseqidnees/ afl QHoNbP EE WhSn TBY nkhdd it Dontion i
C?h% a Ion% string N-ternminus to C-terninus. fie%?lgﬁwefntlon 15
PRI 7t Thepedisispsd kedow. 3, 4, 5 or nore copies of
Tt he vari eg;ii n protein or variants, fragnments functional
]%eqltﬁ‘i"%foé‘n% % inekided ploninpradvexpiesgion vpetotsedamtsing the nucleic acid
mblPaEd 8P; Y nt.s thereof within the nmultiner may
all be ?Jéseﬁ%%léta@ t?’% N lgﬁﬁwgreXBFesﬁlﬁéweﬁ@V Bay incorporate the
apgifdphietee transchptiorexk anp| eansRtiFRHIt dRBH] f '
lSEVEl al different variants of the var gg%%é%?%ﬁmrﬁle f&haﬂcer
T %eg‘r%‘?:?t%rf ORSFECR iTpgiPnsasiseninatipn mep i seqaetcegn Eﬂ?yA betability
se@@nteL@taPUind Bo¥ibhOOb, LMLV, . ere the nethod is .
carried out in Vit rgrl,ls |5rt }lgr;(ﬁsfnlgg b&:%dll?% é‘gesog‘fﬂ(ﬁ“hfram.e with the
nugleid aci¢ mwlesyles effitlor invention. Belitioa@IN Hiaf BeRoft haltiéi?tté 8fise the

n encodi .the nol ecul e or nol ecul es
n g‘?aélg © %{fhmgﬁ’ﬂ%ﬁmollﬁcu}ﬂfé melgaiHes iorbet Seorsteidurdth @ertain hosts.

Acpoin g SfuathBed BhSncatl &k ARSI o o
nucl eoti de seque%ce encodi hg‘%g{"? %%%gﬁﬁﬁﬁlﬁﬁﬁﬁugﬁe{co?md sequences
encading: grirgorcigiadlingrndido@sging tequenédae 30 i nvent i on
that will be useful in the nmethod of the first aspect
Vegirs mecdidingntd o _iSumbion ninblau| giashias| e vahag! Bncling both
bacq&ﬂitbp' e LI AN ed E)NA cDNA and RNA, as well as
syn hags and eulagyq 1Caiugesdprscveld as piher dingas! oz, citchilar DNA carriers,
suchuak eklsacesh NEBSp PRI | IINA. 2008/ 155658 . |
PCT/ | B2008/ 083’?3?12 Hhese nuclérc ?f::ﬁfaémé" QRPEH ¢ EFombjnation
techitalogsh Mayetholirentorn endretinesioof syisteens #re dmbiv@MandSdocumented in
the CRRAGG] j [ di ssed. bel ow. The invention
“al sp@n@ﬁgﬁs&cgg%@%ﬁ Z\%E 6?%‘%‘3? h SPdelergral vectors include
bacylopni-s adegovings- aud haictniacirds- HABdEFtgs of this aspect
of the invention. Such expression vectors may
Suitahleoliqsor fok @edohebindnt ARPYERS AlcBider ptiopal wand . :
translatjonal cont r,oIlg)l}‘s.,eequences&,e C{%gfﬁﬁérgg%ﬁ%;pr@#ﬁ%’ﬂ%ﬁpeme&
such | aSpfn el BF SibtrEptioyerss dhatr egi basmadeetorierpics® i Wels of
recVSSIHER R Stei i1t sequences, start and stop
; codons%gr elﬁ?@?@éﬁ%% ieﬁ%?/ynlée §ﬂ1 n faf%ﬂ(@&‘nilﬁeff- Mgramalian cell
inegigrdwn e virmuealeeileo adiablapheules Whed 10 178 ;
Systéglgi%otﬁal ILy, it may _beemgonve.ni lZnt %o cg%ggl%tgtﬁlg%h expression
Pt BT HEn T ehie B STsion 5y Hemois the baeid €rusrexpodssion | sgstem that
involleeshBe §8C6€1H8&E LERM, i .10 Accordingly, .
further components 05?1?(%552@%%%? %’)S%Isﬁ)nrf‘g@tefnn@ﬁﬁaggﬁﬂﬂt@“@ host
cellstpthasehe Adds inempadied gnoeheie tgeptine SPBRMS, o Gr A8 fragments
Ssl equences. Vectaqrs according to the
may el Be SRR setil Vi o sxamile 15 myech lnyap ar it memodlimytisath
Avbaeﬁ; etri olﬁga‘?e and. eukaryotic viruses), as well as
BHeP! rugYesgpasbe Biaddp imKesluea mesterssipto srokiryatic vhedearyotic

el aNian t r. honol ogous
c.ells.r @gﬁ%ﬂgﬂ%ﬁ%ﬁgﬁw BafdEARA tecRhiques are’ Well” described in the
literature (Sambrook er al, 1989; Ausubel et al, 1991; Spector, Goldman & Leinwald

re
|

1998). In eukaryotic cells, expression systems may either be transient (e.g. episomal) or

permanent (chromosomal integration) according to the needs of the system.

The invention also provides antisense nucleic acid molecules which hybridise under high

stringency hybridisation conditions to the nucleic acid molecules encoding a thrombin
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15 technol ogy. Many such vectors and expresiipn
systens are known and docunented in the ar 1
wORBamsnamdgz & Hoeffler, 1998). Particul arly suPCaiBm®08/002109
viral vectors include bacul ovirus-, adenovirus- and
vaccinia virus- based vectorg3 Suitable hosts for
_n%gi%%onbi nant expression include commonly used
inpibiikamodtdute s@eeding to tBeIGBcdEl pe&Obf thell; h Gt
}D¥ggsts t hat _can be nmde to.exprggs hi gh ﬁgﬁgpg{gﬁkhigmnmncy
& Gﬁtﬂ)c?lhw_ltmnéta@i dpdingd di_eltetraas @\ecﬂnlli_gbttsiinbl;baltien gt 4T iDa solution
cohfrB8c%HRA £5: Ngﬂgsbl c n own jin vitro
g?g arso gg?%%gﬁlg?’ parti C@E%%Wén?ﬁ@%b"soémm citrate), 50mM
sodiunu phdspihaen (B PGS SkDBnhasdts t @IBtonANIREleg iyt Qxﬁéﬁat and 20
mEXpr.es ion systemis the bacul ovirus expression ys%em
Frogramim denasied: theargd salgton spewe DNl fodlowsd hp siashindithe filters in
0. EXBRESH oSHedt o.cpnstituyte. host el]ls that
e e DR A0 I e R o e 1Pt pebhe being
detsetedripntiaahed taghesatstisdBe Mayled) 86d bﬁol@&ﬂés‘?%@f@@bg the label is
Squ&g(g, for exanple in insect |arvae or in manmal i an
e 2en ey grquey JORBYSinge R 1gdivssotapes.bdlugsscent ocompounds and
entydigsoduce vectors into prokaryotic or eukaryotic
cells. Suitable transformation or transfection
Tht ety & ribed in the literature .
( Sanb r ook 8? Eglﬁwlg%‘gg?gr%heg uBefransfecigd pri)iggry oliG9E @pikryotic host

cellsglogpaining almichiabeld mdleQHy, .an AntiSeHEB MBIl CackBiofocule or a vector
be transient (e.qg.

ression syst ei t her
as &l ﬁé?‘je' SF fgrggg;g%gﬁqﬂs&gﬁ potiesmiel celln tpeefermbiyof)coli cells.

epl's
Wirectkdhatiod of HReneats ©f 3 em, The ipvention .

al so provides antisense ncglél eﬁtéé/z%:}”érohﬁtl @%B@goﬂﬁl{ﬂ%ﬁi in such
Cellléiybri di se under high stringency hybridisation

conditions to the nucleic acid nol ecul es encodi ng a

A furbarspeet WOTRODBLAGGEHGVRET 4l BAOS FO0RPH Qt}gombg[?mibitor
mO.eElnie%icé oF. Nl etﬁul e aécor di n% to the second aspect o
ft e i nvoéﬁlflggﬂ. HEYNIS 135P5h @R dle invgpiiond wbighi eamprises culturing a

hostedibédni0imag aricRef 4@ thdies.el QYEr ALt Lncubation .. .
at 42 Cin a solut i on ccl)lrrp%lcglﬁdﬁlgggb 6 f%‘f"ﬁéﬂ{l 88?“ conditions

whesshysthe PEGR Na€kpresSAMILd irsmutting ahé rabein tBMModuced. The
10%

thros@h Wi . 6) . 5xDenhardts sal ution,
 dext ?*?ﬁ%ﬁﬁ%%%@%ﬁ%?ﬁ% b8 3P < i freamethod ek rfhe dirscaspect of the
mveghiear ed sal non sperm DNA, fol |l owed by washi ng the
filters in O 1X SSC at approximtely 65 C. In a
Whare efiemetddethndim@Mtsped Jrahet i8NG, vivo i
etected is att ached t 0 thesemgﬁglé}gkesn%agltl%&ljgwe%cwgociIamay be
USeqrg| tagdine dn Pptiewlar. aiithodstdasiddade lin vivo nesl teaised td fr@ok Beevent

disofHeRUSY HEONWBIS Liﬂggmgf radi oi sotopes, fluorescent
compounds an enZymes. 10 The invention al so includes
A 0 or. transfected prokaryotic or eukaryotic
cc%ﬂgg{% Oca!(’e% gerrceg r%??ogagrﬁﬁntaoﬂ@afg?tcasﬁ@qtd?f rtb¢ émightéon,ghere is thus

provaifetli sseBsed Wicteaiife aGiad-A0LBEY; LR 8S :

i defined above. Pref ?raa& y, t E’cl‘elghfg‘g? %c‘\éﬂ%%é‘%%%y Or preventing a

patieg} dgyslqring @ eoepwlepathy ebepaising iBhibiiilg iehttton oMRE@bin with
ntign is,copnducted in vitro, it

. t t he,inv
ﬁbru?rc!‘;gsng eggﬁﬁfjﬁg ta.é‘lg tﬁlﬁ agﬁx% site on the thrombin molecule. Preferably, the

method of this embodiment of the first aspect of the invention comprises inhibiting

interaction of thrombin with fibrinogen at all of exosite I, exosite II and the active site of

thrombin.

Preferably, the method of this aspect of the invention comprises supplying the patient

with a molecule or molecule of the second aspect of the invention that inhibits thrombin

MAboy R 1 0 nZ 1 Ug;
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cells. 15 A further aspect of the invention Promidestas §y 72 1

nmet hod for preparing a thronbin inhibitor nolecule
weacoesridiaig to t he second aspect of the inventi aTABI00$1002109

conprises culturing a host cell containing a nucleic

acid nol ecul e according to tfw invention under
bconditions whereby the protein is expressed and

¥ ietoaeing g th h@sis Direl the b hy:onbi

i nhj bi.tor thus produced ?n%k)%dg%pﬂggeg%l%g?ﬁrge%ﬁ{l%gugﬁmOIeCUIe
oL} e?lle%Ehata%eéé?ts ¥fith ¢resite d, ¢xvsa il anl thehetiee the Preferably, the

I: ect of the inyention is carried
?g%%ii%;\%\efg@fz ‘{ I%‘? géﬁeg}g FIOH ORér tiogg} equivalent thereof as
epaibed catione., Altetratiaaly C e ir@ehd@Unak Ncofhe efhdic aci
mdt&at .or preve t i sorders of g ooOd IBt“froglgu g??no%sd gudelc acid
A ¢ §9PG e US 3raeler e or axlenilasenfitho fecohé afpeacs bf the invention,

as dseeibtd Movkhe i nvention, there is thus 25 provided a
nmet hod of treating a patient suffering froma
ByCoagyha > nting .a patient devel oping a
) ygoagu% p%ggtt. Y g(%rr%?e%s{fn%nx n ]iSB’id% n&Fi ‘lg’llf)%‘?aé??%ﬁlﬁt@ﬂl. The term
thetapowtixiatly witfebtivef drbouinmo geersab 1R A8bA dflcoﬁ{]}gm&&]e ﬁe&n%{:l 49 reat or

i.te on the thronmbin mol ecule. Preferably, t
am%#loliam astahg'?gego(ﬂ%?ﬁ orgrongdiiont {Thetteras fraophyddctichidy effective amount”
usddheeéih ireferCOMBE |33t BPLOLbERY nd ALt agtd on of .
thronbin wi th Tibr ﬁogﬂh&éﬁ’*’ﬁﬂ s e%&%gﬁvsnﬁ% targeied disease or
conditipn d Th exast tpsege siitlegentrall3 (et duponddind on RAE hEEHPsYstatus as the
timteh)?aﬂﬁﬁln& tof Bﬁlﬁs agpect ﬁ)f the invention conprises

suppl yi ng 11N p&PIEhIt fay pedaken wéurensisierationeviredérmining

doshpeimvbeiernte asREEH oOfhet d}Sel ' iphibits
oo e o e DM 1Bt 8 gFperal, fealth of the

patiept the Agen gv%hth gendssi déet) tiared ahdh dragutincge of i ddéninistration, drug
n¥igfenabl interactin ith.a polecule or
o e R LR 1Y s incE oegismmasse o therapy.

Theaprgcishemautt st twi deternfnal BY abkihe &PErimIRLEGH! Kt %I'iay ultimately
rotein or a functiona

. ules is the variegin
lie %ﬁh?’@e ‘@ﬁ?m?fﬁeql}éb? chuiciage deqnerdly, abeffectival dese nvaitli heefrym 0.01
mg/kB emaBtITach &, [ Vi nucl ei c.acid 5

no| ecul e encodi%g%crﬁgg%%%cﬁf% Sf)brm%@(g&’fﬁfeé 1pP-O5ppg/ke to
10 nag'kging aspect of the invention, as described above.

By "coagul opathy" is meant any disorder of blood
Where dlepunethpd of tiEhievérsiom is tarfied aREH 53 thy n8id. tdgvrgolecmes that
0

. nt".refers to the amount of conpound neede
mte‘t%rgggvfﬁlotﬂm"%‘?f& Poihf Bugdeicarcid menieeilesearmadin tendidre gneferably

suppliee Gerie " RirePrhfl acti, ective.ampunt” 10 used .
herein refers to thg %ﬁlloéﬁﬁltn?%; gocl)nn%ogﬂhoél R efuyupgion with a

phargiaguicellpagegpigbleadrttirsease or  condition. The exact
dosage w Il generally be dependent on the patient's

The stegm uSphasmadeatically acceptable carrier”, as used herein, includes genes,
polypeptides, antibodies, liposomes, polysaccharides, polylactic acids, polyglycolic acids
and inactive virus particles or indeed any other agent provided that the excipient does not
itself induce toxicity effects or cause the production of antibodies that are harmful to the
individual receiving the pharmaceutical composition.  Pharmaceutically acceptable
carriers may additionally contain liquids such as water, saline, glycerol, ethanol or
auxiliary substances such as wetting or emulsifying agents, pH buffering substances and
the like. Excipients may enable the pharmaceutical compositions to be formulated into

tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions to aid intake
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time of adm nistration. Factors that may beP@gken bﬁt/ol]UZ 109

consi deration when determ ning dosage incl.ude the 2194
weevsrisiops of t he di sease state in the patient, PCDEB2008/002109

general health of the patient, the age, weight,

gender, diet, tinme and frequgncy of adm nistration,

drug 15 conbinations, reaction sensitivities and the
bypdhd gatiers. t ol ehaoagh atiscueSHOBFEPhLmbOSHRRY acggﬂ)?able carriers is
avprebgl se,ampunt can be determ ned by routire

Uy IR emmeioss PhagnaseniicaliScianaeseiMacki Rub. @t IN.E.HE91),

| udgement of the clinician. Generally, an effective
ARjEoaeypnts apg throgbi irdybitors Ik gartineles hate apligatt’aaBE treatment
anHO - Of [ )..to 5 [ kg, preferably 0.05 ng/k

n?op I%?%‘ﬁlrf%/ &’Saff i%a%\hré“?%et egﬁ*‘éisg%cﬁpnéf cQIKtiqrisy elrhei gﬁw?es and
cogwositiens dedcribed ubsv@, mahehen@le8 GHI £,,0d; ‘ I -
in. nt er act \Aﬂqt'h t hr onbi n? or the nugfgﬁugggﬁﬁgmngﬁhegﬁﬁedseSIred to

SHYE OITRG LY iRERR topravent eF tieaitsl opagelapashy.ed in the form of

har maceutj cal conposition in conjunction with a

a . . . .
Tr?g'%?’ﬁta‘t‘f]é?ﬂ "Frélﬁpqlglllai@@el@ﬁtambaibledacmﬁe procEtheres vaﬁldvirF]g percutaneous,
tran 1C o abl e _carrier”, as used herein,
i SRBSRCG G SARTRL sl correr, a0 umed Rerern "
Pracefosomey, inphidy tae chahboesnfidal i) %Eélﬁr?%?%%g]lagg; endovascular

stefl)o' yg%d\/col.i ¢ acids and inactive virus p
hrREHULTy dBeHeAdmigishatiqn o thderbolytic agtres elacirpmedal or venous
catH@es s asifhasking e [.Ci.t ffects or cause the
product | on of A E%%’%eg CREHaby dfioubop) ClestiRb cardioversion:
Plapgiagnyi efuedrdiae geiceinalgert keadspHiafmeauti 6ad iG@MRRRLL h%il oring of
tically acceptable carriers may additi onatly
preE ?{ n?acsg us % Y é‘; H :
contafhn T iqut aetelcH glenshiagnostic prisgeteys;y tdidbgical and other
proe¢duaetibvelving Gepsiidneb @ o (SR As wetting or
lon €l Sif i n gg)gent sn pH buffe %gﬁgﬁt@s{%ﬁlﬁg’e@ “RRye U patency of
ong;tergn, 1 1bng metsavirsgplaspatsngrat inetriphadl rathetstd: 6@ knsure the patency
£ @ 9NRASIEL fornul gted into tablets, pills,
o S Sggﬁrtg fudfhe l%aéf’ﬁ%',‘orbtgf@; syrups, slurries,

ragees, psules; 11
' to.aid intake WO 2008/ 155658
e DR 5Bt Bt e Pl ceeriarorepin ipbitors suetgts bivalirudin
are dlicios si bepasih pAARERISHLECH),! | rd | S
a3y3 ) @ble . Rem n toﬁj'%s R ke QEEAPLAH Bl ST
ey, (W 2R09. Vapgdiealth Rasle Mroagat AiT-63 aMidcleh, 03TbA Net al, 2006.

Tech VHsDI j '~i1 r. have appljcatjions in_the
“o Mot e el R 8Btk B B B TG oe o et Rev
Cardingase dFiui 15 Gfi<h8. Tertson| Kt e 2800, Ph&RABARELHPDS: 547-56.). In
artl%efécrﬁ bed.dabov% may be used in any situation in V\,ﬁi cl% i
PArCEAl SAeBE g A derippgaiee Rlpedies gubsteitinilytrodyred vadtin patients
witht dc@ft cofo R g n, antic ul ati on
is desi rrgagfg%% n@lﬁggécps)ﬁ}%géﬁq‘rag%ce%W?ﬁqu’t%ﬁS reduced (Stone,
G. Wettah?ARedEingl { W@a@:&ng.o MduoaRISR[ @t al, 2007. 1 Am Coll
zat het tion for diagnostic or therapeutic reasons.
Car @c%ﬁ ggréozgg'd_ e réyg‘{'ﬁ'g%o?é)ogutmﬁ?f‘é H% WD nédist trerefore
expeClet ahat the ANGhR AHiditors AHLUAIE WhBle will also be superior to heparin

and its analogues for use during such procedures.

Additional i vivo applications of the methods of the first aspect of the invention include
emergency anticoagulation after a thromboembolic event including but not limited to:
acute myocardial infarction; thrombotic stroke; deep venous thrombosis:

thrombophlebitis; pulmonary embolism; embolic and micro-embolic episodes where the
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10 stent procedures; direct adm nistration g)fﬁ
thronbol ytic agents via an arterial or veno TAbz 0o 1 a .

woavdsassss such as foll owi ng stroke or cor onaryPCT/IBzoos/0021097 1{)9‘#

thronbosis; electrical cardioversion; placenent of
cardi ac pacemaker | eads; intr@avascul ar and
intracardiac nonitoring of pressure, gaseous
SOgEeuRat botheoheat, Mrttieralickgoiits plaqu) s MBS Svascular prostheses or an
uanlglg(i:eq l and other praocedures involving
Der cut aneodSsapefediagarrlanonetlaiondliCin; to ensure
Thtehe Iﬁ&%entcﬁqg?f 15 long-term indwelling, intravascul ar
5arenPtsap PVeRtiTamay lisebeused topevenlr evaghatipatderiay organ
pefflisi¥RPEIE Rl ACHHS S er long or short term
It had e a0 el s POt dypass and as an
adjuRetolebirgan iwiwsplantateons Tad nassibé idbinbudé PeacBbl p%éﬁﬁ{aiteqirby CPB
caﬁn%tl}ﬁg)zrbi n %nd lta anal ogues for use during suc
proceduresTrHmLgd by inflirect ygmpin mhildtpsssud0@s hepasc and its
andtieglek KE dth S sMatP00123an320065 45158, al
Soge o st doan A0 Ang ISk E e B Bisiin S
Fulther 8036 u ' 07. ., .Expert. Re Car di ovasc =
“Ther 5: n%é%s- gvél N E' {‘)@{ng%lat@ gst dgflfﬁg"od‘?&“ge during haemodialysis,
haempdlireticnt dreplapya 2¥chabidd phfedured. MAntRBASHIEE R Al Mo be desirable
dmjid;cisg%p%g of ﬁeri operative bleeding is substanti allfy
redicet amCieHUsS REpvEg fosh danpiagcel dhudy vesseldriomerder to
mir(iAES) tht higk bhebslenamnah 8Lk g feduced -
pplstone, G W et al | 2006,%%%%%%1?%“' “&Bﬁ%?e%ures may include
ut 2530t niingghivouidasierecOmyyimtrialn, of AA8HIardpr&ith&ek, refr of aortic
dGh ol 49 -8.; Stone, G Wet al, 2007, Lancet
o 369: ag%t}é%gf&%%sl s therefore expected that the
. ip . inhibitors discussed above will also be
Ad&slﬁ%e ¥ b{rﬁetn&eqh%c}faq’qdﬁhe 1 Bnﬁi’f%lnﬁ%%qoé?g‘%@éle figrentige neyrtiengeful to
indeeahtipyageRton ashepAddirtiQR@!patiBy¥i Vo applications of
the nethods of the first aspect of the invention

Thei iieth@iean dORRISAGHLiBRY, Lon.@fter a .
t hr orrfooenrrbol iC e\%ﬁeﬂrl%?ﬂ‘?ﬂrﬁgﬂ? d%i%]%‘%%g?e H{) IF Heglent §r preygntion
of hgpds t@nﬁwéémocb’m?mi i &ml’ﬁ ltltegi_fnmﬂb ﬁiai}/q:iesddhﬁﬁﬁieréjﬁt%pa patient
SV, : sl s: .t hrompo epitls; pul nonary
Wlt%ﬁ%g?‘?lé?#a&e oﬁ?‘iwétﬁ?c?fﬁﬁqﬁ%ogt s thrombepis 6é sayrheraaintihistered
untiVyaR0A &ohis Gade P ERANE 8 oroY A the
i hgar.t at her osec:;I erotic pl a%gé,]tggé? ul ar 5&8{/8%%8512?“ risk of
rompaYs haspasses (GrplamaasbGiTokeou 2686, Stinsia cfirmabdlemost 32- 803-9;
LewishBr gv gr (PENA DC) . ~The nmet hods of the
S hvent ?%ﬁwnnggﬁg gg 'bfebtozg% e1rtolg%)vr g?fgfﬂvaﬁ‘by@ﬂl %P7 o8-
[ perfusi.gn .procedures such as during
Accc%g{ng ir}gg a?}tgc%garryas%i}:ggtg}el PR sy R a8e metlod invetves Supplying
a pabeljtunucierihg famngancéddiansPLaARLA ' . .
t hrombotic r eactf.on. preci pi tg?ggmb%ﬁwg%m% n e g fusion
pmt&gé C%ﬂf%%;@%bﬁymhwldﬁor tthe I;Tj@mﬂijlﬂpdcn bg m’cegiiﬁvalt@ﬂzcégggt&ally
heghe Qgyes s, an man. ,
o Ann ﬂrlkg‘r‘ﬁg o Rera Bt e 5.»)“? aicrebeics e Hesive amoent. The
methad pE Gegulattionnnislvel eetaiteadidn! WE 1AYRILIY This feature means

aenodi al ysi s,
that quy o' Be usec? to convey the therapeutic molecule to the site of thrombin

accumulation. Preferably, the therapeutic molecule is an anti-inflammatory agent or a

thrombolytic agent. Preferably, the condition is a fibrin or a platelet thrombus.

The thrombin inhibitors may be administered by any suitable route. Preferred routes of
administration include intravenous, intramuscular or subcutaneous injection and oral

administration. The treatment may be continuously administered by intravenous infusion
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haenofiltration or plasma exchange procedures.

Anti coagul ation may al so be desirable 10Fduping .. . .
weunwgi16sdss pr ocedur es i nvol vi ng cross cl anpi ng s€ThBmogl
vessels in order to mnimse the risk of coagul ation

in the distal circulation. Suth procedures may include
but are not confined to endarterectony, insertion of
oneggeungle qurestatedsedys igqaion. Ohe 806tbE infbkoP LR be aqministered
in@(/}derﬁwho aneua%%/sms. Additionally, the nmethods and the
e ? Rt Pomey OF adméniptaredrin icombinagion avithseher agents, drugs
or hormbd CRoraRbinp RN 1Bt drn®)n i fhi LEReigslstant iy
patients. The rgref hods and t H%?F%?ﬁffhr?ﬁ?ﬁnt%%én%}ﬂf agnygistered
Wigeorgs antifoagylanth gudtr sm¢ovemrinoderivaBVENIHtO Ruckofime as the patient has
belERATE ?u%gg) t.hr onbo]&etygopae,ni a. Such treatnment nmay
e adm ni Stered1ae SVHER1BR tPatigRt mayr battreatedk withothe Himarin
deavedives allaner W t hout active thronbosis and may be
adm nistered wuntil platelet counts have recovered to
Thuiifivtntioh Re-HARES @S tHQH e ERe risk of 20 .
t hr ombosi s hag pé_\sssed (gé‘ Iérgfag)r%g%grﬁﬂéﬁ Sr 8‘fp§ﬁ£<0§1@561}ventlon may
be Sesein I iviegrosivierfibate 3ese8OBHAAS inovive, idBibiing AT activity
: i ng... 2007, . ert .Rey Cardi ovasc Ther 5:
P eé]fléé@{/ ?Dtyl f&%&%&ﬁ’?n‘@’ltﬁﬁ’ﬁnﬁﬁ?’t %Ehlcé? bgsysed tto gletachshe presence of
thrombienioddiencd Redibgnose COndBbRO% V] PRIV DB 2
sppat a@} suffering froma c:londiut‘lgac;gy iggﬁggféx %}?M{H Er;@‘lct)ll%’i frch as a
1008 Of Rigfedeti thromius ke miysntéom therefireiprovidesphitsthaghethod of the first
aspb&r 8PLD ;LPGRLLt QL he.second aspect .of the .
A nvent | or{%{g)ée}%lg%l i 1213 |§’@% © oPagSHE: A FoPoRiiRie gaptsdaby  thrombin
accumgtegipe by iadmimbtering @ throMmbén inhRi@PEEHHE Gaddnd agﬁéc% 6F I Snvention
as genoruget. The nethods of the invention involve direct
TREEPALRRYN i RAURF ORtse Aissuphiselatedafitemen pasians, artdhddtecting the
predchey dFathibehksssint QhARMRYE, . rapeut i | ecule to
the site of thr c_)?rbi n %gc%rng%gpﬁgaﬁ. e(glr“é%l%rﬁa%%fﬁo%t fewcrein the
detqcHen atfesrid ¢hrpoitan Uhlibiter an fandtionahkh@RARAIC bYuRDEM thi@nbin is
o di@atidn lL.ytic agent.. Preferably, the condition is a
md‘? ?%Jrei c?}i"%?@g}é%?sgtoél é’PE“t“HPoﬁ‘Sg%? I30therbrontip amhiitor or functional
equivaleinbistintlse foBy olbe faden Piodif 6 pRYindY Lt QUL & ibed ;
Prgf erred routes of B ni Strat s ﬁ%ﬁ%&%ﬂﬁn’ a destribed in
more \ (¢tay o ARRNS, tonfacilitatec detertion. Budferablyn etbus manieCHb@AIn is a

disfRnREAl el ian. . The treatnment may be |
e ont I AuoE I§§ I@é\dg r%% Hcg}%g%% bﬁf Ariad, A BB KRG, Enagingyethods.
Prefoadby, IB5888sPETIonBRDASS A0BEADE pidtdet thibnPusdS @ Single

or repeated bolus injection. The thronbin inhibitor
Accomlingole @ fnihet a$REEE thie Tk Visdb@! Jrind i .
h &% adm nifshe[ed in conbi natslgon Wi t hﬁlc\)/t@wg(?&’égg]e}nnt gl?o Hitthod of
e h@sg)ectoq He LHSRBeN nRgrbecysadtd Ereatthmatipmanntisease or a condition

assoi:iﬁféﬁ%ﬁ%%li%{anf g ais@vent ion may be admnistered wth
oral anticoagu ants such as coumarin derivatives until

e 0P RS b T G0 Sheniemcn v o
oVl des That the e hadd oot naoPRYET LABeie BF bypgmole, i
chargcierisad ; nﬂﬁﬁ}pg thrombophlebitis and underlying malignancy and thrombin
inhibitors such as heparin have been used in its management (Varki A. Trousseau's
Syndrome: multiple definitions and multiple mechanisms. Blood 2007). More recently it
has become apparent that the generation of procoagulant factors including thrombin may

be a cause rather than a result of certain aspects of malignant disease (Nierodzik ML

002109 09,
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be used in diagnosis. Since these nethods |nvolve
inhibiting thronbin activity speC|f|caII§ AUIIHt oo 0: 9
wonomriassgson with thronbin, they can be used tecdesmes/ 002109 = Y .
the presence of 10 thronmbin and hence to di agnose
condi ti ons caused by thronbi pg accunul ati on, such as a
fibrin or platelet thronbus. The invention therefore

K@;’p@tmru 8s Thtmmbm heduwes inegorogrotite héthsthsis, 39RSMEId Enés% EV1dence

3®{ﬁ nLion i nvol ve di agnosing a condi tion c
n%‘u Hi-regp i floanpRiuBgT BlRFORIPSt Satloay Cell £HO® MAEN3SS- %. ).
TI nhb of the second aspect of the invention as
Dby, B ped EGF18 have h@qneﬂhpmrtomomomshe sursabdbinvasivity of

d n h resence of said
coh e REELBLE 309 ORERLL 0 R oo i buman
maljgapei affustoas adé tiedt doanitekios ab daddar &BBal s Bhd Bl agsf Thromb

mbinis 1ndic

functi uj val ent bound to thro
Hae Ogtalﬁﬂ)gr%zg ]Ieoz 73 0oo ndihxongnin Preatagealof y thet KZOOHr ctmlmuﬁus of

0s aﬂ;?bus Inon 5 REn fé% g‘ﬁ@?’hs".tﬁ gfé'aytaéa%ﬁ%rm m(l}{lh %ag%ver T, Guo H,
Gagds.cKno ﬂfhrombrnecldas/tedl(EO@bIQ-\b&ﬁrnﬁlgalf @s@édpbhl%‘i Be z%clde binds with
omaln Is

er abl t he mar ker
"y&g‘sc}ﬁﬁﬁ a1k Cg t RGPS st qancsE e¢lisn Canger Bes aa@%w) $088-97.).

ochen1ca

Thresilrig alspeitd Ian@ 1B e t he

4% condi tion ?Iggg fibrin gfeta Agﬁsﬁ%ﬁél%@ﬁ% ofbus. by | degteasing cell

adhgsiog i ithryettercal lylar mpaix a;sigmsmomfngtme nfalig8intasPes h ﬂefady state’

forth e e v hod the first as

o DA R TR s #\gvaNe%nler@IFgR&ﬁta RS Pari.

me@a@éalébofbracavﬂmmdfabimﬁes EEIOCInghad Meldd iR § r% cells. J Cell
ni sed for deca es at

s been reco
Blo%jaerrp gﬁg’@t %tdﬁ gg%élge therefpredhatibe yad @ﬁeeplotv:mttthrombm inhibitor during
surg 04l B osRRrdseRude '3§ ¥adifal f‘%&%@&&[‘f&%rl Rcrgs 5}.03%3% might ggduce the

Trousseau' s syndrone, rexa
relepse gf r@@lggqqgt ecltls amtb slphyeteintit Slraﬂdtldiﬂidﬁlr de)éfe'age ﬂ@'sh&ﬂ%‘i‘ ¥ those
ceuéﬁﬁt&ﬁ %F i nhi bitors such as heparin have been
n

used 1| S rmnagemsnt (vVarki A. Trousseau's
pl e

efinitions and nul ti
The%{@cﬁ Irfmgrp“rl E%Ft 9 ét)z)mvmog apg @@i@qujeswﬁ tl30seharsl aspect of the
inveneion MRyapRefRObe LA ﬁ%egﬁﬁﬂéﬁ 5P ug%e%r ocsg/g ﬁlg}%rhamlarly

factors |ncI uding thro be"a

wheg hepgin  and cést analogspects oéntfwidngiﬂ@ht (gglogg 7‘81@ alrlonglnduced

~~~~ WD 2008/ 155658 PCT/ |
thrOﬁllﬂbgth%h@ I dse g4 an anti-pancerageat ang ¥ usgrdoving procedures such
as surgtcahd:}asmﬁn rﬂdiﬂp@ﬁtﬂirﬂﬂ% 1§§ysof n%ﬂg‘ﬁﬁﬁ]tctﬁ{notn% in &de&; o reduce the

.IEE rombi n-r equl at ed dor mant "t unor €eno
nsk ehmetaskgis: Yoesy thegmolgeuly usedr imrtbrstﬁspect‘dE@% anehtloahb b variegin
nd invasivity

proté]ﬁ‘é? fRREBnA g}ﬁﬁs legsg? éf ls}:phrg%féﬁy Jllnvg {@Qa{@dfon@fhaghas been

cancer c
glycwcdat@cmlelﬂ‘&@plag:dhﬂbrm td mete@ssSth MallHIRDf ﬁqefﬁi&bﬁﬂé‘m
effusions and their contribution to cancer ce )

The rmulassplﬁagecglg@?m@}gfig%k}elﬂ}gpgfg%é&géo ﬁltte falch%a_l domains of the
varlegg}w,? i asiwell as the first disclosure of the cleavage products of the variegin
molecule. In particular, the results presented herein disclose that residues 1-7 of the
variegin protein interact with thrombin exosite II, residues 8-14 of the variegin protein
interact with the active site of thrombin and residues 15-32 interact with thrombin
exosite I binding site. These regions are believed to act together in the full-length

variegin protein to inhibit thrombin activity. However, as discussed in the introduction



10

15

20

25

ost eopontin has been shown to pronote br eask“binoes 8im |y 7 1 U g -

mce (M Z, diver T, Guo H Gao C, Kuo PC
wOohomnbiais cl eaved COOH(-) term nal osteoponti NPOEMBi00L002109

binds with cyclophilin Cto CD 147 in nurine breast

cancer cells. Cancer Res 2007967(9):4088-97.). 10

Thronbi n appears to play a role in the netastasis of
mﬁﬁb@lﬂétl@ danoomin hiyhitives easi wgvaedt or 8HRARSE Windeds. tIlgelS therefore
exgé(% F@&e lgggar matfrr X and. positioning the nmaligna

PEYFy dheyaiegin protqin QI’ Hoiants (h@o&mé mgfeﬁa;lng with only

ont auft these] e pilonKon Fn@ingbi wil¥e pLenta KJ. - PARL-

medi at ed RhoA activat|on f%%:(ﬁél tatoglsb"t&}ﬁ lrt‘?f ulggﬁed the results

PresRBiee haseinsshiony thar 8freghbist codtaGeihg theEﬁlﬁkﬁﬁg ﬂ‘t@@)@ﬁﬁe thHml'Jlﬁ active
ent t hromb

sit® Qﬁégl ltbgrrlchg% {sﬁeh rr%ggg%lg@gp) leiedogrg dsléchala@ 51rn11ar to that of
ther fadl-leagth pyomitad @Sl pRiteiR! pr%%ﬁ%ht‘;s; tog t?eﬁéé/rl ?r?%rr%tegﬁe ghat interact

he release of malignant cel
With J0s{,PER Ph Ve ste stthindwombin gay iavalanoddvahi@ge of @8 Iifll-length

f the
vaiidbdh pRfién 6l ﬁ’r@ﬁﬁgl rh;jahcatmné Jn glﬁé%tth%’ g/élL Igélzteaggerggedgpldly from

0 t he |1nvent I on an

et pigculitione Athisomalray thidreried0r®r ke Us ek

cathd£aLMENt _of Trousseau' s synldr ore palrt' I%e&{?gs Vi as cardiac
et Waﬂ% here it 1snqt desizpblg o8 a@tgcoaglelat@ntorcamndue:my@dd tiegend of

theipfiode@@@r i n-i nduced t hr onbocyt opaeni a); for use as an
anti-cancer agent; and for use during procedures such

Ac@rdBpr gl tion or biopsy o
el 918 FArBseb Ol of TR RYebhaihtt ity pawidse o tromsin
Hhiton srhesdin saidileoenbith shiii e @Uin@nb&%dfrégﬂn&? of tiESREELInC sequence
and Clgeﬂpnnvente{ on is, a variegin @?r otein or functiona
equr VAT I?‘I’?@raé’gfseq‘r‘qm%elﬁ‘rt Epably in a nodified

r s _been cosyl ated or PEGyl ated in
O@I&I{}@_}Iﬁ:ﬂg EEﬁﬁ%EEﬁgL%DESk@ER% + heeraoti@c uht. acibe site and
resg;rbgl& @@@r}bqql ggrer n provide the first disclosure
of the functr onal mai ns of the wvariegin protein, as
wel A pasHh re of t.he cleavage products
of the var@%%ﬁDﬂFgg(}? 35 lﬂtef?ﬁf”f"? Siifhagxosiay ($RQUPLNO 16)
pr Ccl ose that resjdues 1-7 of the
vari egr n pr ot@lﬁlﬁf 1afesretioniwith exastierdl andeaetine sige) ((BEQ ID NO
redi/glues 8-14 of the variegin protein 30 interact wth
the active site of thronmbin and residues 15-32

| NSBEED VW (iftetaRiNMRIM exEX Siitl)t(gehwer | n[‘%hs' te. These

regions are believed to act

F o PPRVIR i 436 il LRI B IO bt Mooy Mo

acti vi ty. wever, I SCUS

VoLaBPSSOpER PEILL RN ONEI0R 15, e e SLiag.

thronbin in
It ect dthat fra ments of the
varP?glﬂn\?%rﬁggeqer?a Pughe & (SR PRSI0 2ht eracting with

se re |ons on thronmbin will also be
t R’%%]O&F 3 ﬁﬁf%ﬁi BM@e@ leay#ge mredudt 2sSMHRYSPOED NO 3)
show that a fragment cont ai ni ng the binding
sF’E@Q%FK%BPFIRFB%PEE%«E%D (SEQID NO 8)

MHKTAPPFDFEAIPEEYL (MH18) (SEQ ID NO 20)
DVAEPKMHK TAPPFDFEAIPEEYL (DV24) (SEQ ID NO 9)

or a functional equivalent thereof,
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' inding site for exosite | (gR Ahad . iy
5 site and the binding gﬁ?ﬁluuu/uuwg;

an 1 G50 and Ki value simlar to that of th
woubds/kmsgt h synthetic variegin protein. FragnmearsBmhs/o02109
the variegin protein that interact wth just one or
two sites wthin thronbin magohave an advantage of the
full-length variegin protein for nedical applications
Thenthrprabint indybiterr |df this adpear 60l tHEOReR@R & ¥ ffarg%h()p She variegin
ion. This _nakes themideal for use I'n short

Pf%*}eénﬁ g’lﬁ‘ﬁ%‘%s Bofcthergfote fogtaie they cempleta saqueatei athaheriegint protein

?Sa‘é‘é}g?,ﬁé o s e AR RN R rRBE PRt pEE L DDES

t ingnhibitendf dpRer 6f the ihiHas . h :
Eh&O A3pBit thotmbing b s \?\hﬁgt ein selli d tﬁrrlénna‘gl noWever

co?t%ﬁa?%a%?tgon%l grllan Oqagigf;reaiidp?siagc}ﬁ%g{xé BATIGZHEPIEY exgjupnce at the N- or C-

Itor coO i

: fi6 G | 203, a€ hith 2 SgUenc i
el ectod Trom 18 ERR PR LA P TR Gy the thrombin

dopsRQl copPrighathf the aotinwecids ofthanariegix pritdie, 1) (SEQ | D
NO 6) APPFDFEAI PEEYLDDES (AP 18 - interaction with

The flyembin inhibiigE@1 thisNEpds pf t}ﬁmﬁ(ﬁgggw:ﬂgﬁk% ﬁﬁtl)%cﬁ‘l%% t&ftaining

moll QGRS ity PR Grene oxied iy BEQoione 8) thrombin

inhERIMAGY (ornir@kaSh QI BERLL) Y S} Bl S5O I\%hNO@]EéQ 1) and
| PEEYLDDES (interaction w th exosi ¢

AP ?EB%%@EEgm@F@Q@iO@aWﬁQ lgwqosi&d WFCSEJ% IDESE? h %-_'g?eferably,

; S. vage product 2; ,

oo TR PR s e b Ritec o, 822

appRE Bt HKTEARRIEDERAL REENS tH O S) ac@ﬁg@idcﬂgﬁ%%teg?x)at ig Present in the

KNHKTAPPFDFEAI PEEYL (DV24) ( SEQ |
full%/lﬁ%l%ﬁi%ﬂ%ﬁmé’ﬁ%?‘{}al ent thereof. WO 2008/ 155658

PCT/ | B2008/.002109 20 The thronbin inhibitor of this
TheaQB iy enhipigor ok, dliis i asneqt sofatlfer ayweiidn ofayt BB GG of the

heB; t her ef or ntai.n the conplete
Seqﬁ%ﬁﬁﬁggag%og ﬁg%gﬁ%‘%ﬁ% eﬁ%@%ﬁiﬁ;ﬁé’ﬁ)g %YT_ B(E)Egm ?g o
' TAP , 2 .
R O EeoPIOhA1 e ) 2071 OF (b 15 R pbpIETORbIpsplay
the ichaegieTigtics nafy theh0MEMBih, i&i&@% %Erfh@@g&)tn'dog%lectagf ﬂget invention
...aci 8 esidues fromthe variegin proteln seqguence

discliysed \gbogs, SCi‘-Cﬁtaé rthf mifered fHeanspEei(f valués agirent ?%my to inhibit
throRRAIGRERRaN P GhES ARBHEPIAY H8G, pIaL L he thronbin

Functional equivalents of the thrombin inhibitors of this aspect of the invention include
molecules that show significant structural similarity to the thrombin inhibitors of the
fourth aspect of the invention and retain the ability to interact with the same regions of
thrombin as the thrombin inhibitors from which they are derived. Functional equivalents
according to this aspect of the invention include variants of the specific thrombin
inhibitors recited above containing one or more amino acid substitutions that do not
substantially alter the interaction of the thrombin inhibitor with thrombin. Preferably,
such amino acid substitutions are conservative amino acid substitutions such as those
described in connection with the molecules of the first and second aspects of the
invention above. Preferred substitutions are those occurring at the amino acid positions

discussed above in connection with variants of the full-length variegin protein.
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does not conprise all of the am no acids of quﬁ
tev U8/ g g
g3

variegin protein. The thronbin inhibitors of
wapsassas the i nvention al so i nclude nol ecul eBCT/IB2008/002109
containing nore than one of the specific fragnents
recited above. For exanple, pphe thronmbin 10 inhibitor
Ermy conprise SDQGDVA (SEQ ID NO 18) (interaction with
x9003es ef duch fiard o ARRGDFEALRERLRDES i CL.l O Wit
Sef)é??rft e 1) (SEQ I D%ENO 16). Prefer a%Jalgllytls,rﬁa%p’%eatsnea%él%glc‘{&esequence
G4t Bxosite | interacting sites are connected by a
%@%ﬁé nmolecule that is approximtely the sane | ength
E T ARPORBERI IS YV DESHBPASA 32E ) SEQRID N§) Py esent in
the full-length variegin protein. 15 The thronbin
DY ARPBMIBK TP PERIRE /d®PENT. @IV 21456l (R)(SBGI 1N By CoNsi st
of one of the sequences recited above or a fancti onal
ME§ AR RORERIREEGTDDES (MR 20 PR ¢y @15?«99 ording to
Fthe fourth aspect of the invention preferably display
untitorah aqaiotlents Sifi @8 By i iJF i phibLtors, of. the
nSepond gspect of the [rﬂr%/%ﬁtuihg%ﬁ&giOrs}cthfs}séesgecatbogfltg? IBYffion also
G ﬁégfﬁ?w &f e thepmaind inh @5 ®ry atarédedathd: tHeee @h’giﬁbhﬁé feRin the
abﬂi'f'}‘ioqhhibit_%ﬂrohﬁ'iﬁ)?a{v@t specifically w thout inhibiting
ot'her serine pro €4se: Functi onal equi val ents of the
Lo -tnhibitors of this aspect of the invention
iuliti{]i{:oﬁ%ee&mk%fmeté uefl%os Ht“ﬁ%&e W@Pmsi ehtlte grrpmbinuislibitors and
raginentk ghéreyf that haee baeOwUREINB b e fourth., ..
aspect  of the inventi o;lméﬂn%édrqg%g[ﬁ% ﬁ%lglgb%t%c{l?ef’too;‘ additional
gmuuﬁg efeBt B5,SY49T tgTRURRAAE Pobghangroabs. Exarptsd nfasich hodifications
m.whi.ch th are_ derived.

‘ . !
prok i@ Bb%e iR 02%%; %108%lcfaum t§ ¥ariagin pepdgieder vfe in the

E]ggctfl 8;6“ equi va
me 9inthentiiso raspant | afdehe Viaké@ivhs a1@f e he ﬁ ¢ .
ors recited aboved co%t ?)mb{nﬁégg%eth%rthmmbm

: aronhi.n. i nhj bj :
mhfrlr)gt?fesn%&ﬂlﬁ(%s@ﬂ%é%ﬁ%‘iewm-i ons that do not
ant | [ter the interaction of the thronbin

subs | |
Furﬁcﬁ?ﬁ‘ ielelP’gkﬁ‘P% H)%tﬂﬁlﬁ hitsichof thedhemaibhylso iscladte ARIOAPra%iE of the

throsHas G Hibitdr® NS rvat i ve. ami no acid . .

b subst i futions lgﬁgﬁﬁg@&?%lsgc uﬁlé’gclpiSB‘é}HfWSWndQSH‘i‘?@Et%T%ﬁISCUSS@d

aboyj inrronnectivpivetufue®ngfiotting chhtbingine FHLEDRE, t

- the 30 invention above. Prefer reggﬂﬁsubst i ?utﬁ%gﬁlﬁ;g&éﬂce'
etipisséion farther proyidds atddenp®® 6% BEIAbiRSHiL i scussed

Ofthaek}ove in c&g_tnec [on wi tpﬁéﬂvari ants lo?ﬁ?%&% Ef?rg{ngﬁa?ﬂs aspect
VarTBYion 2pe Gremim wo 2008/ 155658 PCT/ | B2008/ 002109 9

ampl es of such functional equival ents include

21 Ex >
The ayenijon funthep PFRYidas rusletoacid inble@desertnprisigl Qed @b 's@dlences

YL S P25A22E SEQ ID NO 7
T T N
includieieTtAhPRIDRERD REFRh BRESN A MR 25N {19EQ.L ReNQ ?%P%letd? nucleic

. . ’ X, S
. Funct i gnal ui val ents of the thronbin inhibi
acid F%?Céesa‘gfﬁgeé@ﬁgfth? REClEig\Reid seavenseseomprise DNA.

The invention further includes cloning and expression vectors comprising these nucleic
acid molecules. Such vectors may comprise additional control sequences, such as those
described in connection with expression vectors used in connection with the method of
the first aspect of the invention and the thrombin inhibitors of the second aspect of the

invention described above.,

The invention firther includes antisense molecules which hybridise under high

stringency conditions to the nucleic acid molecules encoding a thrombin inhibitor
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i nclude fragments of the thronbin inhibitorbCmoxi géd/ §§ 7 1

that these fragnents retain the ability to inhibit
wohomnbiass acti vity. Functional equival ents al seCTmBioogien2109

nodi fied forms of the thrombin inhibitors and 10

fragments thereof that have Iren nodified by the

coval ent attachnment of additional groups, such as

melgeile ageodppe 6o thisl yspert gf dh@ﬁnvﬁﬁﬁbﬂp']@é@ﬁess&}ﬁ hhigh stringency
coﬁﬁﬁ%{lé gatjon \%ow ded above in relation'to the
uncti onare aﬁfi P ¥R ISCapREs L] With thst mplechilos ofite first dndesecond
aspetssfdh®ivbhiponf i st aspect of the invention are .
equal ly applicable to the thronbin inhibitors of this
ThaseegtioR ke i ' Funct i.onal eguival ents of
this aspect ofﬂﬂﬁgﬁ%\g}gﬁ# _%dnor_a rgrbePic UagarV% ®heukaryotic host
celly esanristngod nydieic achirmotebmle] ahidist@eSucBitl §@PLRlecule or a vector
encgﬂﬁﬁ ngrt% f%r %Lu& on in such fusion proteins are
I scussEd™odh o7 melsRwetalothisnespRctf thennpamtivei Ssitable host
celboatidamthogs £ ko l809h bt vanl eql h.seguence. . The | .
i pvention fur t% rr1e}5rél 1p‘l%rosvi d}elgﬁzfgg%rg}%l @?(CUS%%aabf’H? Shbpection with
the; fi agidsegond aeprcti oighe ovehiion. aspect  of the invention
and thronbin. 20 The invention further provides
They iieveation feitlerniotleded e smetoprof irBghriUCl abinde, R HSlccule

zoding.a_thronpjn inhibitor according to this aspec
a""§%‘? 'é" . %ﬁﬂ%ﬂ? the, jakention comnsising pwdtuide ashasglel} comtaining a

nucticlbtie nelERNIRd oMY tLHNA, rﬁlﬂﬁig as,yel/ -

synt hetic nucl eic Heid sp\ggﬁ%s. rré:g%a,r{g%l?sy‘?ﬁetrﬁ@’ the protein is
eXPHFetkAnd raravarise theemown hospradeesddNA.  The i nventi on

further includes cloning and expression vectors
Thediggntiosifghariedadesitht esecof 85 tk&@ﬂn@iﬂﬁﬂhﬂﬁt@%sea%coéﬁfg}o this aspect
of t‘lzlgcihgern§i0rra§ 1Eglon‘gri i.g agrg)i tional control sequences,

such’ as "PHEsET0Es ¢PF BREmMbin deftibidess i aspordinghtoestpy essconf the
invengioh aay besi8dhd forEQINEH kAR hodwof e .

o first aspect of the i%/aelnt ie\(%EgﬁgH@ﬁg%ﬁra%ﬁﬁ??ﬁlfy comprising a
P m;“i‘ﬁﬁ’?l&ﬁ“i;ggs cHectivge Cﬁ@t@_@n as atépeusls?d)f ?Hholve. _T'Hé?/ Q%lbhﬂﬁh inhibitors
855 th e invention further includes .
acedrting apRLse fh-egsm\‘/’\?]r}q%)ﬂ rH%F‘? 4redein the deatmegh or B vention of

antisense ecu

any of thendjeordsrs cbatdhiy be Srehited Wubige ' i
3 € g H@V%ﬁ'tzl‘%gg(fr 11@%1%%&‘: 5'11 2 first and

codi ng t hromhi n i nhi bitor
Seco%@ff?%%oﬁ%ﬁ%‘%@@ giscussed ebence The dodibirgirthibitord 6f this aspect
I thas peahtiod N 0N s of high stringency )
° condi titlonsrﬁiyrsglsgeggﬂsg&edn E@g\r@l i?hﬁ3 8’5‘%%%‘(% BADRAT Kischesed in

connggiiert iytits thef nrettedf and tmalaehiaeoonbe MSPHE! Se@hdt fects of the
The i nvention further includes transf rmec?

invehENLLON. . (
lnveotﬁ%grbgkgf ected prokaryotic or eukaryotic host 5 cells

VariGQRL Sti ng an%c,ei c acid nolecule, an antisense
nuct&Fes & g &1te Brthe presepiomvertimodilhgos bédessibed in
more d¥fdibby %%?E%)@aﬁﬂfvl@. Rfwili I?J'esapsrsee%‘fetd tggt rglgc%ﬁlce?t}/o%nc}fl d%’?a'il may be

Sui tabl e ho
made without departing from the scope of the invention.

Figures

Figure 1. Purification of the thrombin inhibitor variegin isoforms. (A) In the first
step, SGE was fractionated with a gradient of 10 — 100 % of acetonitrile over 90 min.
Protein concentrations in pooled fractions of AV-I to AV-VIII ranged from 0.08 (AV-I)
to 1.39 pg/ul (AV-IV). For TT assays (control clotting time = 19 s): NC - no clot after
adding < 0.01 pg protein/50 pl plasma; *** prolonged clotting of > 1 min after adding <
0.01 pg protein/50 pl plasma; ** prolonged clotting of > 40 s after adding < 0.01 pg

."u.:‘ 9 -
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cells and nethods for preparing such host cells are

di scussed above in connection with the firgt; and
weeasndsaspect s of the invention.

i ncludes a nethod of preparing a thronbin inhibitor

nol ecul e 10 according to th2s aspect of the invention

conprising culturing a host cell containing a nucleic
Pfa@ifd50rul etasﬂne aansarddlayed 10 cloftéhg MVEMPaPifort! Wilt%rco trol. For APTT

whereby the protein i1 s expressed 3

i tions
g%"éﬂ E GIotHRe me retthsk NS —procdeicaster aatdnaguqq&)éhugmoteln/so nl
14suid; leQle r o i nhi bitors
P accor di nlgeibgg?cﬁ?lg&%g Og%el fi 51?% adﬁm @{) B&#&Rﬁot?ﬁ'e P&pFolonged
clotiipg ¥ Hr wbafteriadtingi<t O sugqgromndﬁ@l gl blasfh?jll & aRP BEGTeLh clotting in

5 the f
coliBisch Wi LRl e fiRats Goairol Slaringy figermif sngo grolonged
clthlm offre € Whih Gdilel ¥ddehd @@tﬂg‘éﬁo%{/% g[ 8 dé ‘2{ a‘%SIFP(‘? in clotting in

above. The thronbin inhibitors

coggﬁréqpln voith eqqerol.{Be Fraction rey- IHezvasssaUJectﬁd tch@ sédoﬂ@ﬁn[lﬂﬁ&atlon step
i sorders that may

wnfiﬁr %‘iﬁg&ﬁtdfoﬂ) 0f 4o 81 %ﬁgaf&et hﬁﬂ% v | Wsmig. Rigtein |cpgqengﬂt;|ons in

usi'ng the

frastefmsrudngﬁb @ohs 006 fohe.17nyept ipR tin §§ lb?%f&tu@ﬁ? \Sith %}?coagulant

gg'%llnhlbltors of this aspect the inven

aCtHﬁ{‘/-eS afhe) ding.caseavied vy P bf APHE aud dghosté Eswatfhods antithrombin
tAHSCHER Cti t hqd, .and _nol ecul es

e olt§,t he ;ﬁ 3 gtg 5 gﬁé}gsc%nﬁl?&ge\gpé@ gqrnF é‘%d}? elrerghin amidolytic

actya/bt@\féwo \ﬁaiptlmsswm]s ﬂ&cstmngeﬂ;d a@ihgdidt@nios tfhe 2 H @83351?@%1 93 3 min,

Nt} on w_be described in nore detail by wa
indichted by n%TOWS) |“{ef?m? tthep guBed wethdhisd stenatf plunﬁpatnomaagrmnt of 10

fromt

— 401% A€ bedtbnifFlY ob& 602RidJRAS '
scope of . the lonvent : gfgﬁ = g P?B%ﬂ?t@t% \_A{RQ retentlon tlme 23.083
ml’PEﬁpfil‘al’feéiaWQ)ﬁNQ)fnaﬂhEead(h dendied A\h Br’ﬂoartchWfa/lS I @) Dhe fraction with
the f.irst SGE was fractionated
retefih Ui 28 08 a0 chRFedih" s SHCRitn SorsRt POl oo was

dennted AV Broot ei n concentrations in pooled fractions of
AV-1 to AV-VIII ranged fromO0.08 (Av-1) 30 to 1.39

F 2. Aihd 3
1g@g°/ g/( leﬁ OSE@Llieél;EE g@t%gfﬁ)éém( fté' ﬂlrgﬁ{ﬁ}n 3“%?8{’9’ ﬁ‘f%vdty (A)
Squ(Fnc& Jors ,pgptlde's*mpﬁraﬂtl@ng‘éﬁ @b c(tvamergn)of/l?\f B/sriand AV €3/5 are highly
mmﬁ‘éid E})?]%)Samo@ e 9t chgar %;é)%trgﬁl,s%dlg(girﬁegsp ga Brom_bug 1n}\%38|0r(1) rl])?fevgrlegm (m:

oozmﬂm 058688 1ACT#1 BROOBAD0210952ANDT R 8i3155R/) AR! A, V:
in conparison with contro

layed in clottin
1 25F%I?In &PT% dys Mdoh? ) u$ing SRAR (lOﬁeuM)4a@ sﬁbstrdﬂ@ showmg
steadhP stale0d it o Ak a0 Pl ap
dl‘}‘rao te qélg HTFL{)H% tﬁ%ﬁé@% upon. mmuﬁg 6“:8 e bl}tﬁg)falagegm @ 001 nM,
0. Ooérerdl PE oM, prOGIrM,gE@InMI(D} hMDa v 13 AV 18 'i\)?r305lﬁ\q'aﬂg 100 nM)
; n%b g.pr 8 51}/50 pl asma; any delayéd in clottin
o inhibit mbin (3.33 nM) amidolytic activity was assayed using active 81te dlrected
substrate $2238 (100 uM). Dose response curve of thrombin inhibition by variegin (m)
showed significant inhibition (~ 80 %) for equimolar concentration of thrombin and
variegin (3.33 nM). ICs; of the inhibition is ~ 0.99 % 0.02 nM (n = 3) (D) Since variegin
behaved as a tight-binding inhibitor, inhibition of thrombin (1.8 nM) by variegin (m) at
similar concentrations (0.020 nM, 0.039 nM, 0.078 nM, 0.156 nM, 0.313 nM, 0.625 nM
1.25 nM, 2.5 nM, 5 nM, 10 nM) was examined using $2238 (100 M) as substrate. Data

obtained were fitted to equations (1) and (2) to derive a Ki of ~ 10.4 + 1.4 pM (n=23).

The |nvent|onCTMBﬂM$mnuw»TWBQ
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5 conparison with control. For PT assays (control
clotting time = 15 s): oo prolonged clottipgg..of >.1
waizosabieds addi ng 0.5 pg protein/50 pl plasna; POT/AaB3008/002109 1[19
del ayed in clotting in conparison with control. (B) :
Fraction AV-111 was subjecteg4sto a second purification
step with a gradient of 10 - 40 % of acetonitrile

Fkgvm 36 S petificitProftiahibition KNy A1#diRNS-vhAegih Rt
sehid ged .from 0, 05 { 0. 0.17 pg/pl. : The r a%gle 0 %C?%%Fd(?ﬁamt 13
?h PLYEISED adihrmalytico ssHne v protesses( ddsen,l i TRA  asd a)dﬂﬂhnase)

riticb R T for t h ant

: actaltg\l/l i t )t/ S%P%—e p%ézja??g Ait-r aélt%lcé)%zﬁa%ﬂ Pet B W?Sh&t ﬁa FXla, F Xa,

Flgay EVillskkallilvirbancethrombinirahd) cRSIi6H sy prodldsy ('chymotgzﬁln and
e.strongest activity (retent| on

AT HRNR LR

P fg &3 awi)r}? of profgases aad Sly%,strates evsgiveveineparentheses in
M and bevt, i

s b, A 5 il 9 BA0P( ) DA ATy ks
(4§ DiS244€) (Orhe APEC(2AA)Y/SRIG6 r(@I6ANT FOat i(0®/2300831), FXIla

ORI P DR RSN, FR e rxe 0.0,

FVIR 9%:@ /838D, Kailik h
) & denotréelga(l,g)\\?@%VZE%WDFFIal o 5O[Tgir&ﬁmﬁﬁ @U@g&m (0.1),

chﬁggﬁrj}@ﬁ ?lo\?A@Wﬁe@r@?) amd thypsint m&mszazz rﬁthll})l"[}@bmbm was tested
ag@afdtithet lfonc(eﬁ‘ar?mﬁ%%lfgq%? %1 fﬂ?getp%e%gﬁ dﬁ 5&‘? )QEEEJ) ggprés\ént 0.1 uM

6/5 (variegin
and i(od) | rgpres¢iB) | EMANPbe thef oﬂhempﬁ)”[ea@éso%@ﬁlsh%ﬁelcH&ﬁé@ﬁtbﬁk)élé of s-

copRin inhibition by variegin (.:

Vaﬁ TWELS W5d (mirergesest 1 g, n(lﬁ) rppreger 19 ui\wlanszt\(m) @p62&t 100 pM
(nqu, 1.25nM V: 2.5 nM : 5nM 10 nM using S2238
(100 M as substrate, showi ng steady state

Figaddl ] Iniibitigh a3 I?hﬁ%ﬁﬁlm%pggmli%lﬂ 9E8§§: %MI I]%]% I(fhl\/’}l‘ g@gt%lity of s-

vari e%gn (0.001 nM
variggin, GP25 rad AP ]’8\40 Bihité arhiotMc 28viModmigho kBt QM agsﬁyéd)usmg

| hro amdolytic activity was
actiy 0! dg Séré{? 3%2% @55 dWI)ed?@é resnopss pwve o§28mbin (3.33

assayed

nMJ HBEbifidn bp@&ané%s POMSALOH U1, QF g ﬁfvfg'lp nh\@hé(ob' Y f’d}é 1 300

owed signifidéant in
nMy g@doeaM) rﬁgp‘é(?d @tgﬂtf@ﬁtm athllblhom(~ Bﬁr%mﬁmmecﬁﬂdolav %bh(%ﬁhﬁtlon of
02

thro(rﬁnr?’ %n@ N%aB)e ég@ rs]% Irebsbtgllp.ﬁgc%liig%s; argzl 1?(8 9 hqf @bﬁ@ﬁl@g were

ce var I

1ndqpnmldnt tOﬁ nncwbmhkbrbtltneo l(i-pfeplré%l@tgh'onmfnl 1ri%u9;N¥v[nb%Cvar S8 £ 0.05
M) '\1%17(615 simlar concentrations (0.020
06748 ﬁ‘mresﬁmféé? TR ofongabatian|1Go 6Z54M0.42NIB(mH3). 335 Dose-
1,
e i R DB O bt D (e, 3

substrate.
nM, dcnNI230 ndf, d@ﬂlnM 200 nM, 0600 n¥Q-showdd 4n RMub&YGT fthe-dependent

8/ B2 08/ 002109 24 Figure 3.
Shlﬁ% i c:1 %? §8 7. 8?9}\% DGRt Bgukabion dm), 2@5/301 ¥onM widls 1 min

S S {8y PR LS
min incubation ( V), ~ 6.80 + 0.57 nM with 10 min incubation (4) and ~ 5.63 + 0.45 nM
with 20 min of incubation (+) (n =3). (C) AP18 (3 pM, 10 pM, 30 M, 100 pM, 300
uM) was unable to inhibit thrombin (3.33 nM) amidolytic activity on S2238 (100 pM);
instead at high concentrations of AP1 8, hydrolysis of $2238 were slightly enhanced (n =
3). (D) All three peptides, s-variegin (m; 0.3 nM, 1 nM, 3 nM, 10 nM, 30 nM 100 nM,
300 nM), EP25 (o; 3 nM, 10 nM, 30 nM, 100 nM, 300 nM, 1000 nM, 3000 nM) and

API8 (A; 0.1 pM, 0.3 uM, 1 pM, 3 pM, 10 pM, 30 uM, 100 1M, 300 pM) prolonged
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anti coagul ant serine protease APC, procoagul ant serine
proteases (FXlla, FXla, FXa, FlXa, FVIIa, kial likrein
wanastiisadsbi n) and cl assical serine proteases /PCT/1B2008/002109 1. ug
(chymotrypsin and 5 trypsin). The final concentrations
of proteases and substrates zye given in parentheses
in nMand MM respectively: plasmn (3.61)/S2251
ﬁl(rmog)m clting Btned) (0S2258 Nol pre-EHetiBAST %%p‘ﬂiges )\2/1 h thrombin was
c n1)/§ glff(O% APC(2 14&/82366 (0. F
%]) 8536 éEl)"hl gl athr quebin 28primgeeely(id) aCtlﬁX& but not amidolytic

o 333)/ Spect FI X
ack tﬂ%hég%&\?ﬁb&? g%%‘%xg El) )kaf’fefkﬁgfﬁ”?érés)/sgsoz

gia PO DR R O b eI & ot an
f
mﬂm)ammﬁfsmmbua@vmtglﬂl(@rl\?@,(%@nggg% glg%'rl]fﬁgmg nM, 5

arle% (1) represent 0.0

Ngnlg’ PepPEdatith ilffvrenrcé@nqen@atmmexf SpR 3% :dasesM (m)crs uM (o),
t d

SOWWé it ‘??’0;&?%&’3@}& (AR 65 (PpoetBaM ( # ) t

repre
ure 4. Inh|b|t|on of thronbin by
det%an VAr Kég ?ﬁaCtﬁ)ﬁQ 3" eé‘ﬁﬁfar ‘ﬁh‘glth (d?% adphigoradf thrcmyblnf(l 8-0M). Data were

ﬁtt&l@ltcb e@iafion Eﬂzﬁ} orTbI P1l§t &Pk} %ims sﬁ)mtratgc%lqn\c}gﬁgt@g showed a

T aCt|V|ty of 1 MBS assay
linggr cgptee thdicabisg rSa‘teelegﬁQﬁﬁll}(ehﬁ@elM 1nhﬂBﬂS@ th8fdan §1%1c§) t}é activity

on Qﬁﬁfb rB%qaﬂng he' cfﬂ%a to %‘a{lgrgl(ZSM&l%Q&@%@r?@\égsrtl egK 300 shnWh to be
~ 1].4030‘@ AM3.6 hevied I %[Mh%hg@rﬁPZSn I&?]sk&' t#g-ﬁﬁ]itécf %m&n gz{% equimolar

ui nol ar. concentration In an

COH(’%mgﬂélOHMI l@@é@%’@éoﬁ@fé &Jomém athd 1054 Q‘fh1b1tihﬂ1 bivith@QR pre-
represents 10

inc¥¥ki®n wggie\pg.ﬂde% @OElPﬁg u\g/élast4 ri:%h}'g%ed ﬁ%}%hoghcpr(:él}cubatlon with

m n i ncubati on

congeiiragigen it 1Bt r&-fa)lcbfgretaltﬂi‘umah | @FOBIES Onder 1#13e R a§/2 g@Mltlons

response curves of thronbln

b1nc(1w ofﬁ#le(}o) gllthIB 1nE¢§§ Ray, rgs%tMn @ sgmﬁ/{:anl deMeti8n ofiNtee EP25
conddhtratibn, 3 thud M+igh@ @i M o 39&1&%@4 Még)amggreg %Sad@@ fitting.

[ ncubat ion time-dependent
Progregppommrygst qfdhﬂtomhm (Q)amﬁ\@nnmb)tlon- by di2erénb co&eﬁl@at‘fﬁﬁls of EP25:
1.53 nMw't

7.8 M4 Gl M {5 Y35 T Ul 35 n5 (B 3nh w65 S0 ( ¥ . 62.5

mn rn
n Oy
(V)IL ﬂ% Eg{ {02% %1 _&;2'5 nM '(0) §9§ 598§§ éml\)rlw\bats ﬁul%sg} ?ﬁ I:F hsﬁorogressmn

CUrves, caip ab9ioHngar,) a(ld she@jed (@)-phRSES eBilibtia 18phal 3O MowlBfiding
1nhﬂM1OIgQ$ata weré/\ﬁftecy ?qaga{%ﬁgéé@nhl %@ta% g)gglgcnh q(a\cgtcgggpqg’g of EP25

tic actrvi

usedhl(tgh= C&)n(tﬁtmltfflate I:gg%gg dppﬁ%nl%rshngeplrx%l ? I?Shan‘? e agalnst EP25
concslétﬁ?ttt g8 dS agxyp%ﬁbplé@ CHIVE. des@lk@drhm eql,lathl (@ arld heb@e MMs ff2d to

M 10 nM 30 nM_ 100
o RS 0,20 i SN 3001100
of injgial LoNjsio® ddmyléx HI. BR: d¥ékall LQleMrygcggst%t R Qhe E&i@&iat‘@@ from

08/.155658 .PCT/ |1 B2008/ 002109
equago ?5/) and was found to be ~ 149.8 + 30.5 pM

Figure 6. Cleavage of s-variegin and EP25 by thrombin. (A) Typical chromatograms
of HPLC analysis of s-variegin cleavage by thrombin at 37 °C. (i) At incubation = 0 min,
the single peak correspond to uncleaved s-variegin. (ii) After 30 min incubation, two
new peaks appeared corresponding to cleavage product of mass 1045 (representing N-

terminal fragment SDQGDVAEPK (SEQ ID NO 2)) and of mass 2582 (representing C-
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fibrinogen clotting tines (n = 3). No pre-incubation
of peptides with thronbin was carried out. 8., w1 oo
wonmishissessl t hr onbi n fi brinogenol ytic activity BAT/IBID8/002109
amdolytic activity, suggesting binding to exosite-I.
Figure 5. Inhibitory constants K, of s-variegin and
EP25. (A) S-varieginis a fast and 5 tight binding
‘g o MERTNFDFEAPREVSIIES G584 0D, &) G bieaved
n nM was m X
SRRy glﬁ%re%gsﬂclénﬂvaalil%n@ubﬁlms@ :is 18Qm53tl\/b((m})lcte25ftd!\ﬂ 180 min

induBhtion. i@) %M/a(r ‘%{ﬂd as)lnculbogflevyé‘ll? %lg n;@i 1(/[) for various

200 gM (x)
tinRs#¢ tdosn @WQUEKH =t 23d SwiatibgihVeasasiehehi @B Ooffolcf &c@@%f@hrombm

tted t t
Cl'%aé()ag‘b?tl\g'v%rfegﬁab% Itw%'?elﬁ@é]t}’rg@f gfﬂgé%i)gglﬁgﬂaliekanvespamﬂage of
undled¥d| $-0@adpi ,cléak}géec ?»%cflﬁgt 7 VRkds 43 ﬁolgget L g"@};lrmmal

inhibited t |n am do activity

fragmeny %QQQV@EPK) (%EQdDaN(bZI) (@A) emhezléaﬂﬁg plodlidt of mass 2582

Er;fi\a%gﬂ%%g F AT TAC NN o

b)maemhlr alatedn rhfh hRa

b &I CI nhi_bi ct>| (;[nepvvl ? I@S?Ib%%g{éallygngh%)gmaggg\%\laq@asm@%bamd with

t f?{P BW/a@f d‘@t@r%ﬁ hedt warhdenparierd acdibatbOousviib points
c t. 8-f reater t

R P B8Ry Tl 58 o arg @0 v 0

SlnE]:azExpﬁrlmhlt@vdﬁrernadlmﬁsom%plhﬁﬁg IstvakiBgid v%k}QEPQS @MHcentrations of

f concentration,
-vadrféog ghot ' EPadi0 1\%45501%9 Vi (wasanﬁdtOO@@M(m{)e(mede} ot 1AM of s-
varfegint 6MBP25, Hh@gﬁlﬁﬁﬁd@ RvedrdlaYoS rg{en{ %g?olgf éxgg§f5oflvtnhromb1n and

i nhi bition by di fferent concen rat
henge wanguspd primiaghMor pompdisenity mavagé dadiiom) HPBE. :3afMs.

(A, 50nM\7), 62.5 nM 20 (Y), 100 nM (0) and 125 nM
Figyng 7. Geinpgrisd® 38 vadieginMyithso theb 8iroiien uTl'ﬂ%xtQFsOQAﬁ%hﬁB acid
seq ellJlCé/%IS are nan- | i near, and showed two-phase equi
SEUBENt T SR BIcsEr S artieam BPEs.ohP ] Hdtimlaget emﬂ ihirudith show

hlg}ﬂSD sggg%t ngrélgﬁﬁl Eé@lu&khfea'l\n VQ’I%@II{ Q4 #ﬁﬁﬁgrlgto@ 2[&1{6?{‘) Elrulog 1

of
contains & pdhad#) ea éur@@msls eﬂutfaﬂcda@dl’ymﬂ() ES&fﬁence of TTI is distinctly
a h d bed b
diffGORCEGh r\%& 5 anél VF/] c}ép c% (?ig %L%/Igatgg S}%é}éngam%ng Wifferent

equat | ONn
classes afbthasmbia #ihibiwfs anc52196117 strd&@urh) QMturreE p({lf%ﬁmd b9 compact N-

te di ssaci.ation_constant of initial on co
rmgqus Rinds i3, @ptiyq sifsa ricisiic apg eecmglmﬁ-temlmmmmuoué@tsg@u (ii)

rthodhfiRMtw& Gl - %8( @mﬂﬂg Mlal%ead ({% Iiﬁugt&?rﬁggq%enépggh 596 %\I ?ermmal

pM Figure 6 eavage of "S-v
domgipgy bmﬁmg to( @Qtw@y&ptecaid ity OrRERERABmaRf bHBl-n% %n@%&cyg?t'esi (iii)

i n_cl eavage, by thronbin at 37
Omltﬁgﬁ%od Jat1'g ﬁ[@ Unifz-type, domgimsy lﬁeta’éﬁ%@ﬂrlba@mmm Wdhphn N-tepminal

domainchigamedics w¥idfd @ réng(fh'e) Cﬁgltn%[q m{”{,‘ hnég\?tgg%xosne L (iv)

two new peaks appeared corr espon
haemgdlgy rompset Matssmibal Sofmap baslent mstn& eaaui@aéndz g%tgnded C-

term‘(‘g‘g%@gtet%t?%{) ) 685785688 bl | BR0BbOS 10orcsis- L (vi)
bothrojaracin: two different chains of the C-type lectin domain bind to exosite-I and
exosite-II respectively. Other prototypic thrombin inhibitors such as theromin and TTI
are not represented due to lack of detailed structural information. (C) Proposed binding
mechanism of EP-25 to thrombin: (i) electrostatic charges on C-terminus steer EP25 to

thrombin and subsequently provide specific tethering interaction, (ii) without the

21.9:9.
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26 term nal fragnent MHKTAPPFDFEAI PEEYLDDES,( SEQ | D, NO.
2 R PR b 02 109

3)) while uncleaved s-variegin decreased in db“dl’ft\‘
woizois)y15&sgavage i s al nost conplete after 180 nPaT/IB2008/002109

i ncubation. (B) S-variegin (150 M was incubated with

thronbin (5 M for various 27nes at roomtenperature

(n :lé%. S-variegin was present in 30-fold excess of
steerngrrdlost o Netepmied eedducs -(BBYEOVA E®D NDORE) 8WaBe active site
Rel ati ve percentage of

. : t - HPLC.
bu@(ﬂﬂé }lx%o?g&\imssgé}&r}eél@tq@ Rroyetlsc fochhihg dhrpmbinuedtivefitegmace the initial

uncr eave

collditn arepleeSEAG Neher 1] éiig BATRBL SRR Bk bite binding

cl eavag

(SEQ_ I D NO 2 D) a
mqlﬁtg_%@g@ﬂﬂlﬁl)g ééé“i% EID‘rNQiIl 92&%@%@% cgrrect conforlma’[ilontfoEj optimum
. was cal cul ate
bl%éﬁcﬁ g%aféggnu% i\ FE‘{BI? ilzeé .e%leﬁ. (’\glg) sﬁrga(pqeé diipdinggnechanism of
vaiieginbtat ggombinh (i)16othplediialy, (e?b_c?l%stg‘ét}@ cfhgllrggéj ﬁ@tegvscz)ee%d'vabrgegin N-

terdL 100 i}g}r}ﬂperatune and at ‘various tine

erﬁ%%‘&;ﬁé’gt Rinexagiferil ay viedl asnbritiian _Velh'ragthrtemﬁhd@m Hombin

ex@Gbitdey vr . im]ar experinments
were car F/{ﬁge oﬁ%at%f(énéﬁgt% ﬁllgg\)?gf’f’%%%‘f irpgtienEposyirred rapidly and

pregyrpé natiati sites birfding -aieiye gEPK MTHIEP2EJ O NG 6 - 100

col Oﬂga% ﬁ[nd 1000.nM (a) (n gEz). At 1g50 (%M o?ﬂ]g-b» i correct
VA EgrobfasEpsding i dirpmhingictive sitmer e al so present in

excess of thrombin, and 15 hence were used

. 30-f ol
Fighre ngr ?W ploreassiopai ooty WiVixh.)c heav dgactiat ff subvtrbfl @S2238)
in wth other

corRRAtrYBbR - 1] : %@ i fovarie .

K hygnbi n i%ﬁg{l?oﬁlg. @Qg&}%‘f’lﬂgnﬁ& oeq“§gg’ﬂrenckém calculated with
MicliaplinMemtorotquativaris edptatmisedv ey be®.25 +EF38,VARL1ar 1o eported
valfligpush 0g-1 and hirudin show highly simlar Cterni nal

S . . . .

sequence. N-variegin is glucosylated at Thr (T),
Fi hi rpl %gj% contains a D-Phe (F) and hirudin is
UL PatBEr EY spestra ¥360-Exinweh ek nofaricin, i svatiatin EPLY 238 AP1S

dissdivfeiah et N 6 | 61l dp vas, li gned. (B) .
Schematic di aglr)gi?lﬁqlgﬁgémgbr%&dw eerr@’;ﬁ’/' cl %‘réf”’ere typical of a
randoip e@ibpretéinhi bit ors and their structural features. (i)
. Hi rudin: conpact N- term nus binds to active site,
igaisi H). REBAHPER tandeet Sidwldinadls-airitds, Ld By ;
37oéiﬂiﬂ) rhodniin: tw Kazal -t_ypg dgrrgi ng‘)glS %E%Zg%ﬁyg?{%rppm at
2 r TS HRATE FEMBLEA U G AN S-urnhgial(1 S Qdmaivas iublated wih thrombin

SuMIC tfhV @arSdlseti t ter mpalk domai n . hinding to .
G egosi fe- I%S t(niﬁlg::ii)t %%n% h(g%grs i'%:neg(ﬁo(IEQHFJt)z‘-gi‘SyB’éUbated with

throgdia (V) ort edrlous dirbaiat rams angedtRite W) RBBtive ercentages of
to active site and tﬁe

unctpilel! S A8 b ein i IR S Praguese o8 s 10361 (ppreraéing diecmina
(2§ ChRAELRL 8 L Sl b riesrons.
Figef& 0. AndRR s i Rinfiomn ahavi ol cCrotminal. | fragment

MHKEpPPROTEATEE YT DI ' FUCL B oo il

information, (C) Pr o%%gg%&%%%lﬁr%?ﬂnlg@hj’én‘i’tlsjmrb‘?g"l‘—:g-h.?@lhty
of vagigug KPRAeBirationsi of MHE2tto ashihtt itroatiam g3 CadtRIIRES active
site AlGRY dobsrart %2238 following incubation with thrombin at room temperature

for 0 min (w), 10 min (), 20 min (A), 30 min (¥), 120 min (+), 1080 min (+) or 1680

min (X) was assessed.
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t hronbi n and subsequently provide specific tethering

interaction, (ii) wthout the WD 2008/ 1556881m:.... . x . v . 149

weaIisNBaBe8/ 002109 27 steering effect of N-teCwiBmIS/002109
resi dues (SDQGDVA (SEQ ID NO 18)) the active site
bi nding noiety is not orientzed properly to fit the
thronmbin active site, hence the initial collision

Figonpl 2R ¢veral hﬁﬂeaehseghlexmiao,lytwﬁct(wm of MH2, %@weé{ess% in the
g noiety (EPKVHKT (SEQ |

ctive, si
anfg?‘)y? 15A6Pry ?éwlé(ﬁ&% i“ilé‘?ftprel@ﬁﬂ%jr W&tlbfiiwnf‘éiﬁh élpt)mbmﬁ%fﬁo min pre-
aivadbno d=f t i.oRg gf St | ex
n Pr ogos eld@sgl nd%gmrr%chag gﬁ]/l )of Ql?v%\ér .Z‘gg‘?r%@ % H?%ﬁ‘g%‘% increased
cofiegntrationy ERSA éhyg/ﬁilei) ai@at («, Chasmes (h@ﬁﬂ\ﬁﬁ%ssay setup.
variegin N term nus and thronbin exosite-11 as [

Figesreb €3.WKe o f MIE 220 The GCF &5 e @ﬂﬂglffe%@ f&hBenu%Qﬁé b shbstrate
r variegin to t hr onbi n, (ii) all electrostat

S ?r?tggr‘%?étqeéﬁﬁ@médm@h theagruahign ain@rlbptmfasiraminm;gma)ﬁndl@g Ky did
KVHKT D NO 19
nofLhdh Q'S%%‘g“ﬁ Iﬁw kH[:T on f% Opcéni OBF?ﬂﬁerﬂie% %)l?thPMr{ﬂ £00 nM),

cor r
ianiC}ItmgethmMHﬂ (2 %) UDE-CSmpahtﬁte i@hibiteA6t hedmMa ! BGHb1 [y/tl& ¥Hvity. K’

function, of substrate (S2238) concentration

“K&nﬁd% Heragsdinraeiawtd ©-oedion 0dduidi on.  Km cal cul at ed

with M chaelis-Menton equation is deternmned to be
F l%"2514+ Thrgmpyin dnlnibitary eetiviepof wedegmamum:fr@gma:& EP25A22F.

T B o gl SRASSR(RT0 SO0 Ot KOO e

EPKMHKHMFEMPEEMDDES (SBEQIIDSpEryy & Wkt iYSh6R! arfdolytic
random.coi | g}m% Figure 10. RP-HPLC anal ysis

at gt e sts, drroses wHowga Spaay &l a8 incsbaion wth Egughio o
roo%{l%rﬁ;%%ﬂe%ipﬁ%ﬂ%ldﬂ o(rﬁi)nz(g) {{i"m %ﬁ ?A \ ;vga}%%%esﬁf‘in@ EP25A22E,

i ncubated wt nro

alagnE€ Pnin2y-varfddin Saluaine 6gi in ERHDIMyayaslacas ubat eflitaichacid since

for various ti ms at roomtenperature
glutaﬁmﬁ)amdﬁ?aigrg’?\gn\‘}é“ e semRPagEen 8t hirydie| eaved S-vari egin
aved roduct of mass 1045 (representing
F’g&k% éﬁnﬁ °Eps: tT @&A@géqwmdwa@md (Bngathe slow
bin&i t. of
R O TR DERES A PREPTEBRY ™ (se0 1 0 o

Flgg}e 16 ThtontSHh Gnflifoty Al 'R ot itein S S B Ement ME22422E.

roma
The nihibiyt oofy eeiouyi tcyn@htrﬁhérﬁr e MaMHNAGIBN having the sequence

MR RN SEBEENTBES 610 ot 90 Gbrtoemhitat Hansibor amidolytc

e s e i e YR A SR o/ B rombin o

active site dire
roomriempetiuonfonOtrhint (i) 0D mid{e)va3MstR58e MLIUD 822 is the C-terminal

cleavage fragment of EP25A22E.

Figure 17. Ki of MH22A22E MH22A22E has a K’ of 15.1 + 1.04 nM when tested with
100 puM of substrate (S2238).

Figure 18. Thrombin inhibitory activity of variegin fragment EP21. The ability of
various concentrations of EP21 EPKMHKTAPPFDFEAIPEEYL (SEQ ID NO 8) to
inhibit thrombin amidolytic activity using active site directed substrate $2238 following

incubation with thrombin at room temperature for 0 min (m), 20 min (*) or 30 min (A)
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30 for O min (M, 10 mMn (), 20 mMn (A, 30 nMn (Y,
120 min (+), 1080 min (+) or 1680 mn (Xtwas... cs . . . 1.
weagesaseds WO 2008/ 155658 PCT/ 1B2008/ 002109( P8T/MB10s/€2109 -
12. Reversal of decrease in am dolytic activity of
MH22. The decrease in the aP@dolytic activity of MH22
after prolonged incubation with thronbin (1680 mn
Wi assessetk A icorredpoBds to BIAS Fxcefihat in M mbsig T6ur RYAL&EH the C-

tef¥inhnc! udi ng i ncreased concentrations of BSA (Ing/ni
a), 5my/ m (), 10 ng/m) (A in the assay setup. 5

Fi qu 3. 0 .. The K;' of MH22 at different
F lg%%ecg#iaqf i@r@. %f g/g%é%brdéfeémn{eé@zmw hinslingetqatipmedas found to
betd3BUGL.Obh@Nequat i on descri bing fast and tight

bi nding. K;' did not change significantly throughout

Fibe RRNGEH ie d (12.5.nMto 20 , .

lngr.ndi cati ngh{bﬁgklﬂwgﬂggdz@ ﬁ’o?}-‘é%h??é‘f Mﬁg&‘é""it g\ﬂ%t &he ability of

vatipuso ebicengaticeis| oft l\/ﬁi&:MHWPFﬂDFEHP@EY@DgSEQ?ID NO 20) to
found to he 13.2 0.91 nM 10 Figure

. .aver.age, K; S . LU
mkﬁ& thfﬂ’fng %?Iﬁﬁo}% kﬁ‘f’FWX/ UHBE P%*F%%ﬁl@fdlmakﬂ sybstrabuS 2288 following

. J : . ili vari.ou .
e e R A —
MIEHK T ARIRIS Db Bl PEEX e PORS: i SHQIskiRe Mr sidsia P{eet&—fterminal.

thronmbin am dolytic activity using active si
Figlire @dt Kil o8 MI318. Al senSR28%d Ht%Yﬂcf‘xg%' b tik 00 W4

bt Frr o&’giag %t_ rQom tg:%per attgér e f or1 (E?EQI?’%', Bgsgmﬂknat(l)oo uM
SURsHaRdSaPdP) () s 3 @9seds ddsumning ERe 58] of Fowal @sidnes 22he C-
termbha® - N@rd g8 1 ( i-ne. 15 | n. ERP25) r.epl aced with .
B e O bl mtndr ) M SR & on prempetive
mhgam“p@d{ﬁ bho3.50 mMdi n. Figure 15. Ki of EP25A22E.

P The K; of EP25A22E was determ ned using the slow

igoire @2 nGhiarhbini inbtbigayatctiofy BTG MRS BUBH L RS L- il

v 0.070 nM_ Fin%ure 16. Thr o%i n i ﬁ%lglbl torgy eact [ V|4?yﬁ%f]ablhty of

PR CRYHU AR R 1Y 4G MM ERKYEAS PAPPFROEMIBERKLI (SBQ D NO 9)

to UibiO UBroBRMME SISO 2E baving the sequence

) HM—|KTAPPI(:)DFIIEEI PéEYk{bDE%t%gﬁgﬁ%g@Zﬁ@%ﬁ V15" Pirgits] pubstrate $2238

ollpwyimgribpubation sdthythiombiaet iosid tmipsialee 360 ¥ B & 20 min (e

QLT substrate 52238 fol | ow ng in'cubatig‘n) it (o) was
TRt o %RHCSP%f%tP enpdraceptehptoit conteing apaydision2D3 mesidues at

the N}teBmapssessed. MH22A22 is the C-term nal cl eavage
fragnent of EP25A22E. 25 Figure 17. Ki of MAR2A22E

FightERaa 0 R or DFs 30100 iy ikl gOT R S8 50 05T i ana

K; off bW i wawr detantined th pe 0f306ar 0,099 aM r agnent EP21. The
ability of wvarious concentrations of EP21

Fig kM- KABRIHIN RAiBRENL 2 6FEQ bEVARAN thitant HUH
Thet.N' orggi n amdolytic acti vi% y usi n% ac'?tla\l}g?%#léént DV24K10R.
Cdi r e@PRWY subsPfate %2238 f of | @vacergrations of DV24K10R

DVAEPRMHKTAPPFDFEAIPEEYL (SEQ ID NO 10) to inhibit thrombin amidolytic
activity using active site directed substrate $S2238 following incubation with thrombin at
room temperature for 0 min (m) or 20 min (e) was assessed. DV2424K10R corresponds
to DV24 except that it contains an arginine instead of a lysine at position 6 (amino acid
10 is variegin).

Figure 25. Ki of DV24K10R. The K; of DV24K10R was determined to be 0.259 =
0.015 nM

Figure 26. HPLC radiochromatogram to show [3H]—Variegin dose solution

-9




10

15

20

25

30

30 incubation with thronbin at roomtenperature for O

mn (a), 20 min () or 30 min (A 9 W 200?@ﬁ55658
WwOCIsuBABY8/ 0021091 29 was assessed. EP21

to EP25 except that it is mssing four residues at the

C termnal. Figure 19. Ki o030EP21. K, of EP2 1,

determ ned by sl ow binding equati ons was found to be
Figuna 37. @lmhum ob rédigaetieitOn (To6ENR BO ighALRE tf@fl&(w1ng a single

gnment MH18. The ability of

1nﬁ§$én\6h§ Xd &sgr[# 8* Eﬁgr GHlegits aNpKs APREDREA). Pz@ﬂtg)( B&@ls 1 to

varil ous

5 ie&rl‘t@sﬂ&):ssﬁ@ 1 EheiYifudindl %‘HS? S agﬁk%lflfg'éa tivity

using active site directe oIIovvlng

Fl%ﬁlfeu bst 'Iﬂ@trﬂuﬁ@n LY QIR dgo{n ! enp trlg{éﬂg o&)glémorégman single

was asses
lnq(,q,q@gow@@pmstrhiam of PH Viatisginng afnﬁwé al'bﬁ'ﬁ)I IQHGEM ﬁltg/ﬁ eLevels 1to

MH18. Us
5 r&etr ?({ E['bccle,isa jve hgiglltgﬁl%a quygtm]qmgh the rgﬂldg)%M
g82238 =.14.9 3.50 nM Assum ng the
Flg‘g 16tf1 PR O% pdicagdeitain thedideytasio matutai fdllmtng a single

1ntﬁdv%ﬁc5ustaﬁﬁ11ﬁ1§t%tm ff]: ?1]1%"1!1 ?({%mﬁlvi_llﬁblﬁ}a @'(8% gk

non-conpetitive
Exﬁhﬂ” en22 Thr onbi n |nh|b|tory activity of variegin

fragment DV24. The ability of 15 various

KMHKTAPPEDFEAI PEEYL ( SEQ
W%g aA# q’ﬁﬁﬁsb&%@]%ﬁﬁf é?(ﬂ 29tic activity
site directed substrate S2238 follow ng
Maq?]’f:lzltg)aéﬂc h thronbin at roomtenperature for O mn

). or 20 min () was assessed. DV24 corresponds to
Ma&%}i’llsexcept that it contains an additional 3 residues

t the Ntermnal. 20 Figure 23. Ki of D24. K;' of
Hu%%4¢‘értat€f0@ lagmay yesy areid@2288)the Depbdtmedt 94f ﬂ%rﬁi’t@logy and

306 0.029 nM

el B2t 0 S TR 8, DSy S bt
M

ressnnt are ffonghah ﬁfa %%?E%QHORS%Z%%E% ?(TAPPF%%E&? E%é%gem and

Act DSE%%{% %@i %8"?[‘ TEBESh HCH fromypastedinteraatiodall It ((Mlﬁgn 3F810r1da). 9-
' t rected su e S22
e A 1 A BB 30,
dimeidpifaimanide (POAF)D 26i % \(/V)pl]&%’rldﬁzﬂ% i DMI% (tpﬁztaa?o%%&ﬁgm 1-y1)-
D exce
L %ﬁ%ﬁ%@ﬁ@{)@%ﬁpgg ‘@5‘&3 fphgtq ygl BAAU) posiandon 6N,N-
diis¢aopyiethglairine 1@3]!P£A\63r\k/§r9' Mom Fiag gflgd Zélosgate{ns (Eoster  City,

V24Kl QR. _The K; of "DV24KI OR was “determ
Cali IHig Trifluoroacetic  acid (TFA), 1,2-ethanedithiol, thioanisole, bovine
chymotrypsin and bovine serum albumin (BSA), were from Sigma Aldrich (St. Louis,
Missouri). Human fibrinogen, FXIla, tissue plasminogen activator (TPA), urokinase,
kalikrein and bovine trypsin were from Merck Chemicals Lid. (Nottingham, UK).
Human factor IXa (FIXa), factor Xa (FXa), factor Xla (FXIa), APC and plasmin were
from Hematologic Technologies, Inc. (Essex Junction, Vermont). Human factor Vila
(FVIla) and recombinant a-thrombin were gifts from the Chemo-Sero-Therapeutic
Research Institute (KAKETSUKEN, Japan)*'?, Chromogenic substrates $2222, §2238,
S2251, S2288, S2302, S2366, S2444, S2586 and S2765 were from Chromogenix
(Milano, Italy). Spectrozyme® FIXa was from American Diagnostica Inc. (Stamford,

Connecticut). All other chemicals and reagents used were of analytical grade.

PESBINS002109 1. g 'y
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30 0.015 nM Figure 26. HPLC radi ochromat ogramto show

[3H] - Vari egi n dose solution WD 2008/ 155658 PCI/..\,,: 4B i nng “,9

wOeBAFIB2008/ 002109" 1g 30 Figure 27. D str POUMBWNS/002109
of radioactivity in tissues at 30 mnutes follow ng a

single intravenous adm nistation of [3H -Variegin to
a male albino rat (0.4 ng/kg). Levels 1 to 5 refer to

Salivaep ghindeextraam dnheitiialiciodf @edih RBScdnbtRHigl the rat
body. Figure 28. Distribution of radioactivity in

Thd aﬁmeﬁo@prol;echﬁél lof 40V /9MRG, 8GE 24! StimR 1(51{15{ 1%\0/%81 gQpjcentrations

Ztﬁlstratlon of [3H] - arlegln to a rra
d”(”élg T3¢HpR3gion wesg dpssribed previpusigfer to successive 1 cm

| ongi tudi nal sections through the rat body. Figure 29.

Pupifi¢atiomafivamiegin isafdiroact i vity in the kidney at 30
m nutes followng a single intravenous adm nistration

Vasiegf3 fiedybyp a three-

o EX gEg;H]aS vazg%wglgEﬁlwAﬁﬁ%t e A po i ¥l Beokman
Wat’e rnitsaf%é S Gvasierm @L@eﬂ%r@ﬁhf@m’@aﬂlﬂﬂe }ﬁlrﬂst‘@ (Figure

1 AYSGIR v 1888 dWhtd Eeﬁ%% ovar@q't nsés )lﬁ Oﬁgé/olumn (Grace Vydac,

Transf usi ol ogy of t

Hegpgri, 62H&uniah P obieslefpetions t'ﬁhf emgind Ofhie @tré@%@ﬁﬁi‘%ﬂi%d{@ﬁ activity

| and) . Thronb
(F]lggl%rléggen Cﬁglﬁ dw i@? qurlgSsu er\?l;tozg %BTQHC} 8i&p glwer@) using a

Beﬁlnnm Dagesphédeernatsquad Zfl(ﬁﬁ 4 d Mn‘)ﬁrqfﬂurﬁh oﬂisﬂ& @glwdual fractions

H renylnethyloxycarbony
heEppps leﬁglgg)gt\fydgg Cn]8 N hn; dbOretdny hindy solithAl € obtain three

fra&tM)of f%%nt/ ¥ WnrBIRES chr y. A{} é:?g/': AV 3/5 and AV 5/5 (Figure 1C — D).

enzotri azo

Thqmmcs coBypbaditt anﬁtenwwsaﬁa@tmnhﬁaga{ahié@r\a%@ﬁphat e (HATU)
and N, N 20 dii sopropyl et hyl ai ni ne (DI PEA) were from

CoAgdhiien aBagsyst ems (Foster City, California).
Trifluoroacetic acid (TFA), 1, 2-ethanedithiol,

Thlbmwaﬁh&o ) own ser
b (B P e A P S B ioastin ime
(AR @s%ﬁﬁﬁs)werﬂum fqri the |1mugbmedEXIolfantlth§alaﬁt @ét@ﬁﬁ@sﬂﬁME and

( ur okj na kallkre|n and bovi ne

f:@%?ﬁ%&%@%&’laﬁ@ (3 18 e E-chbased pRbemvgEm of 5 il of

the SRIE. or2tfie Ishira R foags o1 30%M il

! ff)ECt o1 el " F;)( Iu% oM ég@scr%nﬂ;ﬁé‘i?\té?? %afo( @Pn After adding
€ |SOResRA wgclqaégﬁ o(%l &a ulj ﬂf; Tl@@sb@olotﬂrurredgeﬁn PT: 100 pl of

ThrY8bsMAd I EVI and r nmbi nant

a- télsglonbl n vvege oi ; TS\{Jl Y Ct@wggﬂs‘%’é’?@d éﬁ%@t fog 3 min
and R@@@Qﬁﬁﬁﬂedsmthkl) 60@“‘*'@@(555@@@%22 % gﬁ@@)r&ﬂuu%a -for the formation of
ﬁbrﬁ?%'io‘{?‘) Bt Wetertnine: ‘Elglgéﬁgl u8512n2g2a25t0p watch.

The activities of crude SGE and the three fractions (AV 6/5, AV 3/5 and AV 5/5) were
verified at the Oxford Hemophilia Centre of Churchill Hospital (Oxford, UK). TT, PT
and APTT were performed using an MDA-180 analyser (Organon Teknika Ltd.,
Cambridge, UK). 10 ul of SGE or diluted fractions containing AV 6/5, AV 3/5 and AV
5/5 were added to 290 pl of platelet poor plasma, mixed and incubated for 5 min at 37°C.
The activities were also verified using a Thromboelastograph Analyzer (Haemoscope
Inc., Skokie, Illinois). Five pl of samples were added to 335 pl of citrated whole blood,

incubated for 5 min and the sample run on the TEG following recalcification.
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S2251, S2288, S2302, S2366, S2444, S2586 awl7°,:2765
were from Chronogeni x 30 (Mlano, Italy).
wepastisasyne(r) Fl Xa was from Ameri can Di agnosPCT/aBI0ng002109

(Stanford, Connecticut). Al other chem cals and
reagents used wer e of anal ytapcal grade. WO
2008/ 155658 PCT/ 1 B2008/002109" 31 Salivary gl and

Protdiii 8€qienad anAgéis mat i on of protein concentrations The
extraction procedure of A. variegatum SGE and

TheSinolRhia® NwaEhP b RLRiSONE&RE KA AONE/s5. %g' %r IaPI AY: 3 5/5 were

fractionation were described previousl
detgrmipgel i sy EnrasepfeocenéGonifmen, cipe erhsrlemds) ﬁslag abBIRLEX (Bruker-

Leegste ever s ase HP edur.e a kman
PR R, OB PR e L Sl LA TR e
of Gadhit f(MAEBD—TOF%ﬁd@? sﬁdcfr@xtnet%ﬁ @@néﬂféd%ﬁl? a nktﬁ@r%e§%l Y\ﬁﬂ nm) and

| oaded onto a dac C-4
gridiegpndelaxpdoraéractippiopspnige. I@aﬂlalfamlm ayid sPpenees Wemateiaomined by

N- fegﬁgnl?? ?ﬂ#ﬂ%{nn(i % c{}ﬁoﬁt'.k%{élg ?1? )au§ Jul gcg &gﬁ!ljllée%?%d 8?[8&%} 5;4 Applied

Bisgstemd). SThp cOmiplite eseduehke Ust N9V a6/50wBe Gletdiiined by MALDI-MS
| trasphere C-18 (5 gm 250 x 4.6 nm) colum. Lastly,
MGKW-vi dual fractions were further purified using a
\%dac C18 (5 gm 250 x 4.6 nmm) colum to obtain three
Pep %%Mlﬁhwmn%bwﬁpamu -thronbin activity: AV 6/5, AV
3/5 and AV 5/5 (Figure 1 C- D). The nmjor conponent
Thieg pepiédea\(sBaBedinabPLoandvaBl Hamed syathbsgidusiGoadid phase peptlde

5Thro [ | 1T rot h nti
B T o PR TSRIBL B T e
F mas FeOtHs WE athinks 8Eld$ Glerd Rerobed b Sj' Qb%S@/K/%ﬁﬁb?ldQ{e in DMF and coupled
.anticoaqul ant activities in SGE and fractions.

usipg HAk @@ IREAwiy %Wa%@mﬁral(lmog|Cbem/§§ypﬁél-pqp@dbawe¢ syinthestred on

| t f 1
pre%ﬁé&m fgo§§?oll;g£1 ¥ 3‘;(8%%585 m ﬁ > fte olétageno Al,2-
eth@r@dﬂh@ﬁdnohmg)idggfam Ini?asg%' ﬁ?ﬁﬂe aglds lﬂ{fCO'tDHQ :’%Qﬁhéﬂcl p’épndes were

en r astin r eagent ;
PuldERTEY BB 5&8 ?{* thspl}&tfiqrxig"e“—ehfp@iﬁ?a%msa lar Swedgn) with a
Sur@n@w €asts Qm; %5@%1%@( Vi &) %@/agér 11&)% %&Q%gﬁs)t&m The

required for the formation ts
puriiit adnimesy ofj &l dtepiidess iwere dewtmmed/abx felectiogprag t ioutizhii@s mass

Sl ST 0y R AP AT RS s

(Peﬁmmﬂrﬁemm@hlSIEItbmJ(l‘oriﬂ@@twuf)a' (Oxford, UK). TT, PT 25
and APTT were perfor med usi ng an NMDA- 180 anal yser

Clréﬂhgﬂmofgﬁk{(! PJecthroscapgnbridge, UK). 10 gl of SGE or
diluted fracti ons cont a| nhing AV 6/5, AV 3/5 and AV

Far2fw OW ssecaddesh L9og %8—8 Qe g%quxlx at \%Jé%%mo 2895 BLANPAS dissolved in

m xed and i ncubated
10 mM of sodium phosphate buffer (pH 7.4) were recorded using a Jasco J-810

spectropolarimeter (Easton, Maryland). All measurements were carried out at room
temperature using 0.1 cm path length cuvettes with a scan speed of 50 nm/min, a

resolution of 0.2 nm and a bandwidth of 2 nm.
Inhibition of thrombin amidolytic activity

All assays for thrombin amidolytic activity on S2238 were performed in 96-wells
microtiter plates in 50 mM Tris buffer (pH 7.4) containing 100 mM NaCl and 1 mg/ml
BSA at room temperature. Typically, 100 ul of peptides and 100 pl of thrombin were

f-uuU/Uumug
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The activities were also verified using a

Thr onboel ast ograph Anal yzer (Haenbscope | nECJ/uSkokiue:, nag
wohkbisnessy. Five gl of sanples were added to 3B6TAB200$/002109" [],-'9‘(

citrated whole blood, 30 i bated for 5 mn andthe

sanple run on the TEG fol l owi'ng recal cification.

pr@-@x%&t’éé @é‘eﬁlgggfnec uPa(s{S\%e%%%r% { o:%ddbtfoéf %fellr@ @e&&ggg f ﬂ;he rates of

anal ysis The
fopnat®insf caléral prodnct AMithiline fere fglodVeianads B for 10 min with an

o uence (G oni ngen, .the Netherlands) using a
Elgsﬁ_é%% rg?cf?k eéerCW%zlghlblt@fnemcal@ga%ﬂ?y)takmg the rate of increase
in Hﬁﬂd%bdirc@%?'th%t lo on reflect

2801 g 580 L OS50 SR AR wing
Orgginy is‘pib‘é@re\ﬁ]\@hoélah Norﬂlgmptdnamssa(cﬁ&éttﬁl)‘fb camlatcgrasel VEI8Ss.
del ayed extraction ion source. Partial am no acid

Det¢eymionties ofitrecintittiediyicogdayK; N-t er mi nal
Edman- degr adati on using an automated sequencer (Model

Thé%lbmmldoﬁ@l {BKO Syt @R nineiNg t o
6/ 5 %\gs dgrtler?n ned by MALDI n%gg@{;ﬁﬁ SsﬁlﬁgdﬁeeepG\ﬁh‘];n n enzyme

i lflfetﬂle VRt FFB%W@I%WHBWTWDB aafi Oﬂllem,eﬁlepbmﬂlr@esf inhibitor to

2( &ar wer e synt hes si ng
o sygﬁll dp segfcl)lepg1§t d& Bpeéyﬂt“ﬁ@s %OnﬁE’?tF%lﬁg g reﬁn‘“@éﬂf”iseﬁhls tight-
bingingsipkibéive iPleneibed bl foldsmeRapic": Synt hesi zer .

Fmoc groups of am no acids were renoved by 20% v/v

pi p& FAVPREY[BYF+ andEgoupked | s 1@9+'1'AT§QP' PEA i

situ neutralization chemstry. AI pepti dés were

whenerV 118 stea®dst 8 veRCRY, ey Oﬁ%ﬁ)cﬁ?@bﬁ {d%fl s absglce a\étagﬁpxg¥r E:is

a cocktail of TFA/ 1, 2- ethanedit hi oani’'so
totyl eprizyEEd C‘ﬁ@svﬁr@@nadt ds t@taCGmﬁbltoﬁycnhdmtmﬁomamﬂl Hesis apparent
inh [ rifier (CE,
imh Py ot B Pk e i i yvetion (23
m 250 1, X 10 ters, MI for d, Massachusetts)
coI um. rTi%]he I%‘p(dm%/ nd nass of all peptides were 2)
r m ned b eI ectrospray ionization mass 20 ‘

et
Whesrﬁ é@ t 1 Fﬁ?tg?sy gy Wit SuKi isghe ibdbikiry cahsient, Sds ehe odBbentration
of s’&eardté?/ah@ms%iéwmlaeﬁl Beb %&t%ﬁg?%%ﬁ 2 Srl?elélgor%yfi 25 + 0.56

Connect i cut"} Circul ar roism

rMpRigug\8, @[I}‘llézpégtmmﬂ(ed@elues 0) B‘nﬂh V@lfleglﬁhh@glv@ne 1nfwere found to
(0]

P25 a AP 18 ed in
be Heht ulh‘{’}g o%lB NG bgﬂfe Patepwef? }te%éf) ethegsc 6ﬂ%@n§|s¢sn@ Qrigin
softdasco J-810 25 spectropol arineter (Easton, Maryl and).
Al'l neasurenents were carried out at roomtenperature

If thestafgoPinteredidRadink QH‘QBHOP?%?%@ %nﬂrﬁfy is slS % anv\a%%ie ﬁ d]altublted

50 nmfm n, a resolution o nm-and
steagy-giafe Veloc1ty is slowly achieved, the progress curve of product formation of this

slow binding inhibition is described by equation (3)*:
P=Vit+(Vo-Vy) (1—e™)/k+P, (3)

where P is the amount of product formed, P, is initial amount of product, V is final
steady state velocity, V, is initial velocity, t is time, and k is apparent first-order rate
constant.

There are two possible minimum kinetic mechanisms to describe such slow binding

reactions®®?7:

Scheme (1): E+1 ——_><I(] EI*

K.
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Inhibition of thronbin am dolytic activity Al assays

for thronbin amidolytic activity on S2238 Wsigw.v nl 1 fi 17
woeodsasmssl in 96-wells 30 mcrotiter plates i RCHEMB2UNB/002109

Tris buffer (pH 7.4) contai n'g)pg 100 MM NaCl and 1

rTg/m BSA at roomtenperature. Typically, 100 | of

i WD 2008/ 155658
R 258 /odzlgghg%ﬁo{)rg}é‘?ﬁcg%mfé% oI PRRHERcomplex, K, is

asgeniafidnorese lvohsine areKadgi dibsobiatibn k0@ @nsfht. 532885 sdine, slow
col ored product p-nitroaniline

blﬁ‘%un% 1?6??%[%’28“%%0 4%5 {ﬁ’m #or The apparews firstwnderBateSponstant & will
inpleadediea ¢ @ith 15&5&%0%9@11’[%%@{1 bAlttérgso » cal culated by

taking the rate of i ncrease in ance in the
ves were

abs f y:N it or——&s—e—%
fi tf%hgq%ﬁlgl %g EE%‘I gin sl{aftvvarép( M &rogar, Noﬁ{ hanpt on,
I [.C5 I
Wlll\é?é E??.Jﬂﬂﬁtfatl 3 hs#o(r)l (%)glp ?{qelf £9r }%Q?ng?f?a%n ratecand K is reverse

termnation o

1som¢'rlz|atlbmf@te doniss sdhemeKbind @S Qﬁ& I

Eﬁst doutls renr?z ind M&%I% | nﬁ er)ﬁqgmgﬁfoﬂ%f%a%%%af"colhsmn
cog Xméﬁﬁ theto Fehsaqueatly orderzoen sl tlsnmeﬂzlaeoﬂmtn dhagfiefl enzyme-
- i o e ficant letion in
inhiBf:b! CBIQIEICIX 2 g?q ?e%ﬁ%s I%X eréf)l? g:llg W}-tﬁ gﬂ}ﬂ?l&ﬂt conggntrations.

t he conc ntr
Dipsonidting comstarty IOf Eb(dehsted 859 chibBe cAivulhie fod ér?iélhﬁﬂ 4):

equat|0n24 Vs = (V,,/2Et) { [(K"' + It -

4Ki " Et] V2= Kq (RGL /L HKA(IBL S Y K( ) Where V, is steady )

state velocity, V,, is velocity observed in the

Thabseal éntbitéry RoRitiRK; bé §alc lg%élfroﬁpé%ﬂgen{ Dition and

concentration, |t |stota Itor c

K;' is a;p;pa;q@nf ry const ant. For conpetitive
inhibition, Ki is relatg to Ki' by equation (2): 15 ®)
Epgg ﬁgg ( r es linearly
TR S tg’lbg “the IR nﬁﬁg P }cll)\‘rgye/[orc:@:‘jgi"v t% %a\?‘%m? ﬁénechamsm The

datémﬁﬁfrchtm tbese eqhatiub sibihg tOrigun doflvare. is the Mchaelis
constant for S2238 (determined to be 3.25 0.56 M

Serfthgpratede spedifitiay t o reported val ues24' 25). Both
variegin and s-variegin were found to be

Thé sefdutiviry pEdA1G off Rrhxidyid Wa§ exéﬂi‘i‘ﬁe&j Qéaﬁn @%le'lhé fni%g?aﬁes fibrigolytic

these equations using Oigin 207so mare
serige rptearactplasming TPAeand rwrcbiﬂnacse) wirtticodduéar N2yiA® prétease APC,

Proé&a%maﬁpsérﬁl%t rb gse g' g};?%ls E&aﬁgl\y;@ g?/tﬂgr %%ngellé Ynd 1.$hromb1n)

andfcdats&maﬁ :mmmfprdithasﬁs (c&x&ﬁi@t@gﬁﬂlaﬁg tx‘y?ﬁhz’/ BRQEs bfSs-variegin on these

descr.i bed by equation ( 6: P=V
serm@gﬂtiasgs i ?@?ﬁ@nmﬂ Injfilifien f] tbem fwlldmﬂlytmtacuhtles assayed

usinf PMGE Cg%yggq pstiafesl N tial anount of product, VS
[ SS%fI nal st eagIC Sgtsataee velocity, V,, is initial

Flb}’xﬁbg&i i¥ttide figeli M, and k is apparent first-order
rat

The abilities of s-variegin, EP25 and AP18 to prolong fibrinogen clotting time were
tested using a BBL fibrometer (BD, Franklin Lakes, New Jersey). 200 pl of fibrinogen

(final concentration 3 mg/ml) were incubated with 100 ul of peptides (various
concentrations) at 37°C. Clotting of fibrinogen was initiated by the addition of 100 ul of
thrombin (final concentration 20 nM). All reagents and samples were dissolved in 50

mM Tris buffer (pH 7.4) containing 100 mM NaCl.

1'_[],f9.f"
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constant. There are two possible mnimum kinetic
mechani snms to descri be such sl ow bi ndi ng react%ons

waeap®nssa3® Schene (1): E + | KI- * 0081/182065@2109) n.g
PCT/ | B2008/ 002109 34 where E is enzyms \A? ifsww et uue 49
i nhibitor and EI* is stable gnzyme-inhibitor conplex,
Kl is association rate constant and K2 is

Cl@hﬁ?@@f@tﬂ PReiPhE ANt . I n this schenme, slow
ng |s:fl ngl nl ﬁ due tlo the sl ow K1. The apparent

S Mr{egin n%l EASLANon 1ol B eate'd NeAL bsdmbin (final
W%rnéi ‘@

W th |n concentration.
coBehégmagor: 25 uM) Jat IbolH rdzint t&ﬁpéﬁétu‘th@h@ 3E_L7|°Cl &ﬁeﬂlﬁahahs incubation
coll[|5| on. conp i sonerization rate

ting R e ep e VS GUPSGA e Gh TFA BUHTH(PER] ) shisaded onto a

SubFRe™ g 18 RIS BtthdHrl o fAr AR Qfif2R Q\k/tL}J gi(s other than those
collision conplex (EI') that subsequent nder goe

preseeinn the wbrqnzeaogrem ofo0 ke llﬁQubahoIe M&W‘rﬂiennﬁdfd b)s bl@ﬁvage products

o SRR FESL 0 d BEEG385° o0 BB bR o i

theFred de@tiethdiks InCRMRE p@@leﬁu%@éﬁéacﬁ be4R. equation (4):
k=K4+K3It/ [It+K1' (1 +S /K, ,,)] The overal |

Rekwfigd bi tory constant K; can be cal cul ated from equation
(5: K =K' [K4 /] (K3 + K4)] (5 EP25 was found to

P“pﬁ“a“éhg%?*ﬁﬁgm&ghﬂn bitor following the Schene 2

mechani sm awereflttedtothese equat i ons

r es ificity. T
Ol A SR PR o R PSR ooy oy o e
codpBlaeni a3eayRr @IEAsEET ahd OITN@igtire ©). Beehdewhs ¢ RS 8fder TT >>
' TPA and ur oki nase anti coagul ant serine

AP o? Zﬁls éndigting thtor GHJ P RMISHIE S0arqer ot reaes shrombin inhibitor(s).
To @ﬁlrﬁy t}a(@mhlglt&"{’sgr B¥H @as Kald dnlé{e?(:lﬂlyﬁgﬁ#f’ﬂéo(wl%l@ 1%5) After the

cl assic I ne proteases
ﬁfS[t styp o pylrlﬁ@foecﬂhs nofst peteairanegoagudimt finetsom (ASeIIN®as subjected to

b hi bi f their
B T TR NI D
antﬁl’m’foﬁ{m@ QB ity HD Sbdl Rn dnldPdHrHAe %é'hl@ |sﬁ’l§sttﬂafégas%h)f5§ r}"gvl'be fractions

abilities of s-variegin, EP25 an to pro
Wltbl%"r PHUEEH astiptty I(Wnttlpﬁémmi%()%Z@ld 23 03 mis) Wgreduﬁ&tr purified

{#Efa%%r Tﬁg@rac{: 51?%1[ H—:ten% %imeN%%YO%? rrgf%y&/as separatecf) into two
main peaks denoted AV 3/5 and AV 5/5 (Figure 1C). The fraction with retention time
28.933 has one main peak and with a small ‘shoulder peak’ and was denoted AV 6/5
(Figure 1D). The anticoagulant activities of these three fractions (AV 3/5, AV 5/5 and
AV 6/5) along with crude SGE were verified by PT, APTT, TT and TEG assays. All
four assays revealed that AV 6/5 contained the most potent anticoagulant activity,

followed by AV 3/5 and AV 5/5 (Table 1).
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(final concentration 3 ng/m) were incubated with 100
| of peptides (various concentrations) at 37C
wahaistissgs of fibri nogen was initiated by t e |addTABONG/0021091 []’9
of 100 I of thronmbin (final concentration 20 nM. All .
reagents and sanples were digsolved in 50 mM Tris
buffer (pH 7.4) containing 100 M NaCl. 30 WD

Taé:q i/% 658 CT/IBZOOS/ 002 O? ~~~ 35 C eavalge of
©ar *BYf ton atpritesof AP lugrmaymiiagpdun SGI, glemales fed for
9 aeyy eREJL@t"s's‘BB% tht Hedy) oi’"@%%da&cyglﬁ&se G Wohftofs"] STRING NaCl was
(final concentration: room t enper at ur
subgidutsd &r SGE. er various incubation tines, the
- 0 TFA buffer (pH 1.8)
and | oaded onTa (8) 3 ARIMF(s)e col um attached to
ar—AKTFATM-putifierl New pe er than t hose
Cphegskent in theychrongtogrampf O min incubation were
identified as cleavage pro and subj ected to
I erify their massles. The peaks were ‘
Slé%tperg?g{@éy tp calculate the arealunder the peaks and
%atlve per ¢ g tage of each peak.|Results 10
IQU|f|cat|on vali egin isoforns| Crude SGE of A
§ riegatum ekhi bit¢d potent] anticpagul ant activity in
0 three 33%I ation assays (PT} APTT and TT)
(]H gure 9). pPotency was imnthe ler TT >> APTT > PT,
0ilfidi cat i ng thatSOSGE is a prlom sing source of potent
thrombim—hybitor(s)——Fopurtiy this inhibitor(s),
0.86E was fractionat ed8by RP-HBLC (Figure 1A). After the
15—FH+st—step—of—purificatiion—the nost potent
0.80t i coagul ant fracten (AV-{liol) was subjected to a
second purifjcation step (Higure 1 B). The resulting
1.boactions were scregped for »antithronbin activity in
coagul ation jand chfonngeni ¢ substfrate assays. Two
skgactions with th=:>§§(;ongrss4 actjivity (retention tine
23.083 and 28.933 mn) were further purified in
5 §gParate runs. The| fracti orn \é\nghg retention tine 23.083
‘mn was separated | nto two in peaks denoted AV
P t5 and AV %ﬁg(Fl gure 1 ©C. The fraction with
¢ S't“esﬁfl}‘ﬁﬂfeﬁ $158. 933 has one main peak and with a
“shoul. der peak' and was denoted AV 6/5 (Figure
Pa"PEﬁ) Seqwe%\ﬁf plt Jug frastions ovare detersingd by Hskean deesalation. For AV

6/5" fiRCLdgQ8R e ( | :
f g ee'q e \A@}{e%"g‘?ﬁ @Y éélghtag%re &gﬁ e@ldT% olgﬂallég RoF. MALDI
spealssmy. AV-\I a/5 révealed asmajws nli/e\S@iaBdf B'Vl@ 9AWabfnonoisotopic mass =
| ne t he m)s} pot ant i coa ul ant acti vi ty, 25
376%%]3 baymwrgylg SIgN@ 9&875/ g 9(]?5 Jngngigotopic mass = 3776.79 Da).
main component has the sequence

SDQGDVAEPKMHKT(hex)APPFDFEAIPEEYLDDES (SEQ ID NO 1), where the

Thrl4 is modified by a hexose moiety. This was named variegin and was further

A = |
€ LiuCl CIIcyu

f\‘F aX|

characterized. The minor component (3776.79 Da) is almost identical to variegin, with
Glu31 replaced by His. Partial sequences determined by Edman degradation revealed
two components in the AV 3/5 fraction (m/z 3953.54 and 3409.57 Da) and three
components in AV 5/5 (m/z 3680.23, 3368.94 and 3173.62 Da). All the sequences

determined are highly similar to variegin (Figure 2A). CD spectrum of variegin is typical

~of arandom coil protein (Table 2).
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WD 2008/ 155658 PCT/ | B2008/ 002109 36 Tabl e 1.

Anticoagul ation activities of Anbl yomma vari egatum SGE. - .
wohesabassfed for 9 days). Results show tHe!/"eamieg008/002109

duplicate values. In controls 150 nM NaCl was

substituted for SGE. TT (s) APTT (s) PT (s) Control

17 28 15 SCE protein (g) 0.025 50 0.05 105 0.10

9 . .

TEH0S 23450t «iAe B A kel SGE it RP-HPER: fdcions.
A‘éé@sﬁhfe mosf paa¢it ftaktiee détearined hsalheseysd€he nmjorednippnent in AV

dnman de For AV gfg&t/SngAA\g%| nce_and

BGHAC wg%taﬁ?{;w&f‘evae@ﬁﬂ anflofl wete performed in
c1t§di&§§9[a%lbtof)oo’1\\ﬁl§4n5a (epealad tﬁ‘us”?e]p?éseﬁg £ n%ie)g)'ﬂ%lo%glcal milieu in

3769. 96 (nDn0|sotop|c mass
wikithtsr assgss itsiagHedagotang poentid, be a@nmoo%mmpmpleame also verified

W AR BTG RSB ERT PR TR DO S L3S Resng)scoclastc

as%i@ﬁflﬁlttdf &lot TBfrddtidnSasnmdéddpecht DYPRPH g¥SIe€ noBh AL Masxﬂ_zh 'rS r phase
nanmed variegin and was further ~characterized.

thf‘rrpﬁtﬁd elope vé hateqcy7irembe Bae thet bload stasindkned iie dhe iFEG until the
ini¥igf ﬁlﬁ% fbrm 151{] k %ﬁ}ﬁgg'eb %%: ﬁI%doéqye %‘J—[Lga({l toP A E:h g ce

sequences ronrevea
stremgnh)corrponents in the AV 3/5 fractl on (mz 3953.54 and

13

alrd level of clot

3409 57 F\g\ andthree—15 r\nnrpnnanfc in A/ 5/ 5 (rr‘ Z

3&HmpI8, 3368. 94 anpp@l73. 62 Da) prAls) thgplep@ CESIT (s)
ta vari egu n (Figure 2A)

- determined lare highly simlar
coO
BZ%%E:?%OZlO

i cRb ¢ lot
protein (Tab VO 2008/ 155658 PE%I ©co

Cridde SRAST r um Ofcdzif}ﬁl'ei%%ﬁbit fnt YA
Tabl e 2. of 556

12.2

vari egat um

Antic tlon actlv es
SGE angﬁgﬁ%HPLC fractloné

AV 6/5
1:200 dilution

1:500 dilution

Inhibited

153

14.4

59.2

48.3

78.9

39.2

AV 3/5

1:200 dilution

Prolonged r/k

14.1

46.7

30.8

1:500 dilution - 14.1 38.8 20.6

AV 5/5 Prolonged r/k - - -

1:200 dilution - 13.8 38.5 21.4

1:500 dilution - 13.8 33.7 15.6

BLAST results indicate that variegin does not show similarity to any known proteins in
the database. Interestingly, its C-terminus (DFEAIPEEYL) (SEQ ID NO 21) is almost
identical to the C-terminus of hirudin (residues 55 to 64: DFEEIPEEYL (SEQ ID NO
22)). Thus, we hypothesized that variegin C-terminus plays a similar role to hirudin C-
terminus in binding to thrombin. However, Tyr63 of hirudin is sulfated®®® while the

corresponding Tyr in variegin is not.



10

15

20

25

30

AV 6/5 is the nost potent fraction determned in all
assays. The nmajor conponent in AV 6/5 yag, sequencedn 1 n.g,
wanasnamssl vari egi n. Since APTT, PT and TT V\BrBCT/IB2008/002109

performed in citrated platelet poor plasma (PPP), and
thus represent a non-physiolqgical mlieu in 5 which
to assess its anticoagul ant potential, the activity of

InhiiftisR BPHAS mMA Andd APLY g&ﬂl‘fllbﬁ%' vﬂl\%;ln Eﬁ@’l SR ch

permts coagul ati on nonitor ol e b ood usi ng

Th‘é'a%ﬁﬁ? |o§$51‘1 in ?osﬁlﬁﬁ)rc‘trfgf&n b rmﬁl tlyggco c%%t&%‘as%%sgggd with §2238, a

endpoi nt . P~ pool e
smadr pepdidyt Sub$tmte:) fthdtabiede yonoly am thla €adtilvBBsiteh W arlgROdnMiBSed the

| th tial fib formatlon
anfAAGES At ot et s ggg@a&@ et sy state

eqi(nsl}ﬁﬁi%r{l‘lf(vas;?éc‘hgvg& gp«% el 'ﬂﬁlegy E‘ﬁﬁ%oan?@?& &F 1120 %) was
obgqrend e eghignol axpmmcmﬁmns me ﬂﬁomﬁmﬁanﬁZveﬁlegAi\/(?»G}’fEnM) ICso of the

0 tio 359,27 500
mﬂéﬁ {?l%ﬁd-g 39 % %lfé Ngéi:’%ulre %Cé/ gﬁ?%@oﬁgédg?t/ Rnd tight-binding
corhptBredhhibitbO6F throhsbid wih-aK 3F.-810. 4-i5logpﬁ1 %#%Llr? ). 14.1

38.8 20.6 AV 5/5 Prolonged rik - - on -

SyhéheSis 38svafibgith anti v | Ution - 13.8 33 7 15.6 BLAST

results indicate that variegin does not show
aba
FoPRIRL 2B 0o, RS AL RO B8 v
Symthytid mrwlgm)@DQGBé’mERKlMHIéTAREFm?EAIFEEMEDQfEShd m NO 1),

d 0 64: El PEEYL (SEQ D NO . 22)). Thus,
SV rées{})pg? Si z@ﬂ H?an%e&?l egPRreecs er ff Nu2pEEYs aWhlle EP25

15 mn [ i ndi\ng
(Emmﬂmﬁ?pﬁgag%:mm]g%@ 3 (SEOT iy 1 0L DO 2ifhg APIS

(AWﬁD%E/b}P@E%I@DDE§b ng NO lioh haae sexginnarids 1 haesidues Whincated
fro%otggll\;%é'ﬁl%%lsp h}(g %QP 8l P%r%%ggt? @%@ré?glg ﬁ] ! lgcn)lgptiogflgcqulated in s-

thronmbi n"am do I'C ac

variEgm aoll EP2%y G spedtrh 00b-Rati€zih JEPAH dndt AP W@ﬂerhllaé?"nqul Blth& of n-
ssayed with S2238, a snmall peptid

Var’iﬁg%]s%/y:Ptét‘tyaém?Wé‘amBlcﬁHé?’erﬁ!n? (Figurerd- acti ve site. Varl egin

I nhi bited the
Specificity of inhibition by variegin

To determine the specificity, s-variegin was .screened against 13 serine proteases
including thrombin. Apart from thrombin, no other serine proteases showed significant
inhibition (< 5 %) even at 1 uM of s-variegin. Inhibition of > 10 % was observed at
much higher concentrations of s-variegin. The most susceptible proteases are plasmin,
trypsin and FXIa, which were inhibited ~ 20 to 30 % by 100 uM of s-variegin. In
contrast, against thrombin, similar ~ 30 % inhibition was observed at a concentration at
least 4 orders of magnitude lower (~ 3.3 nM) (Figure 3). Therefore, s-variegin is a

specific and potent thrombin inhibitor.
Inhibition of thrombin amidolytic activity by s-variegin, EP25 and AP18

S-variegin is similar to n-variegin in that steady state equilibrium of inhibition was
achieved upon mixing. It was 5-fold less active than n-variegin and ~ 30 % inhibition
was observed at equimolar concentrations of thrombin and s-variegin (3.33 nM). Dose-

response curves showed an ICsq value of 5.40 & 0.95 nM, independent of incubation time
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amdolytic activity and progress curves of inhibition
showed that steady state 5 equilibriumwgg. ? \chieved - ~ . . 09
wapaes/1sess ng (Fi gure 2B). Significant inhibli'tisaTBjoo8®2109 © ¥°
% was observed for equinolar concentrations of
thronmbin and variegin (3.33 . 1C50 of the
inhibitionis - 0.99 0.02 nM (Figure 20). Variegin IS

(0 arﬁ %d qedmgxh g(laﬁ%&ﬂé Ql?i)n %8&30 népgér Aéghi\/?s( %a_ﬂg ua? getsg 651&) tight binding

inkBpiohesSihsombins Thanbsegeenofhid glacdsatation 16 svatiedin miibletraccount for
it char acterization, three peptides were synthesized,
Ke§ A VE%d char acteri zed. Synt hetic variegin
&S$VAEPKM-|KTAPPFDFEAI PEEYLDDES (SEQ I D NO 1)
ER25\ad9q Bgilitedparidelytc @emt.‘/e@fethscéa@@nblewevervanlill@gm-ﬁanegm and s-

AR BIE AN EEED) TR SRR Tk Th i, Msence of

prsﬁmbat&nﬂ T stegiycktes efnilibgamethhifitidn ok tabieieved relatively slowly

N-term nus. Unlike natjive variegin (n- var|e| Thr
aftgpt~ ]é)l %Bsmedﬁ%‘tpaflﬂn bo&%{‘ﬁﬁ@%‘i‘sﬁ sHyeEmisEP %%%C@qungent on

1n<91fba§01Y ﬁfﬂeg ngHhs tﬁgaéleﬂ&fj t‘\é%wlzﬁ Na[e?mﬁ{a re%icmeg gﬁDQ@ﬂ\h@t(SEQ 1D

n- variegin random col r ot
NQ FIIS@LLnEneﬁ)the Bmdmgfmociiet fromffastribishoivt. |Hmzvetyyr ataney bNEF25 was not

st 191 14 4 6BPT n B e isToady st PGt PG FE Ve (20 min

pr&%ﬁbaﬁd@ MPLB L AHTBH Y thidnBlh A€ theS@ideNR1dRE & £, i {1oVeFhlues for
significant inhibition (<5 % even at 1 Mo

EPZS\eaflisengiciaginiant P 168 i GhS oM and1 0404 We rd‘tis@spﬁ@dveiy) (Fagieh 4B).
hi gher concentrations of s-variegin. The nost
In semtmapl | AP ES plidtedsebibar éhrpinhsniamidolytiy pstinitaraterXta300 pM,

whi ch " bited - 20 tg. 30 % hy 10 .
sulbyPe dfferic 9 o in e adivknut® dambiAf ¥ prenggd thrombin
anﬁ@ol%1¢ AkRitIIQRVAS 2 ABSEd Hdéntt nanGeNGesirE at. 01h1§Is odBsistence

| east 4 orders of magnitude |ower, (- 3.3 nM (Figure
withy theTigppagco pehavior ofr mgim Crigrmainug pel symemag tsee é?ﬂﬂts suggest

thalt h{h%”?%tﬁbe‘ ofl béllu%% 1‘118@%;23%5‘%%%12\#%5‘&%?'%1%{{‘ ?&Hﬁ’&n‘ Q to 14

s-vari vari eg
(EBKMIHHYF)to n-variegin in that steady state equilibrium
of inhibition was achieved upon mixing. It was 5-fold

Inh®stoRet iembhRfibRmbgéndgtida@idty- 30 % inhibition 30
was observed at equi nol ar concentrations of thronbin

S- @dﬂéﬁﬁr \Erisegidna b B3 308 HOPIR i doRER e L UK ER aSMAWRIpendent
G50 val ue of 5 .40 0.95 nM i ndependent of

manpeLBagure 41V lﬁbnmezdm@sﬁg begghpaiiveBe08d exied & ghrombin'
Alil% 1%&)1?%8 q%b%glﬁéner{]oaytﬁcﬁl) urr(]) Iawg&olytﬁ% 1\/1%/ rofV tﬁrotni;,' By n%}dﬁ}_lence we

al'so a

coﬁd]@deﬂbtﬁ@tr\@&elﬁﬁnﬂ'sfwf Wriggiahihdt to @Rosite-B Thay d@ivatidh Blonsistence
account for |tsvvelg% activity. o o
with that of hirudin C-terminus™ . The differénce in activity between s-variegin and

EP25 is likely to be due to the slow binding mode of EP25.
Inhibitory constant K; of s-variegin and EP25

K; of s-variegin and EP25 was determined using S2238 as substrate. S-variegin is a fast
and tight binding inhibitor. K;* was determined in the presence of different
concentrations of S2238 (Figure 5A). S-variegin is a competitive inhibitor of thrombin
and its K’ increased linearly with increasing concentrations of S2238 (equation 2)
(Figure 5B). The true inhibitory constant, K; was found to be ~ 146.4 £ 13.6 pM, which
is 14-fold higher than n-variegin (~10.4 + 1.4 pM). In contrast, EP25 is a slow binding
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EP25 al so i nhibited am dolytic activity of thronbin.

However, unlike n-variegin and s- 5 vari egtprj pr egr ess- - . ,
wounosassad8 i nhi biti on showed two-phase equil| 6PC1;/IBZ@08/002109 99

the absence of pre-incubation. The steady state

equi l i briuminhibition was aghieved relatively slowy

after -10 mn pre-incubation. Dose-response curves of
inkBRor ovethenispePdertss Bfrved fi ' : e ;

del eti on of seve% N-term ﬁgﬁﬁh?gé?}g‘ggg%dt %Eatﬁ%tq Bbtamk

fonescheppcenizatian of FE26i(RigiureyS (o dre thierapprarfeas first-ordsr oave constant for
- EP25 s not .10 affected by t
RO P06 R Wt S1ESSS Sl Hiand fne
stahbshécenslel (B20),Mhoreasetl drybBr®ulail iyomith EP25 chéEnE’afi&g(Fi%ure 5D), as
d throg‘%l n thg the same extent as s-variegin (l1C50 values
eycoibed Bpo¥chamg (@)-vHiuse dienbiadiag hebgeengERBs and dndmbindinvolves the
isob®r 3Rt ti i gure 4B) ..l n .contr.ast
R RO ERRREn] ThE o OB tRar IR SENE Y woer 5207
*+ &7 BYO Wiile theiguest intdbitdiptonstardiky (eplatibh B wa®~t126.8 + 30.5 pM.
Thﬁgtﬁ-v? '2§e. Inst? d, AP 18 enhanced thronbin 15
BRIy 18610l e SR Ay Ki AL &V aBeEn depéhdeint 3.6 pM). These
resBS1 D&M firfdeld AHAChE @eletibR 0T sberCRNSIRhENGS; dy, Y4
“r eport ed behavi or of ﬁ."?&lé‘?eﬁl %ﬁ?g@%ﬁnﬁggg@é ﬁiqul Igogerﬁfrfﬁ?tyl?c’tency
buk syiched the hinding myge $tom fastato stdve active site bindi ng
noi ety on variegin resides within position 8 to 14
ClgappgopfsFyarieginibyithrambdf t hr onbi n fi bri nogenol ytic
~activity 20 S-variegin, EP25 and AP 18 all prol onged
Sinfeg yniieiy binds totlid thgorhbiiactive 8itd] 96Ra g SRRNACE by TORSIn, similar
¢ étﬁlggur.e 4D .. Fl'gij nogen binds to both the active site
° EXGE rrieqsedphibtptsihilhgrefore vgpexagningthilisi ¢leavage of s-variegin
by HirGhbROSENR! ffd ) Ripdgby b |y f -
. Y thr onbi n, qgn%ﬁéﬁgn%gkhmg%oé% ncl uggg a%ﬁg'tgséﬁ? é%?nﬁ}?ﬁg'vslflegm was
indgesk ¢leayied byithepsnltiin abscosi teexpleratifieiand GYSEr XaDInGA df $ncubation only
i nce wth that of. hirudin Cterm nus28 29. The
pealt? ?‘?%éfsﬁﬁ% fiffg 10 tclgaypy § VBRESIR @ﬂg Lrgmbineyprs papgnt. Javommyepeaks
of tisaviaizk gryduces gted 4 fnbRasddowidi ingy - - (Fi
In@iﬁbi ?lcr)ry coﬁ?teant K; cl)lf g-var iltggliﬂﬁﬂeg%%g%%glgg%rﬁgﬁl R (Figure
6A) 1pg3q BgY wealdhasbpmlesalar etightaion d@45 D (STSIGBE/ ABPK (SEQ ID

- | .
NOTHR ] 24P DR ORISR LT EAEAR VRS [ aRauOGh Respectivel,
anddioifespanded tc@hesags at tHenbysdD-N\2238epllg BoBd. Seavage proceeded
£ tS—v%j, %i nis a conpetitive inhibitor of thronbin 3p0
st i (g fenat roamn tenyecgrtiie BRI )i t h i ncr easi ng
concentrations of S2238 (equation 2) (Figure 5B). The
To yprify harithict &f yvagiseiar daavagk s-watediound ER2hevere tubfibdted with
ok [ i.5:14-f ol d.hi gher an, n-variegin, . :
throfifupt 20labl ot Lot st S ABhed PEMWB Gl ibisgrombin
amiyudy 20 881vit55 668 redGIES bRROQBHAOBHAS-Bried: dnANEIL RE:
t hy onbin. Pr.ogress curves of inhibitron were fitt
only attel prolonged;incibgian with thrombin (Figure 6B - D). Interestingly, at the same

temperature (24 °C) and molar ratios (30-fold excess of s-variegin), after 60 min of

@Eir activit
ed to y

incubation, ~ 30 % of s-variegin was cleaved, yet no loss of inhibitory activity of s-
variegin and EP25 was observed. 24 h of incubation was needed for ~ 30 % loss of
inhibitory activity of s-variegin and EP25. In the case of the slow binding inhibition of
EP25, percentage inhibition increased with incubation time up to 20 min and then
decreased due to cleavage by thrombin (Figure 6D). Thus, it is likely that the cleavage

product(s) retain strong binding to the thrombin active site.
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for each concentration of EP25 (Figure Eﬁ)rﬂéwk ﬁHe/ 002189
. t v A9

apparent first-order rate constant for
wemhbishnent of the equilibrium between initPai/1B2008/002109
collision complex (EI) and final stable conplex
(El'*), increased hyperbolicg|jly with EP25
concentration (Figure 5D), as 5 described by Schene

DitQssionhus, the binding between EP25 and thrombin
|nvoﬂ ves the isonerization of EI to El*. The

T -
ank; ﬂe((ﬂﬂw gtiuctute 5\)ariﬁgﬁ1 bind4 & GromdbinSviiVbtronpafSinity; Stﬁfcture -activity
t he same as Ki of s-varie

u% i.S essentlallg gr
stugags 1pdicalg thet gayeginRinde overadpended apifacreera ofd omben The seven
N-6ehid loﬂesfﬁfue%eé’f?&téﬁ' ttﬁ @ﬁJngb %E?S V&H ! ?gr}ﬁo fe te blndmg

potency 10 but swtc nq no rom
ch&hmisifﬂzfainagmgmfc}mngmiﬂrﬁglfﬁstb(yslbW Rrebidnes} npm appear to bind to

toe, Rty FHis s i treBich il Ao 1 SRR U fecreghbaglihough
vati€dih bist QESRQ- b}T htﬁfcﬁxflﬁlﬁe itdei B AN ed: i \%se?éfgegg @f alned after

s-variegin by thrombin and its effects on in
clegpagaPL.C anal ysi s showed that s-variegin was 15 |ndeed
cl eaved by thronmbin at roomtenperature and 37C. At 0
Owei rihofyeanc nizayi tiorobiny inhjitwks haes hespasudaisd ftan hematophagous

uncl eaved, s-vari egin and thrombi.n were_present
enifily BELREKE S D ORGP et e an e e siuture

of Warld}id AT KBS tﬁﬂm‘llﬁﬁ wRAbHAS. Tﬂer@osérﬁ'e%'fr stelﬁé) & exible
new peaks had nol ecul ar wei ghts of

stryotme plgp dNGre fjonantptotsae tb@rmmmm@m@ﬁam @Emma-;&mpact N-

k59, 040 b PBEES Lt 2, BB LRSS S

inhpsiaeE égﬁ@kmtﬁ(&ﬁdrmr(daﬁbla AontabeKiugitz-fype MHIBRREP ahd!fiilRromin (acidic
ngl gure 9). To verify the effect of, variegin cleavage,
ancs art ?’i“é‘gliﬂ?? Iélﬁar@pgfs C\Ré}PéCﬁ GieBERe whYdn thewghoiksy ralldcpnd to the

santl@ s?cés Rna gorﬁ Chgfﬁ%ltgl 4 Q}%Sﬁ SI 3?@?&20 é)vﬁl{hgﬁ% evarlegm

[Tty to inhiblrt thronbin
resrd@swllﬁs ts R8wewt tlnadist derticak \mrhmglnm GramERR5 tlheﬁrstN termini are

corpfiElshy At Ghe T B B G oierip Bofot oG4 e Tor
resid@BReH BhdHhPee ZdraGhsiang diﬂﬂlleaéndr @ehlﬂ?&tfoﬁ%‘ffhﬁjugmw&qg’ssc Q& rminal

s-variegin), after 60 min of incubation, -
pepsidg athirgem magtameéamédthrgr@bmn oclivtss dospitenhi bD{fohdy reductlon in

davi by ari e rved
afﬁﬁﬁ%uba Iagﬁ(/ < nléler 1cateéElot 85 %Qgi%% s Pﬁﬁ?%ﬁeﬁoﬂfi slightly
enhantddvihtomisih asnivelitie gblﬂv@n dokpdbld © hbeesid Whatibeof hirudin
sl ow Biding inhibition of 30 EP25, percenta

C-teTaMPBS ¢ owgigﬁ%méa%@dawa% fon dassatve nequeneesy Eﬁtsmpz@arm'tm be an
exa! LH&R e(%@ %ﬁﬁgpqﬁ'?w{) ?hﬁhg&\éﬁgﬁ }P(%’ ﬁtaﬁlﬂ’ IF) %age

gure

VoA VA AR AR >

and bothrOJaracm . Haemadin has a similar structure to hirudin, binding to the thrombin
active site with its N-terminus, and to exosite-II with the extended C-terminus>~¢
Triabin only inhibits exosite-I and has a similar structure to lipocalins®’>%. Bothrojaracin,
a C-type lectin protein, binds to both exosite-I and exosite-I°. Only two other thrombin
inhibitors of similar size have been reported to date, but they appear to be unrelated to

variegin. Despite also having 32 residues, tsetse thrombin inhibitor (TTI), isolated from
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41 Discussion Variegin is one of the smalftégtu.y 08/ 0072 1 09

thrombin inhibitors found in nature. Despite its snall
weiams/155a38l | exi bl e structure, variegin binds POT/IB2008/002109
thrombin with strong affini ty Structure-activity
studies indicate that vari egl% bi nds over an extended
, of .t hrombi.n. sblye .seven Ntermnal | . . .
o8l o P Bioug Rl g SRS aper eap elarity with
véarhegib (Figire 7 A)c habthet edw phdle&SarOheivBl i8@hBinGRAREEH
.fﬁst to slow. Residues 8 to 14 apéear to4216i Eg] to (j;'%g@a) was
isplated i thecqamed tigk.t/éalemaa deemetlaes WE 141 )" nlippemicginoNTI-1 is
oY) 0 I8+ t ). vari.eqin.i.s cleayed.b
2 e P PPN ahd <O Py B pbiy EREHE fpeanly one
sttef arethrombiedVage: 7AD @uesntlyheo Vearsd stiwdivral IFaRitdn for NTI-1 is
| ﬂ i.bitors have been isolated from henmat ophagous
AZHPYE s and snake venom However, no sinilarities were

found in the primary structure of variegin and other
Perharsisrigeinin pest comparetivetinbiselogs syfithetis theombis, inhibitors designed

DG a5l exihl. tructure,.. alsq. differs o]
bSARER LDt G R B G S EbBGing melhne Phero-Are pro
th{coghpmtinkey-oft fumiGiysesidaéstl ¢Figngd XS ewdad development of hirulogs

C—ﬁ%r nus).6". 1-13, rhodniin (double domain Kazal -type
(mpgkstech; 457 t kivalivndin) " Eaprrseris d sPssesiloubtienalodeian design, variegin
debibnktried HRL{I P thesomn (acidic - and .

ea.nt.i tastin-1] kgbﬂh%%ém%ﬁ%@?g%eo%gg{n%-s %ggr;nﬁgrr%g’ﬂf?lumn' Thus,
vagiogin ¢anobg ldesdnidyd alsl a Bhatdraf'ohirhleg. Savmiegint &8 ®P25 have several

in ctijve site gnd.expsite-|) (Figure 7A). )
ad X R et Bflog 28 it a8 05om5 Fimit s genomid EP25 comprise
nahGigiNbing®) atids hiriBd SnbRIF A otBIR) |
conpl et el ld? gfléteﬁt %Ei gu?ne ZB)P%%Pi Eé%oﬁgwd&ﬁ?%ﬁhom Thr
elxropyladem theirnaffingy| faat duombin fie Migher 20an ebiatiug Aimalopds EP25
resi .the end. Desul fation of )
CEESIESS SR AR 0l PR 20 Fhaeratnis
values aif iRE5aadi hithlo@iire -act9 it podespi bl 82960 HRI*Y respectively).
I rtﬁguag&lipogli n gf& nity24 and activity29. Qur results
Aty Lheugh drth hisplogs 45 nypsiegin aseosleatad) by rbirombighvanegin (and
EPeRNRB&EE: mhibaih! £131H ' b Vit rabl.e.to,.
t hz repor t ed Eg)h%\t;?gy q@%éﬁﬁlg ?}Hgli‘h%in %—%/Ig}l?}npggglﬁgwfgfhan hirulogs.
Fog grepene.iat gn gibibitaarto Hobmbirf atiotdiésk hirvpgsegest @thibifdV Sctivity
r 0 be.an. 25.exanpl e copvergent evol ution
tov?aﬁﬁie%g%ﬁ% a&a&ﬁléﬁlF ASHYSY %‘gtaﬁ% DR SRS VaRifgin gRh EP3S lost >
90 &b shitsdiosy bty foneamirar mbaiRhThthi
ha_ermdi(,)ﬁ%S' 36 UL Abr Ay DU bHtieh b%‘?h?%@?g%ﬁggﬁ bear to be
SUNGEEREINALPESs a similar structure to hirudin, binding
.to the thronbin active site with its N-term nus, and
Since _t@g@éi:meml of i dgstdnel exiegimderd highl e similn $Bgud67A), we propose
tha e i B TEs ot 1550 Y of dReaiin armatoly due to the
N-t€rrhiyipg O@Clebultsheiel Mhatth Q@ti&eﬁsiﬁ%iﬁdiﬁé%f&@' dn %Hje&in has the
i nhi S

exosite-1139. Only two other thronbin itor
seqyenfel BT (3Q [Bedi0 d8)h@nt dhrontbin ateayeshvrtricghe yetween K-M.

g R0RRRe SR el Bie™ B e Qe biEieRaneRRcorgrs pvrg substates
of thewhlsih ekbrfaxamiple, Lys at P1, although possible, is very rarely observed*. Also,
the presence of Glu at P3, Met at S1°, His at S2° and glucosylated Thr at P4’ are all
uncommon***¥, Therefore, the identification of this unique active site binding moiety
could have strong implications in both understanding thrombin substrate preference and

the discovery of new leads for developing direct thrombin inhibitors.
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WD 2008/ 155658 PCT/ | B2008/ 002109 42 twlfl eflvg/ 0021 09
d ossina norsitans norsitans40, 41, does no har e any
weemsanssssim larity with variegin (Figure 7APCT/IB2008/002109
Anot her | ow nol ecul ar wei ght thronbin inhibitor (3.2
kDa) was isolated fromthe gamel tick, Hyal omma
dromedarii (NTI-1)42. Unlike variegin, NTl-1is a
Sueadlredtéd nutdton’ add irfehid O LO8mEL Iskidys ﬁ?%%sp n%eofoll%fwing events

thronbin, binding to only one 5 site on
du(ungg bl‘ndlnEA)Of Oowdiantol y‘zhrombuﬁ &t°ai (1 p celsttrosiatiar sikering due to the

f tion_ for | abl e. Pe svarle
col ARy ek s o o S5 ey ond b B SRBIL ) fonic
tethefih D ithrotgh dastOmedactiops Qfeﬁif/ée'nnﬂ)et:ﬂﬁ@ REHEN Bf hirudin C-terminus

C-termnus to the active site bindi ng noi etg/
ingyiopee cqrgogtipnpk shange é%ﬁtabﬂlzﬁfmm pf 1@Iyrudm C-terminal

rrent f nLul ogs
co%@?égéglé ﬁ 3?’) %.ﬁ)'a elﬁ’b g lng\éxlj 1%19,}(12 bt eS jogs SE?JS% e%%(fliﬁ Sitc near the
actied siv1dlhedcardodesiogal, chaageLghon bﬂﬁiﬁgnéi hirh &g (E-fﬂ@mlnus step 2)
ability of natyre to produce sim]ar "designs' throug

defsgise ity iringi uoregeenpe JiHics avprp ebygeedsip hedha sty limiting step™.
HirltBh BERlved Bk raudi0@- bu%ﬁﬂg TGS And }Ep(‘?lgc Igfril%fgttﬁ‘ SYRkish 02 M)

advant ages over hirulogs as thro
where Bnlojintevantions)ivercinthaErds Intmrqmtmgb/ 1m@tr1¢gﬁ:l t}&rﬂeﬂkﬂmn of seven

L TR e M
1nﬂlb1ﬁ&n¢i)itﬁout351@hﬁbzﬁﬁ 1bdyast bﬁh@tngoﬁfﬁlﬂit UrRg-dow Eiddng observed for
comparable to hirulog-1 in l'ength) inhibits thronbi

EPgpdtip pae%ﬁlﬁ@hlySti%ﬁgélw § iohiN-jeriqal waﬂuﬁiesnﬁéadEé’Qﬁnpmnbd ionic
Vi3 .
tetfr?éggr%leg?s g hlf}l;az‘% d Suﬁ%@ﬁougﬁf&ﬁgﬁ gel ﬁﬁ’lltgbgs SigRy The kinetic
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In summary, we present the isolation, characterization and structure-function
relationships of a potent bivalent thrombin inhibitor, variegin. It is a novel class of
thrombin inhibitor and provides an excellent platform for the development of new

thrombin inhibitors.
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Without any pre-incubation with thrombin, MH22 was found to inhibit thrombin

<

o

(9]

amidolytic activity with an ICso of 11.5 £ 0.71 nM (Figure 11). No significant change of
inhibitory activity was observed when MH22 was pre-incubated with thrombin for a
short period of time (10 min pre-incubation ICsy = 13.4 + 0.76 nM; 20 min pre-
30 incubation ICso = 12.3 + 1.89 nM), indicating that MH?22 is fast binding.
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In summary, we present the isolation, characterization

and structure-function relationships of P&lpetertf / 1071 09
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thrombin inhibitors. WD 2008/ 155658 PCT/1B2008/ 002109
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gﬁiﬁfﬂﬁhﬂ?‘ﬂ%ﬁgl’{@ﬁ %@L@rﬁeﬁ@ﬁgﬂ%ggkaﬁ%ga(?ﬁ%s eztogﬁﬁg) olflgwatmg

of a varrety of variegin

thett H}éHéZ fig agmﬁctmpmvdmslubnmeﬁ thﬁjrﬁi\ﬂln aatidollytic @ONar EFigure 13).
fragnents and nutants

50 . and |
Fol Pt TRBet BB ibisOR; K57 Beah i Hiscoar Bk emee s v hund to be

132nhd bii thy. hi rul og- 1 (bl val i rud| n). Al of these
experinments were al so conducted using human pl asma

Axﬁgrsisv(ﬁ%lﬁﬁm nEW{M?ﬁ@APEFb%%ﬂ%[‘@HiI)S s s;ﬁg;]ﬁif%ﬂd%)

conparable. A summary ese

f 2 . .
LT T —
(aldramg &5 yn EELE) nas rdpacedtvwit plytaadit @kidCdiR@VEIRMiVEcid is present in

ot hesi zed, . 20 that the cl eavage product(s) renained
tllets¥’§’ﬁpp§l§188%h?%£Phr onbi n. A peptide, MH22, that
represents the Ctermnal fragnment after s-variegin
cl eavage was synt hesi zed. C eavage by thronbin 1

s-vari g@l n (SEQID NO 1
P WKTAPPFDFEEP{QE‘E‘{’KTDBEBF%AMHEEY(LM$ D NO
2:2 VHKTAPPFDFEAI PEEYLDDES W t hout any pre-incubation
EP2MARRE (WP NO M22 WEEKMIGKTAPE FDFBEIPEE YLUDIVES n

Similar to EP25, EP25A22E is a slow binding inhibitor, with ICsp = 124.3 + 22.7 nM
without pre-incubation with thrombin, ICsp = 13.5 + 2.08 nM with 20 min of pre-
incubation and ICsp = 13.6 + 3.15 nM (Figure 14). Compared to EP25, the replacement
did not adversely affect the amidolytic activity.

K of EP25A22E was determined using the slow binding inhibitor equation and was
found to be 0.311 + 0.070 nM (Figure 15). Compared to the K; of EP25, the replacement
did not therefore adversely affect binding affinity to thrombin.

Analysis of MH22A22E —- MHKTAPPFDFEEIPEEYLDDES (SEQ ID NO 5)

The C-terminal fragment of EP25A22E cleavage, represented by peptide MH22A22E

was synthesized.
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am dol ytic activity with an 1C50 of 11.5 10.71 nM

(Figure 11). No significant change of inhjgtorye + - 109-

weacoisusieps was observed when MH22 was pre- i ncubaceaB2ms/ 602109 -
thrombin for a short period of time (10 mn
pre-incubation 1C50 = 13.4 £ 76 nM 20 mn pre 30
i ncubation 1C50 = 12.3 1.89 nM, indicating that M22
EPZS A28 (SBQIH N 7): WO ZOO%ﬁﬁﬁﬁﬁ&Tﬁﬁﬁtbﬁﬁﬁ@ﬁé@%ﬂ)@%s 45

MH22 shows decreased anmidolytic activity after

th th
I A ey

Slﬁﬁltaf Yd MHSR rICbeof ﬁ%@l Ry15. @%2§ 43 'nrﬂgl g}e{ ﬁé]llﬂ)oart]ison with

BSA In assays se gure
thmmbm abd IC4h oslts.ca 9. 36awg1eizgy i pret idcalkson mFigefb ).
peptides to the reaction plates. Wth higher 5

Agomsieitar ab MFE2, WIHBSAC IS 66k a &t & 1516801 M Av when tested with 100
re-incubatjon, |1C50 decreases froma479.7 + 16.1 nM
lﬁlofnﬂfhﬂfatss&)m%) gossoming, B%s single srewgm:nremm)nmndro@m adanine to

T .
gllltgmﬁz BMa( 40 nBDAM: BRAmnith gn "aﬁ’@}n &%%yﬁgg o 2 non-

fferent concentrations o
COdJe)B‘emvn mhﬂblmhwmthg{] =elfubt-ildd rdﬂqugluE& rrg fast and ti ght
bi nding. K;' did not change 10 significantly

Aridllysiu gh BIP2 1t evih® IBE BéiithcO EPIANIBK TAPPFDIEE RIPWEVR, (SEQ ID

0 |nd|cat|n that MH22 is a non-conpetitive
Nérﬁgl%ﬁ’&M HE} haying FrﬁeﬁmmlMHKTAEPFQEEAI(BEI@MLe(Sm ID NO

20§0r non-conpetitive inhibitors, K' =K andin this
case the average K, was found to be 13.20.91 nM

Ref P oot R RS g NS D S w22

w1ﬂﬂ1glstapﬂ¢)tamded1d aloaniteiepedtide PcBvivias. 1€t npep&i@k@ Rlefe S}Jng?hésfked by
re Ia ed wwth glutam c acid since glutam

ret%\‘&‘i”@ tP%B]ﬁP‘é‘gé‘?ﬁ Y the same position in hirudin. EP25
(SEQ. I D _NO 6) : EPKVHKTAPPFDFEAI PEEYLDDES 20 EP25A22E

Copsidepinepthed s7yjaricgmKMeTnRPHOCE, frRERYSiDBESS|the I@:ternnmal when

%ed &R | Ridading, 1 nhi bi.t or
COIEIF))124.t§ gé@%@@ﬁl\ﬁlr@\ﬁn@hou ltP e hllnc:t%baﬂePJé% PSwht ﬁ ad VRS were
synthastned itmdetbi@hfe thelrdlehof tRe ﬁ)&r addinbid reidurkn of pre-

I ncubation and 1C50 = 13.6 3.15 nM (Figure 14).

EPZD(§EQ & N@ 8EP25, the repl ayepanik TAPPEDPE AR MEYSE! Y
affect the amdolytic activity. 25 K/ of EP25A22E was

MHi® @BG medaising the sl ow bi ndifpg AP ion
and ﬁﬁgs found to be 0.311 0.070 nM f@ggf‘éﬁ@%ﬁ

Thcf:%glr?gjf; gg"efhgae%/ gggeK{r?/ a?lJF:éD %?18 | ﬂg%@&e% t1V1tyt 4 Assed. No
signifiemntaictivity was lost when the four residues were removed. EP21 is also a slow
binding inhibitor, with ICsq of 176.9 + 6.77 nM without pre-incubation with thrombin,
ICso = 16.2 £+ 2.93 nM with 20 min pre-incubation and ICsy = 16.20 % 2.93 nM with 30
min pre-incubation (Figure 18). K; of EP21, determined by slow binding equations was

found to be 0.315 + 0.024 nM (Figure 19).

Similarly, no significant loss of activity was observed for MH18. ICso = 10.9 & 1.20 nM
without pre-incubation with thrombin and ICsp = 11.7 + 1.88 nM with 20 min pre-

incubation (Figure 20).

Using fast and tight binding equation, K;* of MH18 at 100 uM substrate (S2238) = 14.9

+ 3.50 nM. Assuming the removal of four residues at the C-terminal did not alter the
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nlyr(Bigurecibat i on (Fl gure 16). 5 Again sinmilar to MH22,
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A flPsis b DV24 B VARRKNEPR B PPFAIILATREE Y haSEQ MO 9)
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Sined wallae¢ pbéielatednthbi the PRarFee hedidiedlin Mﬁmﬂﬁmhﬁoﬁéﬁé’n@gm are
non- corrpetltlvelnhlbltor wth Ki = 15.1 1.04
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A e e TR TR p—

m&Esul ts from both EP25A22E and MH22A22E showed t hat
repl acenent of alanine 22 wth glutamc acid did not

ER It EQUEPNIOA®: act i vi ti es. ENEMIIK PEPLFIUESA YISy L
synt hesi zed by retaining the al anine residue. 15

DERAEERIDHMD bhat  s- vapiegipk has fRPAREEEAemEE Y| our

residues on the C-term nal when conpared to the known

A%Agfeﬁﬁ@dn pDvd [ { s Bhd Y tgHQbmﬁﬁ}%t ﬁ’)ﬁofp\g&l% ?(?Weiv?' 4b8 028 nM

synthesi zed to deferm ne-the ro
wigldhdli tpkomahibatesi ditk ghroBRRd ah$HQsd B NDIL 8) 0.60 nM with 20 min pre-

: EPK%@@%;EE&FE%L G}FMPQ’%S&S’S%%FL&“NTO%%%WIW observed after

clé‘aﬁz@@'@n&& chtHen@thr'I&nilhfrégﬂi’érﬁ dACthk \Gléa)(/ag@ﬁroﬂﬁe?teﬁﬁ’@ Gragment is
ficant activity was | ost when

i
fe}?fé%’ﬂin‘d?@gé’m@?léewmed EP21 is also a slow binding
inhibitor, with IC50 of 176.9 6.77 nM w thout
Umgfaistmdb@m bindinigtequathomp Kigi of DV24050 08 |1\ s@bstiatedS2238) = 9.74 +

| nc at| on
0.4% i 58 Tt PYFEAIIRAROR S e Do R pngpaihc peprice
is Qe@lﬁpeﬁtﬁedn}bylt@(pygu@;m ng equations was 25 found to
be 0.315 0.024 nM (Figure 19). Simlarly, no

Al %ﬂ & IWMKWR‘& WAE@"RMHI&TM’PFFW%%% f(sﬁ/d]ﬁ) NO 10)

.20 nM W thout pre-incu

c&%@ﬂ?ﬁg %o@f‘%b&%ﬂq fhithitols hivdan %@ﬂ’ﬂn‘é ht28e 'plnp&sﬁt?on instead of

lysine in s-variegin, we synthesized a peptide DV24K10R with the same replacement.
DV24 (SEQID NO 9): DVAEPKMHKTAPPFDFEAIPEEYL
DV24K10R (SEQ ID NO 10): DVAEPRMHKTAPPFDFEAIPEEYL

DV24K10R is also a fast and tight binding inhibitor, with ICsy = 6.98 % 0.76 nM without
pre-incubation with thrombin and ICso = 12.01 £ 0.41 nM with 20 min pre-incubation
(Figure 24). DV24K10R is also cleaved by thrombin and the activity observed after
cleavage is due to the C-terminal fragment of the cleavage product (the fragment is

represented by peptide MH18).

Using fast and tight binding equation, K;* of DV24K10R at 100 uM substrate (S2238) =
8.22 & 0.48 nM and K; of DV24K10R is determined to be 0.259 £ 0.015 nM, assuming
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DV24 is cleaved by thrombin and the activity
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9.

conpetitive inhibitor (Figurgg25). Replacenent of
lysine with arginine thus inproves the activity- of
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30 13.59 1.34 120 12.43 1.83 1080 26.80 4.09

1680 437.92 + 4.90 (1 nmg/mkoBSA) 1680 39.06 9.37

(5 mg/ml BSA) 1680 38.43 5.39 (10 ng/m BSA) M22

MHKTAPPFDFEAI PEEYLD 0 11.46 0.71 13.16 + 0.91] DES
(SEQ ID NO 3) 10 13.360.76 20 12.34 + 1.89 30 4
Hi]_lﬂggQAO. 73%?%%% 5 mg % 1080 34.3 4 59 1680
478 74 16, %5‘?”’ EB$R) " 1680 (¢ .2%3_9%. 05 g{)%* 0.12
my/ M BEAFEQ HHE02H2. 89 10. 90
10 101.62 £ 12.92
45 133.85+15.78
120 258.77 £25.72
(Img/ml
BSA)
120 27972+ 4.74
{(5mg/ml
BSA)
120 281.84+6.21
(10mg/ml
BSA)
EP25A22E EPKMHKTAPPFDFEEIPEEY 0 124.32 22,74 0.311+0.070
LDDES (SEQ ID NO 7)
20 13.49 +£2.08
30 13.55+3.15
MH22A22E MHKTAPPFDFEEIPEEYLD 0 13.62 £ 0.45 15.07+ 1.04
DES (SEQ ID NO 5)
20 15.63+0.36
EP21 EPKMHKTAPPFDFEAIPEE 0 176.87 £ 6.77 0.315+0.024
YL (SEQ ID NO 8)
20 16.20£2.93
30 13.85+1.29
MHI8 MHKTAPPFDFEAIPEEYL 0 10.93 £ 1.20 14.94 + 3.50
(SEQ ID NO 20)
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(10 my/ i BSA) WD 2008/ 155658 PCT/IBZOOS/;Q{%&_Z_Q 20 N
M rul og- 1 DFPRPGGGGNGDFEEI PEEY 0 72.58 3.90 2 ok8/ 002109,
WO 208/15865¢ SEQ | D NO 23) 10 101.62 12.92 45 13BC85B2008/002109
15.78 120 258.77 25.72 (1 mg/m BSA) 120 279.72
4.74 (5ng/m BSA) 120 281.846.21 (10ng/m BSA)
EP25A22E EPKMHKTAPPFDFEEI PEEY 0 124 32 22.74 0.311 t

0. 070 TCDDES (SEQ D NO 7] 20 1374 30 131553715
MH22A22E NMHKTAPPFDFEEI PEEYED 0 13. 21 73(* 18 15.p7 t

1.04 DES (SEQ TD NO 5) 20|15.630.3p EPZ21
EPKMHKTAPPFDFEAI PEE 0 17687 6.77/0.315 0.024 YL

PRk appEREEAPEERTENE G571 D0 1785 3 50 | b

NO 20) | PEEND 20083E5%8¥89)PLCT/ | B2008f 002109 51

20 10.07 + 0.60
DV24K10R | DVAEPRMHKTAPPFDFEAL | 0 6.98 +0.76 0.259 + 0.015
PEEYL (SEQ ID NO
10)
20 12.01 + 0.41

EXAMPLE 3: QUANTITATIVE WHOLE BODY AUTORADIOGRAPHY
STUDIES IN RATS

The distribution of Variegin, was investigated in the rat, using [*H]-labelled test

substance. Experiments were conducted at a dose level of 0.4 mg/kg.
Experimental procedures:

Dose preparation and evaluation

A solution of 1 mg of Variegin dissolved in 1 mL of dialysis buffer (50 mM sodium
phosphate, 200 mM sodium chloride (pH 8.0)) was prepared and incubated with [*H]-
NSP (400 pCi).

The solution was transferred to a dialysis tube (1000 kda) and dialysed for
approximately 96 hours the dialysis buffer was changed three times per day. The
solution was then loaded onto a NAP5 column (pre-equilibrated with 10 mL buffer
solution at pH8) and the eluate discarded. Buffer was then added and the eluate

collected to provide a [*H]-labelled protein solution at approximately 0.5 mg/mL.

Aliquots of the [°H]-Variegin solution were removed for radioassay by liquid
scintillation counting. Further aliquots of the [3H]-Variegin solution were analysed by

HPLC before dosing to confirm efficiency of protein labelling (see Figure 26).
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30

20 11.73 1.88 DV24 DVAEPKMHKTAPPFDFEAI 0 7. 49 O 28
0.306 0.029 PEEYL (SEQ ID NO 9) 20 10. Op O}L .
wOYaBKEsBR DVAEPKVHKTAPPFDFEAI 0 6.98 0.76 269/1B2008/002109l [19
0.015 PEEYL (SEQ ID NO 10) 20 12.01 0.41 EXAMPLE 3:
QUANTI TATI VE WHOLE BODY AUT(}%ADI OGRAPHY STUDIES IN
RATS The distribution of Variegin, was investigated in
égacfw%zszruts' ng [3H] -1abelled test 5 substance.
mentsher e conducted at a dose level of 0.4
kg. Experinmental procedures: Dose preparation and
Sl@glallmta'«me@wsm@m Weropdmmisierpdy toeachanimagl iy 8 spingsendmeedle,
f_.di f p
b I Ia&% gér\l%agf@ 4'%1:1%/{(%;23) mgfﬁgrbép gﬁg B%te%orngtggtlon was
dispeatddabed shglb hddd dodlidiSR (a410061@ of th'EhfatSO’I[‘hH |aﬁm>umasf dose

transferred to a dial SISt be (1000, kda) di al
adrraplstegﬁpwo%char@bwsgis yh¥o! ama%s@ et Fadioactive

@@Hg]g Bf%@ Theutigo!l ution was then
coF‘loa egg%%%%gecﬁg%% f B?ee eqllJ ibrated wwth 10 nL
f on at pH8) and the eluate discarded.

P}%M fl%kme%”'{?}gn added and the eluate 15 collected to

}grow de a [ng | abel I ed rotei n solution at .

bedssinaves gdminsstergd e t Wleifa@lét@tso@S frengla traysppusgiope at a
t [regmV & r Vi i gui.d

HOZ%%% PR IEE, drCTR: PRl SERLARBRF Kaifics ke taken for plasma
pre@iitiodant g ifeilsahg tines pegrdesana, 1 se, by 24 kil 48 bedrsr e

dosing to confirmefficiency of protein |abelling (see

Tdbigtiiheldea, sMEDRO AR LEpbHB gAY J0B2 @0 B6814 @Rdr cobiéction. Plasma
Dose admi ni stration Single intravenous doses were

wascharrsEdeandcan; dionat Feiainpdriar redipariivily gyeashigaeahgBlood cells were

dl%%.ﬁ%lde by volune, at a dose level of 0.4 ng/kg (0.8
g bodywei ght). The fornul ati on was di spensed as a

pul-se dose..into a tail vein of the rat. The
ar%‘geﬂfe’ f)} dzoac V’Qﬁlm nistered to each rat was
det er mi ned by voI ume dosed, and the stated radioactive
Theoidienetiatyi aspocsied spchlasmea wes deternyingd dirpeilyy dquid scintillation

couf? nlfg o?rknown volumes of samples. Samples were mixed with Ultima Gold
scintillant and counted using a Packard liquid scintillation counter with automatic
external standard quench correction. After choosing the optimal channel setting, quench
correction curves were prepared from radiochemical standards. The validity of the
curves was checked throughout the experiments. Radioactivity with less than twice

background counts was considered to be below the limit of accurate quantification.

Pharmacokinetics

The concentration of Variegin in the plasma following intravenous administration was
analysed using PCModfit (Version 3.0). The kinetic data was characterised by a non-
compartmental analysis (NCA). The following pharmacokinetic parameters were
derived from the data: maximum peak plasma blood concentration (Cpax); the time of
maximum observed concentration (Tiay); the terminal half-life (t'2), and the area under

the curve (AUC).

The AUC was determined using the linear/log trapezoidal method. A value of zero was

used for any plasma concentrations recorded as below the limits of quantification (BLQ).
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Phar macoki neti e study [3H]-Variegin was édﬁ1nls¥ered
to three male rats as a single intravenous dose at a
waanmisnatesslose | evel of 0.4 ng/ kg. Serial bl oodreampioes002109
were taken for plasma 10 preparation, at the
following tinmes post dose: Qg5 1, 2, 4, 6, 24 and 48
hours To obtain plasna, sarrp?es were centrifuged as
SO as, possi bl f |l egt.i :
THg SR OGET (BGRHDL el ch e, kTt B pBUACIE, 8% fiom the time of
doSmasufgiRatd tBligednigiy basegion theiobsavaiechnehitastionenBie AUCit
of radioactivity 15 The radi oactivity associated with .
paysiesarethargorg df et HEPOMRe BrRinetsy WHIGH SAVESCR RIS KPfeSpptative
: t n } ; I . jon
eSS PRy A DL FPRTRERTR B8 RS Soncentratio
prefilPafedartte |laguiath poinattdld sitieofin dberfuewre)wivhen dlw cpedentration is
external standard quench correction. After choosi ng

eSHIRACH R PHEATOchannel setting, quench correction curves
were prepared fromradi ochem cal standards. The

Tissue Pigiribyition stude 20 curves was checked throughout the
experinments. Radioactivity with |ess than tw ce

IRV kg gonl RehsCAlnibBtared (€ onse dealedats casbe shglointtavendusnddse at a

of accurate quantifjcatiaon. . Pharmacoki petjics The. .
RoBHAGRET TR B MK o 1} P PR ASHALT o P A gsation, one
r i str ~ ;
ra Pvg\%lgycqu @O%%Rlo%&? o??tlal_?_%gﬁﬁée, 1R RAvets ifEen rapidly by total

I't (Version Inetic data was
imateasioe iner bagke df bgxaae novled Rbcac e¥03&rwithe salal caslbral digkige.

(NCA). The foll ow ng pharmacoki netic paranmeters were
Folletvingedniovainof the vdadiats, tx iandimiheath fibasnardisooas set in a block
concentration ( X); th i me of . maxi mum observed .
of clof @Y a44oHs @%&X?F&Wﬁéhk‘@%ﬂﬂ%m‘iﬁ%ﬂtﬁr’&] P73 (ageogt a Leica
Clg%bd %ﬁoﬁﬁ&@toﬂﬁdﬁﬁinteﬁ% SWaY © 0 AUQagitld) e dMdas V{@é‘:manallx 30 um)

eternined using the linear/log trapezoidal nethod. A .
warathes obtaizespomdie Iselutheaighche amyassisagado include all major tissues
oncentrations recorded as below the limts of
anal&’a%?PF-fi cation (BLQ. WO 2008/ 155658

PCT/ | B2008/ 0021 3 he AUC nf (observed) was
cal Y %de%bzlﬁ(izacgfyé%éq@ﬁaﬂ’élr the curve fromthe tine
of dosing extraFoI ated to tinme infinity based on the

obsdreveldB caiawreifahiacananal ghedauc, nf  par anet er

therefore is an extrapol ated parameter which gives a
nor davelpt edadernan gland/adenghelandof exposure as it
contains the additional portion of the

t i md-eselnRethyradi on 5 profile fromthe | ast data point
to atime (in the future) when the concentration is
est ilrsmtEe: brainkmdzpinal cord

The sections, mounted on autoradiography tape, were placed in contact with FUJI
imaging plates (type BAS-III, Raytek Scientific Ltd, Sheffield). These procedures are
based on the work of Ullberg (Acta. Radiol. Suppl. 118, 22).

Image analysis of whole-body autoradiograms

After exposure in a lead container stored in a freezer at ca. -75°C for at least 14 days, the
imaging plates were processed using a FUJI BAS 1500 Bio-image analyser (Raytek
Scientific Ltd).
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Ti ssue distribution study [3H -Variegin W3 g4/ Uy 1“ g
admnistered to three nale rats as a single
wonomsassmisus dose at a nom nal dose | evel of BC#H1B2008/002109
ng/ kg. At 0.5, 1 and 24 hours after dose
adm nistration, one 10 rat 4yas killed by CQ2
overdose. After sacrifice, the aninmals were frozen
T eae?écﬂjo}{icgﬁjég&t \Q/{glre anil W?é'dslﬁsﬁgko% Oe(ll}lﬁig)%ﬂtfgl %Ese'&%ﬁ@@ aﬁﬂﬁlﬁﬁackage
(SecSvar Deneftorhbiey \Abftwkzer i,abL@gs, Simedffield).| Aesa‘chf {lfﬂzlelvfslled blood
Staé]grcass was set

S e EaDbEoh o SRR ey ayranee of

rmhg&g@“ygyggggaﬁ&%pn1crotone mai ntai ned at ca. -20C
Sagittal sections (nomnally 30 m 15 were then

Th%b‘i?%égeﬂnﬁn{ AP fiABAEENS Forl I?ﬁlg u&%cécﬂﬁe C\%SC %%ﬁnétp aAStheOlowest

major t1ssues organs. Level

quaxidfidhilé a;ltaddatm nyo‘mcﬂedg Inartﬁe mmmslca]la (3616 raCiog)bi tIaIdmdual tissue
| achr | and  Level eri gl and/ adr ena

Cogpealﬁra%/ wpitagenciyity WF&XBI@E dp ne Ciﬁ’né{%edgt&%?quwalems

Véifé'r'ggﬂ% F‘.f% gﬁﬁw%? ﬂ§m @W&Hl&ﬁat@&‘ Lﬁéﬁﬂl{ ALVRGIOZREY nfa@RR] in the dose

con act wth I magi hg plates (type
foBABatidn. , TIRagteka Bovee hitrif dfcjurnigficaghafof |6e8|3d»)g eqpidge
procedures are based on the work. of Ul berg (Acta.
WR&éi/@rl posSibjplthe HbRIimBR )area2tithimey einghﬂzluy&iadiogfaph Was defined for
ody autoradlgggans After exposure i.n a

Hf%‘? rmegsyreReent omedisspesghis was 1map§aét1f:%lrangtso pggg?rtlcular

reéﬁn%%ele&t@@ forl FIBGLRGh &Rk, a‘l"ﬁée%ﬁﬁ&s%%l@ﬁ@%tﬁ@h@ &b Péndmg areas
Udl| S 1500 Bi o-i nage anal yser ytek Scienti

of InbeipureMent? 0G8isIEEEIBIPECT/ | B2008/ 002109 54 The
el ectronic i mages were anal ysed using a validated
PC- based i mage anal ysis package (SeeScan Densitonetry
sof t ware—Lablegi-c;—ShefHeldy—A-—set—of 3H-t+abelted
bl ood Tgkasdards were preRagied defiled $@tmesuremsit uct
calib
concenpgflgi ons. 5 The |ower |inmHea@f quantification
for this procedure was defined as the | owest

quantlﬁb@p%EVIEﬁndard i ncl uded pgvkn?uﬂ@croscale (36.6

nCi/ Q) al tissue concentrations of

radi oa were expressed i npmc nverted to
g eqU|§é en%% Variegin/g (g eqU|vfg%I%Q$%gpthe

cal cul at ed 5550|f|c activity of e%t terlal in the
dose FOPROPRITon. Thi's gave a it of

quantlﬂhmgélon of 6.83 g equw/&.ump

Non-pigmented skin Lower back
Stomach mucosa Non-fundic
White fat Peri-renal area

The electronic images of the autoradiograms were used to prepare Figures 27-29. Levels
1 to 5 in Figure 27-29 refer to successive 1 cm longitudinal sections through the rat

body.



10 Wherever possible, the maxi num area \ﬁct'lhlim\{au singlie 1uy.

aut or adi ogr aph was defined for each tissue for ‘
warasusssent . For sonme tissues this was i npracPCtaB20881¢)2109

so one particular region was selected for

measur ement. These tissues, ggong with the

correspondi ng areas of neasurenent, are listed as

REQIEsOWNS: diddissiig Reoi on defined for neasurenment Bl ood
Heart Bone marrow Pelvic girdle Brown fat Hi bernating

| 0 i bul ar S e
VIR ConcX RIS M TP BN BUAR or WO RUe (i radioactiviy is
asblimed uodiecassWiateé Wwishi WReiepir enatithac@@apdimdihef the same molecular

el ectronic ipmges, of t ayt oradi ograns were used to .
Wﬁlﬁg ar eF?péﬁ&’gsacil‘Y—ltﬁg‘?fh ﬁ'@v 5§ SOTutt%l Byag iseq g ehepgalowation of
5 cdnBbiftfatibf e23qus/d (A1)iRAQichadi nal sections through
e Rtatiohs e G R Ay T S 003100, o8
I j scussi on Where concentrations are
P’?@%@F%@ﬁg%‘g"%r ng equi valents/g (nL), radioactivity
IS, assu to be associated with Variegin, or,.wth.
ATmBIR By Brd” pBRERRLRLEE Brrorheliiiof ol Sifiailiy bserved
foll6tvingl infra0éndub edgosistraWnUsT PR WagidgsLth fiRte k@ Sprague Dawley
calcul ation of 5 concentrations (g or ng equiv/g
rafsfrg given il gblesgband 5 pelatiacoki netic study: A summary
of the nmean pharnacokinetic paraneters of total
10 Talddidodcanicentrptions of Yatdl rddibadiniifygini plasmacridaimed from male rats

T R RO YT

mgAadsl e 4. Concentrations of total radioactivity in
pl asma obtained frommale rats after intravenous

admnistfation of [3H[-Variegin ai a ngm nal dose
Pust | 0. 4 Mg/ kg Ti M (hodrs) M1 2Mm[3m MssR sd sd
(n=3)
0.5 425.9 5403 441.0 469.1 62.15
1 245.6 316.7 260.5 274.3 37.50
2 127.7 139.2 144.4 137.1 8.546
4 92.97 104.6 100.3 99.29 5.880
6 98.61 122.6 101.4 107.5 13.12
24 96.47 92.32 102.2 97.00 4.961
48 83.17 84.89 83.62 83.89 0.892

BLD Below Limit of detection (<2x background dpm)
sd standard deviation

15 Results expressed as ng equivalents/g
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we 2608655648 92. 97 104.6 100.3 99.29 5.880 6 98. 84T182D0%5002109

0.5 425.9 540.3 441.0 469.1 62. 18-1Abanbel DU 103,

101.4 107.5 13.12 24 96.47 92.32 102.2 97.00 4.961
48 83.17 84.89 83.62 83.89 05892 BLD Below Limt of

detection (

t
a

T3y Sonm

nmeasure

<2x background dpm
expressed as_ng equ

asma obtained Tr

ncef| peanspbaymangkinggic paranae
ean. ph oy t el
ilreR N :ﬁﬁ&%p Nlthia &amﬁie&%u% é&?lﬁho&vtﬂg gggﬁ%

sd standard devi at
ival ents/g

omnmale ra

i on

VO
ters ¢@fttaridigactivity)
?%t)rgvenous

adsningdteationt ofyHhvasiegimdni ni strati on of [3HL-vari egin.

Par anet er Tot al

Radi oactivity

Crax (ng equiv./Q)

469.1 Trmax (hours) 0.5 AUCO 48 (ng equiv./g.h) 4943.4

AUC, , , f(ng

t'*/2a (hours) 117 2

t %26 (hoursg
concentrati

equi-v—/g-—h) 19147
Pabar@&er 5 Cmax = ma
on Tnax = tine of n

Xi ML RAG B tivity
|axi mum pl asma

concentrati
dosing to |
area under
infinity t9
l[ife 10 t'
Ti ssue di st

di stributi of*Etudyps saEVLHBIN |

on AUCO 48 = area
&5t (AERsuralg) e conc
rve fromtine of
QuUrs

ggmﬁ apparent term

IRBCFsapPageEnyg H) st
ribution study; The

t%* (hours)
t14° (hours)

LY

ent rati o#09.]AUC; , , f

dosi ng en}gapolated
nal elimmnation hal]
ributionohpahf life

results of the tiss
n Tabl ed9%44and 7 be
117.2
0.86

Crnax
Tonax
AUCq.45
AUCy¢
1375

A

maximum plasma concentrat

ion

time of maximum plasma concentration

of

to

ue
OoWw.

area under curve from time of dosing to last measurable concentration

area under curve from time o

f dosing extrapolated to infinity

apparent terminal elimination half life

apparent distribution half life

Tissue distribution study:

The results of the tissue distribution study are shown in Tables 6 and 7 below.
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WO 2008/ 155658 PCT/ | B2008/ 002109 57 Tapl.e 6: . _

Concentrations of radioactivity in ti ssﬁg‘sf/é?‘-‘mﬂlﬁe’ 002 1’,0.,9;
wabkmisnesasat s foll owing a single intravenous PCT/IB2008/002109

adm nistration of [3H -Variegin at a nom nal dose

| evel of 0.4 ng/kg Tissue 5 hours 1 hour 24 hours

Ki dney 25.7 18.8 BLQ Kidney cortex 29.1 BLQ BLQ

Ki dney, medulla 8.1 Q BLO Skin (non-pignented) 17.0
Tahlevplenceptratipns ?)‘|5 Qg’éwﬂegyenésss'aésaﬁqnglq%@@mq gz)lts following a
i 11353 iR € i L5 f
e e a7t 2ol e tevel of 0.4
mgkgcent rati ons of radioactivity nmeasured in tissues of

mal e albino rats followi ng a single intravenous

adm nistration of [3H -Variegin at a nom nal dose 10

| evel f—04—mgltkgFissue-Rat—4MRat 5M Rat 6M 0. 5

Ul I r LILl VT

hours (ITiseur 24 hours Kidosyod37| 8 idl: O [BLE holiisdriey
p=|

cor t ex— 156 60-BLQBEQ—Ki¢hey—+redut+a43—+BLQ-BLO
Ski n ({Modeepi gnent ed) 91. 2 BLQ7BLQ UdB.Rary| bl adder
341.0 |234.5 BLQ Results|expressed as nC /|g BLQ Beljow
limt [JFdfusdtexfication (36.28InCGi|g)BAR 0.5 hBuRs (|t he
first ling time point), radiopctivity was
di st riQteBymE Bughout [ nift'ed tj ssES. BLQ
Concentg atj or adi oacCtivity were serived_jn the
ki dney S?(g’éh@r})?gg%ti@ equi /91;75 (k dng’g cortex]:sll“(g& 1
.10 equirvak@.ald Kidney pedykka: 8.13;8 equi vBi(?),
skin (4+~0-g-egquiv/g)—and the urtnary bladder (6316 g

Res@itpleixpresha)as nddauivalttiep ti ssues were at | evels bel ow t he
limt of detection (<6.83 g equiv./g). At 1 hour,

BLQ Brlow titnit af quamiicagien €6.3W\@ 008¢n155658 PCT/ | B2008/ 002109
58

Table 7: Concentrations of radioactivity measured in tissues of male albino rats
following a single intravenous administration of [3H]-Variegin at a nominal dose

level of 0.4 mg/kg

Tissue Rat 4M Rat 5M Rat 6M
0.5 hours 1 hour 24 hours

Kidney 137.8 101.0 BLQ

Kidney cortex 156.0 BLQ BLQ

Kidney medulla 437 BLQ BLQ

91.2
Skin (non-pigmented) BLQ BLQ
Urinary bladder 341.0 234.5 BLQ

Results expressed as nCi/g

BLQ Below limit of quantification (36.6 nCi/g)

At 0.5 hours (the first sampling time point), radioactivity was distributed throughout
limited tissues. Concentrations of radioactivity were observed in the kidney (25.7 ng
equiv./g), (kidney cortex: 29.1 pg equiv./g and kidney medulla: 8.15 pg equiv./g), skin
(17.0 pg equiv./g) and the urinary bladder (63.6 pg equiv./g). All other tissues were at

levels below the limit of detection (<6.83 ug equiv./g). At 1 hour, concentrations were
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observed in the kidney (18.8 g equiv./g) and the
urinary bl adder (43.8 g equiv./g) only.YByuns hourg vl 1“,9,
woadisgastssvity in all tissues had declined to bermBeov$ien2109
limt of detection. Conclusion: 5 The results
indicate that after dosing, ssorbed radioactivity was
di stributed throughout H nted tissues. Radioactivity
obs@Red i tal kidnsy i(18.8 ey bl ) vweidetha turl e bidsd mgw.st N equiv./g)
limt of quantification at all tinme points, i ch
onfio By 2Audgerst rediaactivitgria alb tiseuasr batkdeelingfl toebelow the limit of
und across the bl ood-brain barrier. Maxi mal
concentrations in tissues were observed at 0.5 hours,
C&h? t&nst sanpling time point. Greatest concentrations
lf‘ﬂ)'}“adioactivity wer e observed in the kidney and
urinary bl adder. After. 24 hours, .radioactivity in al
The|redifisdngisele dRetiafisb doTBE BEPUREL FPAcHTAY ores gt froughout
limkB@ 8888t RadiBRiRal @ ohOdtrali 3l in YRY bafH WedeSit ?évgml}aﬁﬁfgle limit of
very rapidly fromthe rat. The data obt al ned i s Al 80
quagtsiagoeat alli tithe tphintyp uishicls veahld etgpestothat dferdis naitansfer of test

cobfSikE gltHR e (HriPian B Ro ot apar s H B sap G Rk s vere

obddvddl 993).5 2Rfurs, 7the - Ark®)sampPliBS ik UsHifS tGKateSORbdeRirations of
that variegin, |like other small geptlde anti-thronbin

radigpstivy weweh obssrysidy anl itheickidneyi end apinaty bladdest edftoy 24 hours,
he.. Thi S.: it .suitable for
o RRAPRPE, ol A LA HREE Ry BRARR LR 488 s of oo
ocedures. Si Lrect . thronmbin inhibitors, unlik
TGRS e Ml CPur 4G s R s Tetbo i e rat The dat
obiRaat ake cafsisiemaniste theBubliliRdusBa@buvbf BRIdM s thB3M Wigkre 80%
a short half-life is an adyantaﬁﬁﬁas in the event of
of Hgaadprtinge waseeevardipthe lidnasi (Bivien Baynesmsind Kromk Biaghem J
(106086 MBaSHies to renmove residual drug such as
[trafiltration or dialysis |ess necessary. If

0 ntic l.ation |.s needed the drug can be.
Bk RNEeH SOLEARI ALEEE. iy PESESSal p i A Pat B oo
suchrasbeegiatdiois rasslyrexo@teddynme rébutd. dMed hroPerty@mbRStit suitable
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of less than 10 nM preferably I ess tha

than 8 nM less than 7 nM less 10 thaEL’g/“n‘M UIBeéSUUZ 109"
woOhes/15588 | ess than 4 nM |ess than 3 nM | esSBCTHBav08/002109

2nM or |l ess than 1nM when assessed in an am dol ytic

assay. 5. A nethod of any ong3 of clains 1-5 wherein

t he nol ecul e or nol ecul es have a Ki of |ess than 200

M preferably less than 150 pM |ess than 100 pM
ClUeY than 50 pM  less than 30 pM |ess than 25 pM
l ess than 20 pM. less than 15 pM when_ assessed in

L.ad Bsthed) 9k mlba%%WO@blma%@%w SRS HEPRBINGIRy2 mlecule or
B}Q@ cﬁléﬁ% ntéi’ék‘%rvﬁ‘d{% 91 Mﬁgy L& si

mbI N speci A net Eﬁaccor di ng

%I 1212%108 rallgc d1n tg cﬁm dl Omherelfrl 451 ope%ulgoor%g% %\IIeSAnteract with all

ran col UCt ure

rrefémﬁltac,cé&bﬂterlg ah@t}arayn@mﬁteafn tahbis. 1- 7, wherein the
nol ecule is the variegin protein having the am no

3,800 feBBAWENAM SRURVARRKNHITABRE DREAL PEEXIRRES/i(SEQ exosite I
ID NO 1) or a functional equivalent of said variegin
prid efasite G sites heforrdie duembil agive sitel ai m 8, wherein the
functional equivalent of the variegin 25 protein is a

4. v &rinathpd lvdainngne he clamnb-3aghateinghe emdeeule or molecules have an ICso

R S R AR i H o

f 4aatd VIales£Gidh BAME Mss BfantheM, ¥R§ HREI3MNT RELihBn DEMPor less than
fragnment of the variegin proteln or a fragrrent of a

v anMakenofssesprsl invearanagelivtip A%ERI n havi ng an ami no aci d
sequence selected from 30 MHKTAPPFDFEAI PEEYLDDES
5. ( MHR2thod SE@ny Dnd\NGY Blpims 1AD \Q]@@hﬁﬁ@ﬁﬁ&cule or molecules have a Ki of

(v 5 ) LR ety kil e b n A ply CapRan 50 pM.
( EE2fhhn GOERL1EXsNAB) 5 pMERISMAhARRINDHEE BEEYS hen assessed in
(EP25A22E) (SEQ I D NO. 7);  EPKNVHKTAPPFDFEAI PEEYL
( fremidofy$E@ssqy. NO 8); 5 MHKTAPPFDFEAI PEEYL (MH18) (SEQ
| D NO 20); DVAEPKMHKTAPPFDFEAI PEEYL (DV24) (SEQ I D NO

6. ON:; methyARPRNEEAPRRDREA] HREYImY DY2 akiere@R}he( 18ERCHP axanolecules

10)ibi SRGSRYAEPIMHKTAPPFDFEAI PEEYL (SEQ 1D NO 11);

7. A method according to any one of claims 1-6 wherein the molecule or molecules

have a random coil structure.

8. A method according to any one of claims 1-7, wherein the molecule is the variegin
protein having the amino acid sequence
SDQGDVAEPKMHKTAPPFDFEAIPEEYLDDES (SEQ ID NO 1) or a functional

equivalent of said variegin protein.

9. A method according to claim 8, wherein the functional equivalent of the variegin
protein is a variant having the amino acid sequence

SDQGDVAEPKMHKTAPPFDFEAIPEEYLDDHS (SEQ ID NO 4).

10. A method according to any one of claims 9 wherein the functional equivalent of the
variegin protein is a fragment of the variegin protein or a fragment of a variant of the

variegin protein having an amino acid sequence selected from:

MHKTAPPFDFEAIPEEYLDDES (MH22) (SEQ ID NO 3);
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SDQADRAQPKLHRNAPQGDFEAI PDEYL ( SEQ | 12); 10

SDQSGRAQPKL PRNAPQGDFEAI PDEYL ( SEQ | I3WCLne.  ww s .
wERWEDYAEPKVHKTAPPGDFEAI PEEYLD ( SEQ I D NO 14); PGMIB2008/002109 1 U 9

SDQADVAEPKMHKTAPPGDFEAI PEEYLD (SEQ I D NO 15). 11. A

nmet hod according to any one @ clains 1-10, wherein

said method is conducted in vitro. 15 12. A nethod

adMiaKTAPPFDF ERIPEBNE DATE(MHABA22H)QSEGEY Bins)s ai d

method is conducted in vivo. 13. A nmethod according

t BPXINHRTYIR PR AIPEESAIBD R (FRZh)i(SEQaDed)out to

treat a patient suffering froma coagul opathy or

pE@MHK@A@FWEEI@‘EB@E%E@(@Z‘S@@QEB e Iy N34y

nmet hod according to claim 11l or claim12, vvhere| n Sald

di
'TEPWHK-“TAWP@P%B PUEYIOERSY) @Oﬁ%ﬂgz& g di sease

associ ated wth norrm | ation. 15. A

R IS o oL
T R O
o S e B B e T o

functi onal ui val ent ther eof and thronbin. 17. A

cd PQ@V%PNHKJ@P@WPMU@EQH?NQNNaH egi n
protei n havin e ami no acid sequences SDQGDVAEPK

( SBQAIRRANQPKL %%HAMQGWMMPEEEQEDE@ 120

2008/ 155658 PCT/ 1 B2008/ 002109 65 (SEQ ID NO 3) or of

t AP QYEAQEKE LPROMARDESDEE AP DRIYAt (SEaID Bqul3jal ent of
said variegin protein; and b) thronmbin 18. A thronbin
| BDQGD A EPRDEHE T PRG TOIFEATRERN ITD i SIRQODINO 1apnpdi ses a
fragnent of the variegin sequence and conprises an

agDOA B¢ ABPRAIMENUP PRED ERABEHYIODYSEQ ID NO 15).
EPKVMHKTAPPFDFEAI PEEYLDDES (EP25 - active site and

11€XQ8éthed hdcok o 111@/ M &) c1 ARRHOFEANIRERY L BRER théiP 1s]c%nducted in
exosite 1) (S NO 16) SDQGDVAEPKMHKT (exosite

bvifidi ng and acti ve site) (SEQ ID NO 17) SDQGDVA
(exosite I'l) (SEQ ID NO 18) 10 EPKMHKT (active site)
12( SE@th@! Mootdihg to any one of claims 1-10, wherein said method is conducted in

Vvivo.

13. A method according to claim 12, wherein said method is carried out to treat a patient

suffering from a coagulopathy or prevent a patient developing a coagulopathy.

14. A method according to claim 11 or claim 12, wherein said method is carried out to

diagnose a disease associated with abnormal thrombin accumulation.

15. A method according to claim 12 wherein said method is carried out to treat a patient
suffering from a malignant disease or a condition associated with a malignant

disease.

16. A complex of the variegin protein having the amino acid sequence
SDQGDVAEPKMHKTAPPFDFEAIPEEYLDDES (SEQ ID NO 1) or a functional

equivalent thereof and thrombin.

17. A complex of a) the cleavage products of the variegin protein having the amino acid
sequences SDQGDVAEPK (SEQ ID NO 2) and MHKTAPPFDFEAIPEEYLDDES



APPFDFEAI PEEYLDDES (exosite |) (SEQ I D NO 16)
SDQGDVAEPK (cl eavage product 1) (SEQ I D N&2pvew i 107 109
WORBBAPRBE®OFEAI PEEYLDDES (cl eavage product 2; MRRABY0SEMD2109
I D NO 3) EPKMHKTAPPFDFEAI PEEYL (EP21) (SEQ I D NO 8)
15 MHKTAPPFDFEAI PEEYL (MH18)6% SEQ | D NO 20)
DVAEPKIVHKTAPPFDFEAI PEEYL (DV24) (SEQ ID NO 9) or a
f (BEEQi EnANO ex)udwv af et clelrergeofrodid@s of & fremibhal equivalent of said
i nhi.bi.tor according to.claim 18 that consists of an
aﬁ?’iﬁ%gl%EYO&elgéﬁlﬁﬁﬁégm & ected from 20
EPKIVHKTAPPFDFEAI PEEYLDDES ( EP25) (SEQ | D NO 6)
18a Apthpphinppiipi ppEshqrap sgid inpniybitesyompixesE\fiagment of the

R85l RO B PT84 el ol (S0
kSRS HE ket oyl St (S50 A8 MR s

3) NH<NORPFDFEAI PEEYL (MH18) (SEQ I D NO 20) pulp- ,'u

t Alin WO 2008/ 155658 PCT/ 1B2008/ 0021091 9 66 _
DVAWMB@@@B@@(AP@@%S&%%E@ INAB)16)0r is a
functional equival ent thereof. 20. t hr onbi n

| nhi dhb e Rerpr i Tt(&o%géﬂc'ﬂé&ncglrmgEndlgctﬁﬁé%?js@gtbsn% NOL7)

functlgnal equi va}pgnt an ses or co

am | feom 5

PR AR bt P B D (3ER228) (sEQ 1D MO 7)

DVA PEDFEAI P 4K10R) (SEQ I D NO 10) or
NHKM@E(%@%«E@@W@@%) )(S(EQ ID NO 5). 21. A

co ' d a throghi n_inhibitor according

Lo Pt ep HLEORS ofste SRS RIS aci ¢

nol ecul e_encoding a thronbin inhibitor according to

any QPN APl gcleagee proplpct DISER N0 conprising a

nucl eic acid nolecule according to claim?22. 24. A
hostMEE TARGHRIEATHE YA PRES dbleavier grovuiceuviE28) (SEQ ID NO 3)

vector according to claim?22 or claim?23.
EPKMHKTAPPFDFEAIPEEYL (EP21) (SEQ ID NO 8)

MHKTAPPFDFEAIPEEYL (MH18) (SEQ ID NO 20)
DVAEPKMHKTAPPFDFEAIPEEYL (DV24) (SEQ ID NO 9)
or a functional equivalent thereof.

19. A thrombin inhibitor according to claim 18 that consists of an amino acid sequence

selected from:
EPKMHKTAPPFDFEAIPEEYLDDES (EP25) (SEQ ID NO 6)
APPFDFEAIPEEYLDDES (AP18) (SEQ ID NO 16)
SDQGDVA (exosite II) (SEQ ID NO 18)
EPKMHKT (active site) (SEQ ID NO 19)
APPFDFEAIPEEYLDDES (exosite I) (SEQ ID NO 16)
SDQGDVAEPK (cleavage product 1) (SEQ ID NO 2)
MHKTAPPFDFEAIPEEYLDDES (cleavage product 2) (SEQ ID NO 3)

MHKTAPPFDFEAIPEEYL (MHI18) (SEQ ID NO 20)
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25. A nmethod for preparing a thronbin inhibitor

according to any of claims 18 to 20 15 wiHWp:. . ww + 6w 109,
woanprissss cul turing a host cell according to eCaiBaodstooz109 " =

under conditions whereby the protein is expressed and

recovering the protein thus @ﬁodyced. 26. A

phar maceutical conposition conprising a thronbin

i nhi BV¢ert ledEE I FRIEAWREEL (RV24)nSEQEIR NCPY or a

nucl ei c acid nol ecul e according to claim22 and a

pharFds e deictiahalyeqaivelept thbieef.carri er. 20 27. A net hod

of treating a patient suffering froma coagul opathy or
20p pethemnbingnhibitpaddcerting eatshOps BY 19 tEL30H FARALIM equivalent and

co rLsing adm ni stering to said patient a thronbi'n

|ﬁ‘?q‘]f%81ilieér0 SEHTHPIRY ryna Ad sequanss palectsl from20 in a

th utically or prophylactically effective amunt.
28?&%%%8%%‘5&5%% REHi(EB25422) (BBAJID NONT)
caused by thronbin accunulation 25 conprising
adelVéﬂ%RM@KaWHPEWEJAdPEBM\CMI@@@o (SEQIDNOaNY opf

clains 18 to 20 to a patient or to tissue isol ated

f r oVHES ARREREEEIPERY LI ES (Mmthlngp(m no @J@)fj% said a
thronmbin i nhibitor bound to thronbin, wherein the

21 détoeatplenofahroniialafid tidhbin ihRibitbi Q&Brdwdang gf claims 18 to 20.
thronbin is indicative of said di sease or cohditi on.

22 WO n2i01R&/ eﬂﬁ%&cegﬂnb&ﬁ% 5419931%9911151%31:0? gcco‘radng ‘icl“% of claims 18
according to claim 28 erein sal I sease O
c8rdition is a fibrin or platelet thronmbus. 30. A
nmet hod of treating malignant disease or conditions

23 .o yeetrnewapivinga medléigacidimoldide aserdingpy 415D, _
adm nistering to a patient in need thereof a thronbin

24.i A hiofi cedircontprizingor didbgc boidanyleafle 6k aivieBtod 8cdofdid® té Blafn 22 or
tC@aelﬁlazojeut ically effective anount.

25. A method for preparing a thrombin inhibitor according to any of claims 18 to 20
which comprises culturing a host cell according to claim 24 under conditions

whereby the protein is expressed and recovering the protein thus produced.

26. A pharmaceutical composition comprising a thrombin inhibitor according to any of
claims 18 to 20 or a nucleic acid molecule according to claim 22 and a

pharmaceutically acceptable carrier.

27. A method of treating a patient suffering from a coagulopathy or preventing an patient
developing a coagulopathy comprising administering to said patient a thrombin
inhibitor according to any of claims 18 to 20 in a therapeutically or prophylactically

effective amount.

28. A method of diagnosing a disease or condition caused by thrombin accumulation
comprising administering a thrombin inhibitor according to any of claims 18 to 20 to
a patient or to tissue isolated from the patient, and detecting the presence of said a
thrombin inhibitor bound to thrombin, wherein the detection of said thrombin

inhibitor bound to thrombin is indicative of said disease or condition.




PCLwo w2 g9
WO 2008/155658 PCT/IB2008/002109

67

29. A method according to claim 28 wherein said disease or condition is a fibrin or

platelet thrombus.

30. A method of treating malignant disease or conditions associated with malignant
disease comprising administering to a patient in need thereof a thrombin inhibitor

according to any of claims 18 to 20 in a therapeutically effective amount.




