WD 2008/ 155658 Pei xi.,nn a- PC171B20081002109 L 1 ir 9 , Thronbin inhibitor
The present invention relates to thronbin inhibitors déived f'r'o'mt-I*QeﬁﬂaM vary
gl ands of ha¥RePBdreébus art hropods and in particul ar t POBARRI®NY " "7
trivalent thronmbin inhibitors that act by interacting with thronbin at two or
three different sites. 5 Al docunents nmentioned in the text and listed at the
end of this description are incorporated herein by reference. Bl ood

coagul ation- is part of the physi ol dgrembiniekibdmse to vascular injury, in which
circulating zynogens of serine proteases are sequentially activated by Iimted
prot eol ysi s Idsdraseptiieventien fedatepetoitommbin fhibitors detivad, frop theisalivany glandstafor k of
reactions, t I y C r:al i i i.0j Ng: i ity of
henost asi s. %%%)éh §E+L§t gl}t%g%(gdswgﬁ 1%0%@[1‘9461% rtﬁe%??%geaﬁg n%r‘{%lg’?hgl%ﬁg%f actors,
pl ayi ng nul t iighikitss bhelcation mteracting wathtthrombiguk st orthilee differenbéised coagul ati onl ' 2.
As a procoagul ant protease, the first traces of thronbin generated in the

i nitiation3pHdkdoamenisamenticaned gn the (tEY)andnidhtddaatt the &idl ¢f (HisvEescdiptiam preovi de
positive fee Q@gl nmbin burst. Thronbin can al so activate factor
XlI, triggeri glg&t%%éétl .%’?rb%%sf%rgﬁ‘%at hway. Thronbin cl eaves fibrinogen to
fibrin, form i e.C I B I [s_are her. strengt hened and
stabilized tﬁ%udgﬁ&gg\%(%nehst E) agr gggﬂ_:el ?r[ rfﬁﬁ%h"g%égf% A S%)}O t Slréglta ?n et \?’gfcgd factor
X11l. Thr onbichcditsg zymagernsods@iepottdies gesegnatiiabnaaivatad py dtnétb@proplolygis possi bl y

t hrough two i X it ~@activa . pl at e] et interacting,with

pr ot ease- act F%ag{}lggé ?lgg%p gig)%oéflyﬂ?s‘jmtaﬁﬁﬁlgﬁllﬁ%lﬁlr% lgf’ﬁ%?ﬁm%&m?’ﬁ Mika8fevent s 20
dest abi | i 2t icerirabfol¢ hempinairghgethe phiegyity oy hémastdsisy AhioalinARAMESLSith mosti i nt egri n
W11 br and T AR SroETed e SR OB g e aatnt b PR oAl o
W1 ebrand fac C ’i ) ates
protein C ( AROylobdcdabe atisrtd eceprofoaptientgastast, ke tilsnearbosmbishibm gefElGied
gonor at 1 on of DRUBHEFRIPESE SV B Qe ARAI TS eSOy ar YIar S ey PokISes of
nmortal ity andecdbicil€hiding. to Mitbinb@aGudt aTtirSmBin&aP b bélvaleTadthieX D HaRBNhA%ES and

t reat ment gf .these di sorgﬁr@s. .Al t hough heparin and counarin derivatives
(vitam n K aftEgdnpaiveay- b cledien BPERQsR & Bbri AprrinmigenIutls slqtst RéFiRpy, bot h

classes of dpugmeRare ineel selaetHRBat &l dtivtliteatih@ish covel A8ssAidko @Wen _
t herapeutic ndow, and hi %ggy‘gvarl abl e dose-response. These limtations drive
al

the 30 conti RUAPORRE At P S Tyomdipeplen crrerbupn foc Bgggsneaten ofrai nl y
targeting spemiddt prE0paltRl HRdhehath & hanishl: @4y ﬁ'ctiér@t% gﬁﬁ‘:mtéb}aingéi‘%n ar get

owng toits central role in the coagul ati on cascade®6. WO 2008/ 155658

Pel ba/ fi n09“BETPeBBIBIBES oorerrsT i ARDI #ndi alycenretsins Vs e @3 ihepeyeits and its
anal oguespo Wak&ilians BesR: bididSapr 6AGLherARADIG 88, hokisi are

i ndirect thrombin inhi bi t orlg, tha@ ?’s.,gfﬁt%ey ap? as pa#sfl 0 %ﬁlqgglﬁlgt ?onbi n
conpl ex and &staeprotehemsidl & Bsombasperdin tydk A erdtifythel ddavesrvont Willshishd faator i ve site.
This nmeans t pady h a ' i.yat ub i t nnog react
with 5 i bri o Balng e g“ﬁ%?%éﬁléﬁ?%g%%?h?gﬁﬁ#‘g %Cﬁﬁ%tg% ?’@%Ha&;gj*ga A e of

i nact i vat i ngpisetohe sbhglsloéactom dhrbimbpinndbiou AR Ct inadivhien fachhniVer F0h) end faconsi der abl e
t her apeutic j S| >t e agent s_can_.i.nhi bitsthe ongoi ng coagul ati on
process wt h??@f{?é’t@?)o?&?‘f?ép@“%g’? gjerﬁesr?twflﬁglt Orhdtion of new cl ot (D N sio,
M, S. Msgde . H. | er. ] t.hr ophi ns i,nhi bi tors. N Engl
J Med 353:99 13%‘3’@83‘%?‘6%8@5“5%% s SABIROf A ?%lrdo“ﬁ%?‘ﬁ“?’nﬁ‘ingﬁaé‘r‘%nt? ncl ude

hi rudi n, hi r edeqgvdtarin bhes plophylabiin pnd ndatagntadft tbixanlisodderdlad thatigphagan sndni mal s
have devel oped a rich reservoir. i nhi bitors for blood coagul ati pn prot eases
a1 ng. evol atTBEE SMERE i iefin GRRRBOCHE PR CofleotPlaln ang

hi rul og, ar ethdepy,viedh folBsmsaoha@pahephagpdscammniel Limbhtiodei fuch Ssda @hréir no aci ds
protein isolated fromthe saljv | apd .of medicinal |eech Hrudo 15

medi ci nal i s73*"?&13?‘{“0h‘é{gldawg"r@bb’iggiyyKﬁ%tag[;nﬁ%avesa%%i i hessal At diriee dbe er mi nal
tail, botn ofortit nliifendeCeffirt &SdévRlobnRwt AtRERIMNID EEHH SaredtteSspbeitigr M nal
tail interacts with thronbin exosite-I through el ec‘f rostati ¢ and hydrophobic

i nt er act i onsSOaFWAtiqY faelprs nHEIToMbiRERICHR 208 taactgyahaio B eantipkiete inithe acti ve
site of throphMaiRetdHOti Ng its accessibility' 1-13. Hirulog (bivalirudin),
a 20-nmer polypeptide, 1s a product of rational 20 design by grafting the
hirudin CGtermnal tail to an active site binding noiety D Phe-ProArg-Pro
using four Gy residues as spacerE4'15. Unlike hirudin and bivalirudin which
are bivalent inhibitors that bind to the exosite | and active site of
thronbin, argatroban is a univalent inhibitor and binds only to the active
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inhibitory activity. There remains a need for nore effective direct thronbin
inhibitors and, in particular, for thronbin inhibitor kinat n e 1 ©3s) figkely to
| ose i nhi bi tWPPORAFINT ty as a result of thronbin cl eavadd&TIBEY¥P22HYi on of t he
invention 30 According to a first aspect _of the invention, there is provided a
met hod of inhibiting thronmbin activity b% exposing thronbin to a nol ecul e or

nmol ecul es whi L 0 i 8./ 0 zQ 4, WO 2008/ 155658PCT/ |
B2008/ 002 109@&1’%@ ?%“g’%rsgﬁgb ?ﬁnf%épﬁ’é? i&%deg% F’%@%‘Fﬁ PSSR beqr iafvidesptoad  sai d

nol ecul e or Hsraeeuticase fantlerades, amiihdired] throafbie¥@HibR, that iSARS) dofas! o3P, L NE
active site g}ﬂiﬂ%\%{rﬁgp&oﬂi 1Acc r(pll n%o a second aspect of the iInven |%n, there
is provided a thromin Pnii BtSrgrdreasgives erab Hiseqtly siths tiettrbinbirf ativeise i n t he

met hods of t#ie. fThissheaas pie theyfcah iy MeNateORIRIMEGlbih HLELAGL: Wi th exosite |
' Ri B0t "ol ecul e

and the actiye.site . of thromhin. Preferably, the thronbinin
or ol ecu%sﬂﬁhr%'ié?uélgttfh\‘/ﬁ“fmr‘l“'gﬁ’rre“éfth%’? t”éhlgl,mfémicarelblel ofmehctivigingdioitve site of
t hronbi n. Prehélaiid/fibriiourdiesmbs. Phis TBLES first or. second aspects
of the invention inhibit fhronbin .actlisvi ty Lgyﬁ??e?isqlé ?%{ag?lgiﬁqeﬂ%ﬁtﬁf‘flﬁ exosi tes
| and 11 and ¥HENTHEY BROGHEe oreaing praghletior piovess siithin 1f cldblisehind: juéccor di ng
to a third agpésmatdén shew Ve NG, 1h i | so provjded a _conplex of a

0 S, S Sa Rl 2oRE0 8, e 26 Biebrno o

nol ecul e or | ecul es. of the second aspéct o e

wher ei n thetgrf% HbiPAIDT e I iERsl) Med a%ulle28-#er acts with exosite | and the ,

active silpesof thronbin, preferably with all of exosite |, exosite |l and the
active sie SPSHABRAES o direet thyoatoa mbibitorstitmdudedirediv Ierulpe@r biRaliri@ny®ighod of the

first aspectag@irobdd®” iHmégalol the ¢ in inhj bi.tor nolecul e of the second
aspect of tg)? i nvention o{robg%enslentm%ﬁ h?i?;&eggl%?de%@? SFeYHeok ifibHora&ect of t he

i nvention i eCPEYIREYT mroseastse dntie i olgtiari & amidn avea &hehs @GEN 88ombin
SDQGEDVAEPKMinhi ot RERREAL P | D 1) or a functjonal equival ent of
sai d variegin prot ei]_[n.1 20 _‘@B 'S0 g{r?/g%frgp %\ﬁ%’]{?@ﬁjﬁ%’%a’ﬁ%{-éﬁwdm&ﬁng t he
anino aci d $eGUdHcacidesmidindwlapbiient tonsaivey sakddvar efedichl 1d-0K ZATPLYONI M

vari egat um wLeiResgEbeg (i 1284 i.n, which the variegin protein is termed
EV445. W03/ 091284 di sclﬂggggﬂt%ﬁ%? %tjtﬁrém{}%{rdioa‘di%nﬂraataéﬁdw Crigiminal @il both

t hr onbi n- st Phitihighebingiasitdsein tgghegitn onlectionenec- WA PA1284,fogs, not

provi de anyugxREhi al i ce as. to ther the variegin proteinis a

direct 25 thr or_rbiﬁn‘,sqlgn ?btlhtg%\éklgt% {%gtrosgilérat“g\%{;'g?p P dHgagiipngli Fhedt-términedt act i on

wi th t hr onbfemaisubipdsi &i gl apola tsikiaseanane hegn fpaing tﬁnﬂﬂbiﬁ,h%s\’rﬁ&in%ghs” protein
t ht ee

not only inferagks, cir ith thronhin but that it does so a
separate sites. The r'e%ﬁﬁtupé }Vég%}ﬁit“éda 8t PobtRentidenist 2 praslnefudsratlonal of t he

vari egi Plprésignivyigmidngibt hisidih CerasiniQail fo Hfactily Qtidling rﬁéiiegue G514 of the
variegin prlgltélj,lja uisn%% accgl Wi t(ﬂ and bingd,fo the active site Of throhbin 30 and
of “the Vart Egitehiotrass i ntekkckirgin sndarivelividid whizhexosi te | of

r esi dues 15-

thrombi n. Bt igridicreti: i anbi-nxbnaibhl gEde OLPaPALUR 2L, And, Synthet i c,
e.g. hirudi i‘%}qecrilt f})ﬁr utl O%Hbare bi val ent. They interact wth Sho8XbEit e on
thronbin and the: PRPERBTH bids eply e thegetive site”. ‘
The problem with direct thrombin inhibitors that interact with the active site of thrombin
25 however, is that they may eventually be cleaved by thrombin, resulting in loss of

inhibitory activity. There remains a need for more effective direct thrombin inhibitors

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

a result of thrombin cleavage.

Description of the invention

30 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




B i 0021 11 9 WO 2008/ 155658PCT/ | B2008/ 002109 4 itseld#;y, Jhe \ég)'i egin protein
is the first exanple known to the inventors of a thronbin T"nHi i dd 2 tInRg -
interacts wi YR 2H8tIA%hr onbi n exosites and the thronbin RGYHPEPERES -
Interaction of residues 1-7 and 15-32 of _the variegin protein with the
thronbin exosites Il and | appears to al ?gn resi dues 8-14 of the variegin
protein for Bid3gé ngha . i tive site, with subsequent binding
of residues 15-32 V\nd}t%hé gc;;ovgigltt(gm? &%Ogﬁqﬁtﬁ?'}rrgﬁgﬁblyt f‘?éé meleryle oxmplecwpsigterst  Unl i ke
ot her t hr onblVih pHhRf eiosite s exashelvad ihegictivepiobe romBinshown herein not to
cross-react with other serine proteases, a feature that is also believed to be
due to its aBfIoFdipe fvaispaond aspecihpt the Mibeintign, @hedo MBHIASIdE a Lo RBR ﬂlhibgfgr The
nat ural variggi i j i | ycosyl ated at position 14 1s shown herein
to display aﬁﬁ_’f‘é“ﬁpéf ?fﬁﬁl%f‘g?bl? ﬁ"rr g‘ﬁ%ﬁ“ﬁﬁ%ﬁﬁa‘ﬂgbﬁ theliist aspestt of kiitientmy act i vity
(1 C of appr oXhighins¢rgct voithiexpittandndl 85 Qietfe SRPSFAKIONTE |PYef9m§18, AMnLRLan
arregin protein

am dol yti c 3§gay t descri bed above. A synthetic
havi ng t he sane %rg%ﬁ%%%eo%ﬁ(ﬁe% 7> iisregsyiball f gxepite hgpsiiedhantidhadicsipt sies a Ki of

around 146 pW¥ittzembimn 1050 of around 5.40 15 nMin an amnidol ytic assay of the
type descri bed above. The speed of onset of thronbin inhibitory action is

bel i eved t o Heferbly, the mblecuiabumelahiley AFiRIFRL bPEQLAF bLiRMs Wikl (Rrgnbin and is
useful in cliﬂmi?%on%i%uaa%.l.gné }A/nere rapi d and potent anti coaguf at1on are
desired, such as energency uPeFbMidaiing Htueesinpdradd] ald thaf anetditog,

t hr onbot ile stithohesctipebirnstalymdmbol i sm or di ssemi nated intravascul ar

coagul at i on].cA The data presented 20 herein show that variegin has a plasm

hal f-1ife oficGor8Bghour thimnadpect torthd BRkn@Inl MRAtd 95, ife of 117.2 hours.
Aut or adi ogr %Eééu%to‘%dio‘?s [)fr esent ed herei nnshoyvn t hat Bl\a;oléfﬁegg% SRl 8hpdl y
excreted by the rendf® 8Lt &t E¥rrraaiasepct phthe inventson ankdehpmbin, bdepar th cul ar |y
useful for $hombintiehibit@ninbewde hidhé® Midlbige $ULYIERLRLQsedures.  The crystal
structure obre%ekrlg rrbitg @af been el uci dat ed and ?ﬁ% tgedécﬁgfﬁsﬁgé"fléﬁamibﬂ’eati ons of
25 the active site, 8R0St P@sie hmpsisHand thejaptivsisite bf dinlinar e wel | - known.

Thr onbi n{4 sphi-ghl onol ogpus to ot her serine proteases such as chynotrypsin,
and has %aén g%ﬁ%éf%stp? gloﬂ)%?g%e‘fsefl A i Esthoh of S Etst atrectoofids iswntioyned by two
charged r egihomshin éxidsitdragolbcidddf kile- selb1 LELOBor RELLVESI te". ~exosjte |" and
"exosite |1, 0f thrf’ﬁ:ﬂi Rfs used herein a%e c U BE RGO PSRN o ¢ hese
sites as deSCH DYt Retthed apect of dhe iaxentioh és ths vebemin ploedn havidgaime a61ing30 al

(Bl ood, 200&idxiqudf: SOGEDVAEPRNVEZR TAPPRDFH rm."actjve site" is used
to describe;the ﬁock.egb@%n thrombin in mﬁ%ﬁ%ﬁgyﬁlﬁ?ﬁn@gmb@s&%% bi nds and
whi ch cont alAgOpHedRvleRteof saf vareginspdine (S195) framed by 08 / DV 21 WO
2008/ 15 58ng'|’./| t82008 002109 5 the 60- and 7-1oops. The 60-loop is

hydr ophdbi ¢ i T HAER BRI ie Vefegin Progindhawng thovanded abiy staenadjeaGRl aBhe T esi dues
(P60b, P60djom ke $amiv£oLAGKSHW 4 RshY AL, bi ¢ resi.dues of e_substrate,
N-terninal to.the cl,eavagel_si-té.BTﬂeg%ﬁg‘%agmfsls ?jr%srcgg%ﬁi %’,03 &¥phi 1ic, and
can make coftdcte Kptisein B EsteDuadelf i 4talW 0€3/041e8€ s ey @g @has itfceyarilRa t erm
"exosite | 'prasin snhiSednReial fHid ite adjacent to the active site centred
on residues 1(36, 1171, R?S,lnk@%tw%%?&%gf%%aﬁ% Yo MAB/09tRE4 dlessm " exosi t e
11" as used®heioids 4y expesineintad exdffparment tot whdilee tRE V@S hlokit &N Ed,on resi dues

R93, | C286 ihrkR88infd; on the opposite site of thronmbin to exosite
|. The nol ecul e or lm%g%aﬁ%srt%?%fﬁcés li’ynQe}gﬁ{)&‘ffﬁcﬂ%&Withf}EWa@ﬂ- with the sites on

t hronbin b)ﬁurprisingly, 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

30 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




10 el ectrostatic interaction. Such electrostatic int elﬂam,j,_g ”ﬁ]y 2
short-range el ectrostatic interactions and/or |ong-range el ectr Q th Qg

i nteracti onsWOPPEf18¥8b| y, the el ectrostatic interacti onsP@IB2YPBHY enough to
forman ionic bond between the nol ecul e ‘?nd the sites on thronbin. The ability
of the nolecules of the invention to inhfbit thronmbin activity may be 15
determned b n n_the For_ exanpl e, thronbin

ani dol ytic a%:fsteli;ﬁ\:/?%] gg&ngeéﬂgéﬁgez%les@%r%fxﬁgﬁgg B e i mysmiers iofia thiombin

p- ni troani | i ibibitol it mtgramscwhhtbomm tifordblir @mu& Whd hhPagbMbat 84k hGRMbI N

inhibitors i r S mol ecul es of the invention may have
an | C50 of l@getsr&‘[ﬁ ROF%@‘ fzﬁgﬁgn gg‘r‘fl\ﬁ"“‘?%é§rqt%&ﬁvlt20hm1hmmbm esssitthan 15 nM

| ess than 1410 1 :’&@sark h(alahQ:BréEMueé 8sig sth@p V;Er?leélﬁ/lpr&&nlf@fs?nl%gl gkl M

Pref er abI m%brlm ul es{ of Ehe i nventi on have an § an 10 nM

pr ef er abl y | BEDHR A Sitp PR sSYbReer Rivpling eefs residuas 715k vsh@ssxashanl 6 nNM

| ess t han SnMnfdrasgtHehaﬂﬂveébltBMndlngss than 3 nM less than 2nM or | ess than 1nM
when assessed in such a thronbin am dolytic assay. The nol ecul es of the

i nventi on neynltkaoehen thomeih ihieGifors, IR WArRSS did) than 10 nM |ess
than 5 nM less than 1 nM |ess than % ptr éﬂé%%o heLe%ﬁ(géﬁpf\%ss fegr%]ts t han
400pM | ess ‘T HaAMSO BRPIGpasese Ssft e?ﬁ@n"hﬂ‘BG ’f}i)EM bgherddetoalrl Yye tohies amligcwl es of the

i nvention haweragt With @fltibR¥®mblam AA0.MM preferably less than 150 pM less
than 100 pM less than 50 pM less than 30 pM less than 25 pM less than 20

pPM | ess 19 harrme Jlﬁtwd‘!/lvmegin a,tﬁa@mnqcﬁ s @99&},{&@%“@& 'ngl% %g‘elcon%& gggﬁﬁgyof t he

Pref erably, glplm)l f@oﬁﬁ%in nol ecul es™ of

i nvention i P“?P Hy Jor duemping gndyjighy E@véntqfn@hmam@s&tm{ty f(brdfnogen to
the active Spﬂir@mﬁfatel}hﬂp MandTiegoflrh CtIVIt f. the mol ecul es of
the inventi ?R? be asggssaend by d et%%?g%%%%yﬁb%hﬁ a’bla ﬁ’g”cfaF%‘?/lonogen
clotting ti ty %escr |ah‘b‘{§’bét$’n@e@m@rmlnemtbm§1amg mlefsambls angek rRdoi nitiating
clotting by gtybesyaieh bi 23it10f mfal; 0 2008/ 002109 6 The
ability ﬁ; the ol ecul 1EQ)QIOIr ! éegKé Y?ham??z{r% agcg(/&féﬁ arguk e of t he

i nventiof t BM lﬁtaéraﬁé‘imwct%ﬁs@f Qfélse one tiéseribdalr abos. T hﬁ@b@d@kenﬁayf e neigh er m ned

t hr ough net hods: BoPR tkh exanpl es herein. For exanple, a
nol ecul e havi ng oiyln%% ol [yt gaggttc?%is@{e tp%etrﬁpur%gg‘éﬂfegéélg?r?‘ﬁé’& Whobeorihin abl e t o

i nteract wi ¥4 Brieithinoisioal sivtatives whetre rarhd ahi peast afntlbdagﬂlﬁg&ﬂ%)ﬁeglped?ct ivity
requi res bigding ef g both the active_site and exosite of

t hr ombi n. Mol ecul eself\%%? hG% i OKV?ngogflhe AP WBINA | plardiopy ithrgmbgiee kel nogenl yti c
activity meBRlBRAY sebolifne rcrrecﬂsstmmamtdernaﬁ‘taswlﬁrhcd&@ﬁlbﬁ&herhféccﬁdté/ Sr3bdi&y and

exosite do g, aljul by, |.ecu interact with exosite Il may be
assessed by anal SV‘% shtato‘fageglhhasaBaF‘HaLﬁgh% Hr o orrsried péameral elisingéerct i on. The

presence ofhaéfﬂleQflmfbhms wmtoradmg}aﬁﬂye;t@mfprés@ntéd h3BRSRYwh Tt Jaﬁ@%l“s in fast

bi ndi ng ch%ﬁgh Ex%feh%s and residues interacting exosite Il
results in a change rn Biddiig E‘P’é‘glﬂ?ﬁ i‘td%hlfqlbbﬁ?lble@gltﬂctﬂ@llshml f@el et i on

nmut ant s rra)ﬂhb‘é-tum@dtldzaagd%(ﬁfdﬂrﬂﬁgsﬁﬂgﬁaﬂ‘ﬁ@@ddﬁl%s| ocations of domains in the

nol ecul e binding to these different sites. Preferably, the nolecule or

mol ecul es Udedryshl sthetmebhidomin hhebdeh lefileidad aﬁ@ﬁqeq@én%ﬁég éfﬁd ?1§n5“%1 ecul es of
the secopd . pspect 31 f thg I’IVCFI’]'[I on_inhibit thronbin speci q referably,

t he nol écule or @& ' grd pypsti H\P@ﬁlﬁm@ﬁmoﬁ% Meﬁyknv‘en yTHrmmblhes/mghlyof

i nhi biti Onhoﬁlohighlﬁl’toﬁfhét ﬁﬁné) RRAFE88ch £ Lon of other serine
prot eases at?@ h abi 5 of the nol egﬁagﬁg%ﬁ %@Ihggg}%éltvofltetl?%k?tnvent| on to
i nhibit thromBiHh ep% Ffate qnpg,swng@ beltoethatged ac@s sevogitdstisandlil. ITikey t 0

i nhibit theragidalwtsie’ ag ti 654 & serine prateases 20 in the
ami dol ytic,assay descri be;élésggolve dué}fcﬁlgtyg{)eg%fognbé%%%e et AbEteat es for
each serin& ‘iﬂdﬁ%@ﬁ@r toph@?éﬁ%ﬁtﬂsyﬂescrlh@i imshewt lfe eaimpio bedastebeaafin LR dinventi on do

not i nhadi &1 @1dyRr 200k Rych ﬁ‘?ﬁdé Oﬁ@grﬂzg\ prot eases (such as plasm n, TPA and
ur oki nase), anticoagul ant’ protease “APC or ot her ant| coagul ant serine proteases

(such as Fi bef, & X al i , Or other classica
serine proteasesﬁgguc g%“%%yno ?iggéﬁﬁﬁﬁg g@IPF Hymn@PéF@W&$N§e t he
mol ecul e ofibrasger sbsisatebieds aml Whieh eetdiodhefictib eerfﬂerr&tiduawﬁ;ss el B@e mol ecul e
or nol ecul es of the second aspect of the invention have a random coil
structure. The randomcoil structure of the nolecul es of the invention may be
assessed by circular dicluoisrn spectroscopy. 30 The nol ecul e or nol ecul es
used in the nmethod of the first aspect and the nol ecul e or nol ecul es of the
second aspect of the i nventi on may have a haIf-Ilfe when adm nistered in V|vd

| A P 1 - . .. AAASNS MY/ A Fr-rr~rm ™ -1 Vel B alTaYaVlaleaN A aValal: Na¥al 1 r . — N




and the nol ecul e of the second aspect of the inventi’&%‘/h&ummqjggly the
variegin protein or a functional equival ent thereof "Functional equi g.a?l”ent s"
of the vari eYPR'E818 n i nvention include nol ecul es t hatPEHEWIFORIWYN| f i cant
structural simlarity to the variegin protein and retain the preferred
characteristics of nolecules of the inveftion discussed above. In particul ar,
functional egigpal,gnt : tal Nothe ability to interact wwth exosite | and the
active site on thr on%i?%orp g’n@ep%_roelf) & éﬁg]?%ﬁ_rcf%oﬁ’lﬁt‘@h&%trwuﬁ rigkdiei previled bxosite ||
and the acti ¥ adiaasnioProt thsidudsi (RGO WE0E) niaterReUk iR GAHh ShBfc St C
protein thussﬁﬁﬁgtgrhﬁg%ingﬁvghg random cojl structure, retain Gthe preferred
Ki and | C50 valteg di Setes8diapetass sic olisaciqoprs mprermehileehydmyhdiaybes of t he
i nventi on anekndhakelcaytattheittadebitliidsyC-tePmindNolht 00BN | vidy specifically.
The resul ts present ed herein show that the af fi ﬁlgty bf'[ﬂ%héé v§>r((i’sétg?’naspr otein
for thrombin s euch® Phate 2diasprtie thsiagtiyeaiie cortred an vsldept K6, 15¢t RTHRIEDI N

i nhi bi tors sVt Ra%a,hid &l109/urh. The (A& “Yayshieah 0 LA ;dges..not. show any
significant AC )SS .of thronmbin activit esven g%gﬁgeﬁég&ﬁmﬁ%c@?feﬁﬁtggifed by
thronbin. 1 t%7E PESEUrStovdetidhss ROBKE K24§; RI01tand ROBF b gieroppositt Sitdloft O

i nteract at thewsind esbdies | eads to strong affinity of the protein to the
thronmbin active site and this strong affinity is retained by variegin cl eavage
product s eve€rheahdleduleCdraama@Ses e thnQBRioN- ' age products are thus
consi der g t?get her to be functi onal Q&gi%&hﬁ%ﬁﬁ%ﬁﬁpﬁgnﬁgw PRPIBOSt ei n. The
vari egi n ' pr StEIHFHIS ReEsind Sysh elaetomsiin iseretioen 129 barhaoaet deckdand 11. The
met hod of t hetedibdost AgREQ DRIk i theref ore conprise inhibiting
thrombin activity by exposrilgﬁlgan% hr ongélsﬁi?{coﬂgﬁ%ﬁé Seg’\?%\fg@%r %ggétr%fa“\‘iari egin
havi ng the AMPATOREPE sherfeneeels toSDQEBVAERKD (HBEQveBh MO dle@ildand the sites

M | KTAPPEDFGAREEYLRDES (M -122) (SEQ ID NO 3), or functional equivalents of

t hese cl eavage products. Additionally, the conplex of the third aspect of the

i nventi on 2Fheayilee P ths &oidal ' e cl egv roducts of variegin

havi ng tE%F m no,1 a}gi d seqﬁencfeggmé%{%&g% %% 11?1%%}&%11%1 a7ty may be

MEl KTAPP PIPEEYEDDES (2SE@ R K®'S) in dife fit nRiri G@ablee bMBehSogiic t hese

cl eavage pradugats Wactd qyi ent.s of the variegin sequencé or cleavage

products al so i %crlnf?ge vagrs_?gg% sb?,i gét\\é\ﬁ%nghh’f, ?‘)él,m%cfn @? I’S‘,’l%e?mlﬁ,le dollegying 0 or nore

am no aci ds™FPatipe of drprbinrwigr postilated GhisRbIASABRto®lin VRS pregknb BF 98 8jgn cl eavage

product sequeNGS§Seul .substituted . for alternative am no acids, provided

that the ability o S PR PRt S P con R oM alsts v o te,

pref erabl y Ren gkl tees thin 1exids lesethhn andM, fes ek i13/ﬁ1\/§iefs§—‘thia§_1ﬁﬁfvfiiopf%% 011
S c

fiv2109 200 R0 5 |, B2008/ 002109 8 Preferably, variants w ontain
conservat i ve argn{ %121 g%?ég%tt)% ﬁ“?%ﬁf‘fl%%éltg%maﬁ@a havs anEsopf] lggsiikan MaMlegi n

protei n sequieftably 133y tap ng,Ueds tisntBSANIL Jdési tRAHST mge@qg @{@CSS\@QHS Lgu and I'le;

among Ser gpd 4Ihrs n tr{}? jdi ¢ residues Asp an ;. anmong Asy and G n;
among t he basi%&%%@%%%% sngﬁ S%&‘@‘? 2L o4 dgsp hap HeMawlnmesssessedés sthes  Phe and 5

Tyr. The r dBuibn pridsistié edayameirol NSk akSedidf £411516958 §f.yariants of the
variegin prI%%%{ard g%wig% %gl q@ aci d substitutions at - some of -alf posi tions
4 5 6 8 11 13 PVpdess fan 19-5M, fess tiyag SqH, I8s thein 1t hessrthagi 50 pvae@i n
sequencé, T 08sMl, 1e3s fHag H00¥M dicBel gl r,at e t tants of the
variegin protei % Sﬁ&uence,hg&i ng am %?)O(Z(&‘f% Oggéggu%étzl% EM‘gﬁ%ferg‘F]yp%i tions 10
and 22 ret al n TP ShbF AtieRRhave ByKiadtlesy ithap. 20Ppdf, erafedbl Less tiaanab pegui val ent s

of the var iegitanpoOHR, fest s 50 riAnts;.hayi n ino acid substitutions
at one or ﬂ“«p%\ﬁ} of tEese Sposi fi %%’Hg%rdﬁlejr rkeg’ l’feﬁsﬁt}é% gin;giﬂ] E"dﬁ%@‘é%ﬁ% i ncl ude
variants i SRR SN Hrenmssdssadom shch s theypitac edlidoyytibl d3sa9! PR&SablHS@He At POSi tion

5 is repl agRttch¥ EH¥ol i no6,is re ced by Arg, Gu at position 8
is repl g((ged b; 15 éon(fcv%%/so?g%ep%%{sﬁ ?eoc?lndlﬁgpfgs Béﬁ?d&@&gm 1"%}@‘{ thygmbint positi on

3 1S T onl B epoc Aironsad @ ane sokac ot Y MawifyTdl oSt L on
17 is repl aced oy G n ,Ctligﬁ'ec’%{“e %‘8@??&%#%‘% et pacleecpsBRpsad iy, depdcint  posi ti on
22 is repl @kd wypelang @rinogén phstidy Gme25 o By BRLRGES Y nfqﬁé%alegrwﬁ u at
posi tion 3ﬁbﬁd1% 5ne%lda}c«tadt.bgy H.s. F ncél,onal equi val ents 1 nclude vari ants
containing 2 o Sid iyhatpgclotting bythe gddigon ofghrombin. 12, 13 or al| 14 of these
changes. A preferred variant is one in which the GQu at position 31 is
replaced by H's, said variant having the am no acid sequence
SDQGDVAEPKMHKTAPPFDFEAI PEEYLDDEI S (SEQ I D NO 4). This variant may additionally
i_nclude substitutions at the positions nentioned above and at other positi on;

- a4 . r i ~ e

7
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inproved ability to inhibit thronbin activity. Such an inproved aBiZI | ﬂ,)ﬂ',to
inhibit 30 thronbin activity may be due to inproved interaction with one or
more of the WQ3%BH1&Sf8 exosite |1 and/or active site on REIEHIFM21npr oved

i nhibition of thronbin activity may be assessed by determ nation of the 1C50
and | C val ues of such variants using thefassays reituna, DRI An71 WD

2008/ 155658P 002109." e 9 descriped herein. Such variants nmay al so
di splay a si %}i{% %%gﬁqﬁ{ Ilg?lgc ?%OWQISC‘{["OS e st 30 geepng esnceis of theHavengom

“functional trjuferat with Yitealos the thohibdeso LEAIHRADS dQEmi RS tPﬁ%E%kﬂ%tﬂ (Psrs%l%ei n or
fragnents of aVAbi AL St her of , provided that these fragnments Fetain the
ability to interact B W thNReHEa@Rlss hewsin Fameragple, wendequis lorvingramgdiliti
preferably wdiity ive tiexasdyt @sdribe@%85¢d & dble BN ' | n thronbin. Such
fragnents wi|| typically pe i dgnti cal to the t\?gar%f lg}glt?rgﬁépghg?%lnﬁ 65U ce or
variants ther egf Sé;}’é’élﬁ% TPGIHC AREVIYoSquiEss binding of3fibriog&y tobhotll theBactife site 10 ami no
acids from tde &kdsied M srathr@ABinl MAecul : 1 ids .fromthe . C-termnal of
the variegin g)rot ein sequ‘encefl Sucehcuf rsg‘glrlrlg}h'?fsﬂp& y&gbsﬁgug(gmcaiaﬁ“vé% ?ﬂﬁ{aci d

subst i t ut i orS T ROEHYiiSrRstiviy msy dthist be Inerrgsiotinterest mithitogdthaheyes sixanp! es of
EPKNFI KTAPPRDREAI PLEvt s | oy s MOl R ey Gt ehopremreeer e vLODES
(EP25A22E) (*8H0F IND crynge FRMAK THRBEDREAPERY thd ER2An. (BEQeRnbNO o8)anl5

MHKT APPFDBEAWBEEYdn (MH e 8@&0&@5@%@%g@%@%ﬁ%%t%@”wm&“&“ (Dv24) (SEQ

I D NO 9) DVAEPRM - | KTAPPFDFEA[ Pl Bengharpgietistics and
SDQGDVAEPKM ek PE DS REEYEra¢BEQWID MDsitd ) I SEQABRAQR CHRNAPRCRREALPDEYL ( SEQ

| D NO 12) 2Q},3RGQ5ERAR | PDEYL (SEQ | D NO 13) _
SDQSDVAEPKM—IKTAPPGDFE&%EE%&% gé@?@ﬁ@i&? rrgb@‘&ﬁ’ﬁ?ﬁlﬁiﬁF’E’fl'°</F%|l@rwb4ﬁ’@ezqns/e\v\EEYLD
(SEQ | D NO 1mptigsmeé dpmnias ingbriinvkteabmdaksethencditrdentnmel fied forms of the
variegin protein and variants and fragnents thereof that have been nodified by
the additi oR™&¢rallughe mgleouipsr molc2Blepaky fethe GBS (e fRThAPHAGIAS ML hi n the
vari egi nipr i ' ereof.. In particular, functional equivalents

i ncl ude gl ycgsfpggé%%g %%C%& %Sfp%% ﬁéﬁ\?é’?‘fe&ﬂ?rﬂl”%{bgtﬂé‘ioﬁlblm se¢ifienlliialiraterdblst or m of
vari egin, t He miecult opodidulanof I iafentibe displhy vér?m@t/ kbvél@‘él?'ﬁfﬂ?b?tidnsofm%fi ed by a
hexose noi egéﬁner&ggsijoBgél erelﬂui val e@t.s tjéu% include the variegin protein, and
variants and Iragnents Porohs 19 AMFREPH o Bereierne Prtases ad ahbBheebilitpdi f i ed by
Pel nt' v 08 Fhe@ORdcul’ ornINOUROGSHEHE6RERGH hiBRARH NN LS AH, fhyEoR¥Let! on at a

position co i.ng, t.0 pasi.tign 14 of the variegi'n proteim sequence.
Functi onal fé%gslggsgﬁgﬁtts gb%?ysff IFIHE’F %@W‘%WF%‘@F%Ofmwléiymf semid prafeasant s and
fragments0 t imdh@@rhidotﬂﬁafassbja\descﬁB@ﬂaH@DQiufsjngqp&yﬁcgém&g@élﬁtshgsgmég Qther

cosyl ation conprises Introduction of' hexose

positions. Pr.eferably, t{;e |y .
resi due. FU%(I:JI ?8{103 aSée/-qPJF glfbg'mﬂge giolegule or molecule of the invention do not inhibit
other fibrinolytic serine proteases (such as plasmin, TPA and urokinase), anticoagulant

protease APC or other anticoagulant serine proteases (such as FXIla, FXI1, FX1, FIXa,

FVIla and kallikrein), or other classical serine proteases (such as chymotrypsin and
25  ftrypsin).

Preferably, the molecule or molecules used in the method of the first aspect and the
molecule or molecules of the second aspect of the invention have a random coil

structure. The random coil structure of the molecules of the invention may be assessed

by circular dichroism spectroscopy.

30 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.




5 include PEGyl ated forns of the variegin protein and variants and fragnments
t hereof Such PEGyl ated forns are likely to be particuPﬁHP useful to,prolong
the hal f-1i fWO3PU8tIRWSe nol ecul es in certain nedical applRCaBPYHL21R F@H@tiona
equi val ent used according to the invention nay al so be a fusion protein,
obt ai ned, for exanple, by cloning a pol yhucl eoti de encoding the variegin

protein or 10 yaLi ra nt thereof in frame to the codi ng sequences for
a het er ol ogous %élg%gkh%ééeéﬁog%ukfﬁé thermethor of Gredigetasect whién ivsatbrher ei n, i s

i ntended t o @dshgmaleenlantythpataspe pigetter rakdialedibam 486 fegin protein or its
f unct i onal eoqtéifgr%lﬁgnﬁi. Exem;&ll_ es ?fﬂehet er ol oegolus s%qug\r?%g}sl?%ébeﬁ%rﬁrgﬁe}?g t he
fusion proteins, errhefgtenithegiolar ¢ ter ni nus, are the follow ng:

extracel | ul arFuQ&fS%i ns of ne,nb‘irf%ne- bound protein, inmunoglobulin 15 constant
regi ons (Fc regionj, I PIER e P the (vRIRTei Bivksim inverfswaindsdonolemtlesaibed shutvar

prot ei ns, Ssisggmificaste GUEDOEIS sindlpiRy tio SBAUSHESS, seguences al | owi.n

purificati Oth@rﬁ af i ni ééPEhr omat ogr aphy. Ngny Pgételfih%gﬁ 1%%1{1erﬁ‘18| 855 dsequences
are conmmerci a %Iefésv‘ﬁﬁ P cilgs @i aavenbon gisassrddabosé. o pattelas fRGYRNCES ar e
conmonl y i nehuidsiets Rtdid@e hbSioB iREALE] RS r, to.provi de addjti onal
properties wt hotﬂt si Eqni fi (;an}?IB; i rrpai.lgfeﬁgé)gﬁ%eﬁ:aaqggleecallCP‘lpecS@@nﬁ?IBingﬁ‘ia(‘?%l activity
of the prot &CPYE nferct Weheropar pexosite Nk th criobiilonBiokeEhR@lctios): 523- 33,

2003) . Exanmplhgisalefs stGB vagdhit Lwal qhk es are a longer lasting half-life
in body B) uids, the extracell BI ar Iﬂglg %rtg%l?'giﬁ‘fe 8Far§ﬂme°g’§isgf1°tﬁ’i§’rf 3igat i on

pr ocedur & ad ¢ iERRtiiAnddCo @ galueschiscassed abivetin dormecth with $B&mdsSiQ RFPr ot eins

w Il al so haenyEs Ll [Worcyens . For exanpl e,. since_the variegin 25
protein and functional d?(%lljdl&\}a eHrlll'?cgﬁiﬁgfr&etoﬂfm 5BV PeciBsad- t hr ombi n, t hey can

be used as FnORANE pRlseRONNEY:L G rapeutic nolecule to the site of a fibrin
or platelet thr onbtfgse'lﬁhe het ero Bﬁgagﬁ%%%ﬁ%&"é" Hien@{eah Brotny fog tisembintiner apeut i c
nol ecul e t hiftchitkat, palikebivalantion eniveleat dient thafmbdn fihtHitors Q&h & W Ahgligind hr ombus.
Pref erably, vaieh Roitil SRR ecule js an anti-inflamatory agent or a

t hr ombol ytic ager?t?(.) 30 The 111eot%ve%ngSl n(l)tflfsanﬁoll%‘togiﬂ?fc’ﬁ%? agiigly qyen whemit donai n.
Pref er ablYy, beeRelotred by titombion Ii & mosfulaiar dsceBtabiiag of Ak ezﬁie%ﬁ’lpﬁro{eﬂght hat all ows

(o)

purificati opeeyt &f £t i.pding, an en tag that allows histochemn cal or
f1uorescent |abelling, %hrep%g?se{[ %torgrl"?e?{?leﬁgf%?rqtﬁnéo the'twogbinactivedsite 11 ii 1 1

0, g VIO 2008/ 155658RATIIBLI08A0ORID YarkbirilefeEd RICREAALH TRIal IR JIRT ker

domain is throﬁg;irpoﬁ%gg Gl a0, ?uﬁ%h fusjon proteins will be useful "as

di agnostic toplalg.' or exanpl el °SIAT &'t sy sensidgicd {oedhasi to be fabdtientlo bind to

t hronbi n, iequivalanty ef ths eericusn protera The OfiridolBgHoRth 1@ cfeh et, thrombus

when |inked Lo, &i8uif abj ”iﬁ{ ker dorrfairrlng such als “a sgiljt}é Iogmingécf?‘(!‘ﬁ%eﬁem cal tag.

5 Methods for 1he generati on®drethqdseiche frdrapestofithe inveatiatamdy iterdfe art and

will be knowamptis ihhiditiakitrbedinr2ades by Hosi8X #Fpk, t ral . mol ecul ar

bi ol ogy, mvgzrié)otﬂil Iaﬁgg,t recanbi n; n?r DyNAPQ{OZlc%noI ogig} tgﬂ% ﬁl‘%gg%&r%c&%%aq% t echni ques

can be found in SANHF JB% aé‘fm%tac‘?‘ZWG?nCé‘i SRIGEDEAERK REQ TDOND. 25enear al |y,

fusi on pr odEHKFARRD KA IPBSYY L COSRENIgn: Reconbi nant |y from nucleic

acid mol ecyl es in whi cg two nucl e(lmg 18 (ggiggﬁgﬁe(ggg%ég@&éorngl ?%évéljaéfsc?éet her in

frame. Thed®>F HSTER POYSs Hiddiiqnplly dheprremetiobie thinl ebect a€ it Fvdngenl €s t hat

cont ai N2§ henay elogiyARt theRsHiNAnd GRUE fusjion. protein in_question.

Funct i onal %gui valents al so incl ugagﬁrg*rﬁﬁrtoﬁ{}ésf 893?“%12@73}% @ﬁiaﬁnrﬁf’r #tdi ns,

variants, PYRFHERCSQGRUAEPEA(SESR TBNNS @) ahd AGHEMASPFDFEALEHEYT 5 ei ns

descri bed @&BQIH)NHS@,S&fg&ﬁghglg{llﬁ%l?ntggﬂﬁésy te a %ﬁrther aspect of the
[ ul tor the

invention as wel | as$ being use TSP WS PEX e first aspect of the
i nvent i on. Fldctibfl GRRshIEGE Such |tiners of the variegin protein may be
particul arly. usef ﬁeﬁ in or ggrﬁl?g‘}a&é%g Sgﬁy PRI b‘i??av?g&r Fedginatsptinggdef ¢ hr onbi n.
The vari eg/442pis &t whisB 1nRthidn5thds 8, MIDtor mersanRY 8ids P e b bR cent ral

| i nker Jmi@bYen¥d & thelr: Ctermnus. Aternatively, the variegin proteins may
be |inked iﬁeélo_ ‘a r|%ﬁ5é1§t§'+r%’t§’gﬁl NETBFTPHATECY 5akencess hrvauBeenprubstantabifyr t he

mul ti mer s AmpHysEnip a8ids,AroGdar thabthe a6} eSineact WemALLEM 1 QLIS N of

variants, fp functional equivalents thereof. The variegin protein or
f unct i onal negtg?@gt}v%n & Prﬁ%ﬁrarel’i‘f %\?’f%}tﬁ I} se05iig1 & andethe matjveasite bereiattedt i cal to ope

anot her or they may be different. For exanple, a nultiner may conprise sever @l
different variants of the variegin protein. 25 The nethod of the first aspec
of the invention may be carried out in vitro or n vivo. Were the nmethod is
carried out in vitro, it may be carried out in a cell-free systemor in




i ' | es
a cell conmprising a nucleptlde sequence_encodlngfthfhg?uegg%?agé g%hﬁgﬁafg)
aci d ol ccul SOGHMBFIE ng a nucl eot | de sequence. encodi ng B TRABHBIZAY nhi bi ¢ o
aci d nol ecul ng a nucle _ ( _ ot 2 EOr
[ O invention that will be useful in
according to the second aspect of the 3 g _ ool es o
[ Such nol ecul es include single
met hod of the first aspect of the inventPon. _ leic acid speci es.
Prof or abl v Re A A A0 0 Q) SHEEESGUmprinG SBINADSICKIoDt Foried (i o h O 1
referably, h .
50 be Used yhen the methor of the Laraaisan naetor e fhdherfe v gotee oo ™
al so be used n the t hod of e 1 nvent ' _ Cors
di scussed be ggﬁafwgﬁgggéﬁngﬂ33F@Bgﬂﬁ@%u@@swﬁm@mAn?mg?ﬁ?ﬁémpﬁiSB??g%?cSSCh
COTPLLS! 00 o ket Beleml 0y 28 et B SnABRRE g D61 BEF A
expressi on. vectors may i ncorpora
trgnslatig%afwbontrol sequences, for exanple enhancer elenengfébility
pr onot er - oper.at or regions, ternination stop seqﬂﬁases, EEEQ L ailn frame
sequences, sf%rrf’s%tﬁ@ SO hesd Aenestate Hesortdocdd 1atgls ts_ Sar )%h{lﬂfrel sdin v 1L
win e nucmﬁh@e@ﬁmdﬁﬁpbﬁgﬂ%ﬁ&ﬁgﬁg&ﬁﬁ?%ﬁ I %%ﬁﬁﬁﬁﬁgbﬁ’%ﬁﬁegﬁﬁé’B%lﬁnlecules
onveni ent tQ cause the reconbir ‘ _
fo be secret€d rﬂﬁ%ébﬁfd@hVW@%@spﬂxenAmmumdLH@?yﬁmﬂgggfg?Fgﬁmyg?gﬂﬁfl?Lgsgﬁg
brocesei no’ senubaos. Moot are” o BE QHEERS PGS OREs off FHchtu® pedsm o8 and
ocessi sequences. Vect ! Ve
5{ruses ?%néW&ﬂWﬁ@nbd¥Hmﬁﬁemeﬂﬁcpﬁa@kIamd.&m&@bmoﬁggnggégggﬁ%éPﬁﬁgﬁngsggle
ol oment s or  hons Baae A Re O nar F O o Rk e by iy s terivee nos. and
onol ogou _ .
gi(gggg tSisogr §9‘%~°f@i§wiﬁg$a@t@nk o wereaanitithekeqiontting £ rdfdtrdd Bndibhal (GEHMRRND 6% 1 Hoef f I er,

[ htable viral vectors include bacul ovirus-, adenovirus-
22382/&5?:1? ggﬁﬁksry“@gge% vaZéth(Sngfl 4S’L§irF§BTeg Mo b1 oF 8¢r. Ak ttposition Sexpr essi on

e OIS o St Y dkapaiinos biephan byou) AP yloibh 8 RlafikALYOLIC
o e e LD B R A Mef Eepos OB S rioerdlty T agr v i o
a Can - ) - - - -
L0 are abeh Ul aptiiccby Ficc Db et sookken: el IBRIThY SoSHRL 951 O
ot om it SOkl AR oS BEE R Ol iRt & £ s psosommctipi oot oyt em
S S . . 1
Y 50 cofeh westustostenhsts rug, e e miaLEt Rip Lo |
SR el R S
i i i . t e
e U550 T Lo vt o o5 LS USEIBLLE SEH 0,
i . ectl ¢ re \ _ Nt
A s g N b
St ont nal) o ey P KRN PR AR MR ERTE LI ST A uhr Fne. nocds of
i sot na or. e , Iat:| U ¢ _ o
Sﬁgssystenﬂm¥ﬂgIP%V@ﬁﬁﬁﬁﬂbhF§bﬂpﬁ@%?ﬁé&na?rgﬁeasﬁﬁ???gﬁg@?gﬁ?g%aﬁtgfg:gsag?hc
T eeul 3 é”'@fﬁ??ﬁtgl@? Y B BBt B0 [ nsd T gt of e
(¢]

the cleavage products having an amino acid substation of a Glu for an Ala at position
22 of the variegin sequence  which  thus  has  the
MHKTAPPFDFEEIPEEYLDDES (MH22A22E) (SEQ ID NO 7).

sequence

Preferably, such variants of the variegin protein or cleavage products display an

improved ability to inhibit thrombin activity. Such an improved ability to inhibit
30 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 ICs, and Kj values of such variants using the assays




PCT/ 11321108/ 0021097 1 13 inhibitor nol ecul e accor di{)@ to the second aspect
of the invention. Hi gh stringency hybridi sation condi |UH§‘“al|‘%/d@3f]i7n33&\91er ein
as over ni ght WPRWdawrHn at 42C in a sol ution conprisi ng BOUPEWFMEM 'de, 5XSSC
(150mMM NaCl, 15mMtrisodiumcitrate), 50nmM sodi um phosphate (pH7.6),
5xDenhardts sol ution, 10% dextran sul phafe, and 20 5 m crogranmim denat ured,
sheared sal myn_sper.m DN% fol ] oned by washing the filters in 0.1X SSC at

appr oxi mat elngesé%% Heppiny BF}éYaé‘raP@dnaér%@dlﬂsﬁtﬂﬁta,SI@lqrébléﬂifedapa/bIt@th@fvaﬁqgilmg
detected is gitsdghed to these antisense nucleic acid nol ecules. Preferably,
the |l abel is selected fromthe group consisting of radioisotopes, fluorescent

conpounds anthe rEymefnctibfal TRRivaRE ML PheRlISO fia ranstor med. or
transfected pr okaryotic or éelﬁkgr yotic hgst cel @g&}é‘%ﬁ%rﬂ%es?%ﬁglg Hi¢%ePt acid
nol ecul e, an"aFRFAEEN@riaRiE fhereef. 48 videduhas dhdse frogmenty @it the abilidefol inrehcabove.

Preferably; Wwhe thosdosiee] . : I - ref.erabl. . colt cells.
Vhere the nethod of the irﬁiv%'ri{'? i %E@@{%%ﬂaﬁ’cﬁrg%hl%w V\%tﬁ}g, e)ﬁof&gnlgﬁxcbgéteh{)nduct ed
in such cel | 4 acgvansifquen Hepmbigpsesh fosfzntche witlvepitdlyrbepidenticalies the Ridpad f or

Preparing a b0l Pl MOLAGULE SESQL DG 1o Lhe second @spect of the

i nvention which conprises culturing a a’/ntcd @i K0 aci d
nol ecul e accBRrgP Agds Hom e Nrierenital eml Lr2dladror ¢ amdhict dcaR Fronh@e ebyrtig gt ein i s

expressed ang,; i tein thus produced. The ~ thronbin inhibitor
t hus pr oducg\%ir 1%%3% %\é@&hg e te?% E ﬁch fr%raegtn%a%}l(} 1573p?lf‘ijecqﬂfat‘% fmige seidisubstitytioas 20
i nvent i onl0 Wrere tivee wétthvogogfiorishecifddr siovas Peehpled of RecH MUBALAOdiSgccar ri ed

out in vivo,g sed. in therapy. In rticular, nmethods carried out in
vivo nmay be fﬁdsgﬁénéﬁtgéa?lg%g? anonrlmﬁ?lgﬁeéq‘i?g%isglﬁ?tag% Mof bl ood coagul ation. According
to a preferr ﬁgﬂi i f_the invention, there is thus
25 provi ded %q%\gt od ngﬁg:gggﬁgr@%b%ﬁﬁ@ﬁﬁ)gﬁﬂ ﬁ%NPr@ from a coagul opat hy or
preventi ng i J y rising inhibiting

interacti On%@?ﬂg@%ﬁ?ﬁﬁ\%ﬁﬁ*ﬁﬁ%ﬁ%@#ﬁgg%é}&gﬁ@gB|1\*O dhd the active site on

the thronbi @pmﬁgq@Pngggﬁ;ﬁb}mEPEble(é‘g&tlﬁﬁgo% this enbodi nent of the first

aspect of the invention conprises in interaction of thrombin with

fibrinogen %Hﬁlﬂﬁppﬁ]}gﬁg?%ﬂ (’Mﬁ@#@%bi’%@? the active site of 30 thronbin.

Preferably, the netho s as nvention conprises supplying the
pat ent i L mkaruti 9 iRl S, AfvLlISSsaGATd, gepect of Lhe 1 vent on '
DVAEPRMHKTAPPFDFEAIPEEYL (DV24K10R) (SEQ ID NO 10)
SDQGDVAEPKMHKTAPPFDFEAIPEEYL (SEQIDNO 11)
SDQADRAQPKLHRNAPQGDFEAIPDEYL (SEQ ID NO 12)
20 SDQSGRAQPKLPRNAPQGDFEAIPDEYL (SEQ ID NO 13)
SDQGDVAEPKMHKTAPPGDFEAIPEEYLD (SEQ ID NO 14)
SDQADVAEPKMHKTAPPGDFEAIPEEYLD (SEQID NO 15)

Functional equivalents also include modified forms of the variegin protein and Varianté
and fragments thereof that have been modified by the addition of sugar groups or
25 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




14 by interacting with exosite |I and the active si te,PQ:;I;,@,]‘M«?rﬁbw9 d){ i
interacting with a nolecule or nolecules that interacts w th exds d 99

exosite |11 aN@201¥85%e% i ve site. Preferably, the nol ecul LT BAIPREN%es is the
variegin protein or a functional equivalent thereof as described above.
Al ternatively, the nethod may conprise éﬁppl ying a nucleic acid 5 nol ecul e

encodi ng suc . ol ecul es of the secqond aspect of the invention,
as descri bedél é‘%éﬁ%@%%ﬁeﬁéanuﬁom ing it%p‘?f*gﬁ’ﬁtl4é’2§}‘ed’la§@ﬁi@émtm sdgherod.

coagul at i on.Furkigonakpqnivaldrer alpe tidleR! thy vafié@e tpkot&in ABRUMriantsef 8" ﬁaéfﬁ)en]i he anmount
of conpound 4 &g%eqi# gatr at or .gn;gh{sor ate a targeted disease or ondi tion. The
term "prophylacti car ' ePFadRPdaed iy ghtoosylagion s s rnepitionse fPesferably, thee amount
of conpound gimesdatichcopipev@nintadicas g el 8hedhss 683G Fug @Bt d 0 The Exact

dosage wi Il .gener be dependent on the patient’s status a8 tHE ¥Pne of
adni ni st r at ilg‘ﬁ‘?‘f}%g’%‘#%?t%‘? tf?fﬁ'g Heife yariegik #rptsinand venwitt erdafragmenth eredet er m ni ng

dosage i ncl (theh PREyISRY Edrirks ¥reOfkelyng bdi | he patjent, the general
heal th of the a&i ent, the age, %i g?fﬁfﬁgggd d%s%%‘u?gil }%f)lfon%lt%agﬁ@e ?#té‘?:ﬁﬁency of
adni ni st r at i"6HECUEE Gieeiisinapadisahapiionions.r eact i on sensitivities and the patient's
t ol erance or ?eslﬁon e to therapy. The precise anmbunt can be determ ned by
routine expét VAL Favvalsnt uradyacoordingee dheyinversioninhdy 4lsvebg udgoreplboteaf the

clinician. Genkkalfy.e 1ef feebhve d JNE from0.01 ng/ kg (nmass of drug
conpar edl{)o mass of p}é??pent )}et 0 158 rrg(/§1 réd,MeBJ?% g?cé) 1y tg? Cf%“% Pg’tet”b °10 ny/ kg.

20 Wer et h& A8 Aolaesrent figrdofipefianoty the coding segderetd for B heievogdub @rdi@h ecul e or
mol ecul es t bafuehdd! TR WHeRrd] 23] o] e nucl ei.c i d pol ecul es encodi ng
them are preferably surgpl i ed {;%Oggﬁe egr%e%?leglrbk}%f?{ﬁ‘l‘@gtti)c,‘ggg%‘?rﬁéléi tion in
conj unct i onPHYRIFtide pihar Hhae dbe verdging patdept ablfenctiandli @tivalbive Ex&hples of

" phar maceut h&abloyoRCe I 1ep” . as used herein, includes genes, 25

pol ypepti des, ar?tg? bod?%gl?gf ?%{(;)}zr({)srrlwr\légst,hep% lcf/r%%r(?ieﬁ}ir Fithes at No oy plaEttpraniaws ds,

pol ygl ycol i &cdls fdlowing: exfeactliute ddmais gfantmhiehesbaahd ipﬁﬂ&ﬁ,dinﬁﬁ'l}hogfolﬂﬁlﬁn agent
provi ded; 4 hgdnsihie: ipi .not_itself induce toxicity effects or cause
the production of e%ﬁﬁ(ﬁ%ﬁa{gfeogﬁﬁqﬁg lm%rrlzgtlﬂlég?‘ﬁad’i’s’ 98“1‘%%@%8?‘%? l@gmprotetnsei vi ng t he
phar naceut | €&al semsoesst exrrt Ryaenas et be@tilcys A06@RL R Bict@ B?ra?

addi ti onal | LR oAUl such as water, saline, glycerol, etﬂa ol or 30
auxiliary sﬁﬁgﬁﬁgn%%@y sh@%y gi e PR IOSP U TP RICFS 4R Gomgisrrally qymilatiritf er i ng

subst ances ®atbstivreplhinkids sifivecthdk eefuindER yreRD M Iy ERAR TRCEUD gtaolteil%o nposi tions
s, gels,

to be formy I .t ab ) ills, dragees, capsules, liqui
syrups, sl urlﬁfrg%,tbgbﬁgvﬁgéené‘%“gﬁ%ia{ TOpPies YYiRe sipafgmtlpgppairiog the WBcific

2008/ 15?@5%@@13&6@8/0@&21;@&@&5@@& td AEemRALHERT ApA MR tgéh%&“g&;i on of

phar maceut |5§§_I3l3y2&)§ﬁ tabl@g@iar riers.is avallable in Rem ng? on's”’

Phar maceut i’¢al” " Sci e %‘5”\" Spsipaddgtipnal pyoertiesgryg . longst lastegybaltifesinand

t hr ombi n | réhilhltids,shd extRadltulie woanzaiay r 3RRLGG HADRih Drd DB, LeQI RNt and
FRe mdt BETs

prevention,of a wde rangde of di seases and conditions. s and
histidin

by a tag such as a e or HA tag.

Fusion proteins will also have medical applications. For example, since the variegin
25 protein and functional equivalents thereof are able to bind thrombin, they can be used as
a means of conveying 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.

30 The heterologous 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




5 conpositions descri bed above may be used in any si &lgti on in which it is
desired to induce anticoagul ation to prevent or tre “fbdg'hlldbat"hyﬁ\g

Tr eat ment wWh¥R 288§t15¥&hgul ation i s desirabl e include prod&ddPE¥SPRYYI vi ng
per cut aneous, transvascul ar or transorgan catheterisation for diagnostic or
t herapeutic reasons. Such procedures mayllincl ude but are not confined to:
Coronary angj ty; endovascul ar 10 stent procedures; direct admnistration
of thromnbol yk) Il(%gér%gee}r%{bg(%\%egt’ ’g?r?%rrqlog?a“b’rs ajgfigclemieal gt Spchs fuslonasotéios | owi ng
stroke or cowdl Pean_nspﬁﬂ by diefsiisiook] BGtkifak, ﬁﬁ%%&%ﬁ@%h%ﬁl&t@im@g&eﬁ%@n f cardiac
pacemaker Ief%d o2t I vascul ar and i ntracardi ac nonitoring of pressure,
gaseous sat uratiorsrt S Usad A% AdRtane op araging ©fibrin pagdlatdlo ghroabuantent her
procedur es i Inet v ngi@BE eAttan8OHSn Al 5%%@@%&0%@%&%4 sation, to ensure the
patency of 15 long-term indwelling, intravascular par enttal nutritional

cat het er s;5 t Methndufoe tHeh@n@ai Rrshfufbn ¥R8H AL ngq%? - er long or
short term tIt ha .lgﬁen enpnstr at elztlyt hat thzzt |v(§ etﬁ%%??%%ﬁ} F‘ﬁ n

i nhibitors sdcheat VERCF Ukt ne@reles upest igorertlombiepalni hiokng, intisroBiRigpgues f or
use during sweedmipnacDNW Rk Rd imnunblooi . P.. Chew. 2006 ase Health
Ri sk Manag 2: 357-63; Macl eaﬁ{w%\. A %tc%@ﬁ]%&queﬁ@a e%ﬁuV/ggbsqn%éF Radi ol
9: 80-3: Levi’s? E2008) orafesulel ¢, aHUA891)n Gen@BIy . fusin pebteinRemaaiedi@yasc Ther
5. 57-68.; Wshe@mnteeRtatd recodQlant] [ t her 27: 647-56.). In particular
the inci q&nce_ of pe%ﬂlg%pear ative blaél_te irﬁ%g |(sé%écu Céﬂfl%ﬁltef“ﬁ?sl%}% SeduglRg i n

pati ents Wi tAdatat@cesore fieey teapigr onfrapACSjesd AsichnebEiRneal ok sbhpegyent M is
reduced (St gf€leicGeidWol&luldhn | . J Med 355: 2203-16.; Manoukian, S.
Vet al, 2007. J. Am Coll 35 a&ﬁ@‘g‘?ﬁgfﬂg&?%ﬁ’éé‘fy’g@ ?eq'éff”aﬁ@,% &@fuwmf&m,mzom,
Lancet 369: 9W9&O19). It is therefore expected that the thrombin inhibitors

di scussed above wi |l al so be superior to heparin and its anal ogues for use
during such Fgrgedueetvalonidiatsb omalude mmuliiversapplthe attions @btehRe vaRLHRods of the
first aspect A endd ' i ncl ude enmergency anticoagul ation aftér a

t hr omboenbol riagﬂ?lgve’nt |hﬁ&%§%ﬁt§ (ﬁuflfa i P%ﬁ\s@a Rgeing geseaifieds abgysc Ahask al

i nfarct i én; MUHiBHHeeIsEiut p dleier derept vRMOUSVhHE0ED G Sis YelHpOmbep SRiti s;

pul monary eghaloy e I m cro-enpol i c epi sodes where the el libzi 11
0- WD 2008/ 155853’@01%/ ?%%gfg%?’ggrﬁ’ﬁ?ﬁg‘oigﬁ SHERECHTA Yhah sughhmuliigrs of the
at her oscl er Bwiegimiretqrenayntal patticalarlp isefalss BRF ofiRs4la8Sesit %g@r{haﬁt’ﬁﬁ? gpn source,

di ssem nat eg,.i hit:r a |l ar coaqul ati.on (DI C). The nethods of the Invention may
al so be usegm%rg&%'r X%Z%#le%la%rﬁfégﬁ Bihip fRSAgRBHges per pllde dinked 6T edumbs such as

during car difsumeiEmariy thep@ssmitie paldtathYRags _vaﬁéigi@ﬁm%lsﬁngﬂﬂ,&u%\.ﬁée to organ
y

transpl | QD -« FR&, MBSSi Vv hronbotic_reaction precipitate cannot
fully b?ﬁaﬁ% %"8’%&?@53“ Eéaffninﬁﬂﬁ’ré‘éﬁfmfwo%fefﬁbiyﬂ Hieonelemstssouipriss2, Hepai bn and its

I Bdrecapiss ofhel ; s -22. )~ Furth
anal ogues (Eirune: o ol ey 4008w 480 CTRREAC U u 2 AR B8, FurLher

i nstances \Aﬁ%nva%nt.i coag[g,ul ateé%gn‘ i s desirabl ud aeno si s,
haemofi | tration oF gl A& dReEHaRY eapivalenid thaseof vtitin doagultiater onymilybeal so be
desi rabl e li@erdigalitdgnsatodict &l thef QELHLGES hNYQ] M c .clampi ng of bl ood
vessels in or%glréwt 0 mnimse ?{legfi sk of cog%éﬁaglg}eb%%iﬁn?%én@éicgga 1€

circul ati o™ T3Pl et theayariesia Ipodeinbut  are not confined to

endarterz%ct ny l%@se%rti n of vascul ar prostheses, repair of aortic and other
art eri al”>anelrydind of the firy gspect ofiihg inyontion made hadisd awtdy vive driv @wdi n i nhi bi t or s
of the i nve\%i OH_t rra% be useful to 15 induce anticoagulation in

hepari n-resi T HE iy hqdds £aried out in vitro, it may be carried out in a cell-free system or in

a cell comprising a nucleotide sequence 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
30 invention that will be useful in the method of the first aspect of the invention. Such
molecules include single- or double-stranded DNA, c¢cDNA and RNA, as well as

synthetic nucleic acid species. Preferably, the nucleic acid sequences comprise DNA.




The nethods and thronbin inhibitors may al so be usefLiL .in.the treatnment or
prevention of heparin-induced thronbocytopaenia. Such ktﬁ“é’at’ et héy by .

admi ni st er edVP3'W15%P8 ent with or at risk fromH T and WMGTHBHOSM21Bout acti ve
t hronbosis and may be adm nistered until platelet counts have recovered to
within the range of normal or until the ¥ sk of 20 thronbosis has passed
(Grolam an .l nj .2006, Sem n Thronmb Henost 32: 803-9; Lewis, B. E., and
M J. Hursti %&2‘%@{" Aéia;z)%erqflérﬁg%mééragf’di?a‘és&d THeR s msthod®f YheAmwertidnrig to a
particul ar aspelottedin wivasidiveenéd ow.t he in vivo net hod invol ves supplying a
patient suffering froma condition caused by thronbin accumul ation with a

fusi on prot eil'he twepiohsisogndlites @linhgiandieRbrt R \QEtOPSh%Hﬁ)ﬁgigg%earﬁB et of the

i nvention geﬁ?felclﬁal Ity 25 or cgﬁgn‘cal Ly fused to a therapettic ol ecdle, in a

t her apeut i cal Py ef T ScPrvisPsshBlifie InveR@ St epression vectpmwenyt inonpsraeaha e di r ect
i nteracti on aptdprifer wandiriptioddli smdf@RALINE ST ey can he used to convey
the therapeupi c%gol ecule to the site of at’hglgﬁ)‘éitsg&gg%g’ngﬁrfﬁ%ﬁ? eﬁ?‘@?cg? ably, the
t her apeuti c nol'&tul BOPSCERPLHET Egiensartrativation agemt sequenaest hmRINAOk#biliey agent .

Preferably, deheencandiattian stop @dbhsOs i & elet t.hraonbuys. 30 The thronbin
i nhibitors may be adni ni stseor%ed by e{n@bogérp?a@%ghg 81‘3 SeL’gﬁge‘Ffﬁ“@dv"%ﬁlﬂ%s of
admi ni st r at i B SITReIUReler Hes efveminliention dditiustiyl iamap be SeHGHERNE OMSe kil €Ct i on

and oral adnedUnidaat iedhmbid Aitilof be continuously adm ni stered by
i ntravenqys j nf usi on WO 2008/ &E@E%‘Eﬁi9&%}%@&%@5@@%@%%@@ hostsor as” a
singl e or ‘r éfsatEEbh dpiker icarpensintsof sTe vedwombiynintintd BidQE aB@YseEnadN ni St er ed
i ndi vi dual | yent i RaLLESNE; RL1RY, dm nistered in conbination with other
agents, drugs or hornonésc tor eggar?r%?ses,mgtsﬁ%uetnﬁ?sonbi n inhibitors of the
invention nmagchkes admALsterad W r.al, _anticoagul ants such as_ coumarin
derivatives until such %i e a_sMQt”{?gmgé (fhé%t pi‘?&’??dg Tf@cﬁﬁ‘ég%t(%mdi@eé?thf ol | owi ng
whi ch the paffiehageyandeukarpeticedruats), st BauRRMInBarde ciVaki MRS, Qh?é?se- The

o

invention fuygdphet BLQVi .hat. t he thods of the first aspect of the
i nvention may be used i%?%%%otﬁns.osgﬁc “PRYES e HBREOIh Bt ombinatian bi t i ng

t hr onbi n lactichnalgeys plasy fsidavdeyorbynd expesssion ispierd 48 Khbh QAR aocumgéédﬁﬁm be used

to detect thR BKesel f .10 t hr onbin, and hence to di agnose conditions caused
by thronbin accun%lgat%?%% &sglcoﬁ%rsngdgg?‘bP?‘HC‘g?ﬁ%ISH{t@k’et"ﬂ’@hW@‘ﬁb!l&si.ncfmde i nvention

t her ef or e pP¥WiEYs-t Hgnovite amdtvhathiofinishBaski k&dor@aspect of the invention may

i nvol ve diagnosing a condition caused by thronbin accunul ati on by

admi ni st er i Agtakletwsisribl eombinioit eapresfont iheludeemtoRs ARGt prBfarf e sh&:\{%nti on as
ent, "and

descri bed aQpyestp [ 0o to tigsue isolated froma pati
detecting the 1b pr gqslggécre&g(%lygé? CYSTS}Fr a}?{)icﬁnih’?hmh‘ilec &t e@?reqsulgghilm oBqui val ent

t her eof , “Gahise@nbinat prdeeatd tha @h eadlythet HEQAR DurdeNabitQr ctipnal
equi val ent mﬁ%%\ﬁf)ir}n@r(o)@fei ani S I@BPI cat.ive of s%ﬂ‘m&‘i éeaé%ﬁ%lﬁaggl}]é‘ffi on.
Preferably, the& thrombin ThATHEEEP CoPaigdy dhen veagviras-éeniespicssidhe f or m of
a fusion prostensn Aornrissitable expi@kike sy AR e BSLILESE L Red: i N ore, det ai |
above, to fiﬁ'?(il{/f!sttﬁé Ssed(ﬁt'ecu OQ. Pr ef}ér ably, et he rraﬁﬁg%(p%%rlrdﬁll Heiew habg
radi ocheni cal tag 50t hatCHeretts MisiscAR ehressignr sysidmoudy alsi agstkin@si magi ng
met hods. Preeflethabhave thBNA BERS6aRH 0 Wit bBmkS isbgin or platel et
thrombus,s According to a tur_%ﬁgr aspect '(l)fét hrélleTlrI?gegr{sa%rp%ﬁemo A nvent i on,
the in vive HetRPS SPICERG 7 yiyas for g53veRle inpihsachlerviamveintrhammatiy tbaetised to treat a
mal i gnant %sea§e%€r a.condition associated with nmalignant disease. 25 It has
been recogni B Pricdliiar@ay hatseds injiedree cwevise frekafdtien: asseeiat ed with an
i ncreased tcelixd €51bIE OrdnbloAARRAMHOLL S AR iqudd QUSSERU; S drone, for
exanpl e, is. characterised E{y f1eeting thlr?ggﬁlgliﬁlﬁlFseﬁfet s a‘i’FdCfﬁ%aelm feng
mal i gnancy "SHAVEHPERbIeAK eheh BPESoreisehet v als 19%&Ip Spidioh BeRinkacs Uéﬁ%l%n its
managenment 1038 il eufaryJiOLES €L S I : ti.ple definitions and nmultiple
mechani sis. 9B?ood u20%7) . MBr Zﬂﬁe%éﬁﬁﬁgg%%%ﬂhgﬁﬁﬁﬁﬁ% (apparsepelionat t he
gener at p 9n PEMapens (ehagyudsamel tegtatios doasdinginge hiudeo BPiLD sy®n.be a cause rather
than a result of certain aspects of nalignant disease (N erodzik M,

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

stringency hybridisation conditions to the nucleic acid molecules encoding a thrombin




PCithicu HI WD 2008/ 155658PCT/ 1 B21108/ 002109 18 Kar papkj n S. Thronbin induces
tunor growth, netastasis, and angi ogenesis: Evidence fo(r’ e Hit i n-r | at ed
dor mant t unoVOpMEA8Ybe. Cancer Cell 2006; 10(5): 355- 62. )PCTHRPWHH12H? \E “and

| G-Il have been shown to pronote the survival and invasivity of cancer cells
(Geseler F, Lulu- I, Kunze T, et al. Adfivated coagulation factors in human 5
mal i gnant ef I nd their. contribution to cancer cell netastasis and

t herapy. Thr %ﬂn{?] tlgfggnr?%gt%e ZA VAL (t%)ti.;eléefg!“%@.sl)e.“ vhihsniyentien eHighgerindentshe COOH

term nus of lgtidspiontdondities e@Finsi AWRInt0 oP& 1 apcer in.mce (M Z
Oiver T, Qug Kuo PC. Thr onbi n- cl ergf\ggdﬁ%gﬂﬁ@f% 4?e§r1ﬁl ASPUE% eopont i n

¢ H . Gag C, f
pepti de bi nd®WERECYE Bmapids. EXPIC CHIMMi NeGlui Smkl bisediah dendesoasi | S.
Cancer Res 2@Qilinb h498819%)) 5 ' ppears. to pl arole in the
nmet ast asi s of . Fr oglg%pe cg(%cer )%yx%%%}@ésggglgﬁ%@l F@/gd%é( %rf“%at?hé‘n%xzcor acel | ul ar
matrix and pBSTIEFBHMDhgenehecdsherigd aritnon epdrmi DNA, fotleaetybystranaig thofilds Gf at i on
(Loberg RD, (Tantskwej ! Neel CK,, Pienta KJ. PARl- nedi ated RhoA
activation facili t_%é%ﬂr%énfﬂ}ﬁédﬁggén é éen%'%{%?x?%boldﬁn%-asé@éICP@bleJOfG@mg Bi ochem
2007). 1t i slefsstediippéachérkoehorcentibabe ixdeitseidholBede Offerkil}y ORPi| NI bi t or
during 15 supghed! a0k qﬁgdurrues Such. as {ad'.cal prost at ect omy” or prostatic
bi opsy m ght reduce the release™ 3t afl Jihpitotersss dlupissesnt kempgunde rand
circul ati on candnedecr ease the survival of those cells that are rel eased. The
met hod of the first aspect of the invention and nol ecul es of the second aspect
of the iferfednvention theirefre rhefased Wk thasfediheplol 8o MEM RfILOYSSEAU" S

syndronme partjs Ly 20 en heparin and its anal ogues are contral ndi cated
(eg in heparc% n-(i%n lEJl(L:l}eé%lgth? 81%8@;5‘5)%%%2%?’&)"‘9“598)?‘3 nyelgicasidamoleenld orcmvecer agent ;

and for use asidefined aprvoceferabiy, SCosBSlIS fedir6Bly @% Gefd) g{}ferMEpc%kiac%flsO” or
| 0

bi opsy of I nt tu in order to reduce the r tastasi's. Were
t he nol ecurgd]%egé;%ei%e l%qﬁioés{!ta%ﬁ‘é{(%’i‘uo(?fls CARIUEISY di vilren iti ayabeyeonidegéchinpsuoh ei N or

functional eglsivalent thereof; it is preferably in a nodified formthat has
been 25 gl ycosylated or PEGyl ated in order to increase the half-like of the

mol ecul el5 TRefurtbgukspest pf @ enteatbrBOeIdBs PERMEG 0] ﬁ%?irglgsattﬁéynfn%? yrg of the

functi onal g%mln%c%fd't h@ i\"glari egin protein, as well 't SPTHOE el osur e of
the cl eavage prodictsrot 1 He sgsonf @giiest toihe duveation whishreompuisearculttdiie 4 esul t s

present ed hekosetall dinsdligsenidia adi@Sitees aleofdih id BE i YAl L0 rotein interact
with thrombjp exosite |l .residues 8-14 “of tlh%tv{aﬁrgilﬁé%flﬂﬁ(%ngfﬁg‘foﬁldg‘ﬁn? nt er act
s

with the actVe sitePBiu i Gpicssedrindr esouiag the-8oteinnthes gedduskd. hThdr onbi n
exosite | bihroibig iibier thib @sRuEOhANSe A6 el tP 8Ckf Qaether, in the
full -1 engfh variegin prot orn Lo P aprpe S i olr#‘}o?l\réﬁlggt"?\?}?et{}‘?% R fhe as

di scussed i RY¥HE8Y ntroduction, WD 2008/ 155658PCT/| B2008/ 002109 19 many

exi sting th\gvgnbit i ntﬂi%)i #ors are unival ent or bivalent binders. It is
therefore exXpected™fHat oF Madheimsaechpf thsenventipegi errpedotweiin vob, i akdyant s t her eof

i nteracti ngised inth@iyyy IR @far LHGE&Is 69 thronbin will also be thrombin
i nhibitors. .l ee(%, t he rclasua,llrts préscglgftegg&wg?glorrlnaghrg%v’\’}s?ﬂé{tm%\t Py RNt
cont ai ni ng TiPEK ¢hlaed cezaulativnr t he t hr ombi n acti ve

According to a preferred embodiment of the first aspect of the invention, there is thus
25 provided a method of treating a patient suffering from a coagulopathy or preventing a
patient developing a coagulopathy comprising inhibiting interaction of thrombin with
fibrinogen at exosite II and the active 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
30 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



5 site and the binding site for exosite | (EP25) had arft@8@vand/ Kiuval Qid.

simlar to that of the full-length synthetic variegin protein. Fragnents of
t he vari egi n"WBPABEP®t hat interact with just one or two BGHIEDFPRHON t hr onbi n
may have an advantage of the full-length variegin protein for nedical

applications in that they will be cleardd nore rapidly fromthe circul ation.
Thi s nmakes tg}gme C% tﬁ use |nd&§hort procedures such as cardiac 10
cat het eri sat I"on whare 1P eFSiR hEndhe priiys site, pesiferalily bEUéqantmglvﬂth dmaole@id i nue

beyond t he emdrnolfeclﬂétetharlﬁté@dwvﬁth NG ik ?#1({ @Et o e a‘;p e eﬁ%é% Ee thr onbi n

i nvention, theelsth wdedathronblnl

i nhi bi tor co®p leFue & qngleeyliigh it panegn ventéie gir @@qmbeqmndexﬁotﬂﬁébﬁ% an anino
aci d sequencdsaiteg cibeek. fA]Q:J% i+ QEPHEM EAl PEEYL = [ nt eraction
with active si te and_exosi teall)E %%@C MEBFSEBR?SEEYT_ c(p 18 -

i nt eracti on WPEHIeRR5edipg syop a(tsé@tulgomomeylessmm&ww@ dfithd BR@flohON W t h
exosite |l aRdeaebéd@osite) (SEQ ID NO 17) 20SDQGDVA (interaction w th exosite
1) (SEQ ID NO 18) EPKMHKT (interaction with active site) (SEQ ID NO 19)

APPFDFEAI PE Wdather agt i e ite L), (SEQID 16) SDQGEDVAEPK
s gt B e R I e e

t e} e
MHKTAPPFDFEALR Mé@.@ ég&)c DVAEPK APPFDEEAI PEEYL ( Dv24 SEQ
ID NO 9) or a Eﬁr:%tal(tona acehfsjw va’{ @ﬁ?pto %@ N M1PKT E&a”dlﬁf@“l"elalmw(!ﬁ” )

2008/ 1556@8%@“‘82@@80%@%@& Fheortpuuadabated nhpRivERN @fgeldiG asagct of the
tein and does not therefore contain

t
e compl et & Rat B Il qo 8 MALIRHAT B Sirkniiat Phgit Meicai riguaes e soquance
SDQGDVAEPKVHKT PFtIDFfEMthEEYEdBDEsSth(aSEQ/ bOtNeh ko ca;{afde;alﬂs@mkﬁ abBlipLgor of this

aspect of tRgs v 5 contain additional am no acrd residues
fromthe vari gg?%l%g}rd%% Sg%ségﬁugﬁ% de%set fide i the pairent cthprigpresal diealtthef peci fi ¢

fragment sepuincebe raggl Wexghtatgaﬂ&r,prdﬁ:vl 6had dnbateduBsoyt BF 98%%‘38@ gL conprise

all of t the. variegin protein, The in i nhiBrtors of
this as pgjgt i&ﬁﬁﬁ%ﬁ% r{saéﬁ? s aﬁij: Rfceatisny %@iﬁf@é@e ®ontspPIertg thavay. t han one
of the specilhd prefisagneni sarr ae:détaﬁlﬁéaob'}e R e t r

i nhi bitor EEE}EH’ D@E { l QID 1;818) 18)%?%?%?%0& pgtnﬁl\% ﬂbn@f&é te 1)
and APPFDF%B "db%@ aé 1?161ﬁnw@teﬁeré&io§nteéfe¢t)ve(c@EQ~ﬂDbe\|@oﬂneo 01

Pref er abl y, mgmgsmass»ﬁ&ugeombaram BXOSF pficht) k&&%%g:ﬁ%ﬁrabgﬁﬁ connected by

a linker mo]gecule that is approximately the same ?Eﬂrbln active
bi nding site THaE is present in the

20  Where the method of the invention is carried out in vivo, the molecule or molecules that
Interact with thrombin, or the nucleic acid molecules encoding them, are preferably

supplied in the form of a pharmaceutical composition in conjunction with a

pharmaceutically acceptable carrier.

The term “pharmaceutically acceptable carrier”, as used herein, includes genes,
25  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
30 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




full-1ength variegin protein. 15 The thronbin inhibitdClak.s higs Jgpeaty gf the
i nvention may consist of one of the sequences recited:-above or a functq‘. hal
equi val ent tWEPBISPAY ombi n i nhi bitors according to t he BIUBYWSEBHEct of the
invention preferably display the characteristics of the thronbin inhibitors of
the second aspect of the invention discuSsed above, such as the preferred Ki
and 1C50 val yespand.the abjility to inhibif 20 thronbin specifically w thout

i nhi biting o?’ﬁe}# ?g‘r“%n?ie %r @P’é’&é‘é.d?fiﬁaﬁm &hargyeruigalyn aesepthble harddis asrbi n

i nhi bitors ofvailbileindRqpeington§ Phidi@adNG@NBEBReE NAAUE ! hat show
significant structural simlarity to the thrgqnbi ni gﬁ%"gllq?bf%l}df the fourth
aspect of t héntiavegridritomdathebniti aibibifoReinghiddulay nb® dRLERRRL WLk Db e, sanme

regi ons of tgjrdogrt%ivg as the thronbin i nh?%iht ors fror.#\/%ﬁi{tlcﬁ; {n#g%lqrae?téneaeri ved.
Functi onal equi val BHPE J5a ¢ids: ey of Fliteases anslpeenditishs.t Abe imalenddsomnd ncl ude
variants of tongosifiens ddseriteBra06% Mal BRIREL Bf 5,y S&LLISH ARAVE ;€QNt ai ni ng one or
nore am no aicgid subst i tluti ons thatydo not su }étgllﬁf["?lgmag’&ac te el%‘éie‘i R’[ eraction
of the thronbi e PRI PI§VeT poiiest A coqeubspathnbl y, such ami no acid
substituti ong are ¢ nservative am no acid substitutions such as those

descri bed in CORRECYIBATRMOPE R ineesirable duclusk pravedirey imvolaing psecanehuaspect s of

the 30 i nverttanonsAROVE . traRsRfAr LadiSRsh APt are fhose.occurring at the
anino aci d posi %i ons di,scusééed “above 1 cgﬁlﬁlgg?%flgr?r\}\lfetr%ewécr Fe4fos: g cht he

ful | -1 engt h RRAFFEET Mapriptledenbut appnoogafingh 668 @iy angitplasly;/enddvk@cuReT/ |

B2008/ 002008 tenprobetard! @secPidrsi ' I ui val ents include variants
havi ng an am oglaoci d sequence 1S§F%t£({ﬁgcg{ tk@%ﬁﬁ“@%ﬁgﬂ%ﬁ(‘ﬁﬂﬁpﬁﬁﬂgﬁqbgmmS

(EP25A22E) (CEERF BNORS7 fol DWARPRNGIKTAPPEDREAI REEmosis DYREKIMDR)r i SRR P NO 10) 5

MFI KTAPPFDFBELEEEYLJPRES) )1 ASEQ.1 D 5) Functiqpal equival ents of the
thrombin i nEi bitors of %léli a@%%egtle% >t tgv‘f‘%@@hﬁ‘gﬁmﬁf%ﬁl@ feP@Eng rAgnent s of

t he t hronbi RTSHES bfases Prumiioded vthat diabesec fpatgieednd; Sratidloaical bhe Akl ity to

i nhibit thropRiy, LY ional equivalents also include nodified fornms
of the thr o%bi n ir%ﬁ%\{;)i\r‘f%%/%ergﬁ%%&bg Q?rglé SARET RGP A SRsURphe PR ofdi fi ed by

t he coval&ntorgtierag fndeistlingf inaaidistula paden @l GupfionSUGihe Rfs; BUGre WeOlHRZOr POl ymer

groups. ExapplLauffacaueh Mdifi.cations provided above in relation to the
functional equiva eaﬁt sgé})ari egeghreir BP%Preﬁ%ﬁRf‘?W"use in the nethod of the first

aspect of theasd heenitd l.l.y.applicable tq the thronbin inhibitors of
this aspect of thgraitzfrﬁlg%ﬁﬁegﬁ&g&l{% bl*%argeé"? ?6‘?1%%“@&‘3@\)%@?;&@3% ag thiwliasiect of the

i nvention af§suienier tadephnirs ehitparmatogiddsootiset diging B&&fﬂ?b&dhﬂéﬂt%ﬁﬁ{, g, ySuitable
dve

partners fog,dHcd ¢gi.on,d ch fusion proteins are discussed a in
connection W th f@egjhz%drgb?gslcn ea@#ﬂ%‘i Iﬁf“ﬁ?@ ¥ Ha7081 Masleangih Av alr dledfi06. sequence.

The i nveHt i brshi\ase rservitadiol de80-a; Cewip) BXE OhndM. T oiiRiif, 0B b';%&@hﬁgvcor ding to
this aspectcgfithe Iih[clr\/g'ng' 2? g\pa%@t h{éonbi n. 20 The invention further provides
nucl ei ¢ acid nol ecul és 'cor?% i 13 e Fletlt 2HH-> ShajmesrtessapynEb diAg6a. Trhr onbi n

i nhi bitor awdoubi iy itdddnbé 6f RsiPEEHHRTbIdAR T ONBBLL My (S l.ecul. es incl ude
single- or dauble-stranded DNA, cDNA and BNA. aa weP I aggas{lhﬁtlﬁgﬁle@%nucl eic
aci d speci es. Prereragsyndmme (A ihe iaridenca alfpubsrgast d@riprddsedDSine,

G. W. et al, 2006, N Engl J Med 355: 2203-16.; Manoukian, S. V.et al, 2007. J Am Coll

25 Cardiol 49: 1362-8.; Stone, G. W.et al, 2007, Lancet 369: 907-19). It is therefore
expected that the thrombin inhibitors discussed above will also be superior to heparin

and its analogues for use during such procedures.

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

thrombophlebitis; pulmonary embolism; embolic and micro-embolic episodes where the




The invention further includes cloning and expression peﬁ ors conprising these
nucl eic 25 acid nol ecul es. Such vectors may conpri se ad(d Bl ‘contyr pl
sequences, sWERV®LSRbse described in connection with ex’iﬁ%éqoﬁPPZV‘@ctggg.’USed
in connection with the nmethod of the first aspect of the invention and the
thronbin inhibitors of the second aspecﬂ6of the invention described above.
The inventio r hngl udes. anti sense nol ecul es which hybridi se under high
30 stri ngenc{/bulz:cg nrlé%}f?eoir?g %[e%g’t Berese efoziccpqﬁaé]iedvaﬁﬂflﬁfc‘?ﬂ WscubE aBeRthrgesaort 4w onbi n
i nhi bi tor  PEkneW spukceORIREMNRIRN084EEREE SR GH atio /002109 22 nol ecul e
according to this aspect of the invention. Exanples of high stringency
condi ti ons afhe mebedsi detle abeutor mag akoaet ied t%%&eﬁt%a?@ét%uﬁtﬁﬁégafr%a%he first
h i e

and second : he invention. The jnvention further inc
t r ansf oi rredq%gﬁ%gﬁlggee%fe&i’u%}%ﬁ( ‘H?étc?%ho@fdn%ﬁéfr}@’@??schmﬁ@ b¥pagedidsascanpri si ng a

nucl ei ¢ aéi cddivottelowren teansENtthtiANTRe AR Brodfotc - vectar encoding
a thronbin icglﬂiogif&?r pol ecul.e of this aspect of gt’%k?%%rn%l%aﬁ& @ﬁ?zi)gbl e host
celI's and nethods Por® SPFERAFTHGPYs tdH et dhtombin [ighibifoss dickcassbepdriabay disi n
connect i on wnalbgueh Ednungs, aﬁ@@oﬁ%@ﬁ@6?§ﬂ??ﬁ(§aﬁ%&%@§. jhﬁ%-%?t' on. The invention
further includes a nmethod of preparing a thronbi A 1'nhibi '3'r nol ecul e 10

accordi ng t dutthirsinaspectwieh bliRohANARhLI BNIGHNRE 1:5 furin host cell
c acid nolecul e according to 1tﬂ{eﬁgﬁl (réi\gllel ihg?{g?fﬁﬂ%?s’condi tions

containing g nuclel .

wher eby t he prot U0 Or plasma s ehangipropesisy hisgpagHgioqpriogyedlso bhdsippleduced. The
i nvent i om0 f dndidpesurgiall pResiutdieiNsRif chite LA plaRi bitors according to
this aspect of the invention il,rﬁ1 t_hgl(réagy. %%@53%%?%%%08&‘%?6 | fnorogdceé(,t%or ding to
this aspect "BP ¥4 5K phaoaetigipnnayhodistncitnbatiboriuch braedhas mRe Bulis al

conposi ti onbadek hot@oafided 16 OhREkSERGyA theal ly effective carrier, as
di scussed aboye, The. thronbin inhi %y%g?%ﬁ%{?ﬁfa ?urllag1 W%gtfeﬁ?ssreﬁglbégﬁo%‘f t he

i nvention nﬁ?ﬁ‘ﬁréerﬁg‘éréﬁ?rf?“fﬁélstreat ment or prevention of any of the disorders
that may be tr.ga?t@d thi ng the method or nolecules of the first and second
aspects of fANTPRAll RS Bisthers angsibe dhrembivanhiffites vhithe ibientidnndiybbd Qg1 @f t his
aspect 205 Oindiddenti@NkidaNn M8l S@ e piRGH 1 n any of the diagnostic methods
di scussed in connection with the method and nol ecul es of the first and second
aspects of Themethv@nhl @oRABRV:iBhibitorYal s and enbodi ments of the
present invention will now be dlel'sc():r( ?E?gg%ﬁnb%ﬁg?g@ Hletﬁeé?rlegﬁﬂ‘?mvﬁif“’o“iemé%anpl e. It
will be appté€PAtedicrditrembroyiopatio fudf rekenaitimayey aimiRGer@ees widehout

departing fwithotdiesseoRe9fank %hid?mgﬁt%@tiveﬁ%%%b%gis and may be administered

until platelet counts have recovered to within the range of normal or until the risk of

20 thrombosis has passed (Girolami and Girolami 2006, Semin Thromb Hemost 32: 803-9:
Lewis, B. E., and M. J. Hursting. 2007. Expert Rev Cardiovasc Ther 5: 57-68.)

According to a particular aspect of the invention, the in vivo method involves supplying
a patient suffering from a condition caused by thrombin accumulation with a fusion
protein comprising thrombin inhibitors of the second aspect of the invention genetically
25 or chemically fused to a therapeutic molecule, in a therapeutically effective amount. The
methods of the invention involve direct interaction with thrombin. This feature means
that they can be used 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.

30 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




Figure 1. Purification of the thronbin inhibitor variegin isoforns. (A In the
first step, SOB was fractionated with a gradi ent of ¥9ia:-100-% of acetonitrile
over 90 m n.WP2HBdP¥Stoncentrations in pool ed fractions W’Iﬁ‘%ﬁ—‘)?/‘“tz&ﬁs’i@r A1l
ranged fromO0.08 (AV-1) 30 to 1.39 pg4tl (AV-1V). For TT assays (control
clotting time = 19 s): NC - no clot aftdrf addi ng <0.01 jig protein/50 pl

pl asma; *** l.0 i of . > m fter adding < 0.01 jig protein/50

pl pl asmg; *Qr%rao{}%%gggkeg%% C{]?Or%&s Blfecﬁo (}nhg%}é’f)f“@]“ I&B’Bit?ifgm%b@idl}lingterm

2008/ 155658 PdividRaly B0t 00 Bihy b8 hdmiistited AdoRibMaBbMyRE ofte} a%;éhé;fﬁﬁ%st " any
ays {(co

delayed in c i in_co ri.son wi.th control. For APTT ass r ol
clotting ti rr%ar%tg}rh%%%)&r Rﬁ%p?%éhectgﬂnbéﬁ Bibitgg off g irveption may bpedigistets0 Ul

pl asma; pwith onbedicodglanisngclofs Soulnafth RedddHies ' iig.protein;

prol onged cl ot t | n% o antn after adding < 0.1 Sjiﬁglq%ﬁ!%ttgg%?%%é Bg“eg‘F $ma;  any
del ayed in clotP nPilisess felomag wish whe matisshmayl be Fsate®Tists sty sopeoit I O
clotting ti nerivatiVes flpnne. 00 prol onged clotting of > 1 mmafter adding 0.5 ng
protein/50 ul plasma; 0 any delayed in clotting in conparison with control.

(B) Fract i orThaVhvehtionasthsh @edsadartige ificati-on step. with a
S A tart ﬁeﬁggso&d[h?nﬁas'.[g g%toefi?}ﬁe COHE8R™ i ons i n

gradi ent of ,10 -d40 % of acetonitrile over 60
fractions r&fghifds Fofagness- t Gnes. thesp i metheds Tvelveampivitof flirambinoagividyt h
ant i coagul anpecifaBg iy Vihfeiz88or Ha8NES ) ed . with PT. APTT and TT) were
tested ng the antithr orrt;di n(? acti vi trﬂb\%{‘t ey@%_ ‘%ﬁérimé%{af’%?fsthia RESeeE St wit h

ast eri skai AHPBPYERd bEReS D disgagse ¢orditians caced by thromBwactunaditiodNsucMat B t he
strongest agibiiXiof Ylalel@ ligbthh RN Th d 28.9 mn, indicated by arrows)
were further puri ?iaeed W th thi ?%{ﬁg%%%ngl?é%fg%ﬁr?‘g%sﬁ%% ﬂ(eg'f“&%i)gﬂfthﬁﬁrsio -40 % of
acetoni tri | 8R5¢eft gt fvigntiqon mey 2voly€)didgnesifig actémition tAissEbe M@, i e 23. 083
15 m n sepap@hgehiakibh 8y & L: enot.ed AV 3/5 and AV 5/5. (D) The
fraction with r et‘aelnt i %na%nﬁnghg%.ggﬁgl%}%%sl&g{ﬁl ot r?ﬁ%{'ﬁ Sf)cé’é{&aﬁ%’?at Qhitheningenspm) |

" shoul der p@aRescribrd akaze demoniéut AV 6 iSue Foptwderadn Apiag:, agd desagyance of
vari egi njangrekdnse tpr . ophi B tory activity. (A) Sequences of peptides in
fraction AV 6/ 5 e(vOta?r %gitlﬁfﬂﬁgﬁvﬂlg}%mgnod AFopel 8&‘33%‘?“@ psreoly werin ghe ( S)

Exanpl e of fi¢réian qfrwgt dsemoin iobibites oo Furchsoirgmivieit Bidii08 BYoyiak gs?gi n(.:
0.020 nM  05,4R 9 e0.,.078 nM. O0: 0.1 NI, A 0,313 nM A: 0.625 nM
1.25 nNI, V' 3&% %frl}/lMdﬁ:imgsen‘M "OE%RMP rafsfaﬁg; srombimmbitver as fusalierel at e,

showi ng st estijvatenbisén tquivrhi dftai fustoRploteRY@EhHRRB aFhatkd GombS) asTcnrg(i\rfbgji Lity of
variegin (0,0 1d§l¥i‘ %Ogo3tngé .18.01 nM.0.03 n 0.1 nNI, 0.3 n reNni, 3 nM
10 nM g%%em v and“10 ) D53 dtaen drisFtion: rﬁrﬁﬁ%%w (tBe 3markky) damatholiytd ¢ activity
was assafedadisthegicat tigve bt dtdiibeeiese sathsd batl Qi G1Q0; se response
curve of thﬁr‘é’féﬁlibp j(hrgtal biti on%t[)i%/, vari egi‘n (a) sho@d@%nlﬁggg%et?oﬁi bition (-
80 99 for equinorar coneEnt FUEoR 1ot bt rmatpledhgmpas.i egi n (3. 33 nM. |1C50 of
the inhibit} ks - 0.99 + 0.02. nM(n = 3 D) .Since variegin behaved as a
tight - bi ndi%%gfdmsﬁ T*y‘a’iatj%‘F‘f?eri R°bPt iheﬁffﬁf%l?eﬁe P iVEntia®, H)inrovastheigefn (a) at 30
si nilar cortbeftst atpeans tlinC2Bo Maybe A3 i (Mhs o O nM.. 0.313 nM
0.625 nM .205.p .§‘I.5 nM 5 nM ailo nM was eia%ﬂ%%gp%?ag%g%%ﬁ%%ttofoo uM as
substrate. ‘DSFASBVL AU AiseFPt t ed to equations (1) and (2) to derive a Ki

f 10.4,.1.4 = 3).. 2008/ 155658 PQ - PC T/1 B2008/ 002109 1 a 9-

0 25T hepsl\ﬂegrq recogl)used %\9 decades that malignagt disease is often associated with an 2

increased tendency to thromboembolic episodes. Trousseau’s syndrome, for example, is
characterised by fleeting 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
30 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




24 Figure 3. Specificity of inhibition by variegin. {iéarl egin was screened
agai nst 13 serine proteases: fibrinolytic serine protedds (bl asmivng 0:gPA and
uroki nase) , WRPMEIEYH ant serine protease APC, procoagul Ei{IBs¥HIREprot-eases
(FXITa, FXla, FXa, FIXa, FVIila, kallikrein and thronbin) and cl assical serine
proteases (chynotrypsin and 5 trypsin). Bhe final concentrations of pr ot eases

d substrat h M and mM tivel |
(3. 61/ Ezrzééf?tgi?‘ ﬁ%ﬁ%& B0 biss igwih, Pifer s oo ociotomtss Sadbacd 0. 3) | APC
2. 14) 152366f0f 8 1BTNbinfxplated 2NNEHAZAS: (ko FX
Eo 43% 152765 Eo 62?1 FI Xa (%33)/Spect r%%%"é‘gex E%(%pcél?%()%qé@??ﬁ %%1%0)/22288
(1), kallikrBiramb®, YBEFERE02Fhat beeashmofmpremet% tﬁ@&&@%ﬁ?gd %%&lw O
ronolr n was

chynot rypsi 5 d tr pSI n 87) /52222
tested agai rqbs?%l Jetr%%%se(%'s%sﬁt?gﬁtf‘g% Ig]g §t %laAFTé‘@Ffﬁ CO?glﬂ?éqgnémns irOh@danW  ( SS)

represent 50.Maljghht edfosiofd Indriepr @ﬁlﬁﬂ)htlén fé)Man(Fe? Eelf @ta&&&ee[nd of eaﬁxs much

hi gher conc tratl n_were used repr ese
repr esent 1351& %ﬁzg%“%@e@nt 1?Gr.ltll’li’l\ﬂ‘»‘éqtilsz‘ge?))Of b8 EIO@HeteArnmhﬂhcbfbl tion of

thrombi n by ostevpcmnﬁgiamb dnRBRSwA RS pARLE brk EP25 and
APIS to |nh| algt gl y‘tjlc act|V|pty of t%}o tgrnlﬂ&/l!algé ssa gﬁ% gﬁftlve site
%1 ug; 563 ghroghen

di rect ed subsat r fiRgved m@bmm@bompvmmﬁephw pibé with3. 33 NM
i nhi bition byclsphigg cegcmn@@mlmme et ﬂﬂ%‘t cells, Mceéges’\%oo% é?@%g?@g{% 100 nM

300 nM igoco}, % showed significant In rtron

concentr RrGEbID GPRBIS IR mivde wnathé eglantagi8 oBRronthe .cahdes By aaﬁmﬁlge:egur ves and
| C50 of i nhialthdsiono WRI& h& f cubation tine: represents 10 nin
i ncubation (I C58 =B, 40 g ﬂ&lia{%ﬂlq s ang p(’%ig“’mré% éléarlhgléaniﬁelfﬁ“r? ‘&%dy g@ighat i on
(1C50 - 5.4 @Ig&%loﬁl\@LOPWng@,) Tal(tB):kaoKeGragmn&eelejdro@splgfta twhr endiin (3. 33

n1\ 4) i nhi bidebRzdoyn 3n 10 n 30 nM 100 nM
300 nM 1000 nM shoﬁgégﬁgﬁéé&w ttgsoécp%ﬁ%dua%%gﬁ&}@%wz@ Rirptaells. | csell i s -
139.30 7. 0PiHmOH0ul is mvssiblathapeforeMat the 122 0BSpotent BRromMnhiliBicch 4R, | NCubat i on

0 -1()53r cub (A), - 6 42 0.50 MW th 5 nin
|( nzzubat i on a %/&11%{‘()&:@146)éé g&ggfl n%?lcaqtp ﬁos%&)e gt“ﬁ’ PREABAS Rippsy ng}éiﬂéduceBthB 0. 45 nM
with 20 m nre&rasq ofgudighis mel{sihto(the sys@nic difollaAbt Shd B cRRMe HOsuPM 2130 100 tiM

300 gM was.4inabl gietr%eds Jtl bit thrombin (3.33 nM am dolytic activity on S2238
(100 p.M; 30 inste hi gh concentrations of APIS, hydrolysis of 82238 were

| ht | th tid 0.3 1
oM 73 nin ST Rod o e b oL g Begnq s of e Sy MPeGEN 100, v
300 nM 1009V€mvpnm@eﬂﬁ@’reéﬁﬁhsﬁﬂlf&t(hAire&mlntrUf\Tlousgéag' %élndr(;m 2%%%7‘%3(55}\40910 uM

30 uM 100 pM, 3 WO 2008/ 155658e| - CT/ 1B 1 ILI
9,7 25 fibrinogen CPM?l ng t| ggtteﬁ are3conixgingjpageq r(@glbatlhﬂpami -indeptdi des with

t hr onbi n welbrosdoeytemhenia), forARE 8 hniitbiahed abo R tic activity
but not anmidq| activit suggeslt |ang gléntl ng fﬁoasggg%&(o}gg%%%s g Ih

| nhi bi tory conréicaic?xci@o(’)’fm Xl@‘é‘? TEYFTPIYSY o EppBgnaptaymeuny ar mdglm redncath‘east and 5

tight bi ndmsg off niviasiatiorwaé &HH@Bf@bd]e e VAL 625 nM 1.25 nM
2.5 nM 5 M af i with di fferﬂéﬁ%bg%%ggﬁglg‘atnl onnlsS ofe8938: 12.5
ttM (W), R}P(Ob?“ CHep t%ltﬂiﬁ)ﬂf thgtsop A ip Pagferablpn pibdifipd fotmAhg hdd Geth, 200 p. M

(x) and230@13po§‘941a(ted*o PEGY 148t @i e re ta ted with the
addi tion of thrombin (Hch, M . Omta‘mﬁgfésgﬁ%ﬁﬁeﬂn%o\ﬁ% (1) (n = 3) (B)

Pl ot of Ki ThagailnsfresutsheRley6R0s aRt &t ' near ¢

i ndi cating_s-variegin co etnlePtrl vely |Hr€%|dll)ﬁz)g§g%ﬁﬁ% fam%lo TS R P}é hgctivity on
s2238. By fIHSEhForHE 283t aﬁéheeataadls@wu(ezgf the hbavmgélphjdttaﬁ yf genatignt Kl was
shown t o beotecddbif gigulg EP25 aI S |nh| bited thrombin at
equi ol ar conegent rations if |a{\élprreé&l?sn‘ﬁ% %g%gg@mlt ISpIRTeo MY 1sidesel 7 ftthe

i nhi bi t i on é#i€RoRreiepy ’@H%%Wétthmmbmscmk retﬁiﬂu@m EPaﬁth%\@&téé% ?fo'i@n{‘ed wi t hout

pre-i ncypalnt@ft Wit 5 tle | ons. at fold greater than thronbin.
Under these aséayllgglr]? ?ct%?éc‘)ﬁgé‘ lé)mr%n S?d st%?%r‘@‘ﬁﬁ‘%wﬁbéblqmn result in a

si gni fi cangxogépll drndirg eife. fFhese E@i’cﬁs Cm)dﬂ(belr'ﬁvé@.ttb QB tdgBisr int @MAnRLNE] NO'

condi tion i.de dat a f tting. Progression curves of thronbin
(0.9 nM %Hﬁ.é tgﬁ’ltf%%?‘% ‘gﬁfg‘f 1“@8%% PAEYSmRs dbfcusppar thy irodMtiod), 12.5 nM

(o), 15.6 nM(*), 25 nM(O) 3.3 nM(A), 50 nM(7), 62.5 nM 20 (Y), 100 nM
(0) and 125 nM (+), using S2238 (100 pM as substrate. The progression curve
are non-linear, and showed two-phase equilibria typical of slow binding
inhibition. Data were fitted to equation (3) to obtain a k for each
concentratlon of EP25 used (n 3) (D) Pl ot of the apparent flrst order rat
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WD 2008/ 155658 11-4).u,, re ft / n PCT/1 B21108/0021( £&*4¥1 ¥4 1 U267 1tiegni nal
fragnment M | KTAPPFDEEAI PEEI | LDDES (SEQ I D NO 3)) whil e uncl eaved s-variegin
decreased i n"WHIYBIFY (iii) O eavage is al nost conpl et EEBESABYIi n

i ncubation. (B) S-variegin (150 p.M was incubated with thronbin (5 p.M for
various tinmes at roomtenperature (n = 21)9. S-variegin was present in 30-fold
excess of th [ 3 Lage, .of s-variegjn by thronbin was anal yzed with
RP- HPLC. Rel %%%ggété%c%ﬁ%@gﬁlgﬁ%|aé%u}‘88 o4, g peglent pmdyrs. Bl isathergforor oduct  of
mass 1045 (repedebibel fmgnidntsarfmhaadrielnagsmnt or SROGRAERK) Pge@g@n% RidQng) () and
cl eavage pr o&g&g\}ﬁ%ﬁ%ﬁg S258 c%ge resenting C-termnal fragnent

VHKTAPPFDPEAI T él‘:”Q&lf V@ﬁ alsR) beyiEomebin anhiibitoed Hideedn thieesaltea under
the peaks. (I@yscBedaeitaghow\vas aiinsHbaedamiskh i | .33 M .for up to
24 hr at 10 -etaﬁ%}%%rbat ure.and at g,vari ous tlkn}ée]{gg(?lﬁ% %@8@%&%&%’8&%@ ability
to inhibi £ thronbin Ao LPrexagie MEPYS)dnd 82 3350 (00l yalue)simi(@)o Siatbd ar

experi ment s timefidl-leadtl sethetitvas kel s {0 .t h. EP25. Concentrations of
s-variegin qr..EP25: 10 nM (,0),@%3& nélcl/lg(%)lgﬁge%dg %@“’o%ﬁﬁg‘(‘é’)rgtflﬁ that jyteragh 100 nm
of svariegin Hi TuERRe ory v siieivrthiny Fsorlin anasd baye pmesienitagenof3@e fral-gngmcess of

t hr ombi n, andriddin bRRGE MRS DL Ak | r rison wth cl eavage data
from HPLC anal él% b., Fi_qur eld%? hﬁ%%??gdo{r@ﬁo%%gﬁ?ggslﬁar\?ﬁ?fr‘r?reo{aﬁ’élﬂy femonbi n

i nhi bitors. rt]lleA lf%eiﬁ“ﬁ& %Iglﬁ dnakeg) ke édeal ifgmuenin dhortnpreedduRgisel Ss Vakiiggi N, EP25,
AP 18, hiloukagetdriansh Whd e i sim]ar Ctermnal sequence.
N-variegin is glucosyl atrgglg?&%ya]qile%gl} %lgtf-c ﬁaggfé‘ﬁ?lbforfé’n%n%bﬂ‘@d(@) engdrfd i r udi n
is sulfat edﬂﬁterIiurEy) . Sequence of TTl is distinctly 20 different from
variegin angI vvaa not aligned. (B) Schematic diagram showi ng different classes
of t hronmbi n\AHFBE1'Bra fEAET tahesict o8 ttheu itventidn, ftleat Us @Bus froyidkd LUGk;EONMPact
N-term nus bihie:, tvheREt 4 ' -aci.di ¢ and extended C-terminal binds to
exosite-1; (ij) r h.od%?% ér??/detth \%\%ﬁ%lzr%%tt%%%mrggﬁsa‘f ﬁ%gfv‘??t REthE Yereimsenuaes angement
with the Nt} GoMpapes@s aainp deidwdiimgct eelacidifimen:site and the C-terminal domain

bi ndi ng {50 exosite-1: (iii) 25 ornithodorin: two Kunitz-type domains in
tail-to-tail ar rddgdREHARFDRESHRERY LRDES fAP2 donmémctinndii et sactiye site and
the C-term nal c@gg{er]) @Eﬁ?ﬁ) ) 6gxosi te-1; (iv) haenmadi n: conpact N-term nal
domain binds to active site, acrdic and extended C-termnus binds to
exosite-11; (v) AFOrMEAIPSH rel _domain binds to exosite-1; (vi)

bot hroj araci n: two di f? g%%?ﬂfgﬁgléﬁépgfg {REACop Al sxasiieilh(SESHR) NOHithd t o
exosite-1 and 3GEX9SV ' L her praototypic thronbin inhibitors
such as theromn_and T%Epgyemﬁg?ﬁ %édﬁﬁgéé'ﬁ{lgéosgﬁgp@g eUEsitsr (SF& H Ned
structural inforftion. (C Proposed binding mechani sm of EP-25 to thronbin:
(1) el eéhr ostatic charges on C-termnus steer EP25 to thronbin and

subsequént |y pr SPUD ipéimteracgion withexositg 1) (RRD #oNoomg) (fi) without the |'D2
119; WO 2008/ 15%% 8PCT/ | B2008/ 002109 27 steering effect of N-term nal

resi dues ( SDQCDVANMSELY (iperacriasyith adtbve aite)i(FBQIDMND bo)ndi ng noi ety is not
orientated propgil to fit the thronbin active site, hence the initial

col I'i sion conpl P%]EWAW@YéD@%émeMQQiomm $iokitd I) (SE@ IS NV @t ep the active
site binding m$ﬁ§¥} EPKNI HKT (SEQ I D NO 19)) adopts the correct conformation
for optimum5 b g A fdaarveaei raorduef 1)a(SEQEDING 2pd conpl ex. (D) Proposed

bi ndi ng rrechani%{)f vari %%i[ n to thronbin: (i) conplenentary electrostatic
char ges bet ween TR IBERY hDDES{deavhgopibinct e XRGI2LBESIEQ msNvel)| as bet ween
steer variegin to thrombin, (ii)

variegin Cter n#@gj\fs’lﬁﬁﬁd t hronbi n exosite-|

al | el ettrostat A DERA IR ik (8RR 1) 635 QIITy Nang) pre-orient active site
bi ndi ng noi ety ( KT (SEQ 1D NO 19)) in correct 10 conformation for fast
bi nding to thr M@fp&g“\%ﬁ%YL AVIGUBE(SBQ IPIO 20§ reaction velocity (Vma.,)
as a function 3% % ggtrate 52238) concentration follow ng the

M chael i s- Ment dAY H MW ARRRLIZ AJTBRERY &d DR h(SRIQCImEbi% - Ment on equation i's
determ ned to be % 25 + 0.541M simlar to reported values33 34. 15 Figure 9.
Far- WV spect r a ¥ 260 19uhaquivtiensthesof.egi n, s-variegin, EP25 and API'S dissol ved
in 10nM of sodi um phosphate buffer (017.4). Al spectra were typical of a

random coil protein. Figure 10. HP-11PLC anal ysis showed that s-variegin was
cl eaved by thronbin at




37C and room tenperature. (A) S-variegin (150uM was ipgupat ith thronmbin
20 (5uM for various tine at 37C (n=2). (B) S-variegi nmﬂ%gﬁ&% z\\n/a“s”nﬂpjga‘t ed
wi th t hr onbi WOCBEWSPr various tine at room tenperat ur {IHEZN80REat | ve

per cent ages of uncleaved S-variegin (9), cleaved product of nass 1045
(representing N-terminal fragment SDQGDVAEPK (SEQ ID NO 2)) ( ) and cl eavage

product of - (L enr.es ing C-termnal fragnent MHKTAPPFDFEAPEEYLDDES)
(SEQ I D NO g’j@ ﬁeZ%@?ﬁﬁ’“ﬁ%@@“@fﬁgg&rsa%@aﬁfOffotH% PREUR 1 fgement s theaksegim t he

chr onmat ogr angrotefi gad doe Inot THeragotdi ddnianhitei doip¥etSdqldich quﬂer%%{eggﬁr:g el;i/n fragnent

VHI CTAPPFDI T, DDES ( MH22 SEQ I D NO 3) of variegin of
vari ous conc@ﬁﬁgﬁoﬁ%m& a‘i{f%-gfﬁ‘%nf"o SAFBVAEPEMIARTAPBRD A PEEY LADES/i ty usi ng

active site GEQR dO sulTht Hab@bi2RB8itd A B0 i ion with thronbin at
room t enper at ur e gd%.tf or, 0.mn.(.), 10 mi n (*%?E%W&?@Onsﬁawom% 120 nin
(*), 1080°nin [3#‘3 FOTBSHPILIGeSEES Trsm the yeriegin MOLeR0REIEhEE SGRPLT b1l C-

B2008/ 002109&mid& &l el seclf2. frRRVEE $ C in amdolytic actjvity of
MH22. The dsacr ease in.th? am oI.ytié;duglgef \??C?t%/(?%?&l@lﬁﬂwdo\erdttgl?ty%%]FBﬁ%é’d

i ncubat i on WEHEPERBIERLcf Bsemite ids-of teutssitgioprol®s0 = 479.7 16.1 nM can be
reversed by&ihnc%l ug’}qng i.ncreased concentrations of BSA (1ng/nml(w), Sng/nml(*),
10 ng/ mL) ( A)PCiToPREIgaibEgrs ebhismspest of thefentBn ako influddhizdleculR@oMdiningf MH22 at
di fferent comgenhdnabhns uRf sbipst SR%: was determ ned through the
equat i onléies r.}i).bi ng fast _anﬁ)%ti htéagg%ﬁéi %é?e%)lfbovﬁi "nBER aﬁb"eggi’r@g’iﬂfi cantly
t hr oughout tHEPS AR foFRFipOADR, iSQ IPIROS 8 Kinternc2OO withexoditdiyGaki Ng t hat

M-122 is aAPeRDEFeRDEtE i VEEs bl hr i idalytic activity. K1' =
K, and the average K, was fouggh%}%&%g ‘%@7 %Osgg&wg&réi 1§V Brefezablyrhr onbi n

i nhi bitory 1 ?ff%t:ye gfan@g:;ggilmtmtttiﬁxgts_itésratgmmect&E’BﬁAZ@Eer m8l6cu@inhi Yy of

vari ous congehbtighi Q Vi e seqguence , _
EPKWKTAPPFD@EHIPEE%E%EES ( §E%ﬁ|2%%?\?d%’ﬂmq?% aﬁg’ﬂﬁis“bft g Hiedhihprasantl thei ¢
activity usf‘ﬂlgle%hlv%‘éeg@mreteﬂli. rected substrate S2238 followi ng incubation with
t hr onbi nlSat roomtenperature for 0 mn (w), 20 min (*) or 30 nm (A was
assessed:” | AOEBESEbPEbEgonAhinesER! iof the avchB@ M alRBkNEs b3e i (EP25) was

repl aced W tddudictd @Bk 2864 i lLutam.c acid_is present in the sane
position in eﬁi rudi n. Fiagureg)r%g&%l%f)gaolfeqﬁﬁﬂ%%dme K., of EP25A22E was

det ei i H nedTushBs Hh®its! B-ndi i Ahi.bit or ation and was found to be
0.311 0.070 nM Fi 1gur}éE fa&#ﬁ?glﬁg?’ﬁ éﬁ’%‘ﬁl? 8?1%68tr<§efq§%fl}vﬁ?tt% Rseferphlyi diglay nut ant
fragnment M zhoragteristigs Pdhabirbmbip mhibitarsi cfushe GosRE Nspé@l | PN e @é}vegﬁic;anZAZZE
havi ng t he SeA4eRCE.MIKIAPPFREEEI PEEY] DDE QID NO 5) to inhibit thronbin
ani dol ytic activi ty°f&éi}%é§ gsc i éefgrir?Edek&iiaP‘f&ég(g valigssiidathe abiza® nditiowi ng

i ncubat i?8n Hioptbin speeifibilly veithonviohibiteRpetcatdiie pfdasd MM (a) or 20 nm () was
assessed. MW-%ZZAéZ i.sgtzhe C-term nal cleavage fragment of EP25A22E. 25 Figure
17. Ki of NitrgaebeEuiaanzg Ehethsonebikiihitoborsle. flis adpeBdo Ml WHED; with 100
uM of SUbStrﬁ&&ﬁle(s%%ﬁ%w Figure 18 Tr]r onﬁi n i rsiﬁlgpgl tory acti 1\5)?1?13?/&% variegin
fragnent EP21. The abil | tyénofca{}a? FUstEa OREEHY rtaticofgongfin mpghitors of the
EPKVHKTAPPEDFEBASPERVE theSE@ntieh NQ Bait teiabilitPiol infole O ML AGLYE o aCt | Vi ty
using acti g stie i ect %(1:' %Ht%stlrs%%e ‘SV 238thf ol | owi gé; 30 incubdation with
thronbin at room tenper atut BFEPEorymvueh theygredarived. FanciB@aldquivaiéhts WO

2008/ 158558:RCTA{ (821140842021 (A0 iRen®h WRAIBSARIRETS (PTHQ! EspANdS Lo EP2S
except tha;nhi t. iss em sdzi ng} four residues at the Ctermnal. Fi gu? 9. K of
EP21. K, of "EH9T gl hnvhSanipiping ofg o marerunicoeidi whsitwams flounid 4@ be 0. 315
0.024 nM Subsiagtialy ARr thEhmeRtBn P MDint yvity.of variegi agnent MH18.
The abili t%/ gf vari oys co,llfllc.entlr atoi ons o@%%@ﬁlmﬁwﬁﬂaﬁﬁﬁgﬁéﬁf?& SEQ | D NO
20) to i nhi'®SP*MRe BFHBiSHOSKHTQBY PHei nereYativE tapines aaid) satstiinienssiick agiget ed

i (eor 20 w6y an IR AR et B B A Bntseo o mse cept that it
is mssi Onginf’%ironraég‘fed Geefereed subsiti@ione prvi these .occurring at the amino acid positions

discussed above in connection with variants of the full-length variegin protein.




10 Figure 21. Xi of M 118 Using fast and tight bindingpregyat n@@ K1' of MH 8
at 100 uM substrate (S2238) = 14.9 3.50 nM Assuming the renb¥dl Ndf2 fiqug
resi dues at WR@'BI5¥ef i nal did not alter the inhibitiorPGHIBHRFPRM? M -118 is
al so a non-conpetitive inhibitor with Ki= 14.9 3.50 nM Figure 22. Thronbin
inhibitory activity of variegin fragnent2l0v24. The ability of 15 vari ous
concentratio 4 AEEKMHKTAPPFDI| TAI PEEYL (SEQ ID NO 9) to inhibit

t hronbi n ani gg‘?@@?@‘%&ﬁ%&w AHiyalsptp inplids varant hasing ed amitvstciddequesa 38
fol | owi ng i nealdsédifom:wi t h t hronbin at roomtenperature for 0 min (.1) or 20
mn (8) was assessed. DV24 corresponds to EP21 except that it contains an

addi ti onal 3EPEMPH{@$PPEDHEEEPEEYEDDEBSEP2S%@ZE %@Fﬁ?%‘ of D24. K1' of Dv24
at 100 FM substrate (52238) = 9.74 mO0.91 nMa 0 V24 was determned to

be 0.306 0. DYSERRMHK QUPRFINFEATPRESIRDVIURINK) @ ity of variegin nutant
fragment DV24K1OR. Theabilityofvar iqggsconcen}t?,r(gt Pgﬁﬁ¢6%4K1m

DVAEPRM—|K'I5AI3FIHI§FIMPPHEEEIH%QLE&W@}Q)AQZE)i(g\ﬂ%l@thd ?" onbi n ami dol ytic 25
e (o)

activity using active site directed substrat 2238 | I owi ng i ncubation with

tD ?/rz ZgBrIK 20?; Fupotiorak rpevadenty 6f fherth@nmibininhitoR o2Qis ML) r Sin@esnfgxi%ﬁZa?%'

_ qg&{l(%sggr}gststorﬁrh)vzlﬁlr e>t<)cept, that it contalns an argi I"'nst ead of
a lysine at position e (%lf RAMQEbE bibiters\nipYidesh Wyt these Fagnemes R&in Ke of
DV24K10R. Théiliy todhhiBlY24ddkiRavwastydet ermined to be 0.259 30 0.015 nM Figure
26. HPLC radi ochromat ogramto show [ 3N-Vari egin dose solution WO

2008/ 155658 PGhctRATLG1320084106 24ddd 3QdisEi gl Lhoutdon of
radi oact iy tey, }nn tiﬂ% s, at 30 m nutes Ifloéli%gl\r/r\]n&‘snélyghegh%r?bémilﬁfﬁlg’gﬂ’férﬂ‘?ﬂs

su
admi ni stratiof o [HF9-Ralrhasgibeen sodifisdiby thiebiomaentatttallgneht mg/aa@iondievel s 1 to

5 refer to gumpgssickeslsugih kRO bHb i.0 rough the rat body. Figure
28. Distribuyti ?{f of radioacti vl:égty ?n?ﬁ%?ﬁ%@sa%fﬁﬁ%?{gf%‘i BRAIhgatensi ngl e 5

i nt r avenous PEYHICHi2RP Y2 TBIAtSE to] 3¢ funcijenal egpiinalerss sarfeinepratehi 08 wkaty 10. 4 Mo/ kg) .
Level s 1 tonbthoefdr the OirsUSHESE SV Bie 1 . | tudi.-nal sections through the rat
body. Figure,29. Distri buﬁ%on of ?aﬁﬁ%@?{l\gﬁ t%@h%“ﬁ atpﬂlzcaﬂed%élea@%@% nut es

fol | owi ng a™STHGIseTihit asaest Ablss imentioni st ration of [311]-Variegin to a mal e

al bi no r% %0. 4 [Fr%/ klgj@Exar‘Epl es 10 EXAMPLE 1: ANALYSI S OF VARIEG N AND EP25
Mat er i al and FEPHO AU KA pldhis asparhef the tnveantizg qilodsetedension pavdigiest dy t he
Depart ment ofondenaihalioey SaindieT-anst Ysi; of the Slovak Instjtute of

Cardi ovascular Di seases. Thr c?nl‘f)ocl o??r%géfgsgér/neggsélﬁ}f F‘\?\BE PFY'OR Badiscmerd Dt i di ngen,
Swi t zer | and> VTR GREGHPRYH fisiog preteigeantamidg AetfilhchGhAatiéqatedeRIT reagent
were from Dade | nt.ergg%i onal Inc. (Mam, Florida). 9-

FI uor enyl met Wy 6 AP B8Rt \itwsmaemplex aifii thoombindshibikraecoREs BSnsuRRert resin,
N, Ndi met hy| dfalieamnden tddVomt4® % v/ v piperidine in DV,

0-(7-azabenzotriazol -1-y1)- 1,1, 3,-3-tetranet hyl uroni um hexaf | uor ophosphat e
(HATU) &@0d MeNhvedflod Rirons0PMt LY. I | .PEA) were from Applied Bi osystens
(Foster City, Califor m,i"? Trifl uoe&%%é‘{e]ﬁofég‘é%? %‘}“%PFER)%,HUEIF%-I%%W@WSt hi ol ,

t hi oani sol EX°YHRA hEreRSmbiliss peroatint tootismepeseofitie AlvBMBNS (BN cc MY € T 1 om

Si gma Al driigdhudeSingld- Q4 idSub1dY . n_fjbrinogen, FXlla, tissue

pl asmi nogen acti \_/nagt or (TmPA ,éaal?o P}rﬁéqéeléﬁ%ﬁ?iggﬁnag}a(an BYWnetie myelsicn were from
Mer ck Cheni®€4Iseectasdbreferabht thegielric ati)sequences comprise DNA.

The invention further includes cloning and expression vectors comprising these nucleic

25 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 further includes antisense molecules which hybridise under high

30 stringency conditions to the nucleic acid molecules encoding a thrombin inhibitor




25 Hunman factor I|Xa (FlXa), factor Xa (FXa), factor XI&-iExya)8 / APCIangl g

pl asmin were from Hemat ol ogi ¢ Technol ogi es, Inc. (Essex Junction, Vernont).
Hurman fact orWO2P®/185638/1 | a) and reconbi nant a-t hr ombi n W&/ 1F480APom t he
Cheno- Ser o- Ther apeuti ¢ Research Institute (KAKETSUKEN, Japan)?21'22.

Chr onogeni ¢ substrates S2222, 52238, S2251, 52288, S2302, 52366, S2444, 52586
and 52765 . epix_30 (Mlano, Italy). Spectrozyne(r) FlXa was
from Aner i ggﬁglaégg%(gt??lggq? n{gl.ls ¢ %ie%{;r’rf’w%tﬂ& “USWH)é‘ct]-‘)rXéWP;S ok hig%tslfrmgendvem cal s
and reagent scondiignspee desofibainatoyéd ircahn@riad eith MO ROFEIFABO Brst afdGlLdqB2008/ 02 1

11' 902109" 3 ivar | and extracts and estimation of protein

concentrati onéecﬁdgﬂée?#egg??‘on procedure of A variegatum SUE and estimation of
prot ei n concgpt; L. ur.i fractjonation were described previously23
Purificat :ﬁonﬁ?flﬁgeglb?ﬂggﬁngeri 1&%3%?&?“ O%F%ioéé'iaﬂSfWé%i pyokdaryqtisdr loykaaydtinhes- st ep

r ever se- pAasellHRIo@rpingcadiolet: abid MoRcBe Gk MBfsch RS 168 DAD HPLC

syst em ( Ful Iegéggg) a%i or .nj %k In the fi r_Ste st éls I 5“5?’%1%%% orgb}t:ec\%)%s | oaded
onto a Vydac l{% gny P8 gngbYoremaleyule of thih agreetaefethvyit@otionHSspahis aost

Cal i f or ni a) celRooldedethddacbi riBaticlc Rt ad i rgngest antj.coagul ant
activity (Fiﬂ%gée LA, fr ctligyggdl A?/— 111 werlg%geu 1?%8%&(:?8?‘% a C%‘E’Sh% ‘é’ﬁgp (Fi gure
1B) using a To BeOR A ppres phbs evention. (5 gm 250 x 4.6 ) col um. Lastly,

i ndi vi dual gqti 0{15 %L\EI’G fuither purified using a Vwdac C-18 (5 gm 250 x 4.6
mm) col umm t6° OBAIH {hihgmchudes A oRhest o prepmingam tlirembincinhibhoragblevile y: AV 6/ 5,

AV 3/5 ah@¥l AoHdifp {oRhBWsBecl 6f theBhvend; - onent_in the AV 6/5 fraction
was named var |1§g%?qegp0§g;§el ation aé%nalg‘g‘:%gb’%ﬁ?gg%ﬁﬁ“% flr%gm( )OPEHEN? or nbi n

tinme (PT) ahdf 4PIrding torthoryepioasniler conditorsAREEDy RSaYEInMEr € used
for the ini é}ipaiéssé‘cpernaeé’b'évé}fng%ﬁ@ﬁ&%ﬁ&ﬁh@ﬂbdﬁ%&i vities in SUE and fractions.
Ctrated human plasma (50 gl) was pre-incubated with a maxi rumof 5 gl of the

SUE or the Sanavstdion fetef inhRest NaGr i hnon G for 1 After adding
t he correspopglif_nlﬁ reagent s (Tgl': 50 gl toe?tﬂ%h{bg%%@ft Esiaﬁcof‘g%@rfg%?amﬁ 100 M of
asfi

20 Thr onbop? VEOR & dfsipy. AbTThrosdinMnhibitolcactording hahisviapRd oPTik added for

3 nin and rieationhasbail 88 fd 5 BheRha@fi 20 M CAC12) . times required for the
formation of fibrin clots were de g?*ﬁ%%‘ﬁetg%f&fogapggﬁgna@qp@agfg%wsm@ch_ The

activities WETRIGHEabUERGHvY (rarrichr ee disaistet oavEATHS/ urobn 3imikand AV 5/ 5)

were verifigeoratngttheniOd06d b ] ntre of Churchill Hospital (Oxford,
UK). TT, PT 25 and AlIIDTTfpwetS)gtpelr %‘ﬁ%%’aﬁenﬁe%‘ RBRABE AT FrSysrton @ ganon

Tekni ka Lt ¢y oEdtiscdses therdnay be trgitedfisii Me netididl ditrsled @Gk HRNGCRAL & Ni ng AV

6/ 5, AV 3/ 5cand / tQ 0 gl..of platelet poor plasma, mxed and
i ncubated for 5 a/br?éﬁéé)? t%‘%?e@ﬁg%%é Sis?ﬂz?gtioé‘g %rtl?:‘%%%%nb’@%ti“ﬁ o8 ghisiaippgy a

Thr onboépaé)ﬂcdb‘? apientigrampy erlso Baewas topgy lofihe iR mdthddsNBERseq L Ve PI Of

=
sanpl es werghadged f citrated | e blood, 30 incubated for 5 min
and the sa((r:pl e run“létﬁ %%}%E%Pf%gl%wcﬁgesr‘gg’ghﬁrﬁ gk pesand ammsets. of thar uun El 9

WO 2008/ 159658t@mbpved2008/ 002109 32 Protei n sequence anal ysis The nol ecul ar
wei ght of proteins present in AV 6/5, AV 3/5 and AV 5/5 were determ ned by

Eur osequenc/@ripGr snpeigen] emhediNenther Itangslentsivigtich BIFLEX b_(slfi{e%?%r? JFranzen,

Bremen, Gep{tadyo:a; i.X-Aassi sted l.aser desorption/ionization ref] &étron tine-
Xe,)talf@} ‘%}Xofa exampfe. t w1ﬁ %e apprec1atecP that modification of detail may be

25 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)
30 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 ug protein/50 ul plasma; ** prolonged clotting of > 40 s after adding < 0.01 pg




S of-flight (MALDI -TOF) mass spectroneter equipped with a nitrogen laser (337

tun) and gridl ess del ayed extraction ion source. Partifa} am no acid sequences

wer e det er mi WOA'W{53% er mi nal Edman- degr adati on using aﬂ“HﬂFHWﬁ@@&QSeqp§ncer

(Model 494, Applied Biosystens). The conpl ete sequence for AV 6/5 was =~

determ ned by MALDI - MS anal ysis. 10 Pep?ﬁde synthesis and purification Three
re synthesized using solid phase

pepti des (s- (W=Tat! 25 *and

pepti de synt%lg{se?rg%ng{ %lgf S orf™ r%ﬂ;ﬁ?ff }n\gﬁotg%gygﬂ%%w vitespningholisr ABIIA Pept i de
Synt hesi zer . _Eméccgltmhquttmg tlmarmm HEIVES- MEERt ARG 2. G?lo;/%xlo?enpgfpﬂ idine in
DMF and couplg e usi g)lr%l n situ neutrali zat| on che

pepti des wer'e syht %?:?egﬁ Oi@gp‘)’f@l ldaﬂ’é’étePE@%ﬁ?@’suagmtml em/mgbnggd a

cockt ail of Grﬁﬁﬁg>2 mtalﬁaﬂ”lﬁidl hi @I / t| de aci ds
Syntheti.c e i des \Ar/%re Jﬁg?r&céiﬂ!ﬁ% Wﬁi&’ argede%&él‘ilﬁnﬁq ursFier (GE

Heal thcar 8, UPFELR g %FEW} Rfr r(FPIﬁ@TMO@m& tf1Be & If; 5)250 pmlonge’ﬂo )

(Waters, M ld@atis of VRS SAE htus &l | and of all. peptides
were det er i ne(;é:é;ééel ect rosprcgii?g%lgtzﬂmf ﬁ'ﬁg%}ﬂéf c%er%ﬁ‘i’r"r?‘)t B \VE) usi ng

a Perki n- El &P RVitRsontselo(H) %P%VSSImeubj@eue&tm feloorer puSigicion &9l t on,
Connect i cut withCh rggadhedf oflilghr 9h S ar- W CD s ectra (260-
190 urn) of V{//larl eggalmn s-vari g(bl/?]%f%%émgﬁ%%x 1@65{)%5?@1&1@%&&@ 1M 8f sodi um
phosphat e bdfaFEens rgpger ﬁl‘)vaeQ5et0r Qddrdd. Thé manga oFfaledonk- S adBcoagulant
spect r opob antietiards I urenents _were carried out at
room terrpergturé Jsﬁﬁgéﬁ&nass%dx%ﬁl%ng@ %@m%eewﬁf%%%t%a@a of 50

nm min, a r@8Hitvish 2350.PQaqtmmsamdlcatebamdmﬂérhkoﬁnh%lﬁmthﬂoﬂmirphﬁﬁcﬁﬂrﬁ@f thronbin

dol yt : (mbj t tivit $2238
per formed 1 oo aYiunt't B ANT apdel SR heub e Esed e bo i )

cont ai ni ng 1rshpar¢mhsaae@owamem forngfenbuRSA With HOARpTRELBEMEE ( rJd{H{tQ)?ll y, 100 utl
of peptides_agd, §pgcepdmtp thr i N wer 2008/ 5658 Pel % '9: PC T/1
B21108/ 002109 3 pre- I'ncuba edn’fnar(ndlsz e @&?%W’@h&ew@é@@ﬁ@e%@%ddl tion of

100 gl of> SpPBe:parhied inattes nofin pekmatical AF PO RY PE g@y%e Rralidd QAR |1 ne were

fol |l oned at n wth an ELI SA plate rea Per cent age
i nhi bition f/vgeglﬁglgpgluel a%‘éegg g%? PERPHY ReAle 2apdy t?lo% spplt f bgslder pealibsiot bance in the

absence of danoiediAVO6/5as 0 % Dose-response curves were fitted using 5 Origin
software (M croCal, Northanpton, Massachusetts) to cal cul ate | C50 val ues.

Det er ni nat | Biguos 2. thelﬁomiméet]ﬂm(:e@msﬁl%ﬁ alfd ltll@ﬁrohmm m&%%%@%&ag& lc, was

determnedS{%lc . fetl%s strat enzyne is Inhibite y’ an
equi mol ar concentr at ran et 1 HAIgR oY 6/ ﬁ\éaﬂﬁglﬁhlﬁa 36? aiich AiVbptSoare thighly enzyme
causes &0sigmilfsi @yritxadppd &tlinos pldslgrésﬁﬁmc‘cﬁﬂ@@@ﬁ t'h?otxﬁ AlniddB% LRI Lors. This

tight-10 b h d bed by th FP0Ba: Vs =

(I\/g/ 2E t) ngﬁl éogﬁgéélf{lwnlﬁtﬁﬁgiﬁ I(‘K%”ﬁ I]Ma-AE@)3}1% .E[)lv)\\fl \%e@élzj?/sMosVst eazy

state vel oci.2ynMy®w | gsmoolﬁmol?@@lmelgldﬁ %2@?6 %Ufigﬁfvbgirnh' itor, Et is
rcon

total enzyne goncentration, L is total fEnShaNiek: + i s
apparent i nHRBY £8ieycdudibEmrrchievasrupoo mpisinigt (Q)eTHenbilhy bf omiegll(dpingated to Kr

by equati 0m.d03)nM, 0.01 nM, 0.03 nM, 0.1 nM, 0.3 nM, 1 nM, 3 nM, 10 nM, 30 nM and 100 nM)
25 to inhibit thrombin (3.33 nM) amidolytic activity was assayed using active site directed
substrate S2238 (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). ICsg of the inhibition is ~ 0.99 + 0.02 nM (n=23) (D) Since variegin
behaved as a tight-binding inhibitor, inhibition of thrombin (1.8 nM) by variegin (m) at
30 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 uM) as substrate. Data
obtained were fitted to equations (1) and (2) to derive a Ki of ~ 10.4 + 1.4 pM (n=3).




(I i ith S, K is the
= KL (1 + SIK,D)(2) where Ki I ncreases linearly w S K _
ilﬁhi bi tf)ry constaZYE, S is the concentration of subst rHt_b“aT?Ig- %Q/qu;zs tziag
M chael i s coWSudt!15¥8t S2238 (determined to be 3.25 0. 58 WIBM fﬂﬁrfr P
simlar to reported val ues24.25). Both variegin and s-variegin were foun

i i ndi i nhi bi fitted to these equations using
S A ttc])rs.r ;rheodaitat\elz\‘reaigti Ion gf the inhibitor with the
Oﬁllzglmr; |22 2?%‘“@%?"& ﬁ}é%d{i(ﬁ‘g' ?‘ﬁwsbﬁ‘{i@b ggtvé‘é’(ﬂ%i!‘stsé’taéegﬁélw_éisﬁyeﬂed_ aghiosil §3 achi eved,
te heypr ogr esssm;inbve{o(béasq:sr ofibigriolftiar rﬁaﬁﬁeorbr@tgas%@iv@la%%q%i’)’_ lia{g%gl) a@@ 12 2 i. Di %)I (232 :Ms1er .
(Fj)e;sgr![ Egda%ﬁlﬁgg%gda%{r]8%%%‘tzp%tSﬁl‘DsFré_HI}/&}:}H;‘E%g‘FI?ﬁttﬁeélle Brotsases (6KIlpr BEIac TXaVs is
final steadyFBlaaFelluetatidirdii andBubsbinfhild @hssel QG I}!mte5se's§ B LM and K is

first-o r ratfe constant. ~There are two poSSi e HufM%i netic
ﬁggﬁ;ﬁ?émg [%ypag‘é'gﬁeﬁr@aL%ﬁe%qaéwsmfmmtmew@d@ubmwafey\zenm par3ﬂ5€sh§ﬁ®m( 1) : EEi ;‘
enzyme, | 1o bbb tar rand B e e A PR R S pknener | s
assoct ati on it DENRHHPHD AhaARS (216165661 daTn Frame (TyssEND) | Pxtahi S
aohere S0 D i i ¢ 50 4h %JDQW The apparent first-order
SOTeTE oy RSy &) L0 S0P (B, SRl e 2R e o
At e COP ; PﬁVHW‘f{%SﬂS@sfdhelwélil(r@)l:(0.23)+Sz302 Bl i1 I d-rorubig (8. 38y/sd2881 04 i al
TR 31l i_soneri.zat | r nd K4 is reverse
col | 151 onocamphtyps s SR RRTEELE M LB ER G Y KE S rererse
: rS"O[YF;: Zio: Iag%ipﬁﬁhréQ)?mlcel)tra(iEhs)oftshat‘iegnt@qq&éﬁ;htyo.@lngﬂ[ Qg?%p%g%\gg':ﬁi cgaqel :’Iyz 3\; ![ (ﬁn

i L.ohi bi *). rease
hi bi tor coneenrr e ons. 0 BBt AF1BHkhs B HBkr EongEmGSCh T ) can be
I e isesh : o) he4) The

| at ed fYReraURYeRstisah (§4FprebenKa nMK3tY rdprdskit 10K abdl(ch r&yrése 00\

g%fgf ienhi(llp,L_g?rg const ant Kean be cal cul ated from equation 1%SISB pll\1[11(4 /I (K3

+ K4)](5)
15 Figure 4. Inhibition of thrombin by s-variegin, EP25 and AP18. (A) The ability of s-

variegin, EP25 and AP18 to inhibit amidolytic activity of thrombin was assayed using
active site directed substrate S2238 (100 uM). Dose response curve of thrombin (3.33
nM) inhibition by s-variegin (0.1 nM, 0.3 nM, 1 nM, 3 nM, 10 nM, 30 nM, 100 nM, 300
nM, 1000 nM) showed significant inhibition (~ 30 %) for equimolar concentration of
20 thrombin and variegin (3.33 nM). Dose-response curves and ICso of inhibition were
independent of incubation time: (w) represents 10 min incubation (ICsy ~ 5.40 =+ 0.95
nM) and (0) represents 10 min of incubation (ICso ~ 5.49 + 0.42 nM) (n = 3). (B) Dose-
response curves of thrombin (3.33 nM) inhibition by EP25 (0.1 nM, 0.3 nM, 1 nM, 3
nM, 10 nM, 30 nM, 100 nM, 300 nM, 1000 nM) showed an incubation time-dependent
25 shift. ICsq is ~ 139.30 + 7.02 nM without incubation (m), ~ 22.55 + 2.52 nM with 1 min
incubation (0), ~ 10.39 + 1.53 nM with 2 min incubation (A), ~ 6.42 + 0.50 nM with 5
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 uM, 10 uM, 30 M, 100 puM, 300
1M) was unable to inhibit thrombin (3.33 nM) amidolytic activity on S2238 (100 pM);
30 instead at high concentrations of AP1 8, hydrolysis of $2238 were slightly enhanced (n =
3). (D) All three peptides, s-variegin (w; 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 uM, 3 uM, 10 pM, 30 uM, 100 pM, 300 uM) prolonged




EP25 was found to be a slow binding inhibitor follow ng the Schene 2

mechani sm The 15 data were fitted to these equationsusi Oigin soétware.
Swi ne prot ea¥@2815883%F8 city The selectivity profile of vd?nglﬁF‘WS/Mé”e& di:ned
agai nst 13 serine proteases: fibrinolytic serine proteases (plasmn, TPA and
ur oki nase), anticoagul ant serine proteagé APC, procoagul ant serine proteases
(FXI'Ta, FX1 EVI | Ililcrein and thronbin) 20 and cl assi cal
serine prot Zggl?ssgfncﬁf%r?g r &’ rk13§ NP%E‘F?’F)“ batiopf of cpeptiges \S’Lﬂvah'rpmgmnwm t hese
serine prot ecses! wetr eARISt ﬁmliﬂméedthhynﬂuﬂm&inbgé?ﬂlyﬁf: 4Rk b%f” é activities
assayed usi na%tl%)em fic.cl uopogeni ¢ substrates. "Fi bri nogen g;yth me The

abilities of S-VArf ftﬁlng‘}g SEPSEPLS t o prol ong flbl’l nogen cIottl ng time
(BD, Franklin Lakes, New Jersey). 200 pl

were 25 t estg g%% 2191"? BBL fi bropeter
of fibrinogen~{ BRSSPSRt 5 oks-vayiogn and EB25. HABatagdginit h fak0mdul  of

pept i des (SVarghoblsdmgmhmﬁ)f aft thin. 8tvadé& £ g initiated
by the addi tll\g 100 pl of .thr onnblvri1 ( rg(gaj?p%:%%?g%ﬁ% ig#’g{\g %E/»“Mjlzl
reagents and' nlrfr)ﬂ MWasanixedivith diflpesat ?WCWWSW SS2HuflRSuM pb)l 257 (og0nt ai ni ng

100 mlVI Na 2 1 l [0 0 131 t L 35
C eavage of Gg Li/l\g\reimeg|§)(g§,é)/[yCIS & %Fﬁ% 5 i\g%ﬁ) gﬁé %3@9)3(1? |3H(gllj%6:getﬁt rations:
orper at ur o e HOR CRealibll L ST b BGOSR e Bebrerner e o

temperature and 3 After varrous nc
quenched wi fed tQL e%aTF@A(lbL(ﬁf:eiﬁ) @) HIdt. o$)K1aﬁga1ﬂ1@@@l%@a1@%chﬁtraﬁloﬁ%ﬂgéu&?lm C18

colum atpaghed LR2 ATm purifier aks other than those present in
the chromat ogram %e @dﬁﬁ- cubae o‘f?%?té"%gﬁtqmﬁi élHOIaémcﬁ}D@éQ}atgeaqﬁwU}ducts and

subj ect ed t 67 BSP33vBy tfittingghé figta tchejubtidBSS &% inliBRHLBKSanRT G al ﬁ%gd to

cal cul ate the; @#L@a ulr}déer hg%’p?@éo ?ﬁndsb,gr el ative percentage of each peak.

Results 10 Purification®s Pl Sofordee inhibitd SopEnbin # egwmblgat um

exhi bi t ed peersmtraings ¢ aginantiatedC Witk i thyorh®in akile ‘irﬁtﬁeﬁemﬁ%ﬁ é_l_%thglg assays (PT,
P

APTT and TT ure 9 ncy s in the order TT > I ndi cat i ng
}ncglﬁzltlg e§l6u?{(e: f

that SOB is a pr om £°n fﬁ)t%&ﬁt detrimeAtst r’Wlthnhi mret-mm(t&)lon Teitpuri fy this

i nhi bi t ob sgoncsmtlmsmf leagt §- mcatge@teb}’thﬁﬁﬁbﬁhﬁ Qﬁd&“#h%selp‘gs Al t@{ ?t he 15 first

step of pur cati t he nmost potent anticoagul ant frac oh C{) 1) was
subj ect ed tfggamg 5%5 6%#?@@35& o5 1 éﬁuktl'—rilgluﬁ@lfl@)ﬂ d?ﬁialqne&uﬂréd BRRS racti ons

wer e screenatcémiatiant thid r el vinded | é’dnhbﬁoh”wgé)%'f‘ Aakden De and_ ghr oFoﬁgm c
substratea% l)é T\/\of\rﬂgctlons W th the strongest act 1 Vi fi'iae ion tine
23.083 and SPn{uRes ?héonfﬂ?}}‘*t(@\%ﬁl\/awmhlbltlemby dlf@e;naccmbmtraﬂm& of BPesfracti on

i th retenti®am (e . 0 ks denoted AV
3/5 and AV 55 “Ef’gﬁr%“‘%gf) S P AT 1 TR SR T B85 has one
mai n peak dnd AOsprd 125 @Hdu} dsng pezs8 (1andMyas stenak ethAYofbRid,Fi gure 1 D).

The anti coagmleant ax?otn'ﬁﬂé €8,40 S ee fr tlons (AV _3/5, AV 5/5 and AV
6/5) al ong Wi teh. crude SC ; V\%rd efs}\lloé%ﬁf ?“éodhlﬁ Ff;ﬁu1 ﬁ?ﬁYP’F’fl SholorEGndingays. Al |

f our assayén ?f@\‘?é’;&l%@ZWHQtﬁtTAWt@b@anom(%nmebtamﬁfwsgchp&,;l%h%% (ﬁgg? ul ant
activity, 2g.d @ ) ]5)))/ pfeY & the?l] apparent ?/rst—ogde? ratee constant k against EP25
concentrations is a hyperbolic curve described by equation (4) and hence was fitted to

25 the equation to obtain a K" of ~ 529.7 + 76.7 pM, representing the dissociation constant

of initial collision complex EI. The overall inhibitory constant K; was calculated from

equation (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,
30 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-




fel ipcm p2098/90/1091 Uig < 36 Table 1. Anticoagul atjon activities of

i dgLshow t he eap, of
atum SCGE (fenales fed for 9 days). Res Marg gf1g C
QHB:¥22?2 xg&bg‘ﬁﬂﬁﬁﬁbontgols 150 mM Nael was substi t ut 1500842109 4? (g)

[ ji .025 50 0.05 105
APTT (s) PT (s) Control 17 28 15 SUE pr%%eln (ji1 g 0

0.10 >180
terminal fragment MHKTAPPFDFEAIPEEYLDDES (SEQ ID NO 3)) while uncleaved

s-variegin decreased in quantity. (iii) Cleavage is almost complete after 180 min
incubation. (B) S-variegin (150 M) was incubated with thrombin (5 pM) for various
times at room temperature (n=2). S-variegin was present in 30-fold excess of thrombin.

5 Cleavage of s-variegin by thrombin was analyzed with RP-HPLC. Relative percentage of
uncleaved s-variegin (), cleavage product of mass 1045 (representing N-terminal
fragment SDQGDVAEPK) (SEQ ID NO 2) (H) and cleavage product of mass 2582
(representing C-terminal fragment MHKTAPPFDFEAIPEEYLDDES) (SEQ ID NO 3)
(&) was calculated from the area under the peaks. (C) S-variegin was incubated with

10 thrombin (3.33 nM) for up to 24 hr at room temperature and at various time points
assayed for the ability to inhibit thrombin amidolytic activity on S2238 (100 uM). (D)
Similar experiments were carried out replacing s-variegin with EP25. Concentrations of
s-variegin or EP25: 10 nM (m), 100 nM (B) and 1000 nM (o) (n = 2). At 100 nM of s-
variegin or EP25, the inhibitors were also present in 30-fold excess of thrombin, and

15 hence were used primarily for comparison with cleavage data from HPLC analysis.

Figure 7. Comparison of variegin with other thrombin inhibitors. (A) Amino acid
sequence alignment of n-variegin, s-variegin, EP25, AP18, hirulog-1 and hirudin show
highly similar C-terminal sequence. N-variegin is glucosylated at Thr (fI"), hirulog-1
contains a p-Phe (&) and hirudin is sulfated at Tyr (Y) Sequence of TTI is distinctly
20 different from variegin and was not aligned. (B) Schematic diagram showing different
classes of thrombin inhibitors and their structural features. (i) Hirudin: compact N-
terminus binds to active site, acidic and extended C-terminal binds to exosite-I; (i1)
rhodniin: two Kazal-type domains in head-to-tail arrangement with the N-terminal
domain binding to active site and the C-terminal domain binding to exosite-I; (iii)
25 orithodorin: two Kunitz-type domains in tail-to-tail arrangement with the N-terminal
domain binding to active site and the C-terminal domain binds to exosite-I; (iv)
haemadin: compact N-terminal domain binds to active site, acidic and extended C-
terminus binds to exosite-II; (v) triabin: single B-barrel domain binds to exosite-I; (vi)
bothrojaracin: two different chains of the C-type lectin domain bind to exosite-I and
30 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




0.25 28 15

sequence analysis 5 Partial sequences of all

0.50 38 19 1.00 45 22 2.50 >180 40 5. 0@y, 9\}?9}33%&1&% ned

t hr ee fractlons

by Edman degWad&t18158 For AV 6/5 the sequence and nol ec RE/BHEFYRI®ver e

conpl eted by MALDI - TOF. MALDI
of rrI?2769 96 )Iil)a (nmonoi sot opi ¢ mass 3768296 Da) and a m nor

m z si gnal

spectrum of AV 6/5 revealed a magjor m z signal

of

onent has the

O R R T R e SR TR R S ¢ e

sequence 10

Thr14 i s nodbifdiag n@}et)alshe)‘( asentn@l gbyerly khifis tHbﬁﬁroH}Mf?Q:ﬁV@gdeegéajg e 1 a{égg

characteri Zec%lhsg%

variegin, with u

further

t
% @%@% Elﬁh‘?—h]g i g‘t?) ‘é’l.aa §II@§LF%PCW£Z a@té’l@@rtmbneimgoy Ednan

f ( 53. 54 and
340957 Da) qnd-1 e 15 component s - h Al s/ Chor s Baseay s tet on,
l?rlgﬂd ipg EI%CF osrgﬁﬂ%rh eha S&Pélf Eedicpapleny @))rﬂ?rghcpsyd dindirgamedhanigar <bf$g| 2
.vaflEpis FIGCIMdﬂIﬁBuOf (iy @b Ein@nth EIXQfOQQP fn%r?esr %agvgemn %grlle 1rP e

3409. 57 Da)
3173. 62 Da).
(Figure 2A)
(Table 2).
10
15
20
25
30

8i si P B21108/ 0021
tgl\‘gllr%u(%oa%/d om n exosne—H as well as between variegin C-terminus and thrombin

exosite-I steer variegin to thrombin, (i1) all electrostatic interactions occurred rapidly and
pre-orient active site binding moiety (EPKMHKT (SEQ ID NO 19)) in correct

conformation for fast binding to thrombin active site.

Figure 8. Plot of reaction velocity (Viay) as a function of substrate (S2238)
concentration following the Michaelis-Menton equation. K, calculated with
Michaelis-Menton equation is determined to be 3. 25 + 0.56uM, similar to reported

values33*,

Figure 9. Far-UV spectra (260-190nm) of n-variegin, s-variegin, EP25 and AP18
dissolved in 10mM of sodium phosphate buffer (pH7.4). All spectra were typical of a

random coil protein.

Figure 10. RP-HPLC analysis showed that s-variegin was cleaved by thrombin at
37°C and room temperature. (A) S-variegin (150uM) was incubated with thrombin
(5uM) for various time at 37°C (n=2). (B) S-variegin (150pM) was incubated with
thrombin (5pM) for various time at room temperature (n=2). Relative percentages of
uncleaved S-variegin ([1), cleaved product of mass 1045 (representing N-terminal
fragment SDQGDVAEPK (SEQ ID NO 2)) () and cleavage product of mass 2582
(representing C-terminal fragment MHKTAPPFDFEAIPEEYLDDES) (SEQ ID NO 3)

(D were calculated from the area under the peaks in the chromatograms.

Figure 11. Thrombin inhibitory  activity of C-terminal fragment
MHKTAPPFDFEAIPEEYLDDES (MH22) (SEQ ID NO 3) of variegin The ability
of various concentrations of MH22 to inhibit thrombin amidolytic activity using active
site directed substrate $S2238 following incubation with thrombin at room temperature
for 0 min (m), 10 min (s), 20 min (A), 30 min ('), 120 min (+), 1080 min (+) or 1680

min (X) was assessed.
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- 1: 200 sdiYigtireons.-Kil of B1i¥. 2rné8K D of MH22 at different concentrations of substrate
(S2238) was determined through the equation describing fast and tight binding. K;* did
not change significantly throughout the concentration range used (12.5 nM to 200 nM),
indicating that MH22 is a non-competitive inhibitor of thrombin amidolytic activity. K;’

= K and the average K; was found to be 13.2 = 0.91 nM.

10 Figure 14. Thrombin inhibitory activity of variegin mutant fragment EP25A22E.
The ability of various concentrations of EP25A22E having the sequence
EPKMHKTAPPFDFEEIPEEYLDDES (SEQ ID NO 7) to inhibit thrombin amidolytic
activity using active site directed substrate $2238 following incubation with thrombin at
room temperature for 0 min (m), 20 min (e) or 30 min (A) was assessed. In EP25A22E,

15 alanine 22 in s-variegin (alanine 15 in EP25) was replaced with glutamic acid since

glutamic acid is present in the same position in hirudin.

Figure 15. Ki of EP25A22E. The K; of EP25A22E was determined using the slow
binding inhibitor equation and was found to be 0.311 = 0.070 nM.

Figure 16. Thrombin inhibitory activity of variegin mutant fragment MH22A22E.
20 The ability of various concentrations of MH22A22EF having the sequence
MHKTAPPFDFEEIPEEYLDDES (SEQ ID NO 5) to inhibit thrombin amidolytic
activity using active site directed substrate S2238 following incubation with thrombin at
room temperature for O min (m) or 20 min () was assessed. MH22A22 is the C-terminal

cleavage fragment of EP25A22E.

25 Figure 17. Ki of MH22A22E MH22A22F has a Ky’ of 15.1 & 1.04 nM when tested with
100 uM 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 S2238 following

30 incubation with thrombin at room temperature for 0 min (m), 20 min () or 30 min (A)
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was assessed. EP21 corresponds to EP25 except that it is missing four residues at the C-

terminal.

Figure 19. Ki of EP21. K; of EP21, determined by slow binding equations was found to
be 0.315+ 0.024 nM.

Figure 20. Thrombin inhibitory activity of variegin fragment MH18. The ability of
various concentrations of MH18 MHKTAPPFDFEAIPEEYIL, (SEQ ID NO 20) to
inhibit thrombin amidolytic activity using active site directed substrate S2238 following
incubation with thrombin at room temperature for 0 min (w) or 20 min () was assessed.

MH18 corresponds to MH22 except that it is missing four residues at the C-terminal.

Figure 21. Ki of MH18. Using fast and tight binding equation, ;> 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 inhibition mechanism, MHI8 is also a non-competitive

inhibitor with K; = 14.9 + 3.50 nM.

Figure 22. Thrombin inhibitory activity of variegin fragment DV24. The ability of
various concentrations of DV24 DVAEPKMHK TAPPFDFEAIPEEYL (SEQ ID NO 9)
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 () was
assessed. DV24 corresponds to EP21 except that it contains an additional 3 residues at

the N-terminal.

Figure 23. Ki of D24. K; of DV24 at 100 1M substrate (S2238) = 9.74 + 0.91 nM and
K; of DV24 was determined to be 0.306 + 0.029 nM,

Figure 24. Thrombin inhibitory activity of variegin mutant fragment DV24K10R.
The ability of various concentrations 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 O 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 [°H] -Variegin dose solution
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38.5 21.4 1:500 dilution 13.8 33.7 15.6 BLAST results indicate that variegin
does not show simlarity to any known proteins in thepgdatabase. Interestingly,
its Cterm nY9HBAERPPEEYL) (SEQ ID NO 21) is al nost i deiftYBASPBLhe ] ¢ .
C-terminus of hirudin (residues 55 to 64: DFEEIPEEYL (SEQ I D NO 22)). Thus, we
hypot hesi zed that variegin Ctermnus pl33ys asimlar role to hirudin G 15
term nus in piohdd BY ombien, ..However, Tyr63 of hirudin is sulfated28' 29
while the cor rggs pondP%éﬁ#E}ggJi%ﬁq%%?a}cﬁgﬁyynﬁ ES%‘?E at Shgwigvies followapg aisingll .1 n. 9
WO 2008/ 1_556518137@_1’1,0118 @Zﬁm&tﬂﬁﬁmémaﬁ@hm 4 @B afind A @%?/k%tg%éy} jc activity
by variegin ang.if s, IC%.VTIile?gbl I.{ ti¥1 of variegin to inhibi ronbi n am dol ytic
activity was assayed wrh 532%egiudinglssetons diouehhe rgifipsyr at e t hat binds only to
the active sj riggi.n i nhibited the am dolytic activity and progress
curves of 5|gnhillth]|ret iyg'n sﬂ%%eu&nt ?nfgtr}adé‘faé'é‘ﬂg}’ &t dswes asglijhopb fpllowingsa aigleeved upon
m xi ng ( FiSguinga@Byus aBingmistfationnt [HPVabidii @M hale 88iY) r for equinolar
concentrati Oﬁ% ‘%fto é[uggeonbi n agd var.iegin, (3. 33en|\/;n, r?e@% @?ﬁghgg‘%}%ﬂ%’i tionis -
0.99 0.02 n { FQUFESIE | ey iinalisectigny thequeh e retibgHy.- bi ndi ng conpetiti ve

i nhi bi tor ofg. H.wth a Ki.of 10.4 1.4 pM(Figure 2D). Synthesis of
s-vari egin aﬂg%gg??%ttr\é\g%’ﬁn o FadiQ3F iy in dheakidegyedtizPaninvtes fullomérz peiptiedes wer e

synt hesi zed,infavendus edmmivtrathos O EV A2 to §¥r§£t]éqﬁ§1hg ra\{g(f.jt I/l&

( SDQGDVAEPKMFI KTAPPFDFEAI PEEYLDDES (SEQ I D NO 1), s-vari €gi ?1) has the conpl ete

sequence of Examipdgi n, whil e EP25 ( EPKWHKTAPPFDFEAI PEEYLDDES) (SEQ I D NO 6) and

9 .

AP18 ( APPFDFEAI PEEYLDDES) (SEQ I D NO 16) have seven and 14 residues truncated

15 from tiAe BXAMPHIUSANADYSELORMANEE YA ARSI Ffp2sn- vari egin) Thr is not

gl ycosylated in svariegin and EP25. CD spectra of s-variegin, EP25 and API S

are all sinMaterislondha¢theds nvari egi n, typical of random coil proteins (Figure

9). Specificity of inhibition by variegin To determ ne the specificity,

s-vari egi n Wifeddseened agai nst 13 serine proteases 20 including thronbin.

Apart fromthronbin, no other serine proteases showed significant inhibition

(< 5 % evehumenicipMedf plssmvarvaegiprovidedhbpi the ODeftmznd QrYa MRS ARSELYed at much

hi gher concepttati f.s-yariegin.  The nost susceptible proteases are

plasmn, tr yps:é n lgﬁgf Ig%(l %le %Y%gﬁﬂ?‘é" ioﬁlﬁaéﬁllf’\é?ﬁcmafz 1ege80 [ Biotmpodogn p. M of

s-vari egih. reagent ovas fest Dadg AiCh €D iidike MO fzerighd)] T%mbroggsti%) Ilsgjgéé%'n% Lot was

observed atA%rppggggéaﬁgélgﬁg at %5 | east 4 orders of gni tude fTower (- 3.3 nM

(Figure 3). Therefore, s-vaffedi Wefesran Ssdentsreationel Ipot(drmit Roddii 6 i nhi bi tor .

Lnhi bi t on Btorhrlothy oxsaarisial YT RLlikd iy FROYBELES QppbPAR N0, AP S

S-variegin j. imlar .to n-variegin in that steady state gquﬁlrb r'um of
bithethl IR Dt 0% ine i

i nhi bition was v!ormamide ( ), 20 % v/v piperidine in DMF, O-(7-azabenzotriazol-1-yl)-
1,1,3,-3-tetramethyluronium hexafluorophosphate (HATU) and N,N-

20 diisopropylethylamine (DIPEA) were from Applied Biosystems (Foster City
California). 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 Ltd. (Nottingham, UK).

25 Human factor IXa (FIXa), factor Xa (FXa), factor XIa (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 S2222, $2238
S2251, 82288, S2302, S2366, S2444, S2586 and S2765 were from Chromogenix

30 (Milano, Italy). Spectrozyme® FIXa was from American Diagnostica Inc. (Stamford

Connecticut). All other chemicals and reagents used were of analytical grade.
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t hr ombi n, and he%ce Wié concl ud‘gg 6’%%%%@3%’3? rrlﬁmﬁetésvamgl{?ari egin binds to
exosite-1. ij'agulgi;&egggﬁsi on is consistence with that of hirudin

C-term nus28' 29. The difference in activity between s-variegin and 25 EP25 is

likely to5bahebutid @rkheTs ! PvhRiRel r(p}:?e f EP25. Inhibitqry constant K of
s-variegin g%l% P25 Igl zf&s-vari egglﬁ a da@ﬁgvéﬁ%pﬂg%}é&ﬁ“ﬁ’@élaﬂg} #geS2238 as
substrate. SVvari®Egvh Weee wsefl et th eftialj sgteenshofrmdiinggiitaht Ativioes inl SGEWaS

determ ned Factiohe MHRSER i r concentrations of S2238 (Figure 5A).
S-variegin is a coggreti t%%ﬁg’lﬁﬂ#;bgsﬁ&g\%?s I%rﬁrncl)cﬁl%?tﬁ& g’ﬁﬂéﬁlﬁaxi“fl‘émloéﬁ Hl ﬁgr eased

linearly wi % Sifcreasramy whimoent FeuhB¥a@i(cG2838t {EQUBE | 8 And Fhigpg e 53). The
true inhi bi therypCaRsl@ant » y und be.- 146.4 13.6 pM which is
14-fol d hi gher thgaﬁraﬁn-\Q/alrefléeegj;?snm?li)t1&?4’&1 %I.ﬁhrﬁf{}}".’d?tﬁl cogeradtl: P28l o a sl ow
4-fold hig .
bi ndi ng WO FoUBPHISLeTs rREPLt ABITDSO Q021 0Rin 48 Activated PTT added for 3 min
and reaction started with 50 ul of 20 mM CaCly), times required for the formation of

fibrin clots were determined visually using a stop 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
25 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,

30 incubated for 5 min and the sample run on the TEG following recalcification.
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site. 0 8 /]QZ % ¥¥ﬁ1 é155658PCT/| 82008/002109 41 Di scussi on
Variegi n i sPEHE BF f’“ﬁ%s Shgt!| REdesh VeirpfisierripdnPY Glestrpiuaid 19niratiaR urass Despi t e

i ts smal 20 sketranery (BX-MIKE BingUs tREIER-EYaé 8GN APINGSo I/ MyORDERM th strong
affinity. Sﬁ@ﬁ% %LW %Ctl V%’E}Lﬁ% ﬂéudl es indicate that variegin binds over an

ext ended su Bac BripPectitlie seven 5 N-terminal residues affected

t he bi ndi ng enoved, the binding characterisitics of variegin
changed fro‘r‘?‘l‘rfglg‘fdlcgr%‘f‘B&EDﬁzé%‘?CEﬁ%‘é’pB to 14 appear to bind to the thronbin
active site si due ppear to bind_to exosite-I. Although
variegin is %{?(Zg&rge SRS @Pém}%ﬁ mri%tog"arr’ﬁﬁﬁnb? VEiGpa EPPY prd ARKSdissbgliy r et ai ned
after cl eavagemml&r Sdim tihspPHaRy BuffMepy 7.8y Qs Redofaii bishy § RaverResn isol ated
from he o] ha? ani mal s and snake venom However, no simlarities were
found i ipeter (festen Mamyapdk |/’ébirrr?aaﬁ@n@%@4eret paropdiont phiapi t ors. The
absence of &h‘@étﬁ!uﬂﬁﬁsm%l@glg@ﬁtba@lg IéhgfH &Neﬁésewﬁhraugéaw eecﬁkf%q{rﬁ/fn%s from
prototypic thrombin inhibitors such as hirudin (conpact erm nus, acidic and
ext ended C- &9 PE. nm andx bandwidith #i? rdoubl e dormai n Kazal -type 15

i nhi bitor)3132, ornithodorin édoubl e domain Kunitz-type inhibitor)33 and
therom n ( aishifiitiomefthrembinamitelytic Retivityt er ni nus, compact C-terminus)34, even

t hough they aII bind to the same sites on thronbin (active site and exosite-1)
(Figure 7A)A AIS%aM%J@htlvmblegamldpbgﬁ dolésty1on 153238 vare paﬂfmwd md%bvekksal to

hi rudi n t et e e 7B).

Unl i ke hﬁ urglfc;hdﬁlté? ?gfteesgiln%blr%%%%r gsﬂlgﬁ g’ﬁe?ﬁf Q@Jhmnﬁ' >]7§0 5@1 if’1as t hree
extra resi d¥¥s ahtoorhempadtur©Skywichly,i 168 pdfof peptidds a2k 1@ pi bﬁthﬁiﬁtﬁﬂi Wepeal pepti de
(hirugen)29 retained anti-thronbin activity despite a 10-fold reduction in
affinity24 and activity29. Qur results indicated that APIS binds to exosite-|
and slightly enhanced thronmbin am dolytic activity, conparable to the reporte
behavi or of hirudin Cterm nus28' 29, suggesting simlar roles for these two
sequences. ThIS appear s to be an 25 exanple of conver gent evolutlon in two
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Triabin only inhibits exosite-1 and has a simlar strygfure to

| i pocal ins37' 38. Bothrojaracin, 30 a Ctype lectin pr if Bidnds t p 1bq:>gh
exosi te-1 anWO2¥§dp88 1139. Only two ot her thronbin i nhitHIEPYSHRIQ i} &r si ze
have been reported to date, but they appear to be unrelated to variegin
Despite al so having 32 residues, tsetse thronbin inhibitor (TTl), isolated
from PelindPtg-igeubated fpr different Gugtiond®eRe0B4 2EH6&EBHATOILI BR2EDBK0PRLAQ: 42 t set se

fly dossin it rsi s40' 41.. does t share any sequence simlarity
with vari eg?%g?élglﬁ)gluo?g%%a.p§%11§{]41%1?m?18wer?6?r8é@?oéf‘fea\%ﬁ%{‘mtf% Onsinvitthan bi t or

( 3|. 2k| cDa) VRlsSAspihtatredert Poneithe iahibilon tag lealcirl\}’m@h og 880 H1He TRIBF irlcrdaNT 1;]1%)42-
Unli ke vari eqi [-1.is .,a weak.(K.= 11 l AM) and non-conpetitive I nhibitor
of thronbi n?lgt%lg snoél{)\%ae otheo?ﬁsflncgﬁz ”&‘l&g‘i‘)f & Q)I%’ DRPOIFBIIIST miyesrveerg fijted Gingr ent |y, no
det ai | ed St rQuginsetware(Micradal, Olorfhenpi) Misshchu¥i) tlo%QllcﬁlatelT@sroB@ svariegin is
best conpared with hirul ogs, synthetic thronbin inhibitors designed by
grafting thddemidationGeftthe hihibifory QodsdhataGti ve site binding noiety

D- Phe-Pro-Arg-Pro through a linker of four Gy residuesi4 (Figure 7A). Wile
devel opnent 13k iibitdrp genstbilt, (ipwisalepgmisd DEMAKRTIeHs RibIER! SELALS cSHGRESST Ul
rational dryg 1&%{%% vari egi ) denonstrates the ability of nature’to produce
similar 'designs T hrodg Bl ait soBrentreEers of yahibitgi heckinding ofdslbitires as a
'natural ' hiengnogeauSesvias jefgiant abebtiEPABHERURAEURE I FRIVAN RIS, AV, N rul 0gs
as thr orr%nbt hi blgl%igr.s. .Fjrst lX variegin and EP25 conprise naglur am no
acids (hirul b‘irqééngg} Figh jsyrepcriped by tisdyllovaazematign™ even wi t hout Thr 15

gl ycosyl ation, their ini for_thrombin,is higher than that of hirul og-1.
EP25 (conpar abl et\]]feﬁ 04?%} %‘%‘){J“ilh‘]ﬁtgﬁg‘ﬂ‘ﬁ}Et}Uﬁhia&’ ﬁgt‘tﬁrb}onbi n th a nuch
stronger af uh@}et\)' % K val ues gf EP25 and hirulog-1 are - 149.8 30.5 pM and
2500 pMi3 resect't VEIY it wlqeity, Vois yelecitytobeesv et inithadbsepse afihibitoi, Egisn ar e

cl eaved by tduloediyme soacdr@@iioh, (RNS t5ER 2hikiRs &S ntdnfatidNihi tlf’-r Xs %ﬁﬁa{réﬁtt y towards
thronbin at.a.much slower rate than hirulogs. 20 For exanpl'e,” at™an i nhibitor
to thronbi n“ﬁ‘é‘%&‘/ ‘ES)PS%‘?“L“WPP*@P%@/@@M@@?H,&@? is relatsil i Ko by eawtion(2)y t owar ds

t hrombi n;am dol ytic 'IL\chillly gfter - 15 mn43 while s-variegin and EP25 | ost >
90 % inhibitory activity™e J{/ dver 24 h incubation. Thus, varidgi n and EP25
appear to bg}h%% rior tol.hi rul ogs, Since the C-tennini of hitulogs and
variegin are highl ﬁ}w‘seiasr‘f“FIl&FarE' Ii‘i‘”gh$’eKi7lA)tl}e RRibHerE [seBBanesS istthe carlsentratipn oved
affinity andf déktayeahd Kgss 0F Mchichs bynseht a9 s Rl the

N-t erm nus. %yg resul ts. showed t hat tzj%-; acti vg%sﬁegglg}n%?@néy%?%@g%n variegin
has the seqtiénc B EPKRIBIRT [odeRyties vRoesi 9)). Batidvaripginatd srvaieginvese famiegi n bet ween
K-M This sbibsiphtatiigdise Guebiess. aPRRaksa Wb il f £ efient seguences of nost
nat ur al %soubs rates ofgt hr onbi n. For exanpﬁiégHLtgs{hg% E’&L%g%;?lsa}’%%t@%fg"bossi bl e,
is very Tar®'V%bserved44. Also, 30 the presence of Gu at P3, Met at SI, H s
at S2' and I?l ucoseylﬁ;tned Thr at P4' are all uncommon44.45. Therefore, the

i dent i fi cat’ orf BF° tinrashey abthsdnhibiéorsyithe thsienaimeyisrive sy ticd thedinhiditel st r ong

i npl i cat i ongeaditshaet wldeid ey §&aRdi h i rate preference.gnd the

di scovery of n%w | eads ,gor. de\?g:cgg}léﬁg{hgﬁp%ég%ﬁ?ﬁ%%ﬁg ﬁOdﬁﬁﬁ?Wé}%@é’fg‘ls

retilb. . 1/ £19Y pinding ighibjtien is gespripyd BOQBAIBHBBBPCT/ | B2008/ 002109 43
Site-directed nutatign and intrinsic J' uor escence studi es suggest the

fol I owi ng events dur figYidHe nds)dd "D hdirPot 0 t hr ombi n25' 46: (1)3)el ectrostatic
steeri n%Sdu to _the conplenentary electric fields of hirudin CGterm nus and

t hr ombi 11°exXy¥Te B-if the(amyounp af produgt femiedg Ps ki initigh anbweodf jirevver, aGtik Ginsl bet ween
speci fi C I @&k eGicOfclddi i nosG ] 5. 1:hduci.ng. conf ormat j onal changes and
stabilizati ongi}gf t he C{Mﬁir;gﬁ Iﬁﬂl&ﬁaﬁ&%ﬁ&st Searmrhgl’n%n/‘ggn?%rf?tr@ﬁtdorg?)raEeubsequent

bi ndi ng of ARY@Mi n N-terminus to the apolar site near the active site. The
conformati gnal changes upon binding of hirudin C-term nus (step 2) detected
with intriddPe ¢ (e eoesdhie enisinuui ésctie mechbiersvedddsaiteesicheldabidldg ti ng
step46. Hi rudiimPehaved as a sl ow binding inhibitor in high ionic strength
solution (> 0.2 M 10 where ionic interactions were inpaired24. Interestingly,
in variegin, th i. 0 sevel Nt inal residues led to a switch froma
fast bi ﬁgl ng i nﬁ?l%ﬁ{egptortggsl 8w R ndi E@Qi nhi bitor wi thout significant |oss qf
binding affinity. This slow binding observed for EP25 is presumably due to the
| oss of N-termnal residues instead of inpaired ionic tethering observed for
hi rudin, suggesting a different rate limting step. The kinetic 15 studies

i ndi cate that the slow binding node of EP25 probably involves isonerization gf
t he thronbi n- EP25 conpl ex. W propose that |ong-range electrostatic

I 2 . Y = Y . L . r ™rNmsre P | 2 b v L b 1 D I . S |
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25 is facilitated by the presence of highly basic exosjite-I1. Exosite-11_is

| ocated about 10 A away fromthe active site, a di stantérhatidafh? 1:4:9;

t heor eti cal | YOB&8d8¥&% ed by the seven N-terminal resi dudCTIR28H 0B ended
conformation (Figure 7C). In summary, we4present the isolation,
characterization and structure-function relationships of a potent bival ent

t hronbi n i nhi"Bpied? is eraymegl s inhibitpis amd Bbvel stableasizzyok-idabitd ey, kNN bi t or and

provi des an gxgaldsn f 1he devel opnent of new thronbin inhibitors.
WD 2008/ 15565.8P.CT}_I %568%‘%%685%%43 eaiiEien Al afgRsay do s fehema Flover
VARI ANTS ANDPiRRIAGNENTSIORIYARIECENWTRR. Biss ayfarcde iestloRRe rabQ¥Bsth@ Adeker m ne t he
| C50 and K1 -varil egin and.EP25 re repeated_as described in Exanple 1
except that %E%eése\r@%eﬁggn‘ﬁlﬁh g‘gg)ét%w&%‘lrl\“i%?té‘a" BABYSY5 (fr om KAKETSUKEN, Japan)
was used, 4 nstea 3 nM recontdinagt human_akphg-t hronbin (from
KAKETSUKEN, Japa%c%}j%(zghegglgxperimrents, s-v&rigginm wad found to have an I C50
of around 9n] ap K. round 0.318.n EP25 was found to_have an | C50 of
around 13 nM and%é%ﬂﬁlgfr)&alﬁ%%nn%n@’?%gM oftEd isomsHrrtiop rate ped Kis s erasce bet ween
the | Cso andis®erizatioeste  thisischeid, EX@RE (WBREs ﬁ?ﬂﬂ@ﬁxﬁ‘a@oﬁ 8t 4 Gitf chqll'llistio} obt ai ned
[ human pl asma §er| ved thronbin

i n Exanpl e [ tified as heing the use o une

i nst ead of rlc é’%%ﬁ i ﬁbggtﬂ!’%lf %?q‘éﬁnﬁhdlﬂﬁﬁlga%flﬁw IENPEIZRHEN S thee fivalagngpmeonduct ed
to assess t hiehiblBso canpleX @i*)a ivaicteatas MARNEAG Yith' tants of

t hese fral%rreﬂ.t S ﬁs di scus%%%({)el oW, ‘aﬁi et o] 1co%parle %@P@gﬁ%ﬂg%n\%l ues of
these fragnents SHd FTE@Rt CROEH Ki') empespiguirted Slomessuatfort (Mg known 15

t hronbi n inhibitor hi ;{gl@gﬂcn% (2Lv3%i rudin). Al of these experinents were al so
conduct ed usi ng human”pl-ds slddkived! tmr/din so that the resul t@) woul d be

directly comparable.  A.sunmar these results is presented in Table 3 bel ow.
Anal ysi s of %%fggaﬁlmlégA@ﬁﬁ%ﬁ&meE§d frongeygiioneS):ng t hat s-vari egin
largely retains its aﬁuﬁ’itﬁ“?{ er Jeavage, we hypot hesi zed 20 that the

cl eavage product(s) remm &l £ Fftl'l,“sc) bond to thronmbin. A peptidégd) M 122, that

represents -term.nal fra t after s-variegin cleavage was synthesized.
d eavage bytétp%? g’ r?‘%)?orlll % %2 5}%‘8 i[geg'ainﬁ ”(‘@E@r |f%1%@181§@ Scheme 2 mechanism. The
SDOGDVAEPKMdhte FARPRBEEA RGBS ugihe WHA soBF&e! D NO 3) : MHKTAPPFDFEAI PEEYLDDES
Wt hout any pre-incubation with thronbin, M-122 was found to inhibit thronbin
ami dol yti c &etiheprogeast specifieity C50 of 11.5 0.71 nM (Figure 11). No significant
change of inhibitory activity was observed when MH22 was pre-incubated with
VS et et Al 1 e i AL
fast bindi gé§1nev%of§gs%§?&a%g%i§8 ITE;Z and urokinase), anticoaguldnt serine proteaseg APC,

procoagulant serine proteases (FXIIa, FXIa, FXa, FIXa, FVlla, kallikrein and thrombin)

20 and classical serine proteases (chymotrypsin and trypsin). Effects of s-variegin on these

serine proteases were determined by inhibition of their amidolytic activities assayed

using specific chromogenic substrates.

Fibrinogen clotting time

The abilities of s-variegin, EP25 and AP18 to prolong fibrinogen clotting time were
25 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.
30




yellik," 11 Al Ofl7 1p9: PCT/1B2008/ 002109 45 MH22 shows decreased

am dolytic activity after prolonged incubation with thronbin (1680 mm
pre-incubat i YR 2P@IHEH 479.7 16.1 nM. This lost of e} iRl GENTHE| gaverted
by i ncreasing concentrations of BSA in assays setup %ﬁ[gur e 12), indicating
that activity lost was largely due to aB8orption of peptides to the reaction
plates. Wth_higher 5 concentrations of BSA used, after 1680 mn

pre- i ncubat i 6l§2vagesfsyareginbrdhrondin 479. 7 16.1 nM (1 ng/nl BSA) to 60.9 W
3.05 nM (5 ng/nmL BSA). and 62.9 10.9 nM glo nmg/ M BSA). The apparent K1' of
MH22 at di f V@B re (Bral sorcepirationt 460 uvD Wespipg®ptedasthdbtombin (feal t hr ough
equat i on desghtddtBod: &5 i ik ndi I~d~n . tgnificantly
t hr oughout the concent_rg%v?or%ﬁ %}g?%onﬁgiﬁgje%egkﬁﬂ&dgog%%bﬁ&% 1%%8?%031“ ng that
M 422 is a rBpeseBgpeactions were giptshedwith0. 1t Yor Bivb butfartpdol.8)tand leecded vitbya ( Fi gur e
13). For no yat b 4 L nhibit.ar.s, Ky, Kl [ hi.s .case .t he,average 1(1
wod found 1o berta. o0 R MR AP on A" Eali gl Bl SRS it
EPKVHKTAPPEDFERMARE DDESaesE® ¢ N Biculidiohlordts ideaiifiddde dRRREAIREIWES

synt hesi zed. i ige, ine 22 in-s-variegin. (alanine 15 jn EP25)
was repl acedan\l}mg‘tlﬁg(g?du{tggérﬁlcﬁgé? 313’2‘?%@% gra SarTn‘?l & P d‘%fesm'&géaz%nt? C’F&iu]? e same
posi tion in the areadiumier GPPBaki SEQYclHvhRrEintdPIKVEIKE ARREDFEAI PEEYLDDES 20 EP25A22E
(SEQ I D NO 7) : EPKMHKTAPPFDFEEI PEEYLDDES Sim | ar to EP25, EP25A22E is a sl ow
bi ndi ng i nhiltdsuléy, with 1C50 = 124.3 22.7 nlVI wthout pre-incubation with
thronbin, 1C50 = 13.5 2.08 nMwith 20 mn of pre-incubation and IC50 = 13.6
3. 15 nM (Ifi dwrficatidn of3owrizginddoformEP25, t he repl acenent did not adversely
affect the amdolytic activity. 25 KL of EP25A22E was determ ned using the

sl ow bi ndi ng-TreiSEIE of 4 quategammanchibited paemdarttioodgaladt AdtlvityOinDFD tide( Fi gur e
15). Conpar ] , repl ac nt did not_.therefore adversely
affect bi nd?g%é“gaf“%?ﬁaf%&?; (OF RFEPand 1) U Q" B plepipp s Bithe brder 11 5>

VHKT APPFDFERFEEY PDDES: aBEQhhDS GO i5) promising baur- dfgfopdnn élrorhbia gitebitor@f. EP25A22E

cl eavage, repr 2d. by . ti VH2 2E 3 si zed. 2008/ 155658
et ty 1pi pab/ et B/ BREE s VPRI sEey BT Rt ). alE
7) 1 EPKMHKY APRFE BRER] REE Y DDES1cVh2P AR 2 atBinek 1 it N thon: (MV-1ITK TARBRRRRR! (PEE YL DDES
Simlar to 0. of. MH22 Eis 13 WO0.45 nM wi t hout pre-incubation
with thr onrbi'X|r112‘3§1‘r’%%§i PE%‘B“E‘L“’H.%&‘@A%%%%*% \ijt ﬁg%de?ﬁhﬁlgp?fé@i%& JBRE isGienedi Wire 16). 5
Agai n si ni | antitoniin 48Rty Mi234R24ohasd @himogefic bBbskate las@fs MyovGRidgst ed Wi t h
100 uM of sutlnt%tt atte éS%Z:gtg)f Assum nngtQEﬁ §i nqgl e residue replacenent from
al ani ne to g tt&nPEORERT ey (rotniign {1 83 PRk 2HP 1T BHY eEh BiherRurifeP 2 A22F | s
a:c so a noncdmmbiﬁtei n@s.i T action Wittt Rtekdon &Be 3,083 Qﬂinﬂ%ﬂs(s’éﬂnﬁ&'ﬁé@ inkd )two) A”g' ysis
of EP21 ving t equenc PKI NI | | KTAPPFDFEAI PEEYL (SEQ ID 10 NO 8) and MH18
havi ng t E g@glﬁ%ﬁ%aﬂﬂgf@%@gﬁ%:m PEEYR ((igre 1D Nes Heppion 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,

25 followed by AV 3/5 and AV 5/5 (Table 1).



Results from both EP25A22E and MH22A22E showed that repl acenent of al anine 22
with glutamc acid did not alter peptide activities. Next, peptides were

synt hesi zed W 2P@t1&1%8 ng t he al ani ne residue. 15 ConS’Pél/@quTﬂgz-‘{‘?W&‘El@J Pati egin
has an additional four residues on the Ctenninal when conpared to the | cnown
thronbi n inhibitor hirulog, peptides EP3¢ and M-118 were synthesized to
determ ne the role of the four additional residues. EP21 (SEQ ID NO

8) : EPKMHKT APPHIDE EAN R0 X ulbidil BcthERR of QB odthhi MMEARFSEEAkRERS fed QorThe
ability of t&@se t?{{\o &éalgrreg%s to it{mi lf,it thrombin activity was assessed. No
si gni ficant a8fY9i FPUlRsgvpdie Reanok dwplicyavaliesila reatrole rld reMoNed. wep21 i s

al so a sl ow sabsidiutegfor BGEbi tor, with 1C50 of 176.9 6.77 nM wi t hout
pre-incubatirep—wth-thronbin 1C50 = 16 2 2 93 nMwith 20 mn pre-incubation
and 1050 = 16.20 2.93 nNmy &h 30T @) prpq=(;g:‘pc ubation (Figure 18). Kl of EP21,
determ ned by—slow binding equdtions was 25 flound to be 0.315 0.024 nl\4
(Figure 19). Gongol arly, nqg7signigki cant |ligss of activity was observed for MH18.
| G50 = 10.9}1.-20 nMw thout prle-incubation with thronbin and 1050 = 11.7
1.88 nM wi t hh S2& syBeRl(gp) Ncubatijon (Figure 20). Using fast and tight

bi ndi ng equation, Ki'_ of |IWH18 at 100fill\ A substrate (S2238) = 14.9 30 3.50
nM Assum ngothe renoval |agf, four residyes at [the Gtermnal did not alter the
pain . n Qlnri 71 n9 W 2008/1556%8PCT/ I B2008/ 002109 ' 47 inhibition
mechani sm Mjk8 is also g \@/gn-corrpetitive inhibitor with KI = 14.9 W3.50 nM
(Figure 21) | _Analysis of 6 4 - DVAEPKIVHKTAPPFDFEAI PEEVL (SEQ I D NO 9) Since
we have postygligted that tg$8§h21r ged residues|in the N-term nal of s-variegin
are 5 responsible for itg fast [binding|kinetic, we synthesized a peptide Dv24
with three eybsa residues on theggN-tenninal of EP21 to test if the peptide
will switchito a fast binding node. EP:Zi (SEQ 1 D NO 8) : EPKMHKTAPPFDFEAI PEEYL
DV24 (SEQ I DgNg 9) : DVAEPKM—|KTAP$ DFEAI PEEYL 10 As predicted, Dv24 is a fast
and tight binding inhibitor, w |C50[=7.49 0.28 nMw thout pre-incubation
with thronbipegnd 1C50 =110.1 Q560 nMwith 20 min pre-incubation (Figure 22).
DV24 is cleaved by thrombin and ghe activity|observed after cleavage is due to
the C-term halyfragnment of the g{lﬁgvagawrodmt (the fragnment is represented
by pepti de P 8). 15 Using fast and tight binding equation, Kl' of DV24 at
100 ?I M substpgte (S2238) = 9.74 0.91 gMand K, of DV24 was determ ned to be
0.306 0.020 nM assunm ng the peptide |s a cpnpetitive inhibitor (Figure 23).

Anal ysi s of PPM%L}JSQ%SE - | 2MHKTAPPFDFEAI PEEYL (SEQ | D NO 10)
Consi deri ng most t rorgr%la}r%\{ nhi bitors have an arginine at the 131 position

e repl ooy Sl b L Bl s W R B R e R A R ( SEQ 1D
NO 10) : DVAEPRVEK TSPREDF EAd PEEN DR it Ot scoalikaeda bi agiLand G, guaLbi ndi ng

i nhibitor, w = 6. .76 nM wi t.houyt -incubatian wi.th thronmbin and
| C50 = 12.0 e%ggﬁg?méﬁr%@%%rﬁ NS 5‘\-%? ﬁléﬁaga?tf B@-%B@%"@ﬁ?lé"@&? MR AKIOR i S
al so cl eaved7@ 6 ba)cnthiamiacdmizgnace 37i77.y9 Ohs@ioveidodpit @lass-8ayageDhys due to

the Gterm J[ fragrrena!: of the cl eavage product (the fragnment is represented
by peptide | 8). O&hg fast SSHEOEPGht bi ndfhg equafiton, of DWIURCEOR at 100

UM subst i@t BDQEXABBIPIMHK T(hex) APPFDFEAIPEEYLDDES (SEQ ID NO 1), where the

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

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
15 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).




8.22 0.48 nMand K, of DV24KIOR is determned to be 0.259 0.015 nM assum ng
rt.a/an., 08/ QU 2111. WO 2008/ 155658PCT/| B2008/Q0Q2109 48 t he- pepgigde is a
conpet i tive WRRPWIPWPS (Fi gure 25). Replacenent of |ysi nePCHBHEPGINI ne t hus

i nproves the activity of the fragment. Conclusion These experinental results
confirmthe finding that fragnments of va&fiegin and mutants of 5 these _
fragments are effective inhibitors of thronbin activity. Information resulting
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5 which to assess its anticoagulant potential, the activity of the samples were also verified
with TEG, which permits coagulation monitoring in whole blood using viscoelastic
assessment of clot formation as an endpoint. (PNP: pooled normal plasma; 1: 1 phase,
the period of time of latency from the time that blood was placed in the TEG until the

initial fibrin formation; k: k phase, a measure of the speed to reach a certain level of clot

10 strength).

Sample TEG PT (s) APTT (s) TT (s)
Crude SGE Complete inhibition No clot No clof No clot
PNP Normal 13.6 25.6 12.2
AV 6/5 Inhibited - - -

1:200 dilution - 15.3 59.2 78.9
1:500 dilution - 14.4 48.3 39.2
AV 3/5 Prolonged r/k - - -
1:200 dilution - 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-
15 terminus in binding to thrombin. However, Tyr63 of hirudin is sulfated®®® while the

corresponding Tyr in variegin is not.
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Inhibition of thrombin amidolytic activity by variegin and its K;

The ability of variegin to inhibit thrombin amidolytic activity was assayed with $2238, a
small peptidyl substrate that binds only to the active site. Variegin inhibited the
amidolytic activity and progress curves of inhibition showed that steady state
equilibrium was achieved upon mixing (Figure 2B). Significant inhibition (~ 80 %) was
observed for equimolar concentrations of thrombin and variegin (3.33 nM). ICsy of the
inhibition is ~ 0.99 + 0.02 nM (Figure 2C). Variegin is a fast and tight-binding
competitive inhibitor of thrombin with a K; of ~ 10.4 + 1.4 pM (Figure 2D).

Synthesis of s-variegin and variants

For further characterization, three peptides were synthesized, purified and characterized.
Synthetic variegin (SDQGDVAEPKMHKTAPPFDFEAIPEEYLDDES (SEQIDNO D),
s-variegin)  has  the complete sequence  of variegin,  while  EP25
(EPKMHKTAPPFDFEAIPEEYLDDES) (SEQ ID NO 6) and API18
(APPFDFEAIPEEYLDDES) (SEQ ID NO 16) have seven and 14 residues truncated
from the N-terminus. Unlike native variegin (n-variegin) Thr is not glycosylated in s-
variegin and EP25. CD spectra of s-variegin, EP25 and AP18 are all similar to that of n-

variegin, typical of random coil proteins (Figure 9).
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

1680
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(0 min and 10 min) (Figure 4A). Hence, s-variegin is also a fast and tight binding
inhibitor of thrombin. The absence of Thr glycosylation in s-variegin might account for

its weaker activity.

EP25 also inhibited amidolytic activity of thrombin. However, unlike n-variegin and s-

5 variegin, progress curves of inhibition showed two-phase equilibria in the absence of
pre-incubation. The steady state equilibrium inhibition was achieved relatively slowly
after ~10 min pre-incubation. Dose-response curves of EP25 were dependent on
incubation times. Thus the deletion of seven N-terminal residues (SDQGDVA (SEQ ID

NO 18)) turned the binding mode from fast to slow. However, potency of EP25 was not

10 affected by the deletion. When the final steady state equilibrium was achieved (20 min
pre-incubation) EP25 inhibited thrombin to the same extent as s-variegin (ICso values for

EP25 and s-variegin are 5.63 &+ 0.45 nM and 5.40 + 0.95 nM, respectively) (Figure 4B).

In contrast, AP18 did not inhibit thrombin amidolytic activity even at 300 pM,
suggesting that it did not bind to the active site. Instead, AP18 enhanced thrombin
15 amidolytic activity slightly in a dose-dependent manner (Figure 4C). This is consistence
with the reported behavior of hirudin C-terminus®®. In summary, these results suggest
that the active site binding moiety on variegin resides within position 8 to 14

(EPKMHKT).
Inhibition of thrombin fibrinogenolytic activity

20 S-variegin, EP25 and AP18 all prolonged fibrinogen clotting time in a dose-dependent
manner (Figure 4D). Fibrinogen binds to both the active site and exosite-I of thrombin'.
AP18 inhibited fibrinogenolytic but not amidolytic activity of thrombin, and hence we
concluded that C-terminus of variegin binds to exosite-I. This observation is consistence
with that of hirudin C-terminus®?. The difference in activity between s-variegin and

25 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. Ki’ was determined in the presence of different
concentrations of S2238 (Figure 5A). S-variegin is a competitive inhibitor of thrombin
30 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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inhibitor of thrombin. Progress curves of inhibition were fitted to equation 3 to obtain £
for each concentration of EP25 (Figure 5C). k, the apparent first-order rate constant for
the establishment of the equilibrium between initial collision complex (EI) and final
stable complex (EI*), increased hyperbolically with EP25 concentration (Figure 5D), as
described by Scheme (2). Thus, the binding between EP25 and thrombin involves the
isomerization of EI to EI*. The dissociation constant of EI (X', equation 4) was ~ 529.7
+ 76.7 pM, while the overall inhibitory constant K; (equation 5) was ~ 149.8 + 30.5 pM.
Thus, K; of EP25 is essentially the same as K; of s-variegin (~ 146.4 + 13.6 pM). These
results confirmed that the deletion of seven N-terminal residues did not affect potency

but switched the binding mode from fast to slow.
Cleavage of s-variegin by thrombin

Since variegin binds to the thrombin active site, it may be cleaved by thrombin, similar
to other serine protease inhibitors®. Therefore we examined the cleavage of s-variegin
by thrombin and its effects on inhibition. RP-HPLC analysis showed that s-variegin was
indeed cleaved by thrombin at room temperature and 37°C. At 0 min of incubation only
peaks corresponding to uncleaved s-variegin and thrombin were present. Two new peaks
of cleavage products appeared and increased with increasing incubation time (Figure
6A). These new peaks had molecular weights of 1045 Da (SDQGDVAEPK (SEQ ID
NO 2)) and 2582 Da (MHKTAPPFDFEAIPEEYLDDES (SEQ ID NO 3)) respectively,
and corresponded to cleavage at the Lys10-Metl1 peptide bond. Cleavage proceeded

faster at 37°C than at room temperature (Figure 9).

To verify the effect of variegin cleavage, s-variegin and EP25 were incubated with
thrombin up to 24 h and at various time points assayed for the ability to inhibit thrombin
amidolytic activity. The results showed that both s-variegin and EP25 lost their activity
only after prolonged incubation 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
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.

1680
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Discussion

Variegin is one of the smallest thrombin inhibitors found in nature. Despite its small size
and flexible structure, variegin binds to thrombin with strong affinity. Structure-activity
studies indicate that variegin binds over an extended surface area of thrombin. The seven
5 N-terminal residues affected the binding kinetics; when removed, the binding
characterisitics of variegin changed from fast to slow. Residues 8 to 14 appear to bind to
the thrombin active site, and residues 15 to 32 appear to bind to exosite-I. Although
variegin is cleaved by thrombin, its inhibitory activity was largely retained after

cleavage.

10 Over the years, many thrombin inhibitors have been isolated from hematophagous
animals and snake venom. However, no similarities were found in the primary structure
of variegin and other thrombin inhibitors. The absence of cysteines, suggesting a flexible
structure, also differs from prototypic thrombin inhibitors such as hirudin (compact N-

8118 rhodniin (double domain Kazal-type

terminus, acidic and extended C-terminus)
15 inhibitor)’"*?, ornithodorin (double domain Kunitz-type inhibitor)*® and theromin (acidic
and antitastin-like N-terminus, compact C-terminus)34, even though they all bind to the
same sites on thrombin (active site and exosite-I) (Figure 7A). Although variegin
residues 19 to 28 are almost identical to hirudin C-terminus, their N-termini are
completely different (Figure 7B). Unlike hirudin, variegin is not sulfated at the Tyr
20 residue and has three extra residues at the end. Desulfation of hirudin®* or its C-terminal
peptide (hirugen)® retained anti-thrombin activity despite a 10-fold reduction in
afﬁni’cy24 and activity®. Our results indicated that AP18 binds to exosite-I and slightly
enhanced thrombin amidolytic activity, comparable to the reported behavior of hirudin

28,29

C-terminus™*, suggesting similar roles for these two sequences. This appears to be an

25 example of convergent evolution in two phylogenetically distant lineages.

Variegin is also distinct from other thrombin inhibitors such as haemadin35’36, triabin78
and bothrojaracin”. 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®>3¢,
Triabin only inhibits exosite-I and has a similar structure to lipocalins® =%, Bothrojaracin,
30 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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tsetse fly Glossina morsitans morsz’z‘am;“o’“, does not share any sequence similarity with
variegin (Figure 7A). Another low molecular weight thrombin inhibitor (3.2 kDa) was
isolated from the camel tick, Hyalomma dromedarii (N TI-1)*. Unlike variegin, NTI-1 is
a weak (Kj = 11.7 pM) and non-competitive inhibitor of thrombin, binding to only one
5 site on thrombin (Figure 7A). Currently, no detailed structural information for NTI-1 is

available.

Perhaps variegin is best compared with hirulogs, synthetic thrombin inhibitors designed
by grafting the hirudin C-terminus to the active site binding moiety p-Phe-Pro-Arg-Pro
through a linker of four Gly residues'* (Figure 74). While development of hirulogs
10 (marketed as bivalirudin) represents successful rational drug design, variegin
demonstrates the ability of nature to produce similar ‘designs’ through evolution. Thus,
variegin can be described as a ‘natural’ hirulog. S-variegin and EP25 have several
advantages over hirulogs as thrombin inhibitors. Firstly, variegin and EP25 comprise
natural amino acids (hirulogs generally have p-Phe). Secondly, even without Thr
15 glycosylation, their affinity for thrombin is higher than that of hirulog-1. EP25
(comparable to hirulog-1 in length) inhibits thrombin with a much stronger affinity (K;
values of EP25 and hirulog-1 are ~ 149.8 + 30.5 pM and ~2500 pM* respectively).
Lastly, although both hirulogs and variegin are cleaved by thrombin, variegin (and
EP25) loses its inhibitory activity towards thrombin at a much slower rate than hirulogs.
20 For example, at an inhibitor to thrombin ratio of 3:1, hirulo g-1 lost all inhibitory activity
towards thrombin amidolytic activity after ~ 15 min* while s-variegin and EP25 lost >
90 % inhibitory activity only after 24 h incubation. Thus, variegin and EP25 appear to be

superior to hirulogs.

Since the C-termini of hirulogs and variegin are highly similar (Figure 7A), we propose
25  that the improved affinity and delayed loss of activity of variegin are mainly due to the
N-terminus. Our results showed that the active site binding moiety on variegin has the
sequence EPKMHKT (SEQ ID NO 19), and thrombin cleaves variegin between K-M.
This substrate sequence appears to be different from sequences of most natural substrates
of thrombin. For example, Lys at P1, although possible, is very rarely observed*. Also,
30 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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Site-directed mutation and intrinsic fluorescence studies suggest the following events
during binding of hirudin to thrombin®“: (1) electrostatic steering due to the
complementary electric fields of hirudin C-terminus and thrombin exosite-I, (2) ionic
tethering through direct interactions between specific residues of hirudin C-terminus

5 inducing conformational changes and stabilization of the thrombin-hirudin C-terminal
complex, and (3) subsequent binding of hirudin N-terminus to the apolar site near the
active site. The conformational changes upon binding of hirudin C-terminus (step 2)
detected with intrinsic fluorescence studies were observed to be the rate limiting step*.
Hirudin behaved as a slow binding inhibitor in high ionic strength solution (> 0.2 M)

10 where ionic interactions were impaired24. Interestingly, in variegin, the deletion of seven
N-terminal residues led to a switch from a fast binding inhibitor to a slow binding
inhibitor without significant loss of binding affinity. This slow binding observed for
EP25 is presumably due to the loss of N-terminal residues instead of impaired ionic
tethering observed for hirudin, suggesting a different rate limiting step. The kinetic

15 studies indicate that the slow binding mode of EP25 probably involves isomerization of
the thrombin-EP25 complex. We propose that long-range electrostatic interactions
between the C-terminus of EP25 and thrombin exosite-I allow rapid formation of initial
collision complex (EI). This leads to subsequent binding of EPKMHKT (SEQ ID NO

19) to the active site in a slow step to form the stabilized enzyme-inhibitor complex

20 (EI*) through short range interactions (step 3 is the rate limiting step) (Figure 7B). By
contrast, in the full-length variegin, the N-terminus, possibly through two negatively
charged residues in SDQGDVA (SEQ ID NO 18), provides an additional electrostatic
steering effect to pre-orientate the N-terminus close to the active site allowing rapid
formation of short-range interactions. The electrostatic steering effect of the N-terminus

25 is facilitated by the presence of highly basic exosite-II. Exosite-II is located about 10 A
away from the active site, a distance that can theoretically be covered by the seven N-

terminal residues in an extended conformation (Figure 7C).

In summary, we present the isolation, characterization and structure-function
relationships of a potent bivalent thrombin inhibitor, variegin. It is a novel class of
30 thrombin inhibitor and provides an excellent platform for the development of new

thrombin inhibitors.
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EXAMPLE 2: ANALYSIS OF ACTIVITY OF VARIANTS AND FRAGMENTS
OF VARIEGIN

The assays described above to determine the ICso and K; of s-variegin and EP25 were
repeated as described in Example 1 except that 1.65 nM human plasma derived thrombin

5 (from KAKETSUKEN, Japan) was used, instead of 3.33 nM recombinant human alpha-
thrombin (from KAKETSUKEN, Japan).

In these experiments, s-variegin was found to have an ICsy of around 9nM and a K; or
around 0.318 nM. EP25 was found to have an ICsg of around 13 nM and a K; or around
0.365nM. The reason for the difference between the ICsy and K; values in this
10 experiment compared to the results obtained in Example 1 was identified as being the

use of human plasma derived thrombin instead of recombinant human alpha-thrombin.

Experiments were also conducted to assess the ICsq and K; of a variety of variegin
fragments and mutants of these fragments, as discussed below, and to compare the ICsg
and K values of these fragments and mutants with the ICsq and K; values of the known
15 thrombin inhibitor hirulog-1 (bivalirudin). All of these experiments were also conducted

using human plasma derived thrombin so that the results would be directly comparable.
A summary of these results is presented in Table 3 below.
Analysis of MH22 - MHKTAPPFDFEAIPEEYLDDES

Considering that s-variegin largely retains its activity after cleavage, we hypothesized
20 that the cleavage product(s) remained tightly bond to thrombin. A peptide, MH22, that

represents the C-terminal fragment after s-variegin cleavage was synthesized.

Cleavage by thrombin

s-variegin (SEQ ID NO 1): SDQGDVAEPKMHKTAPPFDFEAIPEEYLDDES
25 MH22 (SEQ ID NO 3): MHKTAPPFDFEAIPEEYLDDES

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

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 ICso = 13.4 + 0.76 nM; 20 min pre-
30 incubation ICso = 12.3 = 1.89 nM), indicating that MH22 is fast binding.
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MH22 shows decreased amidolytic activity after prolonged incubation with thrombin
(1680 min pre-incubation ICso = 479.7 £ 16.1 nM). This lost of activity can be reverted
by increasing concentrations of BSA in assays setup (Figure 12), indicating that activity
lost was largely due to absorption of peptides to the reaction plates. With higher
5 concentrations of BSA used, after 1680 min pre-incubation, ICsy decreases from 479.7 +
16.1 nM (1 mg/ml BSA) to 60.9 + 3.05 nM (5 mg/ml BSA) and 62.9 £ 10.9 nM (10
mg/ml BSA).
The apparent Ki" of MH22 at different concentrations of substrate (S2238) was
determined through equation describing fast and tight binding. K;* did not change
10 significantly throughout the concentration range used (12.5 nM to 200 nM), indicating
that MH22 is a non-competitive inhibitor of thrombin amidolytic activity (Figure 13).
For non-competitive inhibitors, K;* = K; and in this case the average K; was found to be

13.2+0.91 nM.
Analysis of EP25A22E — EPKMHKTAPPFDFEEIPEEYLDDES (SEQ ID NO 3)

15 Next, peptide EP25A22E was synthesized. In this peptide, alanine 22 in s-variegin
(alanine 15 in EP25) was replaced with glutamic acid since glutamic acid is present in

the same position in hirudin.

EP25 (SEQ ID NO 6): EPKMHKTAPPFDFEAIPEEYLDDES
20 EP25A22E (SEQ ID NO 7): EPKMHKTAPPFDFEEIPEEYLDDES

Similar to EP25, EP25A22E is a slow binding inhibitor, with ICsy = 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.

25 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

30 was synthesized.
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EP25A22E (SEQ ID NO 7): EPKMHK TAPPFDFEEIPEEYLDDES

MH22A22E (SEQ ID NO 5): MHKTAPPFDFEEIPEEYLDDES

Similar to MH22, ICsy of MH22A22E is 13.6 + 0.45 nM without pre-incubation with
thrombin and ICso = 15.6 + 0.36 with 20 min pre-incubation (Figure 16).

Again similar to MH22, MH22A22E has a K;’ of 15.1 + 1.04 nM when tested with 100
pM of substrate (S2238). Assuming the single residue replacement from alanine to
glutamic acid did not alter the inhibition mechanism, MH22A22E is also a non-
competitive inhibitor with K; = 15.1 & 1.04 nM (Figure 17).

Analysis of EP21 having the sequence EPKMHKTAPPFDFEAIPEEYL (SEQ ID
NO 8) and MH18 having the sequence MHKTAPPFDFEAIPEEYL (SEQ ID NO
20)

Results from both EP25A22E and MH22A22E showed that replacement of alanine 22
with glutamic acid did not alter peptide activities. Next, peptides were synthesized by

retaining the alanine residue.

Considering that s-variegin has an additional four residues on the C-terminal when
compared to the known thrombin inhibitor hirulog, peptides EP21 and MHI18 were

synthesized to determine the role of the four additional residues.
EP21 (SEQ ID NO 8): EPKMHKTAPPFDFEAIPEEYL
MHI18 (SEQ ID NO 20): MHKTAPPFDFEAIPEEYL

The ability of these two fragments to inhibit thrombin activity was assessed. No
significant activity 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 ICso = 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 ICso = 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

90
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inhibition mechanism, MH18 is also a non-competitive inhibitor with K; = 14.9 + 3.50
nM (Figure 21).

Analysis of DV24 - DVAEPKMHKTAPPFDFEAIPEEYL (SEQ ID NO 9)

Since we have postulated that the charged residues in the N-terminal of s-variegin are

5 responsible for its fast binding kinetic, we synthesized a peptide DV24 with three extra
residues on the N-terminal of EP21 to test if the peptide will switch to a fast binding

mode.
EP21 (SEQ ID NO 8): EPKMHKTAPPFDFEAIPEEYL
DV24 (SEQ ID NO 9): DVAEPKMHKTAPPFDFEAIPEEYL

10 As predicted, DV24 is a fast and tight binding inhibitor, with ICso = 7.49 + 0.28 nM
without pre-incubation with thrombin and ICsp = 10.1 + 0.60 nM with 20 min pre-
incubation (Figure 22). DV24 is 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).

15 Using fast and tight binding equation, K;” of DV24 at 100 uM substrate (S2238) = 9.74 +
0.91 nM and K of DV24 was determined to be 0.306 + 0.029 nM, assuming the peptide
is a competitive inhibitor (Figure 23).

Analysis of DV24K10R — DVAEPRMHKTAPPFDFEAIPEEYL (SEQ ID NO 10)

Considering most thrombin inhibitors have an arginine at the P1 position instead of

20 lysine in s-variegin, we synthesized a peptide DV24K10R with the same replacement.
DV24 (SEQ ID 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 ICsp = 12.01 # 0.41 nM with 20 min pre-incubation
25 (Figure 24). DV24KI10R 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 pM 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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.4 ng/ kg. Experinental procedures: Dosé18pr eparation and eval uation A
solution of 1 ng of Variegin dissolved in 1 nL of dialysis buffer (50 nM

sodi um phos pHatreptide0e arpempeléiverinkhiter (Fisre o Berdyopmarisol dysipsatishl agiing ncubat ed
with [3H 10 was transferred to a dialysis tube
(1000 kda) amggdﬂﬁﬁ%sg?%%\rq apé?égﬁl matgl y 96 hours the dialysis buffer was
changed thr egoulgg&l per day. The solution was then | oaded onto a NAPS col um
(pre-equilibrated wth 10 nL buffer solution at pH8) and the el uate di scarded.

Buf fer was thgn. addatheanr-Lig c%ﬁh@ﬁn&}?}g 'ﬂﬁFFr&‘anén% &ng;fég‘[#rﬁarﬁi 1{11?‘tgnt%l)f | abel | ed
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Table 3: Comparison of ICsg and K; values

Peptide Sequence Pre- 1Cso (nM) K; (nM)
incubation
time (min)
s-variegin SDQGDVAEPKMHKTAPPF | 0 8.50+0.16 0.318 £ 0.020
DFEAIPEEYLDDES (SEQ ID
NO 1)
10 9.62 £ 0.30
20 10.59 & 0.30
30 11.54:1.28
120 13.15+ 1.25
1080 21.79+ 5.64
1680 504.22 +27.98
(Img/ml
BSA)
1680 53.41%12.16
s mg/ml
BSA)
1680 38.99+0.43
(10  mg/ml
BSA)
EP25 EPKMHKTAPPFDFEAIPEE | 0 173.13 +25.86 0.365+0.109
YLDDES (SEQ ID NO 6)
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concentrations are reported as lig or rig equivalents/g (rrL) d?(;authiw ty is
assumed to b¥OZ8¥dEI& ed with Variegin or with conpoundsP@f B?‘W%(O@éﬂ?e mol ecul ar
wei ght. The specific activity of the dose solution was used for the

cal cul ation of 5 concentrations (My or A4 equiv/g (mL)) in all cases.

Phar macoki netic study: A summary of the nmean pharmacokinetic paraneters of
total radioactivity observed fol | owi Nickol Nt r avenpus. i@dm nijstrati on of
[ 31- 1] - Var i egi-a—to—three—+ale—Sprague-bBawleyats—are—gi-ven+n—Tables| 4 and 5
bel ow. 10 Table 4: Concentrations of total radioactivi ty in plasma obft ai ned
fromnmal e rats after _Intravenous admnrstratton of {3tif=Varregrmat—a nom nal
dose | evel oPV¥. 4 npPYFEFFMEETERGEFE) 1V 2M 3M REsR0 %8n =3) 9490 &2225. 9 540. 3
441.0 469.1|62. 15 1| 2e651.6 31UGEQIDRED5| 274. 3

20 10.07 + 0.60
DV24KI10R | DVAEPRMHKTAPPFDFEAI | 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 [3H]-1abelled test

5 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]-
10 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 NAPS5 column (pre-equilibrated with 10 mL buffer

solution at pH8) and the eluate discarded. Buffer was then added and the eluate
15 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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Dose administration

Single intravenous doses were administered to each animal using a syringe and needle,
by volume, at a dose level of 0.4 mg/kg (0.8 mL/kg bodyweight). The formulation was
dispensed as a single pulse dose into a tail vein of the rat. The amount of dose
5 administered to each rat was determined by volume dosed, and the stated radioactive

concentration and specific activity of the dose solution.

Pharmacokinetic study

[3H]—Variegin was administered to three male rats as a single intravenous dose at a
nominal dose level of 0.4 mg/kg. Serial blood samples were taken for plasma

10 preparation, at the following times post dose: 0.5, 1, 2, 4, 6, 24 and 48 hours

To obtain plasma, samples were centrifuged as soon as possible after collection. Plasma
was harvested and an aliquot retained for radioactivity measurement. Blood cells were

discarded.

Measurement of radioactivity

15 The radioactivity associated with plasma was determined directly by liquid scintillation
counting of known 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

20 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-
25 compartmental analysis (NCA). The following pharmacokinetic parameters were
derived from the data: maximum peak plasma blood concentration (Cmax); 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

30 used for any plasma concentrations recorded as below the limits of quantification (BLQ).
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radi oactivity) measured in plasnma obtained

frommale rats follow ng a single intra¥nous adm nistration of elikvariegin.
Paranmet er Total Radioactivity Cu. (ng equiv./g) 469.1 Tma, (hours) 0.5 AUCO_48
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20

25

parameter therefore is an extrapolated parameter which gives a more representative
estimate of exposure as it contains the additional portion of the time-concentration
profile from the last data point to a time (in the future) when the concentration is

estimated to be zero.

Tissue distribution study

[PH]-Variegin was administered to three male rats as a single intravenous dose at a
nominal dose level of 0.4 mg/kg. At 0.5, 1 and 24 hours after dose administration, one
rat was killed by CO, overdose. After sacrifice, the animals were frozen rapidly by total

immersion in a bath of hexane cooled to ca. -80°C with solid carbon dioxide.

Following removal of the whiskers, legs and tail, each frozen carcass was set in a block
of 1% (w/v) aqueous carboxymethylcellulose and mounted onto a stage of a Leica
CM3600 cryomicrotome maintained at ca. -20°C. Sagittal sections (nominally 30 pm)
were then obtained from five levels through the carcass so as to include all major tissues

and organs.
Level A: exorbital lachrymal gland
Level B: intra-orbital lachrymal gland
Level C: Harderian gland/adrenal gland
Level D: thyroid
Level E: brain and spinal 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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Tabl e 6: Concentrations of radioactivity in tissues of male albino rats
Ij ol | o:/vi ngI a Biarigctoninimaaee mstesanaldpidriising eaelidaicdf Cbased finagganplyes hackeeea nomi nal
ose |level o TiL SS 5 2 3. 18.8 BL
Ki dney cortese%éﬂ%ﬁéggfglﬁggwg?’ rIfe ﬁgﬁékg%grdéL% E%UQ&S iiﬂnQP?C%%-Bog(ijog%ment ed) 0
standards were prepared and used to construct calibration lines over a range of

radioactivity concentrations.

5 The lower limit of quantification for this procedure was defined as the lowest
quantifiable standard included in the microscale (36.6 nCi/g). Individual tissue
concentrations of radioactivity were expressed in nCi/g and converted to pg equivalents
Variegin/g (ug equiv/g) using the calculated specific activity of test material in the dose

formulation. This gave a lower limit of quantification of 6.83 g equiv/g.

10 Wherever possible, the maximum area within a single autoradiograph was defined for
each tissue for measurement. For some tissues this was impractical and so one particular
region was selected for measurement. These tissues, along with the corresponding areas

of measurement, are listed as follows:

Tissue Region defined for measurement
Blood Heart

Bone marrow Pelvic girdle

Brown fat Hibernating gland
Lymph nodes Mandibular

Muscle Rump

Non-pigmented skin Lower back

Stomach mucosa Non-fundic

White fat Peri-renal area

15

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.
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43. 7 Results'and discussion

Where concentrations are reported as pg or ng equivalents/g (mL), radioactivity is
assumed to be associated with Variegin or with compounds of the same molecular
weight. The specific activity of the dose solution was used for the calculation of

5 concentrations (pg or ng equiv/g (mL)) in all cases.
Pharmacokinetic study:

A summary of the mean pharmacokinetic parameters of total radioactivity observed
following intravenous administration of [°H]-Variegin to three male Sprague Dawley

rats are given in Tables 4 and 5 below:

10 Table 4: Concentrations of total radioactivity in plasma obtained from male rats

after intravenous administration of [3H]-Variegin at a nominal dose level of 0.4

mg/kg
Time (hours) IM 2M 3iM Mean sd
(0=3)
0.5 425.9 540.3 441.0 469.1 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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t hroughout limted tissues. Concentrations of radioactivity were observed in
the kidney (25.7 fig 15 equiv./g), (kidn¥y cortex: 29.1 ug equivig and kidney
medul la: 8.15 ug equiv./g), skin (17.0 pg equiv./g) and the urinary bl adder

(63.6 ug equirvbled3: Shhmayher Iﬁdaﬁsidﬂaﬁ‘n%ﬂﬁn@ﬁc paMaherdeftom traemhétmléy) of
detection (<6.83 lig equiv./qg).. At hour, concentrations were ul 210,

9 WD 2008/ 15868815e4/ip Roema 9oined f58moﬁ'§’§’r vda folovimg &i twely lmav‘swug

equiv./g) angdamistiitonarPladdem. (43. 8 pig equiv./g) only. By 24 hours,
radioactivity in all tissues had declined to below the Iimt of det ect i on.

Concl usi on:

Parameter Total Radioactivity
Cmax (ng equiv./g) 469.1
Tmax (hours) 0.5
AUCq.43 (ng equiv./g.h) 4943 4
AUCins(ng equiv./g.h) 19147
% (hours) 117.2
t%4° (hours) 0.86
5 Com = maximum plasma concentration
Tmax = time of maximum plasma concentration
AUC43 = area under curve from time of dosing to last measurable concentration
AUC;¢ = area under curve from time of dosing extrapolated to infinity
4’ = apparent terminal elimination half life
10 4 = 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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66 SDQGDVA (exosite I1) (SEQ ID NO 18) EPKMHKT (active site) (SEQ I D NO 19)
APPFDFEAI PEEYLDDES (exosite |) (SEQ ID NO 16) S VAEPK (cl eavage product 1)
(SEQ | D NO 2YO30NHF%IAPPFDFEAI PEEYLDDES (cl eavag U RCTAR2QOHHAIPD NO 3)
VHKTAPPFDFEAI PEEYL (MH18) (SEQ ID NO 20) or is a functional equival ent thereof
17. A thronbin inhibitor according to cl&m 15 or 16 that is a functional 10
equi val ent and conprises or consists of an am no acid sequence sel ected from
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(DV24KLCR) ( SEQ | 3ufio,1L0h M HTARRERERE) BERYLERES, (MHBRA%RE) SEQ D NO 5).
1518. A conpl ex of thronmbin and a tthronbin Inhibrtor-according to any of clains
15 to 17. 19. A ritelomiine ygi Rfoadre dgidSaRtd di. h9P7:04 HBéHD1850i nhi bi t or accor di ng

to any of claims 15 to 17. 20. A vector conprising a nucleic acid nolecule
accor di ng t o(38) Mpepka-dungphut CA HeerdlercB) Powsmpr étsil.nyiakim achigily paendexmsitecul e or a

vect or according : i ry &4 a D I for preparing a thronbin
i nhi bitor %gccor dil%bﬁ%@g%(%i?ﬂb{ Ealloﬁgﬁgf%q?gg’%@ﬁ??ﬁ%c%npr ihses culturing a
host cell ac i ng: i m E,UM? e it ngt rptein is
expressed ang’%%fg %le%llghgdnt ng%%%te %h%lﬁlg%rgé)gﬂ@&e _ﬁfo T %e&tpﬁ?énrbﬁlaceuti cal
conposi tion conpripgbitey iwléttmmmﬁothmﬁsijduianamvmomocmmgpritzaioamﬁd ofeclgingsins I1;:3 to
17 or a nucleic i ; ing t l,ai a pharmaceutically
acceptable carri :O?{ﬂg‘ogg{nq&mﬁﬁgﬁﬁg%lgmggégﬁgg132916?43}@%g'srerbor _coE_di tion caused
by thronbin lL.at i S| datni st eri a_t.hronbi n i.nhi bitor
accor di ng to@g)%épéf ﬁ%::[\g:brfggﬁ P|tvg {i@s@ogg eﬁﬁg'i %Or%?[%cr)’rar’tdOCh?Iiagtgﬂzeanf’rs‘o M%d from
the patielft, and tskteetbtdnrgn tillebipres qroeat aﬁtitﬁmmbotihrpepﬁgienfromhhblsﬁld)\ra b@ﬁnd n{) 0
t hr ombi n, wher ei e detection of said thr i.h inhibitaor und to thronbin
i s indicative of Qﬁslé%%ala |(§Se1§a§15em8fs’ﬁc St ﬁP%ﬁyﬁ?wﬂ’gﬁe‘ﬁﬁﬁgaacFor di P]g Lg
claim 24 wh i Fd.di seasg, orcandition is a.fi.bri.n o atel et thronbus.
26. Use of g(ﬁﬁn(?%j??%lhon ng’n i g’i i %.(C%OE}’ dirr%egset é(})lro%%n 61%‘1%?051 hlﬁg‘i%eaﬁ'&} %% the 15
manuf acture of a empdsscamentn faoticongw@attiingsalvapatolamds aﬁdlfghFltilsS‘tlg d‘fr@lmﬁnza7 s f
coagul opathy or preventing.a pati devel. g 02 y. . e o
a thronbin inhi binil%?%gf:fflgrgs&f“ﬁgﬁltofi%5th8¥g‘éllctglﬁ%s 1?%80’_?53?%?81%&%%_ manuf act ur e of
a ed ;gg%g;@ggreaglfn?%%@' éﬂg%‘%gﬁéﬁaﬁﬁalﬁ%cﬁ&%h&{ MBS0 & § 20 wth
forms of thrombin inhibitor from the nymphs of the camel tick Hyalomma

dromedarii (Acari: Ixodidae). Exp Appl Acarol. 2001;25:675-698.

(43) Witting JI, Bourdon P, Brezniak DV, Maraganore JM, Fenton JW. Thrombin-
specific inhibition by and slow cleavage of hirulog-1. Biochem J. 1992;283 ( Pt
20 3):737-743.

(44) Page MJ, Macgillivray RT, Di Cera E. Determinants of specificity in coagulation
proteases. J Thromb Haemost. 2005;3:2401-2408.

(45) Bode W, Turk D, Karshikov A. The refined 1.9-A X-ray crystal structure of D-Phe-
Pro-Arg chloromethylketone-inhibited human alpha-thrombin: structure analysis,
25 overall structure, electrostatic properties, detailed active-site geometry, and

structure-function relationships. Protein Sci. 1992;1:426-471.

(46) Jackman MP, Parry MA, Hofsteenge J, Stone SR. Intrinsic fluorescence changes
and rapid kinetics of the reaction of thrombin with hirudin. J Biol Chem.

1992;267:15375-15383.



<110> NATI ONAL UNI VERSI TY OF SI NGAPORE <110> | NSTI TUTE OF ZzOOLOGY OF
THE SLOVAK ACADEMY OF SCI ENCES 5 <120> THROMWBI N | NHI Bl TOR
<130>PO47489W0 10 <140> PCT/ 1B2008/ <181> <150>GB 07117799
<151>2007-06- 18 15 <160>19 <170>SegW n99, version 1.02 20 <210>1
<211>32 <212>PRT <213> Artificial Sequence 25 <220> <223> Thronbin

I nhibitor fragnment <400>1 Set Asp Gn Ay Asp Val Ala Qu Pro Lys Mt
Hs Lys Thr.Ala Pro 30 151015 Pro Phe Asp Phe Au Ala lle Pro Gu Qu

Tyr Leu Asp Asp G u Set 202530 <210>@%§§&S>10 <212>PRT <213>
Artificial Sequence <220> <223> Thronbin I nhibitor fragnment <400>2

1. A method of inhibiting thrombin activity by exposing thrombin to a molecule

or molecules which interact with exosite I and the active site on thrombin,

2. A method according to claim 1, wherein the molecule or molecules interact

with all of exosite I, exosite II and the active site on thrombin.

3. A method of claim 2 wherein the molecule or molecules interact with the

10  exosite I and exosite II sites before the thrombin active site.

4. A method of any one of ¢laims 1-3 wherein the molecule or molecules have an
ICsp of less than 10 nM, preferably less than 9 nM, less than 8 nM, less than 7 nM,
less than 6 nM, less than 5 nM, less than 4 nM, less than 3 nM, less than 2nM or léss

15 than | nM when assessed in an amidolytic assay.

5. A method of any one of claims 1-5 wherein the molecule or molecules 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

20  assessed in an amidolytic assay.

6. A method according to any one of claims 1-5, wherein the molecule or

molecules inhibit thrombin specifically.

25 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 -



45 Set Asp Gn Ay Asp Val Ala Qu Pro Lys 1510.<210>3 <211>22 50
<212>PRT <213> Artificial Sequence <22 P 55 <223> Thronbi n inhibitor
fragment <400>3 Met His Lys Tilt Ala o Pro Phe Asp Phe G u 1510 60
Tyr Leu Asp Asp GQu Set 20 Ala lle Pro Au Gu 15 <210>4 <211>32
<212>PAT 5 <213> Artificial Sequence <220> <223> Thronbi n inhibitor
fragment 10 <400>4 Set Asp Gn Gy Asp Val Ala Qu Pro Lys Met Hi s
Lys Thr Ala Pro 151015 Pro Phe Asp Phe Gn Ala lle Pro GQu Gn Tyr

Leu Asp AsiptSDSAEPIMARIHPPFBFBAIPEEYLDDES (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

5  variegin protein is a variant having the amino acid sequence
SDQGDVAEPKMHKTAPPF DFEAIPEEYLDDHS (SEQ ID NO 4).

10. A method according to claim 8 wherein the functional equivalent of the
variegin protein is a fragment of the variegin protein or a fragment of a variant of the

10  variegin protein having an amino acid sequence selected from:
DVAEPKMHKTAPPFDFEAIPEEYL (DV24) (SEQ ID NO 9);
MHKTAPPFDFEAIPEEYLDDES (MH22) (SEQ ID NO 3);
MHKTAPPFDFEEIPEEYLDDES (MH22A22E) (SEQ ID NO 5);
EPKMHKTAPPFDFEAIPEEYLDDES (EP25) (SEQ ID NO 6);

15 EPKMHKTAPPFDFEEIPEEYLDDES (EP25A22E) (SEQ ID NO 7);
EPKMHKTAPPFDFEAIPEEYL (EP21) (SEQ ID NO 8);
MHKTAPPFDFEAIPEEYL (MH18) (SEQ ID NO 20);
DVAEPRMIKTAPPFDFEAIPEEYL (DV24K10R) (SEQ ID NO 10);

~ SDQGDVAEPKMHKTAPPFDFEAIPEEYL (SEQ ID NO 11);

20 SDQADRAQPKLHRNAPQGDFEAIPDEYL(SEQ ID NO 12);
SDQSGRAQPKLPRNAPQGDFEAIPDEYL (SEQ ID NO 13);
SDQGDVAEPKMHKTAPPGDFEAIPEEYLD (SEQ ID NO 14); and
SDQADVAEPKMHKTAPPGDFEAIPEEYLD (SEQ ID NO 15).

25 11. A method according to any one of claims 1-10, wherein said method is

conducted in vitro.

12. © A method according to ¢laim 11, wherein said method is carried out to
diagnose a disease associated with abnormal thrombin accumulation.

30



<211>22 20 <212> PRT <213> Artificial Sequence <220> 25 <223>

Thronbi n inhibitor fragment <400>5 NetgsHi s Lys Thr Ala Pro Pro Phe
Asp Phe Qu GQu Ile Pro AQu du 151015 30 Tyr Leu Asp Asp G u Ser 20
<210>6 <211>25 35 <212>PRT <213> Artificial Sequence <220> 40 <223>
Thrombin i nhibitor fragment <400>6 GQu Pro Lys Met Hi's Lys Thr Al a
Pro- Pro Phe Asp Phe Qu Ala Ile 151015 45 Pro u GQu Tyr Leu Asp Asp
A u Set 2025 <210>7 <211>25 50 <212>PRT <213> Artificial Sequence
<220> 55 <223> Ahwoiphixofitlehvadietiarpréteiadaeng thedad acid sequence -

SDQGDVAEPKMHK TAPPFDFEAIPEEYLDDES (SEQ ID NO 1) or a functional

equivalent thereof and thrombin.

5 14. A complex of a) the cleavage products of the variegin protein having the
amino acid sequences SDQGD VAEPK (SEQ ID NQ 2) and
MHKTAPPFDFEAIPEEYLDDES (SEQ ID NO 3) or of the cleavage products of a |

functional equivalent of said variegin protein; and b) thrombin

10 15. A thrombin inhibitor, wherein said thrombin inhibitor comprises a fragment of
 the variegin sequence and comprises an amino acid sequence selected from:
DVAEPKMHKTAPPFDFEAIPEEYL (DV24) (SEQ IDNOQ 9)
EPKMHKTAPPFDFEAIPEEYLDDES (EP25 - active site and exosite ) (SEQ
ID NO 6) |

.15 APPFDFEAIPEEYLDDES (AP1 8 - exosite I) (SEQ ID NO 16)
SDQGDVAEPKMHKT (exosite II binding and active site) (SEQ ID NO 17)
SDQGDVA (exosite IT) (SEQ ID NO 18)

EPKMHKT (active site) (SEQ ID NO 19)
APPFDFEAIPEEYLDDES (exosite I) (SEd ID NQO 16)

20 SDQGDVAEPK (cleavage product 1) (SEQ ID NO 2)
MHKTAPPFDFEAIPEEYLDDES (cleavage product 2; MH22) (SEQ ID NO 3)
EPKMHKTAPPFDFEAIPEEYL (EP21) (SEQ ID NO 8)
MHKTAPPFDFEAIPEEYL (MH18) (SEQ ID NO 20)
or a functional equivalent thereof. '

25
16. A thrombin inhibitor accordihg to claim 15 that consists of an amino acid
sequence selected from: .
DVAEPKMHKTAPPFDFEAIPEEYL (DV24) (SEQ ID NO 9)
EPKMHKTAPPFDFEAIPEEYLDDES (EP25) (SEQ ID NO 6)
30 APPFDFEAIPEEYLDDES (AP18) (SEQ ID NO 16)



Gu Pro Lys Met His Lys Thr Ala Pro Pro Phe Asp Phe Au Gn lle
151015 60 Pro Gu Gu Tyr Leu Asp Asp g u Set 2025 <210>8 <211>21
<212>PRT 5 <213> Artificial Sequence <220> <223> Thronbi n inhi bitor
fragnent 10 <400>8 Qu Pro Lys Met His Lys Thr Ala Pro Pro Phe Asp
Phe Gu Ala Ile 151015 Pro'Gu Gu Tyr Leu 1520 <210>9 <211>24
<212>PAT . 20 <213> Artificial Sequence <220> <223> Thronbin

I nhi bitor fragnment 25 <400>9 Asp Val Ala Qu Pro Lys Met His Lys Thr
Al a Pro PrdIRpeD¥épeuite IBIBRGIDNO I8 u Ala Ile Pro Qu Gu Tyr Leu

3020 <210>Hh SRk T etive site) (SEQ ID NO 19)
APPFDFEAIPEE YLDDES (exosite I) (SEQ ID NO 16)
' SDQGDVAEPK (cleavage product 1) (SEQ ID NO2)
5  MHKTAPPFDFEAIPEEYLDDES (cleavage product 2) (SEQ ID NO 3)
MHKTAPPFDFEAIPEEYL (MH18) (SEQ ID NO 20)

or is a functional equivalent thereof,

17. A thrombin inhibitor according to claim 15 or 16 that is a functional
10 equivalent and comprises or consists of an amino acid sequence selected from:
EPKMHKTAPPFDFEEIPEEYLDDES (EP25A22E) (SEQ ID NO 7)
DVAEPRMHKTAPPFDFEAIPEEYL (DV24K10R) (SEQ ID NO 10) or
MHKTAPPFDFEEIPEEYLDDES (MH22A22E) (SEQ ID NO 5).

15 18. - A complex of thrombin and a thrombin inhibitor according to any of claims 15
to 17. |

19. A nucleic acid molecule encoding a thrombin inhibitor according to any of

claims 15to 17.

20
20. A vector comprising a nucleic acid molecule according to claim 19,
21. A hostcell comprising a nucleic acid molecule or a vector according to claim
19 or claim 20.

25

22, A method for preparing a thrombin inhibitor according to any of claims 15 to
17 which comprises culturing a host cell according to claim 21 under conditions

whereby the protein is expressed and recovering the protein thus produced.



<212>PRT 35 <213> Artificial Sequence <220> <223> Thronbin inhibitor
fragnent 40 <400>10 Asp Val Ala Gu Prg Arg Met His Lys Thr Ala Pro
Pro Phe Asp Phe 151015 GuAall¥Produ du Tyr Leu 4520
<210>11 <211>28 <212>PRT 50 <213> Artificial Sequence <220> <223>
Thronbi n inhibitor fragnment 55 <400>11 Ser Asp Gn Gy Asp Val Al a
AQu Pro Lys Met His Lys Thr Ala Pro 151015 Pro Phe Asp Phe Qu Al a
Ile Pro Qu GQu Tyr Leu 602025 <210>12 <211>28 <212> PRT 5 <213>

Artificial 2§eqU@x“15h%nﬁé’c%Qﬁ T €smBosTtinAThRiph 81 BER Q512
10 Ser Asp G n E:]a 505 nIl rop f/lggﬁg}gbﬁll Snﬁﬂ‘u%ﬂ E%ﬂﬂPa
any of clalms ]5 to 17 ora nuclelc acid molecule according to clalrn 19 and a

pharmaceutically acceptable carrier.

5 24 A method of diagnosing a disease or condition caused by thrombin
accumulation comprising administering a thrombin inhibitor according to any of
claims 15 to 17 to a patient or to tissue isolated from the patient, and detecting the
presence of said thrombin inhibitor bound to thrombin, wherein the detection of said

" {hrombin inhibitor bound to thrombin is indicative of sdid disease or condition.

10

25. A method according to claim 24 wherein said disease or condition is a fibrin

or platelet thrombus.

26.  Use of a thrombin inhibitor according to any of claims 15 tol7 in the
15  manufacture of a medicament for treating a patient suffering from a coagulopathy or

preventing a patient developing a coagulopathy.

27.  Use of a thrombin inhibitor according to any of claims 15 to 17 in the
manufacture of a medicament for treating malignant disease or conditions associated

20  with malignant disease.



151015 Gn Gy Asp Phe Qu Ala Ile Pro Asp Gu Tyr Leu 2025 <210>13
<211>28 <212>PRT <213> Artificial Sequence <220> <223> Thronbin

i nhi bitor fragnment <400>13 25 Ser Asp Gn Ser Ay Arg Ala G n Pro Lys
Leu Pro Arg Asn Ala Pro 151015 Gn Gy Asp Phe GQu Ala Ile Pro Asp

G u Tyr Leu 2025 <210>14 <211>29 <212>ART <213> Artificial Sequence
<220> <223> Thronbin inhibitor fragment <400>14 40 Ser Asp Gn Qy

Asp Val Al &EHEFCPIFSTI Met His Lys Thr Ala Pro 151015 Pro Ay Asp
o v 2025 <210>15 <211>29 <212>PRT

Tvr Leu As
Phe Gu Alg,lle Rro. QN Fdbeddy OF SINGAPORE
<110>  INSTITUTE OF ZOOLOGY OF THE SLOVAK ACADEMY OF SCTENCES

5
<120> THROMBIN INHIBITOR

<130> P047489WO

10 <140> PpCcT/IB2008/
<141>

<150> GB 07117799
<151> 2007-06-18
15
<160> 15
<170> SeqWin99, version 1.02

20 <210> 1

<211> 32
<212> PRT
<213> Artificial Secuence
25 <220»
<223> Thrombin inhibitor fragment
<400> 1
Ser Asp Gln Gly Asp Val Ala Glu Pro Lys Met His Lys Thr-ala Pro
30 1 5 10 15
Pro Phe Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu Asp Asp Glu Ser
20 25 30
35
<210> 2
<211> 10
<212> BRT
<213> Artificial Seqguence
40
<220>
<223> Thrombin inhibiter fragment
<400> 2
45 Ser Bsp Gln Gly Asp Val Ala Glu Pro Lys
1 5 1c
<210> 3
<211> 22

50 <21i2>  PRT
<213> Artificial Sequence

<220>
<223> Thrombin inhibitor fragment
55
<400> 3
Met His Lys Thr Ala Pro Pro Phe Asp Phe Glu Ala Ile Pro Glu Glu
1 5 10 15

60 Tyr Leu Asp Asp Glu Ser
20



<213> Artificial Sequence <220> <223> Thronbin inhi bitor fragnment
<400>15 55 Ser Asp Gn Ala Asp Val Ala Qu Pro Lys Met H's Lys Thr
Ala Pro 151015 Pro Gy Asp Phe Qu Ala lle Pro Qu Gu Tyr Leu Asp
602025 <210>16 <211>18 <212> PRT <213> Artificial Sequence 5 <220>
<223> Thronbin inhibitor fragment <400>26 Ala Pro Pro Phe Asp Phe GQu
Ala lle Pro Gu Gu Tyr Leu Asp Asp 10 151015 du Ser 15 <210>17
<211>14 <212>PRT <213> Artificial Sequence 20 <220> <223> Thronbin

i nhi bitor fi <400>17 Ser Asp A n Ay Asp Val Ala Qu Pro Lys
Met His Ly§2 1510

<213> Art1f1c1al Seguence

<220>
<223> Thrombin inhibitor fragment

10 <400> 4
Ser Asp Gln Gly Asp Val Ala Glu Pro Lys Met His .Lys Thr Ala Pro

1 5 10 15

Pro Fhe Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu Asp Asp His Ser
15 20 25 30

<210> 5

<211> 22

20 <212>  PRT
<213> Artificial Sequence

<220>
<223> Thrombin inhibitor fragment
25
<400> 5
Met His Lys Thr Ala Pro Pro Phe Asp Phe Glu Glu Ile Pro Glu Glu
1 5 10 i5
30 Tyr Leu Asp Asp Glu Ser
20
<210> 6
<211> 25

35 <212>  pRT
<213> Artificial Sequence

<220>
<223> Thrombin inhibitor fragment
40
<£00> 6
Glu Pro Lys Met His Lys Thr Ala Pro Pro Phe Asp Phe Glu Ala Ile
1 5 10 15
45 Pro Glu Glu Tyr Leu Asp Asp Glu Ser
20 25
<210> 7
<211> 25

50 <212> PRT
<213> Artificial Seguence

<220>
<223> Thrombin inhibitor fragment
55
<400> 7
Glu Pro Lys Met His Lys Thr Ala Pro Pro Phe Asp Phe Glu Glu: Ile
1 5 10 15

60 Pro Glu Glu Tyr Leu Asp Asp Glu Ser
20 25



<210>18 <211>7 <212>PRT 30 <213> Artificial Sequence <220> <223>
Thronbi n inhibitor fragment 35 <400>18 Ser Asp Gn Gy Asp Val Ala 15
<210>19 40 <211> 7 <212>PRT <213> Artificial Sequence <220> 45 <223>
Thronbi n inhibitor fragnment <400>19 Gu Pro Lys Met His Lys Thr 15 50
<210>20 <211>18 55 <212> PRT <213> Artjyficial Sequence <220> 60 <223>
Thronbi n inhibitor fragment <400> 20 Met His Lys Thr Ala Pro Pro Phe

Asp Phe Qu Ala lle Pro Qu
<210> 8
<211> 21

<212> PRT
5 <213> Artificial Sequence

<220>
<223> Thrombin inhibitor fragment

10 <400> 8
Glu Pro Lys Met His Lys Thr Ala Pro Pro Phe Asp Phe Glu Ala Ile

1 5 10 i5
Pro Glu Glu Tyr Leu
15 20
<210> 9
<211> 24

<212> PRT
- 20 <213> Artificial Sequence

<220>
<223> Thrombin inhibitor fragment

25 <400> 9
Asp Val Ala Glu Pro Lys Met His Lys Thr Ala Pro Pro Phe Asp Phe

1 5 10 15
Glu Ala Tle Pro Glu Glu Tyr Leu
30 20
<210> 10
<211> 24
<212> PRT

35 <213> Artificial Sequence

<220>
<223> Thrombin inhibitor fragment

40 <400> 10
Asp Val Ala Glu Pro Arg Met His Lys Thr 3la Pro Pro Phe Asp Phe

1 5 10 15
Glu Ala Ile Pro Glu Glu Tyr Leu
45 20
<210> 11
<211> 28
<212> PRT

50 <213> BArtificial Seguence

<220>
<223> Thrombin inhibitor fragment

35 <400> 11
Ser Asp Gln Gly Asp Val Ala Glu Pro Lys Met His Lys Thr Ala Pro
1 5 10 15

Pro Phe Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu
60 20 25




1151015 Gu Tyr Leu 5 <210>21 <211>10 <212>PRT 10 <213> Ambl yonma
vari egat um <220> <223> Vagarin C-termnal fragnent 15 <400>21
Asp Phe Gu Ala Ile Pro Qu Gu Tyr Leu 1510 20 <210>22 <211>10
<212>PAT <213> Anbl yomma vari egatum 25 <220> <223>Hi rudin C-term nal
.fragnent <400>22 Asp Phe Gu GQu Ile Pdo Gu Gu Tyr Leu 30 1510
<210>23 <211>20 35 <212>PRT <213> Artifical Sequence <220> <223>

Hi rudin ho@iﬁg f;rgdgment <220>

<212> PRT
<213> Artificial Sequence

5
<220>
<223> Thrombin inhibitor fragment
<400> 12
10 Ser Asp Gln Ala Asp Arg Ala Gln Pro Lys Leu His Arg Asn Ala Pro
1 5 10 15
Gln Gly Asp Phe Glu Ala Ile Pro Asp Glu Tyr Leu
20 25
15
<210> 13
<211> 28
<2l2> PRT
<Z213> Artificial Sequence
20
<2206>
<223> Thrombin inhibitor fragment
<400> 13
25 ser Asp Gln Ser Gly Arg Ala Gln Pro Lys Leu Pro Arg Asn Ala Pro
1 5 i0 15
Gln Gly Asp Phe Glu Ala Ile Pro Asp Glu Tyr Leu
20 25
30
<210> 14
<211> 29
<212> PRT
<213> Artificial Sequence
35
<220>
<223> Thrombin inhibitor fragment
<400> 14
40 Ser Asp Gln Gly Asp Val Ala Glu Pro Lys Met His Lys Thr Ala Pxo
1 5 10 15
Pro Gly Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu Asp
20 25
45
<210> 15
<211> 29
<2iz> PRT
<213> Artificial Sequence
50
<220>
<223> Thrombin inhibitor fragment
<400> 15
55 Ser Asp Gin Ala Asp Val Ala Glu Pro Lys Met His Lys Thr Ala Pro
1 5 10 i5
Pro Gly Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu Asp
20 25
60

<210> 16




<221> Site <222> 1 <223> Phe is a D am no acid <400> 23 Phe Pro Arg
Pro Gy Ay Ay Ay Asn Ay Asp Phe u Qu Ile 151015 Pro Qu Gu

Tyr Leu 20

10

15

20

25

30

35

40

45

30

55

60

<211>
<212>
<213>

<220>
<223>

<400>
Ala Pro

Glu Ser

<210>
<211>
<212>
<213>

<220>
<223>»

<400>
Ser Asp

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Ser Asp

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Glu Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>

18
PRT
Artificial Sequence

Thrombin inhibitor fragment

16

Pro Phe Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu Asp Asp
5 10 15

17

14

PRT

Artificial Sequence

Thrombin inhibitor fragment

17

Gln Gly Asp Val RAla Glu Pro Lys Met His Lys Thr
5 10

18

5

PRT

Artificial Sequence

Thrombin inhibitor fragment

i8

Gln Gly Asp Val Ala
5

18

7

PRT

Artificial Sequence

Thrombin inhibitor fragment

15

Lys Met His Lys Thr
5

20

18

PRT

Artificial Sequence

Thrombin inhibitor fragment

20




10

15

20

25

30

35

40

45

50

6

Met His Lys Thr Ala Pro Pro Phe Asp Phe Glu Ala Ile Pro Glu

15

15

1 5 10
Glu Tyr Leu

<210> 21

<211> 10

<212> PRT

<213> Amblyomma wvariegatum

<220>

<223> Vagarin C-terminal fragment
<400> 21

Asp Phe Glu Ala Ile Pro Glu Glu Tyr Leu
1 5 10
<210> 22

<211l> 10

<212> PRT

<213> Amblyomma variegatum

<220>

<223> Hirudin C-terminal fragment
<400> 22

Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu
1 5 10
<210> 23

<211> 20

<212> PRT

<213> Artifical Sequence

<220>

<223> Hirudin homolog fragment

<220>

<221> Site

<222> 1

<223> Phe is a D amino acid

<400> 23

Phe Pro Arg Pro Gly Gly Gly Gly Asn Gly Asp Phe Glu Glu Tle
1 5 10
Pro Glu Giu Tyr Leu

20





