;e3eq:n,6T: MD FI Eﬂmm mlm PENDENT POLYPEPTI DES Background of the

| nvention 5 Vitamn ﬂmmw m“‘m)rEoteins contain 9 to 13 2 3 MAY 2002
gamme- car boxygl ut ami ¢ aci.ggfesi dues (G a) in their amino termnal 45

resi dues. The G a residues are produced by enzynes in the liver that
utilize vitamn Kto he side chains of glutam c acid residues
in 10 protein precursjﬂ%ﬂ“mlmlwdependﬁgt proteins are involved in a
nunber of bi ol ogi cal Pr 0CEgR&s of which™ nost wel | -described is bl ood
coagul ation (reviewed in Furl e, B..and Furie, B.C, 1988, Cell,

53: 505-518). Vitam n K-dependent proteins include protein Z, protein 15 S
prot hronbin, factor X, factor |X roteln C factor VII and Gash The

| atter protein functi oRtX £ L1 : g._Po) HBRLBEGt al ., 1996,
Dev. Biol., 180:499-510. The da resi dues are needed for proper cal ci um

bi ndi ng and menbrane interaction bz t hese 20 proteins. The menbrane cont act
site of factor X is thought t L £ FRye Rresi dues 1-37.
Evans and Ned sest uen, wﬂ%alfrmgenaéw@e&eimpbontalﬁ% ABSlaAlthough
the G a-containin [ ins a h| ee of
sequence honol 8§ 2F ﬁg§8%‘yﬁ; éargil'gl %‘ég? ge %Beq' ofcghar ?ﬁﬂ
affinity. MDoberdindlF45etealidues997Thei Gtaeresidues Cﬁ“ré];ﬁfbcﬁildizﬁ Hsact or
U L hanet | onS bAzbiga! Sht LAL 91082 ehabl QO £LO1VI A% Y e A key

element in formn Ve precursor, or zyno has | ow
enzyne 30 acti ¢rrpoxpiatpsthecaide chaipssef %J,f‘-lfp#mﬂtcecﬁqﬂtd xesi L@S!VAYI 2002

]; 2t cl ;avam bQoEéﬁ.H‘ {:@é&@fs&éa ViE Smas Kk Vadp &GN g%é‘eaatx?é}é&@ by
actor a as

Vlla-tissue cto nt egr al protein
found in a nurrﬁﬁ?mg’f’e et fypPUTDEE;Q 2]:’1‘?1%"1 %it %"f“esﬂiﬂ “%1(9 Chem ,
5 269: 143-149. tAet moati welbydh’kdzmbéésm bb@d:d)rco&gulefuardred(ﬁem@ved in
autoactivation i Spl HCRG i th act jat i n. f i on of
factor Vila from a(:t%rn&1 g fﬂ%bgubsieélﬁaehml vsl%t # %tor Vi a.
The nost i hpor Vakempat Kmé?P?B@e%'étP%Wiﬁslwmudﬁ |£§'Q‘1?(ﬂlﬂ<|¥ovvrproj;@llnact or

VI'la can acid vatep Pb@H‘E‘oﬁbQﬁt'ﬂﬂcEéftJ@r Sféé%&ndn?( phlotdis, IACQIctiox
expressed at hj gh | eye on '?bﬁs rface of sonevfté}urmr cells. Arole for
tor

ti ssue factor, Vahd2P (’Féé ALEeT (RERr SR Aty S&asi on of
tissues is poszjrblveh Yegubatiod auaeéubafaru-:tera]Re,s 1996,1DebA: B163-.5070.

Cel | expressio o e al so [ in toxic
response to enggﬁog?g é%ock%%éc f&' %K&Aél?? %ﬁ %émﬂﬁ I?r%gﬁra
13J.:1273- 1278capcwa|hlnﬁiega@mdvmmrmetmmthm tye thessence 20 of

thr Orfbormdlﬂd ngraeem&egrﬁhe ”ﬁéﬂ%ﬁé‘ﬁe pé&&ea& of j iendp hldealr gelilsS. Esrmn
N.L. et 59- 864., Activated praqtei n &,-APC)

al
degr ades fact 0F§°‘6ﬁh‘énﬁ°\ﬁ??hd? nwi: rﬁ?’rrb% 3 4h Fasd s
Resi stance to AR{ Welsastuesf ra9dprPforedmiScience S:suppl. 1, 163

Abs. Although the Gla-containing regions of the plasma

proteins show a high degree of sequence homology, they
25 have at least a 1000-fold range in membrane affinity.
McDonald, J.F. et al., 1997, Biochemistry, 36:5120-5137.
Factor VII functions in the initial stage of blood
clotting and may be a key element in forming blood clots.
The inactive precursor, or zymogen, has low enzyme
30 activity that is greatly increased by proteolytic -



25 inherited thronbosis disease. Dahl back, B., 1995, Bl ood, 85:607-614.
Vitamn k inhibitors are commonly adm ni stered as a prophyl axis foR 3 MAY 2002
thronbosi s disease. Vitam n k-dependent proteins are used to treat certain
types of henophilia. Henmophilia Ais . 30 characterized by the absence of
active factor VIIl, factor VIlla, or the presence of inhibitors to factor
VIIl. Henophilia B is characterized by - Ipe -absence of active factor IX
factor | Xa. Factor VII deficiency, although rare, responds well to factor
VI1 35 adnm nicieazhgentoBioem, f&coy YDDE. I—Ehﬂmsaeshsat%nlEEn b@ 3 MAY

devel opnent - SPCRTaACE: By, FRERSE X% oo BRI TTECPY VETRARYsHRe; FLERE. O 1O
patients. Al sorhntegsh), membrare \Protein ﬁeuudem n nhmbereafneell of

hemophi 11 a Ac9paad Bribgel of.hXa dedafact 950411 ha ebivagefactor X Factor
Vlila elimnat need for factors |X a [Ty actrvatrng factor X
directly, %naseah‘*%véﬂeorreAFﬁé"%’Fb‘B‘Peﬁ% B?I?aE%%ﬁuPXfaﬁEOVI i® deficiencies

with few i mugekogegatocasseqteacesvatieoner et i‘é imp298ardd Thnapstns.
Medi . Rev., N col a onb. _Haenost

76: 200- 204. EZ‘FeEFFHéaF?ﬁ%I ZF%?"‘?E%’C‘?’BP‘?A #%"-“é \?ﬂ?r FPBREaFEeH YER hi gh
(45 to 90 ughkd vhebsdysegueht )acinthv iy of staatooNVERy . neEde traodte r epeat ed

every few ho 5; ?5: 432- 436.
A sol ubl e fo;ﬂFﬂ ¥§?H gﬁgt?gac gfrm?so(ft%?%&f?%sﬁ%h? gpor or s%i? hat does

not cont dith FaetasnBibaeccadnmekivaty)iblood aleeeing ofaatess bEX eind daci ous
in treatment of henﬁﬁ@édeaf‘é*&ﬂrcﬁsa@mp&*e%ts%ﬁeatW1@hf ek sVhaenk: S 20

Pat ent No. 5, 50? 0642) I n dogs sTF%"/ﬁ Ig/n to reduce, t he apount of factor
Vila needed PBEERES:OheROPRI THIOT Bne AsET atPHNCHSSUSTFE3Y0F i
entirely depandefbr ofiadtber MeIta anin cmmnantdexrébopxﬁeﬂacam Mvasildn of
contrasts to | = or co ch | to 25 the
menbr ane thr%gglél‘g%%t#fﬁéj%%% éact 0\?4%1?%, m% r%i%&%uﬁrrgeé‘ﬂvention I t
has been & sﬁ@vé@é@i 5070 . nertl cxprEssiPn M timatiqncgf bolgepeit ani ¢ aci d

(GLA) domai negbryit 28N 4 &6lep anches: f&&ﬁ/&f«‘piﬁdﬁﬁcf@hﬁ%ﬁé‘@iﬂo menbr ane
bi nding 30 affinities. Vitamn endent ol%]gept | des nodi fi ed 11 n such a

manner have BRAARCELC a%}P‘PQ)Fty ]%ﬁﬁ}‘ y et ud R o Ak hSura.

pro-coagul anis1or27®12ther functi ons that utilize vi tam n k- dependent

broteins. For examphgocad, @igvedeiaatel ¥y cHBLAEYL® sTR¥nR" prbdgnsgver &

20 of thrombomodulin, an integral membrane protein of
endothelial cells. Esmon, N.L. et al., 1982, J. Biol,
Chem., 257:859~864. Activated protein C (APC) degrades
factors Va and VIIIa in combination with its cofactor,
protein S. Resistance to APC is the most common form of

25 inherited thrombosis disease. Dahlback, B., 1995, Blood,
85:607-614. Vitamin k inhibiths are commonly

administered as a prophylaxis for thrombosis disease.
Vitamin k-dependent proteins are used to treat

certain types of hemophilia. Hemophilia A is

30 characterized by the absence of active factor VIII,
factor VIIIa, or the presence of inhibitors to factor
VIII. Hemophilia B is characterized by the absence of
active factor IX, factor IXa. Factor VII deficiency,
although rare, responds well to factor VII

'35 administration. Bauer, K.A., 1996, Haemostasig, 26:155-



benefits by lowering the dosage of VIl a needed, the relative frequency of
adm ni stration and/or by providing qualitative changes that allow nprdemay 200
effective treatnment of deficiency states. The invention features vitamn

k- dependent pol ypeptides that include a s nodified GLA donai n that enhances
menbrane binding affinity of the pol ypeptide relative to a correspondi ng
native vitam n k-dependent pol ypeptide.. Fhe nodified GLA domain is from
about amino acid 1 to about ami no acid 45 and includes at |east one am no

aC!g ilibstl i2t @.359“5\159&.giarrgta?téhg\lmﬂtneegghéeﬁght%_t 'tthg_&iaﬁy_ §§nt be at am _ng
aci : : . r . Prefera e, i,0, substitytjon,is at ami no aci
11, 33 or 34;1THEG%D§PFi§8 éfﬁ?gﬁﬁﬂ?%gnﬁg Pﬁgpﬁgétﬁﬁ éﬂbhgl%%¥ﬂ sequence
whi ch, in th€acabei ViiZatntibedissain, sbmenpaaieatki ar x1serugt ive€lPavi ng a
cationic cor ' I f.el onegat. v harge, The, vitann,

k- dependent Sﬁéégp?Fgg §%§ B§,8§%é gﬁaﬁ%ke?ré?gngﬁ E? EET?EQiQHaﬁ$Otein
C, factor 3 XanflaBtor Fagtorf Z¥aoand/| factart LIVl acbivatei facsot eXi s

modi fied fackgeedl: YazaToeifeAliseck il AndoRRE: Ok BEBLS! P iy P4 vated
protein C may rnclude a glutam ¢ acid residue at am no acl and an
aspartic aciéYré§FaMétéﬂgaﬁ?ﬁ€°%é¥d3§Ee?E$1}IEﬂ@D@&Q)OVQTRPmﬁmﬁheed GLA

domai n of prgieblefsObfachetet ek pawd VI € aByidl 6Acias! wiken asgh ut ani ne or
gl utam c aci am no_aci : 20, and. SEQ I D NO: 21

respectiveIygmaggggég?g%anﬁ????q%Fé%%%Tggﬁggég%ﬁgtnﬁ “betSbstituted at
am no acixb 12ransfhe. GMadilgnRewn. o7 : P8-082} NN{Irolabsényak ad. prtoteling, C (SEQ I D
NO: 24 or - SEQybDeNOzfipdmy e QUEI N F6 PE08ChoY 2 SHEPLAL AL fo POl RGP T OC
factor VIiIa administration ar€ often high (45 to 90 pg/kg
of body weight) and administration may need to be
repeated every few hours. Shulmav, S. et al., 1996,
15 Thromb. Haemost., 75:432-436.

A soluble form of tissue factor (soluble tissue
factor or sTF) that does not contain the membrane contact
region, has been found to be efficacious in treatment of
hemophilia when co-administered with factor VIIia. U.S.

20 Patent No. 5,504,064. In dogs, sTF was shown to reduce
the amount of factor VIIa needed to treat hemophilia.
Membrane association by sTF-VIIa is entirely dependent on
the membrane contact site of factor VII. This contrasts
to normal tissue-factor ViIa complex, which is bound to

25 the membrane through both tissue factor and VII(a).

a

Summary of the Invention
It has been discovered that modifications within

the y-carboxyglutamic acid (GLA) domain of vitamin K-
dependent polypeptides enhance their membrane binding

30 affinities. Vitamin K-dependent polypeptides modified in
such a manner have enhanced activity and may be used as
anti-coagulants, pro-coagulants or for other functions
that utilize vitamin k-dependent proteins. For example,
an improved factor VII molecule may provide several



acid substitutions at positions selected fromthe group consisting of
residues 11, 12, 29, 33, and 34. For exanple, the pol ypeptide can hHavMAY 2002
am no acid 2s substitutions at positions 12, 33, and 34. A glutamc acid
may be substituted at 2 3 MAY 2002 4a 4nino acid 33, an aspartic acid may
be substituted at am no acid 34, and a glutam ne may be substituted at

am no aci d benefits bynowering dhesdpsageraf Mligmerdedothevielativedeeauenayiaf, and
active site nodified factor Vila may contain a substitution at am no acid
11 and 33. &dmirisiaatdreand/ogbytprovidimgrquslitatiyeadhamgiesdhatcalibwl inore éffectiVert am c
acid residue at amno acid 33 (SEQ I D NO: 30) nmay be substituted. 2 3 MAY

2002 - 5 Theaimeedfideficiingy stakures an isolated nucleic acid encoding a
vitam n K-dependent pol ypeptide. As used herein, the termisol ated

ehcodt ng & 5 vi t INea ErRBRdRRETe¢ BAREREChRRanT: AflmereR thafoabis® #5ar
Uit am n . cepeieeBLpdTBaphaEon G dBO R ApeR PG E AN RAE (hai
enhances nenbrane binding affinity of the polypeptide relative to a 10
cor r espondi P@lypapiiderelativenioa rodepronting npqu piaminlk-depradeniipalypepticen
domai n i ncludes at |east one am no acid substitution. The invention al so
features a Themobdified Bisk domiin is from about amino acid 1 to about amino acid 45
and includes at least one amino acid substitution. For example, the amino acid
substitution can be at amino acid 11, 12, 29, 33 or 34. Preferably, the
10  substitution is at amino acid 11, 33 or 34. The modified GLA domain may
include an amino acid sequence which, in the calcium saturated state, forms a
tertiary structure having a cationic core with a halo of electronegative charge.
The vitamin k-dependent polypeptide may be, for example, protein C,
activated protein C, factor IX, factor |Xa, factor VI, factor Vila or active site
15 modified factor Vila. The modified GLA domain of protein C or activated protein
C may include a glutamic acid residue at amino acid 33 and an aspatrtic acid
residue at amino acid 34 (SEQ ID NO:19). The modified GLA domain of protein
C or activated protein C may also include a glutamine or glutamic acid residue
at amino acid 11 (SEQ 1D NO:20 and SEQ ID NO:21, respectively).
20  Additionally, a glycine residue may be substituted at amino acid 12 in the GLA
domain or protein C or activated protein C (SEQ ID NO:24 or SEQ ID NO:35).
The protein C or activated protein C polypeptide also can contain three amino
acid substitutions at positions selected from the group consisting of residues 11,

12, 29, 33, and 34. For example, the polypeptide can have amino acid

25 substitutions at positions 12, 33, and 34. A glutamic acid may be substituted at



including a nucleic acid vector encoding a vitam n k15 dependent

pol ypeptide. The vitam n k-dependent pol ypeptide includes a nodifi etl3 @A 2002
dormai n t hat enhances nenbrane binding affinity of the pol ypeptide relative
to a corresponding native vitanin k-depefiient pol ypeptide.. The nodified
GLA dormain includes at | east one amno acid 20 substitution at, for

exanpl e, an@minmatid 33, amaspartc acid may b subsétuied ahamino deidsitiand a

pol ypepti de may be, for exanple, factor VII or factor Vila and include an

am no aci d guitahirieunagbeéulstituted 2¢ aehidd aghid! AnTThe medifled ELAdomaiaop! e,
the ami no acid substitution can include a 25 glutam ne residue at am no

id 11 d i i Ay ol ) ) :30). Th
aci an Ya%t&i\'l‘l"l,afgbfbrtf"ﬂlé?anﬁrﬁlvg%ﬁe%o?ﬂb@%&&t9]I§$né)§§§%tbﬁ1%‘8 ). The

invention also relates to a pharmaceutical conposition t I ncl udes a

phar maceuti ¢cal | cc e (I d nt .o j tam n, k- dependent
30 pol ypept %@Stg?%g{)%mooa&ﬁmbﬁd g?ot':%? S?gﬁ'h"%,? élH?aa{wr?&%&d.ue'I%e vitamn
k- dependent pol ypeptide includes a di fjed G.A donmin_.that h

menbr anéd bi ﬁm‘%aﬁ‘ﬂf’i%?‘t“}' aglutapic 361d 1esiquert ?@l%?%gﬁ&gggﬁﬁéﬁsdi ng
native vitam n k-dependent pol ypeptide. The nodified GLA 35 donai n includes
at | east onmaybensubsiitatedubstitution. . . 2 3 MAY 2~2 - 6 The vitanin

k- dependent pol ypeptide nay be, for exanple, protein C, activated protein C
or active site nodified factor Vlila. Protein C or Activated Protein C can

i nclude, for exanple, a glutamc acid residue at amno 5 .acid 33 and an
aspartic acid residue at amno acid 34 (SEQ ID NO:19). Protein C or
Activated Protein C can further include, a glutamne at amno acid 11 (SEQ
I D NO:20) or a glutamc acid at amno acid 11 (SEQ ID NO:21). The am no
acid substitution also can include a 10 glycine at amno acid 12 (SEQ ID
NO: 24 or SEQ I D NO:35). Active-site nodified Factor Vlila can include, for
exanple, a glutamne residue at amno acid 11 and a glutamc acid residue
at amno acid 33 (SEQ I D NO:30). The invention also features a
pharmaceutical 15 conposition that includes a pharmaceutically acceptable
carrier and an anount of a vitam n k-dependent . polypeptide effective to
increase clot formation in a manmal. The vitam n k-dependent pol ypepti de

i ncludes a nodi fied GLA domai n t hat enhances nmenbrane binding 20 affinity
of the polypeptide relative to a corresponding native vitam n k-dependent
pol ypeptide. The nodified GLA domain includes at |east one am no acid
substitution. The vitam n k-dependent pol ypeptide may be, for exanple,
factor VIl1, factor VITa, factor I X or factor |Xa. The 25 pharnmaceuti cal
conposition may al so include soluble tissue factor. Factor VII or Factor
VIla can include an amno acid substitution at amno acid 11 and am no acid
' 33. For exanple, a glutam ne residue can be substituted



at amno acid 11 and a glutam c acid residue can be 30 substituted at am no
acid 33 (SEQ I D NO:30). A vitam n K-dependent polypeptide for use Br§ MAY 2002
treating a clotting disorder is also described. The vitam n K-dependent

pol ypeptide includes a nodified GLA domai n that enhances nenbrane bindi ng
affinity of the 35 polypeptide relative to a correspondi ng native vitamn K
2 3 MAY 2002 dependent pol ypeptide The $modifi ed GLA donai n i ncludes at

| east one ami no acid substitution. Useful nodified vitanm n K-dependent

pol ypept i des i ncl udBhe f bavetinn calge ofeitungs ot |1\&iﬂaﬁte|dr nueELalé‘ fact or

VIT, factor ¥ haengoaghlg’ 8 wcam&fadkf-a%gehaeher grgee%:gf&é or

actor | Xa as descri bed above. . _The i nvention ur es f%l use of a
vitamn K—dEEEﬁHBmttBGI§E€BtF8€ PﬁeﬂhépﬁﬁhﬁFﬁéiuF%fQﬁSeF¢m§hS§ﬂﬁﬁﬂcq(M' t he

treat ment Oéoﬂrébpbhdaﬁgdwo;adet ofhallOo¥i tREI Jele doRestiay Lol ypeptide
i ncl udes a npdifie ces neneﬁane:glndlng affinity of

t he ponﬁ%ﬁY?H@mFgl§$b$8epga§chPi¥BBBEaaﬁg Rut i $Ee% it M sAUENSSehdent
pol ypept i dethdtienowdafilyd fTaAkdonri ori bothdesdas ¢Easﬁe(g&héﬂmﬂﬂa acid

substitutio ed \Y; ol ep es i ncl ude,
for exanpléﬁa &Egé#h QBHS§F va%ea B?g?h u%ggé&? R;hOfg%(QHA% IIa
active- S|telnﬁhﬂﬁﬁédafaéﬁéflvﬂl@LAfé@méinl atuenhannqa nexgpranedescr i bed

above. A W%bﬂélﬁ Qﬁﬁﬁﬁiﬁyngfctﬁé 5@1@&1;@{% neén @l 2Q i s al so
descri bed. The nme galnc ering an_anount. of a vitamn

k- depend@nt SPEF §BRBE EgeF?E%Y?vglFﬁmHBcFe% %ﬁ?ﬂtfRﬂﬁﬁHQHﬁ4qen t he manmal .

The V|tan1nrkdemedﬂﬁmEdpGLapéﬁmaﬂn includes at rMshidy evheGaMigi@maicadt hat
enhances ngg@g gt EQ hng affinity of the polypeptide 25 relative to a
correspondi Ng- natrve vitfam n k-dependent pol ypeptide. The nodified

GLA. . domai n i ncl ud&heatinventionelad feaksirgssabwamnal ian. hdse aellmi n

k- dependentu@@iwgﬁgl Qenaeyeb@ abPl PEaEBE Cendb Y h Gritdfinvatled protein C
or active e‘:L‘te nodi factor Mla, Protein C 30 or Activated protein C

can i ncl&d %P%F@?%ﬁ1E°$¥PGPF%@?dueT%? Vbl Fependedhtan aspartic acid
resi due at mypepcideBﬂm‘;BE@é DaNaodDfied @mtcamaiex Q;magl ehfgheeaci d can

be further su stlt r o) vat.e r.Q SE D NO: 20 or
SEQ 1D No: 34 ’é%?j ?9%?"? LEL v AL DR FeZab3vR, EBel a

amino acid agpQﬁxﬁppoadgngmnaana vitamin, kid@p«ndbmbopoM&pabﬁ;daat|ve site
modi fied Faglormdhi A3 Cancl.AChHRLI R %Hi@&%é‘eat{ Q%adslte o@ife amipe aeid 7.1 and

a glutamc acid residue at amno acid, 33 (S

20 substitution at, for example, amlno ac1d 11 12, 29, 33
or 34. The vitamin k-dependent polypeptide may be, for
example, factor VII or factor VIIa and include an amino
acid substitution at amino acid 11 and amino acid 33.
For example, the amino acid substitution can include a-

25 glutamine residue at amino acid 11 and a glutamic acid
residue at amino acid 33 (SEQ "ID NO:30).

The invention also relates to a pharmaceutical
composition that includes a pharmaceutically acceptable
carrier and an amount of a wvitamin k-dependent

30 polypeptide effective to inhibit clot formation in a
mammal. The vitamin k-dependent polypeptide includes a
modified GLA domain that enhances membrane binding
affinity of ‘the polypeptide relative to a corresponding
native vitamin k-dependent polypeptide. The modified GLA"

35 domain includes at least one amino acid substitution.



The invention al so features a nethod of increasing 5 .:clot formation in a
mammel . The method includes adm nistering an anmount of a vitamn 23 pay 7 2
k- dependent pol ypeptide effective to increase clot formation in the nanndp
The vitam n k-dependent pol ypeptide includes a nodified GLA donmai n t hat
enhances nmenbrane binding 10 affinity of the pol ypeptide relative to a
corresponding _ native vitamn k-dependeﬁt-polypeptide The nodified GLA
domai n includes at |east one anmi no acid substitution. The vitam n

k- dependent Poeypithanie kdepandendy Roddmsntideaday ba.l fomaxampld a,

factor |X orptagéoh ¢Xeactaiia Krobdirdic Bt Md 3100 ridied tides an am no
acid substltﬁﬁlon aY¥an1no aC|dIhééand at .am no, aci d . For_exanple, the

anmino acid st®StPY uY bR cHFINRA F HiyRoR rpé%qtd’&é’ & SR no acid 11
and a gl ut aninchedel, r foi deamilegmanglatiahi33 ASAQ NNk aAindnl ess

th def 11.t jenti.fic t d h h th
cae. meanPngRER oIy MRS A5 e S0 G Hon ATy Rk A9d 94 heart 1o
which this i bSEQltIlbrNCbelQ))ngs Praiteiou¢h arePlesdyaged Patodreial € giam | ar or
equi val ent tﬁ;éﬂgﬁ figstidded BaRidhiti GANRA S L0 18! qeF G he

i nvention, suit met hod materials are describ
publ i cat i onsNob%Q rﬁrai‘)rﬂll%“}lﬁnéc%@é:ma@m&nécdﬁwéﬁ résfﬁ@réfr%es ment i oned

herfe: n ?re | 0@ 02 P)Or at'ngleo Ratnirres ?f(ﬂ!&@ub‘sthhﬁltﬁo@maﬂg%]t )tan{ an%q%eolﬁl

conflic resen S eC| i efi_niti Wi

control . 1Pn% FI7OrEt (R dgaq? %ﬁ%@@s é’faﬁg: |3I5I)ustrat|ve

only and notAdtriesrdeite ondzcb.ﬁuadl tHarmgorCIWIéa f::aat dineduded ﬁdﬁrant ages of the

i nvention . I 0 oly I crlptlon 35
Hadp e, @F&*ng&gn 0 PelsiBnleolakou epgseseaa 99 das

and fromthe scription % he Dr awi ngs
The ani no addtRtrmirmed ges eG@A emﬁlpnagﬂdwaﬁd <§§@em| NQ 3Rd -VI | QL1E33

are found in SEQ | DTNQ ?mﬁ@ﬂcﬁﬁ@ éi%é\loféé)nuf@%%ha/ﬁﬁceﬂ?cﬁﬂ no acid
sequences of the 5 3$§ﬁ ET%QVIne act or protein.C, human
e LS o PR A, MetpERs, B PhAEHarRUsERL B NGRESPEARER D NO. .
SEQ ID NG 1 caand:fd?@a:{a NeOY %:ﬂ'goutn&spéchi vatwmihhiz-dependaeatd sequence of the

GLA domei n qlo gl MHRIEANEIR 5 ool BaSEQLL R L8, 470, oure 1

depicts the déviatl vit & (open

circles), VimagmeEs3 ('-‘fher IVéGa@ichP‘egﬁpeélﬁ‘énbopphkfpﬁﬁéﬁéﬁ xneﬁuriregda
triangles) trﬁbdﬁemi@&m dan&uhet&a@eahﬁtaacéaemambgaﬁbl pahhaeagof VI Q7.1 E33.

L8 e IERId L P LAC L DL pRBRlCe, o PheoBSLE Rl g oL 3
factor VIl a fapsre orirtengs) k&d&pﬁhﬁaﬁtlﬁ&&yﬁépthdd ci Thkeesmpdarfdedi @RhR for a
20 Concentréééﬁgl(ﬁiékfﬁéé% at least one amino acid substitution.
The vitamin k-dependent polypeptide may be, for example,
. factor VII, factor VIIa, factor IX or factor IXa. The
25 pharmaceutical composition may also include soluble
tissue factor. Factor VII or ¥Yactor VIIa can include an
amino acid substitution at amino acid 11 and amino acid
33. For example, a glutamine residue can be substituted
at amino acid 11 and a glutamic acid residue can be
30 substituted at amino acid 33 (SEQ ID NO:30).
A vitamin K-dependent polypeptide for use in
treating a clotting disorder is also described. The
vitamin K-dependent polypeptide includes & modified GLA
domain that enhances membrane binding affinity of the
35 polypeptide relative to a corresponding native vitamin K-



Figure 4 depicts the coagulation of human plasma ' by VIila and VII1aQL1E33
with soluble tissue factor. . Figure 5 depicts the coagul ati on of Bagaya 200y
factor VIl zynpogens and normal tissue factor. 25 Figure 6 depicts the
inhibition of clot formation by active-site nodified factor.VI1aQL1E33
(DEGRVI 1 aQ11E33). Figure 7 depicts the circulatory tine of factor VIIQL1E33
inrats. 30 Figure 8 depicts the nenbrase.interaction by ' nornmal and
nodi‘fied proteins. Panel A shows the interaction of wild type bovine

pr ot e: nC é@@penaBénﬁl peiypépltt A _bctmevj ne{r_mr Qﬁcﬁ}cirfi%d;titd [SEEE C.?Liz{dn_lt&'_p‘e)s \§M5t?;
vesi cl es. Pape ows the jinteracti.on Qf Wi e human protejn

(open ci rcI%g)iﬁﬂﬁéhﬂﬂ%n&B‘}%‘?eﬁ‘%" -er’(%qtllé)di'cir eeégﬁli moéloléom 2002 - 10
wi th menbr anksamin Kedépendest pdkyphrsthisted iimeliudd,cdfioas exdamplesul t i f all
of the adde i Q'%{&g - R qure: 9 depi t he

i nfluence O?fﬁé?,h@a. é\él\gé@%fo' el rfg%%ér}%clr%ma%%ﬁ r‘r}telcéiL’I Tf Cptgﬁgl 2t he

aver age &ndastividapitecnedtfind rrctan M Iget dantioat iI&ns aold damtiorng ti mes

for bovine pkasya @tsScsimewd dwxdveM | d type bovine APC (open circles) and for
bAPC-H11 (filled circl e(s?%v. t he average and standard devi ation

ln panel B ¢
of three 10 replicat¥s eﬁ'ﬁﬂrﬁﬁ Bﬁﬁgnﬁeéﬁ‘éﬁﬁ?aﬂ‘ nu$Srof e Vit FMiYpe human
(open ci r cl sdepandéntrapo BRfeFHidd fil [tk aantifes)kwaee ofhawn. Figure 10

depi he i ' [ ' [ h ' |
Gopt ot t nemtfRgeTeat ] 80 thnd e Obe 8 1Be IS ATRR-ARE, S 1
ci r cl es)tOardi bard neKAdependent inalapeptidee $ncliogesl aBmgdiifded Chd

i nactivati ofofd i hupEat f &eidiced nmnu&ra%eiwn%i%gf ia‘fif‘iﬂ%.tgll BEMRHRY €l ther
wild type human APC, (open, ciycl es(% and human APC-H11l (filled circles). 20
Figure 11 deptYRePEide Fedtihdd H£9 @ Formss RYoFa5iyee VA t2MiGeKri cal

| : nes denotg@epdrdénopeslyperst ¥dzgi ortheanmbdidiedo cral db'maga dﬁmhﬁeg

el ectronegat ve regi | i e ane.bi ndi, nd 25
activity ofa?/af?%ﬁg %ﬁ%t%‘%é@a;&gﬁgs&&?ﬁgﬁg “ﬁeg@%&ﬁé‘lbf“ﬁgﬁﬁge wild type
pr ot ei n16( opkramin cKedgpendantPprH ypepdiddest ipcdudien Coff ekheglequar es),
@B3E, N34D Al ' [ t nbi e uar es).
Panel B sh%g%#ﬁbdf‘t i%ﬁk%ﬁiﬁf%@%&éﬁ%t ?gﬁege ?’ﬁgée%se%}t gr%tig' Panel C
shows the i#akIVea8ieh WdiLigd fagtor Vﬁiléuréaf\§l°€oﬁ'§ar 88dnEAGEaRe bi ndi ng

and activi tyxffadlasgcPii®idbdvaut ants. Panel A conpares the nmenbrane
Pt ng of w0 TVRShEeRER errGheslas il CARETESHATALE S W hiET !
20 is also described. The method includes administering an
amount of a vitamin k-dependent polypeptide effective to
decrease clot formation in the mammal, The vitamin k-
dependent polypeptide includes a modified GLA domain that
enhances membrane binding.affinity of the polypeptide
25 relative to a corresponding native vitamin k-dependent
polypeptide. The modified GLA-domain includes at least
one amino acid substitution. The vitamin k-dependent
polypeptide may be, for example, protein C, activated
protein C or active site modified factor VIIa. Protein C
30 or Activated protein C can include a glutamic acid
residue at amino acid 33 and an aspartic acid residue at
amino acid 34 (SEQ ID NO:19). A glutamine or glutamic
acid can be further substituted in protein C or Activated
protein C (SEQ ID NO:20 or SEQ ID NO:21, respectively). A
35 glycine can be further substituted at amino acid 12 (SEQ



2 3 MAY 2002 - 11 the coagulation times using wild-type (open triangles),
E33 (open circles) and E33D34 (filled circles). Figure 14 conpares Zd@niaang?
bi ndi ng (Panel A) and coagulation inhibition (Panel H with wild-type (open
5 squares), H11l (filled circles), E33D34 (open triangles) and the triple
H11E33D34 mutant (open circles) of bovine protein C. Figure 15 depicts the
menbrane interaction properties of differ®mt vitam n K-dependent proteins.
10 Panel A caonpares nmenbrane integaction Qf human (filled circles) and

bovi ne (openIPiN9F§§)°Fa@86§5&: RERVE -SH&®s "REAbAsAc FRAtEra¥IIBCHy

nor mal bovi ngnplofilr angluotbmigeenesidieper amiabeskidf LageBat a1l nodified
with TNBS in_the_abse o] pum.(til.led_circles) d_fr t 1 15

modi fied wi tﬁa"l‘ﬁ@‘gang[%%g %Fggéﬁéeméf gﬁ‘%“ﬁwﬁ&éfic%gm‘ﬁ% Fédﬁ%ﬁ@} es). Panel
C shows the rate of Thetigivert igmdilap ticamsred es matipd Df (friddeadiagr cl es)
and 7.5 (qpe Lr s Det aj | i pti o] t, the
inventionq?ég%ékegbgaéf%gﬁi%hkggggﬁﬁg%f pgﬁgpégFPQQ ?ﬁ%?ﬁgggg a nodified
GLA donai n wRERiBARBATEBINBRDREARNEI AEi AgVAFAMARt k-depandentto a
correspondi ngonppbpeidet aFEackivepesdentreakypepbt deoriht 85h nli( -dgpendent

pol ypepti des” are gr of , proteijng 25 that utjlize vitamn in.their
biosyntheticmﬁﬁ?ﬂiay fgg.vﬁﬁgﬁﬁ§y*éaﬁpFﬂ'e§FdB°iﬁEFH§1@?~%ﬁ?%M§ﬁﬁ(?-acid
resi dues in podifiadpebaudsnain Thet GeAhdnoas mewbtand shinddng

"ycar box u } C. aci T e5i i i pal . regi he,.
polypept%'e,g?g%ﬁ%gf[gff?%%?gﬁf%%g%%?gegk%ggg%g%ttédgdﬁgﬁgé%é?anﬂ? Protein
Z, protein Spataveoviteminckodependenst Rpbybenyide actBhe |modbfiadeiGiAC,

factor V| aagm%fiiﬁéﬁu&é@r@i_eﬁeé)ét%hénaxaikod@@f@d&ms@ﬂr%@f&{di des. /;.m' no
ered _accordi ng

aci d posi‘tions of,the, po] ype tlﬁes disiussed,hereln are nu

to factor Ix?h?’r%%%?‘ﬁl’%kb‘g%ﬁ%? eRt BRLYREPbid& MauPer 8% eFArRl@ran

prot hr onbi n AddcdmveIDnefaclos WA 2002ctod 21X | @sSfariaw FXd d (Faeiick on 4)

and nust [ ust.e rGli pgl F. - 1o sitiion 10 .0f bovine
A% B0k USL o BCEP ¢ POl dan FORCPHAIPLE o RERS AL HOSLIAN R 10, DOVI NS

protein proline; I'S huiber éd herein as a
conpari son tatoainatacid lkeand alraninotaeid e3in " pidy popanplke, itheany

chain of am geinkigeiarSUssOi@seioh LLATIACPIAPOSglddRl A i Alaye
nodi fi cati on. Am po aC|q% h een fe5| nat ed erelqmg% standard t hree
r

ve .
letter and ofk FBIER2GH i 2RF I WhATH T BF D e ¥ At 3 AGhai n
include at |lgesd A9 (S©Q ard MO 80, substitution. The substitutions may be

conservat,.ve or nons r i . . v \ id.substitutions
repl ace ;H am no acF@S%%%h%gheéﬁﬁﬁgog%ﬁaﬁ%h’ %%ﬂgg%gh%ﬁgg%’a er eas
non- conser vag¢ientifin teims sed herebnshaepl the samamierning @swith an

am no 15 aciéomo@lf!ﬁﬁ&éﬁé%o&t 359 - oo N6 £ ONSEL YA Vil BIUD S tefld @Re My
result .in a substantial,K change in the hydrophobicity of the pol ypeptide or
in the bul k ¥ ¥hiekthis stEeNA™ PeHORIR t idYEDHah SRR e .

substi t ut i ongatewiAbk s fnELS tantéehichbage td tHese higeribed herein
25 can be used to practice the invention, suitable methods
and materials are described below. All publications,
patent applications, patents, and other references
- mentioned herein are incorporated by reference in their
entirety. In case of conflict, the present
30 specification, including definitions, will control. 1In
addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.
Other features and advantages of the invention
will be apparent from the following detailed description,
35 and from the claims. ' S



20 of the pol ypeptide, such as reducing electropositive . ' charges or

i ntroducing el ectronegative charges. Exanples of non-conservative 2 3 yay 2002
substitutions include a basic amno acid for a non-polar amno acid, or a
polar amino acid for an acidic amino acid. The am no acid substitution 25
may be at amno acid 11, 12, 29, 33 or 34. Preferably, . the amno acid
substitution is..at amno acid 11, 33.0org 34. The nodified GLA donmai n may

i ncl ude an am no acid sequence which, in the calciumsaturated state, 1,
contributes to fornmati opxdlefa De@ichdity ohl YT itiee Viimrsda 30 cationic core
wth a halo of elecgfronegative .charge. Wtho eln ound b agr.ticular
t heory, enhanced ne ?ﬁﬁ%ﬁ%*f%&?qﬁjﬁ%f G&"%éﬁ"ﬁc‘ﬁ{é‘& Wid

el ectrost at typpaVidrnandn¥isQihg3dfane £bendr bpoSEQi YP NOt® sndpsepel vy

sur rounded 9% ﬁa:gbecgégﬁggeigg&sur %gé;e ’S%nﬁe%%razﬁgggéﬂ#%ﬁ%@g vitam n

K- dependent “pol'ypepti des- are substra - Since
no vitanis E@LAcgenadnt ofoPgyene i HReter shi ajovire pxotedn por cmumah _
menbr ane- bi gdipg; af & BhaYbeiRe GLotORi B-nel lafdiSto &Ofﬁas@?afbno aci ds
whose purpose is to_reduc b#ndl na i aff%nl ta. nsequently, many
vitamn K- dgﬁéﬁﬁenFEBOF’gpﬁgf de3EL ot R LnRhd SRR P tN@t2%r e non- opti mal

f Lomb't hg_ st gagpecetvelymaxThenamiho nadyd 5@3&1&@8&%?1% e¢f®cdovelry di srupt
the binding site LQ.prav tur ] enzymatic
reaction. L8§e?£8£gréﬁb¢a{r’1 5’% fﬁ%ﬁy%%aéggé v’énsée]@%‘re%? Igérgg(;Ses. Hi gh
affinityQds acconpdtiimweby sepicsschsgdindingh wdyhl istiandaedct i on rat es.

For exanpl e : , P& SR Darbd y Sidd ed C?T%[g:g nes with
hi gh 15 aff?ﬁ}mgen'%irqssufst r%te, %?%%ﬁ&é’g?éﬁ @é%sromfheﬁnke ransg, rat her

ity f an ( 1
t han enzyne(éa%iﬁ%%yc Stheand RRYIRE 36 qrg&nemel%%stfmﬂglesu. , 1996,
Bi ocheni stryo momB2aA&8209. Alternatively, adjustment of nenbrane affinity

by substitution w non- qpt.i am.no aclds al anc npeting
processes of proco d’t%uéqt%l %ndfg;g%(?ﬂﬁ? F}{?‘%Fﬁgﬁglﬁ%f’ rgﬁgpﬁgﬁ'gﬁd

ant i coadll aThendéphed el in« si®)ws Actiouidly menithenaleddnad tafes of native

pr ot ei ns ma%ghg RBiE for normal states, enhancenment of nenbrane affinity

can produce proterns that are uyseful for in 25 vitro study as well as
i nproved t her apeut iFdguErgr 3. depdgbgt thg Brbd¥atient PhgfaRtpAt KoP¥gi cal

condi tions fackbrVPIIaVarrResisl oxafgy asild e dimidy Mo | @hari t amin

ol ypopt | debRES TR (8 o AR (R e e o AP v oR T Bei d
sequenced oftoheenttatigpechuheds (MC) and bovine (bC) protein C GLA donmai,n
are shown in Tabl e phgufel § Acfhaca’ tfblcbEghibeioh o8 ARREh: plaBfgt o1 N With
neutral (e. g., Q of_anionic )
) by VIIa and VIIaQllE33 with soluble tissue factor.
Figure 5 depicts the coagulation of plasma by
factor VII zymogens and normal tissue factor.
25 Figure 6 depicts the inhibition of clot formation
by active-site modified factor»ViIaQllE33 (DEGR-
VIIaQl1lE33).
Figure 7 depicts the circulatory time of factor
VIIQ11E33 in rats.
30 Figure 8 depicts the membrane interaction by
normal and modified proteing. Panel A shows the .
interaction of wild type bovine protein C (open circles)
and bovine protein C-H11l (filled circles) with vesicles.
Panel B shows the interaction of wild type human protein
35 C (open circles) and human protein C-P11 (filled circles)



2 3 MAY 2002 - 14 residues (e. g., D E) at positions 11, 33 and 34 w |
have hi gher nenbrane affinity. , TABLE 1 hC 2 3 MAY 2002
ANS- FLXXLRHL, SSLXRXCI XX=I | CDFXXAKXh| FONVDDTLAF, 1IWSKH (SEQ I I D NO: 1) 5 bC r
ANS- FLXXI ~RPi | GNVXRXCSXX~t VCXFXXARXI ~1FQNTXDTMAF, IWEFY (SEQ I D NO: 2 ) The
nodi fied GLA domain of protein C or APC _may include, for exanple, a
glutamic acid residue at amino acid 33 and "an aspartic acid residue at

am no acid S :d9) .. T i jd at i,t,ion.33.may be 10
further nodi As‘lt(ehd %gém%/é-\%%%boxvé T*S?%Am*%ﬁa%?"'ﬁﬁ‘ne v‘f‘%‘?"’%zolrl%ptli“ﬁ&ﬁ?é&?i vity,

t he nodi fi edh@ cegord nifrgdd ref uthe addattindaeiin seeist bouhidonoathani no
acid 11. Folli<5b &£, a glutam ne residue may be substituted at am no acid
11 (SEQ I D NO:20) or,alternatively, a glutamc acid or an 15 aspartic acid
resi due (SEQ | D NO: PigHK8 %E@‘-’PBCKE: bhe ipfpuercoepf)aemivateedubstituted. A

hi sti di nesr%&idi@qm die R ird!iehedl. AN Qaaai1d ALl thd BO¥DgePEALEI N C
(SEQ I D NO: P%)a&dA furiher nodi ficati.on cgil i ncl.ude a , s%bss_l tution at

ani no acid ag% SRt Y thes Pebsrmilatdens pENgLOBtARd SEQ TD
NO: 35). Repltasewe fioxbarine rHEcsh® e giveny Ifaramild, tibe Boibaeaci d found
i n prothronki [ ; ef i fi i ( I , .y Modifi ed
protein Cw PE:‘ éﬁ%ﬁgg&%ﬁarﬁ%% r%ﬁg# ?—1:1% t(ﬁ%fgbgqﬁégés? hp Yce of
other injeckaped B5 &ie GysyRgmiand firndardeplavilmtionepdrthree typical Iy
used in PStepifestels Y IRiman Pllasudf (R=guleeTon IFow ehbi Qﬁ?bi/é)?gfé?' ty
ratio. In additi og, nodi f,i e rotelcg Cwt %nhanc%,ﬁn‘arane aftTinity may
be used in PHERR JPP&THICIFTHCadiih e APGs Pdduddiihefagirgleslich as 30
war f arin. Tlaese shdirf.i cati ons can al so be nade with active site nodified
APC. The active sitg: of AP : LN i . ] Vo fOF anpl e, by
N- dansyl - gl utanyl g ?@‘ﬁré\r%nﬁﬁgﬁ%rgﬁn&et %@%{g:t\g%gﬁ%)fa&t%% ?58/ 2 3
MAY 2Q02 - bevigier eaxdediunamadditesi Fagiel: He depticks sheeinsotéviaeionH. B. et

al ., 1995 ¢f Bia@eorCRaMby 4A2A.dl k8/% bERASe ABC (@peht e1pBtles) egh fPC
functions a n i1 nhibitor of ,L_Hqie rqt hromhi nase CR”E' gé Enhanced nenbrane
|

a "
affinity of %"&Pﬁ \?‘gcs'&'{lél nodi CAPELESY r e SEPEY; RbFES t W% apeutical |y

ef fective pingpeitiatdonlied hunamn factdepdadént ppolcypapsdet dayeme fact or
natural |y- oBSBFTEnE YT SAEBE I b B e e 25 Jorsh G Feltey 9
menbr anes. huiman ASCHHEdqUdiddediciedes)wi | d-type human (hVI1) and bovi ne
(bVI1) fagtor VII Gfiy@p8eiN EFiEPEVEhe Nellddt FoskatRBldi stribution
of protein Z. Vertical lines denote electropositive
regions and horizontal lines denote electronegative
regions
Figure 12 depicts the membrane binding and
25 activity of various protein Cs. Panel A shows membrane °
binding by wild type protein C. (open circles), the P11lH
mutant of protein C (filled squares), Q33E,N34D mutant
(filled circles) and bovine prothrombin (open squares).
Panel B shows inhibition of blood coagulation by these
30 mutants. Panel C shows the inactivation of factor Va.
Figure 13 compares membrane binding and activity
of human protein C mutants. Panel A compares the
membrane binding of wild-type (open circles), E33 (open
triangles) and E33D34 (filled circles). Panel B compares

R

- -



hYl'I's ANA- FLXXLRP11GSLXRXCKXXi | QCSFXXARXh, FKDAXRTKLF, 1IW SY (SEQ I D NO: 3) 15
bVI'1: ANG FLXXLRP11GSLXRXCRXX~i LCSFXI CAH?Cl 1FRNXXRTRQF aWwsy (SE@@I@MNQmﬁ)
The nodified GLA donain of factor VII or fact,~r Vila may include

exanple, a glutamc acid or aspartic acid reS|due at amno acid 11 (SEQ ID
NO: 26 and SEQ I D NO: 27, respectively), flppenylalanine resi due at 20 am no
acid 29 (SEQ ID NO:28), or an aspartic acid residue at am no acid 33~(SEQ

I D NO: 29). ﬁéeésagaixtlahetﬁné\sdemg Qiléﬁﬂqﬁé Y&%?ﬁrtztz%{gggl | 1a may

include a g ut am né resi t am no_acid utamc resi due at

am no aci d B33 ( éppe PEFF\BCgB? e QB3P IPR4 6L B beR deirclrf ypept i de nodi fi ed
in this manner has Figuieh 14 RcpRireaf fmermbtr)arﬂ‘eouolmrm@awgznémaﬁ) téggnative

ld t | tide., li.al h t t
aut onct i va repguT RERRR: Spndbi E1GE, I8tk THE M E Gt e, prefor i ng
assays. Actsquayesk, pdlli (fidleq eihchesd, mm3mt@mltﬁw1|eal)l on
dit | d. F
exampl o i SaBsefgte PR f03d motns MO8kn U el SR BAIREL. Wl s
at opti rrumpmtﬁri)@p‘ﬂastl n levels, but i s about 20-fold as 2 3 t~AY 2002
- is effective at Fitaele ag 'd'@b’i‘cttlér eRRORkASkHaRe! €¥eLSaciPEgl nal

pr o- coagul ati on si gnal S aé grobabl nost pregdom nant I n vivo. Presently
avai | abl e PTRRERGT S @ st FbereRe %’p"t‘?'ﬁ%ﬁn# gt PrSHSdPHISast i n cannot
det ect aoclmménmtcmmééanammé)emwfamzrmlomlmmm gqEditease from

hemophi | i a d e S I are only
det ect ed vm(g:?]l}ér;]f(;gné)zp? C}F$+%%%I g%?q{ cE}%ér:r"lbé)sgl astin Oﬁpdl g:?xg‘i ronbopl astin
are used i reldws therPraRRAyENtEXRIHAThAY axeuTle hﬁvlalallptr@mhm'ok\bdapendent

pol ypept i deg ekt Ve- Ecb @nr@méw@) Faﬁacgme\ﬂdai mdie Faekl VJ?gtﬁ' pRegf factor
VIila may be che

1 fied for Site-directed
mut agenesi s’-rbf&iq’\ea%%‘% t"?—.‘gl m?chf’f%&%ﬁgﬁm f¥agrenat Effective
i nhi Ibl t 06 afiodDBped ati mBseMerteHe i e o dcaﬁfirnmlm rc&ilt:@&mhAr nlj o;s B.
eta,199 4 | figatians of the, GLA donain

make acg‘?*lél%%/ (S'h%xgé% Plia%'ﬁ %l\ﬂ%fo 5 M?r{a Ct 858["86@ o hi gher
rrenbr ane afdinding ﬂmefmh%dim U obfiili 11 2D QJfer-@tSl)Vénsh 7e5nodi fi ed
Factor VIT iggkandesy for exanple, a glutam ne residue at amno acid 11

and a _ glutamc acid reS|due at Sm no_acid 33 (SEQID NO: 30). The vitam n
K- dependent pol ypepti de nay al ed the active form of
Fact or 5Kf Fgct or hEXaond5adpewti hthet iseentionnpdatinss factitandn &- agti ve
site nodifi ¢ noaci
sequences O 3%&1%@33 u%gen li@l%%%bowdﬁ%q%lbél %“hf §8fn8 I X GLA
domai n arevsnmiwenharm;d enanbme ﬂlmbmg afif Jasiffar wed akdived be gl utamic acid
resi due 30 J@y- @%ﬁm trl&t?ﬂreatva?cr&n{l% q@&gpgﬂ SF gl genhd SEQ ~~ ID
no acP

NO: 32, respectl henyl al ani ne resi due at a 29 (SEQ I B
NO: 33), or amwgarlﬁﬁemnéﬁq te Rody@ et Ldas, frgciad 938upsed psoml@%) 2 3
MAY 20025 that utilize vitamin k in.their biosynthetic pathway to

carboxylate the side chains ofr.glutamic acid residues in
protein precursors. The GLA domain contains 9-13 -
carboxyglutamic acid residues in the N-terminal region of
the polypeptide, typically from amino acid 1 to about

30 amino acid 45. Protein Z, protein S, factor X, factor II
(prothrombin), factor IX, protein C, factor VII and Gasé6
are examples of vitamin k-dependent polypeptides. Amino
acid positions of the polypeptides discussed herein are

. numbered according to factor IX. Protein S, protein c,

35 factor X, factor VII and human prothrombin all have one



- 17 TABLE 3 hl X YNSGKLXXFVQTENLXRXCMXX~1KCSFXXARXV~1FXNTXRTTXF" WKQY ( SEQ
| D u0:5) bl X YNSGKLXXFVQ IGNLXRXCNKXZIKCSFXXARXV~1FXNTXKRTTXF,1VK§¥ ‘éfgj
ID NO:6) .. In another aspect, the invention features a 5 mammali an h 02
cell including a vitam n k-dependent pol ypeptide having a nodified GA
domai n that enhances nenbrane binding affgnity of the pol ypeptide relative
to a corresponding native vitam n k-dependent pol ypeptide. The nodified GA

domai n ‘i ncl udessagmisasacdde (poisitiani d) 1Qnau|la§§1i;tyéi9<§|j@§t§léscussed above.
The mammal i a : MY, L for _ex le,, mpdified factor VII or
modi fi ed factac?lrag\%%ﬁg’.@l%ﬁe &R %%?r& Leor ARERR | RORH e LYIQE Ghovins f | ed
factor VIla REPLEaRt & ASaR RAFPAdNEci Bububstntmibéxsd derdinaRCiRidd and at

am no acid 33cid51kr eber ahk¥, okh ' [ i.t.utiqn includes a
gl utam neée ic(J:i‘ue at _am no acfg gOl"?‘lg%g?%@rélﬁngér%cﬁa\% d %b"si at am no
acid 33 ( (f‘Pﬁef\B!SEﬁe SGrMabPelymereideh imanytaisiracd abting o nodify

vitani n k- depebdent rpghydkesider gl shERt Sr rﬁ%’@i@%r{ 4
r.om Ki éiat)%%allver are

car boxygl ut . ian,cel |l s_detived ney an

especial ly %gégflg/ggggéf Rf#o ar‘ﬁ’eé§ RAYR iRGeLIdes ionatedehiexein by

phar maceut i catandapdsthren lettediand comhdietaeautabbalchid saeept abl e carrier
N b1t ohot f o maj | rieatioan Bechhe ik donPR MESELR St oTeatbti de

i ncl udes(ieg n%ﬂ?f?’&ﬂ‘@.%cg%rﬁ?bﬁ%‘%#%ﬁn-l edhe suwbsaiint iaasdmaybpki t ution

that enhancesomsstwativdi dwli mgh -ddrtrtvatdfve .t h bderelative to a
ndente,poié;)gg%%?gg;b%sgﬁpomdi fied

corr espondi ti 0 vitamn k-.depe : .

vitam n k- dg%eir%eénﬁ%%rry"bté#ﬁrf%érseg}fa‘fenénpﬁ&lﬁ&céﬁﬁﬁcuﬂtboﬁpogmﬁ.nons can

i nclude, witamid off mhetdamg qlassi wherensARGn-a6hk¥evat i fe MaEifiLed APC
active-site Jogi fd : : - 18 .factor .Vl active-site

nodi fi ed_fact or Ié)l('g{rg a%ld?ua%iﬁlggglgpé%%dﬁﬁ g&lf‘gc?‘d}dx‘g{lgé nsBWsBRd above.
The concent BRibrh dififenant lassend¥on-pohgeepatiteeef fective to inhibit

cl ot format isahdvltaith ormimly FREuIMEr e ' ryof factors,
y osase! v Bl g o SR8 81 5,

chem cal - ohAMABERITEEIUE Yo Pk Fhe: BRbYHAREL ShpPByL8, LR6dMDE mE i on of ¢ ho
conpound exaigsiidntes sdinie e imout Enohidddeich st Hidh+ @bnsdPes OBk Ml
substitutions may make a substantial change in the charge
20 of the polypeptide, such as reducing electropositive
' charges or introducing electronegative charges. Examples
of non-conservative substitutions include a basic amino
acid for a non-polar amino acid, or a polar amino acid
for an acidic amino acid. The amino acid substitution
25 may be at amino acid 11, 12, 29, 33 or 34. Preférably,.
the amino acid substitution ig.at amino acid 11, 33 or
34. The modified GLA domain may include an amino acid
sequence which, in the calcium saturated state,
contributes to formation of a tertiary structure having a
30 cationic core with a halo of electronegative charge.
Without being bound by a particular theory, enhanced
membrane affinity may result from a particular
electrostatic pattern consisting of an electropositive
core completely surrounded by an electronegative surface.



10 dosage of a pharmaceutical conposition to be adninistered may al so
depend on such variables as the overall health status of the partizgly 20
patient and the relative biological efficacy of the conpound sel ected.
These pharnaceutical conpositions may be used to regulate 15 coagulation in
vivo. For exanp].e, the conpositions nay, 4 be used generally for the
treatnent of thronbosis. , Altering only a “few am no acid residues of the

pol ypeptide as desc'i\da@?ﬂv%‘?ﬁiﬁ?n geagbghggng%gwé%ﬂggéf&ggnt ly affect the

antigenicity of the pol ypept i dépéendent
pol ypept i desSYREEr2Ees fRr FRIL A AR fRZYRePay 194 noesr ml atiamint o

phar maceut i crldepanasht IW@CHEs)(th@l\&yt R HehffasBGRmt pealdnk sagcept abl e
non-t oxi c exci ients .or %5 car sq ch Mgpnds and_conpositions may be
prepared forMPEPENSFRIN MH5% 1R fa ReiR i RlAnBUSEr m of | quid
sol :Jtl 3n550rc6msq0:amsarmim |arc:aiwem¢$qolmﬁ:lp@s@gu@?k:ob§glgaqeesgllmihggls for

oral" adm ni s Ol Pk n rmo ets .or capsul es; or
for 30 int ra?‘llélsaljll %m ni s Lii-uaerltﬁ}J at}'S’ulfvg'rthPnkt a& PEBARNGS powders

nasal drops,potypeptbiss. antrmaslatmm gcdds. tbeberreonbasoptiadhi ni stration
may be prepaggsh %96@&5%&%@%5%@%@ aRERadE g%mékét %g@.gfﬂlgé

parenteral adm n| str 35 contaln as conmo errle water
or saline, ©%f "ééf eyalmléﬁeSéF?cBPsPé’Qthasapmpy@t hyl ene

gl ycol, aol s:a;ﬁld/agetradn&er dfdryiam, dmwmagaeatredcaaahthal enes, and the like.
In particular, bioc I i de_po

| acti de/ gl ycol i de cg'gg %Eﬁéﬁew@f%ﬁ yoxe tﬁ{/ ngaﬁ} sp%—‘{])e g?pret}'ﬁ% ene

copcl yners @urposam edligh @)fcfllpﬁlléim ¢ sf accompanbedli by shewrekehsegef a
compound of e HBn BLd RedeXdonciBtkssul bab! SxQ@%f@t SLRbndehd Very

systens incl ude etqﬂy#ene vinyl acetate c%g ﬁé I cles, osnotic punps,
i npl ant abl e REFALRE ’s’%s(eeﬁélzyfﬁ &5d 2SPEBERS sonF@?WFGﬂﬁén\slf—brhm]}hal ation
adni ni st £ gt |mﬂm}ccnuzﬁlgmb@mla|&eenp&o&u¢h éﬁch&ﬁé@sﬁromftHQS' red.
I nhal ation fornul ations tg{a% ?%aaqueous sol E ;ons cont aﬁg f lor exanpl e,
pol yoxyet hy "EHE G Hur i el 34 yEEERG SPE2a¥d BeokSc titAng hey may
15 be oily Jol uty .oreng memtuemrﬁtlaom lﬁ%he__i_m]xgoisg__t:ﬂamﬂrm)m— | f
desired thesA@Pouide s ibe1lor Buhabedeat OF! RetBrlife SREELfELy b

at i %6™¥ nel ude

|ntranasally ons for parenteral adm nistration
gl ycochol at @‘-Thﬁtl&%é?n 4dPnPoprePFdRUPoAMANG NGl da Ry | Relapepditent | the

i Eventl 0@?a|cﬁilh Ci 1] q&ob%e@@a@meep&beabgﬁma@%nt (@@cwﬁlmdlm ivxdx dent
phar maceuti ca canrie a, Vi n ependen
pol ypept i deaé’féf ﬁaqcf&gpﬁl.rﬁcngsengpspa%fﬂﬁf%n ?’ﬁ"%e}r‘&n{:rané ) The vitami n
k- dependent A% hmuigipeenibdenenefdded tdesndi f hadi Gk Apdoreins wiah ¢ | east one
am 1o act 4 YA IAAN it gRBRRGeS ARBRLARED! SF REpBlLAg Ly of the

pol ypepti de tive to a carrespon native vitam ependent
pol ypept i deafmé@émm@éppeapreéﬁw& thehsermyusefubefel $Br the 30

treat mengs ofyi tétﬁl@ydla%OWdQ[lSa§U§hp§§vB@n@E@té duticdef®philia B.and

ver o senct b S s pett LSl BT K donepte, pol oo ges

VIl or the acivoie 35 formof Factor VII, Factor Vila) The nodified GLA

dgnai n Various examples of GLA domain modified vitamin k-
dependent polypeptides are described below.

30 The vitamin k-dependent polypeptide may be protein
C or activated protein C (APC). Amino acid sequences of- °
the wild-type human (hC) and bovine (bC) protein C GLA
domain are shown in Table 1. X is a Gla or Glu residue.

In general, a protein with neutral (e.g., Q) or anionic



2 3 MAY 2~2 - 20 of Factor VIl or Factor Vlila may include substitutions at
amino acid 11 and amino acid 33, for exanple, a glutam ne residue &8 MAYi 0002
acid 7.1 and a glutamc acid residue at amno acid 33 (SEQ ID NO: 30). The
pharmaceutical 5 conposition may further conprise soluble tissue factor.
Factor VII is especially critical to Bl bed-coagul ati on because of its

| ocation at the initiation of the clotting cascade, and its ability to
activate twregdduesnde.fiactBrE) | Xtapdsktionsetl, a33iandi 34 willabawe X by
10 factor Wlkanks i t sible treatnment of the nmajor forns of
hemophi | i a, ht&gggg k@gﬁgﬁ%@ glfﬁ%%pte%é steps involving factors | X and VI Il
are bypassed entirely. Admnistrati o?®8:Ef dctor VI| to patients has been
found to benef f i @6 FMXERA, BSLERXEAtERDFOMKSGFONTIDT A, K X sBe By hj a.

| mprovenent of the nmenbrane affinity of factor VII or VIla by nodification
of the GLA domain provides the potential to nmake the pol ypeptide nore
responsi e £8; MeiNs- FIAgRS, Ritrxcs0nMickinonax T, [Fantxouer, Whey desqasswes) VI 1/ Vil a
needed, to extend the intervals at 20 which factor VIT/VIla nust be

adnmi ni stered, and tThepmpdids. edd LA domiaiqualfi pabtedncfaogeaAPChatyr esult in
more eff ect iug1huea! FBR! exS1A] la SIME LTI @ d DB Y Af)gy gt aCt S e

of factor . increase both jts activation rate as well as inprove the
activity ofapddt 83 2RA\&RRSPRFEEE RCHd oFesdduaakaning ey Iave a

mul tiplicat i(tBEQeiff‘)e.ﬁ?:QQ)V?VETI;'I?e'-glu@ér@__DQ séfm gm@?@iﬂfﬁoﬂ rssliﬁl(aaglﬁeezul ting
in a very. pate actor .\ or superior.treatment, of, severa 00

cl ot ti ngd%di gBFg%?g.m?ﬁhg’e%z'é? uY'%f%?ﬁ’Fﬁ%%ﬁe%c?e‘fﬁ poP yEERR § déS% or 30

i ncreasi ng opbimhmraat ivity ncthelenddick bed |GLAantbriaiat anay X¥mcludearzot her
aspect, net egy, i t i i ma scrj bed.
The met hod ?ﬁ%?a%ééaﬁm?%%@%%ga# AR Aol B T e

pol ypept i degeREaning cresidir (e e | Bibsitified it mnine acid 1L 3 pAY 2002

g 21 ”?hm?l(s.gghﬁnvmmﬁ dfrckmﬁe"»_e&ﬁub_ : iwifly,p%ptgldfﬁca%m@tedﬁd%mt_ d' fi efl tG!-A
omai n that enhances rang. bin i 0 eptide relative
to a corresPBREFhYC gf@g’-’?ﬁ%% n%eﬁérf‘g&éyﬁ&@pﬁ ﬁgie?spoﬁ?@'rmdi fied GLA
5 donmi n i neéagpest htelehstayrize anbat dortteG.ub itigtiehi ndvidiidew protein C
or APC or j.fied L Vi£:,Si | Qeked rs .\ | J Xa, d APC may
be. used foimggiégrrse‘?ﬁ%%i./ﬁf%é%ﬁ%%)her aspge%tfa,qtﬁe?\q r]f\?;cevnlirlz%r‘rmgéacsegﬂ’f gstur es 10
met hods f or (SFQrBRSNAERR) ot & diuekhem modif inatian e inmludres |

admi ni st eri g@napi eaPLeh & athirddideia depesdentgRl e ptd Shengf frt i ve to

el udo2th RBEHRT oI AR 1 (R R aHe 1kt a SRR e o PoPt ! e
amino acid 29 by phenylalanine, the amino acid found in
prothrombin, is another useful modification (SEQ ID
NO:25). Modified protein C with enhanced membrane
binding affinity may be used in place of other injectable

25 anticoagulants such as heparin?" Heparin is typically
used in most types of surgery, but suffers from a low
' efficacy/toxicity ratio. In addition, modified protein C

with enhanced membrane affinity may be used in place of
oral anticoagulants in the coumarin family, such as '
30 warfarin.

These modifications can also be made with active
site modified APC. The active site of APC may be
inactivated chemically, for example, by N-dansyl-glutémyl
glycylarginylchloromethylketone (DEGR) or by site- '



15 affinity of the polypeptide relative to a corresponding native vitamn
k- dependent pol ypeptide. The nodified GLA domain includes at | eas2 3omay 200
am no acid substitution. Mddified factor VIl or Vila and nodified factor FX
or I Xa may be used in this nmethod. 20 The invention will be
further~described in the foll owi ng exangl es, which do not Iimt the scope
of the invention described in the clainms. Exanples ~xamle 1 - Factor VIT
with Enhandeﬂebbéﬂraneaééhiaaiibyo%thadaéthivéi tsyteLt beseneen, faupd that the

e ane PkROAEe P08, [ Shulyeydhocdosbelhog. 1RgkeT VALLERD B
mut ant (reseteenjodbfhedeAﬁCaﬁuﬂat;u.onsvab@mEsﬁhbbitmraof thetor VII (SEQ ID
NO: 30)) 3 Bbaeﬁrsﬁsﬂnsbares&giged E%aheaaema%wh%yaggfnwrg sed over

wild type protein Aut oactivatron
i ncreaséd dgtave| sqke woBified BAPErmanaresply ia @y'p@rq?act or VII. The

activated éﬁéﬂagéut/ibszll 33ffé@£ﬁée§ol9pé§t.wiéanlE33) di spl ayed about ~10
2 3 MAY 20p2

- er activi rd Ggt.or The coagul ati on
activity of VI aQ'Ith:esé”\}fn T k- aﬁp@pt %&@% ide HWNE’IE FRSERE was
about 10-fvid brgtke &btiwvehfidvrmfofii FdctypeVVl) afadiosguiEta on activity of
the zynog h r r s a 1:100
dilution ? ‘t:g n%’g +§§‘? 1\1'-% o&?uf@%aé ?geﬁ%gﬁﬂ) 9%%%4]&9? € Fact or
VII. TH® d%gve%ffbn%«hYcﬁOEC‘Wm"P??n%s ehhine cac i ssefppremermtobrtheondi tions,
with VI QlgERg- @gh@ﬁaﬁcmvm aghd VBoUDSET (50Nt t# 0800 v PWRD

coagul ationg stinmuli. nera,Jé rofein concentrations were determ ned by
t he Bradfd ‘am%l’s%a"i'rr%s'? é.lgﬁ al bumin as the standard. Bradford,
MM, 1976, Analyt. Biochem 248254. Mol ar concentrations were obtained
fromthe 15 nol ecul ar wei ghts of 50T@BOLEf @ factor VII and 55, 0d0 for

factor X. Unless indicated, all activity neasurenents were conducted in
standard DRWEE & AND OFLEELRRL i BEIRX CIg %2R CEFXXARKT FRPANBTIDF WG dERQ B NO0F) Mut ant
Factor VII: Mutant factor 20 VII was generated fromw |l d type factor VI
CcDNA (GenBank Accession nunmber ML3232, NI D g182799). Petersen et  al., 1990,
Bi ocherh5s thwr: 2 QNG 4B KX BRFS BSLXRN RN, LCE FRXRHX L, FRNXXRTROFQNVEY 0$ECADD mo:4aci d 11
froma proline residue tqQ a , %I utam ne resi dueéeand t he K33E nutati on

(change, of ani no The pedified, Giha dopeiise ofeSrghert ¥14 grufaateraci d
resi due) Werea imdy Oﬂw:addentﬂoi f@dﬁtﬁ:ﬁehyaegh&camm di[NA by a IO0| ymer ase

h t I t t d d Vi t , 1989,
Nicl e o ActTReFEss HERY E5SERM e YarlPod aitd o (ad A M e am nost i
30 Xmal || SEGRtID dﬁ@oﬁﬂerﬂzqsmecsu*eehwb et iphenytlalarfiog RERGwE @krs were
d t t f

esi 9”%‘389&?#{6 "@cfdrﬁé‘et%ﬁ? Ofp D S8 a”édr taf}r?‘%[(’)é‘[iﬁéxfcl@ %%Z%sﬁﬂ% rom

Mul to ositions to 301 fromBgII to Sstll,
posi tions éstezaquaarcldr%e r’?é‘?sNQve?%) us RF e Starkde FIACR 35 cycl i ng

CondltlOnSdéﬁiiﬁﬂ@EDféﬁﬁd&fviir&ﬁ)féétéi'VEEa may 1nclude a
glutamine residue at amino ac1d 11 and a glutamic acid
residue at amino acid 33 (SEQ ID NO:30). Vitamin k-

25 dependent polypeptide modified in this manner has a much
higher affinity for membranes than the native or wild
type polypeptide. It also has a much higher activity in
autoactivation, in factor Xa generation and in several
blood clotting assays. Activity is particularly enhanced

30 at marginal coagulation conditions, such as low levels of
tissue factor and/or phospholipid. For example, modified
factor VII is about 4 times as effective as native VIIa
at optimum thromboplastin levels, but is about 20-fold as



2 3 MAY 2002 - 23 fragnent synthesis using 1 ng of the wild-type factor
VI1 cDNA as tenplate. The resulting fragnents were gel purified antid MAY 2002
digested with MIlul and Bg.Zll or Bg.lll and Sstll. The two purified
fragnents were then ligated into 5 the factor VIII cDNA in the expression
vector ZenR19b ., .. from which the cor@éspondi ng w | d-type sequence had
been renoved as a Mul-Sstll fragnent. Petersen et al., 1990 supra. The

mutated fra e &% dduSfc OPTLPWh Shrosorlass ino leyatsr m t he P11Q and
K33E subst i Malrigdnml arrot@osgiullaadoro sdlgnaleakeet Beobabsi/bhbkty of ot her

PCR-i nduced_seguence chan .. Jransfectiqn, Sel.ection and Purification:
Baby hamteprl?:aéwa(%lﬁﬁfpgqoé \M%rsrgsm FHaBEBgEEOQTﬁBHFFQeﬂSE%@FeS

medi um suppltéanted wpthimuovclkesedls ofl thiSmbepliasabd cannot detect

peni ci | | ig- Skrepts iy { n cted with the
factor Vi %)%S?gégﬁl)%lpqu% t%fse}rl%gl P%%HS%PX@F’?EL?3’%%%‘“%@5‘%*&%% ng to
t he manuf acfesr emepdiddrd patdesntstwo Cdefsipasdiffasénces dretosdns were
trypsini zed gpR8 @iamphed hee2@ni9l BetieveciEdh Lahpimg b e

met hot r exat g%&_%ah@%t %%y-et rgmgf ect eg glélg c%lipl geﬁe?% #sﬁ lse]('f}'.eér\?ﬂtﬁ yOfcuI tured
in serum fr EBYOAGOPLESEABPE Ed1pkg EBTREEPRARSEHRI @Feneaed win h

peni cillin-glbeptiory askhys'.~Cg/ nL vitamin KI and 1 ACM MI'X, and condi tioned
medi um 25 col | [t medi.um applied twice to an

i mrunoaffinity col %rﬁn%en%(}%ew aéﬁa%%l%q@epg\%%%ﬁe%ﬁgcl onal anti body
(CaFVI | 22) P@ﬁwpé@ttideAﬁ-ﬁi acsiveosiNgkmgdified Bacton JeXTa Bi diiteerni stry,

30:10819- 108241 vEhaitenak pHEEbre¢ITachay Mb!UdEBBed ahdsdaisiyig! € band on
30 SDS pol yacryl am de ge ,ebe%troghgrem,s, gnth no_evi dence of ‘factor Vlla
in the pr eszSt BFATPTRe er EGR| PB1pY), RisEyAreched SHekRgenesie 2900 f act or

VIl units/ mghefetiiati eitel, FRECRFmYHLEiddt xeted FErtos &5 VI1aQL1E33 was
(1 100 i ohE PaEnSE' PhudBiPbE spoBoRbytaticn B Syest Fourss, Btact or
VI1aQL1E33 admivbs&ratdoby adraidjeteat Bonet3aL,, 20991 n)Ji Waeqy xt ure
(phosphat dSEerTr 28 7 rapatdy AT ELEARTOnD IR 68 domain ey,
protein) . Weke- AFpéveaELbr WP%éfhﬁg HaRbab gehbd UBore ffifasnispr ot ei n
(NOVO Nor di algp. tdWhighepameinboafecagiatieg. of Tive aavaEr tdRlcLA \aeptzild zed
prOdUCt:ﬁpdogogctive-site modified Factor VIIa may include, for
example, a glutamine residue at amino acid 11 and a -
glutamic acid residue at amino acid 33 (SEQ ID NO:30).
The vitamin K-dependent polypeptide may also be
Factor IX or the active form of Factor IX, Factor IXa.
25 As with active site-modified factor VIIa, active site
modified IXa and Xa may be inhibitors of coagulation.
Amino acid sequences of the wild-type human (hIX) and
bovine (bIX) factor IX GLA domain are shown in Table 3.
For example, an aspartic acid or glutamic acid residue
30 may be substituted at amino acid 11 (SEQ ID NO:31 and SEQ °
ID NO:32, respectively), a phenylalanine residue at amino
acid 29 (SEQ ID N0:33), or an aspartic acid residue at
amino acid 34 (SEQ ID NO:34).



10 Iyophilized product. The latter protein was further . purified on FPLC
mono- Q and showed a specific activity of 80,000 units/ng, calibrat2d N @003
George King NPP standard. Enhanced nenbrane interaction by Factor

VI 1 A 1E33: 15 Phosphol i ~5id preparation, assay and neasurenent of

pr ot ei n- menbr ane bi ndi ng was conduct ed_ p% t he net hod descri bed by

Nel sestuen and Lim 1977, Biochenistry 0:10819- 10824. Large unil anel | ar
vesicles (LW) and small unil anel | ar ngbglgs (SV%) were prepared by 20

met hods descri bed eV|ousI al ., Bic~chem BiobDhys. Acta.,
812: 55-65: H&hg, ¥ ES KLYy Iﬁ%gwgwisﬂ%\wxg@rﬁuwo@gm%mpmgo :5)
phosphati dyl seri ne (bOV|ne brai n) and egg phosphati dyl choline (Si gma

Chem cal Co.) were mixed in chloroform The solvent was 25 renoved by a

st r eam of n|”tIP‘ogeHNﬁ%f?xxWeGWRéW%%W&xH@TWT@X%Jﬁ(Bén‘éé@l Ipj NO: §Uf fer.
SW were fornmed by ﬁg‘n %%E 0 adr%g) %el ghl tea %ﬁﬁ??ﬁf‘oﬁga Us were fornmed by

freeze-thaw-4dnd extFusion, STpi 4 Cont T%° @t er mi ned by

organi c pﬁom@mww %]shnimgl\aimE)@hurt@mrphosmp@hdpm wei ght ratio

f 25. ool / C dohy d
gr otein was adaye%é @ﬁgﬁﬁ%é%dﬁﬁlﬁgﬁ%ht raJ't%|())c{):sh\lé{§r %\ﬁ%&?ﬁ@ |egure 1.

. Pr ot ei n- mefERER hegmomtéﬁ%ge&ﬁm@ebyot he 35
met hod of Nei&ﬁﬁﬁwspc&wmg marm?a witdniin B-Ripehdednte polypépiflY 200Z -

25 1light t h | Vp

af t erI gddi fi 3 Icg%b egcﬁﬁfﬂ‘.(ﬁ ,%lo i "Uie«?p ag'néecs‘?\?‘nir Z’i‘?gamggf’( Bﬁiﬂgr ound
from buf 1er aa,rhtumm;mh pas)td;lsnum redioseul aThee mginmaldtnohobtt bell
protei n-vesiya rft:ﬁgé% %o%éxér@pié‘aﬁndglfﬁé% ‘f%?t%' e%I?SBQGmS%he&an be

estimated fro at i OI’lShlé{p n_equat i

refractive ifRRSEHIVEIR r SEp Gk daipdd) ©f modified FRekpy' VII or
(dn/ dc=/ bn/ 8651 £ e faidtdf RS [ty 'd%rftaa.filﬁ apr ehlind @eAgentrations are

known, tge 10.c nj‘c)%}rhfeatl Of‘ﬁg‘?u?r,]ﬁdjt P* PL] ?)?1(?: free p%*gﬁ-ﬁl SF[CF;] can be
esti mat ed. ndi ng capacit
[ P*PL" ~, x§ cﬁretﬁm:akdsy,cliﬁse a(mswrmid csubstitﬂtgbgl ﬁnclaéﬂéspaot ei %s) (F:)an b)e
boed L0, P! At ffiie e B MRt IO 1R A B BEARLARE deignteract | on

by the rel a ons I'p 1 n equatlon ncent rati ons are expressed
as nol ar prGeSIEUS & AN R *P SiSEX IDKBO FPP -EP*PL", ~-P*PL) / |P*PLj

(e? 2 ?vrz?'m?dl Eg V\ﬂSu%ﬁaﬁiéeﬂl??ﬁ\ailaiéﬂ ﬁ@é@l@énpémhi-é %Q&ﬁ%a@&ﬂO lthe)

ratil o, I qur S e I nNal n open Circles

fnd factor VitaaEs g rasHaRe Banany Lo elurerate ztohdnt SR nsl 75 25

ug/ m ( FRoureadbdxygl REn2E=.0/ Q(amnﬁalaﬁg/creﬂlengnrﬁeedB}Erofdl kfAdex83 had nuch

25 hi gher afflfiqt Xretxhac{}é""és% &6{%1%;9}5%' %i sndbag E81E§/ PC (25/75) was at
r rr~~

the quantita ive Tevel so t was essenfrally zero.
Consequent |y, Kd vaFbesigvanbinst absocfertires] § rphammaeeurdic®l Menbr ane

bi ndi ng of RepIsftAGPrintlddided tPHadnalcestical3ponbcepeiboere 1 as a
carrier and an amount of a vitamin k-dependent

25 polypeptide effective to 1nh:1.b1t clot formation in a
mammal. The vitamin k-dependent polypeptide includes a
modified GLA domain with at least one amino acid
substitution that enhances membrane binding affinity of.
the polypeptide relative to a corresponding native

30 vitamin k-dependent polypeptide. Useful modified vitamin
k-dependent polypeptides of the pharmaceutical
compositions can include, without limitation, protein C
or APC, active-site modified APC, active-site modified



30 reference. Bovine factor X is one of the highest affinity proteins in
this famly, giving a Kd for PS/PC (20/80) at 2 nM cal ci um of 40 nR13 MAY 2002
hl cDonal d et al., 1997, 2 3 MAY 2002 - 26 Biochem strv, 36:5120-51. 27.
The Kd for bovine factor X, obtained fromthe result at a

prot ei n/ phospholipid ratio of 0.55 (FiLgyge_1) , was 0. 025 ACM Binding of
w |l d-type and mutant Factor VII to 5 Tttenbranes of PS/PC (10/90) was al so

det er m ned @Ed@%&evﬁﬁb 'Hatiﬂe|@l%53&oaﬁgﬂédafahﬁé§ tﬁénaﬁ@eagﬁﬁﬁéltat've

| evel , which aIIo %%a %d nst ant, .t o gstlnate fromt
relatlonshlﬁllﬁ éﬁﬁﬁgﬁ %ﬁr&?eﬁﬁ?gufsﬁ ABPYG- sitesj="] /
[Proteinba""e] (~(-~TB¢ dOn¢&ntwhinirisidesd rviajamial & jeflee@ from equation
4, assum ng ' 9lteS~,eal ~ ~
[phoepho|ipP§1§5§?g§%@g%f&¥%Fg?§ ﬁp"fgylbl%hCIgt %grgg% v%lue observed
for sever@al mprowdi mayotvarlyl,s dependyingSen scbombéd ef factodd97, supra. 15

“LH nding Stg%atnly cHeSpadirddrgl! B3sage! bt tﬁé’re&% Ipl%lra?eq 4) Using

t hese assunpt] ons ata_at a g e|n to phos io of 0.37,
Kd val ues wedainistgeRdnothsofhraira tGhaRaCBesl$K}ﬁ$cﬁfvﬁh@ t ype~f act or

VIT and 0. 23cmpiuhds ¥mbQ81Ee3d3. tiiéugormhw@soﬁleﬁrtwaéo ;19&5&1 20 VI'1 Q ZE33

tl t fact VI |
and had. O%s%cs”ﬁiaﬁﬁe%ﬁ. Al ERe e R e O dafnt ki B8 | e odiBmate' '
vi tanm n 10 dépeadentfpropbrmpacEnhineddcanposation b EéﬂﬁdM;ﬁdédEkkEBB The
25 f t t t t
25 O;i(r:tsl St ﬁ‘%ﬁ" a;geaa%@huoanl aﬁehvearwsl &' s L3k O - d AL ﬁéfdgéﬂ 1 STE

s conducted 1n a solufion containin
(hi ghly purFFP&HBrééoﬁBPnBﬁFtbFBaé€tPPFbﬁFExan@vﬁhﬁnrﬁéQﬁkﬁe Fiore et al.

1994, J. Bipholegernl 2€9itddyl49) th36c6ﬁtﬂbéﬁﬁ@1§@ﬁ&@éﬁi 306rRYLC (25/ 75, 22
~g/ m.). Acti |t§ of Vlla 3§ estim gb at %?FIOUS tijte intervals by
additi on~of P aceutica cwﬂgogbgéonszyay e used to regulate

15 coagulation in vivo. For example, the compositions may
be used generally for the treatment of thrombosis.
Altering only a few amino acid residues of the
polypeptide as described above, generally does not
significantly affect the antigenicity of the mutant

20 polypeptides.

Vitamin k-dependent polypeptides that include
modified GLA domains may be formulated into
pharmaceutical compositions by admixture with
pharmaceutically acceptable non-toxic excipients or

25 carriers. Such compounds and compositions may be
prepared for parenteral administration, particularly in
the form of liquid solutions or suspensions in aqueous
physiological buffer solutions; for oral administration,
particularly in the form of tablets or capsules; or for

30 intranasal adminisfration, particularly in the form of
powders, nasal drops, or aerosols. Compositions for
other routes of administration may be prepared as desired
using standard methods.

Formulations for parenteral administration may

35 contain as common excipients sterile water or saline,



mm.substrate S-2288 (Kabi) and assessing the rate of pnitrophenyl phosphate
product rel ease by absorbance change at 405 nm Initial activity of 3 hay 2002
VI1 QL1E33 preparation was |less than 4% that of fully active VI1aQL1E33. 5
,,~~. VIIQL1E33 was found to be a nmuch better substrate for activation than
w |l d-type factor VII. Figure 2 shows autoactivation of factor VIIQL1E33.
The data were analyzed by the relationstip-in equation 5 (equation 7 of
Fiore et al., 1994, suprai. 10 In (MId] t In (MId] o + kcal*y*t (~q, Q)
In[VIla]t iBolvielkyiene FLYaotsnsesh ras ipmlyathylena gliveal ,i oitllse ofatal ytic

rate const aoé?é9£bié%9£gl/hLahf&fég’%éh"b&/'ﬂapﬂrl@)a)iein%st,hpanfdr 34fe onal

saturation._of Vlla sites, Wi | e factor VIla, this_relationship and

( r d-t ;
1 ACM sTF 1bikave %nklaa%'tb'f’ug‘?’éozﬂ%’/%c tibdey biedesragdagler=100 MIs'| .
See, Fior e(pacaide ﬂéPﬁgeﬁupI@ctfdf/émdﬂﬂlﬁ&bB%IWWorault oact i ?/ati onf
was rapi Figure nd i on ossible to estimate a lower limt for
kcal . Th?"s %gy%’ﬁ?é%}ﬁgﬁnﬂ%ﬁ?%wqpéﬁﬂ%ﬁ%§ Sof &b GHR™PSES0 seconds
(kcal = (I n29£/exespienThefor sedntrgl Malgidhek caileiaise0ofi3As kompband Wi th t he
substrate cgac ratd t hy Ctid]ﬁa:?-_( H551Q) assunption
that y=1. O,gga@géaﬁfl/%%%P %r?ﬁi‘é‘{ﬁ[ S| ~ ﬁ%%%fogeg’ba%%ﬂggg%ul d be far
bel ow the tdediveny/RWtens AIHGE EHylaneWay2sagsbatelgopplmergr eat er
than the vabaer DE1&satédidtDe mirksh ! ik faatla®eVhhalsIbnesikiehed by Fiore
et al., 1994, ngéa. Thus, fhe clor%l nat:fon af Vhl aQl1E33 enzyne and Factor
VI 1 QL1E3S idt %s%?'sup%‘ﬁ%‘f 90 FEypE6EEEPRs in the activation
step of coamdmatisirativs By semyssine exdipt evitbQehER3avatastpee ot fto wil d
type enzy oaglt] Qny 1 zmer.e 1 ni nced activitv of
Vi aOllEBg‘:ad%}%cg'ener at eﬁ%@% %g:lac 5 V8 eégglggﬁgrgnsact or X or factor
X, ~ 3 Medugoms oontaiingt ifoy eéxagplenepparosyeikhybeneagne by fact or
Rt AT R T A T i O o o AP
: cal cjum various unts .of, phosphol i pi : an

i bab s <o as Bt s, MR Bet@1 dRIRRI0R R0t Berernesehar 1 £33
or 6 nM wi |dirdppe A f Jesiaseddddd aiompeundsi tenahd Karmclaveflyaat 1, 3 and
S mnute ti i nt rag . inquot : cklaon m xture (0.2
) were mEH %‘?h%%%%%.@%q‘agg%}gﬁm %8%‘(51%&%%$A£%%d 0.4 MM S 2222
10 (Kabi), rarsntemrlermdniistiragion gvyr adser ixgludesalyepckotatdge at 405

nm was det egdi {chdAN BB yrddd@nspect rophot onet er. The anmount of factor
Xa generated was cal cul a%gd from-t he%‘%%(cta' nction coefficient (~.*10'MIlcm

1) of tR& p-nitrophBn§pRosERatEYes Tdu i@ Vet e Bdétt y of
33/ sec for fafaired e Mithxmhaes it ilvalpdodpoed thoui frcXadimges the conditions

f thi .__Fi , = . i
PR e de b o DR RN T
system Agaritantion \RAQeperEsn e lyaepsdger e6fecbiviel Bot ypereageor Vila in

this reacti@pt Fmid i aif e REmancat esk 94 thRYh PROSEbOhdLhE

concentrations and di mnished to 2-tqld gt 200 ~ hosphol i pj d per ni.
Thi s wa’5eRRGREPY Y  fedifils ﬁé‘ﬁbﬁ%‘ﬁcgi’go‘ﬁ%&t?‘éti%?gt.cause a

greater 25 thtainﬁqufaqfﬁlid ubgrd ttliant eakndnhantée menbrame. Once again,
(he et st 0y Aty Yl 1G53 p,BRRL SR ApESLq oI ) s of 1w
clotting assapsesparalicwdastice aitamdnugi-dgpehdentinpolypeptide.
These pharmaceutical compositions may be useful for the
30 treatment of clotting disorders such as hemophilia A,
hemophilia B and liver disease.
In this embodiment, useful vitamin k-dependent
polypeptides of the pharmaceutical compositions can
include, without limitations, Factor VII or the active
35 form of Factor VII, Factor VIIa. The modified GLA domain '



30 tilt nmethod to detect clot formation. Human plasma (0.1 ni) was all owed
to equilibrate at 37C for 1 mnute. Various reagents were added ir2 3 mayl 200
of 0.1 nL of standard buffer. Soluble tissue factor (50 nM and

phosphol i pid (PS/PC, 10/90, 75 ~.g/m) were added to the 35 plasnma, along
with the factor Vlila concentration showygin z a MAY 2002 - 29 Figure 4
(0.1 - 32 nM. Finally, 0.1 nL of 25 nM Cal ~ was added to start the

reacti on. TofieFaotdorVLa of oFasmsr n¥hlaresy inclwdé ﬂ&ﬁ@lﬁmtd&tﬁ:rﬁé/%tﬁge and

tandard de 0 fiqe re 4 sho
fhe coagul a%(#gltrl\btigérjé‘g 0 Qﬂ#ﬁﬁqéaﬁJ[gs%%?gﬁéf\ﬁ,f%@%%? |9hl x hu?namwS
pl asma. Coaig@lﬁa@ll%nat«/aémsmle dlbyardea v baibel phiod pecd dichied atesi cl es.
Endogenous %igota(é)fdfggt esed! 1D 1190 2Py omﬂ% eéﬂafr@aéﬂ\dﬁ]ﬁaboncem ration,

and had virtually, 10 no inpact .on coagul ation Yines ackground
coagul at |50nCQ\EB°i:2@1%’éC'B?\3dsquIWF FONRE HeRIt SQIYD L ek uey/IfiaatbrE33 showed

appr oxi maéI ei;*ac&fodrm hi@f'@ép@@iaél/l}?ycfi‘@fbbtém&dmﬁrbdd/%a\ﬁdlaadi%?@g ]Ehese t
assay conditions S _wer e .obtaine ctoor -deficien
15 piasma, e g]'}ﬂ%t:[‘?ﬂ%:m Gt it ’oartlﬁ?rbcﬁ)fa S’tﬁ SHAEFG T this
fsyst em |V|n}/o¢:a{sda®hr eand atts vaabﬂ;:rrtpftd axttirvat &\t wagmt edinss . Ot/er alt! .

act or }% i or. :?4%61: 0 nt activity
supported b r\é\%g %%@%ﬂ es ax% so:%tft) t:'i\ésr{sfjbef Ffaaq.{ oGE @%, Wld type
zyrrp?en 10a wwz@’lﬁh@a{fa’éﬁiwqwﬁé@? Rcr?eﬂs;évt Jcﬁ)dlrr\f;eiamtmwt of Ittmg cated by
simlar K& Sl Stéf Nerhd RS itz i @ was
added. Pr O((Ejer am a %%%M%ﬁéﬁi uélfacétq?{%:&ﬁrézl; \??t gsof VIla
and/ or VI sna.
tEﬂdogenous ztcm:tmtswaltraqnpezﬁ efthdteoh s o pymEcnten ha@a]gsébnt :f@nntil rryst ihn

is essay;, n or. plasma w or

"' w thout CSI u%b@f#%s% 3{%},} %#“ﬁe%&séﬁ% alft(?t%gns (’§o nM fi nal
concent A4t i keoRiHd 34 4 a Inprovanent of tthe gleshranes@ffdndty offie cal ci um
sol ution. GogshdAtyon da Ner e fmmfbaftqrorﬁ%”fplt@é @24l dbRkRg various

| evel s of VIla or VIIaQL1E33. ma ma preparations were tested,
nor mal and BERY eswa'fe d@tﬁﬂ E@r}?égt?’(?n GPLddenPoRsr nal t i ssue
factor was ﬁéspmmaiy\aj tm triargt a:w@.dataldm tcolnrc‘dltriomlsr,onbombaeh hélS - 2

?C)JON;AY '?'glog dn? xatqiéose contai’'ns Ib%o?%et%oép%')cﬂ %%t %Idm ﬁlt%ane %%ggat FQE[Tecél
fact or. 2Rabhicthriagtamr dﬁ%ﬂﬂ%ﬂ%@%@"&ﬂhﬁmeﬁd@@dl kobuf fer and used
in 5 the a ife Mdafwdgrd ighaihe ftahd ehatiedRlchlunMeeshasia, Wwhich
contains 10 oM faglor V1) and Vi1, QL33 C9qdeq ac the purgcpptein). The
t hr ombopl adt94f 23 GHY ¢ 1TD
membrane contact site of factor VII may increase both its
activation rate as well as improve the activity of factor
25 VIIa on factor X or IX. These steps may have a
multiplicative effect on overdil blood clotting rates in
vivo, resulting in a very potent factor VIIa for superior
treatment of several blood clotting disorders.
Other useful vitamin k-dependent polypeptides for
30 increasing clot formation include Factor IX and Factor
IXa.
In another aspect, methods for decreasing clot
formation in a mammal are described. The method includes
administering an amount of vitamin k-dependent
35 polypeptide effective to decrease clot formation in the .. .-



was added to plasma (0.1 nL) to start the reaction and the tinme required
to forma blood clot was neasured. 10 Assays were al so conduct ed wi S8hMAYUI2002
strength thronbopl astin, as described by the manufacturer, At optinmum
| evel s of human thronboplastin, wild type VII showed a normal |evel of
activity, about 1500 units per ng. This is approximtely 25-fold | ess than
15 the activity of wild type factor VI4 &) 80,000 units per ng). The
VI | QL1E33 gave approxi mately 1500-3000 units per ng under the standard
assay condi tnawmal on|Ehe-vidianig detdspendantvinad Yogrs ivel 1n1:r1e1d@sf Berence

bet ween W | dhddie o4 Ic:@ndio\ﬂal@k&&% ?éaame@%n%%feewf{a%
coagulatloncndltlons opt.i . Figure 5 shows the ottlngtlrres
and zynogen ac%rfc’é‘rﬁ Ljé’é%é&i)"sl Shate V& & 80 CorErAPSOndhBInor mal

t hr onbopl astrlartﬂ\ﬁélajltddﬁd'erk-tdmdmﬂﬂlﬁd]@i&pt‘ﬂdlemlﬁﬁa wos iEeepogtABt el y
20-fol d re 25 .actl efactor VI ter efficacy of
the VIIdQ c "{sd%{s]paec|1%ais§pe\ﬂedeafﬁl%gﬁlgogb%lsﬁ?%&ﬁleﬂnd| tions
were |im ted'lodmdﬁmd ipratgigy ghon ARther giddidftiednsctive-sdteAblbckagul ant
Activities JHE VOl 33 x30 Sl ndRy chaSoagu oR,as wer e
performed w tah nor mal human ser um and hurrar??t)hr ok%%ﬁ“h gg?l ?\ﬁﬁat was dil uted
1: 10 with. bWgtdCd The active site of factor VII1aQ7.| E33 was nodified by

D:EGR as descri bed gyn%@n\f/u??ﬂ a%%%t;attné :.ml&%l%ﬁl&l&s’b @ﬁﬁ&sﬁbshﬁm t he
clotting ne a cubated w t onbopl asti n;
r- 2 31§/A 658{5’?3 |nﬁrc?§%ﬂ§ncﬂ“&f%f r‘%&r"OTSlgeéoWa@mﬁ%f 55[‘% L addition
of the pl asimcllidest anhunisﬂ:@mm @Imtanmmtdeﬁewnftaadnmkt-hepéﬂdémnd t| | t
nmet hod. C o I t e S u
DEGR VI | a@%%@%“—?mae“n’%%@%“@é ??ﬁé%orfé% ,;argeg AR08 Lt | e
Rat: Two an®ammali.zedhes Yditamine Mrdependisptape YB&WFWe ireludes®m- 350 Q)
;Aﬁr e i RJ ect %d&iﬂﬂéd?:@m d@f‘naIJ.&Ct(hratxleh'@khEaﬁl ﬂtétrrltkaBeZBiﬁldlﬁﬁld ectA It OQOW?E
roug r in a ca a een ace e
ti mes sh %4%%@( é’%‘ the, 5’8 %\?mdﬁhdf gﬁﬁlf’%ﬁf’tﬁece’égﬁ?ﬁ’ﬁn%’r‘?%r y, into
whi ch a canmatdvieadrilbeesnin ksdepethdentspodepeptite. anThat modi £ hed aFLA
VI QL1E33 | IO t' ted.from.tRhe | nme of human
factor VII -gle I ClI en%lgihate's Qtwié %E% %EHD HER? i@ﬂ%@l%@ﬁg %’lkon of the
rat plasma m@m&é@édfaﬂtgrméldpruwéﬁ éndr mppifigdafactor o opr a%a n- HS

(Sigma Chenyzgd PedubedasnUsdds Fadtivgat i on was assessed by the manual tube

tilt method asS descyi bed in Exanp nt of ctor, VI act|V|ty|n
the pl ash® before |W]‘eec’tl7“6‘?f‘t0’f°r2d”’a]rl(ﬁ ﬁ‘%ﬁ'@d 15 &

subtract ed f»ldodiagkexahplesncwhiicht donnot ﬂ,amibrthﬂalémdﬁé;:bﬁrthme -
circulation iment in which a '"third ani nal
recei ved thé'hg’ggllf\ét%?o%%g% ?gﬁlnuﬁat%?%n% )é?ﬁ%o factor VI1 QL1E33 was
conducted. The anount of factor VII 25 activity in that animl did not
change over the ti me of the experi ek PQ@gm nutes). At .the end of the
experinent, ) : . d C sodi um ng uI oI ‘The rats
appear ed nof¥& o= ARCER. 1

coagul atzsman]ihamﬁmiex thétf hasobeh!hl @bibﬁaStHad tlhé mem}seanmdl scrimnate
coagul ati on i 0 t time of
thoV. 11 qLipiBdine Aerafierzbr ﬂ%% KL obR' Gl gEEs O B i T otei n
bei ng cl ear be P-ncatbéat-‘-dGb}’n’ﬁhE?e§1§ﬁ§ted2m9tm¢n2@i)€ The

properties of a P11Q,K33E mutant (referred to herein as
Factor VIIQ1lE33 or mutant factor VII (SEQ ID NO:30))
30 have been characterized. Membrane affinity was increased

over wild type protein by about 20-fold. Autoactivation
by the mutant was increased by at least 100-£fold over
that of wild type factor VII. The activated form of
VIIQ11E33 (referred to as VIIaQllE33) displayed about -10-



- 32 an even slower disappearance of the remaining protein. This was
simlar to the rate of clearance of bovine prothronbin fromthe rat2 3 MAY 2002
Nel sestuen and Suttie, 1971, Bi ochem Biophys. Res. Commun., 45:198-203.
This is 5 superior to wild-type reconbi nant factor Vila whi ch gave
a'circulation half-tinme for functi onal SSays of 20-45 m nutes. Thonsen,
MK., et al., 1993, Thronb. Haenost., ““458- 464. This indicated that

hat' 50 YLL%@%@&%%}%&%@&%%%% P apeoeeagudRtonst (1 Ine

protein and asdniukii:shamé W RRQHERY with Bahibdre ItiifssuiemE aiciotchénani mal '

Exanpl e 3 Enhancer ‘b@% tﬁ%ffél‘%i et ;ﬂﬁhhytﬁgtpggt s;g
telnC oW a eamno

Bovi ne and humanJ) 15 degree_ o
aci ds of thdi¥PeaVA Honai FRAOQERAOR @FrﬁWaHtYM)fr é%‘ﬁd@é’@?geaespl te about

10fol d hi ghamwﬂywe wdn rﬂdmaaf &%Jwrﬁr@wzot(gup 18e¥i g8 Rr ot ﬂie
contalnsapr ne at positi pélaversg%a hi stid ge %t position 1

human pr ot elq'?' ﬁ?ﬁﬂ'& )ngwﬁtsolzpn o34 hhohsvyi Heaprotein C
with histi dIW’hﬂ.d euyiaet Feea o teee N chan@e degyreemao phithi activie ﬁé@m ned. In
bot h cases, g 0 o} ﬂ§

affinity, abd’B}ear%(?O‘# F'}% &)érbteg{éi\%r{r#eog{o &%q{éozigdvggfzé %#Sﬁ n protein
C. 25 Acti va\:ta;dlglmﬁq#@t]éd Rt iMeavgderoroaiditagngr of i hewat position 11
showed 2,4 %a@ﬁgﬁcqqlmulqctl vity than wild type hAPC, depending on the

assay used. Bovine APC cont hi stl di ne-11 dl_‘rcg{ ayed up to 15-fal d
hi gher activity thaﬁn\/\ﬂFBeF%J PEe1FHFMCRATIAL IS Vs d8F Pie@y to

i mprove bot by mmmch@tswwmwbbmm suiaini @IlbuMlﬁaaé efigsi s of
Protein C Af ng in e [ QVi by Dr.
Johan Stenfl o#’éeﬁjde' o i) cél erh %SP%DN%M gféi Mal no, w
2 3 MAY 200254 33M08\memncemal§<;-\¢m$ewpﬂ5@t ebtatne®dNirehoblee was provi ded by
-.. Dr. @nﬁLdie'é%&ta@r WAHRE 0! 53 006N Zor ¥26kor 1 %@@a@g?@&%%ﬁ

nunber for the nucleot]de sequence o OVI ne Erot ein Cis K024

9163486 and ﬁ%’%&é@gﬁ%%ﬂ%%ﬂg&?}?dﬁoﬁ thB8CRIFL BBt PERSWERRME of human
protein C Sidre dioreliictkdninageaesiardvbuifert ¢ores MyTaiLCpmetwd. For
human pr ot ei rb gwléﬁg:e_:l_gesis of histidine-il to proline, the follow ng

ol i gonucl eo £i%8e re ynt hesi zed A 5' - AAA TTA ATA CGA CTC ACT ATA GGG
AGA 10 CCC AAG CTT- ut ot Faciomn iy t futasitedeicier 860- 895
in the vegt p d C{&ME

T otern 26" Yrip Ry &@néﬁt@@%&%nﬁd‘*’lﬂ thhe fhbeoboyrpmpie(édfeae
(SEQ | D NO: @F°@§§PP&M%¥QW1§ZPI?@ ¥APng182789} esi Befeeraen 24 2L 4y human
protein C tleoft I.mlr BicRGicMiethy bbi:3452qB2B0€ wﬁemimaﬁl&émﬁhat for human
protein C t(e)‘ hat of _bavi.ne prot :13- ? as |nd|o at ed b%é underllne) For
bovi ne prot a&gﬁutc’aE &ﬁrg.&osagfl | FREM 3 P5 8 TFRHETUT HE® DI+ owi ng

ol i gonucl eogld@anweezm hesldzehe E33Eamutesion béchamyy e9f a@ire - ACG
CTC CAC 4 T gyglﬁeC}QsIé@eGeé 2 gl R D A4 @)rd S¥ISHsPONdi ng

to am no acid resi dues 4-
were J.ntroduced into the wild™type factor VII cDNA by a

polymerase chain reaction strategy essentially as
described by Vallette et al., 1989, Nucleic Acids Res.
17:723-733. During this process, a mutation-diagnostic
30 XmalIll restriction enzyme site was eliminated. Four PCR
primers were designed to prime synthesis of two mutant
fragments of M13232, one from Mlul to BglII, positions
221 to 301, and the other from BglIIl to SstlI, positions
302 to 787. These primers were used under standard PCR
35 cycling conditions (GENEAMP, Perkin Elmer) to prime



protein C, the 6th amno acid was nutated fromthat for bovine protein Cto
that of human protein C as marked 25 with underline); D, 5 -TTC CTA

CTG CGG CAC GGC AAC GIG GAG CGT-3" (SEQ ID NO:"3,0) (corresponding to am no
acid residues 4-15 in bovine protein C, the 7th amino . . acid was nutated
fromthat fox bovine protein Cto that of human protein C nutated

nucl eoti des are underlined); 30 E, 5 -G2A ¥TT AGG TGA CAC TAT AGA ATA GGG
CCC TCT AGA-3" (SEQ ID NO:11) (corresponding to nucl eotides 984-1019 in

t Y~e vect or LpRghENl) syntbasiingg usixiga 1l ngi o€ bbewethd pEegpEMActst prot ein C) .

Bot h human @BﬁAb%\éi 'E%n-@sﬁ%ﬁ:‘é‘ n gh%%gﬁ%& gzgggslqegg Hgép t & Hnd Il and

Xba | sites o e expression - VEC pRc/ CW. Human
protei n C cPNRifdsfapicdngiorersd waith Mlalt angnPgdl hceed- BTl e saRCR

anpl i fied wehkrint aghehewan I&&Qtfe.'eﬂ @r%@Nén@Bdw@fé”@ﬁénAl é%a iHtg vol ure
for the PCR fﬁ_ea%tl gn Wﬁﬁli and ont ai ned 0 %g Iate DINA,

200 .~t M éachB6f Lef&°Fo eSP Fe&%‘?ﬁ@sﬁl?ﬁ"p\ﬁ Eﬂ’ﬂét@“z nmM of each
primer and 2r5mUwhﬁcBV\thNéomle}3pendaag( BQG:Hr-tmers Had rbe'E{ri s- HC1
buffer (lo oM Tri 5 1, 8. 85)
Sanmpl es wer Eeg‘ogj éc?édat 01%: g?% es og%%ﬂ?zo 18%‘?1%?%?’? n%tw%ﬁ Q‘%:%onut e, 94C
denat ur at i osuperi.odThe pukphetefragTentscurragseeuentsd aid thedmi nute, 72C

el ongation bea ﬁ@glrh\f teat beAg hhe %V\Q@D (3}(15) d through
an 0.8% aga?iégké%t?'wA 0 Tris-acet gte ﬁ er conﬁ'f_)éajie‘:(r;ﬂw sé’EDTA PCR

product $915¥Gete ﬁuFPf Féam&PFFQJEIT’ePP%FrFHl Fan‘PfepP%*ir( daiugiest ech AB,

Sweden) . HugagughetechafigeBNA contai ni ng respective nutations was cl eaved

by Hnd Il and Bsr, {4en .'t / ctor t
cleaved by Hnd 111 % goit i an IE% CE%BYfragmsnt

from Bsr Blhawstasr Bidner(BHK)tgeﬁ)ﬂ-adweeeaghmmrprmmaaco@ full length
CDNA wi th thsqirgs agi ﬁlegthaﬁlﬁﬁOEﬁ?Bl&E%ﬁd v aicm M tlal€ 31 £l €7 M nus

t hrough am no aci d- 11, "was i ntact hunman prot ein C cDNA
and pri A8r sSarafgaed BeGiRdLpiBrEFRepPEonYEbNA fFuRFiiendcic@lds to the 3'
term nus Wageg8Ptirhhsfevtéd whtRCthBuBaBtEEOVEL re@fem&oaﬂ 1R¥smigr s D and

E. These two ¢ fragne a I|fyfuII | engt h
bovi ne prot'é?h PR SSE{\%Fﬁ}EnSGﬁ%f& gL;rﬁqﬁ% q-\ﬂ {Iﬁnep“ mers A and E
PCR react i onag0fzohurersnsecennendahional tTwe himyes gsett{ or hAPC. The
bovi ne prOt€£Qn§f8%ﬁ0”&tél§!b”QeS:QetE?%Qfﬁiﬁé/& 484 Aiedes cl eaved by

Hnd Il and Bsu 36l, fragnment was cloned-into
pRc/ CW2PecEeteebhtai RERYUPNESRE2BBINE L phit BethA B SR %) rom t he Bsu 35

36l to the StabpEyrtpafsfecPeQdBER tulls! @opé hellBddifently cud turbY 2002 -

35 in serum-free Dubeccos modified Eagles medium
supplemented with penicillin-streptomycin, 5 pg/mL
vitamin K, and 1 pgM MTX, and conditioned medium was

25 collected. The conditioned medium was applied twice to -
an immunoaffinity column compdsed of a calcium-dependent
monoclonal antibody (CaFVII22) coupled to Affi-Gel 10,
Nakagaki et al., 1991, Biochemistry, 30:10819-10824, The
final purified Factor VIIQLl1E33 ran as a single band on

30 SDS polyacrylamide gel electrophoresis, with no evidence
of factor VIIa in the preparation. The pure
VII(P11Q,K33E) mutant showed 1400-2800 factor VII
units/mg.

Activation of Factor VII: Activated Factor

35 VIIaQllE33 was formed by bovine factor Xa cleavage of &+



protein C cDNA containing the nutation. All nmutations were confirn%d lgdy DNA
sequencing prior to transfection. , Cell Culture and Ext~ression: he MAY 2002
adenovirus transfected human ki dney cell |ine 293 was grown in DVEM 5

nmedi um suppl enented with 10%fetal calf seru.a, 2 nmM Lglutanine, 100 U m

of penicillin, 100 Um streptonycin and 10 ~g/m vi tam n K1. Transfection
was performed using the |ipofectin rret #8d.~ Fel gner, et al., 1987,

P Nat | 17. .T ZO diluted t
O.r(icrrL Wthvm%ﬁt S’rhﬁt’g vgéh%} ofra'l_t St dﬂmﬁ’@aﬁg‘cﬂ% OTT S’ia&f :_I gofGectlon
(1 mg/ml) veEe@ddedAl petmat ivelyf, DMEViaxo MIZaQliE33 mms_ogitmadnby, medi um
DNA d | f 15

o | eI E YR e Sl RS el 1

Cel | nonol ayers Iuence I'n di’s

twice in DVEWIVEIQLIEIM 1O gl utbRTie a@dmmluﬂ&l i pi d m xture was
diluted €0 fn8dibnd 4 IPFEM LG o @mp%a@mw&mawenq;ﬁ?%bgm nfégggd to the

cells and i fcubated for 16 hours. The cell S were fed tonpl et e
medi um 20t F1H RFAWAal f serum left to recover for another 48-72
hours and then tryu&ﬂ.ﬂl-zyﬂeaﬁdcsefdenlla s 18- eomet eesu 3y th sel ection

medi um ( DVEM ¢ er Genetl at 1:5. Yan,
S.C.B. et a’fecmﬁi‘b’gj&fm% ec‘%l nggg%ggf?g é"% PESPRESELLRAL 25

col oni es werensirtehaf af ammersigdekd vophd diaed; prodfmenapdf pan-col oni es
from eagg. %rxm@é&%mﬁd@eremﬂa@tew Pwettegncaagl #GBERegnd the nedia

screened for prot e| n expression wth % assay usi ng. nonocl onal
anti body HR¥EEiRd tﬂﬂrfr?lﬁ &ozon Qopngng §Ueﬁnﬁo€P8ﬁéF1§nPFEéﬂ9«tBP@S (for
bovi ne protgo jo 0@ .urd ks preaddibrageld gitanaugksrak Ringenppwere isol ated
and grown uny tlld%_p@fluence in the presence of 10 ~g/nL of vitamn KL (. The
purificati oh- Bt 1ne reconbl nant protein C 35 and |ts mut ant wer e based
on the nmethod desc ariced o ]

modi f i cgg' gsgﬁao gd?fgclglrgd,d ﬂ%paﬁedoﬁsnaasagi Ind ﬂéggurémeﬁr% Chem , |

267: 26104 tlone serum ree mmediumfromstably transfected
cel |'s was GBS IMmRaIbg AdRgatas-eopgreted brute. methpd super nat-ant

\ll__vals filter Qiiaédtrlqi@il Har mlsmsmheﬁehhdl Dif, n%Bvalt eBmaabémmgaa_:ﬁM cro d PPACK

iltration t i ha nce I on) an

. 2 ACM %Qﬁf?a'llo% centrﬂagg &Plv)x%m%liaﬁe}ﬁe?bcﬁﬁi 2%{{@? Vi 3P2d nedi um

fr om 293 cedni&'l,l tireil quesided viesdedkrsa (Bliishowene FPeepared P exchange

col um %%du?ggl%gh%,porﬁoggn MER . LC‘Q_,QO f_M | 1ipore, USA).
S e| uted wth

The protelnvva gadlen {starfing solufion, 20 nM
Tri s- HCL/ 1 BioahewaCBiophys 4 Actay t Bhg: 86 65F oRUang, nf 1+ 126RCL/ 150 mM

Nadl / 30 mv'ﬁ%@hém;@ﬂﬂ{ 4)p.: 3Akt-g8B2r, emqyghlpfp&he lsn&ghbulaﬁléeﬂiﬂél s- and
Chel ex 100 eatrre H{}g rote|n¥}/a {_‘sé e to a econd FFQ col um,
then elute c? &ggﬁeﬁ fg art %{:} l%%:f‘ﬁ??oﬁ Z9"AM Tri s- HC1/ 150
mvl Nadl , plﬂ:l'kmﬁ,cdl €dt. ilngegel miked) i20chibToferhiCl/ TRO sdliwadt wasH 7. 4). At
this pobat Jidydyaes L Y el f's%%hﬂxnof%&éwgtéxp 2810 +he gpiggl reconbinant

bovi ne protern onn eneous as d
phospholipids were suspended in, buffer SUVs were formed

by sonication and gel filtration while LUVs were formed

by freeze-thaw and extrusion. Phospholipid
concentrations were determined by organic phosphate assay
30 assuming a phosphorous:phospholipid weight ratio of 25.
SUVS of either PS/PC (25/75) or PS/PC (10/90) wexre
prepared. Protein was added to phospholipid at the
weight ratios shown in Figure 1. Protein-membrane
binding was assayed by light scattering at 90° by the

3y

35 method of Nelsestuen and Lim, 1977 supra. Briefly, the’ '



The first colum used for purification of wldtype and nutant recog?%nant
human protein C was the sane as that described for bovine protein 2092
chromat ogr aphi ¢ net hod descri bed by Rezair and Esnon was enpl oyed with sone
nodi ficati~s described for the nethod of protein S purification. Rezair,
A.R, and Esnmon, C. T., 1992, supra; He, Z et al., 1995, Eur. J. Biochem,
227 433 440. Fractlons cont ai ni ng protan C from ani on 30 exchange

chromat ography were identified by dot Positive fractions were pool ed

g 2P ed Sl dting QURIRTLE YLagehhe; G §UshERdEnL ANl Dody
7.4, contai thgaBdnﬁ/ﬁBéﬁzaﬁiiéth@nl-Eﬁ Bﬁ@tglthTGéOWErGSEeAﬁvmedappﬁl cati'on,

t he col um s Gou I 2 u ntai nin
1 M Nad . Prot e%& %Ig;\ S theﬁ%oﬁ?@fvﬂoﬁhguwxr Q?lastmﬁgung %Eﬁkﬂeﬁg and 5 5

d
mM EDTA, pHRe Ao Ihi%eg S Eni éﬁz&ﬁn&ﬁﬁePFEEelﬁwYﬁﬁlﬁﬁ?uFp@alesn t he
purity of aM,)huorshandobovheeveelohds naldndr ME)i,N dard Y i id (s Was

esti mat ed A || silv tain Pro £1ns r
concent r at o&l%ﬁ‘g %Ilf% 19%1‘@?@}3 PA%qgggﬁf'bﬁ énwﬁgﬁ?yélé% cég‘aﬁ\r,l\"éa}flebuffer (50
M Tri s- HCredimhct3yeninkied Qfpkhg. gespectivehspeciesmd stored at 70C. The

concentrations of proteins were neasured by 10 absorbance at 280 nm

Associ ation of normal and mutant, protein C nolecules with nmenbranes: LW
and SV¢ were prepared by Te{thGUy (CRCE/PBEFT' n BX&RpRY 1. Light scattering
at 90 to the incident light was used to cruantitate protein 15 nenbrane

bi ndi ng as I@%b's%ﬁ@l@.@@&eafﬁr pE@EES?ﬁ thcégéra@géx{@ Ofe RH&SEn, (@pd 75) at 5
nmM cal cj um TrisS b Boyi n{eawgrot ein C

cont ai mthg € nYTrRELD Bgs;’f’l‘ﬁg h*f’ﬁ?e‘?‘é@t ‘?m TP4RADr Bl <CaR the about
10-fol d hi ¢seimafedl.f | Thepet rabues| dtdbgeeher ovitn. thidhamatihuh 0 equati on 2,

the data g \% f ¥ o £ C: 9200t 950 nM f or
wild type \rf(;%t g?n g&%&gﬁng cgé%%§9¥hi/bd?{'"?@r eénigeﬂ} n‘}g#ci%td%/ corresponded to
about 1.4 Kessumed & bECl PngfacEor nekbrpretednshiaan die biseédiegprotein C
~.- 25 Hllcmaiﬁl ERs! eh@lemabe@hmt eoﬁgeaneffa@ Ipﬂ&mmﬂw& & n C (660 nM

Figure 8B) ,. This gg f}ﬁ i roline 11T forped a maj or basis for

di fferéﬁ:e%nﬁéi"ﬁééﬁoflh nERBr SRt biARPREP st LB AR atdi 9 ide prot ei ns.
The rever seonubntrhulibﬁs, arepkrpeaeséd 0ds hhsldd miot¥ihwmprstdiai n C by
proline, 8SL&3S dsﬁg‘grane affinity (Figure 8B). Wien tit to equation 2,

t hese data gave p-valués of 660f90 nMfor wild type hunman protein C and
3350 110 nM for human protein C-P11l. The inpact of proline introducti.on was

only slightly |essdpanpdrnal-pres) poe@tpl | Ne (kdl he bovi ne proteins. 2 3
MAY 2002 - 38

Binding was assessed at 5 mM calcium and is expressed as
20 the ratio, M2/M1.

Figure 1 shows the binding of wild type VIIa (open
circles) and factor VIIQ1lE33 .(filled circles) to
membranes of either PS/PC=25/7§; 25 pg/ml (Figure 1A) or

‘ PS/PC=10/90, 25 pg/ml (Figure 1B). VIIQ11E33 had much

25 higher affinity than wild type protein. Binding to PS/PC
(25/75) was at the quantitative level so that [Protein,..]
was essentially zero. Consequently, Kd values could not
be estimated from this data. Membrane binding of bovine
factor X (filled triangles) is shown in Figure l as a

30 reference. Bovine factor X is one of the highest
affinity proteins in this family, giving a Kd for PS/PC
(20/80) at 2 mM calcium of 40 nM. McDonald et al., 1997,



| npact of nroline-11 on activity of activated protein C. Activated_protein
C was generated by thronbin cleavage, using identical conditions f rd M&Y 002
the wild type and nutant proteins. Approximtely 150 ~g of the 5 various
protein C preparations (1 ng/nL) were mxed with bovine thronbin (3 ~Cg)
and i ncubated at 37C for 5 hours. The reaction product was diluted to o.025
M Tris buffer0.05 M NaC and applied t-02& ene nL colum of SP-Sephadex
C-50. The columm was washed with one nL of the sane 10 buffer and the

f1 ow t hr ouglBicheygict ol a3 @ L20atS® Jor otBHen K& Hppr it daeter &% of the

protein appli £ I r v ) 1 ,t v was, det ermi ned by
pr ot eol ysi s (%) 36 :E?%&g ‘#{;%? at %C%%Tﬁ%%%}oe%g?lﬁﬁ%dﬁ?%)@l& r&d to
st andard pr epfartsonEF EBIxsHtidi nddso® |0&5yeMscal e. St andard human APC was
provided by Dr. ValtepiKishgl of RRL{180V{PE BRALRLESHE t FESLANGRS ds%él"as a

| ar ge-scal e preparation qQf [ onhi tivated APC. The activity of bovine
APC was cﬁnéﬁg q‘soronfa%f/ﬁ:&ep;g%a({;fbgné“’%‘f eterPinacadfigugeei ns
(t5% . 20 TwB)pr efFheatW TN 163 3bboumel ARC lwaee thaed ther remRatageds. Human

APC gener at oM i 5.8 0% tive. as,the standard. The
concentrat i ?‘gegjerlépcﬁl{lggg%r%ﬁto\%g gt i ?/ldg'gl e%%ggganx:nt B EET HEhERd S2366,
rel ative to framhdtheofraledionshdar dn 2yustdedand APTT test used bovine or
human pl asma and standard APTT reagent (Sigma ~Y~emi cal Co.) according to
manuf acturers instructions. Al ternatively, phospholipid was provided in the
form of vesicl es” f FIdBEFLY i BN EiFt5:0d /SFRESpHBIDI ds. (eAn X hi s assay,
bovine plasma 30 (0.1 nL) was incubated with either kaolin (0.1 nL of 5
mg/ mL in, Q. MLl s ffer, M Nad 7.5) or_ellagic acid (0.1 mMin
buf f er) *@r 0@1% tﬁ’tgesslg%tes%d Q‘Gj)rfg all‘"&to%sf%‘%“ér‘?% fding 0.1 nL of
buf f er cont @issumgnghaés peeiimgmdMadtdlt b6 anduris ef , APEimsiywn, 35 fol | owed by
0.1 nL of 25; cay G pde. Al 3 : 20 = agents were
in standardétjiﬂgf!:"’é'r1 ggﬁggﬁﬁigmvﬁ?"bg“ /Jp%?ti:esin'ﬂﬁ_%fewjé.glg%ﬂ ilagc’?%m%’?—i 7.5. An
average of ¥aimer GbFeRVeRefOLoABERERAt PEREEANR P thpe BAPELVas Beeded to
duplicate t prpDofRaAE etf allhe H2I7pUkapka.Coagul ation time 5 at 10 nM
bAPC-Hi | was greater than 120 m nutes. Standard APTT reagent (Sigma

Chem cal Co.) gave a clotting tinme of about 61 seconds at 35C with this

pl asma. I3 ne requi rBdneingf gitasa.dol [Binding sitendbdiFrgtetonudl temchii que. THe
anount of phospholipid was designed to be the limting 10 conponent in the

dt I | I <L h ) | Lpi d
SIve (45 ~cOrany EeBe’ BBk bhEC8na" O, aRR8 BRCRPBELERIES0CT 005 m
in the finapPhesphplipddpcat2s/ ¢E)0.3Re KAt vedugal wareabt vkMyfofr acti vat ed

protein C 1po(aset eabedr R, SEVEr pl1 88says1artgpeerQc88eWgrt hend "pags on~t he
APTT -assay, cogduct ed with lim %I ng ghosghol S.EI d. Under. the conditions of
this assay, MoiQ¥ ¥Ei8I1ERRes GBHEPealbdWRR SiRaLr FHaki ABSFOTI nverse

rel ati onshi FIQLAERBosBObrpatlgohnprbrati on. mépbranenbirtiind4-ti nes as 20
much wild t . [, C. e q h ect _of -bovi ne APC-H11.
Parts of théggtlgg}]‘&'i %Vélgg‘dﬁaQ geg?égggt gg&f%{ﬁnﬁ%‘r éhgsé%f%/ PC (25/75,
LWV). Agai nhigbesti mpmrgenei-hindingyapfidephdespadongnthet vitamiterkr ati on
was .25 adj H%b%ﬂdfeﬁtgb‘f%t@iﬁgf‘tm' clotting time of 360 seconds (120 ~Cg of
25% PS in the 0.4 nrlL assay) . Approximately 15-fold nore wild type enzyne
was 'needed to equal ERIRRC Hyatian «of 130L9R  VILO1 IR, | Jhest andar d
APTT reagenkiestygRephan eahgtDatishanfeetivesothéngct it bOi2oseconds) 30

was used. A%%rc )éix'n%tﬁl.y 1&!’.198&&9*%.830# Lg {I¥Qewggzgggducted in a
solution containing 100 nM sTF (highly purified '
recombinant product from Dr. Walter Kisiel, Fiore et al.,
1994, J. Biol. Chem., 269:143-149), 36 nM VIIQllE33 and,

30 PS/PC (25/75, 22 pg/mL). Activity of VIIaQllE33 was
estimated at various time intervals by addition of '0.15

&




was needed to double the coagulation tine to 102*5 seconds. The sane i npact
was produced by 2.20.1 nM bovine APC-Hl11l. Phospholipid was not rape MAY 2002
limting in the standard assay so a snaller inpact on nmenbrane 35 affinity
may be expect ed. 2 3 MAY 2002 - 40 Results for human proteins are shown
in Figure 8B. About 2.5 tinmes as nmuch human APC containing proline-11 was
required to prolong coagulation to the gxt ent of wild type APC. A | ower

i mpact of proline-11 introduction my 5 reflect the snaller differences in

Tembr ane af bhMsubetiratae 14788 RKALE) NantFhAUES SR chaaguiuatiop of factor

Va: Factor Va inactivation was assa col aes et al.
1996, Thronﬁ6§F§P§ﬁ@YH§@ﬁﬁ§ha§Pspr?éus64r419assrb@fapsorbanqe thenge

Pﬂr} ?trrﬁl ns, Eg\ti g@spnhgfna%mmdnl gtedvie oE?ntgstIQQQQE%T%fé a aéx%&k'\‘aa 1
vi ne_seru sphol i pi

vesi cl es (5¥&g Gsf4t agéagg’ gng%/l inht gt af%vgl\/Wﬁ?Q%F% 3were added to

activate $agtor V. WI@I1ES1 Gray midund rooiliad izonmath &Gt ekb sRstwag eadded

and the inc e r i ne_prothr to 10

A e "R OB AR ACATLRANC 8T 0ol BULES, Bov neplLoLtr oA { (O L

added and t hatpagtivenieasofnéapbosdVIER1bAR3 pi nThe dat87@rd 20 JCL sanpl e

of this act r n di}0 M Tris,
0.1 M R, SR EOTRY DR 7o) contal ns  SIO%R substr LA TB0%ta) Sihe

amount of tﬁ'P-Bﬁﬁl ﬁtwé:l: de?gpf‘h n&dPb§’ t he change in absorbance at 405 nM
(e=1.0*10" Mis'1l, k~,r for thronbin=100/s). For human protei ns, human

prot ei n\ﬁ 25 defici e%_.bxph) E%‘r{aﬂa?hro n%da Inc.) \Qfgcll g | uted 100f ol d,

factor was acti VAte fbin'and the fac produced was
assayed with the reagents used for the bovine proteins. Bovine APC-Hll was

9.2-fold nong (gekhye ié‘%é"‘ﬂ&t{g}: LiE1cY (c%rﬂsé&&zﬂa%)oﬂ %t:' f&%&f yat ke factor
Va. As for nenbyane d| n& %abov , the | %ag‘:%? i ne-11 wa ss Wi th

the human pt8tE ﬁscaﬁF &% o %‘FaI?t eYHﬂ:ea‘B'e’t%é?ﬂthe
curves dr awgIfo&nwi ydl*sy@heaﬂﬁlad?dﬂomu a@&t\ﬁﬂtgiune deI-VIIaSIﬁﬂe?sr resul ts

b d_35. h 02
Examplo 4 - SR LT EXPRORESO by e ot RES AEvbA G SF 1P Mg & i
merrbrane’l-’cogaaetaskcetobf\ﬁ)t@MWKdmwdm‘aWbUermtsm g3 QS o @‘f‘ vari ous

human and bggenems%eé@ £1 M1t 208 8, APk heTrds LA Wit gippangent S
pol ypeptides Téd to a ggse rane contact site .. archetype. The

el ect r ost at PEZWEheFVB@a‘E ‘é?'é’c%n ofasE Pkt FOMHTE i e "ﬂﬁf éf¥aghe surface
of the protehby pbggibmebmb@slm@taécamwmﬂmw resmndeshtdy arnia o of

el ectronegaplye £pat 98" £L20m AN VAL o1 £S5 PLRL & about 25
20 seconds (kcat=(1ln2)/t,;,;). The resulting value
(kcaty;,=0.03/s), along with the substrate concentration
of this reaction (3.6%10® M) and the assumption that
y=1.0, gave a value for kcat/[S]=8+*105 M*s''. This should
be far below the true kcat/Km™for VIIaQllE33, but was
25 about 100-times greater than the value of kcat/Km for
wild type factor VIIa/sTF estimated by Fiore et al.,
1994, supra. Thus, the combination of VIIaQllE33 enzyme
and Factor VIIQ1llE33 substrate was superior to wild type
proteins in the activation step of coagulation. This
' 30 suggested that VIIQilE33 was superior to wild type ehzyme
when coagulation conditions were minimal.

Enhanced activitv of VIIaQl1E33: Once generated,

factor VIIa activates either factor X or factor IX.



10 The cl oser a nenber of this protein famly approaches this el eéltéOSt\?\#i C
pattern, the higher its affinity for nenbranes. Phospholipid vesi MAY,700%
type bovine protein C, protein-nmenbrane interaction studies, activation and
15 quantitation of protein C, and activity analysis were as descri bed in
Exanple 3. , Reconbi nant, nmutant protein C was generated by the foll ow ng
procedures. Site-directed nmutagenesis waa8perfornmed by a PCR nethod. The
foll owi ng 20 ol i gonucl eoti des were synthesized: A, as described in Exanple

3; F, 5 -ccAqivacerai daeving Aspter AX Giis toaiirdly Awcte YISEQWaB NO 11)
(correspondi @+ 0eBUShE0Lhd8s @A4TE94UdIN Bute MEC Y 798%%1 %ﬁ@ati ng a
Xba T site . betwee ﬁcl and_protein C G 5 TGAA G IIl GIC 25
TTC CGT GTCJT%M%& s CTCUECER REEUR)  YRELPYD APPUBSS (Qfor respondi ng to

am no atci d gsﬂ%@mwﬁim(m/b@yiﬁwmmm@ ﬂ,mémaidbiﬁtdls%tﬂgﬁ_%q_o Gf;g dA?C
wer e nut ated. f,r.om 0 Wi ungerl ine); -

Cac Arc The ;’ciﬂ‘?‘%‘?\%&%%wag?%’édg ﬁ? l\g&l%% ri%c?gé é’&i &ddi RE to

ami no aci d ress dueswiBBd 2Fype Vilhah waotadded att heewd It iaed azidh Xani no aci ds
in this SEQL%&‘E::@V [ ated i ndl i

underline); 2, 5 il\%cgaeAuAiG G%Aaiér'?gnf%%ﬁ%% %ﬁ%‘ éﬁ%&&@e&%ﬁn@ﬁ &—dB' (SEQ
I D NO: 14)  ( dekkBehdPhgtRe Beddelerimlxmires| (ke dnid7 wege mikedawiphot ei n
C'tt[‘edf‘gr“ ?ﬁ?ﬂ“ PN e i o P fdﬁ-‘éﬁ%%e%%%ﬂé?c“%%
mut at e o 1.0 s_indicate nder | i : -

CAC ATT ﬁ‘C INnT al'%’ﬁ"fo%iﬁf:% ‘gﬁslf%q\ldgﬂ%r}e & &pondi ng to ami no
aci d resi duddbSflEnhde ¢chamge pﬁtotezfn i wade détfe)ﬁn:ia:lddnﬁai Bacgmaﬁhi s
sequence wer asmd rdl j_t ngerLi ; 5'-GCC
A T Y
(correspondiWif tQ# i X QR ¥ 1gnst Miem 6t h
am;jlnoI aci d ilg %Ei SheePuaneeo %nwmbteghatgw];@?&eﬁgnaﬁé&g&ﬂﬁtaed Y\“hd
underling); hovin unan_pr in u en c yere clone
ot hoth MEiaat S e skl foet b P hed (W dnQIREe bY oPUBE B RS bovi ne
protein C mibcanneE3FD3mdeRCR emtorid idatamm off tiiies taasggt DNA was perfor ned
15 as foll ows. Bovi t Qi N\ t a4 nd t : ] he

am no acid at posi t?gﬁalﬁg, gwgggg%gyléf ?feig gmb?}t’lf?}ﬁtggté%lo%?ﬁ@ é;ro"té:?’ﬁl C cDNA
and pri mer s VEIandapemriaingiesleand o IeidiRIdorielesed giradestived in
Exanmpl e 3. e iSafd e 4@os o) 8fte bl BeL wsike! RgRiR) consisting pf a
i ol ot VB ASERD Re Her AURAT AT MOdY GYPS RECERR Yate Th 1 °
el ect r ophor edric teasgioran CodifEfasnage waisn g@aristr as- howt at e buffer -
cont ai nin o ‘ t e pyrhfie g, ¢ e necl ean
'l kit (%| %#?f?’%&l%ﬁ%ﬁ%ﬁ%%%@%%thgsi“%?%?%t%ﬁ C cDNA
contai ni ng 288 ek phagrheliRig par Wes dhdsyaashexpeghied| frandhds 1. The

Hind 111/ Bbgalctf M Mi GdndrdHERbHNRHc@iat ionls’ 24088t a (§Psater 3’
termnus) were 30 cloned.nto the Hnd Il ,a Xb_a | sites of pRc/ CW vector

,and
to prod Roren - 450 FYRE ite &1 At PREPTaRG: at9RFR. Bovi ne
protei n C maigariin, HtheEIhdidhaws Murratien of MIgagareidayas bytesatsest bovi ne

protein C mitant. HLL A% A48T q[o%v~ip@1ésrf>%o€%ircie%§:tpitagﬂ're.
o Superior coaqulation of VIIaQllE33: Blood
clotting assays were conducted at 37°C using the hand
30 tilt method to detect clot formation. Human plasma (0.1
ml) was allowed to equilibrate at 37°C for 1 minute.

Various reagents were added in a volume of 0.1 mly of

standard buffer. Soluble tissue factor (50 nM) and

phospholipid (PS/PC, 10/90, 75 pg/mL) were added to the
35 plasma, along with the factor VIIa concentration shown in '



2 3 MAY 2002 - 43 Human protein C cDNA containing the 5 termnus to am no
acid-38 was PCR anplified with intact human protein C cDNA and prizngemYAgmz
and D. Human protein C cDNA fromanm no acid 27 to the 3" term nus was
anplified with 5 intact human protein C cDNA and prinmers B and E. These
.,.. two cDNA fragnents were used as tenplates to anplify full length

bovi ne protein C cDNA containing nmutatedzen no acids (E33 D34) with priners
A and B. Human protein C nutant E33 was obtained by the foll ow ng steps:
human ZO pr oFbgur€ 4¢DKB. Tonat 32 mamp. t heiballer nd rusmit @AM NAGaE138 was

lified w i ' ' d E._.H
orotei n C cORe 1FaBEs, PUTBESPE CLBL heabbhn "o ite TS Sl 15 dlptciiag 1 1
i ntact hunarm@asteed. C EDNACARKCIFEFer ehd ayerage Hiub & ttamslaodNA 15

fragments @g@é I r;a}q; bovi ne protein C
cDNA cont aﬁ%yénﬁggﬁgdégm@%%Igg?%gggE jjé%/{\nat;éﬁg pl;’él rrers?taA and B. The PCR

m xture afd _pr ogr amEwEIEed s ERPWEd ERBo FOagvhatAQRahipest ef wildans oduct s
contai ni Ng resPEckéYSUSUVRL AQIEEIEN £n Cheaw£ Hiinadr Mlaldna,20 and Sal |, and
then the fragnent. (Hnd |1l - Sal_l).,t,ogether wth jntact h n protein C
fragment (Sare3gul tl?’ér‘ﬁ?%u%‘jp%%g%lt&ﬁeﬁrﬁ# ﬁ‘?éiqat ﬁg‘qsﬂ&!‘giﬁﬁgﬁba I
sites of pRovéedelest orEndogeneg awild type fagtgixh VIdnem protein C cDNA
with the re | [ | f L) DNA
sequenci 28 pr oré’g%n%%%%fie)@mﬁfu#h%lﬁ eﬁiﬁﬁéﬁngn??cﬁﬁﬁﬁﬁ% ki dney
cell linéVY2

TP HEPRTH t OF PR AL IR fiolitetr aThee hackgeeuwnd Exanpl e 3.
Bovi ne and hiteguYLensni west1 30 Geidhds ANl HRI N kS L3R WE REFRUT Fhbegy as

Mnto four orBBOBEYh Rt SRR Ao RYBNET ARRaF Y mombr ane
(Table 4). Sgguendes wild hypniVida emdenlthes dseayotondieioakevant
D' 3 ey 2005 Lo eIV i SR et I R o e e i e
factor VA§ (Pi‘\ﬂﬂ")a:ar%lﬁﬁmﬂ%rt(}ﬁé? dheh dwa J agh dag hwaly's £arablyedr boxygl ut ami ¢
acid) or G Wlotting in this system involved direct activation of
factor X by factor VIIa. Overall, factor VIIaQllE33 was
superior to wild type VIIa in procoagulant activity
supported by membrane vesicles and soluble tissue factor.
20 Wild type =zymogen had virtually no activity under these
conditions, as indicated by similar background clotting
times of 2 minutes, whether or not sTF was added.
Procoagulant activity with normal tissue factor:
Activity of VIIa and/or VIIQ1l1lE33 with gTF was measured
25 in normal human plasma. Endogenous factor VII appeared
to have no impact on coagulativn time in this assay; the

background clotting time was 2 minutes for plasma with or

without soluble tissue factor. Soluble tissue factor (50

nM final concentration) and VIIa were added to the plasma
‘30 before the calcium solution. Coagulation time was

assessed for samples containing various levels of VIIia oxr

VIIaQllE33. Two human plasma preparations were tested,

normal and factor VIII-deficient.

Coagulation supported by normal tissue factor was

35 assayed with standard rabbit brain thromboplastin-HS o



bPTo ANKGFLXXVRKL1GNLXRXCLXX3, i ~CSRXXAFXA~1LXSLSATDAF, SWAKY ( SEQ,| D.NO: 17) -
5 b7C. ANS- FLXXVKQ ~GNLXRXCLXX=i ACSLXXARXV~i FXDAXQTDXF4i \SKY (s@cf MAY 200
NO: 18) hC: ANS- FLXXLRH i SSLXRXCl XXi | | CDFXXAKXI al FQNVDDTLAF, zZWSKH ( SEQ | D
NO: 1) bC: ANS- FLXXLRP11GNVXRXCSXX~i VCXFXXARXI ~I FQNTXDTMAF, i WBFY ( SEQ | D
NO: 2) hVI1: ANA- FLXXLRPi | GSLXRXCKXX=1 XXARXh| FKDAXRTKLF, | W SY' ( SEQ | D
NO:3) 2 3 MAY 2002 - 45 TALE 4 Chaige® and Affinity 10 z5 20 Residuell +

Chz 2o AR BT MG Sepntasping catoiun (Sigme Chepicehy -
Q 1E33+- 2- | ®.21.0h$hiz mixtarebrentaing- Bath(phospholipids and
11Dl - 22 1 b e RITo A0 T35, 2 s MY 2002 - 46
dass N ~i heﬁimﬂbmé@m#\m-ﬁ$+%$1dihebeﬁcbﬂqo 152 00sEie T FAnd 10ded o !
Hi gher afd i giHey agdlade cFIWVaAlIS (kd8edoesi- EROEoERAOM ASkmal thgnglgnoni nator is
a typical ~&392el AlhAly Qonlhi8E PBOLS' PSctor viI) and vIIQiiEss
(added as the pure protein). The thromboplastin (0.2 mL)
was added to plasma (0.1 mL) to start the reaction and
the time required to form a blood clot was measured.
10 Assays were also conducted with full strength
thromboplastin, as described by the manufacturer.
At optimum levels of human thromboplastin, wild
type VII showed a normal level of activity, about 1500
units per mg. This is approximately 25-fold less than
15 the activity of wild type factor VIIa (80,000 units per
mg). The VIIQ11lE33 gave approximately 1500-3000 units
per mg under the standard assay conditions, only 2-fold
greater than wild type VII.
The difference between wild type VII and VIIQL1lE33
20 was much greater when the coagulation conditions were -
sub-optimal. Figure 5 shows the clotting times and
zymogen concentrations in assays that contained 0.01-
times the normal thromboplastin level. Under these
conditions, VIIQllE33 was approximately 20-fold more
25 active than wild type factor VII. Thus, greater efficacy
of the VIIQllE33 mutant was esSpecially evident when
coagulation conditions were limited, which is relevant to
o many situations in vivo.
Anticoagulant Activities of DEGR-VIIaQllE33:
30 Standard coagulation agsays were performed with normal
human serum and human thrombéplastin that was diluted
1:10 with buffer. The active site of factor VIIaQllE33
was modified by DEGR as described by Sorenson, B.B. et
al., 1997, supra. ‘Figure 6 shows the clotting time of
35 DEGR-VIIaQllE33 (0-4 nm) incubated with thromboplastin;::



In .Table 4, vitam n k-dependent polypeptide nutants are in bold. The total
char ge (reS| dues 1-34) 10 includes 7 calciumions (+14) and the %n@AY 2002
terminus (+1) . Protein Z was assigned to class | on the basis of" it

di ssoci ation rate constant, which was 100 to 1000 tinmes slower than that of
other proteins. If prot ei n Z 75 displayed a normal association rate

constant (about 10' M ') the KD wouBd be about 10'1 M Wi, GJ. et al.
, 1982, Biochenistry, 21 1949 1959. The latter affinity may be the maxi num
possi bl e forin Kal@iEmbvELegnofernds eesosdpvbpforei adddtibnred them cl ass

11 in the presppce @he2@ipeokibnEokh, a\/\bueb By aktetmhba Ny ¥nbyne
non- el ect r ost at c ans V\Ql Ieﬁgprel ,ativel ak correlation existed

bet ween me thegg: FoB cYIéFg%PBﬁW‘é@PEIQEX 4534, an
excel | ent ceafeceingsi mit\haabbumd nheof2BEGRIYIreQlLUESS .5, 11, 29, 33 and 34
were considered (Tabl.e 4). The latter am no acids are | ocat ed on the
surface of t.he protein. A nunber of prot ei ns were m)del ed by amno acid
substi t uts oExampder 2 dirgndatonysTs ELIOR]

potential s }g%rg; eﬁ‘%ﬁﬁh‘égtﬁitiE€d3QsBEQQﬁ\aHé1%uP@1) %fggﬁ 'bmté rned

after the e rostatic potential of bovine ro el n |ssown| Flgure
11. El ectroke§st i(Pe5sPP8sT4t wereginjgetagd wish 36 Iaﬁldoﬁ_lf%ﬁmmce a hal o of

el ectrOnegawmlmaegetsunmauadrag AIAfELEIOR WS et RFOENEachdy the

I I d 1 Th I t
Structure agBeghEReYCehy storp LRePR A e hibA drad heds e fAdeS s o he
menbr anel.0 Thihe témeel shown is Eppuren?, f bood heas wikhgypevmpr fitan rtﬂ';e t he

mutants andgbapigablye d' iheg whPER! &1 Benndlie 1024 11 L T QL QLAey

structures can be extrap from exam nati on e chargeé gr ou S that
are absent PHIEEK¥r p?BPePﬁ%unFo?feﬁé%?% VITRLYEES JEn A2 10 of bovi ne

Ior OI< hr ?ng ncggaanateo?l @hs é@seilﬁﬁté?pﬂﬁd\alt’lhll tige r@mmg rl:ilrIﬂ:.'e![ch \Ht.ﬁtlétﬂ tyt the

ack o a- in an ctor ss_glectronegativity in

those prot eFASFEY] gIﬁg SFﬁlﬁiﬁngag §sm?11 g %s@“acfatf ejm‘f %‘gr"’Ie's Pdhded to a

struct urks withuanosl eft theosati phasoa ewasadded. cdupl 160 Wdislutrimended by 15

el ect r onegay,icv e r . [ eptions to
9aLk f-aBBEE b9a§H Eﬂfémbﬁﬁléé‘@m I\I,ﬁl C%%a? cfh Qﬁf ¢elGep

this pattern are proteins wth Proll fini'ty by a
structural WAfakSegnd §@F9‘172a’€h%a‘ﬁa‘-br%¥%¢$§i§ b}O\/rﬁl?ﬂl W@%Jurﬁ‘%?fe unchar ged

r |eSI due. 8@1E0méﬁhbheasteeecfﬂee@ymtmmd Sleofl an EHe hataie: deff |

el ectrostati.c | st t rect mut,a nesi s was .use O repl ace
Gln33Asn34 HRCHBY IIE SRaChTAER T P ot 2F PRSI PERES St( NO; 19) .
Glu33 simul YINQliBBBhwasndetérmined Bhd whs i subfrrantisid g G dslsnkg. These

changes 25 Shbceflobiecet f6h! 08 AL CoP Oy PR AP P U TSI i

that of bovine tacto rane nit protei n vvas
expected toiBegivaBrashbed Mt ok Shamf%?fﬂ%ﬁl“)@rtfué-ft Fhigh & dddrée o

T 1 s srteont o siodne el e o T
than that of26b9F nggFggf%I:p %I’a%‘?’e Cé‘E’II'I ﬁ%n %és" II’IIIéI .

i nhi bi tiaen QptAPCcyadngtleat eanimltdlted rmhtamhariw dwer tdie wink fpe enzyne

(Fi gure 126.p0) ol DELHEREN (o TRBM S OX AR BASDAGR Of Dovine

pr ot e| n C f
expern.ment, the anlmals were euthanized by excess sodium

nembutol.
The rats appeared normal throughout the experiment

30 with no evidence of coagulation. Therefore, the factor
VIIQL1lE33 did not cause indiscriminate coagulation, even
in the post-operative rat. The circulation life-time of
the VIIQ11E33 was normal (Figure 7), with approximately
40% of the protein being cleared in about 60 minutes and



2 3 MAY 2002 - 48 famly of proteins could be produced, each with
different nenbrane affinity and activity, by varying the am no aci2d3 MAY 2002
substitutions at positions 17., 33 and 34. Hunman protein C nutants
containing E33 and E33D34 5 resulted in a small increase in nmenbrane
binding affinity ~(~Figure 13a). Activi t%:bof these nutants was slightly

| ess than the w | d- type enzyme (Fi gure Results with nmutants of bovine

t C I t.at t he h t
Ty arise 1ran At %&tﬁﬂ%reﬁ%ﬁé’e@iﬂ% Hribi dotHse
Fi gure 14A shis wamsm:elanltmtamtracﬁe bk i eveegaragias o fC Haotink t 0 t he
menbrane w rgh:mgmﬂ-ﬂ‘!fﬂ&n l’ﬁrggﬂqa@fflﬁg%] ‘{‘?a‘n:%‘{&j %&e&qﬁgr qtgel n, the

E33D34 nmut a bound wi th about 70-tines t at thé triple
nutant, 15 HAE 4. Bl i bot t47: % O3he fPhismisant. This

rel ati onski rbuw@rmf (% aﬁhld‘-ﬁﬁﬁe &ﬁ‘éddmﬁn}haﬁt ARty RRd of K@IDdhgagemut ant s
(Figure 14B): Th| s result &}ﬁgﬂ%% hat_th prn?éence of HL1 re uced t he

i npact  of ERBF a%elrﬂﬂ SdoF i AFSAYS @€uROPs4Pndi cat ed
that introducinupesf E3RMSEmEM.IOL, (B et nalo93qr Thidbmy.OHRleRSst: . ,

Consequent | Wo%fﬂ"t at.lﬁ.&r)és :Lmé%nete%sd}{a%b'feagtt% ghﬁl%#gamagr ot | n cC

that will use ave nmaxi mum ncrease
resul t with XeROBUAAat 35 33F Gsiormalgpantead n lead mhgtn dtnuamnqay be the

primry gauspgifdihicesthenamemn coﬁ@uaweﬂ Ia\eulﬂlﬂeyrray zeeagbtesfﬁé to

gl utam ne or_to another aan acéé% cthr’(ria rotein C, along wth the
E33D34 nut at3di TR Pés'el RpStenfREdaifinity is the
serine at SG:J;mltammz,lf&rtma dom a&died artiatali.s entirely uni que to human
protein C. These. additional changes should produce proteins with enhanced

menbrane affinity. The el ectrostatl C archetype was al so tested by
Con.parlson 3 Moaen 3ard Bndanesement: &f Y he yranensastef agd & MEE®1 in

human factorofX s:th%vlheslawal Mﬁﬁhepro%e%n'\/BYSRQQZa ha.%’n | ower
afflnltyth ovme ac X. ,This prediction was borne out y the result
shown int ef5° E&AM Pgé’t &H't &en 3R AT 18R PE ERREEr €B8nzenesul foni c
acid (TNBS) dundiifisC (landmootterminali ke aediduesh, paebpl eebaboht agoent 1 had

relatively Idtt N I, ra f Weber, D.J. et
(ol 2t el Vol SIRC e s O o RREANGRRL LOLEY VST
Bi ochemi st rgaovz-neztmt@g@ec contpinsng prediher athpopéhionohlreexsuad in 10

derivati zat laomuefntiheea@tngotsewbauaa ®£Changs bEBEe!Lﬁ t:l nkgget 0 | overed
Nel sest ue Bi ochem stry,

nmenbrane_affinit . 88,

2690 20 4B G ROAFREE: PARIARCr A BPoBRKLBS TERELh o Ak oh

prot ects th&iagiddneer enduther eevkeired bhaﬁuasiﬁoﬁuﬁ\aﬁdpﬂitemte) nwag t h much

 gher affl Wbl | NS .TRAREARELIAN AA! bYBLLEAINERLadn A0 RuBACE! | o1
Pes T he Sa {1

t hat proteln constitu ar c OCIa%IOH rate
const ant andl showgdndower nesbraae aﬁfaméw\oabqugeh@r fotdafed=10'1 M

bovine protein C and 5-fold for human protein C.

25 Activated human protein C (hAPC) containing proline at
position 11 showed 2.4 to 3.5-fold lower activity than
wild type hAPC, depending on the assay used. Bovine APC
containing histidine-11 displayed up to 15-fold higher
activity than wild type bAPC. This demonstrated the

30 ability to improve both membrane contact and activity by
mutation.

Mutagenesis of Protein C: A full-length human

protein C cDNA clone was provided by Dr. Johan Stenflo .
(Dept. of Clinical Chemistry, University Hospital, Malmd, -



20 Whether this value can be reached is uncertain. It is possible that the
sl ow association rate of protein Z is caused by inproper protein fpI3dyng.002
resulting in a | ow concentration of the nenbrane-binding conformation. If
conditions can be altered to inprove protein folding, 25 association rates
of protein Z should inprove. Indeed, thg,association rate constant'~or
protein Z was inproved by alteration of "pH The basis for this observation

may be rela an S fga h o] | DS ichis
thg cl ose pFﬁ%@%&%ﬁ o?%#hgagﬁﬁﬁobgée?g?q?nggﬁ%+§féﬁggtgﬁ.é§8§%&%§lé?un1ions
2 and 3. Th®r+1DenadgdeFeftene (A¥maGenekitAusInG. r e¥Bbhsi bThef @enBarks| i ght

el ect r oposi hickegkeShORUBEL 8B8VEhEantcl BoFigHr SeditenfhabgepsfPHs Si ON
bet ween Ca and the am na i.ze protein foldi ng and could

.ho_termnm nal é destabilize™p
be a seri ouB*S583Pobl & KB435 pr ULRi 91 eASBEhaR | d% XBROFAg MiRbility. 2 3
MAY ﬁOpZ 5 héﬂsoliabl eoihphthdeBeedﬁdiéi Qé@heﬁ?ép@fth\ﬁﬁantlbﬁo?éme@ ype nodel .
It shows the'rel atignshi et n di_stance of _.ionic grou ro rontium
ions 1 and 8 (cdrre%%o%"(fﬁfgeqtﬁﬁ%%nfsﬁd VAT Beh r&}e\%;lbé(nfa | 5 ion
found in t hmeShod-r aforr hsmah proteinré witagepesisrofibhigtidimegrltern

ts th : L P b G4 ; d ' , the high
S Tmpact 58 RESHEARLERRIELRNIAE YRk OnbeAEEG, SRR e Ch cont 11 bt es

Its inmpact on rane afftini ) exception IS
to the chargﬁnéheﬁhéeéFeétr%bbgﬁ%iv%Ac%?%.CQQ FFGRET ATA GG AGA correl ated

with el ecd r epegahveTTRar g¢sed 20 INOL MEr (GbtLespdmdsngOEs el ation al so
"hpor ¢ ance. 98186685 BRPE0gs b e YSLPRERAS G50 PR - 15r- son
KD (KM (A HinBr SLEi aiBéI@é’ﬂ\)re&@ZeEQACWoam@rpwlkmmm. (Kl X§pswCch C (F) 20
82 . 9?2é9?%§?§é§gé§%30%€%7¢§%@¥ D B (e e s Tkl (10
PT, hX, bS; G 4SBR) IB(KP18) 77ca8reaspeniing te Ehe anine)aqid gesidpes (D) O
(S)15 . 3FH24.-1h" 28 LihRArpré&céin7c, EFe.svh lbedfAES (M dMid Sdfiende
was mutated from that for human protein C to that of
bovine protein C, as indicated by the underline).
For bovine protein C mutagenesis of proline-1l to
histidine, the following oligonucleotides were
20 synthesized: A, (as described above); C, 5'-ACG CTC CAC
GTT GCC GT@ CCG CAG CTC CTC TAG GAR-3’' (SEQ ID NO:9) -
(corresponding to amino acid residues 4-15 in bovine
protein C, the 6th amino acid was mutated from that for
bovine protein C to that of human protein C as marked
25 with underline); D, 5'-TTC CTA GAG GAG CTG CGG CAC GGC
AAC GTG GAG CGT-3' (SEQ ID NOL0) (corresponding to amino
acid residues 4-15 in bovine protein C, the 7th amino .
acid was mutated from that for bovine protein C to that
of human protein C; mutated nucleotides are underlined);
30 E, 5'-GCA TTT AGG TGA CAC TAT AGA ATA GGG CCC TCT AGA-3’
(SEQ ID NO:11) (corresponding to nucleotides 984-1019 in
the vector pRc/CMV), creatiné a Xba I site between
pRc/CMV and protein C).
Both human and bovine protein C cDNAs were cloned
35 into the Hind III and Xba I sites of the expression T



2 3 MAY 2002 - 51 G a residuesLow inportance:7 'l2.813.3+2 (<2)5~~252016<2
(<2)2019. 417.8<2 (<2)2117.2154 (3)3311.67.5?(<2) 10H gh i nportance: $MAY72002
9?° (20)26~3 .69. 5? (50)171l.19.1>200(100)278.4Z0. 6>200(85) 15303. . 44
.2>200 (25) Di stances are fromthis atom of bovine pr ot hr onbi n (resi due of
prot hronbin used in neasurenent is giwerg4 - parentheses) to strontium1 and
8 of the Sr-Prothronmbin fragnment 1 structure. Seshadri et al. 1994,

. H ochemi st el @BE /0000, I-Emarajﬂrdnﬂim&‘ R:DNrataconrts indweyr takf.Enity 2 0

d f |
392 300 315 CApA, Fd diinb acifll7 Hak Borf lanpidthcd BERTtact oo for
t he gamma- c@umsry Predeiohs$ qmw'a)ndmramzas 7 @ndR&.c| Mheevefluak. £6893 J.
Biol . Chem 3068 P%_‘ﬁ:g%%‘a‘lﬁlon Riading V}Pis 2 |d?39‘?cra1(i1%[?ia@)' LY P%S gaused

aggr egat ion) making 2 conparisons |'ess certain. The resu in
Figure' ~. 5 Ctﬁm?vatt@apb@he 2005 ¢ &3h dather oy @tee’#mzbﬂagcéa@s;dm ially
i nproved at tiipho N 0AE RO o ra prindxd ab@ Qf]@h@rgﬁdpwghﬁNiat e

const ant obt ai ned rom ese dat a s _abaut, 1230Q. f.ol 9 t han
at pH 7.5 (BOJdFE TITORY Vf\%d‘é’%e’@é 1 &lsE%EgdgHgwa ‘Pﬁ’t is to
be under st oot frdis, \/\,12|5| GM KEli,nbemM diNHihsSQheeandegcmbigsd,) @Hnj uncti on
with the detgiglgd d h fe (o] X-Ye! eseription is 5

i nt ended totel I zst rgt gﬁéﬁﬁ g%rrel %Inu?{a Eeeta(sag% 33 ?%gggl %gegﬁ{on which is
defined By cresiespaIoPL Re 2apRaded &4alcnﬁlen@tth‘§ﬁta§pe§€§10ddv§rﬂ ages, - and

nmodi fi cati opgnake,wWskhicn ahhealaore peirildds teld awengialiBkBy2¢c
elongation period. After amplification, the DNA was
electrophoresed through an 0.8% agarose gel in 40 mM
Tris-acetate buffer containing 1 mM EDTA. PCR products
15 were purified with JET Plasmid Miniprep-Kit (Saveen
Biotech AB, Sweden). Human protein C cDNA containing
respective mutations was cleaved by Hind III and Bsr BI,
and then cloned into pRc/CMV vector that was cleaved by
Hind III/Xba I and that contained human protein C
20 fragment from Bsr BI to the 3’ terminus to produce a
human protein C full length cDNA with the mutation.
Bovine protein C cDNA, containing the 5’ terminus
through amino acid-11, was PCR amplified with intact
human protein C cDNA and primers A and C. Bovine protein
25 C cDNA from amino acid 11 to the 3’ terminus was
amplified with intact human protein C cDNA and primers D
and E. These two cDNA fragments were used as templates
to amplify full length bovine protein C cDNA containing
mutated amino acids with primers A and E. PCR reaction
30 conditions were identical to those used for hAPC. The
bovine protein C cDNA containing the respective mutations
was cleaved by Hind IIT and Bsu 36I, and the Hind
III/Bsu36I fragment was cloned into pRc/CMV vector
containing intact bovine protein C fragments from the Bsu
35 36I to the 3’ terminus to produce full-length bovine .- -



2 3 MaY 2002 s3 Cains 1. A vitam n K-dependent pol ypeptide conprising a
modi fi ed GLA donmmi n that enhances nenbrane binding affinity of sa@ MAY 2002
pol ypeptide relative to a s correspondi ng native vitanm n K-dependent

pol ypeptide, said nodified GLA domain conprising at |east one am no acid
substitution at residue 11, 12, 29 or_ e 2. The pol ypeptide of claiml1,
wherein said amno acid substitution is at io amno acid 11 or 34. 3. The

pol ypeptid [ LD Sa) Y, ' fur r ri.ses an am no
ot o subst ey EhoF SoATeCRLg:55hd, ERVARERLES, AT mAHBALT T

wher ei n saivepd| gpepiraedcbypPlReseguensing prler stbstiranafantism.ani no .aci d
11 and amino aci d &135.culiteRolaee Bhinde «@fi ol i Fink, 2WRRESE Pugai d

et ' salFHR SORERR dRUTaR BLOSER) SR TE o i 9 RS HRO"BopEEe. of

cl ai m 1, swhesdium saippbehgpeed | Wibtls onps | Sesa Pred bf needan{; @ mdctj-vat ed

Protein C gﬁ&%é%%ﬁg}2993 ﬁﬂml of penicillin, 100 U/ml streptomycin
and 10 pg/ml vitamin K,. Transfection was performed using
the lipofectin method. Felgner, P.L. et al., 1987, Proc.
Natl. Acad. Sci. USA, 84:7413-7417. Two pg of DNA was

10 diluted to 0.1 mL with DMEM containing 2 mM of L-

glutamine medium. Ten pL of Lipofectin (1 mg/ml) was
added to 100 pL of DMEM containing 2 mM L-glutamine
medium. DNA and lipofectin were mixed and left at room
temperature for 10-15 min. Cell monolayers (25-50%

15 confluence in 5-cm petri-dishes) were washed twice in
DMEM with 2 mM L-~glutamine medium. The DNA/lipid mixture
was diluted to 1.8 mL in DMEM containing 2 mM L-glutamine
medium, added to the cells and incubated for 16 hours.
The cells were fed with 2 mL of complete medium

20 containing 10% calf serum, left to recover for another
48-72 hours and then trypsinized and seeded into 10-cm
dishes with selection medium (DMEM containing 10% serum
and 400 pg/mL of Geneticin) at 1:5. Yan, S.C.B. et al.,
1990, Bio/Technology 655-661. Geneticin-resistant

25 colonies were obtained after 3-5 weeks of selection.
Twenty four colonies from eaclh.DNA transfection were
picked, grown to confluence and the media screened for
protein C expression with a dot-blot assay using '
monoclonal antibody HPC4 (for human protein C) and

30 wmonoclonal antibody BPC5 (for bovine protein C). Clones
producing high amounts of protein were isolated and grown
until confluence in the presence of 10 pg/mL of vitamin
K,.

The purification of bovine recombinant protein C

35 and its mutant were based on the method described



8. The pol ypeptide of claim 7, wherein said am no acid substitution
conprises a glutamc acid residue at amno acid 33 and an asparti @ fgagd 2002
residue at amino acid 34 (SEQID NO 19). s 9. The pol ypeptide of claim8,
wherein said" am no acid substitution further conprises a glutam ne at
amno acid 11 (SEQ I D NO:20). 10. The poiypeptide of clam 8, wherein said
am no acid substitution further io conprises a glutamc acid at~am no acid

11 (SEQ I D Ngre¥jioudly whehpebypepbdilioht Lons M Re&faikd, AVMEEr cighgsai d am no
251 9, 2U0S Lk ah, TUCRET 5090 ooy 0 e AeANIR pa g g2 (55010
pol ypepti de Congiitsesedasepumviteermédinorfrbhastally Theanpdeqred i de of
Lt "nEBELD R GRLATeELA SUDSROS e A5 b RTE,
(SEQ | D N&: 3The supernatpelbyyest fittered|threugh vhaiSeipm sdi deldhipegt i de
Cfmpri ieswfamefa&é REmbAghES (MPero FiPridbd P tRmbs: Jgg,gggqg yrF)eptide of
G pLm L wheLgl P8 P OHRSR LS SPELLES Hoid entk o3 e "
' concentration) were added to the conditioned medium from
293 cells, then passed through a Pharmacia FFQ anion-
10 exchange column at room temperature using Millipore Con
Sep LC100 (Millipore, USA). The protein was eluted with
a CaCl, gradient (starting solution, 20 mM Tris-HC1/150 mM
NaCl, pH 7.4; limiting solution, 20 wM Tris-HC1/150 mM
NaCl/30 mM CaCl,, pH 7.4). After removal of the CaCl, by
15 dialysis -and Chelex 100 treatment, the protein was
reabsorbed to a second FFQ column, then eluted with an
NaCl gradient (starting solution 20 mM Tris-HC1l/150 mM
NaCl, pH 7.4; limiting solution, 20 mM Tris-HC1/500 mM
NaCl, pH 7.4). At this point in the purification, wild-
20 type and the mutant recombinant bovine protein C were
homogeneous as determined by SDS-PAGE.
The first column used for purification of wild-
type and mutant recombinant human protein C was the same
as that described for bovine protein C. The
25 chromatographic method described by Rezair and Esmon was
employed with some modificatidns described for the method
of protein 8 purification. Rezair, A.R., and Esmon,
C.T., 1992, supra; He, Z. et al., 1995, Eur, J. Biochem.,
227:433-440. Fractions containing protein C from anion-
30 exchange chromatography were identified by dot-blot.
Positive fractions were pooled and applied to an affinity
column containing the Ca**-dependent antibody HPC-4. The
column was equilibrated with 20 mM Tris-HCl, 150 mM NaCl,
PH 7.4, containing 5 mM Benzamidine-HCl and 2 mM CaClz..
35 After application, the column was washed with the same - .



16. The pol ypeptide of claim 15, wherein said am no acid substitution 5
conprises a glutamne residue at amno acid 11 and a glutamc acid ZQSMﬂuﬁmn
at amno acid 33 (SEQ ID NO:30). 17. The pol ypeptide of claim1l, wherein
said nodi fied GLA domain conprises an am no acid sequence which), in the
calciumsaturated state, fornms io a tertiary structure having a cationic
core with a halo of electronegative cﬁaFGéf 18. An isolated nucleic acid

encodi ng said | ypept | de_of of ains 1-17. 15.19. ma l'ian
host cell co%$$§¥n 8’5&%1‘:1%1'%9 gfﬁ%ﬁ\ga 'ctg‘J OtEHTY %é"@@oi%&ﬁi% ai d

pol ypepti de witkngo oth'ﬁi(;liﬁi:Tm]mB 1501 M NRCIA piiarsTate BOTHS| ;ﬂ-?mp?s,i ti gn
conpri sing {RER ﬁggﬁ; ahl e;arri nt__of . sai

pol ypepti dea% any on %f cl%ef ns F%l?ﬁ }?idndA%rg? ogé%‘lef{éﬁg\l}l:elotnd i bi t
cl ot formatiP#rity ofedddl humen and haviaee mecoabingmsoProtedncépri si ng a

phar maceuti abhes Eayi DRI b, 3V H Is
K-dependetr?t C%%%%}%%lﬁg% of an tglrftf]%}g:srm 1-8“3 %%}%%gnﬁ?lgﬁggct I ve
to increase TFHANFRY mat PEAFSITIS) WRkfn@onoentrased payngogM 36 £iltexs

phar maceut i ceAmi@pPsi then difalgtzaidnadbingtebirfesai(d0 mM Tris-HCL
and 150 mM NaCl, pH 7.4) for 12 hours and stored at -
70°C. The concentrations of proteins were measured by
10 absorbance at 280 nm.
Association of normal and mutant protein C

molecules with membranes: LUVs and SUVs were prepared by
methods described in Example 1. Light scattering at 90°
to the incident light was used to quantitate protein-

15 membrane binding as described above for Factor VII (25
ug/mL of PS/PC, (25/75) at 5 mM calcium (0.05 M Tris
buffer-0.1 M NaCl, pH 7.5).

Bovine protein C containing histidine at position
11 interacted with membranes with about 10-fold higher

20 affinity than wild type protein. When fit to eguation 2,
the data gave K, values of 930+80 nM for protein C-H1ll and
9200+950 nM for wild type protein C (Figure 8A). The
difference in affinity corresponded to about 1.4 kcal/mol
at 25°C. 1In fact, membrane affinity of bovine protein C-

.~ 25 H1l was almost identical to that of native human protein
C (660 nM, Figure 8B). This Buggested that proline 11
formed a major basis for differences between the membrane

K binding site of human and bovine proteins,
The reverse substitution, replacement of His-11 of

30 human protein C by proline, decreased membrane affinity
(Figure 8B). When fit to equation 2, these data gave K,
values of 660190 nM for wild type human protein C and
3350 #110 nM for human protein C-P1l. The impact of
proline introduction was only slightly less than that of

35 proline in the bovine proteins. T



pharmaceutical conposition further conprises soluble tissue factor. 23. Use
‘'of a polypeptide of any one of clains 1-17 for the production of a2 3 MAY 2000
pharmaceutical conposition for treating a clotting disorder.
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type and mutant proteins. Approximately 150 ug of the

5 wvarious protein C preparations (1 mg/mL) were mixed with
bovine thrombin (3 pg) and incubated at 37°C for 5 hours.
The reaction product was diluted to 0.025 M Tris buffer-
0.05 M NaCl and applied to a one mL column of SP-Sephadex
C-50. The column was washed with one mL of the same

10 buffer and the flow-through was pooled as activated
protein C. Approximately 65-80% of the protein applied
to the column was recovered. APC activity was determined
by proteolysis of $2366 (0.1 mM) at 25°C. The
preparations were compared to standard preparations

15 obtained on larger scale. Standard human APC was
provided by Dr. Walter Kisiel. For bovine proteins, the
standard was a large-scale preparation of thrombin-
activated APC. The activity of bovine APC was consistent
for all preparations of normal and mutant proteins (+5%).

20 Two preparations of bovine APC were used for comparisons.
Human APC generated from thrombin was 55 to 60% as active
as the standard. The concentrations reported in this
study were based on activity toward S2366, relative to
that of the standard.

25 Standard APTT test used bovine or human plasma and
standard APTT reagent (Sigma Ohemical Co.) according to
manufacturers instructions. Alternatively, phospholipid
was provided in the form of vesicles formed from highly
purified phospholipids. 1In this assay, bovine plasma

30 (0.1 mL) was incubated with either kaolin (0.1 mL of 5
mg/mL in 0.05 M Tris buffer, 0.1 M NaCl, pH 7.5) or
ellagic acid (0.1 mM in buffer) for 5 minutes at 35°C.
Coagulation was started by adding 0.1 mL of buffer
containing phospholipid and the amounts of APC shown,

35 followed by 0.1 mL of 25 mM.calcium chloride. All
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10! " y&10%& (B3bout1Px¥4uBiés as much human APC contalnlng proline-11

0, ! 0, !
“o3ssatonal 1] VI LS IR (ORI & dipgp g PV U7
type APC lower impact of proline-11 1ntroductlon may
5 reflect the smaller differences in membrane affinity of
the human proteins (Figure 9B).
Inactivation of factor Va: Factor Va inactivation

was assayed by the method of Nicolaes et al., 1996,
Thrombosis and Haemostasis, 76:404-410. Briefly, for

10 bovine proteins, bovine plasma was diluted 1000-fold by
0.05 M Tris, 0.1 M NaCl, 1 mg/mL bovine serum albumin and
5 mM calcium at pH 7.5. Phospholipid vesicles (5 pg/0.24
mL assay) and 5 uL, of 190 nM thrombin were added to
activate factor V. After a 10-minute incubation at 37°C,

15 APC was added and the incubation was continued for 6
minutes. Bovine prothrombin (to 10 uM final
concentration) and factor Xa (0.3 nM final concentration)
were added and the reaction was incubated for one minute
at 37°C. A 20 ulL sample of this activation reaction was

20 added to 0.38 mL of buffer (0.05 M Tris, 0.1 M NaCl, 5 mM
EDTA, pH 7.5) containing S2288 substrate (60uM). The
amount of thrombin was determined by the change in
absorbance at 405 nM (e=1.0%*10* M's?, k.. for
thrombin=100/s8) . For human proteins, human protein S-

25 deficient plasma (Biopool Canada, Inc.) was diluted 100-
fold, factor Va was activated™hy human thrombin and the
factor Va produced was assayed with the reagents used for
the bovine proteins. :

: Bovine APC-H1l was 9.2-fold more active than wild

30 type (Figure 10A) in inactivating factor Va. As for '
membrane binding (above), the impact of proline-11 was
less with the human proteins, with an average of 2.4-fold
difference between the curves drawn for wild type and P-
11 mutant (Figure 10B). Similar results were obtained

'35 with normal human plasma. DR
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1 >Dt bC Example 4 - Identification of an archetype membrane

affinity for the membrane contact site of Vitamin K-
dependent proteins: Comparison of various human and
bovine protein C mutants and other vitamin K-dependent
5 pplypeptiaes led to a proposed membrane contact site
éfchetype. The electrostatic archetype consists of an
electropositive core on one surface of the protein,
created by bound calcium ions, surrounded by a halo of
electronegative charge from amino acids of the protein.
10 The closer a member of this protein family approaches
this electrostatic pattern, the higher its affinity for

membranes.

Phospholipid vesicles, wild type bovine protein C,
protein-membrane interaction studies, activation and .

15 quantitation of protein C, and activity analysis were as
described in Example 3.

Recombinant, mutant protein C was generated by the
following procedures. Site-directed mutagenesis was
performed by a PCR method. The following

20 oligonucleotides were synthesized: A, as described in
Example 3; F, 5'~GCA TTT AGG TGA CAC TAT AGA ATA GGG CCC
TCT AGA -3’ (SEQ ID NO:11) (corresponding to nucleotides
984-1019 in the vector pRc/CMV), creating a Xba I site
between pRc/CMV and protein C; G, 5’'-GAA GGC CAT TGT GTC

25 TTC CGT GTC TTC GAA AAT CTC CCG AGC-3' (SEQ ID NO:12)
(corresponding to amino acid residues 40-27 in bovine
protein C, the 8th and 9th amino acids were mutated from

- QN to ED as marked with underline); H, §'-CAG TGT GIC ATC
CAC ATC TTC GAA AAT TTC CTT GGC-3’ (SEQ ID NO:13)

‘30 (corresponding to amino acid residues 38-27 in human
protein C, the 6th and 7th amino acids in this sequence
were mutated from QN to ED as indicated with the
underline); I, 5‘-GCC AAG GAA ATT TTC GAA GAT GTG GAT GAC
ACA CTG-3’ (SEQ ID NO:14) (corresponding to amino acid

35 residues 27-38 in human protein C, the 6th and 7th amino
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& ()-0,--. 1 hi/q¥cbVed with underline); &, 5'-CAG TGT GTC ATC CAC ATT
TTC GAA AAT TTC CTT GGC-3 (SEQ ID NO:15) (corresponding
to amino acid residues 38-27 in human protein C, the 7th

5 amino acids in this sequence were mutated from Q to E as
‘{ndicated with underline); K, 5'-GCC AAG GAA ATT TTC GAA
AAT GTG GAT GAC ACA CTG-3' (SEQ ID NO:1e6) (corresponding
to amino acid residues 27-38 in human protein C, the 6th
amino acid in this sequence was mutated from Q to E as

10 indicated with underline);

Both bovine and human protein C full length cDNAs
were cloned into the Hind III and Xba I site of the
vector pRc/CMV. To obtain bovine protein C mutant
E33D34, PCR amplification of the target DNA was performed

15 as follows. Bovine protein C cDNA containing the 5’
terminus to the amino acid at position 40, was amplified
with intact bovine protein C cDNA an& primers A and C.
The PCR reaction conditions were as described in Example
3. The sample was subjected to 30 cycles of PCR

20 consisting of a 2 min denaturation period at 94°C, a 2 -
min annealing period at 55°C and a 2 min elongation
period at 72°C., After amplification, the DNA was
electrophoresed through an 0.8% agarose gel in 40 mM
Tris-acetate buffer containing 1 mM EDTA. The PCR

25 products were purified with The Geneclean III kit (BIO
101, Inc. USA), and the PCR fragment of bovine protein C
cDNA containing the respective mutations was cleaved by
Hind III and Bbs I. The Hind III/Bbs I fragment and the
human protein C fragment (Bbs I - 3’ terminus) were

30 cloned into the Hind II and Xba I sites of pRc/CMV vector
to produce a full-length bovine protein C c¢cDNA with the
mutations. Bovine protein C mutant H1l E33 D34 was
created in the same way, but used bovine protein C mutant
H1ll as a template 'in the PCR reaction.



1! " y&10% 10 10

10! " y&10%& ()-0!. y&10%& ()- 0! y&10%&' ()-0! y&l0%@ @& ()-0//// F001@$

111 F $10%& ()- 0! PF $10%&' ()-0!c’ $10%&' ()- 0! P$10%& ()-0" 10% & ()2 2802 ) -
124556061 6s6WUG= 1! 10[ [

10[[!1\ "$10% [ & ()-0! < $10%& ()-0!8" $10%& ()- 0! N+ $10% () - 0! <

*$109% () - 0s6t 6666. 7h89r P. =! ~ s$109%& ()~ 4B -

" s$10%& () - sO! s$10% () - S09- 10‘%2&'(% O(%z&' fail0%Z& (), 10[ [ 99:
<Bod=wi3, =1 | * s$100&HIIAH0 Protedrobp Sk o) 096 1%11@0/&'1%) sowrmsrm@%o

L& () -S0! " sHAUES (38t D5 TIHYRQR -anisiteted Wit Rba®rl BUEEN( prBt@iH0%/VE (

0,
)10FF| @1 gﬁgo %"?@%&%ﬁ%ﬁiﬁ HERRRILLE}M N ESEPYHoEER™ ) - S
109428 () - ! aﬂ\d.l‘ll_?%éld@'()to Itl'lle\/l31'0%em\1(n)us Mal(;arl a&gﬁé&iéﬁ w:thh 0% i &
.\QQ?S%B%‘?% %%ﬁrée f e S T % . (%"gg% o%/(l)l)fg'
()- &10% u& (t)wo/(i@aylt,gg:@gquy@were used as templates to ampllfy full
length bovine protein C cDNA containing mutated amino
acids (E33 D34) with primers A and B. Human protein C
mutant E33 was obtained by the following steps: human
10 protein C cDNA containing the 5’ terminus to amino acid
38 was amplified with intact human protein C cDNA and
primers A and F. Human protein C cDNA from amino acid 27
to the 3’ terminus was amplified with intact human
protein C cDNA and primers B and G. These two cDNA
15 fragments were used as templates to amplify full length
bovine protéin C cDNA containing mutated amino acids
(E33) with primers A and B. The PCR mixture and program
were described above, The human protein C PCR products
containing respective mutations were cleaved by Hind III
20 and Sal I, and then the fragment (Hind III - Sal I)
together with intact human protein C fragment (Sal I - 3!
terminus) were cloned into the Hind III and Xba I sites
of pRc/CMV vector to produce the full length human
protein C cDNA with the respective mutations. All
25 mutations were confirmed by DNA sequencing prior to
transfection,
The adenovirus-transfected human kidney cell line
' 293 was cultured and transfected as described in Example
3. Bovine and human recombinant protein C and mutants
30 were purified as described in Example 3.
The vitamin K-dependent proteins were classified
into four groups on the basis of their affinities for a
standard membrane (Table 4). Sequences of the amino
terminal residues of some relevant proteins including
35 human protein C (hC), bovine protein C (bC), bovine
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* Higher affinity value equals ku.”d,umll*loﬂﬂ‘s‘, the denominator is a
typical K,4seciacion £Or Other proteins,

In Table 4, vitamin k-dependent polypeptide
mutants are in bold. The total charge (residues 1-34)
includes 7 calcium ions (+14) and the amino terminus
(+1) .

Protein Z was assigned to class I on the basis of
its dissociation rate constant, which was 100 to 1000
times slower than that of other proteins. If protein Z
displayed a normal association rate constant (about 107 M-
is°!) the K, would be about 10™* M, Wei, G.J. et al., 1982,
, 21:1949-1959. The latter affinity may be

the maximum possible for the vitamin K proteins.

Biochemist
Class
IV proteins differed from class III in the presence of
proline-11, which may alter affinity by non-electrostatic
means.,

While a relatively weak correlation existed
between membrane affinity and net negative charge on
an excellent correlation was found when
only residues 5, 11, 29, 33 a;a 34 were considered (Table
4). The latter amino acids are located on the surface of
the protein. A number of proteins were modeled by amino
acid substitution into the prothrombin structure and
their electrostatic potentials were estimated by the
program DelPhi. A sketch patterned after the
electrostatic potential of bovine protein Z is shown in
Figure 11. 8, 26, 30, 33,
and 11 produce a halo of electronegative charge

residues 1-34,

Electronegative sites at 7, 34

surrounding a cationic core produced by the calcium-lined
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0% () -/ %1‘&-“&% proteins, the mutants and chemically modified
5 proteins.
The pattern for other structures can be
extrapolated from examination of the charge groups that
are absent in other proteins. For example, Lys-11 and
Arg-10 of bovine prothrombin generate high
10 electropositive regions in their vicinity; the lack of
Gla-33 in protein C and Factor VII create less
electronegativity in those protein regions. 1In all
cases, highest affinity corresponded to a structure with
an electropositive core that was completely surrounded by
15 electronegative protein surface, as shown for protein Z.
The exceptions to this pattern are the proteins with Pro-
11, which may lower affinity by a structural impact and
ser-12 (human protein C), which is a unique uncharged
residue. '
20 To further test the hypothesis of an archetype for
electrostatic distribution, site-directed mutagenesis was
used to replace Gln33Asn34 of bovine and human protein C
with Glu33Asp34 (SEQ ID NO:19). Glu33 should be further
modified to Gla during protein processing. These changes
25 altered the electrostatic potential of bovine protein C
. to that of bovine factor X. The membrane affinity of the
mutant protein was expected to be lower than that of
factor X due to the presence of proline-11. 1Indeed, the
bovine protein C mutant gave a membrane affinity similar
30 to that of bovine prothrombin (Figure 12A), and slightly
less than that of bovine factor X (Table 4).
More interesting was that clot inhibition by APC
was greater for the mutant than for the wild type enzyme
(Figure 12B, C). Inclusion of results for the Pl1H
35 mutant of bovine protein C from Example 3 showed that a’
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membrane affinity and activity, by varying the amino acid
substitutions at positions 11, 33 and 34.

Human protein C mutants containing E33 and E33D34
resulted in a small increase in membrane binding affinity
(Figure 13a). Activity of these mutants was slightly
less than the wild-type enzyme (Figure 13b). Results
with mutants of bovine protein C suggest that failure of
the E33D34 mutation in the human protein may arise from
H1l and/or other unique amino acids in the protein.
Figure 14A shows that the H1l mutant of bovine protein C
bound to the membrane with about 10-fold higher affinity
than wild type protein, the E33D34 mutant bound with
about 70-times the affinity, but that the triple mutant,
H11E33D34, was only slightly better than the H1l mutant.
This relationship was mirrored in the activity of APC
formed from these mutants (Figure 14B). This result
suggested that the presence of Hll reduced the impact of
E33D34 on membrane binding affinity,

These results indicated that introduction of
E33D34 may not be optimal for all proteins.

Consequently, other mutations may be desirable to create
human protein C that will use E33D34 and have maximum
increased membrane affinity. The result with the bovine

protein suggested that histidine 11 may be the primary

cause of this phenomenon. Corsequently, H1l may be
altered to glutamine or to another amino acid in human
protein C, along with the E33D34 mutation. Another amino
acid that may impact the affinity is the serine at
position 12, an amino acid that is entirely unique to
human protein C. These additional changes should produce
proteins with enhanced membrane affinity.

The electrostatic archetype was also tested by
comparison of human and bovine factor X. The presence of
lysine-11 in human factor X suggests that it should have
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%4.0% Conditions used for the reaction resulted in

10 derivatization of the amino terminus, a change that is
linked to lowered membrane affinity. Welsch, D.J. and
Nelsestuen, G.L., 1988, Biochemistry, 27:4939-4945,
Protein modification in the presence of calcium, which
protects the amino terminus, resulted in TNBS-modified

15 protein with much higher affinity for the membrane than
native fragment 1.

The suggestion that protein Z constitutes the
archetype was based on its dissociation rate constant and
that a normal association rate would generate a K,=10"'° M,

20 Whether this wvalue can be reached is uncertain. It is
possible that the slow association rate of protein 2z is
caused by improper protein folding, resulting in a low
concentration of the membrane-binding conformation. If
conditions can be altered to improve protein folding,

25 asgsociation rates of protein Z should improve. Indeed, :
the association rate constant™for protein Z was improved
by alteration of pH. The basis for this observation may
be related to an unusual feature of the prothrombin
structure which is the close placement of the amino

30 terminus (+1 at pH 7.5) to calcium ions 2 and 3. The +1
charge on the amino terminus is responsible for the
slight electropositive region just above Ca-1 in Figure
11. Charge repulsion between Ca and the amino terminal
may destabilize protein folding and could be a serious

35 problem for a protein that had low folding stability.
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10 5 ion found in the Sr x-ray crystal structure of

prothrombln). The pattern suggests that the closer an
ionic group is to these metal ions, the higher its impact
on membrane affinity. The exception is Arg-16, which -
contributes to the charge of the electropositive core.

10 Higher affinity is correlated with electronegative charge
at all other sites. This correlation also applies to the
GLA residues.

TABLE 5
Distance to Sr-1, 8 and Ion Importance.

Distance (A) to:
Impact/ion

15 || Position 5 Sr-1 on K, (Ky) '

(A.A-
Protein)

3 (K-PT) £-N 22.1 21.7 Low oxr Unknown
5 (K-IX) para-C(F) | 20.1 20.8 "
20 || 19(K/R-VII) Cs (L) 20.2 17.8 "
22 (K-IX) C4 (P) 17.0 18.5 "
10 (R) C6 (R) 16.8 12.9 |
25 (R-PT) C6 (R) 11.2 13.8 "
24 (X/D-PC) 0(s) 8.1" 12.0 "

25 || 11(K-
' PT,hX,bS;
Gla-P2Z) £-C(K) 14.7 7.4 3-10-fold®
33(Gla) v-C(E) 11.6 7.5 "
h 34 (D) 0(8) 15.3 12.1 "
30 ||29(R) para-C(F) | 7.5 8.4 "

| 16®) C6 (R) 14.2 10.6 | e
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15 |f 30 3.4 4.2 5200 (25)

* pistances are from this atom of bovine prothrombin (residue of

prothrombin used in measurement is given in parentheses) to strontium 1

and 8 of the Sr-Prothrombin fragment 1 structure.
-Biochemistry 33:1087-1092.
and anions increase affinity.

20

® Thariath et al. 1997 Biochem. J. 322:309-315.
mutations, distances are averages for the gamma-carboxyl-carbons.
K, (K,) data are from Ratcliffe et al. 1993 J. Biol. Chem. 268:24339-45.
* Binding was of lower capacity or caused aggregation, making

25

at pH 9, where an amino terminal should be uncharged.

comparisons less certain.

Seshadri et al.
b Por all but 16-R, cations lower affinity

1994,

¢ Impact of Glu to Asp

The results in Figure "15C show that the
association rate for protein Z was substantially improved

The rate constant obtained from these data was about 12-

30

fold higher at pH 9 than at pH 7.5 (Figure 15C).
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6. The polypeptide of claim 1, wherein said polypeptide inhibits clot

formation.

7. The polypeptide of claim 1, wherein said polypeptide comprises Protein

25 C or Activated Protein C.
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14.  The polypeptide of claim 1, wherein said polypeptide comprises Factor IX

or Factor IXa.
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15 19. A mammalian host cell comprising a nucleic acid vector, said vector

encoding said polypeptide of any one of claims 1-17.

20. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and an amount of said polypeptide of any one of claims 7-11, 15 and 16

20 effective to inhibit clot formation in a mammal.

21. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and an amount of said vitamin K-dependent polypeptide of any one of
claims 1-8, 12-14, and 17 effective to increase clot formation in a mammal.
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22,  The pharmaceutical composition of claim 21, wherein said

pharmaceutical composition further comprises soluble tissue factor.

23. Use of a polypeptide of any one of claims 1-17 for the production of a

pharmaceutical composition for treating a clotting disorder.



