;e3eJ&L t Y89 I&Ys ~m-~~~~~ i roam~u~w MODI FI ED VI TAM N K- DEPENDENT

PCLYPEPTI DES .. Hackaround of the Invention 5 Vitamn K-de i ns
contain 9 to 13 ganma- car boxyglutam c acid residues (d a) Eﬂ@ ’Fm Fm@mﬁ
term nal 45 residues. The G a residues are produced by enzy iver
that utilize vitamin K to carboxyl ate the side chains of gl utaf%%cid
residues in 10 protein precursors. Vitamn K- dependent pro

i nvol ved in a nunber of biological procedses, of whi ch the"MﬂW" [m””m

wel | -described is blood coagulation (reviewed in Furie, B.

1988, Cell, 53:S05-518). Vitam n K-dependent proteins incl ude p e| n Z
protein 15 S, prothronbin factor X, factor IX protein C, factor VII and

Gas6. The latter prot® E s 7 SYPERPTTDRS Mat subara et
al ., 1996, Dev. Biol., 180: 499 510 The d a residues are needed for proper

cal ci um bi ndi ng and nenbrane interaction by these 20 proteins. The nenbrane
contact site of factor X isﬁﬁﬁlﬂgﬁﬂlﬂneﬁagﬁﬂe_MMm no acid residues
1-37. Evans and Nel g4 Kl%.%@enaéﬁﬁe?.@ogﬁhﬁgcéoétéiz'ﬂpb td; 1363 Abs.

Al t hough the G a-contai ni ngu jons o | asma pr oteins show a high

he
degree of seHEEMReSRORASKEIVUCITLy Bl Frsiduesdiiad fFocredind amdRge i n
menbr ane af f termynaMcObnabdidded. eThelGla LA duBISOGl@TigHiddtced6 byl 20- S137.

Factor VI fgﬂgﬁggslhn%%lgeli Piti @Aatsrt&gﬁ]pg Q}l %(g‘;gﬁ{ts;lgpg and may be a

key el enment I'n ood c ots he “i'nac or zymogen, has

| ow enzyne 3gaab@xy1@9ethh¢ sEdereains |Crﬁ:r931a¢@ahll¢yam1dt g@sjidues in 2
cl eavage ¢ f:?BEréiﬁCﬁ)Pécﬁ/i'éérs Th'@l@é}ﬁlﬁ/%Jd%lfbe‘}ﬂén?: g%tt%lll%eg y factor Xa

as well as by Vli]a-tissue factor g?lnte protein found in a
nunmber of cei’-F"?ﬂ’)%g g 3rRumReR of higjogicedgprosesges,. ofnuinichs

269: 143- 149. tﬁétmdatlmlb?'dé/ééﬂ:abe&sige Hlardd)rcd@uaafc&bhedﬁemesled mf

aut oactivati t LS | te ot e i vati rmatlono
factor Vlla ?‘F‘Bﬁ?fa%t arrf@ $§ ahd Tr;t:‘e 'su %bsated(}uﬁlla %I \ll(%'i6 8actor Vila.
The nost i np¥itaminpktfdepsndent amﬂtcplx/ea:!tn%mnqiuda/@rMenm Zgn@\mteiﬁ Fact or
VI1a can aftsva%ﬁo?ﬂéP&%fﬁOtféé\ﬂnt 3! Aedot and isrozleaﬁug f?%k@.ﬁr' S

expresse vel s on the surface of song role for

tissue fact oVIIanadf@Rsé actThe \A3Eter Prahfsn devstdementnaselinvasi on of

tissues is p@ﬁéw@lhereéwél@:.oﬂ AM&isdara @Ne, Rqss,s 1pe?b: B3B3~ $070. Cel |

expression a% % og SS factor,is also T factor in toxic

response to g 910% §< 1 hoc &4 SIdugs é"trealnee fj §orA|pa:ﬁp Sura.,

131: 1273- 1278al@1mt1ebmdimg Fod | mexthachryy didtrexdatd onn byhe&hgrsesence 20 of

thr orrboml,lcgJI nt egL % fo end l l1's. Esnon,
b%%%%{h% Bio emr?é]eqf?{t%gcg:l %61?1' gt %%%t%egapr OFEI n C (APC)

degr ades factiPudiVa BRCFEF1de WHRUMAMHAG Geid mesidyesofladior , E¥ABSei n S.

geSI stance t@%d\ﬁgeléeéb@eﬂpsmmnwbﬁ@%n?sﬁgﬁéav@?%p&ﬁd tth ng?SI S

i sease. ac am in itors are

commonl y adnﬂl“lﬁ?Stez}Eﬁh%’éggl’é we Cﬁ?ﬁ q‘]ﬁ’rlr’t%rr(?ﬁt}%‘iss % §§’§s?ll Vi®ani n

k- dependent proteims shew uscdiglo dargaaate ca?rtsﬂqme!rmpehomblbgryophhbya.

Henophi | i C ter i f VI,

factor VI%%'I Ahé?)? %%ef%é%ge%ciew éy]hl bit s%?g%}eg%f%?ﬁev}é%f §llI(’;“Iiie:%oghi lia Bis

char act eri zeficBgnat@, absBncet Al actiIRY f Bicghemisteyot 86 :5%20-Fasdfor VI |

deficiency, althouglpaceios viesgoResivRkl ihothaciRitM1l Sbagsremnistdadi on.

Bauer, KA., c c?t?gln;aaen Sr%%?'l:?é a%ey element in forming blood clots.

The inactive precursor, or zymogen, has low enzyme
30 activity that is greatly increased by proteolytic



- 3 158, suppl. 1. Factor VIII replacenent therapy is limted due to

devel opnent of high-titer inhibitory factor VIII antibodies in sone
patients. Alternatively, factor Vila can be used in the treatnent of
hemophilia A 5 and B. Factor |Xa and factor Villa activate factor X Factor

Vila elimnates the need for factors I X and VIII by activating factor X
directly, and can overcone the problens of factor I X and VIII deficiencies
with few i munol ogi cal consequences. Heeinzr-et al., 1993, 10 Transfus.

Medi. Rev.,7:78-83; Nicolaisen, EM et al., 1996, Thronb. Haenost.
76: 200- 204. EBieaYage te\EaEn dRadtest S DA a Thdm mottinatiion @ea deten hi gh

(45 to 90 ~g/ kak £fyhadlyoyef Htor ad A0 RIS A0 Ry i) 3885 et epeat ed
every few hours S% }V‘Bﬂ i 1996, 15 %{(r)onb em)set Q?Q%?EASZ 436.

et al.,
N ool bt o f o S peline HHG R (SR Lot SR T PE) Sehdi  doos
not contain ttypeenbriiere oM aLt, retgiadn,, havdheen Bawld ichebe ef ficaci ous

in treatnent i a d | d with factor VIIa us. 20
Pat ent No. %5 %%%k%?pﬁ#é Amei%a%g'o\?\}as skmm%'t&sfs’@&uégct%ﬁg éﬁount of factor
VIl a needed tvefewzad mmuaut@aqvmm asdeciist iiopliiyrasEB- Yhl hokh
entirely dep%@c&wammﬁmmlwwtfa&fo% Q/fnf a%fzg&b‘fgh Ih'v;g) e

contrasts to normal tissue-factor Vlla cor}:p oun
menbr ane t hr ARfh B FURSRINEN A &S VARY @ (féftoguf\’rﬂérv ahet Restnvent i on
|,t has been ﬁh@cﬁmmﬂecbat&m\tamdarf iaeativertd on til Ritviee i'sy near kesydl ut am c

acid (GLA e I I enhance._t.heir. nbr ane
bi nding 3 9 evsﬂifac{gé{r}lagqagge%e% gg)f[& %H?%Rﬁégﬂ 5€§t%8| fed™ flngguch a
manner have enhancedTaéﬁLIel fgctor hayetkpressed aat amigh chenril sumrs, the

pro- coagu-. arg@.»pgcé Ut Y chitidd ic@na of haty %'1@ Zf%rv'ta%@fha Eagegﬁnde“t
proteins. For exsg?pqr@an |g})roved factor VIl npol ecul e provi de sever al

4 benefits by23d e 18 tymox ﬁ@é’&é&Pm@ﬁé P@Fia?-PVésf-Péqgéncy of
admi ni strati O&uﬁuu@rldnpdysml@ ng veraadal,t at.inve eehanges cahakrakkaw, nore

effective cy .states. The jnventionfeatures vitanin
k-depender]itr3 ;e)%%e cgcPes thﬂeiqnéxgﬁgsglgnnﬁ&df PETBEAC 50E€fﬁ YPhat enhances
menbr ane bi ndfawfcxf fllsnlatlgﬁQ)fa tad opolfpeéeri da tekari wesponaecbor espondi ng
native vi taméhdbﬁiﬁﬂed“iﬁ{&cwm yaemiihden ihecgodhfied oGh deani ”s{n? from

about am no acid to about am no acid 45 and incl'udés at “Teas am no
acid substi tu'-E:?]o-ril. Yorl%Aampl e, the amino acid

Protein C is activated by thrombin in the presence
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 inhibitgrs 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-



substitution can be at amno acid 11, 12, 29, 33 or 34. Preferably, the ~o
substitution is at amno acid 11, 33 or 34. The nodified GLA domai n nmay

i nclude an am no acid sequence which, in the calciumsaturated state, forns
a tertiary structure having a cationic core with a halo of el ectronegative
charge. The vitam n k-dependent pol ypeptide may be, for exanple, protein C,
activated protein C, factor I X) factor |1 Xa, factor VII, factor VIla or
active site ~s nodified factor VI1a. The3nedified G.A donain of protein C
or activated protein C may include a glutamc acid residue at amno acid 33
and an aspar 258, ashBpiesi dueFagtemi Vibl hcrepBac¢SE | thwnm)is The nodi fi ed

GLA donai n Oﬁlaaetaal au@ 86 A6Yd VRS DI OF %&@i@ﬁeﬁ' ShiBK Ced;gﬂ a gl utamine
or glutamc resi due at 11(glir)gno acid 11 | D NO: 20, and SEQ I.D NO: 21,

respectively aCEBrAHaH[l BREEPYILES GiR cSome r%%"r Cfray D anniiviadted at
am no aci d 12atBokhwIGhAcdnnbe uosd piwt che G eat Mt ot &fbrrwp)he_lll& & (SEQ ID

NO: 24 or 3 e o] ate ratei ypeptlde
al so can ¢ n?ggnglt(’)hrgéc %Pn%félcélgagfiﬁocf&faﬁ% JEV %r?(s:t Xscted from
the group coRscspiknyYIds ebbnimated thameed, f<3t3 fam:br}ﬂ I}Fcancbmml e, the
pol ypept I de g naeéy@amgofé\@wm@ Sisdd 1! 'm &n Qﬂﬁéxtcfog%s tgln% a33, and

34. Aglutam acid é e substituted at am no, acl , spartic
acid may be BuSBLPRGtel HRCEAF X &A%Y ‘éﬁI,Iaqlﬁlf%FbeFI?ﬁ’eﬂﬁ ek theyE ae

substituted atmanbDegheall ddnsddeermsh f i eteddd doadm, ofidaactor VI, factor
Vila, andltﬁc&‘irgrels {JIse lqggnl.f 'I?gvf,aft'%-avll,l aNJ{rc%/la?JPsnetz%i rfi:%l et al.,
1996, Thromb. Haemost., 76:200-204. Effective levels of
factor VIIa administration are often high (45 to 90 pug/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 VIIa. 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).

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



substitution at amno acid 11 and 33. For exanple, a glutam ne residue at
amno acid 11 and a glutamc acid residue at amno acid 33 (SEQ I D NO: 30)
may be substituted. - 5 The invention also features an isolated nucleic
acid encoding a vitam n K-dependent polypeptide. As used herein, the term
isolated (purified) refers to a sequence corresponding to part or all of

t he gene engoding.a 5. vitam n K-depe nt | ti ut free of
sequences tﬁg?eﬂgFW&PW?”%SQH%d8ﬁg¥gPPgﬁ?He§ﬁ8§§%§FGEﬁ868@%@epﬁy8?nannalian
genone. The vitam n, K-dependent pol ypeptide includes a nodified A, domai n
t hat enhanc@@%%@maﬁgﬁ’ﬂgM@r%\f'g'inﬁiCtlfﬁt]'tﬁt'V?r?é‘aBS%H@ftﬂ'e}é’ mereefigee a 10
correspondi ng native vitam n K-dependent pol ypeptide. The nodified G.A
domai n i ncl treatment ofsiediciemey statedo acid substitution. The invention al so
features a manmal i an host cell including a nucleic acid vector encoding a
vitam n k 15 dep&hddmientionyfpafurésieitanhimek-depandentiootigieptidesthatdhyipdeta de

i ncludes a nodi fied GLA domai n that enhances nenbrane binding affinity of

the pol ypephigififid CERIN dSmbi tRatEhRATRINAEMBrAE bir@ing AMAky oktHéependent
pol ypeptide. The nodified GLA domain includes at |east one amno acid 20

substitutio : e ] : o b _ .t am n

k- dependent BB@F?B&%‘% {%éﬁ\ry%{f %8?”?%?0@2@8%@,’8 % ga(': (%‘?k \c}ﬁﬁe@éerﬁjncog%ﬁea and

i ncl ude an i No i titutiagn at amno.acid 11 and am no aci 3. For

exampi e, -t nnEnad et QLA IbEEM st asait A e s dAmPadt P die o

amno acid 11 and a glutanmic acid residue at amno acid 33 %SEQ:—D NO; 30) .

The i nvent i 8Rd Ndédespbieast one aminrpridSubsiitdionc Fiop &xpMPk theaamipaacithes” a
pharmaceutically acceptable carrier and an anount of a vitam n k-dependent

30 pol ypept bdestdbtien can betas amihowicid t1,0t2,128; 3dtardd. i Preferabhmttie The vitanin
k- dependent pol ypeptide includes a nodified GLA donmai n that enhances

menbr anegy bi sdbstgudn [snattamigb-ddie 1908y pepti ddermbadificd &LLA daneim krespondi ng
native vitam n k-dependent pol ypeptide. The nodified GLA 35 donai n includes

at least ongchfHdan aflifo 28REddduenice r\lvhich,'iré Ghe EBRIUM SatTirateld (SRS TSIRY a

pol ypeptide may be, for exanple, protein C, activated protein C or active
site nodifi fac I : t et r i P i . I ude,
for exanpl e,?eqte{glgl él}ﬁ‘g%wg P?jl"’lcvi"g)d rgecglhgﬂg ngtregﬁn%n%ﬁéﬁ.doafc‘%l%t%{ég%gs%%hg artic
aci d residue at i No_aci 4 EQ 1D NO:19). Protein C or, Activated

Brot el n C can f uf PRORANTR fARbENAeq) BOURPPIE,nay Hen o LeAas Hle: PIBAIG no: 20)
or a glutamc acid at am_no acid 11 (SEQ | D NO: 211‘)' The am no, aci d

substi t ut i oActiyaied Pseteime fagtord Xy trcipr/lian acker ik fastos M@ aragtivesitep No: 24
or SEQ ID NO:35). Active-site nodified Factor Vila can include, for

exanpl e)s a gladifted factorddlialu€hamadifietb Gh& dorbainasfipratein Gt emadivatadiprodaindue
at amno acid 33 (SEQ ID NO:30). The invention also features a

phar maceut i Camay include a glutamic acid residue at amino acid 33 and an aspartic 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 |D 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



15 conposition that includes a pharnmaceutically acceptable carrier and an
anount of a vitam n k-dependent pol ypeptide effective to increase cl ot
formation in a manmal . The vitam n k-dependent pol ypeptide includes a
nodi fi ed GLA domai n that enhances nenbrape binding 20 affinity of the

pol ypeptide relative to a corresponding native vitam n k-dependent

pol ypepti de d.a i ncl ude ast_ one no ,acid
substituti oﬁm'ﬁl%gg@d%é rﬁ% aﬁpa@%gﬁg SAFY B§ g&ﬁ@? aﬁ%’{/‘"l?eac'?j gﬂi‘ QQgrﬁ)l e,
factor VI, factor Vil factor | X or factor The 25 pharmaceuti cal
conposi tion9 Hles'@ab’% Hhstilided gt aming agid 1f1ac mqﬂéf&ﬁdo& Ly dorgaingfct or
Vlla can include an am no acid substitution at amno acid 11 and am no acid
33. For exafgster, Vi, facior Miianandestive site anoditied tapten Yila swycoain acid 11
and a glutam c acid residue can be 30 substituted at amno acid 33 (SEQ ID
NO: 30) . A vslistitatidh depeirdeatidgd| anuEp8. fFer Erampls a glutansiairesidaedtot t i ng

di sorder is also described. The vitam n K-dependent pol ypeptide includes a
nodi fi ed; GLAnfiesratil 1hahd enjaReas abRMesRNR 4t diHinbhcd BB &sEm o NG180B5

pol ypeptide relative to a corresponding native vitamn dependent

pol ypepti dep, EBEEEE?gt g GLA domain includes at |east one amno acid
substi tution. no |f|ed vitam n K-dependent pol ypeptides include, for
exanple, protein C, activated protein C, factor VII, factor Vlla, 5
active-site nodified factor Vila) factor |IX, and factor | Xa as descri bed
above. The invention also features the use of a vitam n K-dependent

pol ypeptide in the manufacture of a nmedicanent for the treatnent of a
clotting disorder. The 10 vitam n K-dependent pol ypeptide includes a
nodi fi ed GLA domai n that enhances nenbrane binding affinity of the .

pol ypeptide relative to a correspondi ng native vitam n Kdependent

pol ypeptide. The nodified G.A domain includes at | east one am no acid
substitution. Useful nodified 15 vitam n K-dependent pol ypeptides include,
for exanple, protein C, activated protein C, factor VII, factor Vila,
active-site nodified factor Vlla, factor I X, and factor |Xa as descri bed
above. A nethod of decreasing clot formation in a manmal 20 is al so

descri bed. The nmethod i ncludes adm nistering an anount of a vitamn

k- dependent pol ypeptide effective to decrease clot formation in the manmal .
The vitam n kdependent pol ypeptide includes a nodified GA donmain that
enhances nenbrane binding affinity of the pol ypeptide 25 relative to a
correspondi ng native vitam n k-dependent pol ypeptide. The nodified
GLA' ~. dorai n includes at | east one amno acid substitution. The vitamn

k- dependent pol ypeptide may be, for exanple, protein C activated protein C
or active site nodified factor VIla. Protein C 30 or Activated protein C
can include a glutamc acid residue at am no acid 33 and an aspartic acid
residue at amno acid 34 (SEQ ID NO:19). A glutamne or glutamc acid can
be further substituted in protein C or Activated protein C (SEQ ID NO: 20 or
SEQ I D NO: 21, respectively). A 35 glycine can be further substituted at

am no acid 12 (SEQ g _ IDNO:24 or NO:35). Active-site nodified Factor
VIla can include a glutam ne residue at amino acid 11 and a glutamc acid
residue at amno acid 33 (SEQ I D NO: 30).



The invention al so features a nethod of increasing 5 .,clot formation in a
mammal . The nethod includes adm nistering an anmount of a vitamn

k- dependent pol ypeptide effective to increase clot formation in the nmanmal .
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
correspondi ng native vitam n k-dependent. pol ypeptide. The nodified G.A
domai n includes at |east one ami no aci"d3substitution. The vitamn

k- dependent pol ypept.i de, may be, far e le, factor VI, factor, VIla,
factor 1X or fact oﬁfq%(al.n‘f%&loqn fgls\ﬂ i&ae%uﬁ;&?t 8P vPPhated RWei&iR an anino
aci d substi&aidoanabdingne mttdmit Kndepéndentnpalipmbpiidefor Aexagpbe, the
am no acid Lt utban I a 1 he j a i id 11
and 5 g ut alleEeLhy (Ll ceeh 1061uRea% B SRR SAN TR T Shfecs

ot herwi se deprredpoatingeEAnPeEF anda3ti ehtthe gene enaeséagherei n have the
sane neary nﬁi@ém@_ﬁmﬂb}beﬂﬂdﬁts 809pbYt 08E, BuOIHNALE HelgulenkBst he art to

whi ch t hi t . A th t hod d. mat _ I
i val ont EBSENDCENALY, FABRKNEPE: A D8OLAr e dth HS GeRE: ABoRt ho

i nvention, mamhabliennmgehous.antheavitamis Kfdepmeristitbedlypewtiddl _
publ i cat | ongPaLeR! AaRBIGaLEOBEA BEHETH Sehdl bBINICld flfhERgEs Mot i oned

herein are |ncotporate§BE£ reference 1 n their en ITety. I'ncase of
conflict, thindiegenffipifpeeffrbatPohyrerkidriina)atdiienitoi ens, wil l

control 30 ncggdespeAdihBenapieei @l amiBt ROGSpermitthte eptape.illustrative
only and not.inte tures an advantages of the

ded | : f
i nventi on Wit %8gégb§%gﬁﬁﬁf?éﬁ%%h29?8¥$€§§ﬁﬂg 384 OBeJBELRPPEFLH, 35 and

fromthe claubstitutign. eriefDescriotion of the Drawings The am no acid

sequences of the Clah oty lonididd WAL 3" Hah IER R . haund [0

SEQ ID NO: 3 and SE ., _respectiv e am no acid Sseguences of the
5 GLA donmi #netugdpgne RHELBEC)XAChBVYRRLPF ARGINIMY Buivdtapist kin C and

bovi ne prot @bpefabiht PoEyHeHBdden SER: | MRS k-SERneMe: 2, SEQ 1D NO 1
and SEQ I D NO; 23, rﬁégectlxel%. The %E no qﬁggfgg uen% of tge GLA domain
of protein ROWBSRERBZDIPEIRAGACR| HO D N o GG EMP2REBFct s t he
bi ndi ng, wi hémistandabdndéngatfbinitpfof the tpglepédtddeomedativel es),
VI 1 QL1E33 (fi ' , ' Gf ¢ 'Ilg% ' s) to
menbr anes. %i%%?ge%bégggéésn?ﬂgV§3¥%g§?§@5%?%ﬂ%ﬁﬁi Fi %géégg%égThe dashed
line shows Beeiwpajiindt AbAaBIEALR SRCHAERDIRN iIINapt Prgupaigodapiéts the
activatizon shpéegtatidnbytf agboredhhple Resds dcdig wirl,d 1bypesf agsor Vila
(open circles) gnd g%laﬁ%%EBB (%llled $IFC|e are .gi ven f%r a_ 20
concentrati®h of 0. 68SnNt L PG - 4eRERITRS Héﬁ?gﬁﬁiﬁieafpgn §¢ A9Fan pl asm
by VIl a andeXahpl@]lEB3ctbtrhVEd! abl BattssUel Facal indlgdecah dmphots t he
coagul ati on p : t y angh al .t gS factor. 25
Figure 6 de%?% sgﬁﬁgg%EﬁFééﬁigﬁ %%&%§O$nggﬁitlqngﬁgggbf%&§-§?fe modi fi ed
fact o~. VI | afR1ES3aTREERVFREATERSY) aci geitles t7 tydpian saphdnelpdal atory tine
gf fact ers Véi(lj@:é.\g;ﬁfﬁe' geeaavtae. 80 Ehous cadidepi Catrtﬁi @%l{iﬁ%@ﬁ&?ﬂ&cia; erafzé i ?n
y nornmal an i fi roteins n . _fhe interaction of wi ype
bovi ne pr ot EFRT ?oﬁgna@FP& gg}daﬁg g%@@n‘gg%ﬁeqqn C-HL1l (filled circles)
with vesicles. PanetheB ishoant itdre alsicenzdiaites bb ai poatmppestizal protein 35
C (open cirglsdsdcRUIRAL PERL 8LAe S Blindthdd &t 119 PSkceptable

carrier and an amount of a vitamin 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.



- 10 with nenbranes. In both cases, the dashed line indicates the result
if all of the added protein were bound to the nenbrane. Figure 9 depicts
the influence of activated 5 protein Con clotting times. In panel A, the
average and standard deviation for three determi nations of clotting tines
for bovine plasma are shown fox wild type bovine APC (open circles) and for
bAPC-H11 (filled circles). In panel B, the average and standard devi ation
of three 10 replicates of human plasnﬁ'c agul ation for the wild type human

(open circl fi e own. Figure 10
depicts thee;fl)rll%ca:‘?&gtjl on édfo% gen(t g’% gg\%:ane%é;\’dgﬁu R+ aBam gzﬁel A
depicts the prekeivli crtiyagied MElVaberwapﬁlvypelb@vmpdlﬁﬁé‘d( open
circles) andf&@&/éflwffé: High dtfelild @d o rA@c@%hceBa@%tBlﬂe@' ghy the

i nacti vati on, of man_factor Va in protein S-deficient plasm by either
wild type hdﬁ#‘%@b (e XA Cas 2 AN CE IR S Hesigpe| REdaRinel es). 20
Fi gure 1lsde®¢m 533 hene | & tarsptratiicc adiisit rrebmtiuenaef amﬁbeaala syertical

l i nes denote ive S A es_denot e
el ectronegatl ve regl ongiél'—)l gurPre%%fqgle ?R?EEGQE raﬁ% birldrn§®8nd 25
activity of f.nartlws mcahéien @sslmmmﬁ shoaminenbradelbi t8EQQIDY wild type

protein C-. ?)utatnﬁ% BEid aut aptnef ae&et ¢y n (Eepf kbl ed squares),
@3E, N34D nutant (fllle ircle and. boyi ne grot onbi n (open _squares).

Panel B showiQithi bi 1T N9 dc&é‘&&ltéFPBF\ Bya?ﬁ@sﬁagolﬁﬁiaﬁ%a Panel C
shows t heoi nglydmed i afirdfcacicdd Y2, (BEQUIP H8:panpar eSEQNEDbRanes pi ndi ng

and act|V|ty %%ﬁéﬁ”qué”é§é¥fle @g%@g%gXIFQnggn 188?8$Ees t he nmenbrane

bi ndi ng of Wi open ¢circ Open triang eS)faﬁd E33D34
(filled circéxxyp @a@lgﬁf@@ﬁv@@r gesiduelat aménecoagifialioandi aes using

wi | d-type (O@ﬁ&aﬁ@%f@)re&%e( gﬁeamfihacge% §9d<§§éD§f} Gbihppd circles).
Fi gure 14 conpares penbrane bj ndi coagul at1.on |nh|b|t|on
(Panel B) with wild¥§pdnTepEHCS %ﬁ%& fg%a)tuma(mfﬁr@m,quc&sl) E33D34
(open tr %angd:@s;)oﬁuhdsmetnam pJnelldldJeExBaD@naﬁmhaentiewnwaecép&&w&f bovi ne
protein Fi 5 plct rane_intera perties o

di fferent V|<f );1< argcger{ﬂe %‘%t@?ﬁﬁ mi’%né ggpg%?rgﬁges menbr ane
|nteract|on mﬁlYRRR#FQé|dﬂﬁ§¢ﬂgwﬁck@s}namdabevchet(ﬁpemabl®nles)afactor X.

Panel B mrbr affe Wt%a&t kQ'aeBTénHQﬁHaBgoP%égﬁlﬁéOEHEQHB%Q dragment 1
(open ci rcI es%%l) ]aeﬁgrrent modi f i ed W apsen(;e of cal cium

(filled circd® SRR T tERt SBNAPERS WRERPTRRBS PANERBIpr esence of 25
mM cal ci gm (éffizext;sqmmrtﬂ&) pRgpeptidehaabat heer abeaotoprespbndindi nding to

vesi cles at pH 9, {f} 66 £he. 6ghaald LofybOBERAE! T CkES) mokBkRLLSha

Descri ution ) ) .
domaln includes 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 ¥Factor 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-



20 In one aspect, the invention features a vitam n kdependent pol ypepti de
including a nodified GLA domain with enhanced nenbrane binding affinity
relative to a corresponding native vitam n k-dependent pol ypeptide. Vitamn
k- dependent pol ypeptides are a group of proteins 25 that utilize vitamn k
in their biosynthetic pathway to carboxylate the side chains of~. glutamc
acid residues in protein precursors. The GLA domain contains 9-13
"ycarboxyglutam c acid residues in the Wtermnal region of the

pol ypeptide, typically fromanmno acid 1 to about 30 am no acid 45. Protein
Z, protein Septndeot Eelypepbide| (Phetmodifbied Gﬁmamkxmandxlnmmmaasn C f
actor VIl agd E@?Qt36ﬁe9§ﬁﬂﬂ$e§cfﬁ M S i - flepenslert, qﬂ;gpes Anmi no

aci d p05|t|ons 0 des di scusse ereln are nu ered accordi ng
to factor x1tpwajpe?<ndspe§%{véumoupe;mde&q dmctudeactfer epammie hunan

pr ot hr onbi npaé&emave 0gftivatdd pr@SHimd NFRUGF (RAS! @R o) v, must be

adj ust ed accordi ng For .e posi tion of bovine protein C
is a prol'ﬁ-a EBVF Fétﬁ %}éﬁe ef%?rﬁ)%q% ?afcﬁod: %%'t ardefactor
conpari son Ehaoaghdascrnbedsebloﬁeher ein, the term"polypeptide" is any

chain of amino 'kidge 1%&'1%%5&3&0' f@gmré’é étuéé Igt d‘?'Ld“three

nodi fi cation. Am nqQ aci ds_have been desi gnated herel n stan
letter and Bne@ePEREeRt Bet MFREISRsin l\%’tﬂ magutfiagtsires c’t h@ GLA domai n

i ncl ude at ineas&ahenaneoantn@ matrwhstdft &l icQot LR atila%truta&tl Offemay be
conservatj ve.or nonscgnseryative, eryat.,i v no aci.d _substjtutions

r epl ace%adn Xﬁ?ﬁmacf(a W?ﬂ {-‘ S“-I]tfi/oflnﬁﬁré%@%r@ orfdsL e\%ﬂ@?“é

non- conser vdvmaénabthab anhdnsemsmemlutamévlmhln@caf&nnanrlynofaa:hd with an
amno 15 acbslggt gt?éaéf f—é?&éwé 5.2 '\&B} dﬁ.ﬁ’%{l m%ti%svltt%lﬁni may

result in a su ntial _change_in ty of ypepti de or
in the bul kigPeRdeBE| HHEYE?H%l‘E‘I’]al r'r'l' 9 r\“%(fll doﬁlﬂnéﬁﬂ@éﬁséWévidﬁé

substitutiogg maasﬁa&ﬁeaamy:b@t@@id adulEENge iich . th@s%ff@'lgﬂlo&(if(i%dt he
uch reducin tive or intraqducing

|
gloe)éltoregt ga}’ﬁggm&ﬂg?gggpegﬁ I%% tro d‘rsﬁdeéoﬁélgﬁ‘\?%e CEufEBMPdfi ons i ncl ude

a basi c anm pooheid Coraatmtmlmommd?,acfad:tom VaIpolfactam WdIagid for an
acidic amn Ik 04 é‘&'f’aé&gls"\}f ti bgat acid 11,
12, 29, 33 Qc@%{fg : %e g% yJ,' he am no allé d%s%tf%s%tﬁqt&%tl %Ral ggglgtggam no acid
11, 33 or 3iXaTpg F}BHFFPEﬂd@Wﬁ%n&l n may include an amino acid sequence

whi ch, in the cal cnmrmeaﬁida @tfeae%&étaelngoelétbﬂ@ﬁﬁa&ibrﬁqmlr@é}mﬁ&l a
tertiary, struct Hawn atlorLI] fore wi.th a.halo gf electronegatlve

char ge. AN t hBUELBG: HGoBOLRAE by TR dNTHAT SraLass, BBt Rasess ShenBRane
af finity magmpestl bEf aom.taarpamtked&:aandamcpods/p@ptadpaeﬁéentamsitst| ng of

an el ect 1 0DQaLEEEeCAY B CRIPNEE £ Aoy e %Ea&&%bﬁt' ve
surface. - ny vitamn epen ent po pept| es are substrates for
membr ane- boﬁﬁBeEﬁE?FreEOJ-ﬁ’%E%l% inedides ik meskd deEBdndEsali spl ay

t he maxi rrurreanhﬁa&saineﬂcaﬂbmanmmm reE fffiityi OF ctfheapellexpd@mua, all nust 5
contain lﬁgl ds )r(\/nose E(!)se s tQ reduc% i ndlnn%n% fi rl11|51ﬁ¥l

Consequ Pafii e%%rr\ tllyr?ep G4y (il %o acids
that are nopoéppepahdér on‘ThﬁemcsdafuamblGitA @i‘orrmn rmeladeisniaty 1efisgse

resi dues ef fget hyehy dbsauphpsfechi fdh N9 Bid & 4QnRTOK-gepdrddne 10 rapid

turnover for an enzymatic reaction. Lowered membrane affinity nay serve
sever al purEQéKQePF-IFLQﬁ BRYi Rt yEPE SHARManiREP RIS CowdSEANRATEE, ~ whi ch nay
limt react pQBtéQhEE oancexangsfte vumﬂm A0 MIiIRAS € PRt €S

assenbl dq n‘gran Wlththl. h,15 affinit for S bstrate protein
exchangga E]rrg aﬁﬁo ?Jélgh%rc?rha[’rp S the limti ng.
Lu, Y. and keksdstueh, aGiho, a¢d9633 arutmnﬁpqrtﬁs MMMdue at
Al ternative dj t af fi th

| velys nddhuskmsg (Q&%”Flgﬁﬁ@“f%) 23\ gtmc%ﬁ}éb%tf ?iut%.%lw

non- opt i num am no_aci d3 _na onpet I ng processes of
procoagul at PeAd( Fast be Rurkier\pybakityiet HroEnabeiand an Aesdyarad

(protein C pShtehht b}oughomnbnan@o abf i gud I8P NG : N3t IS HHRHRIdLY ) TRR be
opti mal for norrral st at ncengnt of nepbrane afflnllt&/ 152N o Qoduce

gr ot ei ns3% hgLYSABSuSEfy ef BFrF S£ “Sise itured At amitio &g



25 vitro study as well as inproved therapeutics for regulating bl ood
clotting in pathological conditions in Y1 VO. Various exanples of GLA
dormai n nodi fied vitam n kdependent pol ypeptides are descri bed bel ow. 30 The
vitam n k-dependent pol ypeptide nay be protein C or activated protein C
(APC). Am no acid sequences ofthe wild-type human (hC) and bovi ne (bQC
protein C GLA donain are shown in Table 1. Xis a @a or Glu residue. In
general, a protein with neutral (e. 9., 5 “or anionic - resi dues (e.

'?'ééL[El E) h?:t %ZNE:_%’KS Bsﬁs‘%% §><| 2 &E@%&?hgﬁ%ﬁﬁﬁﬁ%ﬁ; By ID
NO: 1) 5 bC: ANSlFQxXERB mmmcsxm YERFRKARKE NG FERFXDrvsnd VSFY (SEQ I D

NO: 2) The nodhfitaflielAcdameenighepast atnmng eela\Pﬁis MpyEh NEH UGS, 34)0r exanpl e,
a glutamc acid re&%e at am no acid %sﬁ an aspartic acid reS|due at
SR Shat

am no acid 34 (SEQ BNt AR RS Zafiehbect odn 188TRA5IRE 10
further nmmlitiled formptdanborygl maamad . acTHei meuho&olnEDuid@@tl mum activity,

the nodified %? gggg!rgngax{ll Q&!;HQE ap S‘koEs su‘g %Utl on at am no

acid 11. For am ne residue nay lé%l at am no acid
11 (SEQ 1D Noozwephldmefﬁastweythlgcneaﬁecch@t df@rmatmms wspdetic acid

resi due (SEQmbRmAR:, 21Tﬁadv§€gnua> k‘odgﬁenaéﬁi@eﬁél}\/ﬁé%é1@@&1@@1&}&3%‘ tuted. A

hi sti di ne resi du rra gubstl tuted at, amno acld bovine protein C
(SEQ I D NO: 28pdipie rf;ﬁér RBarRi EQ?FoﬁnbaﬂcFﬂc'F‘%FB]%r%n%Jb%‘E‘H‘Eﬂl on at am no
acid 12 ofo aagtfynmy oEstHeepbbypapt sdei pel 46EGE | o ND: é’ékr:aé@b&rli@ng NO: 35).

or ot hr onbi n, ArEETR 0P EEhinCl RUDBASENE 2bBTLBEne 102 HRE (54 fe el A4 "
protein G w thnahhahvedudesbriinkedfhdPng aminqmwldra@ulb%tuse@qm pl ace of

ot her inj ect @HlaevZEaﬁ\mhl Roaegéﬁaéﬁtsgsmy@épbfaérm bérlepﬁsf Nest [ptl)ép' cal ly
used i n npst types of ers roma ] ow ef |cacy/ OoXI Clty

ratio. In addPEFSA, Vﬁﬁdl Fgﬁﬁgﬁr}ﬂ%? %aﬁf?ﬁ S hAh B TR Sfhe” FAGERT y may
be used i16 pivaceoef Facabravilacegn! antiude adheambnorvadid fambdyitutueh as 30

fari Th f I edi fi ed
APC. “The act PIc°BTR &F ot atlia? BRLHE, (RIS 10 A6 dBeiiis BRI S oy

N- dansyl - gl ueadpp gbydyﬁﬂbgth?ﬂéﬁ@br@ﬁﬁt hnrkedena QDEGWJ-Q# meisiee - 15

directed mut ageaﬁ%é gkitiheiaghive §lhLamSer 8888 reHidhie &t Aminol997, ~T.
Bi ol . Chem, é 11863-11868,. Active site-nodified APC functions as an

i nhi bitor of ach ﬁ?ot ﬁFQnEPn%IQe @ mpl ex. Enhanced nenbrane affinity of 5
active size nodifi edifiRGamytheasvilde idefimat,e dllletapbmtiicedl bydef f ective

Dot ] Ve torm SFopakEGEo\PrinfoarEd Ghraehy BEPL £ e ettt a8 1 0y
factor VII pgpmp@piydgnﬁggstood by one of ordinary skill in the art
to which this invention belongs. Although methods and
materials similar or equivalent to those described 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.



10 low affinity for nenbranes. Am no acid sequences of the wld-type human
(hVI1) and bovine (bVlIlI) factor VII G.A domain are shown in Table 2. TABLE
2 hVI'1: ANA- FLXXLRPI i GSLXRXCKXX, 1QCSFXXARXI ~1FKDAXRTKLF, 1W SY (SEQ I D NO: 31
15 bVI1: ANG FLXXLRP11GSLXRXCRXXsi LCSFXXAHXhI FRNXXRTRQF, 1W/SY (SEQ | D NO: 4?
The nodified GLA domain of factor VIl or fact.~r VIla may include, for
exanple, a glutamc acid or aspartic acid residue at amno acid Ii (SEQ ID
NO: 26 and SEQ I D NO: 27, respectively); a phenyl al anine residue at 20 am no
acid 29 (SEQ ID NO:28), or an aspartlc aC|d reS|due at amno acid 33 (SEQ

I D NO: 29). Preferably, Bhded phioh 6§ gactor Vlila may

| nol ude a gl utan neye S ﬁElﬁ%@QuéﬁbgsléfaE'ﬂaG“E?ﬂ}sgnacgf%.{f i due at

am no acid 33 ( SE amn epen eptide nodified

ent
inthis rranFn)éPe h‘é% ) %‘é:hvﬁ%lrﬂeﬁ’”af?q%ft%ﬁ%r“h&ﬁﬁ aﬂgé“ @ar@m‘h@%tl ve or
W Itd t%/_pe {opbympfso?erctaépe@&mms arHaJcammcgfaeﬁcaCstd %nl\(:ésn ofI tthte
aut oact i in_fac e i.n severa 0 otting
assays. Egt{:‘g?&om%lﬁa? Sfe%%n rc}%dri’ﬁy Cg g@‘\‘]\ %t i on
condi ti ons, psotéinsC| mdlleweirse afratiesigud fHct @rrearﬁ:tlmrd @l §EQIIDpi d.  For
exanpl e, ﬁfié*d 86t PH %12 | SsEPo b fil TR @?ge g\fd M3 as nat| ve Vlla

fold as -

at optinmum-t mbopl asti n [ evels, but | s about ef fective

at 1% of opF?ﬁBﬂ?FhY%}%opl'QﬁleHm}r@/é%’- Magtange s %@H%ﬁ%lﬁ gnal s

aLe pr obabl yf npﬁbtl;eneld@nvmh N1 i £ JUrRs et ISEQS\@ ol . fl otting assays

that use optimmlevels o [ plLastin_gannot dete 5.clotting tine

di ffereﬁ?:0 es bet vveeﬁ? % TIEL Sﬁggﬁggahﬁethbg l??mﬁ"ﬁ‘éﬁo ﬁ???i atients.

dotting didéeianitesshbedivaeild ugpss Mz s(cpen (snﬂxycldm)ect\HdQMlé‘.BB

non-opti mal (keypby ol LIUSTPUAUIR dldudre o Ve gq A g)used in
epen ent oly

clotting assays. 10 Another’ exanple o avitamn peptide is
active-site ‘ﬁn‘ﬂ?‘ﬂ]?’éﬂnﬁctor VIla. The active site of factor VIla may be

nodi fied chem cal | wiguge exaephetsbyhE&R6achyvationdbteeteghmaingenesis

of the 3105t|,¥ s(gteé gEfR—e S'colhfvlved ftact r VI drs, an 15 eff ctive inhibitor

of coag BR B9°ReT et 31C (HIPES AN XS 6PSERSR ®ts, B. et al .

1997, J. Vapbos@Surtipid25: 341-346. Modifications of the GLA dormai n may make

acti ve site nodifi ?qggx%tgrd¥%étg‘)§3ﬁeegét§9§£9&§ gfuef%&? gfn menbr ane
Fac

affinity. The nmodi active-sit tor Vlla
may i ncl udefa¢ePr Whidi e, ReSWYI R IR idssitame aftac&rﬁrné’la"é dOPPnand a
gl utamc accﬂréraésﬂusn@tvmmm d( £33 AeRF QiR 1ME)3Qre Hitreyr o &

K- dependent pol I Factor | X or the active form of Factor
| X, Fact ?5(5 Z’S%P%é ”%f’adé‘tﬁiergfl te-nodified factor Vlla, active site
nodi fied | Xa and X&igemyebé depi8bstbhs obagodguiani ofi. hmanophasmh sequences
of the wild #:WEIQUQH@ &ﬂaﬁ%lﬁlﬁz R & dikbye (;%%ts% |p% el dOmRI N are

shown.in Ta . For exa an aspartic aci utamc acid re5|due 30
may be substit ut ed FAGUES ﬁo §EF8tflthE@?9-4\Bthnaﬂ8 BERFPD NO: 3

respectivel gactér pheEnyiphedene dradinbienll wEsue delatadd, (SEQ ID NO 33), or
an aspar tg ¢ acid r%s'g%lfr% %t deplggsaghd 24 g.glglon [3? 3f'2>t forma:lLt:LoJABLE 3
by active-site modified factor~.ViIaQliE33 (DEGR-
VIIaQllE33).
Figure 7 depicts the circulatory time of factor
VIIQ11lE33 in rats.
30 Figure 8 depicts the membrane interaction by

normal and modified proteins. 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)



hl X: YNSGKI ~XXFVQL1GNI ~XRXCMXX~1KCSFXXARXV~1FXNTXRTTXF, 1VWKQY ( SEQ I D NO: 5)
bl X: YNSCKLXXFVQ | GNLXRXCMXX=i KCSFXXARXV~1FXNTXKRTTXF, 1WKQY ( SEQ | D NO: 6)

I n anot her aspect, the invention features a 5 manmmal i an host cell including
a vitam n k-dependent pol ypeptide having a nodified GLA donain that
enhances nenbrane binding affinity of the polypeptide relative to a
correspondi ng native vitamn k-dependt_an& pol ypeptide. The nodified G.A
domai n i ncludes at |east one am no acid 90 substitution as di scussed above.
The manmmal i 0 y ithc , ex I [ F-T

nmodi fi ed fa??o? \ﬁl‘IEI a@anﬁga i ?&‘gﬁncégéﬁéd?@egafggcgop'&dl rﬁﬁ&tf\él ed
factor VI athgyrEsHLE ﬁ-faﬁlgzrrior#o thei addgBspreteinnware dpuns et dhel and at
am no aci d gdmb¥ankr.eferably, the am no acid substitution includes a

gl utam ne residue amnoald 11 and a gl.utamc id residye at am no
acid 33 (SEQ I D NoO: T, 7 1 AEP EC %%ﬁ';}h?' ]‘r’r@ﬁ‘:ec@aqcécél’ﬁaﬁﬁﬁe to nodify
vitam n k dppendént Cpolrypéptltdaggltutrmmt eInepade®sAf othe Z0rerage and

car boxygl ut g elel e i ver. e

capeci a1y Siapfp=bBRReRloh) ok KRR L LOMALERGYs WY Loty

phar maceut i éameéoﬁﬁé'sbﬁvéﬁlel PePFIRNGTE EHQWﬁaé@EtWEdeWYmdQﬂM% e carrier

and an amobufbcof(opeYi amcn els) dapandent bRECPHiyp%ilﬁ@deéiszﬁLtésge FQI‘Jl ngl bi t
e |1 ncludes a

| ot f t t dent | t
modi 1160 CLRSBSaPn JEen S TREEs At B ARG LOF UL SEAST | TLHES hat enhances
menbr anel ®i mépigcateisnicfy hofmanhglpsitmpepegudat bat foe the avidat typeondi ng
native 30 th%?h (Bpggpgﬁg%ﬁ%s9okﬁaeﬂhhgﬁ A#@eﬁﬂi PP 1 £ 4l dam)n

k- dependent po g of the rmaceut 1 cal npositions can I'ncl ude
wi t hout | i nPE&t B6RWprotein C or APC, active- S|te rmdlfl ed APC, active- site

nodified , - 18 pFoghes Mlcﬁepﬂ@tﬁs\/@iélir&dﬂdﬁa{dl@ﬂx bEctaEtbXayangy
above. The concentration of a

ti it d fied f t X d
Vitamn k- dEREIBENERHorYIER ARG o FROELVE COBENRE b bE AL HgRdon i n & 5
mamal ney odr factepevei by onld mw_:bebowﬁ.néaAPcr $opéemcd ik lregs)t lndpr ef erred
dosage of tg‘évﬁ%pil%drfﬁ Q%fﬁqfé'dlnc%‘éiég thﬁaﬁ@f”bcé’éopfé@ qferistics of

t he conpounds ation o ound” excl pi énts and t he
route of adnrnﬁpf,wattll@@ ofhBuspa Farteg Hésh@@é@tal%h%ﬂﬁafclél}ﬁr@al

conposi tionphashe 8¢medichiesr od 1@ ypksBufigRERECONopelt NeMatlie) endas the
overal | health stg (I}ﬁf tge @ngjl culz ?atl ent and the relative biol ogical
effi cacy of &% %g: ¢ s( é‘ fie§g phar maceuti cal conpositions nay be
used to 2egul ate 15F‘I;@1a:geulhl|d>ep1cuts'mm éHercteocgtaitd c dhetebbposoni ons nmay
be used gengraliy tal e Vet 1ghetsha ABO8! S1ect ARAINGON Y & Tow

am no acid réestdues e as e Cri general | y does
not signifi é&ﬁﬂpylsaﬁf’é’ct OtIH@OéWtal ainest fepptenel Aot EPReIAS 1363 ypept i des.
Vitam n k- depgadeat pol ypeptides that i ncl ude nodified GLA domsu ns may be

formul ated into ph paceut j ca OSI tions.by admxture w
phar maceutical ly a ’e%‘tlﬁf)ljef % RS g;:’mf% gaff ers Such
conpoundss aadtdeipysicfi ors iways lpe:qtleepaCed fBanparhmmm e @t rat i on,

part i cul ar! yo; i b o Oyl t@%up%%%' W ORSpBh SYPBEOS) O'khd IprARIeOUS.

physi ol ogi cal er “solutio nistration, particularly in
the form of MRt ©foPXesedm &; (f6llegr 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



30 intranasal adm nistration, particularly in the formof powders, nasal
drops, or aerosols. Conpositions for other routes of admnistration may be
prepared as desired using standard nmethods. Fornul ati ons for parenteral
adm nistration may 35 contain as comopn excipients sterile water or saline,
- 19 polyal kyl ene glycols such as pol yethyl ene glycol, oils of vegetable
origin, hydrogenated napht hal enes, and ijtshe like. In particular,

bi oconpati bl e, biodegradabl e |actide polyner, |actide/glycolide copolyner,

]9r 5 pol yorﬁhélyéeﬁgumw@uypm@eﬂm@amwwf afcpeax ambeglek) exci po't ﬁnts
or contro the r 1.NV ntlon In vivo. er
sui tabl e pa &?%?n %’?‘S]Zgypsys em; incl {ﬁlellee[cﬁ e\§| nyl acetate

copol yner partl cl eFigeeeotlidc comppsesi mpmbnanbl blndiugl OParsgktaAN®mndl0 and

| i posones. ke @u&@slmbwr@fha;p%pm Ui Al1R LBE GRALAT N

exci pi ents suc | act osF <gem red. I nhal at1 on for ns may be
aqueous §o|‘iﬁ‘i‘%ﬁ%sl:on‘§%}n 151’9'Jl % Exéa0p3asY| et her,

gl ycochol atam@mhdewypmlmmamu hﬁytéfﬁty (Kpdie dlidcles9! Ui BBGiHOT

adm nistration in t?e formof nasal drops. If desired, the conpounds can be
f or mul at ed %En%eejr% 0 be applied intranasally. Fornul ations for parenteral
admi ni stration nmay Figvee A6l d¢pigkgcbbhomerbrane bocewdctihr ni stration 20

In an al te?g%%(u fgpocglf @Dt fetdlg: 1 '@Q(-Qie?ébr{éﬂttu ggtglggar maceut i cal

conposi tio ding a pharmaceutically acce eér “and an anount
of a vi &8ni FAREH D FIEPRL HD| HPRPEIRR Jﬁq%qtv“@nt ®f ﬁ’é‘ﬁ@éséfél'lé?df ormati on

in a mmualciddeey) t A rbdxvﬁe@ertskeéﬁ Axrdg)peRidtde xncl pdgglag nodi fi ed GLA
donmanin with ,at | east, one a:|' tuti.on that en ces, enbr ane

bi nd no- af (7YY BErTERs SO TERRTAoR A2 e vz, BERERGRR T Rar | vo
vitam n k- dipegroemt Zbo{qmpw:drecléMe,sefqﬂmrram;celutchlalfledrmm;htTms may be

useful for jhe B30 fpeatsents oéaféﬂmlmﬂe%) dﬁq ﬁe%‘)‘cgn Srs?sgmem'ia A

henophilia B and |1ver disease, In this enb use tam n

k- dependént™esdt L tyies BB $h’e“pq1tb‘-‘r %ﬁq%lo%&%ﬁ%‘l £RéASUBan i ncl ude,

W t hout ||rTIﬁi:lIiékﬂlSsq1E£ﬁé 9y . VIPawsl theshsds \the3rafter BSEOi)rE&éE.ﬁrZV” Fact or
VIla. The d ied G - of . .Factor .Vl . or trVIIamay

i ncl ude sub¥TTLRY ord S{mmi%s t:(:ipﬁ'plgl {alfr%&iéer#)ﬁd‘ §&|e5)3§ A gr exarrpl e, a

gl ut am ne r@@tmecarclbwho acid 11 and a glutami c acid residue at am no

acid 33 (SEQ I D NO: 30). The phjggg_q_@at ifeloraptaRosi tion may further

conpri se soluble tissue factor., IS especially critical to bl ood
coagul aBPon becaus&PoPTe: &SP6Cht | Sﬁeaf-nl’ﬁ%t?‘ﬂ?t F%?F‘Eﬁ\e%fa Ve &gt & n
cascade, arubpé:sd@zbtlpcbméptaMe Vﬁtcemd/magoraotuejdﬁlefdacmr 8omXiand X D| rect

activation of factor X by 1 rtan ssbe
treatment of*FheS W& nce orns Ié?ar? em)p |rfaq asftlt ype Latﬁg? |nce t he steps

i nvol vi ng fmmsmndm Mtivar@wpass}@die@ﬁndemtypoAmptsdeau on of
factor Vil \?%&ﬁ‘{ﬁel@-t&e @ﬁ’@%&%@béﬁe@e a%fé 'aC%;?oﬁﬁsoEO?rBESﬁHémm of

sone forns 15 henpphil1a. | nproverment, nbrane affinity of factor

VIl or 9Bl &hat nabtaﬂm%l%%mntlﬁeuawmwwe&ég PREhKBY cFRi al to

make the p%am&kyﬂstmmremr&a/mst @ iyhuteedladtidoresoades i Dms, to
| ower the dos es of_ VMIl/Vlla n ext. nd t he . |nt§r}( Is at 20 which

factor Wi I/RE® h‘asl?r%%“ﬁ%n%’fﬁr st 3""*%%?“% h SRR "5 ofal qualitative
changes thastarmwglmmamm eafeidi eoedidnas elat rté'm N-OQegmdbnk]l repioved®nt of

the ”E”bra g@é éﬂ:i&e fémwlﬂrdmmma g3 hot R hbéué‘c“ vation
rate as vvel aS| IVIt of factor_25 Vlla on factor or I X

These sB8ps2TEgP hagEd ot il t?’ﬁ?’f%‘a% e RIS ¢ ARGERT. £ beBSEIOEIHtl ng
rates in Vi yerotesohbing, i Padtyeryx padrsteifraat, orfaddor far angecass

treatment Ofrseé/}?aru%l 1?1@,08 V:Il'.gé.t%ig% dc'iesﬁjerrgc?enst 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



O her useful vitam n k-dependent pol ypeptides for 30 increasing clot
formation include Factor | X and Factor | Xa. In another aspect, nethods for
decreasing clot formation in a mammal are descri bed. The nethod i ncl udes
adm ni stering an anmount of vitam n k-dependent 35 pol ypeptide effective to
decrease clot formation in the - 21 manmal. The vitam n k-dependent

pol ypeptide includes a nodified GLA den®2n-that enhances nenbrane bi ndi ng
affinity of the polypeptide relative to a correspondi ng native vitamn

k- dependent 1eis gaptniiacithdnasditirad4ELang werthilbe i adiusiead at | east one
am no aci d sirdivglan. Bddickaasiprohetfal bs AP®r 1k fhee active-site
bl ocked factor% V”%i | Xa, Xaland AEC ma¥ be used.for this nmethod. In

anot her asp&Cr%fe Y Mfeft FEPLAMSs PESt oF BUTBCTRT HITES ¥br2$ PR ng cl ot
formati on | madindlon ks 0f] edepaadsbni sheougigown. aneinised vitam n

k- dependegt ept Gty LREhease.ql o iQn. in the mammal .
The vi tamgn‘k%?%%én g%ft%‘;x{nip?ﬁi?ggﬁ}:%g udgg %%%R%%%%Q%omi n t hat
enhances nerfstigife Biasdndderss &ff lenghhopripeshoiygnrgiaconal ative to a

corr espondi RghdiFiice® 1\6r . amipfikod apeadeAbve Ohy e M Snaties Mt d1,0hELA
domai n i ncl udesdaﬁg I %?%t o:ie m no am d Silbstl tution. Mdified factor VII
or Vila and STEHRTED FEG ort STk 5 2PRaCRty  BeC TR APYTEY RS Mt hod. 20 The

invention will be fModhficdesons bell ihe tdid domadw ngcéxdepkeslenBich do not
limt the,scqhe .of; i j i beg, i i 4 ea .
0 Qi1 d 1 GUieR AR Bh! DOPhE et (A 185 EXAIT

Exanmple 1 - Factor VII wth Enhance mbr ane Inity | . ivity: It
has been f oRPRSEFVAHY NETHIRRe CONBEFHELaYS i ni CYNIFT VRIS H™Wo cl ot ti ng

factor VIl candeubierieasadny rephacdi ARCARINIE AL RIS anl NeniHHPerti es of
a P11Q K33E nutdggf referred to erebn as Factor VIIQL1E33 or nutant factor
-30))

VIl (SEQ | DAY FAPE Ge8fSenyPatear i By c eV AR} was
i ncreased o\aridishidbsttyimtpcotserephncabant a®Dad dalid Auttdacin eatirmn by t he

W1 e R TR 6 form P T tEns (rapar e Aes 1 o1 d5) ai spl ayed

about 10 -substitgitdomsgRey aesitit §nt sveirkistantisrl xhange dengliaati on

activity of nd-aghbeiz iwyt fbfscelh@bbe_l}rbéﬁﬂﬁdéa@ﬁ Ofn ith BB’ g gsma was
about 10-fol d higher than,that of wi g}%ge VIla. Coagulation activity of
the zynogen o5 SHAH ndPnAROEFSRTe FRITTT i as a 1:100

di lution of srstrittoyrlizsts mafdSmakeas 80bEbant halyhehandmnimitihte tolperdeact or

VII. The,gde 0 i Vi e n : condi ti ons)
W th v T R B S e BT 15 10
coagul at i on d@Enass on AngaesheiingpedeetroredRekite ahangeser EXRMRYSHE ned by

t he Bradf or Ry dérdiaRAhRe stkdit at bos nipsnide & taidar hmiBicdf or d,
MM, 1976, Anaéexgﬁ Bi ochem ,248254. WMol ar concentr.ati ons, were obt ai ned

fromthe 15 4fH Ta? REgRCL T 2BBN808°tdr PRt FOARY NP f or
factor X Ufleessn rdiickitce@amiadl agddi.vi The nemtnw eneid ssuwisstel tooniduct ed i n

st andar dypuffer (025 MiTd ScilH11,5121099M™MANaE )34,  preferably,
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.



Production of Mutant Factor VII: Miutant factor 20 VII was generated from
wld type factor VII cDNA (GenBank Accession nunmber ML3232, NI D g182799).
Petersen et al., 1990, Biochem strv 29:3451-3457. The P11Q nutati on (change
of amno acid 11 froma proline residue to a . glutam ne residue) and the
K33E nutation (change of amno 25 acid 33 froma |lysine residue to a
glutamc acid residue) were introduced-ijya the wld ~, ype factor VII cDNA
by a pol ynerase chain reaction strategy essentially as described by

Val lette et al., 198@3n5NuoltmmnAm-&apraaent7p52§pggglngrégg this process,

a nut ati on-di 3 t on enzynme sjte was elim nated.
Four PCR pri ﬁglrggg\?\élrtgs Qoz(”ﬁélhﬂ;{éﬁé gé&ni 4}@5}/55‘ ofS G Ant aHtamiagnent s

of ML3232, oKed FPGWWEIPP%YB@)WHCIE%G%IQDJ&]B 22 raxidiiin pp@rthgiot her from
Bgl Il to Ssthkmbpasketbens rg,used under
I 4 Tt TR

standard PCR 35 c gcl i ng condj {ions (GE pr| me - 23

fragment SynCRBERLZEMAGC 12 %f""}l‘q’% YRS d sf &ot anedulcle bbNAiag tenpl ate.

The resul tingffinghent sSCorseqgatt Pry indrad vq_rtqnqhg@sa@% heMul and Bgl !l
ated into 5 the

or Bglll and t .I‘Ifle.df nts were t

factor VIII ggﬁ&béﬁtgﬁe eé\%?‘g%m or{“%ctaég'% ﬁ% §baFPoﬁ‘PWnP9§ltnﬁé

corr espondi n§rem| Hh@yﬁéa@m@mmmmmm refifdvedyas @hbkel rSsihhelr agnent.
Petersen et @ffecd§9019UPI &k n were.sequenced in their
entirety too con?crmth}; Pi C’%and K33E subgl tqgt‘élg pr8¥1§6 felPrSs to
elim nat & ’éaBb sFBFRPYSY ofOh Bk e EemAtiguFedcséquence changes.

Transfecti on) Sel ecmomeraﬂdml?mbrénéa&fﬁﬂnlﬁﬂm{a B dd (BHK) cells

were grown i 0s | es rredlumsu lenented wth 10% f et al
cal f 15 ser %%g%ém cﬂf) I fgﬂ'r ep o&fc.aﬁcogasee,ﬁ% B¥nglew| exchenge,

transfect ed WRieh theY fhitidy n@actdom esdiesn pFasmaﬂamplég Wh@ﬁf@@éAM NE
(G bco BRL) meseH bt hsd %z’ﬁd@f&cta‘ér 8‘38{1‘7{?\2%%58% ‘ggea‘fﬂjg&,r% redi um

posttrangfect cells were tr p5|n|ze
cont ai ni ilé f"p’l\ﬁ h‘%ﬁ Shst ) PrSF&BPyeﬁﬁbﬁégecfedet—Me cells were

subsequent | ynmb:tamee,d ratisar wiahy @szbegggglygggf i g Epgl e ﬁ“ oéjl oy
an

suppl enent e th p I trep vifam n

MIX, and co%" Tl%ne (N 15%%3‘5“25 %8% gh%—%@ﬁ%ﬂ%n@h%%ﬁlm was
appl i ed tvucﬁ?Q3>emﬂluﬁnnﬂﬁﬁwalm,tydoubumantouﬁomedbﬁén@.@ﬁ&ﬁﬁympd@pendent
nonocl onal aguggq%ht(gﬂz\ﬂI 2 ho®Q 0 J0. kagaki et al

1991, Bi gghem i LI VIR hofuBk Shuhlafil bp%Jl' p e Sahas LE33 1 an
as a si ng %@%%&Py&ér ?Faﬁpaéubétl@heéfammrkslkx W1l no

evi dence of &t tpafotWdaanbim)t badpaﬁpaeahgenada@ RS (P11 K33E) nut ant

howed 1400- Act L vat f_Facfor VI'1> Activated
Factor 35 VTt e Yenes BEF 30 RS GRChE {2t e Rrarshmpbibe . 24

VI | QL1E33 ( PPIOMadeifgin noamad, skacebat enham@eménmroﬂatméﬂﬁaneﬂd ternatively,

Factor VI I aglfjflisﬁ TP aggeb t [ ( O-mn)_ in a mxture
cont ai ni %1? ACM Vi ?%b g }Sr@l:'&@ﬁ& 'E ph%h‘g%%p‘%% 2"

( phosphat? dyfideq F& Ypﬁlﬁsbfﬁ ti 8l éﬁsrpﬁ@d(@#meu@mszsfom ~.1g/g
protein) . \eghliariad adbot YLIbBtiAg nheaMESTONE] ISR NAN B ot ei n
(NOVO Nor di gk, Two prepar ations consisted of a comerci al, Iy0|61h| lized
product and ‘nom

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



10 I'yophilized product. The latter protein was further purified on FPLC
nono- Q and showed a specific activity of 80,000 units/ng, calibrated with a
George King NPP standard. Enhanced nenbrane interaction by Factpr

VI 1 011E33: 15 Phospholipid preparation, assay and neasurenent of

pr ot ei n- menbr ane bi ndi ng was conducted by the nmethod descri bed by

Nel sestuen and Lim 1977 Biochenistry1430 10819-10824. Large unilanell ar

vesi cl es (LV\ié% uni | a&mal | ar vesicles (SUVs) were prepar ed by 20
met hods dest® Jdgbe 1%us|[§f H&Je PARLFiong: 14 331pochém wiild-hpve Act a.

812: 55- 65; Yty rﬁémbﬁaﬁ@ affiiocihegni stry, 8:344-352. Highly pure

phosphati dyl seri ne (bovine brain) a Jghosphati dyl choline (Sigma

Chem cal Co.) were mxed in chlorofor He sol vent was 25 r.enoved by a
stream of HQ:r od¥H- FGHELRERARTLXGKGIEH. PIRTERATSE i PAINYBDTAATF SHKH s (REQdENG 13-, buf f er .
SW were fornmed by sonication and gel filtration while LUVs were formed by
freeze-thaw and extrusion. Phospholipid concentrations were determ ned by
or ganic 5hd@phathésé‘WPB@N‘ﬁWnb@@xWSWFWbﬂtﬁ%htﬂEDpiDdN%eDght ratio
of 25. SWS of eithﬁb PS/ PC% %E%veﬁ? PS/ PC (10/ were prepared. Protein
was added to phosphBFi BPah IRRIR R F R G PEiARS dvay

Pr ot ei n- menxiaheid, rﬁbm@mlazssaygiult)anmcglabislcaeséduagaat afinby the 35

met hod of Nel &%é’%é‘% § Oggahriéwa YRy a-esﬁahsf ¥ al;nl(:ﬂ Ao acit g;te"ght

scattering 1ntensit é§10|lpl vesi cl'es alone r addition
of protein ($EQ Tfr ﬂ@dsur eafid Wraisc eed df et Eﬁékgmnnaafmmhﬂffer and

unbound; pr of\@ttherd %mlwltay wag*bbx@uea&flct Beilr ehehvAv¥esi gbe conpl ex

5 ~M) to that, of the vesi e.estimated_fromthe
rel at i onshi QP HWY ARG OH S O%H'/f% ?Lﬁh Omaf PaPRYyANFAHER BB ¢ he

respective adudici emal :s’dﬂsa:(ﬂwwlo)d @&nkadnbaacad~L1. (eqorl,\;xlafnppépswhol ipid
and protei r once f.bound [ P*PL]
and free p?% el n rl'ﬁﬁcan eeaggae)(%%%albts?'ﬁgglge\%a gegmﬁ ?F’igr \?\Ilth t he

maxi mum pr of A 1 MR 7P )c fradlitpyrptippe lyy aosltlﬁémvésa@éso(ragaurred to be

1.0 g/gltoraéﬁérﬁ)f@tﬁlr&)re@araulée m@d Ibombtzal Bntheegaubl ibk h@m const ant
for protein-nmenbrane 3|nteract| % alonsg in eq atlon 2,
where all CorrRSRTLMS s“%fryeb&ﬁﬂ"g’s%ééuﬁ? pPbE F‘ﬁ FeﬁfL P&i n bi ndi ng
sites. | CDm3aylbd list'itued ht/ aJnEhBLhc(xdqllZ).anadnng pastasseG@sed at 5
mM cal ci um sed ,a e I shows the

bi ndi ng of Pg#i% 1fl%/pe \ﬁ g’p?r%&%htre%l gé%ﬁf?ga ack\{I cagl %ﬁlﬁ% Q filled
circles) t(ﬁlﬂﬁﬂﬂrt‘elﬁé@mfatelat“ﬁéko RSAACIZ5pT5a gBycgnel reFigueefon) or

PS/ PC=186905e 2tne C&a‘gﬂ :(nclmwzez BB s¥d @blR333Bad nHepidechikghesraffinity

than wild type prote i,n PS/.PC ( 75) .was _at .t antitative
| evel so t HRLIPraSi Rkkfgi é@@ﬁlﬁnﬁl /| ;g‘?eﬁ lneoﬁgéaugm“ﬂa 1%d val ues
coul d not t;ﬁrmtirdsrmm frs)rartdumrdats&efd%nbdalﬁécbtmdnngSID Bbvi ne factor X

(fi [led tri %ﬁs%\esr?oaﬁi% [;J}o%ie%f% 17«1:\.@?1 @Higngzgﬁefng%?angov' ne factor X

is one of the proteins in t grving a Kd for
PS/ PC (20/ Mncbxng iVl It mﬁyOﬂaeal@lS#m 1pb96ﬁ§red0ét ogher igggctable 26

25 anticoagulants such as heparln 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-glutamyl
glycylarginylchloromethylketone (DEGR) or by site-



Bi ochem stry, 36:5120-5127. The Kd for bovine factor X, obtained fromthe
result at a protein/phospholipid ratio of 0.55 (Figure 1), was 0.025 ACM
Bi nding of wild-type and nmutant Factor VIl to 5 ,rtienbranes of PS/ PC
(10/90) was also determ ned (Figure 1B). The VIIQL1E33 bound at | ess than
the quantitative |level, which allowed a binding constant to be estimated
fromthe relationship in equation 3.-Kds(Proteint~] [Binding sites=ro,] /
[Proteinbo""a] (eq. 3) 10 [Binding SlteStree~ were estimated from equati on
4, assum ndizenbcd mvtagengsds afOtle. active[sitgi ngSSTensSroamhlB-

[ phOBphQl | pl g ai OBo990n19, | PLol cLRE] =272 Ti 853,51 FogpImappaglare obser ved
for sever f rot ei.ns. of , Supra. -15

[ Bi ndi ng sF%E@%“‘éd}fle‘FBfﬁgr f.,rgngnggaoas~1m “I‘}F%lb’f"é?lﬁtﬁ)ﬁ the (eq. 4) Using
tgesel assuppbtienomoinassecoapbent amnaheecm m@nmmww ][wﬁﬁ.:m% af o ]9f 0. 37,
Kd val u e actor X..5.5 A or Wi type factor
VIl and %%EAY% %Fg\}f‘?%ﬁg% ﬂ%ﬁ JR9Y FegREC AR F MRS factor 20 VI I QLIE33
was greatIglhen@pguemahl}’reﬁ‘bfaﬂelbenplohgpazbttldnty over wild type factor VI
and had one of th I i tamn

eHY 934%miE KGR %@l?%tatz"tld hg?lggoggc#]g? vi

Kdependent proteins. Enhanced actr vatr on e 25 first
step in co¥dfl @Fi BRei ATbIVRsioHR QEt FagtPHnV Y ffa%,cft'(ﬁr \¥3Ia.Aut oactivation

of Vlrr{) V\/aSNﬁﬂNécéﬁd?aﬁuﬁaBDj/%tmrﬁméaffltﬂﬂrJSQQI rﬁ\éls}?lﬂ%_l ;(dlrmﬂrlméspurl f: ed
r econbi_nan cit.fro ter Kisje Fio et a 994 Bi o
o' BE o B RERERs ORI wenftafhs ™ & fofbiides, Dl )
Activity oWiMi+eyne E3gmans (REIT hoard la@vmaq:r (méII)r nedtdre il Sy addition

of 0.15 g%lnnméugﬁgmtﬁ&ggﬁg 4 Kabi) and assessing the rate of
pni tropheny? osphat e product release by absorbance change at 405 nm

Initial activity of the VIIQL1E33 pregaration was | ess than 4%t hat of
fully active VITaQl1E33. 5 ., VIIQl $E\ds found to be a much better

bstrate far I
R T A S SR R e
relationship in equatron 5 (equatron 7 of Fi ore et al . 1994 supra) . 10
InfViIla]~ a In[VIla]o + kcat* #qF I n is the factor Vlila
concentirat PO G § L?Pneﬁﬁ’éﬁx W’ fig ’E‘Q%Déﬂ R? e%né?szﬁ’nfDF‘Br‘“f act or
Vlla acting on Vi w'ﬁ%n%&éﬁlﬂetdh%mr S%ﬁq@lalofSQ%H k/ngnl_E %15,V££@t§£tes For

w | d-type factor is relation and ave kcat of
0. 0045/s aWila Rayt iRGIWae | of ¥ erxa_mlm% g_lutsﬁ@c =lep e Oé:t al ., 1994,

supr a. | Foragpertie @-&f@fré@%&ﬁ@ ?@Lﬁrﬁﬂﬁéla@id on \rﬁmid @?hd‘d laeglarngt 2) agd it
was only p stimate a.lo ca i S, ai ne
fromtne VBRd BRAPFAG: (FREpereuttly! ot petlntitive Htd ARL0) | The
resul ti2ty smine &&idt2®niSEQ/E),Nal 28y, wot har mmﬁism astce.d:(recs-lrdn.ueati on of
this react @grth S gawe a value for
kcat/ [9] 58 ?‘8@“‘?4 %9; M'I'hr S sh@ﬁllgébgg? O%r% owt true kcat/Km~f or
VI 1 aQl1E33doBinwes Hac %qulwrtf%%§°§r\é%¥%rm%}ﬁaWCt1H@G\/£ ue of kcat/Km
Iﬁx wi Ing tgfﬁcéﬁ&%@rﬁ’éiaﬁggt &&ﬁxiﬁatsdlaylflax& \ﬁglaitssm;w%ﬁntdsur)ra Thus,
e co |na|oo a n 0 sybstrate was
superi or tBEWFY et?’bea‘ﬂ%?e?ﬁﬁg %gt %§§ ga‘ﬁi:{ﬂ? st e lhoaf jul ation. This
30 suggsst ddpehdent/ThQLEESHt ids mtuqlefa.ed in tvhis mayrptezerizammmm
coagul ati o, i L} L Ner 11E33: Once
RIGABE SLFPRILE] Fol AeBranch PREF RS e X YA

gener at ed, Ivates elt actor
type polypeptide. It also has a much hlgher activity in

auvtoactivation, 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



- 28 Activation of bovine factor X (0.1 ~M by factor VIla was carried out
in 50 MM Tris~HCO buffer, pH 7.5 containing 100 MM NaCl, 5 mM cal ci um

vari ous anmounts of phospholipid (PS/ PC, 25/75) and 1 ng/nL bovi ne serumb5
al bumn at 22.SC. k'actor Vlila (0.06 nMof VIlaQIE33 or 0.6 nMw Id type
VIla) was added at zero tine and Xa actiyity at 1, 3 and 5 mnute tine

poi nts was determ ned. Aliquots of the ifeaction mxture (0.2 nL) were m xed
wi th buffer Ntal QRien : - 2 10 (Kabi), a
chr onogeni cegfgggtt?a%ee%:‘aorﬁ:‘ ;U(;ft %P%%W&ggéggﬁgéggﬁéﬁ%%g%% nm was

det er m ned M#rgiBedk PP 008 RBELHioT FIOHREEepre TREOBABUNIMRSE f act or Xa

gener at ed WpyetRhfHanted f Mawd. he peeldentlyoBvaReEbl &1 @Tbt  fid &M d 1) of
uct,and a 15 velocit 3/ sec for

t he p-nitrophenyl phosphate reaction _pr of
substrate h%\a& S ‘%PBW Y& 150 Pt n&PXEBRALASE R E%%W?i%?ﬁe% this
assay. Fijucdoltdogpdriee i€ farehcep betwekd hypeal aplasmd/ldmd (xpsde

circles) an I %#:E .Gl iLrcle .act j or ina purified
system Aga%ﬁ?élngl g%#i‘é:%gé%gseﬁ#:%f sﬁ%gﬁ%ﬁgt%¥€m§§ﬁ£€§%’e t?e?a%’c‘”fe()er’“ Vila in
this reacti eNchTRémMBlEFe AERCOTYS dgtestest when| bonprps el i pivkls of
concentr at i @hsorbbpliamitais bed diguiel ehgtonbogPRseil AROSRNY if d per ni.

Thi s was eng,%:t%d romthe fact that high nmenbrane concentrations cause a
greater 25 FoPtidR PSR §type Vila to bind to the membrane. Once again,
the incre@ased functhAnotherd efdrellld X3 avas taneat dsidepeddeneondi tions of | ow
phosphol i pi r:e per.l c u Len . of ; god clotting
assays wereg>c<,‘)o§_,g>(l%§tE é?ea? %3%811:‘3?&%%{‘% %eh%g%gggg g%/'{:%glonel‘gj%ag tgll hc?et ect clot
formation. RERdveplsdseacfofackey Xadaampywed medifised i ghenicaltlya7C for 1

m nute. Varifgus ek@agart, s byebeerdded by sat wol ¥pBc0éd Ondt ddterts 5 ydar d
buffer. Soluble tissue factor &%g n d'?nd p%gsghol el g’cé S/ PC, 10/90, 75

~. g/ m) wer ERSIGSEVS Ebe3s PEGEFECAARSRE FRERCTHE F &S AR Vi I a

concent ru8 i ef felomirve inhibi2@r Bfgocegtléidn-bP2sekdraFiraides dE 1 L of
25 mM Cad z .a_sta eagtigp. i ne form ot was
measur ed. | S%QQ%%%gégnfheh%\?gﬁgégfa%d g?aﬁééf dl%%zli aé'l‘O'\r?}assiéoT replicate
sanpl es was Sugont @§.:381-346i.guMedd f4rakd onReok oble| GA irnairegast wil d
type V{ Ig \éﬁ{a&%s: a\fltgar@clkl?lig% hﬁdﬂ%ril@_w rguaaa_ 9|tﬁ§nmel>£ré:@ﬂ@h.d 1@édi(?ﬂxls\é\/af
supported by, s an e osphol ipi.d .vesic] es. enous type
factor VII “¥€55 &3 ef\?g‘%éraﬁ‘ﬁl Fﬁ%&Bﬁﬁgntr%?o‘f\?g‘aﬁge‘ﬁm% y 10 no
i npact o0 codg alcatiiver: stiitee modilié edaFlgtountI Taagay ainoludes flo¥) seconds,
with or wit F. _F I a : S . app I e -fol d higher
activity thlaé%%%'ﬁétw |adgj‘t§§/*gé‘“%%a%%§§§?t g\é\ggé‘g‘ga{‘/@%‘%n |t4|%dn§a. Simlar -
resul ts wer gloteaiise@ciid: repiduer ay pmigef peidn?3 165K aBAHNO sARgest i ng t hat
the major pathway foRe biDOshLh OtidéSendedthign) Tdenw@lVvedsdi pect
activation of factaqr Xb)éfact r, Vlla. O/?rgll or_VIla 33 was
superi or toF\ﬁicIt(ﬁ’rt&ﬁ(eQﬁI & ﬁ‘°§r1880556f“aﬁ BEFOF 1 IR s BTN nmenbr ane
vesi cl es2@andsselith adtiveueitacmodifi@dWEhdtoypel 2y nogeniveadite t ual |y no
activity unders. nditd gns gLl E N }b‘ﬂn ound
clotting ti qngglgp%gfnlﬁﬁu%g? St%ng\ta erbeoghﬁgtiﬁg#gmgg"%ﬁu_ L8

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 NO:33), or an aspartic acid residue at
amino acid 34 (SEQ ID NO:34).



Procoacrul ant activity with normal tissue factor: Activity of Vlila and/or
VII QL1IE33 with sTF was neasured 25 in nornmal human pl asma. Endogenous
factor VIl appeared to have no inpact on coagulatibn tinme in this assay;

t he background clotting tine was 2 mnutes for plasma with or w thout
soluble tissue factor. Soluble tissue factor (50 nMfinal concentration)
and Vlla were added to the plasma 30 hefgre the cal ci um sol ution.

Coagul ation tinme was assessed for sanples containing various levels of Vlla
or VIlaQ | E33. Two human pl asma preparzgnornes were tested, normal and factor

assayed w t AEE] andur P ENE P R AT R AR R PRIER b 68 8, A,

sensitivity) containing calcium (Signa Chemcal co.). This mxture contains

bot h phosphqgljpid = I it _brain

t hr onmbopl as%!dr{f- %§%?§gﬁ§$%%§%%’?%ﬁ%ué # éffoan _ E’rsxgga?% _%SEtQhén ey of
VIl (added in the feanaabtREEMALpEEARN: b ASHFen L L @Ns 10 nM fact or
VI1) and VITTQL1E33 (r?gijed as .the pyre . protein). The thronboplastin (0.2 m)
was added®t & “Egn‘é 10561198l "'j'r"‘F e ¥AERMBR XndePerdente required to
form a bl ooghollypteprasiardastiney.a MbdAfiads GMar dorbsa ehatushiesnadd h ful |
strength thrg | astiin, g4 rs y e factyrer.. At.optinm

| evel s of h@ﬁar&%%n?eo q;%pﬁlg’g:{ %ﬁf%vr\hl?%dto?pg}%l P%\?\ggl enB?Jr‘r%lYévtecf of
activity, alfo@OTIBGPANHING FAtiMe Vivagins kagpporfimatepgl@pepuidel ess than
15 the acti viHey nfa il (e dorlior 1Y adc80a009eHBE t SnPCkm i) -adhtf

VI I QL1E33 gave approxi matel y ,1500- 3000 units per under the standard
assay cohfli 9 TEHRAPD 559 SURRSE 3PRYR - wi TRt PpEMYE Fan frestideleh ence
bet ween wi | chalyy gerddiudeandEod leFEMERR ,2thodd§indchagtoat vII e mdediesied
coagul ati on condi ti wer.8. SWa-0pt | . Ei hgws, th ofting times
and zynogen fgaoc%%ellnt\&z}t%l’onﬁenl&;?s%’gg?ha#fcgﬁ{i%g%% g‘f‘ﬁ’i‘%’fﬁéﬁ tHe nor mal

t hr onbopl astmiodilfeesl fagrder MHas mayoedntirdnsanvamnoE38idas approxi matel y

20-fol d mor g2 BGhivsord han aildd eae hackan Ml amihySacpiesi er efficacy of
the VII QL1E33 nut ant. was .especi al ly evi dgnt .when co?zit%tcj{'ya ion conditions

vere |inmt?edTefs@Plive rdie P Heq &SHgnFubstibbF oag P98 @nti coaQU ant
Activities eflubEoBnd @ikl at3@nSnandaid Chagniaki ghutssihy Sacel €

per f or med Wzlf%é’“r e_rl_rat.ilt_' gﬁgﬁ{&esdg%tgnﬁnqﬁggng? ng opl a5tin that was dil uted

1:10 with bu he” ac e "of 0 1E33 was nodified by DEGR
as described by Sor8nibable. mammalian hasoreldigprare Rk 06 MOAdEY t he

clotting ti fmi3p KR Adeael t4dBMy11,08MB8E efe ¥ dike 4 ¥OMpOPI asti n,
- 31 in caﬁ?it%r?lubuffer, E.i‘or 151{6’3%%5 beg%fjre addi ti 0?1 of thgglnggrra. The

time to £0r RAFRIBIEIHEWHRSr nitfdraniieR CReLAaABTEVRE FEPRIFARSWLting ti e
was appr oxi rmide i vr sasordpeaditdl lIapbaisefhlnasohoBDEGReV1£aQL1E33. 5 Exanpl e

2 - Circulatorv Ti f. I i : heti zed
(sodi um nenbut ol ) E%ngag@%é‘%}g%( %%é?%%%g?&m}%ﬁﬁ%gg%gd with 36 ~g
of factor Vide@poEdZigan tinmluding 4 phesmasautdcal hyoagheptrbleiggl er vein,

into which geanul ahadbesRlacda MedQihhR-bepBagsREW in Figure 7,
bl ood was_wi thdrawn fromthe carotid artesy, [nto_which,a cannula had been
&EEB 1%4 F&EE§81’

i nsert ed2By RAIYRSRE G/ & Vet PALLAR tRrul ation was
estimat ed f memnddle clmid ivigdnire oiddpemdentapbdyp¥btidef inebimdeplasma, to

| uti on of "R S il el Leatt ByE TRMATREHE T\ A Usea.
Coagul at i on snds tissdsisud thatt ienhannes meabsang| bindingdabfigberadbed in
Exanpl e 1. The ¥BMpettidaGidratdve 3¢ iavicbyrbBpbhaiRhasgeibef or e inj ection
of 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



20 VII QL1E33 was determ ned and was subtracted as a bl ank. The
concentration of factor VIITQL1E33 in the circulation is given as log nM A
sham experinment in which a third aninal received the operation and

cannul ation but no f actor VIIQ | E33 was conducted. The anmount of factor
VI1 25 activity in that animal did not change over the tine of the
experinment (100 mnutes). At the end ef18he experinent, the animals were
eut hani zed by excess sodi um nenbutol. The rats appeared normal throughout
t he experi mfectd3d Wltlle nachiveéesdseofmoddajatlaf aonor Thka edrd egcttihvee £ act or
VITQLIE3S3 dif Rolhcaused Blictor BE'a”Qtsed‘iQégHEé&'QB%véve” in the

post-operative rat. _The circulation life-tine e VIIQL1E33 was nor nal
(Figure 7), with apPROxFPRESRLEABREDIOR (e Ve neergnedrasred i n about 60

m‘hnut es and poll‘ypégtlaiﬁa e\fefre@h]gmetodmambea;ame ﬂérrﬁé&cﬁlﬁrﬂr?ib 2l n? pr ot ﬁ' n.
Thi s was |m ar .t g te 0 arance_o ovnepot ronbin fromthe
rat. Nels stnﬁgﬁ‘ &na‘a%u&air Je_ndgpgcﬁgn? B Féas t&Shmun. |

45: 198- 203. ifilaidiings tél@p@me(flerredwdbdagypefrm@nd:mmmund aat dse VI 1 a whi ch
gave a circul ti t m nut es.
Thonmsen, M %ﬂﬁ‘l@t@e“d’ 9519:% %%Emfaﬁgﬁi bggrrgéCEéf%él% %4&?&% s indicated
that factor OPMPOERAS3 efRd oXsd. r §BSghPFEHLALian @bndiergomaynd n and that it

was not 10 ream(ﬂinén@@srajhelye@hebroaeagutahamnnagtratic}h ItTrfaorzg?erl%laS a

nor nal p@zt n and oulgl hav a,.standard circul ati r]%1 dg@tms |ne6fe

ani mal . Eafass o SEU5RoRRe CREREPARESR Y2 B FIRATARSSF

protein C Bayi raésanndemnudn opr suehnvarshbhea &$ gthd Sowegrlde hfalubnol ogy in
the amno aguh ol JNie gaétq@maespsegbﬁﬁeaﬁu”w@'réfaél% dues), despite

about 10f ol mhr ane affinit man protern. Bovine protein
C contains <9|91ﬁé1atef|§é§|aﬂ’oﬁfli 9eF9ﬂE°‘énq%|%%l%ﬁt?%i-at Thefe i on 11 of

human prote a@maEE@tZ.QallWﬁ@ﬁ\onﬁtIieﬁlsaﬁaapgb@r@ééd‘ﬂ:cﬂ-Jréghltiﬁ:\é ne protein C

Wi th hi sjte d| ne, g .t he reverse cﬁange g rotein was exam ned. In
both castd, EREUASEEM 1o i Z ni RG® pPBFTREG EROVEIE S SFn SR ne
affinity, abeutistd- Q@Irxdarfadﬂ.ybéwnrnehpr breabménhtnolf ScHmdnbdsirs .human protei n
C. 25 Activ tl%%lg'x’lga%éﬂ&mae'f%w afBAL Gk 8%&@1.%& JJEFOJAL@G at position 11

showed 2.4 Fower activity t an w i C, depending on the
assay used. PRIVPSPLAPE é6nctaiSFrageri 3PPUEneIane R ﬁfa@f@f gt o 15-fol d

hi gher acti Wilgnitfhaantlhyd affpetbARE. afbigedesDrstsattath a3t ability to

| nprove othogenbr%n contact and activity by mutation. Mitaaenesis of
Protein < H human protein C cDNA cl one was provided by Dr.
Johan Stenfl o (DeptVitamidilktdeperismt SalypadtiidessthetHospltde, Ml no, -
33 Sweden) Eﬁ%@av'e&a %ma%@, ﬁagDHé\ ?BQH@lé{\@édp{ﬁE’d ded by Dr.. Donald

Foster (Zyno(Cenetics, GenBank accessi on nunber for t he
nucl eot i de Mé\@@@%ﬂ%vicﬁé‘PﬁlséFéPﬁSCbYsa%%%‘Sre Nfi¥y163486 and is

K02059, N Dphaghid@eaa? ilcen lyhackepkabl bdfiof CEURDE ced ipibT: RIwtein C.
Site-directed _nutagenes] s vvasmt%erf met hod.  For human protein

gent a r.med bg a PCR‘.r _
C nut ageftiesi CELEF st | uﬁ“g £P 8“8 o Fﬁg, PHRF o TV r%a%lhfegonucl eot i des
wer e synt hegirepadred, for MeﬁfArAIAamnﬁ&Momeammm GeC AAG

CTT-3' (SEQ¢hfd M f) o(ﬁcqr R;IQﬁI&O%%'lGQ bRsnye! seég,%:?f} 500 rotdéxb&%e vect or

pRc/CW) to create a |n etween B, 5 -GCA
CTC CCG cTcriwsiciraderlchbuifes esduEiensrc @\C?’@JA ésdmn(rsmzmm@

(CorreSpondlﬁxg:ttl@dlfa&la_,mm}p AR ¢oﬁ:&sbaueablété a¥ ¢arpdfum wetesmn C, the

8th remg@ 1,{8’—thls ence strrutated g}téfor u%rgb%f\t/eln Cto

t hat of Vi 15"51% &gpéd98§ f’ﬁ'é rt ntg)n i ne

protein C mgmqkaxesl mam‘alprdxlaptse bt merbsslsdi neompdi f b vl arg

ol i gonucl eOtdtq'Feg: Wftes of administration may be prepared as desired
using standard methods.

Formulations for parenteral administration may
35 contain as common excipients sterile water or saline,



20 synthesized: A, (as described above); C, 5 -ACG CTC CAC GIT GCC GIG CCG
CAG CTC CTC TAG GAA-3'" (SEQ ID NO:9) (corresponding to am no acid residues
4-15 in bovine protein C, the 6th amno acid was nmutated fromthat for
bovine protein Cto that of human protein C as nmarked 25 wi th underline);
D, 5 -TTC CTA GAG GAG CTG CGG CAC GGC AAC GTG GAG CGT-3' (SEQ ID NO' ~.0)
(corresponding to am no acid residues g 15 in bovine protein C, the 7th
anmino acid was nutated fromthat for “bddife protein Cto that of hunman

|
CAC TAT Ao Lol %%a%&h“%%&’%%g*ﬁig&%ﬁag ongthg 25
nucl eot i desvedtalolie® origir, \l’é&@ge@ﬁ@ﬁ@l\mphﬁhe eneg, aaixathesite between

pRc/ CW and prot elihCaaanﬁuwm F@Q&gmgxpg,gég%gﬁgdgpﬂéj vere g'roned

35 into the Hnd |11 and Xb site

pRc/ CW. HUFRFF DR e %ﬁea(%ﬂrﬁ’ﬁﬁ £ARe- SOPPEYTﬁ?ﬁus°¥o am no acid-17

was PCR zsrméﬂy@;ebw}treméumlydwmpmehel aoﬁcmﬁhlé\rgnéir@rémzhﬁlés and H The

vol unme for e PCRre ctl °$- dcotalne %

tenpl at e DI\‘# %Rlel'\ﬁ & lngdggiyffe 8?\5@%%5?0%0‘[‘?8% sphat es,

0.5 nM of eathche |IIBreraWdDr2 -5’1 U’JCVfO PwWOLbRE puliyakblaspat@oedrahger Mannhei m

in Tris-HC ( r 1 apd 2 nM
]dé)i‘f%&ys A}Pst{%s-r .‘..ncsfl.ude2 et hVekElyviny I”\%&QS‘IEQ?O ép

MyS04 , pH 8.85 | es were su jected to 30 C con3|st| ng
of a 2 m n&%rt%k?-‘&ier%‘i"ﬂﬁ%&q RS dEplansapt ﬁu%’éfu%‘S@ﬁm%ﬁ?m%g peri od,
and a 210 @, 1 idsehangatfamylaetiets Abreinhaphtiosati on, the DNA was

cont ai nf ng LR ETA AR T G o SR B st P Paf AT S B actid
M ni pr ep- KidegSeaden Bilualations fegmyden)ionsumay pe caguecds cDNA cont ai ni ng
respectiv e ARl maﬁfﬁagedm 'ébc@.% h! ?Bﬂygﬁyeélly _$hen cloned

into pRc/ vector that wa ‘eaved by |nd Xba | "and that contai ned
hurman protéWU%(ﬁ?@%nﬁﬁycf?‘iﬂﬂlBé"te BR GePP‘%CQOl?"e?m%st@%Y gidfuce a
human pret Gbél &I}kﬂéoiﬁlﬂiﬁs WA adintilisheagubat iﬁnthBOﬁ'daﬂﬁ cpflqﬁfsa% C thNA,
cont ai ni ng ) a ified wt
intact hume®* %t ellfr?f(r,ﬁc%l\eré 8: prlcmemPg%Rg gaﬁlb oV h e%?to%’%i%s 25 C cDNA
from am no ga@;lsj td be applizd tiotrangsaldy - anppriubat iwas fexract human
pratein C gOINA ANG- P | J08HSn 13 @kt ifen m?sﬁlgﬂolﬁ%%WﬁoYﬁ@ used as

tenpl ates to anplifty full Iength boviné protein C c cont ai ni ng mnut at ed
am no aci dsfF (PRI A EIRIFIFAEIOBCR reaction 30 conditions were identical

to thosepused for hAPEn Zheekastibee pemibed imdate,Dihec Anivintiing tahgor especti ve
nmut at i ons s cl eaved H nd Ll.l nd Bsu 3 Hnd 111/ Bsu36l

d
f r agment et F it ’ﬂ'l‘-?c‘ie(ﬂ\t/‘k} 8?“9886;?& ﬂ?ﬂﬁc#‘ﬁhﬁ %ovine protein C
fragments fpmmmmmﬁacqepttalbé% ‘cargigirnasdt an proorte éfild-| engt h

bovine - PHel deferrdit GRNLAAGet QEfayam% Mdr-gyations vere
confirmed by sequenm ng prl or ‘tQ transfection. Cul ture and

Expr essi on: C%’é FRISTRIA QRIS FhIATEEdd  hdREn VAEEMEY ’ée‘li?P?‘ilﬁil%n‘QQS was grown
i n DVEM2S npéliyisestipd eimslhedesid obQ¥iket aiacabhaserwieh 2cnMasgl ut am ne,

100 U m of en|CIII|n p vitamn Kl
Transf ecti off ﬁla% AP 137 }édgu}%lér?gt%stﬁe&l ftg“é% fqlhﬁﬂgr%% o%‘mglé—g;qlgner et
al ., 1987, Mmlngxlaafflmbtad oiSdihe pRAypepride3rgiayivawer~ag of DNA was 10
diluted to A{PVEM CANtAIING X -B¥behabal UbsTypepERdum Ten ~ L
of Li pofect?nﬂ-fg;?%\l}n%’ was, added to |00 Eg% DI\/E%/IC ntal nin 2 m\/l
L- gl ut am neThess v rR@cell ¢3 b Fmasd biens W?Xeﬁea‘l‘lﬂe Bt EQF
t enper atwr ex o4t iént Sof @lo'@@iﬂg reiraleriss sti2h- 88%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



15 confluence in 5-cmpetri-di shes) were washed twice in DMEMw th 2 mM
L-glutam ne nedium The DNA/lipid mxture was diluted to 1.8 nL in DVEM
containing 2 mM L-gl utam ne nmedium added to the cells and incubated for 16
hours. The cells were fed with 2 nL of conplete nmedium 20 containing 10%
calf serum left to recover for another 48-72 hours and then trypsinized
and seeded into 10-cm di shes with sel-ed&l en nedi um (DVEM cont ai ni ng 10%
serum and 400 ~.g/nL of Ceneticin) at 1:5. Yan, S.C.B. et al., 1990,

Bi o/ Technol @§yF&5506611I RFcTaFor restateay 5 il mubstidng iobisaited aft er

3-5 weeks Ofmsgbesti@nii Tkt dmfiradd ol esedrF URARIR - DA UEaAESkect i on
wer e pi cked, [ Qun to confl uenc d the di a screened for, protein C

expr essi on ﬁ?gh e Bk - BPHRe %%%‘gylaﬂs?rﬁg "‘hgﬁdtqw aid TS UCAE(for human
protein C) amin8lacib@ofd ofSEQ alld iNDA30 )BPCIHd gwhadmmdcemtircaflei n C). C ones
produci ng hj i I d.gr ntil confl uence
in the p%es%ﬁ@%g%?y%ﬁj@ ﬁf{_@%&% @nﬁ%#% ast‘lcﬁlgl%{}r itf |S%\z§é| t)ér?c(gfarbovi ne
reconbi nant Faee®ei WIT 35 esresial Hutanit igale tvndddash adkgulethion descri bed

- 36 previpgushysdi bf segelsRifdicald drfe iRPAAIdLich RE tHad JF3ERINC T,
1992, J. Biol. em, %67: 6104- 26109. Condi tioned serum free nmedi Om from
S

2
stably tranSPECRRT RPFs bR oY iRy AFEVETO W RTRAEe48SHor 10 mi nut es.
5 The super fiateots WS &nd tXr edidteougetlivil fomof ferdtdod oseynitrate

menbr an ( R I O , E0T. final
concent ?@ti%'Egﬂdtﬁ%(&@%ﬁfﬁorﬁ%%ce% ﬁ&%%&%&e? 588ed to the
condi t i onedma®er ukeFReneDIerenhil ig hawnsss FednchBougingePhhenatepsFFQ
a7 B0, SXERAONLGS) BB Gbe IMOTEAS Y Bl Mg Bt Con Sep LC100
I por e, , e protein s e ed w a gradi en starting
Sol ut1 b ASTARATT RS LR 150 TAR SRRV b iFS) BAL YSRR g Lo FORR20.
Tri s- HC1/ 1560 nibé Naft 1 Sc i Cafdr? , t i theht. oAf teemer choaval of the Cad Z by 15
di al ysi s~ . 100 JEM . t ot ej r ed.to a second
FFQ col a'rrsﬁ?g?%ﬁh%éd %&Eﬁé an mi\laé(g3 tg?qu‘féen{rh% g%?iti?l‘g%g’ogati on 20 MM
Tris-HC1/ 1502a0 RG] @ VIR by madifgcptiian of the MUATAemaial/ 500 nM
NaCl, pH 7. 4)oviled Niige NSbtEnd 11 R& AR itdal i lypigtddd fspe and the

mut ant reconbi nant , bovi ne protein wer e honogeneous as determ pned by

SDS- PAGE. THESPPPEIVE oF AP NE sPFBH AT i OB witPdt-PPETakBnut ant
r econbi nant dbsages poHt el D/ I landduedan atdml thesdniteetaligr abovi ne

prot ei né')%vm i[ﬁfc}gnggEg Pﬂ/\?ﬂﬂ qnd'[eg;‘{:pf%ea q{ii&%%e?yét Eg%la'g and Esnon was

enpl oye Sonme” nodl fi'catlons d , or t i protein S
puri fi cati oproRedei addit fonalminakiimt i Fhanpes thagprgsule, 2. et al .,
1995, EUr. for8i O£hest ive2rdedndtftD. Fastdians iepicvictieng Brotgen C from
ani on 30 exch&g e chr omat ogra h% vg(r)te |denR}£{L: ed by dot - bl o%}. EOSI tive
fracti ons wWof %%%?eﬁo%%c p%fti Pt FAFA M BPRYe ITRTREEnPRR 155t he
CaZ - dependaat it idtodyatd Gl wellle a0limproves tdguidativdtedofi £hcRB8xrmM
Tris-HC l}la& : Nt ahy 1., di ne-HC1 and 2 nM
Cad z. ,%??Ie% p |%%§J|'jo)zn,é% h@eboﬁjﬂrgn@m%%s%y%% tghe same - 37
buf f er contmwht gl 1cak Ne®l eLinel Omh ayerss It dpadl wled tiingh r20emMViRr i s- HCL,
150 nM NaCl v2pd, SradFIAy P F Fery Pl Hhd JVhEaRZ 2Bdisigedy Af ter
purification, the purify of all hluma alnd bovi ng reconbi nant protein C
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



5 preparations was estimated by SDS-PAGE fol |l owed by silver staining.
Proteins were concentrated using YM 10 filters (Am con), then dialyzed

agai nst buffer (50 MM Tris-HO and 150 mMM NaCl, pH 7.4) for 12 hours and
stored at 70C. The concentrations of proteins were nmeasured by 10
absorbance at 280 nm Association of normal and nutant protein C nol ecul es
w th nmenbranes: LW and SW were prepared by met hods descri bed in Exanpl e
1. Light scatteri ng at 90 to the inci defAt i ght was used to quantitate
protein 15 nenbr ndi ng _as_describe ove.for Factor 25 ~.g/ nmL of
s/ pe. | (25/ FEPET 'S it AReAT & GPRrAere Forverehidenngtyadsia s &)

Bovi ne prot quﬁmmiAnidwg\ariinsttIMtnenmanpesl tmeobrddei biediaged Wit h

menbr anes W&ﬂh@ﬂ 3} o%otfh%' gggyga kid feflla@aw E{sagBégéé%Qe $dﬂ£ otein.

When fit to uat | aveK val ues o oteln
G HL1 and 9ZBEH9BD ViMaMdn Ji-9g: nsr edvReet i fpgur BheApodrfited|i@lifer ence

i Pf af fini Q%/d’cﬁ’(d’ﬂﬁﬁ.@ﬂ&d.@dletsoa&bo.@asl; 6n|éCal'n&P€B| aéidzéﬁbsdl:ﬂt\i@%n m?][mrane

affinity of “powvi r ot was a entical to that of native

human pr ot elppP {(11(%’8 eli‘lng C PR §‘°HI§3¢88S?881YM 'b?otPh"r‘?“@‘eﬂ f or med

a maj or ba5|fsacfumrsj\ﬂf1@r,erié<@s B@twednAEﬁemavnbeaneeﬁlf\drnghfsste of human

and bovi ne (_k,rdb . The reverse substitution, replacenent of H s-11 of 30
y

hunman protein frol i ne, decreased menbr ane af fini ty (Figure 8B). Wen
fit to equation 2, ${RmedRCERA?H JEWRTKp Whg LBWeRt isBDRIGNFeRrSUraEl d t ype

hurrfm pr@belnfét@ufmﬂ %an&%a@%@oﬁllbuﬁ}iﬁrﬁéeﬁéhnlﬁ Eldamnlde tﬁall@ct of ]
proline introduction_was._qnly_slight ess tha at ine in the
bovi ne pr ot € “ri:[si de ety ﬁﬁ%&r B éf‘\oﬁgﬁlﬁ??oﬁl ?:T?‘I\}%fﬁ%?gﬁ%mtvat ed
protein C @nhypaape:d.dpr @tfé"lent¢V\ﬁa$Ogene:raaed byot hfonbamnich elatvages usi ng

dent i cal g
Appr ox| mat eI TS VETERIEDR MoperdeRe  PTyBEbENe PRLELARS 2 ) )

var| 0
were nixed Wa Hed %éht ﬁPBﬁ‘B fat- @@Pa&ﬁﬂsl H@%ﬁ@’é@l hindimgfor 5 hours.
TheI regC%soraﬁleﬁLtqi d@?%h@l bf&ggemlﬁegz-sl%ﬁes;rﬁ%fe?ﬁr@épéﬁ agd o
applied to a qn ol umn, o ade e golu ed w
olrcl)g nm of t ﬁ@otslar?e Vf% & d&ﬁ’&“ﬁﬁg‘ % P& gba h%orﬁ?%ﬂ?’a%g\g@p} vat ed
protein C Akgwachd nmicdudedsa80¥eafstt baepamuapnaapqil s@ost Dtuthiorcol unm was
recover ed. A aaldd/ifake s vig! BThidgd BUAPRAEEPLYUS! FaOlo2B0% Oy MM At

25C. The prepar atl ons were conpared to stan preparati ons i ned on
| ar ger scal dayshgndged Reinmkhigpeek®edor ovi ded by Dr. Walter Kisiel. For

bﬁVl % ppot ei ns, dt Zgéé'[%\_:ﬁﬁéﬂﬂldﬂswﬁli ?%%@M%Pge@lﬁﬁmoﬂnoi:he f "
t hr onbi nacti te e.acti vyt 0 ovin S consi st or a
pif v Lityt 0B 1550 ot

preparation P3RSy a Fof8i RET( S ons of~
bovi ne APC vierveenisiegh ﬂasccmﬂqe@r iigodhe HaaamsAPC generat ed from t hrombi n 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—m-éﬁor human pl asma and standard

A:DTT reagent ga'imhraa 1;]‘\("“@@&@& ©z.1) uﬁQSIOIEﬂhﬁﬂcb& ?amuf@?é Lmerszlugg;ruct Id ons.

Al ternat sphal i pi QVi e m of wvesicles fornme

from hi g %@h&q%é&%%s ﬁ&m@‘& ?ee % gggggy,gﬁ%oq}lrﬂ% ?ﬁ%srra 30 (0.1

m.) was | nCtbmatdadugMaﬂfmlttheDﬂ(Mmam mopdntlottsnggfmtén VIDam Tri s

buf fer, e £l in fer) for 5
%Clﬁ'g a(%'e( bgr%s(lte dl‘i@c‘ieﬁch‘itsgeﬁeg% Bd

m nut es at was started 1 of buffer

cont ai ni ng mﬁﬁ{ﬁﬁﬂhe@ d’faﬁd RIAL. %%W%P%ﬁé@ﬁﬁ%d %‘B heyebRRF by 0.1 niL
of 25 nM calgdaypetargideEs 3Abk mutad® 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
VIIQ1l1lE33 (referred to as VIIaQllE33) displayed about 10-



reagents were in standard buffer containing 0.05 MTris buffer, 0.1 M Nad,
pH 7.5. An average of a 14-fold higher concentration of wild type bAPC was
needed to duplicate the inpact of the H11l nutant. Coagulation tine 5 at 10
nM bAPC- H11 was greater than 120 mi nutes. Standard APTT reagent (Signa
Chem cal Co.) gave a clotting tine of about 61 seconds at 35C with this
plasma. Tinme required to forma clot wassrecorded by manual technique. The
anount of phospholipid was designed to be the limting 10 conponent in the
assay and tEqliav@iidee®| aitivigyt ltmx@h@wat&hx phos@hebadi Ust Lised were

SUVs (45 t agsa 0/9 r LW (120 ~Cg/ 0.4
L |n(the tgg‘ir?%llvé‘gé’afnf ﬁ@%ﬁéﬂ%ﬁ E?‘chéﬁﬁ‘f‘%n&%’é‘ﬁvﬁy ofCg
activated pmomgiad @llismaasvatsegb@dltl lioséwédahlghsayshaﬂl Yoate Of shivd t he

| mpact on t RS APYE 35S bodMIAUalad atkeilhi k) ThE! BhePAARBRGL] P d. Under the

condi tions his assay, _coagul atign tlne ecrease a' nearly linear,
i nverse r2l YHIGHARID wiFHReIPR |tﬁi5&“@oﬁééﬁPFaﬁF‘éhPl¥%r®$uamltdlqp
14-times as QAAuKich Wi dHAMRBIRASEENARE) Vafabesdetbl® letmad r tthauef f ect of

bovi ne APC- HL1. Parts f the udy,in Eigure 9 were repeajied for nmenbranes
of PS/PC (2%%74 E’LH\%.FQ ﬁgctimydﬁgE eF; ﬁ?t‘é}al%lg/ %Ffo’s‘bhto\rﬂtﬁfd and its
concentr at i @Gnhanse2b wedy udﬁpeahdtentgiomecandmntionb CWmIthlgIQIIEB:Of 360

seconds (12Q,3 ngzy r%%i/faaﬁ 186 <0ulldell BRI Lons ABPI L3 TRLEl Y 15- Tol d

nore wild type to equal e | npact of e H11l nutant.
Fi nal | y, 18t sicdand Sé'ég\éﬂtl (Sigma Chenical Co., standard clotting tine

502 seconds) 30 wasmsganef@pr qﬁ-cﬂ@éfﬂ yco’lzibé}Q;rEtriMn@f w\éirbddbxagm;eﬂéaﬁe was
needed to d bI térﬁﬂcgfg%tgnats an e ﬁ 102+5 seco@ |rrpact was
produced by 1 E5RPE. Hfi IPRBEPHGI Pt ™ lﬁ%’tn r%ﬁé: Smting in
t he standar ($t@$x§3a)rdso Bravdflordn, Mapact 18@6 e i t348vay be
expected. 55440 wﬁﬁs&ﬂ (SrdhtPUrER RS %?lanébééfnécﬁ"%rh Nyd gure 8H  About

2.5 times as much_hunman APC cont ai ni ng proline-11 was required to prol ong
coagul at1%n mod ecwd agx akahse ®ifl §0r P88 APE. fACt%eVII AR t5 D OG didme- 11

Introductlorfar&bexefdzﬂ@sst hada@altteﬁr diif geepeesy lrﬁbammsgr@ét&@fflmty of
t he human proteins u

r ct| ati.on

i nacti vati ofSk&s ©5; dﬁ)}nt ﬁga ﬁ'gd% fg‘fﬁfcg{’ aé:gcbiqf%’rs,", cy’Thr onbosi s
and Haenost a%i0s mM7 6tadll4-.410. Briefly, for 10 bovi ne proteins, bow ne plasm
was diluted 1000-f obd Byo0: 05 M ThiSand-daMd¥rGirs .1 mtattbggtes ser um
al bumn and 5 nM ca%‘t%—r"H‘TT—lﬂT'%ﬁl%em cles ( e 70 24 L
assay) a e c a er a

) a#® Y¥II wgs mermtteﬁr 6??5’%“’\%&%%(86 GaeerRc Tl fRH t%%am K Af t
10- {n nutg :cm-.taé&tswht atunﬁoée@ M1324BC wap ggddzdgsmd tméfﬂwbaéﬂ Q1. vyfl ti on)
conti nue r nut es. .Bovi ng.p r i.nal. concentration
and factor 3%59%0”?4%&33%&%%&5%3{33% #ﬁ M%"}ﬁa %‘reactl on was
i ncubat ed f drchamgenmafutaaniato a%ﬁ:d AlZﬁr@@Laspmlme)fretSudueacno vation
reacti on wa u T
EDTA, %’)1%%8?{?2’%%\% % %g f§th rga%gg%fségﬁ/?él% Hﬁan t ﬂr\"é}.ﬁgonbl N was
det erm nz:-‘a i6h 8 3c H&R3e 4 rlry&a@@r FgRddugt t203 %}411(@?«310 cﬁqm nggigdue) kcal

for thronbi m&@llﬁtrdaucéwm&opwtaewﬁ&d hyﬁanf@é@@ﬁlvmﬁ aingefy & ent
pl asma (S opo Canada, r Va wa

|
Bt vat o B WTRRR Al SSAGERE PEEEEPOVaop ST s aseayed wi th
the reagent siassedbest Ipha/aldeitte prondi.ns1988yi Mecl@it HaidmRegp.2-fol d nore

active than w8330 dype gy %h]J.QA})(J):?Ee‘sBaCE' M4 ok AR Qinaki s Tor

menbr ane bi n i'ng “(above), the~i npact profline-11 was | ess  with the human
pr ot ei ns30 WXMRIAE FRETHHEIIOM eRZyBIed Sdtef Eﬁéné%l‘ﬂb?% t EOWURES dr awn

for wild ty@ﬁ:ﬂ&fl&ef@t@&gﬁn@cn%epmﬁk sPhihbdis I6SWWwS mei#htobt ai ned 35
wi t h nor mal umanrp r?

ragmerits of M13232, one from Mlul to Bglll, positions

221 to 301, and the other from BglIl to SstII, positions

302 to 787. These primers were used under standard PCR

35 cycling conditions (GENEAMP, Perkin Elmer) to prime



- 41 Exanple 4 - ldentification of an archetype nenbrane affinity for the
merbrane contact site of Vitam n K dependent proteins: Conparison of
vari ous human and bovine protein C nmutants and other vitam n K-dependent 5
pol ypeptides led to a proposed nenbrane contact site archetype. The
el ectrostatic archetype consists of an electropositive core on one surface
of the protein, created by bound cal ci um i ons, surrounded by a hal o of
el ectronegative charge from am no aci ds23f- t he protein. 10 The cl oser a
menber of t eln proaches t |s eI ectrostatic pattern, the
hi gher its FF?E‘ %’aH(%%ngP o8BhBt i dRe fﬁqt@rt V& bovi ne
protein C, pPNReRs- rcrempﬁ.ane inﬂ‘heattasumtsngdfsa;gmemis \»ai:deorgeand 15
guantitatio t C t a i ed in
Seampl o 5. “PUgbEBed 2hd GigRRLeltlukh MBS Bt BRI 8l | owi ng
procedur es. SStL&- di LBt éUOnHFEgéhéél §r§ﬁ§eb’é$f‘€ﬁlh%cﬂ‘¥ﬂn d-madetlmo The
fol | ow n$ ZQhel Ea@&b@ wtmde@m{eaﬁ anat eﬁﬁrégglmrﬁve@tdie Henz3ee i n Exanpl e
3; F, 5 ﬁGGng Cﬁ TCT AGA (SEQ I D NG 11)
(correspondFﬁS“‘tH | &8Ei 88§r§§§?°§}6f"§9| K+ t%ectstﬂq”@%‘:ﬁc%ﬁ)d berBating a
Xba | site petnoewed pBcACMVUAREsHIdt Eragent;s SPet@kse@E@tCAL.TGLo60C 25 TTC
CGT GIC TTCgq AAT ¢ G5 A I i,ng to am no
acid resi duesﬁégs 27 CB\OVI negCF%tag&éﬁg Pﬁw8%%auéng:%g{ ﬁ'%%ﬁl%ogam ds were
nut at ed froﬁneNreMEBOagonﬁ#mdtnet R1LAdend | KEIE s4bsiitQAGONST &BC ATC CAC
ATC TTC1@AAWAAT ZECtETE1 Glndte( BEQ pBsMIbLB) 31 CHAs peRdisRduE_gaM no
aci d residues 38-27 human protein C, the 6th and 7th amno acids in this
sequence weP&d Hﬁf‘&?eﬁp“ﬁpgﬁﬁq\l to ED as indicated with the underline); 1,
5'-'GCC AAG GAA ATT TR E iGAC aAGAPGTE BEa : | DBd¥r 1. 4)
(CO”GSDO”thQsEQr g‘iaﬂe?C'(gH?é Egiiguﬁéré %2'3&,& o TR cgio tein G the 6th
d tate

and 7th amn I'S sequence were nmu rom QN to ED as
i ndi cat ed V\J"Pﬁlﬁhéér Ergéys medsumm@m@mmci\mtdmomreta@ GAAEAAT TTC

CTT G113 (§59_ﬂnDaN@. EEhléQQ&E‘LﬁSBQQépBGm?@l@m MU 1 R%cde@3138- 27 in

h t tated f
Lo E ab | naVEEECBERRERCRRAE: FLRG) EoR, T8t Cok Y S S BAR AL P PUoBAAIART GG

GAT GAC ACAu@IﬁgSllpSEQctmmm@)?lbcorBEBpomhcngiatng am neheaci d resi dues
27-38 in hug{gﬂu%g aL-BG rég %Q ﬁ acugw%rhehmb?ﬁquence was mnut at ed
I ne

fromQto E as |cate vi ne and human protein
C full |engt:ﬁa69m§tmrle eﬁéhédWPﬁ@otrmsmhﬁEd|afnchr¢d1mgd4 toite of the

v]ceczﬁr {#Fécl QM./ecIQv@bFnédmuﬁoébﬁﬁaﬂthgl M fﬁﬂnﬂa@@{éﬁtm (thQR arml i fication
0 e ar a ol | ows oVI ne ote
Cont mint oo BhaBNY - FE AR R Ll Bk B e e e R A R e | 1 e

wi th intact ibosemempfoeei huBecbNA mndlﬁmedeE@gllbsanmtcﬁumThe PCR reaction
condi ti onngbg%aﬁieﬁﬁéar vbetl banfXampha-Serd, bj ected to 30

cycl es of consi st Il’rlﬁ denat t| on’ erl at 94C, a 2 mn
anneal i ng p¥itamint Kgsrndind #M MR n %!F%rﬁ?d’tql&ﬁoﬁéﬁil @edatlmwzes Af t er

igplmlv}‘l czilgll eenbtae_faNA was eloﬁa‘;tr;QBiﬁleaeﬁxedzuzuﬁE)wa;,A@haT 1%@%«@.@:& Qge tgel in
rs-acetate contal ni n (0] ClS were

T ed v oA SeSnatinghy! BPARY ParBoTRe o 4 caiGAin sepePHetioy

~agnent of monordopedt entiBodPNACaBNTARA) ngotpked GB:p@CﬁﬂNGe’Iuﬂ.@tl ons was

provsrn OB Be? 3o helei At ol iapiont L et T

and Xba | sf-ﬂ@glopuméﬁeﬂv?@éfépér VEIZOpRLEdBcran 3919 Ellélﬁj{% @& protein C

CDNA Wi t3p t BBsTpbaliaeRsl aRedieNgel! @l ebl ropAbtadt s Hidi B hd ¥ ienhcer eated in

t he sanme way, hut used_hovi.ne Ir);rOt ein C nutant H1l as a tenplate in the PCR
reaction. 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




- 43 Human protein C cDNA containing the 5 termnus to am no aci d-38 was
PCR amplified with intact human protein C cDNA and priners A and D. Human
protein C cDNA fromamno acid 27 to the 3' termnus was anplified with 5
intact human protein C eDNA and prinmers B and E. These two cDNA fragnents
were used as tenplates to anplify full [ength bovine protein C cDNA

containing nutated am no acids (E33 D34) with prinmers A and B. Human

protein C nmutant E33 was obtained by the follow ng steps: hunan 10 protein

C cDNA contygt fhioeihe(b: 14@weEl tx%ta@ nQn@ﬁth@%n\/\@éraFIphkf Led with
i nt act human éOtEI CcDNAa ners A.a Human protein C cDNA from

amino acid 27 %o t TRah Sy mté’ﬁpl"llfliagéllﬁﬁt"hwiaﬁt QE’FaHHﬁﬁnbbrot ein C
cDNAI and pré\mmasc&\aatmhcﬁx Fm 200 mdBNAL K5 af m&gﬁEBEScbﬁtam&ﬁg @S q
tenplates t iLne protein.C.cDNA contai ning nutate
am no acid ég%é{%%#jprl rr—gp‘gf% \éln@ p$ﬁ§pgegzlﬁll§ture and program were
descri bed ahdmpﬁmmmﬂe|Bh0@ph€ngvbdhoilsneorﬁP8|/EChg RBREAPECti Ve
mutations Were gyeayRskdin)Hind 111 20 and Sal |, and then the fragment
(Hnd 11l - Sal § ether with intact human protein C fragnment (Sal | -
3' terminus) were @Pg%eBYPﬁt B2ERHBT H htf 1138 ghdiomngenaquses of pRc/ OW .
vector to preshmeitde: fp&dtd:engm\ilwmaﬁrdmsmm n'rﬁocphlép&rahlbhg respective

mut at i ons. tati e C|n rior to
transfecti on. ﬁ%éétéawdeﬁ%vﬁoﬁoaﬁr an Fggsﬁurran%§ 8 gl ﬁ% 1593 was
cul t ur e@Oankyeplanbized @F%’slﬁescr'l‘hlﬁedatﬁeExnﬁptele W%vfnethad human

recombi nantypr o £dd &mmc%t@ %&a\ﬂ@h@w@ar hf bﬁéc§§199§8ﬂ9§9¥'6‘f Exanpl e
3. The V|tam n K- dependent pr ?I nsﬁ\g; ﬁeaSSI into four groups on the

basi s of t Y008 it/ s 52 AbFEREIETEBRE BFP Sequences of

the am no tstandetdr esi dues of sone rel evant proteins including 35 human

protein C (hC), bo;; HgnEE qt ﬁéﬂb& Iggqnt %&vé!ge K %.4 tproéﬁiggji E;(bPT),

bovine factor X (b “er ence,
where X1Bs Eh@smmbma@mmnﬁtmnd) agsag@ andpPgasurement of

ANKGZLXXVR&QW SRR Awh s XSbrARDAEd 1MOKIHE SFEL KO NO: 17) 5 bX:

ANS- FLXXVKG51 GNLXRXCL XXs] ACSLXXA FXDAXQTEXF [ YBKY (SEQ B o 18) hC
ANS- FLXXL RHASS3 Srae Bk e [asssrx F‘éQ‘«WD TYEREREBE®ILSEXK: 1) bC:

ANS- FLXXL RP} ANBRXQDE0 4-VCXI20gaR N 1 BIRT XBX MAEs 1¥BEY (GEMs) Daf®: 2) hNI | :
ANA- FLXXLRA A G X R R P ARY s L REBOERT ik Fe 1YL 8Ya £ 8E QD NO23) - 45
20 methods described previously. Hope, M.J., et al.,
Biochem. Biophys. Acta., 812:55-65; Huang, C., 1969,
Biochemistry, 8:344-352. Highly pure phosphatidylserine
(bovine brain) and egg phosphatidylcholine (Sigma

Chemical Co.) were mixed in chloroform. The solvent was

25 removed by a stream of nitrogen gas. The dried
phospholipids were suspended in buffer. 8SUVs 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) were

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

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



TABLE 4 Charges and Affinity io 15 20 Residue i1l + 29 + 33 + 34 =

Sumlot al Ko (nl V1) d ass | bZ-2+-2-1-4-60. 2a- 32hZ- 2+- 2-3-52. Ga- 170Cl ass || ~
bPT- TNBS- 2- 2- 1<10~, hVIl- QL1E33+-2-1-2-210I ~

hS+- 2- 1- 2- 240bX+- 2- 1- 2- 340bC-

E33D34P+- 2- 1- 2- 4125hX++- 2- 1- 1- 2160bPT+- 2- 10100hPT+- 2- 1- 1- bS++- 200120C ass

I 11 bl X+-2-1-11000h! X+-2-1-11000hC++1- 2660bC- H11++1-1930 - 46 d ass
| VhCP++1- 23300hVI | P++- 1+1+14000bCP++%- 282605bVI | P+++1015000 ' Hi gher
affinity value equals ~Cdl ~soeiation~l*10°'Mi S '; the denom nator is a

typl Cal k8, kighteseat toring gt onsditei of phesphplépid vesideleskallependent

pol ypept i de(yt apis a@.’rt%r' adaqlcionTBe fa%@éu@hw,gew(e&e%@asaréd?’éhdlo
i ncl udes 7 cal ci um term nus Protern Z was

and t@e anb g é )
assi gned t FART ? jQungs from HuLLsyi apfonntared cBERERHR; whi ch
was 100 to 'mwﬁndiermslas& avenrghma:attxh:abfofthet bEOtéiﬁt-eeQScléfc w;:ekn Z 15

woul o heSani T8 ETRE og g yeBLfLep lah R ogtl kel 10-1

49-1959.
The | atter Efomrihe Wt@@ﬁ Lot eawapdosi bl eWheretM/&/ctam th& prot ei ns.

O ass |V prad g diee Gid f ook fdOmPHd 388pkkk il kpecpegsence of 20 proline-11,
which may alter affinity by non-electrostatic neans. Wiile a relatively

weak correl ation existed between nenbrane affinity and net negative charge
on residues 1-34, an ext£k|=dnyMgdionBlcatingdv, as fegnd)when 25 only residues
5, 11, 29, 33 and 34 were consi dered (TabI e 4) The latter am no acids are
| ocated on ]tsﬂe surfa t he, pr.o roteins vvere m)del ed by

bt no-aci o SHRATER G i RS EoRh FEREFHEERs Lophr X SreHel (€
el ect r o3Datconqaitarst iahs aferbourst i[PaPed bpdt EeeéOpmthrmnImeI@dm.bé sket ch

patterned aetE%t?fmatth‘%i el elq.}gscbst\g‘tllucéspogig@%kﬁ%goaéggv%%g @%9 Zis shown in

Figure 11. ectronegatlve sites 11 produce a

hal o of el RAFEHEYRINABLNH FARREENr JEA R ng) ao%aﬁli*%rﬂﬁ,s’&)]ﬁs produced by the

cal cium|inggssumed to be 1.0 g/g for all proteins) can be used to
obtain the equilibrium constant for protein-membrane
15 interaction by the relationship in equation 2, where all
concentrations are expressed as molar protein or protein
binding sites.

Ko= [P] [P*PL_, -P*PL) / [P*PL] {eqg. 2)

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

Figure 1 shows the binding of wild type VIIa (open
circles) and factor VIIQ11E33 .(filled circles) to
membranes of either PS/PC=25/75, 25 pug/ml (Figure 1A) or
PS/PC=10/90, 25 pg/ml (Figure 1B). VIIQ11lE33 had much

25 higher affinity than wild type protein. Binding to PS/PC
(25/75) was at the quantitative level so that [Proteing..]
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 1 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,



- 47 pore (Figure 11). The closer a protein structure approaches this
structure, the higher its affinity for the nenbrane. This correlation is
apparent fromthe wild-type proteins, the mutants and chemcally nodified 5
Qoteins. The pattern for other structures can be extrapol ated from

exam nation of the charge groups that are absent in other proteins. Fox
exanpl e, Lys-11 and Arg-10 of bovine prathronbin generate high 10

el ectropositive regions in their vicini 12>5; “the lack of G a-33 in protein C

and Factor I qreate |ess el I tivity.J hose protein regions. In
all cases, S |t§yee‘csglr%?0eg’g§%edw54£tﬁpﬁc§9r@r\ﬁ ffﬁ‘céﬁr X,

el ect r oposi tovtmigwd ften thes neswiitetrd] . pnoteimdgpdhdsphts iglidct-aaaegat i ve
protein surfaee) . &y d an Preleion % > exceptions to this pattern are
the protei ns&gvi t hﬁ}’r olT, .whi c)h may_ | ower5 Elfl ni t%ﬁgy a structural inpact
and ser-12 (hunman proBapainy, ohnvihdrkyRae \#nduButarhafaetory 8iHUe 20 To

furt hgy t eStmdlerdnEwtde sy rf (armd/agroghata\gpl Q1fsr d%%%%{As ig%ua]E(iF%gqgrgt ri bgti on,
site-directed utggen used to repl ace n n of bovi,.ne an
human pr ot eiﬂa)c Wi M@éﬁ’ﬁﬁﬁaﬂaﬁ .Sf9)tgla@1§§§ SHEIHEACBELVEr t her
modi fi ed to @eeldunimigcipradtlewedprobessiing. conesenth&ogée 2stambeedad t he
el ectrostat if&'&?tﬁ{g 1yl F 5 HRHIBE 1RY 2k iGt @ that of bovine factor X

a

~ he nmenbrane finity of the mitant protein was expected to be | ower than
that of factor X due to the presence of proline-11. Indeed, the bovine
protein C nutant gaxe-(ersRimlaneimfiby Hitys sl bted) [P t hategofsybovi ne
prothronbin (Figure 12A), and slightly I ess than that of bovine factor X
(Table 4). More interesting was that clot inhibition by APC was greater for
t he nut and t Bimdiorg tdid e ld] tweee eestyimatdd giren I&B1aton Iacl usi on of
results for f /MO rqteip C f .Exanpl e 3 showed
that a - A%%@Hyagg?é%?@t?&ei@s{@oﬁfgqﬁg Sﬁddﬁcéq,‘gﬁ‘% with different
nenbr ane af f4ifieatahn@haeRPYiRi guetalo yors/ BREPE GGl he aFNHS AEi @ SOPBeRt uti ons at

gosi ti lonsdlivaﬁ;’e a:ﬂfbl&fved'ltﬂ&n SRR/t x@r}gp@dm%@@% %fCQh]Ei];%! Fahg 1 g_?: aed 533?34
resulted in a s i ncrease . .n nmenbrane binding affinity igure 13a).
Activity of W?&@%tea%taémé%&%’grﬁﬁpfal‘ess than the wild-type enzyne
(Figure 13b). Results with nutants of bovine protein C suggest that failure
of the E33D34 nut at igihakdy tN@sNUNBR:RIQLEIRHBY,) Afdr8€einl OM 1Qedilyy and/ or

ot her unique amno acids I1n the protein. Figure 14A shows that the Hll

mut ant of bovine protein C bound to the nmenbrane with about 10-fold higher
affinity thdfeing chegr grmEtionshand3thes4 daeant BopFeteinhtabout

70-times theiddHptdpi PUtatitAlost e 37,1 Mee valtRRt wele WLYERRDE4y Was only
slightly better than'the H11 nmuytant. This.relati or%shl p was_mrrored_in the
activity of PPEROHRIEIL dm theséMmfCintd LRty Bee LRFEPT TR s2Peshr 23
suggest ed t hat fide yIrESErEss .of THuk,r dduced dlearmuhat dacE33D34 on nenbrane

bi ndi ng af.finity, I i ndi.cat i_otr ..on of E33D34
may not g@ oﬁ#%%%o%%%%ﬁ# é{ %s"{.pr%ov;e?egg‘eﬁéﬁ%ﬁag’t h(%(ri‘ﬁ?ri})j%1 §ti ons may be
desirabl e t REfiuity avemn virlst &ypeC fiasrornViI aod BedDopeand khee naximum
i ncreased MRS Bfddptdne - DEMRATRS WHF (With dsh ARy RB2TiRERALRI R-
suggest ed t hat hlcftl dine 11 may be the primary causé€ of this phenonenon.
Consequent | y3eRENCASRYy BIPLE M ed to glutanine or to another amino acid in
human protein C, al gabhancel hbei 38184 ofit fscoor YWNDOHEEI RN mtheaci d t hat
may i npagt the finity.ls Jne . OShtl : anino aci d that
is entir é:sy ’Eﬁ%eé ‘{]éc}% hhﬂmcné%&%glr?@bﬁ{?’ﬁégg% a?i%llet %% r?fjfﬂ%act %agﬁggg shoul d
produce prot&detomi VH enhdnemh abdimatann &ff Uil yasTisensustedodnati c

archet ype Wago, Rkl &dech 114 PR P10 (RN 2R AQuiee factor X. The
presence of 35 lysine-11 i n_human factor X _suggests that_ it shoul-dL have
recombinant product from Dr. Waltexr Kisiel, Fiore et al.,
1994, J. Biol. Chem., 269:143-149), 36 nM VIIQ1l1lE33 and
30 PS/PC (25/75, 22 pg/mL). Activity of VIIaQllE33 was

estimated at various time intervals by addition of 0.15




- 49 lower affinity than bovine factor X This prediction was borne out,
by the result shown in Figure 15. Earlier studies had shown that
trinitrobenzenesul fonic acid (TNBS) nodification of 5 ,bovine and human
prothronmbin fragnent 1 had relatively little inpact (0 to 5-fold) on
menbrane affinity. Weber, D.J. et al., 1992, J. Biol. Chem, 267:4564-4569;
Wel sch, D.J. et al., 1988, Biochem stry, 27:4933-4938. Conditions used for
the reaction resulted in 10 derivatizatgen-of the am no term nus, a change
that is linked to | owered nenbrane affinity. Wl sch, D.J. and Nel sestuen,
G L., 1988, whi scivstirsitey S-2288938abdi5angr aseeasimdi theatava oh phe
presence of Irgﬁl, Iwh e e t i n

TNBS- nodi f i e{jﬁw r@gt el n%\';%\ﬁpﬁ%@& 55:6&19% ?H’l? |S%1|E ?Héorlﬁ&%‘é rT%gaAr%ethan
nati ve fragr?ént‘wf Nfhe dad§ééti 8 ﬁtﬂﬁég}’pPSt BRf YIEBAIERR pEEPaPRLOThet ype

was basefl Ofvalst ae@sss:mauwsoghﬁﬂat 6fCQﬁ$l?n§.c@ﬁdetVﬁlta@lI\@§ﬂE| aSSOﬁ' gtl on
rate woul d gener at ! t hi s yal ue can reached is
uncert ai ng bt is pggﬁﬁé&avfast \Q; ocai gﬁ%’n BeliteroFubstrars z is
caused by i fpropet iyattionnthehdwnyd- t:;epal faogor nvall owigmeerd retidw of the
merbr ane. bt AR LAYRALHRL beN sabLoFOPEL 19§§ canrBe &higneddo | mprove

protein fol association rates o | nprove. | ndeed,

t he associ af eréldeb&’oﬁ§?aﬁ?'135ioﬁﬁb%ﬁl hnzeqhet%%r%vé@qwmnéra:ﬂ on of
pH. The basirgoirer ethiad .Qbsevyat kgprapy be related to an unusual feature of
t he prothronmbin structure which is the close placenent of the amno 30
termnus (+1 at pH 7.5 to calciumions 2 and 3. The +1 charge on the am no
term nusl®s responsitiivelafl pr= ¥IHE), ghkcagient r oposi t i vdeq.egi on just above
Ca-1 in Figure 11. Charge repul sion between Ca and the am no term nal may
destabilize prot ein folding and could be a serious 35 problemfor a protein
that had | ow¥l¥itdedg £%abh¢ifactor VIR crentsrahian @ds tamgi ti okartsupport

for the archet ype wedelytlit 3Eeéscbh§taﬁtafwnﬁ&ld:@obew\nerhéhﬁ@r&ﬁ of
ioni c groups,.fraom stront| m i-ons 1 anﬂ §%§u§a$§?}q to calcium 1 and an

extra dival ot FEFal 35 RS SERGCFRDE asstlr'if'cs[ ure of
pr ot hr onbi n)E‘orThrelpattw@enfeuggesVEIahathiherelwsecpnslmp amd YrouETrs to

these m%‘%e' S e KRNI 0bk5/LTRAG! 2 ORAEFHN P8, £ 1 14 g WiEg X CEPL O

is Arg-1 cont ri but es arge o ectr OS|t|ve core. 10
Hi gher affi Fieey Fdogsr £El ated Q\P?ﬁleﬁﬁﬁ%’ﬁone@%l%}é’ec‘ﬁ% Ea3c3 all ot her

sites. This eg@ktel at@daak30atpehi Rest Papie Efghesi giuesnd TABRRSH Di st ance
to sr-1, 8 anqyl%gsgngartggcgstlma g a51§8er limit for kcat. This
was obtained from the VIIa doubling time of about 25
20 seconds (kcat=(1ln2)/t,,,). The resulting value
(kcat,;,=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+*10° 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 VIIQ11lE33 substrate was superior to wild type
proteins in the activation step of coagulation. This
' 30 suggested that VIIQL1E33 was superior to wild type enzyme
when coagulation conditions were minimal.
Enhanced activitv of VIIaQllE33: Once generated,

factor VIIa activates either factor X or factor IX.



D stance (~) to: Inpact/ionPositionAtonmeSr-1Sr-8on KD (KM (A A-

Prot ei n) 3( K- PT) E- N22. 121. 7Low or Unknown5 (K-1I X)para-C (F)20.120 .
8"19(K/R-VI1)C5(L)20.217.8"22 (K-1X)C4 (P)17. 018 . 5"10 (R C6 (R 16 . 812
. 9"25 (RPT)C6 (R 11. 213 . 8" 24 (XXDPC O(Sz. 8.1 12 . 0 "11 ( K-
PT, hX, bS; d a- PZ) E- C(K) 14. 77. 43-10-fol d33 (da)'y-C (E)11. 67 . 5"34 (DO
(S)15. 312 .1"29 (Rypara-C (F)7. 58 .4" (RC6 (R14 . 210 . 6" - 51 5
10 15 d a residue Low inportance:i 712.813. 3+2 (<2)152016<2 (<2)2019. 417. 8<2

(<2)2117. 21 : 2 i gh 4 NRErt appe: 2 (20) 263
169. 57 (50?%‘%‘?,)%%31‘>12§%(?%€’53€§%%‘.9€>’5o gs’s)q@@&bgﬁfa.cgi’goéflii5 as
Di st ances are¥Fiefl tPne BB oRf ofM bbrd HECAr briifewhi BH( 7 e8i elertaininamt hr onbi n
used in neasuyEMRMINAGL 0i ¥ afMi CaDei @l heseud QnidurRRt bgm 1 and 8 of the
Sr-Prothronmbi,n fra ng .1 ructu eshadri et,al. 1994, .Biochem stry
33:1087- 1092h°ﬂ?ggﬁal%ufl§éégéc %§47§n§chvaeﬁngdfqll BOM$ns’ §eEHA ani ons
i ncrease 8f falbunyin afh22 i 5@, etFadtod 387 Bi (@chsmnM o£32213091845. ox | Mpact
of Au to As t.i e dl St yer s f h
ganmma- car béi@'l%@b%%& 5& "?ffd%)tsaﬁ%sreeaa ’éi’rﬂn tzcﬁ(}irof ;:é‘%gt a’éfl. %3993 J. Biol.
Chem 268: 248395y ' atBi hdi hgaR@ésS ghinwwert i asiing sowasadsbdrmgmedgat i on,
{rﬁkl Ng 2 5 QOMRAIGESNSE | @SS F@LdEidh MNEURSWd.D i) FlaeemdREa siiovy t hat

© buffer (0.2 mL) containing 10 mM EDTA and 0.4 mM S-2222

10 (Kabi), a chromogenic substrate for factor Xa.

Absorbance change at 405 nm was determined in a Beckman
DU8 spectrophotometer. The amount of factor Xa generated
was calculated from the extinction coefficient (1*10'Mcm
') of the p-nitrophenylphosphate reaction product and a

15 velocity of 33/sec for substrate hydrolysis by purified
bovine Xa under the conditions of this assay.

Figure 3 compares the ability of wild type factor
VIIa (open circles) and VIIaQllE33 (closed circles) to
activate factor X in a purified system. Again,

20 VIIaQllE33 was far superior to wild type factor VIIa in
this reaction. The difference was greatest at low -
phospholipid concentrations and diminished to 2-fold at
200 pg phospholipid per mL. This was expected from the
fact that high membrane concentrations cause a greater

25 portion of wild type VIIa to bind to the membrane. Once
again, the increased function™of VIIaQllE33 was greatest
under conditions of low phospholipid exposure.

Superior coagqulation of VITIaQllE33: 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 mL 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



association rate for protein Z was substantially inproved at pH 9, where an
am no term nal should be uncharged. The rate constant obtained fromthese
data was about 12 30 fold higher at pH 9 than at pH 7.5 (Figure 15C). -
52 O her Enbodinments It is to be understood that while the invention has
been described in conjunction with the detail ed description thereof, the
foregoing descriptionis 5 intended to iJlustrate and not Iimt the scope
of the invention, which is defined by tHRE scope of the appended cl ai ns.

QG her aspect vant di fi Lt hin he S of the
foll ow ng clﬁaﬁ%"gldealp a@» S%éﬁgE %%H\%Q’Zl%w ggﬁtg o'F‘Mtﬁ%&im versity
of M nnesot &#a8 ARdedDiF| R HAd M%q}:EMENDEmtmEOWPEPTmDEScMGms

09531/ 002V0 Ined ik 08/ 985, Mt cadkdl> IO Lnkli=gd 03t ERagld0> Fast SEQ for

W ndows Versjon, 3.0 <2| 0> 1 <211> 44 <212> PRT <2 %apl ens <220>
<22|> MD_ <£g5&pQ§»o rqgﬁlcate samples was reported
5 . Figure 4 shows the coagulation times of wild type

VIiIa versus VIIaQllE33 in normal human plasma.
Coagulation was supported by sTF and added phospholipid
vesicles. Endogenous wild type factor VII is
approximately 10 nM in concentration, and had virtually
10 no impact on coagulation times. The background
coagulation was 120 seconds, with or without sTF. Factor
VIIaQllE33 showed approximately 8-fold higher activity
than the wild type VIIa under these assay conditions.
Similar results were obtained with factor VIII-deficient
15 plasma, suggesting that the major pathway for blood
clotting 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 VIIQl1lE33 with sTF was measured
25 in normal human plasma. Endogenous factor VII appeared
to have no impact on coagulatlon 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 or
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



<223> Xaa=gamma car boxyglutam c acid or glutamc.acid <400> 1 Ala Asn Ser
Phe Leu Xaa Xaa Leu Arg His Ser Ser Leu Xaa Arg Xaa 1 5 10 . 15 Cys Il e Xaa
Xaa |l e Cys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe G n 20 25 30 Asn Val Asp
Asp Thr Leu Ala Phe Trp Ser Lys H e 35 40 <21 0> 2 <211 > 44 <2| 2> PRT <213>
Bos taurus <220> <22| > MOD _RES e222> (0) ..(0) ' <223> Xaa=ganma

car boxygl utam c acid or glutamc acid-<#@®0> 2 Ala Asn Ser Phe Leu Xaa Xaa
Leu Arg P, TOdy Asn Val Xaa Arg Xaa 1 5 10" 15 Cys Ser Xaa Xaa Val Cys Xaa
Phe Xaa Xaa (HSrhigh )éengiltd vRity) GecankeinstngOcabel air (Sbgmasthaiicdkt Al a

Phe T S T > Sapi
<2(230>r222(ir> ok Rérgk?é; MXE%II‘Q cénEZHE éélts\(%ﬁ&s l%‘ﬁoxyg ut a;pl:egzl d

or glutanlcmﬁﬂhfaﬁﬂﬂﬁ99?d -15546 Pﬁtﬂ§n Aﬁ%bhh%1E§UUXaa Xaa Leu Axg Pro
Ay Ser Leutkaamiopléatih-BS1Wasddiluted 1:100 in buffer and used in

5 the assay of VII (added in the form of normal human
plasma, which contains 10 nM factor VII) and VIIQ11E33
(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 VIIQllE33 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 VIIQllE33

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, VIIQ1llE33 was approximately 20-fold more

25 active than wild type factor VII. Thus, greater efficacy
of the VIIQ1l1lE33 mutant was especially evident when
coagulation conditions were limited, which is relevant to
many situations in vivo.

Anticoagulant Activities of DEGR-VITaQllE33:

30 Standard coagulation assays were performed with normal
human serum and human thromboplastin 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,



Cys Lys Xaa Xaa A n Cys Ser Phe Xaa Xaa Ala Arg Xaa |l e Phe Lys 20 25 30
Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr 35 40 <21 0> 9 <211> 44

<2l 2> PRT <213> Hos taurus <220> <221> MaD RES <222> (O ..(0) <223>
Xaa=gamma car boxyglutam c acid or glutam c acid <400> 4 Ala Asn Gy Phe Leu
Xaa Xaa Leu Arg Pro Gy Ser Leu Xaa Arg Xaa 1 5 10 15 Cys Arg Xaa Xaa Leu
Cys Ser Phe Xaa Xaa Ala H's Xaa Ille Rpgxérg 20 25 30 Asn Xaa Xaa Arg Thr
Arg An Phe Trp Val Ser Tyr 35 40 <2105 <27.1> 45 c27.2> PRT <213> Hono

sapi ens <22Q> <22L.% <222> (Q7_ ( <223>. Xaa~ga

car boxygl ut grrﬁ Eg‘g%ﬁah@“gﬁfém@raélgds‘ii%‘b%s ég)"}lfﬁ ":'Asand@rl ;B?ﬁ‘q_eu Xaa
Xaa Phe Val pdiasmel.y Abg Léuexha fpymiasclot 1vasiade @momined XeithXahe ys Cys
Ser Phe XaanXaa AiacAmacXsa,Vab1BPeirg 2hmsOaRadisioditarid, Ag Thr Thr

Xaa Phe Try Lys g n T 3§°40 45 <21g> 6 e211> 46 <212> PRT <213 > Hos
taurus <2205°£99¢S Wﬁ%hRE W52%5np 9L DEGR VI LaBlgtE3e, —ganmm
carboxyglutam c acid or glutamc acid <400> 6

5 Example 2 - Circulatory Time of Factor VIIO11E33 in the

Rat: Two anesthetized (sodium nembutol) Sprague Dawley
rats (325-350 g) were injected with 36 ug of factor
VIIQ1l1lE33 at time zero. Injection was through the
juggler vein, into which a cannula had been placed. At

10 the times shown in Figure 7, blood was withdrawn from the
carotid artery, into which a cannula had been inserted by
surgery. The amount of factor VIIQLl1E33 in the
circulation was estimated from the clotting time of human
factor VII-deficient plasma, to which 1 gL of a 1:10

15 dilution of the rat plasma was added. A 1:100 dilution
of rabbit brain thromboplastin-HS (Sigma Chemical Co.)
was used. Coagulation was assessed by the manual tube
tilt method as described in Example 1. The amount of
factor VII activity in the plasma before injection of

20 VIIQ11lE33 was determined and was subtracted as a blank.
The concentration of factor VIIQ11E33 in the circulation
is given as log nM. A sham experiment in which a third
animal received the operation and cannulation but no
factor VIIQ11lE33 was conducted. The amount of factor VII

25 activity in that animal did not change over the time of
the experiment (100 minutes). At the end of the
experiment, the animals were euthanized by excess sodium
nembutol.

The rats appeared normal throughout the experiment

30 with no evidence of coagulation. Therefore, the factor
VIIQ11E33 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



Tyr Asn Ser Gy Lys Leu Xaa Xaa Phe Val G n Gy Asn Leu Xaa Arg 1 5 10 15
Xaa Cys Met Xaa Xaa Lys Cys Ser Phe Xaa Xaa Ala Arg Xaa Val Phe 20 25 30
Xaa Asn Thr Xaa Lys Arg Thr Thr Xaa Phe Trp Lys G n Tyr 35 40 45 <210> 7
<211> 36 e212> DNA <213> Artificial Sequence <220> 55 <223> Protein C

mut ageni ¢ ol i gonucl eoti de <400> 7 aaattaatac gactcactat agggagaccc aagctt
36 <21 0> 8 <21l > 42 <212> DNA <213> Artishi ci al Sequence <220> <223> Protein
C mut ageni ¢ ol i gonucl eoti de ¢c400> 8 gcactcccgc tccaggctgce tgggacggag

cLect ccagy atn e Mioier Aiearteastiie ¥ 58 Ferdibiihichgbesgguence <220>
<223> Protei nuta%ﬁglﬁéglé%fqﬁ§%eotlde <4Q0> 9 acg ctcggcg ttgccgtgcc
gcagctcctc t i 18580 e2rpRSeAPEi PPYRBE Sequence

prothrombin from the rat. Nelsestuen and Suttie, 1971,

Biochem. Biophys. Res. Commun., 45:198-203. This is

5 superior to wild-type recombinant factor VIIa which gave

a circulation half-time for functional assays of 20-45

minutes. Thomsen, M.K., et al., 1993, Thromb. Haemost.,

70:458-464. This indicated that factor VIIQl1E33 was not

recognized as an abnormal protein and that it was not

10 rapidly destroyed by coagulation activity. It appeared
as a normal protein and should have a standard
circulation lifetime in the animal.

Example 3 - Ephancement of the membrane site and activity

of protein C: Bovine and human protein C show a high

15 degree of homology in the amino acids of their GLA
domains (amino terminal 44 residues), despite about 10-
fold higher membrane affinity of the human protein.
Bovine protein C contains a proline at position 11 versus
a histidine at position 11 of human protein C. The

20 impact of replacing proline-11 in bovine protein C with
histidine, and the reverse change in human protein C, was
examined. In both cases, the protein containing proline-
11 showed lower membrane affinity, about 10-fold for
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,



<220> <223> Protein C nutagenic oligonucl eotide <400> 10 ttcctagagg
agctgcggca cggcaacgtg gagcgt <2l 0> 11 <211> 36 c212> DNA <213> Artificial
Sequence <220> <223> Protein C nutagenic oligonucl eotide <400> 11

gcatttaggt
Artificial

gacact at ag aat agggccc tctaga <210> 12 <2l 1> 42 <212> DNA <213>
Sequence <220> <223> Protein C nutagenic oligonucl eotide 36 36

36 <400> 12 gaaggccatt gtgtcttccg tgtctif£gaa aatctcccga gc 42 <2/ 0> 13
<211> 36 <212> DNA <213> Artificial Sequence <220> <223> Protein C

mut ageni ¢ okivggeusl. eotthdebovingbprsé@t d3cDNA clone was provided by

10

15

20

25

30

35

Dr. Donald Foster (ZymoGenetics, Inc., USA). The GenBank
accession number for the nucleotide sequence of bovine
protein C is KO2435, NID gl63486 and is K02059, NID
g190322 for the nucleotide sequence of human protein C.

' Site-directed mutagenesis was performed by a PCR
method. For human protein C mutagenesis of histidine-11
to proline, the following oligonucleotides were
synthesized: A, 5'-AAA TTA ATA CGA CTC ACT ATA GGG AGA
CCC AAG CTT-3' (SEQ ID NO:7) {(corresponding to
nucleotides 860-895 in the vector pRc/CMV) to create a
Hind III site between pRc/CMV and protein C. B, 5/-GCA
CTC CCG CTC CAG GCT GCT GGG ACG GAG CTC CTC CAG GAA-3'
(SEQ ID NO:8) (corresponding to the amino acid residues
4-17 in human protein C, the 8th residue in this sequence
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-11 to
histidine, the following oligonucleotides were
synthesized: A, (as described above); C, 5'-ACG CTC CAC
GTT GCC GTIG CCG CAG CTC CTC TAG GAA-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
with underline); D, 5'-TTC CTA GAG GAG CTG CGG CAC GGC
AAC GTG GAG CGT-3’' (SEQ ID NO:M0) (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);
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
into the Hind III and Xba I sites of the expression



cagtgtgtca tccacatctt cgaaaatttc cttggc <210> Z4 <2l 1> 36 <212> DNA <213>
Artificial Sequence <220> <223> Protein C nutagenic oligonucl eotide <400>
14 gccaaggaaa ttttcgaaga tgtggatgac acactg <21 0> 15 <211> 36 <2l 2> DNA
<213> Artificial Sequence <220> <223> Protein C mutagenic oligonucl eotide
<400> 15 cagtgtgtca tccacatttt cgaaaatttc cttggc <210> 16 <2| 1> 36 <212>
DNA <213> Artificial Sequence <220> . -<223> Protein C nutagenic

ol i gonucl eoti de <400> 16 gccaaggaaa ttttcgaaaa tgtggatgac acactg <2l 0> 17
<211> 45 <2NVEStPRTDPRZY$MVBos Hu@guprezedn C22DNAMCPnRESN:2g2th¢ ¥/ .. (0)

<223> Xaa= gemlaa%b%yaknah@mael@cue} %sgb@hamnﬁl%aéd%wﬁ \%@ﬂ Asn Lys
Gy Phe Leu, Xaa Xaa Val eu 1 aa Cys Leu

Xaa Xaa ProhEV§nSBF°RFdn~E~§D§§aaﬂﬁappﬁ@eﬁéaAAPé Lgu ZEhQSVO @R XeRr Ser Leu
Ser Ala Thr tAepP8RarBhetion Aas LY® [Ir and contained 0.25 pug of

5 template DNA, 200 pM each of the four deoxyrikonucleoside
triphosphates, 0.5 mM of each primer and 2.5 U of Pwo-DNA
polymerase (Boehringer Mannheim) in Tris-HCl buffer (10
mM Tris, 25 mM KC1l, 5 mM (NH,),S0,, and 2 mM MgSO,, pH
8.85). Samples were subjected to 30 cycles of PCR

10 consisting of a 2 minute, 94°C denaturation period, a 2
minute, 55°C annealing period, and a 2 minute, 72°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 f£rom Bsr BI to the 3' terminus to produce a
human protein C full length c¢DNA with the mutation.

Bovine protein C cDNA, containing the 5’ terminus
through amino acid-11, was PCR amplified with intact
human protein C c¢DNA 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 III and Bsu 36I, and the Hind
IIT/Bsu36I fragment was cloned into pRc/CMV vector
containing intact bovine protein C fragments from the Bsu

35 361 to the 3’ terminus to produce full-length bovine



35 40 45 <210> 18 <211 > 44 <21 2> PRT , <213> $os taurus <220> <22l > MOD RES
<222> (0) ..(0) <223> Xaa=ganma carboxyglutam c acid or glutamc acid 36 36
36 36 <400> 18 Ala Asn Ser Phe Leu Xaa Xaa Val Lys G n Gy Asn Leu Xaa Arg
Xaa 1 5 10 15 - 57 Cys Leu Xaa Xaa Ala Cys Ser Leu Xaa Xaa Ala Arg Xaa
Val Phe Xaa 20 25 30 Asp Ala Xaa G n Thr Asp Xaa Phe Trp Ser Lys Tyr 35 40
<2 0> 19 <2l 1> 44 <2| 2> PRT <213> Homp j3api ens <220> <221> MOD_RES <222>
(0) .. (0) <223> Xaa=ganma carboxygl utam c acid or glutamc acid <400> 19

Ala Asn Ser P&@eiﬁuc@mpl(a@ohemﬂﬂg Hige 3Rt a¥8lor-u pfaa mdit@eeasl 5 10 15
Cys Ile Xaa Xaa |le Xaa Xaa Ajalﬁ¥ Xaa |lle Phe G .u 20 25 30

Asp Val Asp'$sp G{‘Pﬁfi%fﬂe% 1§y ﬁ%qlgeel?mﬁ% r to transfection.

Cell Culture and Expression: The adenovirus-

transfected human kidney cell line 293 was grown in DMEM

5 medium supplemented with 10% fetal calf serua, 2 mM L-
glutamine, 100 U/ml 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 uL 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 eachr. 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 monoclonal 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



35 40 <21 0> 20 <2l 1> 44 <2|1 2> PRT <213> Honp Sapi ens <220> <221> MOD_RES
<222> (0) .. (0) <223> Xaa=gamma car boxyglutam c acid or glutamc acid
<400> 20 Ala Asn Ser Phe Leu Xaa Xaa Leu Arg G n Ser Ser Leu Xaa Arg Xaa 1
510 15 Cys Ile Xaa Xaa Il e Cys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe Gu 20
25 30 Asp Val Asp Asp Thr Leu Ala Phe Trp Ser Lys H's 35 40 <210> 21 <211>
44 <212> PRT <213> Honpo Sapi ens <220> <2%l1> MOD RES <222> (0) . . (0) <223>
Xaa=gamma car boxyglutam c acid or glutam c acid <400> 21 Ala Asn Ser Phe
Leu Xaa Xaa peevﬁmgslyuwfbh Seme Leed Xocvripnéa Rezai®r, 1A.QyS khé Xaa Xaa

X Asp Xaa Q u .20 0 val Asp As
Thr %3 Al a g%ﬁ ég? Aigg‘w? Bl © . 5 28 '25'5‘23'2?? S PRT <0l 35"

Hono SaplensCOndlBBonQ§2®§rQ@2f$e$Km?¢&59<@£E@>SG@P1Y Ggynsfected

cells was centrifuged at 5000 rpm at 4°C for 10 minutes.
5 The supernatant was filtered through 0.45 um of cellulose

‘nitrate membranes (Micro Filtration Systems, Japan).
EDTA (5 mM, final concentration) and PPACK (0.2 uM, final
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-HC1l/150 mM
NaCl, pH 7.4; limiting solution, 20 mM Tris-HCl/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-HCl/150 mM
NaCl, pH 7.4; limiting solution, 20 mM Tris-HCl/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 S 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 NacCl,
pH 7.4, containing 5 mM Benzamidine-HCl and 2 mM CaCl,.

35 After application, the column was washed with the same



<223> Xaa=gamma carboxyglutam c acid or glutam c acid <400> 22 Ala Asn Ser
Phe Leu Xaa Xaa Leu Arg Asp Ser Ser Leu Xaa Arg Xaa 1 5 10 15 Cys Ile Xaa
Xaa |l e Cys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe A u 20 25 30 Asp Val Asp
Asp Thr Leu Ala Phe Trp Ser Lys Hi s ' 35 40 <210> 23 <211> 44 <212a PRT
<213> Bos taurus <220> <2Z1> MOD_RES <222> (0) . . (0) <223> Xaa=ganma
carboxyglutam c acid or glutamc aci d_<z31?0? 23 Ala Asn Sex Phe Leu Xaa Xaa
Leu Arg His Gy Asn Val Xaa Arg Xaa 1 5710 15 Cys Ser Xaa Xaa Val Cys Xaa

Phe Xaa Xaa X3Pa e 02 NATHE X Thr :Met Al a
Phe Trp Ser Iéhgf%ﬂ:?c% 4JO+§1§SL> @4 <C§'1'1>§£§QS?P2§ B&? ggféiglllggstapi ens
<220> <221> WI%QS W oBeiggiCl, 159 mbNaClxaadghnmd ERTBoxpYl @t 4ni c acid

or glutanic @shth 4y R4 BerdamiSanePiell euaXaar XgarkedcAtdofd Nefky Ser
Leu Xaa Arg Xaa, 1l 5 0%%[5 ) Ileéa Xaa |le %s Asg Phe Xaa Xaa Al a Lys
Xaa |le Phe R¥%+SH ASRIaR, 2Tk POXd e TRECPBRIRRRE PRECEPHASHr Lys His 35
40 <210> BS_MMM&%M@E&MM&DSB&BPAGE followed by silver

staining. Proteins were concentrated using YM 10 filters

(Amicon), then dialyzed against buffer (50 mM Tris-HC1l

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
pg/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 equation 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., In fact, membrane affinity of bovine protein C-

25 H1ll 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
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 660+90 nM for wild type human protein C and
3350 #110 nM for human protein C-P1ll. The impact of
proline introduction was only slightly less than that of

35 proline in the bovine proteins.



<220> <22l > MOD_RES <222> (0) ..(0) <223> Xaa=gamma car boxyglutam c acid or
gl utamic acid <400> 25 Al a Asn Ser Phe Leu Xaa Xaa Leu Arg His Ser Ser Leu
Xaa Arg Xaa 1 5 10 15 - 59 Cys Ile Xaa Xaa Il e Cys Asp Phe Xaa Xaa Al a
Phe Xaa Ile Phe A u 20 25 30 Asp val Asp Asp Thr Leu Ala Phe Trp Ser Lys
H's 35 40 <21 0> 26 <211> 44 <2l 2> PRT e213> Honp sapi ens <220> <22| >

MOD RES <222> (0) ..(0O <223> Xaa~ gannaf%%fboxyglutanic acid or glutamc
aci d <400> 26 Ala Asn Ala P Ser Leu Xaa Arg
Xaa 1 5 10 15 Cys LysEREE—% ’ RGELYRLSd s |1 e Phe
Lys 20 25 SMQEAﬂ_ﬂaaKwWalﬂrﬁd lgnsotl_%m F?heva'l'sr welriee:aSed Byr t&&oﬂrﬂlﬁZI 0> 27

<211> 44 <2| &#{?s 22> .. (0)
<223> Xaa= géﬁﬁgﬁggr ox glh$an1c aé§%§or utan1c aci %% % 1a Asn Al a
Phe Leu Xaa $S@Re 1&d Awgt%tp RIQF &S5s Lelﬁ%m%laf 158 149 955 @;ng Lys Xaa

Xaa G n Cgs waridle pisce@n Alpreddrattiond e(1Phey Mty were mixed with
bovine thrombin (3 ug) 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 wM in buffer) for 5 minutes at 35°C.
Coagulation was started by adding 0.1 mlL of buffer
containing phospholipid and the amounts of APC shown,

35 followed by 0.1 mL of 25 mM calcium chloride. All



20 25 30 Asp Ala Xaa Arg Thr Lys Leu Phe Txp Ile Ser Tyr 35 40 <210> 28

<2l 1> 44 <212> PRT <2l 3> Hono sapi ens <220> <221 > MOD_RES <222> (0) ..(0)
<223> Xaa=gamra car boxygl utam a~acid or glutam c acid <400> 28 Ala Asn Al a
Phe Leu Xaa Xaa Leu Axg Pro Gy Ser Leu Xaa Arg Xaa 1 5 10 15 Cys Lys Xaa
Xaa A n Cys Ser Phe Xaa Xaa Ala Phe Xaa Il e Phe Lys 20 25 30 Asp Al a Xaa
Arg Thr Lys Leu Phe Trp Ile Ser Tyr 35 40 <210> 29 <211> 44 <212> PRT <213>
Homo sapi eas <220> <221> MOD RES <2225 ¢8)-.~. . (0) - 60 <223>

Xaa=gamma car bhox Iutanic.acig or %huga%ic acid <400> 29 Al a Asn, Al a Phe
Leu Xaa Xaa HSAFSAFG MeGeqty &5PPABEAXBLIARY %8Bt31R1Ag 4s0nM TXAS xaa Xaa
A n Cys Ser HRifEeXaa 0XdaMANaCA, gpKad .Bl.e Rheanspag@® @6 801Asfod a Xaa Arg

Thr Lys LeuRhe Tr Robl@neehae Ivh 32 #9182t98e3BardNizs 4esdld™ FRT <213>

Hono sapi ens ) ]
duplicate the impact of the H1l mutant. Coagulation time

5 at 10 nM DbAPC-H1l was greater than 120 minutes. Standard
APTT reagent (Sigma Chemical Co.) gave a clotting time of
about 61 seconds at 35°C with this plasma. Time required
to form a clot was recorded by manual technique. The
amount of phospholipid was designed to be the limiting

10 component in the assay and to give the clotting times
shown. The phospholipids used were SUVs (45 ug/0.4 mL in
the final assay, PS/PC, 10/90) or LUVs (120 ug/0.4 mL in
the final assay, PS/PC, 25/75).

The anticoagulant activity of activated protein C

15 was tested in several assays. Figure 9 shows the impact
on the APTT assay, conducted with limiting phospholipid.
Under the conditions of this assay, coagulation times
decreased in a nearly linear, inverse relationship with
phospholipid concentration. Approximately l4-times as

20 much wild type bovine APC was needed to equal the effect
of bovine APC-H11l. -

Parts of the study in Figure 9 were repeated for
membranes of PS/PC (25/75, LUV). Again, activity was
limited by phospholipid, and its concentration was

25 adjusted to give a control clotting time of 360 seconds
(120 pg of 25% PS in the 0.4 mL assay). Approximately
15-fold more wild type enzyme was needed to equal the
impact of the H1l mutant. Finally, standard APTT reagent
(Sigma Chemical Co., standard clotting time 502 seconds)

30 was used. Approximately 10.0:0.7 nM of wild type enzyme
was needed to double the coagulation time to 10215
seconds. The same impact was produced by 2.2:0.1 nM
bovine APC-H1l. Phospholipid was not rate limiting in
the standard assay so a smaller impact on membrane

35 affinity may be expected.



<220> <22l > MOD_RES <222> (0) ..(0) <223> Xaa=gamma car boxyglutam c acid or
gl utamic acid <400> 30 Al a Asn Ala Phe Leu Xaa Xaa Leu Arg An Ay Ser Leu
Xaa Arg Xaa 1 5 10 15 Cys Lys Xaa Xaa @ n Cys Ser Phe Xaa Xaa Ala Arg Xaa
Ile Phe Qu 20 25 30 Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr 35 40
<210> 31 <211> 45 <2| 2> PRT <213> Hono Sapi ens <220> <22l > MOD_RES <222>
(0) ..(0) <223> Xaa=ganma car boxygl utamay acid or glutam c acid <400> 31
Tyr Asn Ser Gy Lys Leu Xaa Xaa Phe Val Asp Ay Asn Leu Xaa Arg 1 5 10 15
Xaa Cys Met Xaa XaaResul@gs fSer hemanXpxoXaandl arédr ghoima MalFiferGR5 30

Xaa Asn Thr r h I 4 <21 > 32 <211>
45 <2| 2> Pm’@‘g‘ié 2 F%n%“;s%%)lge%g“‘g%ohmi‘]ﬁyﬁ? %"%éneig’ﬁzgr{’g ?6) <223>
Xaa=ganma cavd®xyeuwised ctamEPng)| cragnlaticn taithe sXtEpe Afnwskd Qv

L Leu Xaa Val I 5 t Xaa
ek o i ey e T e

Arg Thr TRr ’5@ feyrengesgin slepbragecaffinity<ofo> PRT

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 yé/0.24
mL assay) and 5 pL 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 gM 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 pL 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™by human throwmbin 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-1l1l 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.



- 61 ¢213> Honp Sapi ens <220> c221> MOD _RES <222> (0) ..(0) <223>
Xaa=gamma car boxyglutam c acid or glutamc acid <400> 33 Tyr Asn Ser Gy
Lys Leu Xaa Xaa Phe Val @ n Gy Asn Leu Xaa Arg 1 5 10 15 Xaa Cys Met Xaa
Xaa Lys Cys Ser Phe Xaa Xaa Al a Phe Xaa Val Phe 20 25 30 Xaa"Asn Thr Xaa
Arg Thr Thr Xaa Phe Trp Lys Gn Tyr 35 40 45 <21 0> 34 <211> 45 <2| 2> PRT
<213> Hono sapi ens <220> <221> %322> (0) .~.. (0) <223> Xaa=ganma
car boxyglutam c acid or glutan1c aC|d <400> 34 Tyr Asn Ser Ay Lys Leu Xaa
Xaa Phe Val 1 B : _Xaa Lys Cys
Ser Phe Xaa%%%‘%% g 307 : I Arg Thr Thr
Xaa Phe Trp abstldlyy 1AL 34 % R _K2| 3> Hono
sapl ena <22%%¥%}d!@@r@22%&@amsorﬁ@f %%%Bugaﬁuﬁléﬁ”gnd
carboxyglut%g1c acl utam.c aci d <400
ovine protein C mutants and other vitamin K-dependent
5 polypeptldes led to a proposed membrane contact site

archetype. 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 méthod. 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, 5'-CAG TGT GTC 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



Ala Asn Ser Phe Leu Xaa Xaa Leu Arg Gu Gy Sex Leu Xaa Arg Xaa 1 51015
Cys Ile Xaa Xaa Ile Gys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe Qu 20 25 30
Asp Val Asp Asp Thr Leu Ala Phe Trp Se.~ Lys Fiis 35 40 62 Cains 1. A
protein C or activated protein C polypeptide conprising a nodified GA
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am no acid 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 and 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 9%4°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 cDNA with the
mutations. Bovine protein C mutant H11l E33 D34 was
created in the same way, but used bovine protein C mutant
H1ll as a template in the PCR reaction.



63 substitutions at positions selected fromthe group consisting of
residues 11, 12, 29, 33 and 34. 8. The protein C or activated protein C

pol ypeptide of claim7, wherein said three anmino acid substitutions are at
residues 12, 33 and 34. 9. The protein C or activated protein C pol ypeptide
of claim?7, wherein residue 33 is glutamc acid. 10. The protein C or
activated protein C pol ypeptide of Cl@iqP7L wherein residue 34 is aspartic
acid. 11. The protein C or activated profein C pol ypeptide of claim?7,

wherein residue 33 ignhtulalkeiACtd-BRE £65L JUgi R3¢ ﬂhsﬁ %Sp%r#f%rﬁfé ¢, 12.
The protein C or actjyated protein C_polypeptide of claim?7, erein
residue 11 i 3"HrQt3GtHe38 148s BCR SoIRdidd efuMichc inkrat chewanngrebedn

pol ypept i de of comy @@ of irhdves perdid® .cl diuman ptotdiAranBbiANshest cel |
any one of crarie ASHE 4 Y UE S Yeniaiis et roms LE4RRok ERon compr i si ng
a phar macéut inwidy RenaptRideeionrG iciNfarddaprameuat Boindakd pThgpeptide of
any one of clghnEpia { Prdfm&id £GId P used as templates to amplify 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 protein 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 Kyjesectation/1*10°M*S™!; the denominator is a
typical K,sscciarion £OYr Other proteins,

In Table 4, vitamin k-dependent polypeptide

mutants are in bold. The total charge (residues 1-34)
10 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

15 displayed a normal association rate constant (about 107 M-
!s-!) the K, would be about 10 M. Wei, G.J. et al., 1982,
Biochemistry, 21:1949-1959. The latter affinity may be
the maximum possible for the vitamin K proteins. Class
IV proteins differed from class III in the presence of

20 proline-11, which may alter affinity by non-electrostatic
means.

While a relatively weak correlation existed
between membrane affinity and net negative charge on
residues 1-34, an excellent correlation was found when

25 only residues 5, 11, 29, 33 a;d 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

30 program DelPhi. A sketch patterned after the
electrostatic potential of bovine protein Z is shown in
Figure 11. Electronegative sites at 7, 8, 26, 30, 33, 34
and 11 produce a halo of electronegative charge
surrounding a cationic core produced by the calcium-lined
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wild-type proteins, the mutants and chemically modified
§ 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. In 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. Indeed, 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 P11H

35 mutant of bovine protein C from Example 3 showed that a
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0960&f()-§N®$E§@¥Eﬁﬁykﬁ+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
10 H1l and/or other unique amino acids in the protein.
Figure 14A shows that the H1l1 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,
15 H11E33D34, was only slightly better than the H1ll mutant.
This relationship was mirrored in the activity of APC
formed from these mutants (Figure 14B). This result
suggested that the presence of H1ll reduced the impact of
E33D34 on membrane binding affinity.
20 These results indicated that introduction of
E33D34 way 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
25 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
30 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

35 lysine-11 in human factor X suggests that it should have
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kI mmeXJ<B0 BOvifié and human prothrombin fragment 1 had relatively

little impact (0 to 5-fold) on membrane affinity. Weber,

D.J. et al., 1992, J. Biol. Chem., 267:4564-4569; Welsch,

D.J. et al., 1988, Biochemistry, 27:4933-4938,.

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 value can be reached is uncertain. It is
possible that the slow association rate of protein Z 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 association rates of protein Z should improve. 1Indeed,
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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TABLE 5
Distance to Sr-1, 8 and Ion Importance.

Distance (&) to:
Impact/ion
15 Position & Sr-1 Sr-8
(A.A-
Protein)
||3(K-PT) £-N 22.1 21.7 Low or Unknown
|IS(K-IX) para-C(F) 20.1 20.8 "
20 | 19 (x/R-viT) | cs(w) 20.2  |17.8 |
22 (K-IX) C4 (P) 17.0 18.5 b
10(R) C6 (R) l16.8 12.9 "
25 (R-PT) C6 (R) 11.2 13.8 "
24 (X/D-PC) 0(8) 8.1 12.0 "
25 11 (K-
PT, hX, bS;
Gla-PZ) £-C(K) 14.7 7.4 3-10-fold®
33(Gla) v-C(E) 11.6 7.5 "
34 (D) 0(8S) 15.3 12.1 "
30 29(R) para-C(F) 7.5 8.4 "
16 (R) C6 (R) 14.2 10.6 we




10 10
10!

~\:o!r"

%48 () -
10K , 1 10%
“()-ror(,
10° K,
10" K\ ZX6E:
9$10% & () -
109& () -

10

15

20

25

30

“LI(! 109 () - 4WawU3r P10!
* &' 109%°P& () -
| 109%4H& () -0!°
10" &' 109%& () -
1 10944H& () -

ot -

.Biochemistry 33:1087-1092.

“ &' 109 () -

0! &' 10%z& ()-
" &' 109U () - :

'Ol F &' 109& () -
1 109 ()-0!! 10%HH8& () - 0&10%4& () -
0 | wU3-\: 0!V 1'10%& ()-0! “110% ()-0!
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impRyRaneqs) - |

7

15
20
21
33

High
importance:

8

26
17
27
30

557
!&!1096\
rP10" 31

13.3
16
17.
15
7.5

0'22&' ()-
& (-1 mov
12.8

20
19.
17.

11l.

13" &l 109
1 10% -

v&'()
& (-1
+2 (<2)
<2 (<2)
<2 (<2)
4(3)

2% (<2)

109& (-

8

8.7
3.6
11.
8.4
3.4

10.9
9.5
9.1
10.
4.2

?¢(20)
?¢(50)
>200(100)
>200 (85)
>200(25)

1

6

* Distances 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. Seshadri et al. 19954,

» For all but 16-R, cations lower affinity

and anions increase affinity. -
° Thariath et al. 1997 Biochem. J. 322:309-315. ¢ Impact of Glu to Asp
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

comparisons less certain.

The results in Figure "15C show that the
association rate for protein Z was substantially improved
at pH 9, where an amino terminal should be uncharged.

The rate constant obtained from these data was about 12-
fold higher at pH 9 than at pH 7.5 (Figure 15C).



'109%&' ()- 10EE 10EE 10EE! " & 10%EE& () -

EQo) ezX6r P10! + L" 1 109&' ()-! L"!1109%& ()-!L"! 10%& ()-L

109& ()-! L! 10%& ()-s!L! 109%& ()-ser P10&TMLO0%& ()-!Y! 10%5F5& ()-! P! 10%5=5&
'()-3&1096& ()- 10 10 10!

L"1 109& () -} muU3r P10! "1 109658 ()-Y! "1 109%& ()-Y! "1 109B5& ()-Y! ! 109%& ()- Y!!
10965& ()-Y! 1 10965& () - Ymr P10! "1 10965&. ! s 4f $10%& () - &0! Lf " $109%& () - BO10%&
()- 10 10 10!

1 10%& ()- YNl 6zX6P10! ! * Lf" $10%& OtcHeY HeibobkQUki) - &0° LT " $10%& ()-&0!P Lf" $
109" & ()-&0! " Lf" $10%/«& (% &0!° Wm odY: 0! | &10%&' ()- 10 10
10" Lf* $109%& () - &0! %’(’Se&tﬁ §taRh oy Wahla the1 doxest {Pn&OX( +<OMJ
3dY: 0! L™ 9f | 1086/ Beeh- 86ktefibedyiKacohs 8ALL 9bh 10Y8h (A h&Med 1 P& () - &0! "~ of !

18;%[& 0); fg;yza i@{gpaoﬁ%mﬁe%t hel@ALE £ 78S L)1 d00i o
“of 1 109& (O - #ptendedot® L)1QsEwatP: ond NODIGHELE ) te "SGR (D) thicA | 1098 () -
01" 1 10% () - ShveAOYBAY (hibh! 18%Ee€)nfd{b7OlRe QP& £ )il Q& gy 10 10

claims. Other aspects, advantages, and modifications are
within the scope of the following claims.
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~ 1109%00& () - 5ol WRYERK ey 7! 1 10%K () -7 -19%, 1 10%0& () - - XY 9Usl J9= 10
10'0' o -+ <151> 1997-10-23

ll‘sy#10%&f() &O' Sy#lO%&f()-&O!‘Sy#lO%&f()-&Olsy#lO%Ss&f()-&0910%&f()-
10' o' os{WU39= <%
<170> FagstSEQ for Windows Version 3.0

<210> 1

<211> 44

<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 1
Ala Asn Ser Phe Leu Xaa Xaa Leu Arg His Ser Ser Leu Xaa Arg Xaa
1 5 10 . 158
Cys Ile Xaa Xaa Ile Cys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe Gln
20 25 30
Asn Val Asp Asp Thr Leu Ala Phe Trp Ser Lys His
35 40

<210> 2

<211> 44

<212> PRT

<213> Bos taurus

<220>

<221> MOD_RES

<222> (0)...(0) '

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 2
Ala Asn Ser Phe Leu Xaa Xaa Leu Arg Bgo Gly Asn Val Xaa Arg Xaa
1 5
Cys Sexr Xaa Xaa Val Cys Xaa Phe Xaa Xaa Ala Arg Xaa Ile Phe Gln
20 25
Asn Thr Xaa Asp Thr Met Ala Phe Trp Ser Phe Tyr
35 40
<210> 3
<211> 44
<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 3
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<211>
<212>
<213>

<220>
<221>
<222>
<223>

<400>
Ala asn Gly
1

Cys Arg Xaa
20

Asn Xaa Xaa
38

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

<220>
<221
<222
<223>

<400>
Tyr Asn Ser
1

Xaa Cys Met

Xaa Asn Thr
35

<210>
<211
<212>
<213>»

<220>
<221>
<222>
<223>

<400>
Tyr Asn Ser
1

Xaa Cys Met

Xaa Asn Thr
38

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

<220>

o}

44
PRT
Bos taurus

MOD_RES
(0)...(0)
Xaa=gamma carboxyglutamjec acid or glutamic acig

4
Phe Leu Xaa Xaa Ley Arg Pro Gly Ser leu Xaa Arg Xagz
5 15

Arg Thr Arg Gln Phe Trp val Ser Tyr
40

5

45

PRT

Homo sapiens

MOD_RES
(0)...(0)
Xaa=gamma carboxyglutamic acid or glutamic acid

s
Gly Lys Leu Xaa Xaa Phe Val Gln Gly Asn Leu Xaa Arg
5 1s

Xaa Xaa Lys Cys Ser phe Xaa Xaa Ala Arg Xaa Val phe
20 3

25
Xaa Arg Thr Thr Xaa Phe Trp Lys Gln Tyr
40 45

[

46

PRT

Bos taurus

MOD_RES
(0)...(0)
Xaa=gamma carboxyglutamic acid or glutamiec acid

5 5
Xaa Xaa Lys Cys Ser Phe Xaa Xaa Ala Arg Xaa Val Phe
20 25 30
Xaa Lys Arg Thr Thr Xaa Phe Trp Lys Gln Tyr
40 45

-
36

DNA

Artificial Sequence

10
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gcactcce tccaggetgce tgggacggag ctectecagg aa 42

<210> 9

<211> 36

<212> DNA

<213> Artificial Segquence

<220>
<223> Protein C mutagenic oligonucleotide

<400> 9
acgctccacg ttgecegtgee gcagetectce taggaa 36

<210> 10

<211l> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Protein C mutagenic oligonucleotide

<400> 10
ttcctagagg agetgecggca cggcaacgtg gagegt 36

<210> 11

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Protein C mutagenic oligonucleotide

<400> 11
gcatttaggt gacactatag aatagggccc tctaga 36

<210> 12

<21ll> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Protein C mutagenic oligonucleotide

<400> 12
gaaggccatt gtgtcttecg tgtcttcgaa aatctececga ge 42

<210> 13

<211s> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Protein C mutagenic oligonucleotide
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<210>

<211l> 45

<212> PRT

<213> Bos taurus

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 17
Ala Asn Lys Gly Phe Leu Xaa Xaa Val Arg Lys Gly Asn Leu Xaa Arg
5 10 15
Xaa Cys Leu Xaa Xaa Pro Cys Ser Arg Xaa Xaa Ala Phe Xaa Ala Leu
20 30
Xaa Ser Leu Ser Ala Thr Asp Ala Phe Trp Ala Lys Tyr
35 40

<210> 18
<211l> 44
<212> PRT .
<213> Bos taurus

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 18
Ala Asn Ser Phe Leu Xaa Xaa Val Lys Gln Gly Asn Leu Xaa Arg Xaa
1 ) 10 15
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98109 & () - E&F i G GqG obU4 910%Q & ()-10 10 10 9° & 10% & ()-)
7B & 10% & () - }213>8ictagiiing) -) 5 & 1098 & ()-) qGHXI 0JSKVLM [: bU4 9
*SI 109 & () - &o L, SI10%& ()-& 1°°SI10% & ()-&0 1 "SI 10% & () - &0
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5 Sl 10%Q & () <ZDOPQERET A ¢akboAyBlutainl 0%c8H (9= gDManic acid

<400> 20
Ala Asn Ser Phe lLeu Xaa Xaa Leu Arg Gln Ser Ser Leu Xaa Arg Xaa
1 5 15
Cys Ile Xaa Xaa Ile Cys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe Glu

Asp Val Asp Asp Thr Leu Ala Phe Trp Ser Lys His
35

<210> 21

<211> 44

<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<2225 (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 21
Ala Asn Ser Phe Leu Xaa Xaa Leu Arg Glu Ser Ser Leu Xaa Arg Xaa
1 5
Cys Ile Xaa Xaa Ile Cys Asp Phe Xaa Xaa Ala lLys Xaa Ile Phe Glu

20 25 30
Asp Val Asp Asp Thr Leu Ala Phe Trp Ser Lys His
35 40
<210> 22
<211> 44
<212> PRT

<213> Homo sapiens
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Ala Asn Ala Phe Leu Xaa Xaa Leu Arg Glu Gly Ser Leu Xaa Arg Xaa
10

Cys Lys Xaa Xaa Gln Cys Ser Phe Xaa Xaa Ala Arg Xaa Ile Phe Lys
20 25

Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr
35

<210> 27

<21l> 44

<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 27
Ala Asn Ala Phe Leu Xaa Xaa Leu Arg Asp Gly Ser Leu Xaa Arg Xaa
1

Cys Lys Xaa Xaa Gln Cys Ser Phe Xaa Xaa Ala Arg Xaa Ile Phe Lys
25

Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr
35

<210> 28

<211> 44

<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...{0)

<223> Xaa=gamma carboxyglutamic‘acid or glutamic acid

<400> 28
Ala Asn Ala Phe Leu Xaa Xaa Leu Arg Pro Gly Ser Leu Xaa Arg Xaa
1 10

Cys Lys Xaa Xaa Gln Cys Ser Phe Xaa Xaa Ala Phe Xaa Ile Phe Lys
20 30
Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr
35 40

<210> 29

<211> 44

<212> PRT

<213> Homo sapiens

<220>
<221> MOD_RES
<222> (0)...({(0)
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1 10 15

Cys Lys Xaa Xaa Gln Cys Ser Phe Xaa Xaa Ala Arg Xaa Ile Phe Asp
0

20 25 3
Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr
35 40
<210> 30
<21l> 44
<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 30
Ala Asn Ala Phe Leu Xaa Xaa Leu Arg Gln Gly Ser Leu Xaa Axrg Xaa
1 5 10 1s
Cys Lys Xaa Xaa Gln Cys Ser Phe Xaa Xaa Ala Arg Xaa Ile Phe Glu
20 25 30
Asp Ala Xaa Arg Thr Lys Leu Phe Trp Ile Ser Tyr
35 40
<210> 31
<211> 45
<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 31

Tyxr Asn Ser Gly Lys Leu Xaa Xaa Phe Val Asp Gly Asn Leu Xaa Arg
1 5 10 15 -
Xaa Cys Met Xaa Xaa Lys Cys Ser Phe Xaa Xaa Ala Arg Xaa Val Phe
20 25 30
Xaa Asn Thr Xaa Arg Thr Thr Xaa Phe Trp Lys Gln Tyr
35 40 45

<210> 32

<211> 45

<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<222> (0)...(0)

<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 32

Tyr Asn Ser Gly Lys Leu Xaa Xaa Phe Val Glu Gly Asn Leu Xaa Arg
1 5 10 15 .
Xaa Cys Met Xaa Xaa Lys Cys Ser Phe Xaa Xaa Ala Arg Xaa Val FPhe
20 25 30
Xaa Asn Thr Xaa Arg Thr Thr Xaa Phe Trp Lys Gln Tyx
35 40 45
<210> 33
<211> 45

<212> PRT
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<220>
<221> MOD_RES

<222> (0). . (0) . . ) .
<223> Xaa=gamma carboxyglutamic acid or glutamic acid

<400> 34
Tyr Asn Ser Gly Lys Leu Xaa Xaa Phe Val Gln Gly Asn Leu Xaa Arg
15

Xaa Cys Met Xaa Xaa Lys Cys Ser Phe Xaa Xaa Ala Axrg §ga val Phe
0 25
Xaa Asp Thr ¥aa Arg Thr Thr Xaa phe Trp Lys Gln Tyr
40

<210> 35

<211> 44

<212> PRT

<213> Homo sapiens

<220>

<221> MOD_RES

<2225 (0)...(0) . .
<223> Xaa~gamma carboxyglutamic acid or glutamic acid

<400> 35
Ala Asn Ser Phe Leu Xaa Xaa Leu Arg Glu Gly Sex Leu Xaa Azg Xaa
10
Cys Ile Xaa Xaa Ile Cys Asp Phe Xaa Xaa Ala Lys Xaa Ile Phe Glu
20 25

Asp Val Asp Asp Thr Leu Ala Phe Trp Ser Lys His
35
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1. A protein C or activated protein C polypeptide comprising a modified

GLA domain, said modified GLA domain comprising at least one amino acid

substitution at residue 11, 12, 29 or 34.

2. The polypeptide of claim 1, wherein said polypeptide further comprises

an amino acid substitution at residue 33.

3. The protein C or activated protein C polypeptide of claim 1, wherein said

at least one amino acid substitution is at residue 11.

4, The protein C or activated protein C polypeptide of claim 1, wherein said

at least one amino acid substitution is at residue 12.

5. The protein C or activated protein C polypeptide of claim 1, wherein said

at least one amino acid substitution is at residue 29.

6. The protein C or activated protein C polypeptide of claim 1, wherein said

at least one amino acid substitution is at residue 34.

7. A protein C or activated protein C polypeptide comprising a modified

GLA domain, said modified GLA domain comprising three amino acid
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substitutions at positions selected from the group consisting of residues 11, 12,

29, 33 and 34.

8. The protein C or activated protein C polypeptide of claim 7, wherein said

three amino acid substitutions are at residues 12, 33 and 34.

9. The protein C or activated protein C polypeptide of claim 7, wherein

residue 33 is glutamic acid.

10.  The protein C or activated protein C polypeptide of claim 7, wherein

residue 34 is aspartic acid.

11.  The protein C or activated protein C polypeptide of claim 7, wherein

residue 33 is glutamic acid and residue 34 is aspartic acid.

12.  The protein C or activated protein C polypeptide of claim 7, wherein

residue 11 is glutamine.

13.  Anisolated nucleic acid encoding said polypeptide of any one of the

pending claims.

14. A mammalian host cell comprising a nucleic acid vector, said vector

encoding said polypeptide of any one of claims 1 to 12.
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15. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and an amount of said polypeptide of any one of claims 1 to 12 effective

to inhibit clot formation in a mammal.

16.  Use of a polypeptide of any one of claims 1 to 12 for the production of a

pharmaceutical composition for treating a clotting disorder.



