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with FX are based on the therapeutic use of non-activated zymogen because it is 

considered to be a safer approach. There is a need for improved or alternative FX 

therapeutics. 

SUMMARY 

5 Provided herein are modified or variant Factor X (FX) polypeptides that 

exhibit altered properties or activities compared to an unmodified FX polypeptide 

such as increased cofactor (FVa) dependence, increased half-life, increased resistance 

to inhibitors (e.g. antithrombin 111) and/or altered glycosylation. The modified FX 

polypeptides provided herein can exhibit some or all of the above properties or 

10 activities. The modified FX polypeptides can be mature, zymogen, active or activated 

or catalytically active forms thereof. 

in one aspect:, there is provided an jsolatcd modified Factor X (FX) 

pojypc|il[de,_conijDn replacement at a position corresponding to 

position 196 in an unmodified FX polypeptide based on mature numbering with 

15 reference to amino acid positions set forth in SEP il) NO: 1.34, wherein: 

corresponding amino acid positions are identified by alignment of the 

unmodified FX polypeptide with the polypeptide whose set forth in. SEP ID NO: 134; 

the replacement is with a neutral polar amino acid residue that is serine (S) or 

threonine (T); 

20 the unmodified FX polypeptide has the sequence of amino acids set forth in 

SEQ ID NO: 134, or is the zymogen, active or catalytically active form thereof or has 

a sequence of amino acids that has at least 85%, 86%, 87%, 88%, 89%, 90%. 91%, 

92%). 93%, 94%, 95%, 96%, 97%, 98%>, 99%s or more sequence identity to SEP 11) 

NO: 134 or the zymogen, active or eatalyticaliv active form thereof respectively; 

25 the active FX (FXa) form of the modified polypeptide exhibits increased co-

factor dependence compared, to the FXa form of the FX polypeptide not containing 

the amino acid replacement: and 

co-factor dependence is the ratio of catalytic activity of the modiiled FXa in 

the presence of Factor Va (FVa) compared to in the absence of FVa. 

30 _ In one aspect, there is provided a modified active Factor X (FXa) polypeptide. 

comprising an amino acid replacement at a position 1.96 and at position 332 in an 
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unmodified.FXa polypeptide based on mature numbering with reference to amino 

jet forth in. SEQ ID NO: 134, wherein: 

ai: position 196 is serine (S), and the replacement at 332 

alanine ( A), aspartie acid CD), glutamic acid (E), serine (S) or y 

_ . Jhe modifi.ed FXa polypeptide contains only up to seven amino acid 

the unmodified FXa comprises a light chain consisting of the sequence of 

amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a heavy chain 

VS>LVsjs!:Uig_QliiieiLe^M»^ of amino acids set forth as residues 195-448 of SEQ ID 

NO: 134; 

the modified FXa exhibits at least 50-fold increased FVa cefaclor dependence 

compared to the unmodified FXa polypeptide not containing the amino acid 

replacements; and 

co-factor dependence is the ratio of catalytic activity of the modi lied FXa in 

jn. the _ab^cn^.pi*FVa, 

In one aspect, there is provided a nucleic acid molecule- comprising a 

sequence of nucleotides encoding a modified. FX. polypeptide as described herein. 

In one aspect.,, there is provided a vector, comprising the nucleic acid molecule 

as described herein. 

in one aspect, there is provided an isolated cell or cell culture, comprising the 

vector as described herein. 

In one aspect, there is provided a method of producing a modified FX 

polypeptide as described herein, comprising eulluring a cell of a cell of any of claims 

30-33, under conditions whereby the modified FX poivi 

is provided a pharmaceutical composition, comprising a 

modified FX polypeptide as described herein, a nucleic acid molecule as described 

herein m a phannaceu.ti.caHy acceptable vehicle. 

In one aspect, there is provided method of generating a modified active Factor 

X j£Xa) l.'X)jygeptida cpinprising: 

a) providing a modified FX polypeptide as describedJierem,'wherein the 

modified FX polypeptide is a single chain zymogen: 
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hj removing the activation peptide from the p 

cleavage of the z neti 

pr,_comprismg: 

providing.a composition a modified FX zymogen 

selected from among a zymogen comprising: 

a light chain Slaving due sequence of amino acids 1-139 set forth in 

SJ£.QJ.Q_Npj_[34,.or a..least 85% sequence 

identity lo the sequence of amino acids 1-139 of any of SEQ IP NOS:134 and that 

contains the amino acid replacemenl(s) selected from S and T at position 196; and 

a heavy chain having (fie sequence of amino acids 143-448 of any of 

S1LQJ.D NOS:i 3^265,^ of amino acids that exhibits at least 85% 

sequence identity to the sequence of amino acids 143-448 of any of SEQ ID 

.MOS.:.J 36::265_and_Ui_at contain,s airuno_acuL.repl acement(s)..companedjo 

unmodified FX polypeptide; and 

_b) temo1ving.thc_aetivaMon £epti.de from the polypeptide by 

activation cleavage of the zymogen, thereby generating a modified FXa polypeptide. 

In another aspect, there is provided a composition, comprising a modified FX 

.polypeptide as described herein for use for treating a bleeding disorder, wherein: 

the modified FX polypeptide is a zymogen, FXa or catalytically active form 

thereof that contains the amino acid rcplacementjs); and 

the bleeding disorder is selected from among a disorder du.e to a deficiency of a 

coagulation factor, a disorder due to the presence of acquired inhibitors to a 

SiyigMJ^tion.factoi\ a hematologic disorder, a hemorrhagic disorder. Von Willebrands' 

disease, a disorder that results from anticoagulant therapy with a vitamin-K 

antagonist, hereditary platelet disorders, vitamin K. epoxide reductase € 1 deficiency, 

gamma-carboxylase deficiency, bleeding associated with trauma, injury, thrombosis, 

thrombocytopenia, stoke, coagulopathy, disseminated intravascular coagulation 

(D1C), Bernard Soulier syndrome. Glanzman thromblaslcmia and storage pool 

deficiaiey,. 



hi anothcrasiicct, there is provided a of a modified FX polypeptide as 

described herein in the preparation of a medicament for treatment of a bleeding 

disordeiijvljereiii; 

the modified FX polypeptide is a zymogen, FXa or catalytically active form 

thereof that contains the amino acid rcptaceroeiitjs); and 

the bleeding disorder is selected from ainoiu; a disorder due to a deficiency of." 

factor, a .disorder .due to tbcj)rcsgieej)f aeqm 

coagulation lector, a hematologic disorder, a hemorrhagic disorder. Von WiHebrands* 

disease, a disorder that results from anticoagulant therapy with a vitamin-K 

antagonist, hereditary platelet disorders, vitamin !v epoxide reductase CI deficiency, 

gamma-cat boxy lase deficiency, bleeding associated with trauma, injury, thrombosis. 

thrombocytopenia, stoke, coagulopathy, disseminated intravascular coagulation 

(DIG). Bernard Soulier syndrome. Gianzman thromblastemia and storage pool 

deficiency. 
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Claims: / 

1. An isolated modified active Factor X (FXa) polypeptide, comprisins^m 
amino acid replacement at a position corresponding to position 196 in an unmodified FXa 
polypeptide based on mature numbering with reference to amino acid positions^et forth 
in SEQ ID NO:134, wherein: / 

corresponding amino acid positions are identified by alignment of tWe unmodified 
FX polypeptide with the polypeptide set forth, in SEQ ID NO: .1.34; / 

the replacement is with a neutral polar amino acid residue that serine (S) or 
threonine (X); / 

the unmodified FXa comprises a sequence of amino acids ifiat exhibits at least 
75% sequence identity to the FXa comprising a light chain comprising the sequence of 
amino acids set forth as residues 1-139 of SEQ ID NO: 134, anjr a heavy chain comprising 
the sequence of amino acids set forth as residues .1.95-448 oraEQ ID NO: 134, or a 
catalytically active form thereof; / 

the modified FXa exhibits at least 50-fold increaj£d FVa cofactor dependence 
compared to the unmodified FXapojypeplide not conjoining the amino acid replacement 
at the position corresponding to position 196; and / 

co-factor dependence is the ratio of catalvjrc activity of the modified FXa in the 
presence of Factor Va (FVa) compared to in thrabsence of FVa. 

2. The isolated FXa polypeptide^ claim 1 or claim 2, wherein the modified 
FX polypeptide comprises an amino acid replacement with S at a position corresponding 
to position 196 with reference to amino mid position set forth in SEQ ID NO: 134, or the 
same replacement at a corresponding ajnino acid residue in the unmodified FX 
polypeptide that does not comprise S$t the position corresponding to 196. 

3. The isolated modiMd FXa polypeptide of claim 1 or claim 2 , comprising 
a further amino acid replacements) in the light chain or in the protease domain of the 
heavy chain, wherein: JF. 

the further amino adfa replacement(s) confers altered glycosylation, increased, 
resistance to an inhibitor,increased co-factor dependence, increased half-life and/or 
increased catalytic actiyfy; and 

is at a positiourcorresponding to a position selected from among 211, 214, 216, 
218, 219, 273, 276^306, 326, 332, 338, 420 and 424, based on mature numbering with 
reference to amiiw acid positions set forth in SEQ ID NO: 134. 

4. yfhe isolated FXa polypeptide of claim 3, wherein: 
the replacement confers increased resistance to an inhibitor; and 
the inhibitor is a tissue factor pathway inhibitor (TFP1) oris anti-thrombin III 

(ATHIA/ 
/ 5. The isolated modified FXa polypeptide of claim 7, wherein the inhibitor is 

anpthronibin 111 (ATIII). 

/' 6. The isolated modified FXa polypeptide of any of claims 1-5, comprising 
• only one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, 
fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, or twenty amino acid 
repiacement(s) compared to the unmodified FXa polypeptide of the same form. 
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7. The isolated modified FXa polypeptide of any of claims 3-6, wherein th 
further amino acid replacement is selected from among amino acid replacements) w^h: 
S at a position corresponding to position 211; D at a position corresponding to posinon 
214; A at a position corresponding to position 214; S at a position correspondin^o 

5 position 214; R at a position corresponding to position 216; K at a position coijjesponding 
to position 216; A at a position corresponding to position 2.16; S at a position 
corresponding to position 21.6; R at a position corresponding to position 2m\ K at a 
position corresponding to position 218; A at a position corresponding tojfosition 218; II 
at a position corresponding to position 21.9; A at a. position corresponding to position 273; 

10 E at a position corresponding to position 273; A at a position corresponding to position 
276; E at a position corresponding to position 276; E at a position corresponding to 
position 306; S at a position corresponding to position 326; T at imposition corresponding 
to position. 326; V at a position corresponding to position 326;JQ at a position 
corresponding to position 326; N at a position correspondina^fo position 326; M at a 

15 position corresponding to position 326; K at a position coijespondhig to position 326; Y 
at a position corresponding to position 326; E at a position corresponding to position 326; 
D at a position corresponding to position 326; A at a position corresponding to position 
332; D at a position corresponding to position 332; Wat a position corresponding to 
position 332; S at a position corresponding to posjJrcm 332; G at a position corresponding 

20 to position 332; A at a position corresponding t^ositiori 338; S at a position 
corresponding to position 338; N at a positions-responding to position 338; R at a 
position corresponding to position 338; V aUB position corresponding to position 338; Y 
at a position corresponding to position 338fM at a position corresponding to position 
338; A at a position corresponding to potion 420; E at a position corresponding to 

25 position 420; A at a position corresponding to position 424; and E at a position 
corresponding to position 424, witlureference to amino acid positions set forth in SEQ ID 
NO:! 34, or the same replacements) at a corresponding amino acid residue in the 
unmodified FX polypeptide. 

8. The isolated modified FXa polypeptide of any of claims 1-7, comprising 
30 an amino acid replacements) selected from among amino acid replacement with A, D, E, 

S or G at a position corresponding to 332 in the unmodified FXa polypeptide. 
9. The isokfted modified FXa polypeptide of any of claims 1.-8, comprising 

amino acid replacenumt(s) with S at a position corresponding to position 196 and A at a 
position corresponding to position 332, based on mature numbering with reference to 

35 amino acid positions set forth in SEQ ID NO: 134 or the same amino acid replacement at a 
eorrespondinginnino acid residue in the unmodified FXa polypeptide. 

10. /' The isolated modified FXa polypeptide of any of claims 1-9, comprising a 
further aimno acid replacements) that introduce a non-native glycosylation site. 

1. The isolated modified FXa polypeptide of any of claims 1-10, wherein the 
40 xmm^Bified FXa polypeptide is selected from among; 

a) an active FX (FXa) polypeptide comprising a light chain comprising the 
$quence of amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a heavy 

-6hain comprising the sequence of amino acids set forth as residues 195-448 of SEQ ID 
NO: 134; or 

b) a catalytically active form of a). 



248 

12. The isolated modified FXa polypeptide of any of claims 1-11, wherein the 
unmodified polypeptide contains a heavy and light chain and consists of the sequenc^of 
amino acids set forth as residues 1-139 of SEQ ID NO:134, and the sequence of ainjno 
acids set forth as residues .195-448 of SEQ ID NO:134. / 

5 13. The isolated modified FXa polypeptide of any of claims 1-10, comprising 
a sequence of amino acids selected from among: / 

a) a sequence of amino acids comprising a light chain comprisingJne sequence of 
amino acids set forth as residues 1-139 and a heavy chain comprising tlj/sequence of 
amino acids set forth as residues 195-448 of any of SEQ ID NOS: 13TO57, 169, 205-208, 

10 214-243 and 246-265); and / 

b) a catalytically active form of a) that includes the amiiijracid replacement(s) 
and exhibits catalytic activity. / 

14. A modified Factor X (FX) polypeptide, comprising at least two amino 
acid repJacemenl(s) in an unmodified FX polypeptide, wherein: 

15 the unmodified FX polypeptide has the sequencarof amino acids set forth in SEQ 
ID NO: 134, or is the zymogen, active or catalylkallyjtctive form thereof, or has a 
sequence of amino acids that has at least 80%, 85%^6%, 87%, 88%, 89%, 90%, 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or Jove sequence identity to SEQ ID 
NO: 134 or the zymogen, active or catalytically^active form, thereof, respectively; 

20 the modified FX polypeptide comprises: 
(i) an amino acid replacement at a position corresponding to position 196 

in an unmodified FX polypeptide basedifn mature numbering with reference to amino 
acid positions set forth in SEQ ID NCM34, wherein the amino acid replacement is with a 
neutral polar amino acid selected fufm Serine (S) or Threonine (T); and 

25 <(ii) a further amino^cid replacement that confers one or more of increased 
co-factor dependence, increasedfresistance to inhibitors, altered glycosylation, increased 
half-life or increased catalytiflr.activity, wherein: 

the further amino acid replacement is not replacement with Isoleucine (I), 
Alanine (A), Serine (S) <^rThreonine (T) at a position corresponding to position 195 with 

30 reference to amino acicj^ositions set forth in SEQ ID NO: 134, or the same replacement at 
a corresponding am hit* acid residue in the unmodified FX polypeptide; and 

the active? Sx (FXa) form of the modified polypeptide exhibits increased co-factor 
dependence compared to the FXa form of the FX polypeptide not containing the amino 
acid replaceiiynt: and 

35 co#ictor dependence is the ratio of catalytic activity of the modified FXa in the 
preseiicejBf Factor Va (FVa) compared to in the absence of FVa; and 

/l5. The modified FX polypeptide of claim 14, wherein the modified FX 
polypeptide comprises an amino acid replacement with S at a position corresponding to 
position 196 based on mature numbering with reference to amino acid positions set forth 

40 Jn SEQ ID N0:134, or die same amino acid replacement at a corresponding amino acid 
/residue in the unmodified FX polypeptide. 

16. The modified FX polypeptide of claim 14 or claim 15, wherein the active 
y FXa form of the modified, polypeptide exhibits increased co-factor dependence and the 
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active FX (FXa) form of the modified polypeptide exhibits at least 50-fold increased F« 
cofactoi: dependence compared to the FXa polypeptide that is the same as the modifies 
FX polypeptide, but not containing the amino acid replacement(s), / 

17. The modified FX polypeptide of any of claims 14-16, wherein thafective 
5 FXa form of the modified FX polypeptide exhibits increased resistance to an iynibitor and 

the inhibitor is selected from among tissue factor pathway inhibitor (TFPI) oins anti-
Ihrombin 111 (ATIII). / 

18. The modified FX polypeptide of claim 17, wherein the inhibitor is anti-
thrombin M (ATM). / 

10 19. The modified FX polypeptide of any of claims 1.4-13; comprising only 
two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, 
fifteen, sixteen, seventeen, eighteen, nineteen, or twenty aminracid replacemenl(s) 
compared to the unmodified polypeptide of the same form. / 

20. 'The modified FX polypeptide of any of c burps 24-32, comprising an 
15 amino acid replacement(s) at an amino acid position coii€sponding to a position selected 

from among 21.1, 214,216, 218, 219,273, 276, 306, M6, 332, 338,420 and 424, based 
on mature numbering with reference to amino acid Positions set forth in SEQ ID NO: 134, 
wherein corresponding amino acid positions are identified by alignment of the 
unmodified FX polypeptide with the poJypeptidrset forth in SEQ 3D NO: 134. 

20 21. The modified FX polypeptide^®! claim 33, comprising an amino acid 
replacements) selected from among amino^lcid replacemenl(s) with: 

S at a position corresponding toj^osition 211; D at a position corresponding to 
position 214; A at a position corresponding to position 214; S at a position corresponding 
to position 214; R at a position conraponding to position 216; K at a position 

25 corresponding to position 216; Aar a position corresponding to position 216; S at a 
position corresponding to position 216; R at a position corresponding to position 218; K 
at a position corresponding toifositiou 218; A at a position corresponding to position 2.1.8; 
H at a position corresponding to position 219; A at a position corresponding to position 
273; E at a position corresponding to position 273; A. at a position corresponding to 

30 position 276; E at a posiaon corresponding to position 276; E at a position corresponding 
to position 306; S at position corresponding to position 326; T at a position 
corresponding to portion 326; V at a position corresponding to position 326; Q at a 
position corresponding to position 326; N at a position corresponding to position 326; M 
at a position corresponding to position 326; K at a position corresponding to position 326; 

35 Y at a positioircorresponding to position 326; E at a position corresponding to position 
326; D at a position corresponding to position 326; A at a position corresponding to 
position yk; D at a position corresponding to position 332; E at a position corresponding 
to position 332; S at a position corresponding to position 332; G at a position 
corresponding to position 332; A at a position corresponding to position 338; S at a 

40 posmon corresponding to position 338; N at a position corresponding to position 338; R 
aU& position corresponding to position 338; V at a position corresponding to position 338; 

at a position corresponding to position 338; M at a position corresponding to position 
/ 338; A at a position corresponding to position 420; E at a position corresponding to 

// position 420; A at a position corresponding to position 424; and E at a position 
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corresponding to position 424, with reference to amino acid positions set forth in SEQ W 
NO: 134, or the same replacements) at a corresponding amino acid residue in the / 
unmodified FX polypeptide. / 

22. The modified FX polypeptide oi.' any of claims 21.-34, comprising jfn 
5 amino acid replacements) selected from among amino acid replacements) witjf S at a 

position corresponding to position 196, and A, E, D, G or S at a position coraBponding to 
position 332, based on mature numbering with reference to amino acid positions set forth 
in SEQ ID NO: 134 or the same amino acid replacement at a corresponding amino acid 
residue in the unmodified FX polypeptide, or the same replacements) as a corresponding 

10 amino acid residue in the unmodified FX polypeptide. / 

23. The modified FX polypeptide of any of claims l-22f comprising amino 
acid replacements with S at a position corresponding to positioryi96 and A at a position 
corresponding to position 332, based on mature numbering wM reference to amino acid 
positions set forth in SEQ ID NO: 134 or the same amino ackr replacement at a 

15 corresponding amino acid residue in the unmodi fied FX polypeptide, or the same 
replacements) at a corresponding amino acid residue iiume unmodified FX polypeptide. 

24. The modified FX polypeptide of any or claims 14-23, comprising a further 
amino acid replacements) that introduces a non-naffi ve glycosylation site. 

25. The modified FX polypeptide ofiny of claims 14-24, wherein the 
20 unmodified FX polypeptide is selected from apong: 

a) a zymogen FX polypeptide comprising a light chain comprising the sequence 
of amino acids set forth as residues J.-13^of SEQ ID NO: 1.34, and a heavy chain 
comprising the sequence of amino acidrset forth as residues 143-448 of SEQ ID NO: 134, 
or a sequence of amino acids that exMoits at least 75% sequence identity to the zymogen 

25 FX polypeptide comprising a light dRain comprising the sequence of amino acids set forth 
as residues 1-139 of SEQ ID NO#34, and a heavy chain comprising the sequence of 
amino acids set forth as residugp 143-448 of SEQ ID NO:134; 

b) an active FX (JFXaf polypeptide comprising a light chain comprising the 
sequence of amino acids sm forth as residues 1-139 of SEQ ID NO: 134, and a heavy 

30 chain comprising the sequence of amino acids set forth as residues 195-448 of SEQ ID 
NO: 1.34, or a sequenced)! amino acids that exhibits at least 75% sequence identity to the 
FXa comprising a llgfit chain comprising the sequence of amino acids set forth as residues 
1-139 of SEQ ID 2fO: 134, and a heavy chain comprising the sequence of amino acids set 
forth as residuesfl95-448 of SEQ ID NO: 134; and 

35 c) analytically active form of b). 

26/ The modified FX polypeptide of any of claims 1-25 that comprises the 
sequeng/of amino acids of the polypeptide of any of SEQ ID NOs: 92-96 and 224-228. 

/27. The modified FX polypeptide of any of claims 21-41, comprising a 
sequence of amino acids selected from among: 

40 / a) a sequence -of amino acids set forth in any of SEQ 3D NOS: 137-157, 169, 205-
y208, 214-243 and 246-265, or a sequence of amino acids that exhibits at least 75% 

/' sequence identity to any of the sequence of amino acids set forth in any of SEQ ID NOS: 
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137457, 169, 205-208, 214-243 and 246-265 and that contains the amino acid / 
repiacement(s); / 

b) a sequence of amino acids comprising a light chain comprising the seqiVnce of 
amino acids set forth as residues 1-139 and a heavy chain comprising the sequence of 

5 amino acids set forth as residues 143-448 of any of SEQ ID NOS: 137-157, 16$; 205-208, 
214-243 and 246-265, or a sequence of amino acids that exhibits at least 75JF sequence 
identity to any of the sequence of amino acids comprising a light chain comprising the 
sequence of amino acids set forth as residues 1-139 and a heavy chain comprising the 
sequence of amino acids set forth as residues 143-448 of any of SEQ U5 NOS: 137-157, 

1.0 169, 205-208, 214-243 and 246-265 and that contains the amino ack^replacement(s); 
c) a sequence of amino acids comprising a light chain coimM'ising the sequence of 

amino acids set forth as residues 1-139 and a heavy chain composing the sequence of 
amino acids set forth as residues .195-448 of any of SEQ ID MBS: 137-157, 169, 205-208, 
214-243 and 246-265, or a sequence of amino a.cids that exhibits at least 75% sequence 

j 5 identity to any of the sequence of amino acids comprisingjQ light chain comprising the 
sequence of amino acids set forth as residues 1-139 ancUTheavy chain comprising the 
sequence of amino acids set forth as residues 195-44^5f any of SEQ ID NOS: 137-157, 
169, 205-208, 214-243 and 246-265 and that contah^Tthe amino acid replacement(s); and 

d) a catalytically active form of c) that ii^ludes the modification(s) and exhibits 
20 catalytic activity. / 

28. The modified FX polypepticwof any of claims 1-27, comprising an amino 
acid replacement selected from among Ljfa position corresponding to position 195 with 
reference to amino acid positions set foam in SEQ ID NO: 134, or the same replacemenl(s) 
at a corresponding amino acid, residuomi the unmodified FX polypeptide. 

25 29. The modified FX polypeptide of any of claims 1-28, wherein the 
unmodified polypeptide is a human polypeptide. 

30. The modified Wi polypeptide of any of claims 1-2973, wherein the 
unmodified polypeptide is amon-human polypeptide. 

31. The modified FX polypeptide of any of claims 14-30 that is a zymogen 
30 polypeptide. / 

32. The modified FX polypeptide of any of claims 14-30 that is a two-chain 
polypeptide. / 

33. jfhe modified FX polypeptide of any of claims 14-30 that is a single-chain 
polypeptide/ 

35 34* The modified FX polypeptide of any of claims 21-74 that is active or 
activate^ 

/ 35. The modified FX polypeptide of claim 34, wherein activation is effected 
by^proteolytic cleavage by TF/FVila or FVUIa/FlXa tenase complexes or Russell's Viper 
Venom FX Activator. 

40 /•' 36. The modified FX polypeptide of any of claims 1-35, wherein only the 
f? primary sequence is modified. 
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/ \ / 
' 37. The modified FX polypeptide of any of claims 1-36,comprising a cheniufal 

modification or a post-translational modification. / 

38. The modified FX polypeptide of claim 37, wherein the modified Fjjf 
polypeptide is glycosylated, carboxylated, hydroxylated, sulfated, phosphorylatafl, 

5 albuminated or conjugated to a polyethylene glycol (PEG) moiety. / 

39. The modified FX polypeptide of any of claims 1-38 that is ^chimeric or 
fusion protein. / 

40. The modified FX polypeptide of claim 39, comprising tine sequence of 
amino acid residues set forth in any of SEQ ID N0s.:505-509. / 

10 41. A nucleic acid molecule, comprising a sequence ojnmcleo tides encoding a 
modified FX polypeptide of any of claims 1-40. / 

42. A vector, comprising the nucleic acid molecule of claim 41. 

43. The vector of claim 42, wherein the vectoi^ a prakaryotic vector, viral 
vector, or a eukaryotic vector. / 

15 44. The vector of claim. 42 or claim 43, wherein the vector is a mammalian 
vector. jf 

45. The vector of claim 43 or claim wherein the viral vector is selected 
from among an adenovirus, an adeno-associahp-virus, a retrovirus, a herpes virus, a 
lentivirus, a poxvirus, and a cytomegalovirus^ 

20 46. An isolated cell, comprising the vector of any of claims 42-45. 

47. The cell of claim 46, tton is a eukaryotic cell. 

48. The cell of claim 4'^wherein the eukaryotic cell is a mammalian cell. 

49. The cell of claimjffo, wherein the mammalian cell is selected from among 
baby hamster kidney cells (BBK-21) or 293 cells or CHO cells. 

25 50. A method ojfproducing a modified FX polypeptide of any of claims 1-40, 
comprising culturing a cejf of a cell of any of claims 46-49, under conditions whereby the 
modified FX polypeptide is produced. 

51. The method of claim 50, further comprising isolating the modified FX 
polypeptide. / 

30 52. A pkarmaceutical composition, comprising a modified FX polypeptide of any 
of claims 1-40f a nucleic acid molecule of claim 41 or a vector of any of claims 42-45 in a 
pharmaceutjeally acceptable vehicle. 

5/. The pharmaceutical composition of claim 52 that is formulated for local, 
systemjc or topical administration. 

35 / 54. The pharmaceutical composition of claim 52 or claim 53 that is formulated 
fa^oral, nasal, pulmonary buccal, transdermal, subcutaneous, intraduodenal, enteral, 
jforenteral, intravenous, or intramuscular administration. 

/ 55. The pharmaceutical composition of any of claims 52-54 that is formulated 
// for controlled- release. 
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56. The pharmaceutical composition of any of claims 52-55 that is formulated 
for single-dosage administration. / 

/ 
57. A method of increasing the cofactor dependence of an active Facto/Xa 

polypeptide, comprising introducing an amino acid replacement in a Factor X (FX) 
5 polypeptide at an amino acid position corresponding to position 196 in an unmodified FX 

polypeptide based on mature numbering with reference to amino acid positions set forth 
in SEQ ID NO: 134, whereby the active FX (FXa) form of the modified polypeptide 
exhibits increased cofactor dependence. 

/ 
58. The method of claim 57, wherein the unmodified FX polypeptide has the 

0 sequence of amino acids set forth in SEQ ID NO: 134, or is the zyrabgen, active or 
catalytically active form thereof, or has a sequence of amino acids that has at least 75% 
sequence identity to SEQ ID NO: 134 or the zymogen, active o/catalytically active form 
thereof, respectively 

59. The method of claim 57 or claim 58, wherein the amino replacement is 
5 replacement to a neutral polar amino acid selected fronyamong asparagine (N), glutamine 

(Q), serine (S), threonine (T), tryptophan (W), cysteine (C) and tyrosine (Y). 

60. A method of generating a modifiedictive Factor X (FXa) polypeptide, 
comprising: / 

/ 
a) providing a composition comprising a modified FX zymogen of claim 31; and 

0 b) removing the activation peptid^'from the polypeptide by activation cleavage 
of the zymogen, thereby generating a modified FXa polypeptide. 

61. A method of generating a modified active Factor X (FXa) polypeptide, 
comprising: / 

a) providing a composition comprising a modified FX zymogen selected from 
5 among a zymogen comprising;/ 

a light chain,having the sequence of amino acids 1-1.39 set forth in SEQ ID 
NO: 134, or a sequence o^dmino acids that exhibits at least 75% sequence identity to the 
sequence of amino acids 1-139 of any of SEQ ID NOS: 134 and that contains the amino 
acid replacement(s) selected from S and T at position 196; and 

0 a heavy chain having the sequence of amino acids 143-448 of any of SEQ 
ID NOS: 136-265^ or a sequence of amino acids that exhibits at least 15% sequence 
identity to theiequence of amino acids 143-44-8 of any of SEQ ID NOS:136-265 and that 
contains amtfio acid replacements) compared to an unmodified FX polypeptide; and 

b/ removing the activation peptide from the polypeptide by activation cleavage 
5 of the^ymogen, thereby generating a modified FXa polypeptide. 

/ 62. Tire method of claim 60 or claim 61, wherein activation cleavage is 
effected in vivo or in vitro. 

/ 63. The method of any of claims 60-62, wherein activation cleavage is 
/ effected by an activator selected from among TF/FVIIa or FVIIIa/FIXa tenase complexes 

0'' or Russell's Viper Venom FX Activator. _ 



64. The method of any of claims 60-631, further comprising removing the 
activator from the composition. 

65. The method of any of claims 60-64, further comprising removing tj 
activation peptide from the composition. 

5 66. The method of any of claims 60-65, wherein the FX zymogeiyj^ produced 
by expression of a nucleic acid encoding a polypeptide set forth in any of SjtQ ID NOS: 
4-133 or 136-265 and 417-546, or a nucleic acid encoding a poiypeptidejfavi.ng a 
sequence of amino acids that has at least 75% sequence identity to anyjpf SEQ ID NOS: 
4-133 or 136-265 and 417-546 and that contains an amino acid replacements) compared 

10 to an unmodified FX polypeptide. 

67. A method of treating a disease or condition that iartreating a bleeding 
disorder, comprising administering to a subject a modified F/^polypeptide of any of 
claims 1-40 or a pharmaceutical composition of any of claims 52-56. 

68. The method of claim 67, wherein the bleedjnig disorder is a congenital 
15 bleeding disorder or an acquired bleeding disorder. 

69. The method of claim 67 or claim 68, therein the bleeding disorder is 
selected from among a disorder due to a deficiencj/of a coagulation factor, a disorder due 
to the presence of acquired inhibitors to a coagulation factor, a hematologic disorder, a 
hemorrhagic disorder, Von Willebrands* disera, a disorder that results from. 

20 anticoagulant therapy with a vilamin-K antagonist, hereditary platelet: disorders, vitamin 
K epoxide reductase CI deficiency, gamtttrf-carboxylase deficiency, bleeding associated 
with trauma, injury, thrombosis, thrombocytopenia, stoke, coagulopathy, disseminated 
intravascular coagulation (DIG), Bernard Soulier syndrome, Glanzmati thromblastemia 
and storage pool deficiency. 

25 70. The method of anjrbf claims 67-69, wherein bleeding disorder is due to a 
deficiency of a coagulation fadpr or due to the presence of acquired inhibitors to a 
coagulation factor, wherein ttte coagulation factor is selected from among factor VII, 
factor IX, factor X, factor factor V, factor XII, factor II and. von Willebrand factor. 

71. The melMd of any of claims 67-70, wherein the bleeding disorder is due 
30 to a deficiency of a coagulation factor and. the coagulation factor is selected from among 

factor VII, factor VLjC factor IX, factor XI. 

72. ThrfS'method of any of claims 67-71, wherein the bleeding disorder is 
selected from among hemophilia A, hemophilia B or hemophilia C. 

73. / The method of any of claims 67-70, wherein the bleeding disorder is due 
35 lo a deficiency of a coagulation factor, wherein the disorder is a familial multiple 

coagulation factor deficiency (FMFD). 

74. The method of any of claims 67-70, wherein the bleeding disorder is due 
to tfle presence of acquired inhibitors to a coagulation factor, wherein the coagulation • 
factor is selected from among factor VII, factor VIII, factor IX, factor X, factor XI, and 
cactor XII. 

75. The method of claim 74, wherein the acquired inhibitors are 
autoantibodies. 

1 'Him i iiiiii 
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76. The method of claim 74 or claim 1.22, wherein the bleeding disorder is 
acquired hemophilia. 

. 77. The method of any of claims 67-69, wherein the bleeding disorder 
hereditary platelet disorder selected from among Chediak-Higashi syndrome, I-Wrmansky-

5 Pudlak syndromes, thromboxane A2 dysfunction, Glanzmann's thrombastheryfi, and 
Bernard-Soulier syndrome. 

78. The method of claim 67 or claim 68, wherein the disorde^results form 
anticoagulant therapy with a vitamin-K antagonist, wherein the vitamioFK antagonist is 
selected from among heparin, pentasaccharide, warfarin, small moleflwJe antithrombotics 

10 and FXa inhibitors. 

79. The method of any of claims 67-69, wherein theyfsorder is selected from 
among thrombosis, thrombocytopenia, stroke and coagulapath 

80. The method of any of claims 67-69, where i.u/he disorder results from a 
trauma, surgery or wound. 

15 81. The method of claim 80, wherein the heeding is manifested as acute 
haemarlhroses, chronic haemophilic arthropathy, hapnatomas, haematuria, central 
nervous system bleedings, gastrointestinal bleedings, or cerebral haemorrhage. 

82. The method of claim 80, whereijfthe bleeding is due to dental extraction. 

83. The method of claim 80, whe^iin the surgery is heart surgery, angioplasty, 
20 lung surgery, abdominal surgery, spinal sij^ery, brain surgery, vascular surgery, dental 

surgery, or organ transplant surgery. 

84. The method of claim 8^T, wherein the transplant surgery is selected from 
among transplantation of bone manjpw, heart, lung, pancreas, and liver. 

85. A modified FX polypeptide of any of claims 1.-40 for use in treating a 
25 bleeding disorder. 

86. Use of a modified FX polypeptide of any of claims 1-40 in the preparation 
of a medicament for treatment of a bleeding disorder. 

87. The modified FX polypeptide of claim 85 or use of claim 86, wherein the 
modified FX polypeptide is a zymogen, FXa or catalytically active form thereof that 

30 contains the aminq/acid replacements). 

modified FX polypeptide or use of any of claims 85-87, wherein the 
bleeding disojtfer is a congenital bleeding disorder or an acquired bleeding disorder. 

89./ The modified FX polypeptide or use of any of claims 85-87, wherein the 
bi.eeding/sorder is selected from among a disorder due to a deficiency of a coagulation 

35 factor/disorder due to the presence of acquired inhibitors to a coagulation factor, a 
Dlogic disorder, a hemorrhagic disorder, Von Willebrands* disease, a disorder that 

res/Tits from anticoagulant therapy with a vitamin-K antagonist, hereditary platelet 
rders, vitamin K epoxide reductase CI deficiency, gamma-carboxylase deficiency, 

deeding associated with trauma, injury, thrombosis, thrombocytopenia, stoke, 
coagulopathy, disseminated intravascular coagulation (DIG), Bernard Soulier syndrome, 
Glanzman thromblastemia and storage pool deficiency. 
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90. The modified FX polypeptide or use of claim 89, wherein bleeding/ 
disorder is due to a deficiency of a coagulation factor or due to the presence of acquired 
inhibitors to a coagulation factor, wherein the coagulation factor is selected from among 
factor VII, factor IX, factor X, factor XI, factor V, factor XII, factor II and v/n 

5 Willebrand factor. / 
/ 

91. The modified FX polypeptide or use of claim 90, wherei.h the bleeding 
disorder is due to a deficiency of a coagulation factor and the coagulation factor is 
selected from among factor VII, factor VIII, factor IX, factor XI. / / / 

92. The modified FX polypeptide or use of any of claim 85-91, wherein the 
10 bleeding disorder is selected from among hemophilia A, hemophilia B or hemophilia C. 

93. The modified FX polypeptide or use of any ,6f claims 85-89, wherein the 
bleeding disorder is due to a deficiency of a coagulation,factor, wherein the disorder is a 
familial multiple coagulation factor deficiency (FMFD^ 

/ 
94. The modified FX polypeptide or us^of any of claims 85-89, wherein the 

15 bleeding disorder is due to the presence of acquired inhibitors to a coagulation factor, 
wherein the coagulation factor is selected froiiyamong factor VII, factor VIII, factor IX, 
factor X, factor XI, and factor XII. / 

95. The modified. FX polypeptide or use of claim 94, wherein the acquired 
inhibitors are autoantibodies. / 

20 96. The modified FX polypeptide or use of claim 84 or claim 95, wherein the 
bleeding disorder is acquired hemqpliilia. / 

97. The modified F5ypolypeptide or use of any of claims 85-89, wherein the 
bleeding disorder is a heredity platelet disorder selected from among Chediak-Higashi 
syndrome, Hermansky-Pudjak syndromes, thromboxane A2 dysfunction, Glanzmann's 

25 thrombasthenia, and Bernard-Soulier syndrome. 
98. The modified FX polypeptide or use of any of claims 85-89, wherein the 

disorder results from/anticoagulant therapy with a vitamin-K antagonist, wherein the 
vitamin-K antagonist is selected from among heparin, pentasaccharide, warfarin, small 
molecule antithrombotics and FXa inhibitors. 

/ 
30 99. / The modified FX polypeptide or use of any of claims 85-89, wherein the 

disorder is selected from among thrombosis, thrombocytopenia, stroke and coagulapathy. 
100. The modified FX polypeptide or use of any of claims 85-89, wherein the 

disorder results from a trauma, surgery or wound. 
101. The modified FX polypeptide or use of claim 151, wherein the bleeding is 

35 manifested as acute haemarthroses, chronic haemophilic arthropathy, haematomas, 
/haematuria, central nervous system bleedings, gastrointestinal bleedings, or cerebral 

/ haemorrhage. 
/ 102. The modified FX. polypeptide or use of claim 100, wherein the bleeding is 

due to dental extraction. 
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CLAIMS: 

1. An isolated modified Factor X (FX) polypeptide, comprising an amino acid 

replacement at a position corresponding to position 196 in an unmodified FX polypeptide based on 

mature numbering with reference to amino acid positions set forth in SEQ ID NO: 134, wherein: 

corresponding amino acid positions are identified by alignment of the unmodified FX 

polypeptide with the polypeptide whose set forth in SEQ ID NO: 134; 

the replacement is with a neutral polar amino acid residue that is serine (S) or threonine (T); 

the unmodified FX polypeptide has the sequence of amino acids set forth in SEQ ID NO: 134, 

or is the zymogen, active or catalytically active form thereof, or has a sequence of amino acids that 

has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 

more sequence identity to SEQ ID NO: 134 or the zymogen, active or catalytically active form 

thereof, respectively; 

the active FX (FXa) form of the modified polypeptide exhibits increased co-factor 

dependence compared to the FXa form of the FX polypeptide not containing the amino acid 

replacement: and 

co-factor dependence is the ratio of catalytic activity of the modified FXa in the presence of 

Factor Va (FVa) compared to in the absence of FVa. 

2. The isolated modified FX polypeptide of claim 1 that is a FXa polypeptide, the 

unmodified FXa comprises a sequence of amino acids that exhibits at least 85% sequence identity to 

the FXa comprising a light chain comprising the sequence of amino acids set forth as residues 1-139 

of SEQ ID NO: 134, and a heavy chain comprising the sequence of amino acids set forth as residues 

195-448 of SEQ ID NO: 134, or a catalytically active form thereof. 

3. The isolated FX polypeptide of claim 1 or claim 2, wherein the modified FX 

polypeptide comprises an amino acid replacement with S at a position corresponding to position 196 

with reference to amino acid position set forth in SEQ ID NO: 134, or the same replacement at a 

corresponding amino acid residue in the unmodified FX polypeptide that does not comprise S at the 

position corresponding to 196. 

4. The isolated modified FX polypeptide of any of claims 1-3, comprising a further 

amino acid replacement(s) in the light chain or in the protease domain of the heavy chain, wherein: 
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the further amino acid replacement(s) confers altered glycosylation, increased resistance to 

an inhibitor, increased co-factor dependence, increased half-life and/or increased catalytic activity; 

and 

is at a position corresponding to a position selected from among 211, 214, 216, 218, 219, 273, 

276, 306, 326, 332, 338, 420 and 424, based on mature numbering with reference to amino acid 

positions set forth in SEQ ID NO: 134. 

5. The isolated FX polypeptide of claim 4 , wherein: 

tlie replacement confers increased resistance to an inhibitor; and 

the inhibitor is a tissue factor pathway inhibitor (TFPI) or is anti-thrombin III (ATIII). 

6. The isolated modified FX polypeptide of claim 5, wherein the inhibitor is anti-

thrombin III (ATIII). 

7. The isolated modified FX polypeptide of any of claims 1-5, comprising only one, two, 

three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, 

seventeen, eighteen, nineteen, or twenty amino acid replacements) compared to the unmodified FXa 

polypeptide of the same form. 

8. The isolated modified FX polypeptide of any of claims 1-6, comprising a further 

amino acid replacement selected from among amino acid replacement with: 

S at a position corresponding to position 211; D at a position corresponding to position 214; A at a 

position corresponding to position 214; S at a position corresponding to position 214; R at a position 

corresponding to position 216; K at a position corresponding to position 216; A at a position 

corresponding to position 216; S at a position corresponding to position 216; R at a position 

corresponding to position 218; K at a position corresponding to position 218; A at a position 

corresponding to position 218; Fl at a position corresponding to position 219; A at a position 

corresponding to position 273; E at a position corresponding to position 273; A at a position 

corresponding to position 276; E at a position corresponding to position 276; E at a position 

corresponding to position 306; S at a position corresponding to position 326; T at a position 

corresponding to position 326; V at a position corresponding to position 326; Q at a position 

corresponding to position 326; N at a position corresponding to position 326; M at a position 

corresponding to position 326; K at a position corresponding to position 326; Y at a position 

corresponding to position 326; E at a position corresponding to position 326; D at a position 

corresponding to position 326; A at a position corresponding to position 332; D at a position 

corresponding to position 332; E at a position corresponding to position 332; S at a position 

corresponding to position 332; G at a position corresponding to position 332; A at a position 
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corresponding to position 338; S at a position corresponding to position 338; N at a position 

corresponding to position 338; R at a position corresponding to position 338; V at a position 

corresponding to position 338; Y at a position corresponding to position 338; M at a position 

corresponding to position 338; A at a position corresponding to position 420; E at a position 

corresponding to position 420; A at a position corresponding to position 424; and E at a position 

corresponding to position 424, with reference to amino acid positions set forth in SEQ ID NO: 134, or 

the same replacement(s) at a corresponding amino acid residue in the unmodified FX polypeptide. 

9. The isolated modified FX polypeptide of any of claims 1-8, comprising an amino acid 

replacement with S or T at a position corresponding to position 196, and an amino acid replacement 

selected from among amino acid replacement with A, D, E, S or G at a position corresponding to 332 

in the unmodified FX polypeptide. 

10. The isolated modified FX polypeptide of any of claims 1-9, comprising amino acid 

replacements with S at a position corresponding to position 196 and A at a position corresponding to 

position 332, based on mature numbering with reference to amino acid positions set forth in SEQ ID 

NO: 134 or the same amino acid replacement at a corresponding amino acid residue in the unmodified 

FXa polypeptide. 

11. The modified FX of any of claims 1-10, comprising the amino acid replacements 

corresponding to 196S and 332A, wherein the modified FX is a factor FXa. 

12. The isolated modified FX polypeptide of any of claims 1-11, comprising a further 

amino acid replacement(s) that introduce a non-native glycosylation site. 

13. The isolated modified FX polypeptide of any of claims 1-11, wherein the unmodified 

FX polypeptide is selected from among: 

a) an active FX (FXa) polypeptide comprising a light chain comprising the sequence of 

amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a heavy chain comprising the 

sequence of amino acids set forth as residues 195-448 of SEQ ID NO: 134; or 

b) a catalytically active form of a). 

14. The isolated modified FX polypeptide of any of claims 1-12, wherein the unmodified 

polypeptide contains a heavy and light chain and consists of the sequence of amino acids set forth as 

residues 1-139 of SEQ ID NO:134, and the sequence of amino acids set forth as residues 195-448 of 

SEQ ID NO: 134. 

15. The isolated modified FX polypeptide of any of claims 1-12, comprising a sequence 

of amino acids selected from among: 
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a) a sequence of amino acids comprising a light chain comprising the sequence of amino 

acids set forth as residues 1-139 and a heavy chain comprising the sequence of amino acids set forth 

as residues 195-448 of any of SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265); and 

b) a catalytically active form of a) that includes the amino acid replacement(s) and 

exhibits catalytic activity. 

16. A modified active Factor X (FXa) polypeptide, comprising an amino acid 

replacement at a position 196 and at position 332 in an unmodified FXa polypeptide based on 

mature numbering with reference to amino acid positions set forth in SEQ ID NO:134, wherein: 

the replacement at position 196 is serine (S), and the replacement at 332 alanine (A), aspartic 

acid (D), glutamic acid (E), serine (S) or glycine (G); 

the modified FXa polypeptide contains only up to seven amino acid replacements; 

the unmodified FXa comprises a light chain consisting of the sequence of amino acids set 

forth as residues 1 -139 of SEQ ID NO: 134, and a heavy chain consisting of the sequence of amino 

acids set forth as residues 195-448 of SEQ ID NO: 134; 

the modified FXa exhibits at least 50-fold increased FVa cofactor dependence compared to 

the unmodified FXa polypeptide not containing the amino acid replacements; and 

co-factor dependence is the ratio of catalytic activity of the modified FXa in the presence of 

Factor Va (FVa) compared to in the absence of FVa. 

17. The modified FXa polypeptide of claim 16, wherein the replacement at position 332 is 

A. 

18. The modified FX polypeptide of any of claims 1-15, wherein the unmodified FX 

polypeptide is selected from among: 

a) a zymogen FX polypeptide comprising a light chain comprising the sequence of 

amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a heavy chain comprising the 

sequence of amino acids set forth as residues 143-448 of SEQ ID NO: 134, or a sequence of amino 

acids that exhibits at least 85% sequence identity to the zymogen FX polypeptide comprising a light 

chain comprising the sequence of amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a 

heavy chain comprising the sequence of amino acids set forth as residues 143-448 of SEQ ID 

NO: 134; 

b) an active FX (FXa) polypeptide comprising a light chain comprising the sequence of 

amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a heavy chain comprising the 
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sequence of amino acids set forth as residues 195-448 of SEQ ID NO: 134, or a sequence of amino 

acids that exhibits at least 75% sequence identity to the FXa comprising a light chain comprising the 

sequence of amino acids set forth as residues 1-139 of SEQ ID NO: 134, and a heavy chain 

comprising the sequence of amino acids set forth as residues 195-448 of SEQ ID NO: 134; and 

c) a catalytically active form of b). 

19. The modified FX polypeptide of any of claims 1-16 that comprises the sequence of 

amino acids of the polypeptide of any of SEQ ID NOs: 92-96 and 224-228. 

20. The modified FX polypeptide of any of claims 1-16, comprising a sequence of amino 

acids selected from among: 

a) a sequence of amino acids set forth in any of SEQ ID NOS: 137-157, 169, 205-208, 

214-243 and 246-265, or a sequence of amino acids that exhibits at least 75% sequence identity to 

any of the sequence of amino acids set forth in any of SEQ ID NOS: 137-157, 169, 205-208, 214-243 

and 246-265 and that contains the amino acid replacement(s); 

b) a sequence of amino acids comprising a light chain comprising the sequence of amino 

acids set forth as residues 1-139 and a heavy chain comprising the sequence of amino acids set forth 

as residues 143-448 of any of SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265, or a 

sequence of amino acids that exhibits at least 75% sequence identity to any of the sequence of amino 

acids comprising a light chain comprising the sequence of amino acids set forth as residues 1-139 

and a heavy chain comprising the sequence of amino acids set forth as residues 143-448 of any of 

SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265 and that contains the amino acid 

replacement(s); 

c) a sequence of amino acids comprising a light chain comprising the sequence of amino 

acids set forth as residues 1-139 and a heavy chain comprising the sequence of amino acids set forth 

as residues 195-448 of any of SEQ ID NOS: 137-157, 169,205-208,214-243 and 246-265, or a 

sequence of amino acids that exhibits at least 75% sequence identity to any of the sequence of amino 

acids comprising a light chain comprising the sequence of amino acids set forth as residues 1-139 

and a heavy chain comprising the sequence of amino acids set forth as residues 195-448 of any of 

SEQ ID NOS: 137-157, 169, 205-208, 214-243 and 246-265 and that contains the amino acid 

replacement(s); and 

d) a catalytically active form of c) that includes the modification(s) and exhibits catalytic 

activity. 

21. The modified FX polypeptide of any of claims 1 -20 comprising an amino acid 

replacement corresponding to 195L with reference to amino acid positions set forth in SEQ ID 
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NO: 134, or the same replacement(s) at a corresponding amino acid residue in the unmodified FX 

polypeptide. 

22. The modified FX polypeptide of any of claims 1-21, wherein the unmodified 

polypeptide is a human polypeptide. 

23. The modified FX polypeptide of any of claims 1-22 that is selected from among a 

single chain zymogen polypeptide, a two-chain polypeptide and a single-chain polypeptide. 

24. The modified FX polypeptide of any of claims 1-23 that is a FXa activated 

polypeptide. 

25. The modified FX polypeptide of any of claims 1-24, wherein only the primary 

sequence is modified. 

26. The modified FX polypeptide of any of claims 1 -25 , wherein the modified FX 

polypeptide is glycosylated, carboxylated, hydroxy] ated, sulfated, phosphorylated, albuminated or 

conjugated to a polyethylene glycol (PEG) moiety. 

27. The modified FX polypeptide of any claims 1-26 that is a chimeric or fusion protein. 

28. The modified FX polypeptide of claim 27, comprising sequence of acid residues set 

forth in any of SEQ ID N0s.:505~509. 

29. A nucleic acid molecule, comprising a sequence of nucleotides encoding a modified 

FX polypeptide of any of claims 1-20. 

30. A vector, comprising the nucleic acid molecule of claim 26. 

31. The vector of claim 30, wherein the vector is a prokaryotic vector, viral vector, or a 

eukaryotic vector. 

32. The vector of claim 30 that is a viral vector s selected from among an adenovirus, an 

adeno-associated-virus, a retrovirus, a herpes virus, a lentivirus, a poxvirus, and a cytomegalovirus 

vector. 

33. An isolated cell or cell culture, comprising the vector of any of claims 30-32. 

34. The cell or cell culture of claim 33, that is a eukaryotic cell or comprises eukaryotic 

cells.. 

35. The cell or cell culture of claim 34, wherein the eukaryotic cell is a mammalian cell. 

36. The cell or cell culture of claim 35, wherein the mammalian cell is selected from 

among baby hamster kidney cells (BHK-21) or 293 cells or CHO cells. 

37. A method of producing a modified FX polypeptide of any of claims 1-25, comprising 

culturing a cell of a cell of any of claims 30-33, under conditions whereby the modified FX 
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polypeptide is produced. 

38. The method of claim 37, further comprising isolating the modified FX polypeptide. 

39. A pharmaceutical composition, comprising a modified FX polypeptide of any of 

claims 1-28, a nucleic acid molecule of claim 29 or a vector of any of claims 30-32 in a 

pharmaceutically acceptable vehicle. 

40. A method of generating a modified active Factor X (FXa) polypeptide, comprising: 

a) providing a modified FX polypeptide of claim 23, wherein the modified FX 

polypeptide is a single chain zymogen; 

b) removing the activation peptide from the polypeptide by activation cleavage of the 

zymogen, thereby generating a modified FXa polypeptide; 

or, comprising: 

a) providing a composition comprising a modified FX zymogen selected from 

among a zymogen comprising: 

a light chain having the sequence of amino acids 1-139 set forth in SEQ ID NO:134, 

or a sequence of amino acids that exhibits at least 85% sequence identity to the sequence of amino 

acids 1-139 of any of SEQ ID NOS: 134 and that contains the amino acid replacement(s) selected 

from S and T at position 196; and 

a heavy chain having the sequence of amino acids 143-448 of any of SEQ ID 

NOS: 136-265, or a sequence of amino acids that exhibits at least 85% sequence identity to the 

sequence of amino acids 143-448 of any of SEQ ID NOS:136-265 and that contains amino acid 

replacement(s) compared to an unmodified FX polypeptide; and 

b) removing the activation peptide from the polypeptide by activation cleavage 

of the zymogen, thereby generating a modified FXa polypeptide. 

41. The method of claim 40, wherein activation cleavage is effected in vivo or in vitro. 

42. The method of claim 40 or claim 41, further comprising removing the activation 

peptide from the composition. 

43. The method of any of claims 40-42, wherein the FX polypeptide comprises the an 

amino acid replacement corresponding to 196S. 

44. The method of any of claims 40-43, wherein the FX zymogen is produced by 

expression of a nucleic acid encoding a polypeptide set forth in any of SEQ ID NOS: 4-133 or 136-

265 and 417-546, or a nucleic acid encoding a polypeptide having a sequence of amino acids that has 
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at least 95% sequence identity to any of SEQ ID NOS: 4-133 or 136-265 and 417-546 and that 

contains an amino acid replacement(s) compared to an unmodified FX polypeptide. 

45. A composition, comprising a modified FX polypeptide of any of claims 1-28 for use 

for treating a bleeding disorder, wherein: 

the modified FX polypeptide is a zymogen, FXa or catalytically active form thereof that 

contains the amino acid replacement(s); and 

the bleeding disorder is selected from among a disorder due to a deficiency of a coagulation 

factor, a disorder due to the presence of acquired inhibitors to a coagulation factor, a hematologic 

disorder, a hemorrhagic disorder, Von Willebrands' disease, a disorder that results from 

anticoagulant therapy with a vitamin-K antagonist, hereditary platelet disorders, vitamin K epoxide 

reductase 01 deficiency, gamma-carboxylase deficiency, bleeding associated with trauma, injury, 

thrombosis, thrombocytopenia, stoke, coagulopathy, disseminated intravascular coagulation (DIC), 

Bernard Soulier syndrome, Glanzman thromblastemia and storage pool deficiency. 

46. Use of a modified FX polypeptide of any of claims 1-28 in the preparation of a 

medicament for treatment of a bleeding disorder, wherein: 

the modified FX polypeptide is a zymogen, FXa or catalytically active form thereof that 

contains the amino acid replacement(s); and 

the bleeding disorder is selected from among a disorder due to a deficiency of a coagulation 

factor, a disorder due to the presence of acquired inhibitors to a coagulation factor, a hematologic 

disorder, a hemorrhagic disorder, Von Willebrands' disease, a disorder that results from 

anticoagulant therapy with a vitamin-K antagonist, hereditary platelet disorders, vitamin K epoxide 

reductase Cl deficiency, gamma-carboxylase deficiency, bleeding associated with trauma, injury, 

thrombosis, thrombocytopenia, stoke, coagulopathy, disseminated intravascular coagulation (DIC), 

Bernard Soulier syndrome, Glanzman thromblastemia and storage pool deficiency. 

47. The modified FX polypeptide of claim 45, wherein the bleeding disorder is a 

hemophilia. 

48. The use of claim 46, wherein the bleeding disorder is a hemophilia. 


