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PROTEIN C OR ACTIVATED PROTEIN C-LIKE MOLECULES

FIELD OF THE INVENTION

The present invention relates to novel conjugates between polypeptide variants of pro-
tein C and a non-polypeptide moiety, to means and methods for preparing such conjugates, to
pharmaceutical compositions comprising such conjugates and the use of such conjugates in
therapy, in particular for the treatment of a variety of coagulation disorders. The present inven-

tion also relates to the polypeptide part of the conjugates of the invention.

BACKGROUND OF THE INVENTION

Blood coagulation is a process consisting of a complex interaction of various blood
comporents, or factors, which eventually give risc to a fibrin clot. Generally, blood components
participating in the coagulation “cascade” are proenzymes or zymogens, i.e. enzymatically inac-
tive proteins that are converted into an active form by action of an activator. Regulation of
blood coagulation is largely accomplished enzymatically by proteolytic inactivation of the pro-
coagulation factors Va and VIIla achieved by activated protein C (APC) (Esmon, J Biol Chem
1989; 264; 4743-4746).

Protein C is a scrinc protease that circulates in the plasma as a zymogen with a half-life
of approximately 7 hours and plasma levels are typically in the range of 3-5 mg/l. It is produced
in vivo in the liver as a single chain precursor polypeptide of 461 amino acids. This polypeptide
undergoes multiple post-translational modifications including a) cleavage of a 42 amino acid
signal sequence; b) cleavage of lysine and arginine residues (positions 156 and 157) to make a
two-chain inactive zymogen (a 155 amino acid light chain attached via a disulfide bridge to a
262 amino acid heavy chain); ¢) vitamin K-dependent carboxylation of nine glutamic acid resi-
dues of the light chain resulting in nine gamma-carboxyglutamic acid residues in the N-terminal
region of the light chain; and d) carbohydrate attachment at four sites (one in the light chain and
three in the heavy chain). Finally, the two-chain zymogen may be activated by removal of a
dodecapeptide (the activation peptide) at the N-terminus of the heavy chain (positions 158-169)
producing the activated protein C (APC).

Protein C is activated by limited proteolysis by thrombin in complex with thrombo-
modulin on the lumenal surface of the cndothelial cell. As explained above, activation liberates
a small 12 amino acid peptide (designated the activation peptide) from the N-terminal of the

heavy chain. The APC has a half-life of approximately 15 minutes in plasma.
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In the presence of its cofactor, protein S, APC proteolytically inactivates factors Va
and VIIa, thereby reducing thrombin generation (Esmon, Thromb Haemost 1993; 70; 29-35).
Protein S circulates reversibly bound to another plasma protein, C4b-binding protein. Only free
protein S serves as a cofactor for APC. Since C4b-binding protein is an acute phase reactant,
the plasma levels of this protein varies greatly in many diseases and thus influence the antico-
agulant activity of the protein C system.

The gene encoding human protein C maps to chromosome 2q13-q14 (Patracchini et
al., Hum Genet 1989; 81; 191-192) spans over 11 kb, and comprises a coding region (exons II
to IX) and a 5” untranslatable region encompassing exon L. The protein domains encoded by
exons Il to IX show considerable homology with other vitamin K-dependent coagulation pro-
teins such as factor IX and X. Exon Il codes for a signal peptide, while exon III codes for a
propeptide and a 38 amino acid sequence containing 9 Glu residues. The propeptide contains a
binding site for the carboxylase transforming the Glu residues into dicarboxylic acid (Gla) able
to bind calcium ions, a step required for phospholipid binding and protein C anticoagulant ac-
tivity (Cheung et al., Arch Biochem Biophys 1989; 274; 574-581). Exons IV, V and VI encodes
a short connection sequence and two BGF-like domains, respectively. Exon VII encodes hoth a
domain encompassing a 12 amino acid activation peptide released after activation of protein C
by thrombin, and the dipeptide 156-157 which, when cleaved off, yields the mature two-chain
form of the protein. Exons VIIT and IX encodes the serine protease domain.

The complete amino acid sequence of the human protein C has been reported by Foster
et al., PNAS. USA 1986; 82; 4673-4677 and includes a signal peptide, a propeptide, a light
chain, a heavy chain and an activation peptide.

Protein C binds to the endothelial cell protein receptor (EPCR). Binding of APC to
EPCR renders APC incapable of inactivating factor Va and VIIIa, whereas binding of protein C
to EPCR apparently enhances the activation rate of protein C by the thrombin-thrombomodulin
complex. The physiological importance of these interactions is presently unknown. Apparently
the binding of protein C to EPCR is strictly dependent on the presence of the Gla domain in a
phospholipid independent manner (Esmon et al., Haematologica 1999; 84; 363-368).

APC is inhibited in the plasma by the protein C inhibitor as well as by alpha-1-
antitrypsin and alpha-2-macroglobulin.

The experimental three-dimensional structure of human APC has been determined to

2.8 A resolution and reported by Mather et al., EMBO J 1996; 15; 6822-6831. They report the
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X-ray structure of APC in a Gla-domainless form. The structure includes a covalently bound
inhibitor (D-Phe-Pro-Arg chloromethylketone, PPACK).

Protein C is currently isolated from prothrombin concentrates produced by monoclonal
antibody affinity chromatography. Furthermore, protein C is produced recombinantly by ex-
pression from mammalian cells or modified protein C.

APC is used for the treatment of genetic and acquired protein C deficiency and is sug-
gested to be used as anticoagulant in patients with some forms of Lupus, following stroke or
myocardial infarction, after venous thrombosis, disseminated intravascular coagulation (DIC),
scptic shock, emboli such as pulmonary emboli, transplantation, such as bone marrow trans-
plantation, burns, pregnancy, major surgery/traum and adult respiratory stress syndrome
(ARDS).

Recombinant APC is produced by Eli Lilly and Co and phase III trials for the treat-
ment of sepsis (Bernard et al., N Fngl T Med (2001), 344, pp. 699-709) has recently been com-
pleted. Patients suffering from severe sepsis were given doses of 24 pg/kg/h for a total duration
of 96 hours as infusion.

However, relatively high doses and frequent administration is necessary to reach and
sustain the desired therapeutic or prophylactic effects of APC due to its short half-life. As a
consequence adequate dose regulation is difficult to obtain and the need of frequent intravenous
administrations of high levels of APC is problematic and expensive.

A molecule with a longer circulation half-life would decrease the number of necessary
administrations and potentially provide more optimal therapeutic APC levels With concomitant
enhanced therapeutic effect.

The circulation half-life of APC may be increased, e.g. as a consequence of reduced
renal clearance, of reduced proteolytic degradation or reduced inhibition. This may be achieved,
e.g., by conjugation APC to a non-polypeptide moiety, e.g. PEG or carbohydrates, capable of
conferring a reduced renal clearance to the protein and/or effectively blocking proteolytic en-
zymes or inhibitors from physical contact with the protein. Furthermore, this may also be
achieved by mutating the protein C molecule in such a way that it remains active but blocks the
binding of inhibitors to the protein.

PEGylated wild-type APC is described in JP 8-92294.

WO 91/09960 discloses a hybrid protein comprising modifications in the heavy chain
part of protein C.

6-
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WO 01/59084 describes protein C variants comprising the substitutions
D167F+D172K in combination with at least one further substitution in position 10, 11, 12, 32,
194, 195, 228, 149, 254, 302 or 316. The variants disclosed in WO 01/39084 are stated to have
an increased anticoagulant activity.

WO 98/44000 broadly describes protein C variants with an increased amidolytic activ-
ity.

EP 0 323 149 describes zymogen forms of protein C with the following mutations in
the heavy chain: D167F/G/Y/W. Such variants are stated to have an increased sensitivity to
activation by thrombin.

WO 00/66754 reported that substitution of the residues nafurally occurring in the posi-
tions 194, 195, 228, 249, 254, 302 or 316 lead to an increased half-life of APC in human blood
as compared to the wild-type APC. The variants disclosed in WO 00/66754 are not within the
scope of the present invention.

WO 99/63070 describes a C-terminally truncated form of protein C.

EP 0946 715 reported chimeric protein C polypeptides where the protein C Gla do-
main was replaced by Gla domains from other vitamin K-dependent polypeptides, such as fac-
tor VI, factor X and prothrombin.

WO 99720767 and WO 00/66753 discloses vitamin K-dependent polypeptide variants
containing modifications in the Gla domain.

US 5,453,373 discloses human protein C derivatives which have altered glycosylation
patterns and altered activation regions, such as N313Q and N329Q. The variants disclosed in
US 5,453,373 are not within the scope of the present invention.

US 5,460,953 discloses DNA sequences encoding zymogen forms of protein C, which
have been engineered so that one or more of the naturally occurring glycosylation sites have
been removed. More specifically, US 5,460,953 discloses the variants N97Q, N248Q, N313Q
and N329Q. The variants disclosed in US 5,460,953 are not within the scope of the present in-
vention. Norne of the disclosed variants in any of the above-mentioned prior art references are
within the scope of the present invention.

US 5,270,178 is directed to specific protein C variants, wherein I 171 is deleted and
wherein Asp is replaced by Asn.

US 5,041,376 relates to a method for identifying and shielding functional sites or epi-
topes of transportable proteins, wherein additional N-linked glycosvlation site(s) have been

introduced.
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US 5,766,921 is directed to protein C variants having increased resistance to inactiva-
tion by human plasma or ¢;-antitrypsin, where the heavy chain contains substitutions from the
corresponding bovine heavy chain.

WO 01/57193 reports a protein C variant comprising a double mutation, one mutation
in positions 10, 11, 32 or 33 and one mutation in positions 194, 195, 228, 249, 254, 392 or 316.

WO 01/36462 relates to protein C variants comprising a substitution in position 12, op-
tionally combined with substitutions in positions 10 and/or 11.

WO 00/26354 is directed to a method for producing glycosylated protein variants hav-
ing reduced allergenicity.

WO 00/26230 is directed to a method for selecting a protein variant having reduced
immunogenecity.

The DNA sequence and the corresponding amino acid sequence of human wild-type
protein C, including the precursor form thereof, is disclosed in inzer alia US 4,775,624 and US
4,968,626,

None of the variants disclosed in any of the above-identified patents/patent applica-

tions are within the scope of the present invention.

BRIEF DISCLOSURE OF THE INVENTION

The present invention relates to novel conjugates between polypeptide variants of pro-
tein C and a non-polypeptide mojety, to means and methods for preparing such conjugates, to
pharmaceutical compositions comprising such conjugates and the use of such conjugates in
therapy, in particular for the treatment of a variety of coagulation disorders. The present inven-
tion also relates to the polypeptide part of the conjugates of the invention.

Accordingly, in its first aspect the invention relates to a conjugate comprising at least
one non-polypeptide moiety covalently attached to a protein C polypeptide that comprises an
amino acid sequence which differs from that of a parent protein C polypeptide in at least one
introduced and/or at least one removed amino acid residue comprising an attachment group for
said non-polypeptide moiety.

In a further aspect the invention relates to a variant of a parent protein C polypeptide,
said variant comprising a substitution in a position selected from the group consisting of D172,
D189, $190, K191, K192, K193, D214, E215, 8216, K217, K218, 1.220, V243, V243, S250,
K251, 8252, T253, T254, D255,1.296, Y302, H303, $304, S305, R306, E307, X308, E£309,
A310,R312, T315, F316, V334, S336, N337, M338, 1348,1.349, D351, R352, E357, E382,
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G383, L386, L387 and H388, with the proviso that the substitution is not selected from the
group consisting of T2548, T254A, T254H, T254K, T254R, T254N, T254D, T254E, T254G,
T254Q, Y3028, Y3024, Y302T, Y302H, Y302K, Y302R, Y302N, Y302D, Y302E, Y302G,
Y302Q, F3168, F316A, F316T, F316H, F316K, F316R, F316N, F316D, F316E, F316G and
F316Q.

In an even further aspect, the present invention relates to the polypeptide part of the
conjugate of the invention.

In still further aspects the present invention relates to a nucleotide sequence encoding
the polypeptide part of the conjugate of the invention, to a nucleotide sequence encoding the
polypeptide variant of the invention, to an expression vector comprising the nucleotide se-
quence of the invention and to a host ce]l comprising the nucleotide sequence of the invention
or comprising the expression vector of the invention

Still other aspects of the present invention relates to a pharmaceutical composition
comprising the conjugate or the variant of the invention as well as to methods of producing and

using the conjugates and variants of the invention.

DETAILED DISCLOSURE OF THE INVENTION
Definitions

In the context of the present application and invention the following definitions apply:

The term “conjugate” (or interchangeably “conjugated polypeptide”) is intended to
indicate a heterogenous (in the sense of composite or chimeric) molecule formed by the
covalent attachment of one or more polypeptides to one or more non-polypeptide moieties such
as polymer molecules, lipophilic compounds, sugar moieties or organic derivatizing agents.
Preferably, the conjugate is soluble at relevant concentrations and conditions, i.e. soluble in
physiological fluids such as blood. Examples of conjugated polypeptides of the invention
include glycosylated polypeptides and PEGylated polypeptides.

The term “covalent attachment” or “covalently attached” meuns that the polypepiide
and the non-polypeptide moiety are either directly covalently joined (o one another or are indi-
rectly covalently joined to one another through an intervening moiety or moielies such us 4
bridge, spacer or linkage moiety or moietiers.

The term “non-conjugated polypeptide” may be used about the polypeptide part of the

conjugate.
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The term “non-polypeptide moiety” is intended to mean a molecule, different from a
peptide polymer composed of amino acid monomers and linked together by peptide bonds,
which molecule is capable of conjugating to an attachment group of the polypeptide of the in-
vention. Preferred examples of such molecules include polymer molecules, sugar moieties,
lipophilic compounds or organic derivatizing agents. When used in the context of a conjugate
of the invention it will be understood that the non-polypeptide moiety is linked to the polypep-
tide part of the conjugate through an attachment group of the polypeptide. As explained above,
the non-polypeptide moiety can be directly covalently joined to the atiachment group or it can
be indirectly covalently joined to the attachment group through an intervening moiety or moie-
ties, such as a bridge spacer or linker moiety or moieties.

The term "polymer molecule" is a molecule formed by covalent linkage of two or
more monomers, wherein none of the monomers is an amino acid residue, except where the
polymer is human albumin or another abundant plasma protein. The term “polymer” can be
used interchangeably with the term “polymer molecule” or "polymeric group”.

The term “sugar moiety” is intended to indicate a carbohydrate-containing molecule
comprising one or more monosaccharide residues, capable of being attached to the polypeptide
(to produce a polypeptide conjugate in the form of a glycosylated polypeptide) by way of in
vivo or in vitro glycosylation. The term “in vivo glycosylation” is intended to mean any attach-
ment of a sugar moiety occurring i vivo, i.e. during posttranslational processing in a glycosy-
lating cell used for expression of the polypeptide, ¢.g. by way of N-linked and O-linked glyco-
sylation. The exact oligosaccharide structure depends, to a large extent, on the glycosylating
organism in question, The term “in vitro glycosylation” is intended to refer to a synthetic glyco-
sylation produced in vitro, normally involving covalently linking a sugar moiety to an attach-
ment group of a polypeptide, optionally using a cross-linking agent. In vivo and in vitro glyco-
sylation are discussed in detail further below.

An “N-glycosylation site” has the sequence N-X-S/T/C’, wherein X is any amino acid
residue except proline, N is asparagine and S/T/C is either serine, threonine or cysteine, pref-
erably serine or threonine, and most preferably threonine. An “O-glycosylation site” is the OH-
group of a serine or Lhreonine residue.

The term “attachment group” is intended to indicate a functional group of the polypep-
tide, in particular of an amino acid residue thereof or a carbohydrate moiety, capable of attach-

ing a non-polypeplide moiety such as a polymer molecule, a sugar moiety,  lipophilic molecule
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maoieties are apparent from the table below.

PC'T/DK01/00679

Attachment | Amino acid | Examples of non- | Conjugation Reference
group polypeptide moiety | method/-
Activated PEG
-NH; N-terminal, | Polymer, e.g. PEG, | mPEG-SPA Shearwater Inc.
Lys with amide or imine | Tresylated mPEG | Delgado et al.,
group critical reviews in
Therapeutic Drug
Carrier Systems
9(3,4):249-304
(1992)
-COOH C-terminal, | Polymer, e.g. PEG, | mPEG-Hz Shearwater Inc.
Asp, Glu with ester or amide
group
Oligosaccharide In vitro coupling
moiety
-SH Cys Polymer, e.g. PEG, | PEG- Shearwater Inc.
with disulfide, vinylsulphone Delgado et al.,
maleimide or vinyl | PEG-maleimide | critical reviews in
sulfone group Therapeutic Drug
Carrier Systems
Oligosaccharide 9(3,4):249-304
moiety In vitro coupling | (1992)
-OH Ser, Thr, Oligosaccharide In vivo O-linked
OH-, Lys moiety glycosylation
PEG with ester,

cther, carbamate,

carbonate
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-CONH; Asn as part | Oligosaccharide In vivo N-
of an N- moiety glycosylation
glycosyla-
tion site Polymer, e.g. PEG
Aromatic | Phe, Tyr, Oligosaccharide In vitro coupling
residue Trp moiety
-CONH, Gln Oligosaccharide Invitro coupling | Yan and Wold,
moiety Biochemistry,
1984, Jul 31;
23(16): 3759-65
Aldehyde | Oxidized Polymer, e.g. PEG, | PEGylation Andresz ct al.,
Ketone oligo- PEG-hydrazide 1978, Makromol.
saccharide Chem. 179:301,
WO 92/16555,
WO 0023114
Guanidino | Arg Oligosaccharide Invitro coupling | Lundblad and
moiety Noyes, Chemical
Reagents for Pro-
tein Modification,
CRC Press Inc.,
Florida, USA
Imidazole | His Oligosaccharide In vitro coupling | As for guanidine
ring moiety

For in vivo N-glycosylation, the term “attachment group” is used in an unconventional
way to indicate the amino acid residues constituting an N-glycosylation site. Although the as-
paragine residue of the N-glycosylation site is the one to which the sugar moiety is attached
during glycosylation, such attachment cannot be achieved unless the other amino acid residues
of the N-glycosylation site are present.

Accordingly, when the non-polypeptide moiety is a sugar moiety and the conjugation
is to be achieved by N-glycosylation, the term “amino acid residue comprising an attachment
group for the non-polypeptide moiety” as used in connection with alterations of the amino acid

sequence of the polypeptide of interest is to be understood s meaning (hat one or more amino
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acid residues constituting an N-glycosylation site are to be altered in such a manner that either a
functional N-glycosylation sitc is introduced into the amino acid sequence or removed from
said sequence.

Amino acid names and atom names (¢.g. CA, CB, CD, CG, SG,NZ, N, O, C, etc.) are
used as defined by the Protein DataBank (PDB) (www.pdb.org), which is based on the [UPAC
nomenclature (TUPAC Nomenclature and Symbolism for Amino Acids and Peptides (residue
names, atom names, etc.), Eur. J. Biochem., 138, 9-37 (1984) together with their corrections in
Eur. J. Biochem., 152, 1 (1985)).

The term “amino acid residue” is intended to indicate an amino acid residue contained
in the group consisting of alanine (Ala or A), cysteine (Cys or C), aspartic acid (Asp or D), glu-
tamic acid (Glu or E), phenylalanine (Phe or F), glycine (Gly or G), histidine (His or H), isoleu-
cine (Ile or I}, lysine (Lys or K), leucine (Leu or L), methionine (Met or M), asparagine (Asn or
N), proline (Pro or P), glutarine (Gln or Q), arginine (Arg or R), serine (Ser or S), threonine
(Thr or T), valine (Val or V), tryptophan (Trp or W) and tyrosine (Tyr or Y) residues.

The terminology used for identifying amino acid positions/substitutions is illustrated as
follows: K174 in a given amino acid sequence indicates that position number 174 is occupied
by a lysine residue in the amino acid sequence shown in SEQ ID NO:2 or 4. K174S indicates
that the lysine residue of position 174 is substituted with a serine residue. Alternative substitu-
tions are indicated with a “/”, e.g., K174S/T means that the lysine residue of position 174 is
substituted with either a serine residue or a threonine residue. Multiple substitutions are indi-
cated with a “+7, e.g., D172N+K174S means that the aspartic acid residue of position 172 is
substituted with an asparagine residue and that the lysine residue in position 174 is substituted
with a serine residue. The insertion of an additional amino acid residue is indicated in the fol-
lowing way: Insertion of an alanine residue after K174 is indicated by K174KA. A deletion of
an amino acid residue is indicated by an asterix. For example, deletion of the lysine residue of
position 174 is indicated by K174*. Unless otherwise indicated, the numbering of amino acid
residues made herein is made relative to the amino acid sequence of SEQ ID NO:2 or 4.

The term “differs” or “differs from” when used in connection with specific mutations
is intended to allow for additional differences being present apart from the specified amino acid
difference. For instance, in addition to the removal and/or introduction of amino acid residues
comprising «n attachment group for the non-polypeptide moiety the protein C polypeptide can
comprise other substitutions, insertions or deletions, which are not related to the introduc-

tion/removal of such amino acid residues. Thus, in addition to the amino acid alterations dis-
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closed herein aimed at removing and/or introducing attachment sites for the non-polypeptide
moiety, it will be understood that the amino acid sequence of the polypeptide conjugate of the
invention may, if desired, contain other alterations that need not be related to introduction or
removal of attachment sites, i.e. other substitutions, insertions or deletions. These may, for ex-
ample, include truncation of the N- and/or C-terminus by one or more amino acid residues, or
addition of one or more extra residues at the N- and/or C-terminus, e.g. addition of a methion-
ine residue at the N-terminus as well as “conservative amino acid substitutions”, i.e. substitu-
tions performed within groups of amino acids with similar characteristics, e.g. small amino ac-
ids, acidic amino acids, polar amino acids, basic amino acids, hydrophobic amino acids and
aromatic amino acids.

Examnples of conservative substitutions in the present invention may in particular be

selected from the groups listed in the table below.

1 Alanine (A) Glycine (G) Serine (S) Threonine (T)
2 Aspartic acid (D) Glutamic acid (E)

3 Asparagine (N) Glutamine (Q)

4 | Arginine (R) Histidine (H) TLysine (K)

5 | Isoleucine (1) Leucine (L) Methionine (M)  Valine (V)

6 | Phenylalanine (F) Tyrosine (Y) Tryptophan (W)

When used in the present context the term “precursor protein C” refers to the DNA-
encoded form of protein C, i.e. it includes the signal peptide (residue —42 to —1), the light chain
(residue 1-155), the Lys-Arg dipeptide (residue 156-157) and the heavy chain (158-419), in-
cluding the activation peptide (residue 158-169), shown in SEQ ID NO:2.

The term “two-chain zymogen protein C” refers to the secreted, inactive form of pro-
tein C, which includes the light chain (residue 1-155) and the heavy chain (158-419), including
the activation peptide (158-169), shown in SEQ ID NO:4.

The term “one-chain zymogen protein C” refers to the inactive form of protein C,
which includes the light chain (tesidue 1-155), the heavy chain (158-419), including the activa-
tion peptide (158-169), and the Lys-Arg dipeptide (residue 156-157) shown in SEQ ID NO:4.

Whenever the term *“zymogen protein C” is vsed this term refers to both the one-chain

form and the two-chain form of the zymogen protein C.
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The terms “activated protein C”, “activated human protein C”, “APC” or “human
APC” are used about the activated zymogen and includes the light chain (residue 1-155) and the
heavy chain (without the activation peptide) of SEQ ID NO:4. The latter amino acid sequence,
i.e. the amino acid sequence of activated protein C is sometimes referred to herein as “the APC
part of the amino acid sequence shown in SEQ ID NO:4”.

The term “protein C”* encompasses all of the above-mentioned forms of protein C, i.e.
the “precursor protein C” form, the “zymogen protein C” form (the one-chain form as well as
the two-chain form) and the “activated protein C form”.

The term “partent” is intended to indicate the molecule to be improved in accordance
with the present invention. Although the parent polypeptide to be modified by the present in-
vention may be any protein C polypeptide, and thus be derived from any origin, e.g. a non-
human mammalian origin, it is preferred that the parent polypeptide is human protein C (i.e.
human precursor protein C, human zymogen protein C or human activated protein C) or a
fragment or variant thereof.

A fragment is a part of the full-length human protein C sequence, e.g. a C-terminally or
N-terminally truncated version thereof. Specific examples of parent protein C polypeptide
fragments include human protein C terminally truncated with 1-15 amino acid residues and/or
N-tcrminally truncated with 1-3 amino acid residues.

As mentioned above, the parent protein C polypeptide may also be a variant of human
protein C. Specific examples of variants of human protein C includes e.g. addition of a me-
thionine residue at the N-terminus as well as varjants containing one or more conservative
amino acid substitutions as discussed above. Other examples of variants include human protein
C variants wherein one or more amino acids in the protein C Gla domain has been substituted
or wherein the entire protein C Gla domain has been substituted with another Gla domain, e.g.
the Gla domain of protein S.

The term “variant” (of a parent polypeptide) is intended to cover a polypeptide, which
differs in one or more amino acid residues from its parent polypeptide, normally in 1-15 amino
acid residues (such asin 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14 or 15 amino acid residues),
e.g. in 1-10 amino acid residues or in 1-5 amino acid residues.

The term “mutation” and “substitution” are used interchangeably herein.

The term “nucleotide sequence” is intended to indicate a conseculive stretch of two or
more nucleotide molecules. The nucleotide sequence may be of genomic, cDNA, RNA, semi-

synthetic or synthetic origin, or any combination thereof.
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The term “polymerase chain reaction” or “PCR” generally refers to a method for am-
plification of a desired nucleotide sequence i vitro as described, for example, in US 4,683,195,
In general, the PCR method involves repeated cycles of primer extension synthesis, using oli-
gonucleotide primers capable of hybridising preferentially to a template nucleic acid.

“Cell”, “host cell”, “cell line” and “cell culture” are used interchangeably herein and
all such terms should be understood to include progeny resulting from growth or culturing of a
cell.

“Transformation” and “transfection” are used interchangeably to refer to the process of
introducing DNA into a cell.

“Operably linked” refers to the covalent joining of two or more nucleotide sequences,
by means of enzymatic ligation or otherwise, in a configuration relative to one another such that
the normal function of the sequences can be performed. For example, the nucleotide sequence
encoding a presequence or secretory leader is operably linked to a nucleatide sequence coding
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the poly-
peptide: a promoter or enhancer is operably linked to a coding sequence if it affects the tran-
scription of the sequence; a ribosome binding site is operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally, “operably linked” means that the nucleotide
sequences being linked arc contiguous and, in the case of a secretory leader, contiguous and in
reading phase. Linking is accomplished by ligation at convenient restriction sites. If such sites
do not exist, then synthetic oligonucleotide adaptors or linkers are used, in conjunction with
standard recombinant DNA methods.

The term "introduce” is primarily intended to mean substitution of an existing amino
acid residue, but may also mean insertion of an additional amino acid residue.

The term "remove” is primarily intended to mean substitution of the amino acid resi-
due to be removed by another amino acid residue, but may also mean deletion (without substi-
tution) of the amino acid residue to be removed.

The term “functional in vive half-life” is used in its normal meaning, i.e. the time at
which 50% of the biological activily of the polypeptide or conjugate is still present in the
body/target organ, or the time at which the activity of the polypeptide or conjugate is 50% of
the initial value. As an altemnative to determining functional iz vive half-life, “serum half-life”
may be determined, i.e. the time at which 50% of the polypeptide or conjugate molecules circu-
late in the plasma or bloodsiream prior to being cleared. Determination of serum half-life is

often more simple than determining the functional i vive half-life and the magnitude of serum
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half-life is usually a good indication of the magnitude of functional in vivo half-life. Alterna-
tively ierms (o serum hal(-life include “plasma half-life”, “circulating half-life”, “serum clear-
ance”, ““plasma clearance” and “clearance half-life”. The polypeptide or conjugate is cleared by
the action of one or more of the reticuloendothelial systems (RES), kidney, spleen or liver, by
tissue factor, SEC receptor or other receptor mediated elimination, or by specific or unspecific
proteolysis. Normally, clearance depends on size (relative to the cutoff for glomerular filira-
tion), charge, attached carbohydrate chains, and the presence of cellular receptors for the pro-
tein, The functionality to be retained is normally selected from anticoagulant, amidolytic or
receptor binding activity. The functional in vivo half-life and the serum half-life may be deter-
mined by any suitable method known in the art.

The term “increased” as used about the functional in vive half-life or serum half-life is
used to indicate that the relevant half-life of the conjugate or polypeptide is statistically signifi-
cantly increased relative to that of a reference molecule, e.g. APC, determined under compara-
ble conditions. Normally, functional in vive or serum half-life is increased when clcarance, pro-
tealytic degradation and/or inhibition of the polypeptide is decrcased. Thus, preferred conju-
gates are such conjugates, which, in their activated form, has an increased functional in vive
half-life or an increased serum half-life as compared to human APC. Particular preferred conju-
gates are such conjugates where the ratio between the serum half-life (or functional in vivo half-
life) of said conjugate and the serum half-life (or functional ir vivo half-life) of human APC is
at least 1.25, more preferably at least 1.50, such as at least 1.75, e.g. at least 2, even more pref-
erably at least 3, such as at least 4, e.g. at least 5, most preferably at least 6, such as at least 7,
e.g. at least 8, at least 9 or at least 10.

Clearance mechanisms of relevance for a polypeptide or conjugate of the invention
may include one or more of the reticuloendothelial systems (RES), kidney, spleen or liver, re-
ceptor-mediated degradation, or specific or non-specific proteolysis. The term “renal clearance
is used in its normal meaning to indicate any clearance taking place by the kidneys, e.g. by
glomerular filtration, tubular excretion or tubular elimination. Normally, renal clearance de-
pends on physical characteristics of the conjugate, including molecular weight, size (relative to
the cutoff for glomerular filtration), symmetry, shape/rigidity and charge. A molecular weight
of about 67 kDa is normally considered to be a cut-off-value for renal clearance. Renal clear-
ance may be measured by any suitable assay, e.g. an established in vivo assay. For instance,
renal clearance may be determined by administering a labelled (e.g. radiolabelled or fluores-

cence labelled) polypeptide conjugate to a paticnt and measuring the label activity in urine col-
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lected from the patient. Reduced renal clearance is determined relative to the reference mole-
cule, such as APC.

The term “activity”, “APC activity” or “activated protein C activity” is intended to in-
dicate that the conjugate of the invention, in its activated form, retain the essential properties of
APC. .

A suitable in vitro APC activity assay (entitled “APC Amidolytic Assay”) is described
in Example 9 herein. Thus, more particularly, a conjugate of the present invention is classified
as having “APC activity” if the conjugate, in its activated form, has an activity of at least 10%
of the human APC activity when tested in the “APC Amidolytic Assay” described in Example 9
herein. Preferably, the conjugate has an activity of at least 20% of the human APC activity,
such as an activity of at least 30% of the human APC activity, more preferably the conjugate
has an activity of at least 40% of the human APC activity, such as an activity of at least 50% of
the human APC activity, even more preferably the conjugate has an activity of at least 60% of
the human APC activity, e.g. an activity of at least 70% of the human APC activity, most pref-
erably the conjugate has an activity of at least 8(% of the human APC activity, such as an activ-
ity of at least 90% of the human APC activity. In a very interesting embodiment, the conjugate
has am activity, when tested in the “APC Amidolytic Assay” described in Example 9 herein,
which is essentially the same or higher than the activity of human APC. It will be understood
that the conjugate of the invention and the wild-type human APC should be assayed under iden-
tical conditions, i.e. the concentration of both proteins should be identical when assayed as de-
scribed in Example 9 herein.

Alternatively, the “APC activity” may be measured in the in vitro assay entitled “APC
Clotting Assay” described in Example 10 herein. More particularly, a conjugate of the present
invention is classified as having “APC activity” if the conjugate, in its activated form, has an
anticoagulant activity of at least 5% of the human APC anticoagulant activity when tested in the
“APC Clotting Assay” described in Example 10 herein. Preferably, the conjugate has an antico-
agulant activity of at least 10% of the human APC anticoagulant activity, such as an anticoagu-
lant activity of at least 20% of the human APC anticoagulant activity, e.g. an anticoagulant ac-
tivity of at least 30%, more preferably the conjugate has an anticoagulant activity of at least
40% of the human APC anticoagulant activity, such as an anticoagulant activity of at least 50%
of the human APC anticoagulant activity, even more preferably the conjugate has an anticoagu-
lant activity of at least 60% of the human APC anticoagulant activity, e.g. an anticoagulant ac-

tivity of at least 70% of the human APC anticoagulant activity, most preferably the conjugate
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has an anticoagulant activity of at least 80% of the human APC anticoagulant activity, such as
an anticoagulant activity of at least 90% of the human APC anticoagulant activity. In a very
interesting embodiment, the conjugate has an anticoagulant activity, when tested in the “APC
Clotting Assay” described in Example 10 herein, which is essentially the same or higher than
the anticoagulant activity of human APC. Examples of typical PC activity intervals are, for ex-
ample 5-75% of the human APC anticoagulant activity, such as 10-50% of the human APC
anticoagulant activity, such as 10-40% of the human APC anticoagulant activity. It will be un-
derstood that the conjugate of the invention and the wild-type human APC should be assayed
under identical conditions, i.e. the concentration of both proteins should be identical when as-
sayed as described in Example 10 herein.

The terms "increased resistance towards inactivation by alpha- 1-antitrypsin” and “in-
creased resistance towards inactivation by human plasma”, respectively, are primarily intended
to mean a conjugate of the invention which is inhibited by alpha-1-antitrypsin or human
plasma, respectively, to a lesser degree than human APC. In order to enable the skilled person,
at an early stage of his development work, to select effective and preferred conjugates, the pre-
sent inventors have developed suitable preliminary tests, which can easily be carricd out by the
skilled person in order to initially assess the performance of the conjugate in question. Thus, the
“Alpha-1-Antitrypsin Inactivation Assay” (described in Example 11 herein), the “Human
Plasma Inactivation Assay [” (described in Example 12 herein) and the “Human Plasma Inacti-
vation Assay II” (described in Example 13 herein) may be employed to initially assess the
potential of a selected conjugate. Using either the first, the second, the third or all of these tests,
the suitability of a selected conjugate to resist inactivation by either alpha-1-antitrypsin and/or
human plasma can be assessed, the rationale being that if a conjugate is strongly inhibited by
either alpha-1-antitrypsin or human plasma, or both, it is normally not necessary to carry out
further test experiments.

Therefore, a conjugate, which is particular interesting for the purposes described
herein, is a conjugate which, in its activated form, has a residual activity of at least 20% when
tested in the “Alpha-1-Antitrypsin Inactivation Assay” described in Example 11 herein using an
inhibitor concentration of 16.6 uM. Preferably, the conjugate has a residual activity of at Jeast
30%, such as a residual activity of at least 40%, more preferably the conjugate has a residual
activity of at least 50%, such as a residual activity of at least 60%, even more preferably the
conjugate has a residual activity of at least 70%, such as a residual activity at least 75%, most

preferably the conjugate has a residual activity of at least 80%, such as at least 85%.

-19-




("3

10

15

20

30

WO 02/32461 PCT/DKO1/00679
17

Alternatively, or in addition to the above-mentioned test, the suitability of a selected
conjugate may be tested in the “Human Plasma Inactivation Assay I’ Thus, a conjugate which
is particular interesting for the purposes described herein, is a conjugate which, in its activated
form, has a residual activity of at least 20% when tested in the “Human Plasma Inactivation
Assay [” described in Example 12 herein. Preferably, the conjugate has a residual activity of at
least 30%, such as a residual activity of at least 40%, more preferably the conjugate has a resid-
ual activity of at least 50%, such as a residual activity of at least 60%, even more preferably the
conjugate has a restdual activity of at least 70%, such as a residual activity at least 75%.

Alternatively, or in addition to the above-mentioned test(s), the suitability of a selected
conjugate may be tested in the “Human Plasma Inactivation Assay II”. Thus, a conjugate which
is particular interesting for the purposes described herein, is a conjugate where the ratio be-
tween the in vizro half-life of said conjugate, in its activated form, and the in vitro hall-life of
human APC is at least 1.25 when tested in the “Human Plasma Inactivation Assay II” described
in Example 13 herein, preferably at least 1.5, such as at least 2, more preferably at least 3, such
as at least 4, even more preferably at least 5, such as at least 6, most preferably at least 7, such
as at least 8, in particular at least 9, such as at least 10.

The term “reduced immunogenicity” is intended to indicate that the conjugate gives
rise to a measurably lower immune response than a reference molecule, e.g. wild-type human
APC or wild-type human protein C, as determined under comparable conditions. The immune
response may be a cell or antibody mediated response (see, e.g., Roitt: Essential Immunology
(8th Edition, Blackwell) for further definition of immunogenicity). Normally, reduced antibody
reactivity is an indication of reduced immunogenicity. Reduced immunogenicity may be deter-
mined by use of any suitable method known in the att, e.g. in vivo or in vitro.

The terms “at least 25% of its side chain exposed to the surface” and “at least 50% of
its side chain exposed to the surface” are defined with reference to Example 1, where the calcu-

lations, etc. are described in detail.

Conjugate of the invention

The conjugates of the present invention are the result of a generally new strategy for
developing improved protein C molecules. More specifically, by removing and/or introducing
an amino acid residue comprising an attachment group for the non-polypeptide moiety it is pos-
sible to specifically adapt the polypeptide so as to make the molecule more susceptible to con-

jugation to the non-polypeptide moiety of choice, to optimize the conjugation pattern, e.g. to
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ensure an optimal distribution and number of non-polypeptide moieties on the surface of the
protein C molecule and to ensure that only the attachment groups intended to be conjugated is
present in the molecule, and thereby obtain a new conjugate molecule, which has APC activity
and in addition one or more improved properties as compared to protein C molecules available
today. For instance, when the total number of amino acid residues comprising an attachment
group for the non-polypeptide of choice is increased or decreased to an optimized level, the
renal clearance of the conjugate is typically significantly reduced due to the altered shape, size
and/or charge of the molecule achieved by the conjugation. Furthermore, we have found that it
is possible to design the attachment of a non-polypeptide moiety to an attachment group in the
polypeplide part of the conjugate so that inactivation by human plasma or certain inhibitors,
such as alpha-1-antitrypsin, is significantly reduced (see below).

The amino acid residue comprising an attachment group for 2 non-polypeptide moiety,
either it be remaved or introduced, is selected on the basis of the nature of the non-polypeptide
moiety of choice and, in most instances, on the basis of the method in which conjugation be-
tween the polypeptide and the non-polypeptide moiety is to be achieved. For instance, when the
non-polypeptide moiety is a polymer molecule such as a polyethylene glycol or polyalkylene
oxide derived molecule amino acid residues comprising an attachment group may be selected
from the group consisting of lysine, cysteine, aspartic acid, glutamic acid, histidine, and tyro-
sine, preferably cysteine and lysine, in particular lysine. When the non-polypeptide moiety is a
sugar moiety the attachment group is, e.g., an in vive glycosylation site, preferably an N-
glycosylation site.

Whenever an attachment group for a non-polypeptide moiety is to be introduced into
or removed from the protein C polypeptide in accordance with the present invention, the posi-
tion of the polypeptide to be modified is conveniently selected as follows:

The position is preferably located at the surface of the protein C polypeptide, and more
preferably occupied by an amino acid residue having more than 25% of its side chain exposed
to the surface, such as more than 50% of its side chain exposed to the swrface. Such positions
have been identified on the basis of an analysis of a 3D structure of the human wild-type APC
molecule as described in the Methods section herein. Furthermore, homologous positions in
non-human APC polypeptides (including variants thereof) comprising an amino acid sequence
being homologous to that of wild-type human protein C may easily be determined by suitable

alignment of the respective sequences or 3D structures.
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Tn order to determine an optimal distribution of attachment groups, the distance be-
tween amino acid residues located at the surface of the polypeptide is calculated on the basis of
a 3D structure of the polypeptide. More specifically, the distance between the CB’s of the
amino acid residues comprising such attachment groups, or the distance between the functional
group (NZ for lysine, CG for aspartic acid, CD for glutamic acid, SG for cysteine) of one and
the CB of another amino acid residue comprising an attachment group are determined. In case
of glycine, CA is used instead of CB. In the polypeptide part of a conjugate of the invention,
any of said distances is preferably more than 8 A, in particular more than 10A in order to avoid
or reduce heterogeneous conjugation.

The total number of amino acid residues to be altered in accordance with the present
invention, e.g. as described in the subsequent sections herein, (as compared to the parent protein
C molecule) will typically not cxceed 15. The exact number of amino acid residues and the type
of amino acid residues to he introduced depends, inter alia, on the desired nature and degree of
conjugation (e.g. the identity of the non-polypeptide moiety, how many non-polypcptide moie-
ties it is desirable or possible to conjugate to the polypeptide, where in the polypeptide conjuga-
tion should be performed or avoided, etc.). Preferably, the polypeptide part of the conjugate of
the invention or the polypeptide of the invention comprises an amino acid sequence which dif-
fers in 1-15 amino acid residues from the amino acid sequence shown in SEQ ID NO:4, such as
in 1-8 or 2-8 amino acid residues, e.g. in 1-5 or 2-5 amino acid residues. Thus, normally the
polypeptide part of the conjugate or the polypeptide of the invention comprises an amino acid
sequence which differs from the amino acid sequence shown in SEQ IDNO:4in 1,2, 3,4, 5,6,
7,8,9,10, 11, 12, 13, 14 or 15 amino acid residues.

Preferably, the conjugate of the invention has one or more improved properties as
compared to wild-type human APC, including increased functional in vivo half-life, increased
serum half-life, increased resistance to inhibitors, reduced renal clearance, reduced
immunogenicity and/or increased bioavailability. It is contemplated that a conjugate of the pre-
sent invention offers a number of advantages over the currently available APC products, includ-
ing longer duration between injections, administration of less protein, and fewer side effects.
Furthermore, a reduced anticoagulant activity might be beneficial for reducing the risk of bleed-
ing while maintaining the anti-inflammatory effect of the APC conjugates. This might be espe-
cially important when the conjugate has an extended plasma half-life. These new properties
should enhance the anti-inflammatory effect compared to the anticoagulant activity allowing a

more effective and safe treatment.
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Typically, the conjugate according to the invention has a molecular weight of at least
about 67 kDa, preferably at least about 70 KDa, although a lower molecular weight may also
give rise to a reduced renal clearance. Polymer molecules, such as PEG, or introduced glycosy-
lation sites have been found to be particularly useful for adjusting the molecular weight of the
conjugate.

The conjugate of the invention comprises a sufficient number or type of non-
polypeptide moieties to improve one or more of the above mentioned desired properties of the
protein C polypeptide. Normally a conjugate of the invention comprises 1-10 first non-
polypeptide moieties, in particular -8 or 1-5 first non-polypeptide moieties.

The conjugate of the invention may further comprise at least one second non-
polypeptide moiety which is different from said first non-polypeplide moiety. For instance, the
conjugate of the invention may comprise 1-10 second non-polypeptide moieties, in particular 1-
8 or 1-5 second non-polypeptide moieties. For instance, when the [irst non-polypeptide moiety
is a sugar moiety, in particular an in vivo attached sugar moiety, a second non-polypeptide moi-
ety of interest could be a polymer of the PEG type. The in vivo attached sugar moiety may be
attached to a naturally occurring in vivo glycosylation site of the polypeptide, or an introduced
site.

In a very interesting embodiment of the invention the non-polypeptide moiety is intro-
duced in the active site region of protein C, the rationale being that introduction of a non-
polypeptide moiety or moieties in this particular region of the protein C molecule will impair
binding of inhibitors (such as alpha-1-antitrypin) to APC while still retaining a substantial APC
activity. This, in turn, has the consequence that such conjugates will exhibit a significantly pro-
tonged half-life compared to wild-type human APC since elimination of the inhibitor/APC
complex via hepatic receptors is avoided or at least reduced. Selection of amino acid residues,
which are located in the active site region of protein C is described in detail in Example 2
herein.

When used herein the term “active site region” is defined with reference to Example 2
herein, where the actual amino acid residues which constitute the active site region are shown.

In a particular preferred embodiment of the invention, an attachment group for a non-
polypeptide moiety is introduced in a position of the active site region which is occupied by an
amino acid residue having at least 25% of its side chain exposed to the surface (see Example 3
herein), i.e. an attachment group for a non-polypeptide moiety is introduced in a position se-

lected from the group consisting of D172, D189, $190, K191, K192, K193, D214, E215, 5216,
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K217, K218,1.220, V243, V245, N248, 8250, K251, $252, T253, T254, D255, L.296, Y302,
H303, 3304, 3305, R306, E307, K308, E309, A310, K311, R312, N313, R314, T315, F316,
V334, 8336, N337, M338, 1348, 1349, D351, R352, E357, E382, G383, 386, L387 and H388
(H211 and C384 being excluded). Preferably, the introduced attachment group is an attachment
group for a sugar moiety, in particular an in vivo N-glycosylation site (see the section entitled

Conjugate of the invention where the non-polypeptide moiety is a sugar moiety).

Conjugate of the invention where the non-polypeptide moiety is a sugar moiety

As explained above, in a preferred embodiment the present invention relates to a con-
jugate comprising at least one introduced glycosylation site, in particular an i vivo N-
glycosylation site, covalently attached to a protein C polypeptide that comprises an amino acid
sequence which differs {rom a parent protein C polypeptide, in particular from the amino acid
sequence shown in SEQ ID NO:4 or 4 variant thereof, in at least one introduced glycosylation
sile,

Preferably, the glycosylation site is introduced in a position, which is occupied by an
amino acid residue having at least 25% of its side chain exposed to the surlace, such as at least
50% of its side chain exposed to the surface. Such amino acid residues are identified in Exam-
ple 1 herein. It should be understood that when the term “at least 25% (or at least 50%) of its
side chain exposed to the surface” is used in connection with introduction of an in vive N-
glycosylation site this term refers to the surface accessibility of the amino acid side chain in the
position where the sugar moiety is actually attached. In many cases it will be necessary to in-
troduce a serine or a threonine residue in position +2 relative to the asparagine residue to which
the sugar moiety is actually attached (unless, of course, this position is already occupied by a
serine or a threonine residue) and these positions, where the serine or threonine residues are
introduced, are allowed to be buried, i.e. to have less than 25% of their side chains exposed to
the surface.

In order to impair the binding of inhibitors, such as alpha-1-antitrypsin, to APC the
glycosylation site is preferably introduced in a position which is within the active site region
(defined in Example 2 herein) and which is occupied by an amino acid residue having at least
25% of its side chain exposed to the surface (defined in Example 3 herein), i.e. the introduced
in vivo N-glycosylation site is preferably selected from the group consisting of D172N+K174S,
D172N+K174T, D189IN+K191S, D189N+K191T, S190N+K192S, S190N+K192T,
K19IN+K193S, K19IN+K193T, K192N+L.194S, K192N+L194T, K193N+A1958S,
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K193N+A195T, D214N, D214N+S216T, E215N+K217S, E215N+K217T, S216N+K218S,
S216N+K218T, K217N+L219S, K217N+L219T, K218N+1.2208, K218N+L220T,
L220N+R222S, L220N+R222T, V243N+V2458, V243N+V245T, V245N+P2478,
V245N+P247T, S250N, S250N+8252T, K251N, K251N+T2538, S252N, S252N+T2548,
T253N+D2558, T253N+D255T, T254N+N256S, T254N+N256T, D255N+D2578,
D255N+D257T, L296N, L296N+T298S, Y302N, Y302N+5304T, H303N, H303N+S305T,
S304N+R306S, S304N+R306T, S305N+E307S, S305N+E307T, R306N+K308S,
R306N+K308T, E307N+E309S, E307N+E309T, K308N+A310S, K308N+A310T,
E309N+K3118, E309N+K311T, A310N+R312S, A310N+R312T, R312N+R3148,
R312N+R314T, T315N+V317S, T315N+V317T, F316N+L3188S, F316N+L318T, V334N,
V334N+S336T, S336N+M338S, S336N+M338T, V3398, V339T, M338N, M338N+3340T,
1348N+G3508, 1348N+G350T, L349N+D351S, L349N+D351T, D351N+Q3538,
D351N+Q353T, R352N+D3548, R352N+D354T, E357N+D3598, E357N+D359T,
(G383N+G385S, G383N+G385T, L386N+H388S, L386N-+H388T, L387N+N389S,
L387N+N389T, H388N+Y390S and H388N+Y390T.

More preferably, the introduced in vivo N-glycosylation site is selected from the group
consisting of SI90N+K1928, S190N+K192T, K19IN+K193S, K191N+K193T,
DI189N+K191S, D18IN+K191T, D214N, D214N+5216T, K217N+L219S, K217N+L219T,
K251N, K251N+T2538, S252N, S$252N+T2548, T253N+D255S, T253N+D255T, Y302N,
Y302N+S304T, S305N-+E307S, S305N+E307T, E307N+E309S, E307N+E309T,
§336N+M3388S, S336N+M338T, V3398, V339T, M338N, M338N+S340T, G383N+G3858,
G383N-+G385T, L386N-+H388S and L386N-+H388T.

Bven more preferably the introduced in vivo N-glycosylation site is selected from the
group consisting of D189N+K191T, K191IN+K193T, D214N, K251N, S252N, T253N+D255T,
Y302N, S305N+E307T, S336N+M338T, V339T, M338N, G383N+G385T, and most prefera-
bly the introduced in vivo N-glycosylation site is selected from the group consisting of
D18IN-+K191T, K191IN+K193T, D214N, T253N+D255T, S305N+E307T, S336N+M338T,
M338N, G383N-+G385T and L386N+H388T. In a particular preferred embodiment the intro-
duced in vive N-glycosylation site is selected from the group consisting of D18ON+K191T,
D214N and L386+H388T.

As explained above, the increased resistance towards inactivation by alpha-1-

antitrypsin and/or human plasma may be determined and assessed by the “Alpha-1-Antritrypsin
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Inactivation Assay”, the “Human Plasma Inactivation Assay I” or the “Human Plasma Inactiva-
tion Assay II” disclosed hercin.

The conjugate of the invention may contain a single in vivo glycosylation site (in addi-
tion to the already present glycosylation sites at positions 97, 248, 313 and 329). However, in
order to obtain efficient shielding of protease cleavage sites on the surface of the parent poly-
peptide and/or to efficiently impair inhibitor binding, it is often desirable that the polypeptide
part of the conjugate comprises more than one in vivo glycosylation site, in particular 2-5 (addi-
tional) in vivo glycosylation sites, such as 2, 3, 4 or 5 (additional) in vivo glycosylation sites,
preferably introduced by one or more of the substitutions described in any of the above lists.

Furthermore, the amino acid sequence of a polypeptide having at least one of the
above mentioned in vivo N-glycosylation site modifications may differ from that of the parent
polypeptide in thal at least one cysteine residue has been introduced as identified above in the
section entitled “Conjugate of the invention having a non-polypeptide moiety attached 1o a cys-
teine residue”, or at least one non-cysteine residue has been introduced as identified above in
the section entitled “Conjugate of the invention having a non-polypeptide moiety attaching 10 a
non-cysteine residue’”.

Mareover, the polypeptide part of the conjugate of the invention may contain addi-
tional mutations, which are known to be advantageous. For example, in addition to the glycosy-
lation sites discussed above, the polypeptide part of the conjugate may contain a substitution in
a position selected from the group consisting of L194, A195, 1228, Y249 and combinations
thereof, in particular L.194S, L194S+T245S and L194A+T254S (see WO 00/66754). Other ex-
amples of preferred additional substitutions include substitution or introduction of one or more
glycosylation site(s) at or near positions known to be susceptible to proteolytic degradation.
One position that is known to be susceptible to proteolytic degradation is H10 of wild-type hu-
man APC (see WO 98/48822).

It will be understood that in order to prepare a conjugate according to this aspect of the
invention, the polypeptide must be expressed in a glycosylating host cell capable of attaching
sugar moieties at the glycosylation sites or alternatively subjected to ir vitro glycosylation. Ex-
amples of glycosylating host cells are given in the section below entitled “Coupling to a sugar

moiety”.

Conjugate of the invention wherein the non-polypeptide moiety is aitached to a cysteine residue
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In another embodiment of the invention, the present invention relates to a conjugate
comprising at least one non-polypeptide moiety, in particular a polymer molecule, covalently
attached to a protein C polypeptide that comprises an amino acid sequence which differs from a
parent protein C polypeptide, in particular from the amino acid sequence shown in SEQ ID
NO:4 or a variant thereof, in at least one cysteine residue has been introduced and/or removed,
in particular introduced. Thus, in an interesting embodiment of the invention the non-
polypeptide moiety has cysteine as an attachment group. Preferably, the cysteine attachment
group i8 introduced in a position which is occupied by an amino acid residue having at least
25% of its side chain exposed (o the surface, such as at least 50% of its side chain exposed to
the surface. Such amino acid residues are identified in Example 1 herein. Of particular interest
among these positions are positions that in the parent polypeptide are occupied by a T or an S
residue, preferably an S residue. In accordance herewith, an interesting cysteine-modified con-
jugate is one, wherein a cysteine residue has been introduced into at least one position selected
from the group consisting of $3, S11, $12, T37, 842, S61, T68, 875, S77, S82, $99, S119,
S153, S190, 5216, $252, T253, T268, S270, S281, $304, 8305, T315, $332, $3306, 5340, 8367,
and $416, and more preferably from the group consisting of S3, 811, $12, 842, 861, S75, §77,
$82, 899, S119, S153, $190, S216, $252, 8270, 8281, $304, $305, $332, 8336, $340, $367
and S416.

In a similar way as described above (see the section entitled “Conjugate of the inven-
tion where the non-polypeptide moiety is a sugar moiety” the cysteine residue is preferably in-
troduced in a position which is within the active site region (defined in Example 2 herein) and
which is occupied by an amino acid residve having at least 25% of its side chain exposed to the
surface (defined in Example 3 herein), i.e. the cysteine residue is preferably introduced in a
position selected from the group consisting of D172, D189, $190, K191, K192, K193, D214,
E2185, 8216, K217, K218, 1.220, V243, V245, 250, K251, §252, T253, T254, D255, 1.296,
Y302, H303, S304, S305, R306, E307, K308, E309, A310, R312, T315, F316, V334, 5336,
V339, M338, 1348, 1.349, D351, R352, E357, G383, E385, L386, 1387 and H388. More pref-
erably, the cysteine residue is introduced in a positions selected from the group consisting of
D189, S190, K191, D214, K217, K251, 8252, T253, Y302, $305, E307, $336, V339, M338,
G383 and 1.386.

The polypepiide part of the conjugate according to this embodiment typically com-
prises 1-10 introduced cysteine residues, in particular 1-5 or 1-3 introduced cysieine residues,

e.g. 1,2 or 3 introduced cysteine residues.

27-




15

20

30

WO 02/32461 PC'T/DK01/00679
25

While the non-polypeptide moiety of the conjugate according to this aspect of the in-
vention may be any molecule which, when using the given conjugation method has a cysteine
residue as an attachment group (such as an polymer moiety, a lipophilic group or an organic
derivatizing agent), it is preferred that the non-polypeptide moiety is a polymer molecule, e.g.
any of the molecules mentioned in the section entitled “Conjugation to a polymer molecule”.
Preferably, the polymer molecule is selected from the group consisting of linear or branched
polyethylene glycol or polyalkylene oxide. Most preferably, the polymer molecule is PEG, such
as VS-PEG. The conjugation between the polypeptide and the polymer may be achieved in any
suitable manner, e.g. as described in the section entitled “Conjugation to a polymer molecule”,
e.g. by using a one step method or by the stepwise manner referred to in said section. When the
polypeptide comprises only one conjugatable cysteine residue, this is preferably conjugated to a
first non-polypeptide moiety with a molecular weight of at least about 10kDa or at least about
15kDa, such as a molecular weight of about 12kDa, about 15kDa or about 20kDa, either di-
recily conjugated or indirectly through a low molecular weight polymer (as disclosed in WO
99/55377). When the conjugate comprises two or more first non-polypeptide moieties, normally
cach of these has a molecular weight of about 5kDa, about 10kDa ot about 12kDa.

The conjugate according to this embodiment may comprise at least one second non-
polypeptide moiety, such as 1-10, 1-8, 1-5 or 1-3 such moieties. When the first non-polypeptide
moiety is a polyalkylene oxide or PEG derived polymer, the second non-polypeptide moiety is
preferably a sugar moiety, in particular an iz vivo attached moiety. The sugar moiety may be
present at one or more of the naturally-occurring glycosylation sites present in the parent poly-
peptide, or at an introduced glycosylation site. Suitable introduced glycosylation sites, in par-
ticular N-glycosylation sites, are described in the section entitled “Conjugate of the invention
wherein the non-polypeptide moiety is a sugar moiety”.

Moreover, the polypeptide part of the conjugate of the invention may contain addi-
tional mutations, which are known to be advantageous. For example, in addition to the intro-
duced cysteine residues discussed above, the polypeptide part of the conjugate may contain a
substitution in a position selected from the group consisting of L194, A195, 1228, Y249 and
combinations thereof, in particular 11948, L194S+1245S and L194A+T1254S (sce WO
00/66754). Other cxamples of preferred additional substitutions include substitution or intro-
duction of onc or more cysteine residue(s) at or near positions known to be susceptible to prote-
olytic degradation. One position that is known to be susceptible to protcolytic degradation is
H10 of wild-type human APC (sec WO 98/48822).

-28-




20

25

30

WO 02/32461 PC'T/DK01/00679

26

Conjugate of the invention wherein the non-polypeptide moiety is attached to a non-cysteine
moiety

Based on the present disclosure the skilled person will be aware that amino acid resi-
dues comprising other attachment groups may be introduced by substitution into the parent
polypeptide, using the same approach as that illustrated above with glycosylation sites and cys-
teine residues. For instance, one or more amino acid residues comprising an acid group (glu-
tamic acid or aspartic acid), tyrosine, serine or lysine may be introduced into the positions dis-
cussed above (see the sections entitled “Conjugate of the invention where the non-polypeptide
moiety is a sugar moiety™ and “Conjugate of the invention wherein the non-polypeptide moiery

is attached to a cysteine residue™).

Polypeptide variants of the invention

In a further aspect the present invention relates to generally novel variants of parent
protein C polypeptides. The novel variants are important intermediate compounds for the prepa-
ration of conjugates of the invention. In addition, and as will be apparent from the below disclo-
sure and from the examples provided herein, the variants themselves have interesting proper-
ties.

Thus, in its broadest aspect the present invention relates to novel variants of a parent
protein C polypeptide, where the variants constitute the polypeptide part, more particularly the
APC part, of the conjugates of the invention, As will be evident from the examples provided
herein, it has been found that some variants, wherein one or more glycosylation sites were in-
troduced, but not utilized, has interesting properties, in particular with respect to increased re-
sistance towards inhibition by alpha-1-antitrypsin and increased resistance towards inactivation
by human plasma. These variant comprises at least one substitution in the active site region (as
defined in Example 2 herein), in particular they comprise a substitution of an amino acid resi-
due, which is located in the active site region and which has at least 25% of its side chain ex-
posed to the surface (as defined in Example 3 herein). Thus, preferred variants according (o this
aspect of the invention comprises a substitution in a position selected from the group consisting
of D172, D189, 8190, K191, K192, K193, D214, E215, S216, K217, K218, 1220, V243, V245,
$250, K251, S252, T253, T254, D255, 1.296, Y302, H303, S304, S305, R306, E307, K308,
E309, A310, R312, T315, F316, V334, S336, N337, M338, 1348, 1349, D351, R352, E357,
E382, G383, 1386, L387 and H388, with the proviso that the substitution is not selected from
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the group consisting of T254S, T254A, T254H, T254K, T254R, T254N, T254D, T254E,
T254G, T254Q, Y3028, Y302A, Y302T, Y302H, Y302K, Y302R, Y302N, Y302D, Y302E,
Y302G, Y302Q, F316S, F316A, F316T, F316H, F316K, F316R, F316N, F316D, F316E,
F316G and F316Q.

As is evident from the above list of positions, which are located in the active site re-
gion and, at the same time, has at least 25% of its side chain exposed to the surface, a signifi-
cant amount of the these positions are occupied by charged amino acid residues. Analysing the
three-dimensional structure of protein C, in particular the above-identified region, it can be ob-
served that at least some of the charged residues interact with each other. For example, K251 is
believed to form a salt bridge to D214. Moreover, it can be seen that a cluster of negatively
charged amino acid residues (D214, B215 and E357) is present. Without being bound by any
particular theory it is contemplated that the charged amino acid residues within the above-
identified region, or at least some of the charged amino acid residues within this particular re-
gion, are important for capturing and/or binding the substrate/inhibitor. Therefore, amino acid
substitutions which are particular interesting according to this aspect of the present invention
are constituted by such an amino acid substitutions, wherein a charged amino acid residue,
which is located in the active site region and, at the same time, has at least 25% of its side chain
exposed to the surface, is substituted with an amino acid residue having no charge, in particular
an amino acid residue having no charge but a polar side chain (Gly, Ser, Thr, Cys, Tyr, Asn or
Gln), as well as amino acid substitutions, wherein a charged amino acid residue, which is lo-
cated in the active site region and, at the same time, has at least 25% of its side chain exposed to
the surface, is substituted with an amino acid residue having an opposite charge.

Specific examples of amino acid substitutions, wherein the charge of the amino acid
residue in question is changed to an opposite charge, include D172K, D172R, D189K, D189R,
K191D, K191E, K192D, K192E, K193D, K193E, D214K, D214R, E215K, E215R, K217D,
K217E, K218D, K218E, K251D, K251E, D255K, D255R, R306D, R306E, E307K, E307R,
K308D, K308E, E309K, E309R, R312D, R312E, D351K, D351R, R352D, R352E, E357K,
E357R, E382K and E382R, such as D214K, D214R, E215K, E215R, K251D, K251E, E357K
and E357R, e.g. D214K, D214R, K251D and K251E.

Other specific examples of amino acid substitutions, wherein the charged amino acid
residue in question is substituted with an amino acid side chain having a polar side chain, in-
clude D172G/S/T/CIY/N/Q, D18SG/SIT/C/Y/N/Q, K191G/S/T/CIYIN/Q,
K192G/SITIC/Y/N/Q, K193G/S/T/C/Y/N/Q, D214G/S/T/CIYINIQ, E215G/SITIC/YIN/Q,
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K217G/SITIC/YIN/Q, K218G/S/T/C/IY/N/Q, K251G/S/T/C/Y/N/Q, D255G/S/T/CIY/IN/Q,
R306G/S/T/C/Y/N/Q, E307G/S/T/IC/Y/N/Q, K308G/S/T/CIY/N/Q, E309G/S/T/C/Y/NIQ,
R312G/S/T/C/Y/N/Q, D351G/S/TICIYIN/Q, R352G/S/T/CIY/N/Q, E35TG/SIT/C/Y/N/Q and
E382G/S/T/C/Y/N/Q, such as D214G/S/T/C/YIN/Q, E215G/S/TIC/Y/N/Q,
K251G/S/T/C/Y/N/Q and E357G/S/TIC/YIN/Q, e.g. D214Q, E215Q, K251Q and E357Q, in
particular K251Q. Another interesting substitution may be K251N+T253A.

Further specific examples of interesting substitutions include the substitutions dis-
closed in the sections entitled “Conjugate of the invention where the non-polypeptide moiety is
a sugar moiety” and “Conjugute of the invention wherein the non-polypeptide moiety is al-
tached to u cysteine residue”, in particular the substitutions selected from the group consisting
of K251N, $252N, Y302N and S190+K192T, especially K251N and S252N, most preferably
K251N.

As will be understood, details and particulars concerning the conjugates of the inven-
tion (e.g. activation of protein C, number of substitutions, formulation of conjugates, indica-
tions for which the conjugates may be used, increased resistance towards inactivation by alpha-
1-antitrypsin and human plasma, etc.) will be the same or analogous to the variant aspect of the
invention, whenever appropriate. Thus, statements and details concerning the conjugates of the
invention will apply mutatis mutandis to the protein C variants disclosed herein, whenever ap-

propriate.

Non-polypeptide moiety of the conjugate of the invention

As indicated further above the non-polypeptide moiety of the conjugate of the inven-
tion is preferably selected from the group consisting of a polymer molecule, a lipophilic com-
pound, a sugar moiety (by way of in vivo glycosylation) and an organic derivatizing agent. All
of these agents may confer desirable properties to the polypeptide part of the conjugate, in par-
ticular increased functional in vive half-life and/or increased plasma half-life. The polypeptide
part of the conjugate is normally conjugated to only one type of non-polypeptide moiety, but
may also be conjugated to two or more different types of non-polypeptide moieties, e.g. to a
polymer molecule and a sugar moiety, to a lipophilic group and a sugar moiety, to an organic
derivatizing agent and a sugar moiety, to a lipophilic group and a polymer molecule, etc. The
conjugation to two or more different non-polypeptide moieties may be done simultancous or

sequentially.
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Methods of preparing a conjugate of the invention

In the following scctions “Conjugation to a lipophilic compound”, “Conjugation to a
polymer molecule”, “Conjugation to a sugar moiety” and “Conjugation to an organic derivai-
izing agent” conjugation to specific types of non-polypeptide moieties is described. In general,
a polypeptide conjugate according to the invention may be produced by culturing an appropri-
ate host cell under conditions conducive for the expression of the polypeptide, and recovering
the polypeptide, wherein a) the polypeptide comprises at least one N- or O-glycosylation site
and the host cell is an eukaryotic host cell capable of in vivo glycosylation, and/or b) the poly-
peptide is subjected to conjugation fo a non-polypeptide moiety in vitro.

It will be understood that the conjugation should be designed so as to produce the op-
timal molecule with respect to the number of non-polypeptide moieties attached, the size and
form of such molecules (e.g. whether they are linear or branched), and the attachment site(s) in
the polypeptide. The molecular weight of the non-polypeptide moiety to be used may e.g. be
chosen on the basis of the desired effect to be achieved. For instance, if the primary purpose of
the conjugation is to achieve a conjugate having a high molecular weight (e.g. to reduce renal
clearance) it is usually desirable to conjugate as few high molecular weight non-polypeptide
moieties as possible to obtain the desired molecular weight. When a high degree of shielding is
desirable this may be obtained by use of a sufficiently high number of low molecular weight
non-polypeptide moieties (e.g. with a molecular weight of from about 300 Da to about 5 kDa,

such as a molecular weight of from 300 Da to 2 kDa).

Conjugation to a polymer molecule

The polymer molecule to be coupled to the polypeptide may be any suitable polymer
molecule, such as a natural or synthetic homo-polymer or hetero-polymer, typically with a mo-
lecular weight in the range of about 300-100,000 Da, such as about 500-20,000 Da, more pref-
erably in the range of about 500-15,000 Da, even more preferably in the range of about 2-12
kDa, such as in the range of about 3-10 kDa. When the term “about” is used herein in connec-
tion with a cestain molecular weight, the word “about” indicates an approximate average mo-
lecular weight and reflects the fact that there will normally be a certain molecular weight distri-
bution in a given polymer preparation.

Examples of homo-polymers include a polyol (i.e. poly-OH), a polyamine (i.e. poly-
NH,) and a polycarboxylic acid (i.e. poly-COOH). A hetero-polymer is a polymer comprising

different coupling groups, such as a hydroxyl group and an amine group.
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Examples of suitable polymer molecules include polymer molecules selected from the
group consisting of polyalkylene oxide (PAO), including polyalkylene glycol (PAG), such as
polyethylene glycol (PEG) and polypropylene glycol (PPG), branched PEGs, poly-vinyl alcohol
(PVA), poly-carboxylate, poly-(vinylpyrolidone), polyethylene-co-maleic acid anhydride, poly-
styrene-co-maleic acid anhydride, dextran, including carboxymethyl-dextran, or any other bio-
polymer suitable for reducing immunogenicity and/or increasing functional in vivo half-life
and/or serum half-life. Another example of a polymer molecule is human albumin or another
abundant plasma protein. Generally, polyalkylene glycol-derived polymers are biocompatible,
non-toxic, non-antigenic, non-immunogenic, have various water solubility properties, and are
easily excreted from living organisms.

PEG is the preferred polymer molecule, since it has only few reactive groups capable
of cross-linking compared to, e.g., polysaccharides such as dextran. In particular, mono-
functional PEG, e.g. methoxypolyethylene glycol (mPEG), is of interest since its coupling
chemistry is relatively simple (only one reactive group is available for conjugating with attach-
ment groups on the polypeptide). Consequently, the risk of cross-linking is eliminated, the re-
sulting polypeptide conjugates are more homogeneous and the reaction of the polymer mole-
cules with the polypeptide is easier to control.

To effect covalent attachment of the polymer molecule(s) to the polypeptide, the hy-
droxyl end groups of the polymer molecule must be provided in activated form, i.e. with reac-
tive functional groups (examples of which include primary amino groups, hydrazide (HZ),
thiol, succinate (SUC), succinimidyl succinate (SS), succinimidyl succinamide (SSA), suc-
cinimidyl propionate (SPA), succinimidyl butyrate (SBA), succinimidy carboxymethylate
(SCM), benzotriazole carbonate (BTC), N-hydroxysuccinimide (NHS), aldehyde, nitrophenyl-
carbonate (NPC), and tresylate (TRES)). Suitable activated polymer molecules ate cormmer-
cially available, e.g. from Shearwater Polymers, Inc., Huntsville, AL, USA, or from PolyMASC
Pharmaceuticals plc, UK.

Alternatively, the polymer molecules can be activated by conventional methods known
in the art, e.g. as disclosed in WO 90/13540. Specific examples of activated linear or branched
polymer molecules for use in the present invention are described in the Shearwater Polymers,
Inc. 1997 and 2000 Catalogs (Functionalized Biocompatible Polymers for Research and phar-
maceuticals, Polyethylene Glycol and Derivatives, incorporated herein by reference).

Specific examples of activated PEG polymers include the following linear PEGs:
NHS-PEG (e.g. SPA-PEG, SSPA-PEG, SBA-PEG, SS-PEG, SSA-PEG, SC-PEG, SG-PEG,
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and SCM-PEG), and NOR-PEG, BTC-PEG, EPOX-PEG, NCO-PEG, NPC-PEG, CDI-PEG,
ALD-PEG, TRES-PEG, VS-PEG, IODO-PEG and MAL-PEG, including the mPEG forms
thereof, and branched PEGs such as PEG2-NHS, including the mPEG forms thereof, and those
disclosed in US 5,932,462 and US 5,643,575, both of which are incorporated herein by refer-
ence. Furthermore, the following publications, incorporated herein by reference, disclose useful
polymer molecules and/or PEGylation chemistries: US 5,824,778, US 5,476,653, WO
97/32607, EP 229,108, EP 402,378, US 4,902,502, US 5,281,698, US 5,122,614, US 5,219,564,
WO 92/16555, WO 94/04193, WO 94/14758, WO 94/17039, WO 94/18247, WO 94/28024,
WO 95/00162, WO 95/11924, WO095/13090, WO 95/33490, WO 96/00080, WO 97/18832,
WO 98/41562, WO 98/48837, WO 99/32134, WO 99/32139, WO 99/32140, WO 96/40791,
WO 98/32466, WO 95/06058, EP 439 508, WO 97/03106, WO 96/21469, WO 95/13312, EP
921 131, US 5,736,625, WO 98/05363, EP 809 996, US 5,629,384, WO 96/41813, WO
96/07670, US 5,473,034, US 5,516,673, EP 605 963, US 5,382,657, EP 510 356, EP 400 472,
EP 183 503 and EP 154 316.

The conjugation of the polypeptide and the activated polymer molecules is conducted
by use of any conventional method, e.g. as described in the following references (which also
describe suitable methods for activation of polymer molecules): R.F. Taylor, (1991), "Protein
immobilisation, Fundamental and applications", Marcel Dekker, N.Y; S.S. Wong, (1992),
"Chemistry of Protein Conjugation and Crosslinking", CRC Press, Florida, USA; G.T. Herman-
son et al., (1993), "Immobilized Affinity Ligand Techniques’, Academic Press, N.Y.). The
skilled person will be aware that the activation method and/or conjugation chemistry to be used
depends on the attachment group(s) of the polypeptide (examples of which are given further
above), as well as the functional groups of the polymer (e.g. being amine, hydroxyl, carboxyl,
aldehyde, sulfydryl, succinimidyl, maleimide, vinysulfone or haloacetate). The PEGylation may
be directed towards conjugation to all available attachment groups on the polypeptide (i.e. such
attachment groups that are exposed at the surface of the polypeptide) or may be directed to-
wards one or more specific attachment groups, e.g. the N-teriinal amino group as described in
US 5,985,265. Furthermore, the conjugation may be achieved in one step or in a stepwise man-
ner (e.g. as described in WO 99/55377).

Tt will be understood that the PEGylation is designed so as to produce the optimal
molecule with respect to the number of PEG molecules altached, the size and form of such

molecules (e.g. whether they are linear or branched), and the attachment site(s) in the polypep-
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tide, The molecular weight of the polymer to be used may e.g. be chosen on the basis of the
desired effect to be achieved.

In connection with conjugation to only a single attachment group on the protein (e.g.
the N-terminal amino group), it may be advantageous that the polymer molecule, which may be
linear or branched, has a high molecular weight, preferably about 10-25 kDa, such as about 15-
25 kDa, e.g. about 20 kDa.

Normally, the polymer conjugation is performed under conditions aimed at reacting as
many of the available polymer attachment groups with polymer molecules. This is achieved by
means of a suilable molar excess of the polymer relative to the polypeplide. Typically, the mo-
lar ratios of activated polymer molecules to polypeptide are up to about 1000-1, such as up to
about 200-1, or up to about 100-1. In some cases the ration may be somewhat lower, however,
such as up to about 50-1, 10-1, 5-1, 2-1 or 1-1 in order to obtain optimal reaction.

It is also contemplated according to the invention to couple the polymer molecules to
the polypeptide through a linker. Suitable linkers are well known to the skilled person. A pre-
ferred example is cyanuric chloride (Abuchowski et al., (1977), J. Biol. Chem., 252,
3578-3581; US 4,179,337; Shafer et al., (1986), J. Polym. Sci. Polym. Chem. Ed., 24, 375-378).

Subsequent to the conjugation, residual activated polymer molecules are blocked ac-
cording to methods known in the art, e.g. by addition of primary amine to the reaction mixture,
and the resulting inactivated polymer molecules are removed by a suitable method.

It will be understood that depending on the circumstances, e.g. the amino acid se-
quence of the polypeptide, the nature of the activated PEG compound being used and the spe-
cific PEGylation conditions, including the molar ratio of PEG to polypeptide, varying degrees
of PEGylation may be obtained, with a higher degree of PEGylation generally being obtained
with a higher ratio of PEG to polypeptide. The PEGylated polypeptides resulting from any
given PEGylation pracess will, however, normally comprise a stochastic distribution of poly-

peptide conjugates having slightly different degrees of PEGylation.

Coupling to a sugar moiety

In order to achieve in vive glycosylation of 4 protein C molecule comprising one or
more glycosylation sites the nucleotide sequence encoding the polypeptide must be inserted in a
glycosylating, eucaryotic expression host. The expression host cell may be selected from fungal
(filamentous fungal or yeast), insect or animal cells or from transgenic plant cells, In one em-

bodiment the host cell is a mammalian cell, such as a COS cell, a CHO cell, a BHK cell or a
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HEK cell, e.g. 2a HEK 293 cell, or an insect cell, such as an SF9 cell, or a yeast cell, e.g. S. cere-
visiae or Pichia pastoris, or any o the host cells mentioned hereinafter.

Covalent in vitro coupling of sugar mojeties (such as dextran) to amino acid residues
of the polypeptide may also be used, e.g. as described, for example in WO 87/05330 and in
Aplin et al., CRC Crit Rev. Biochem, pp. 259-306, 1981. The in vitro coupling of sugar moie-
ties or PEG to protein- and peptide-bound Gln-residues can be carried out by transglutaminases
(TGases). Transglutaminases catalyse the transfer of donor amine-groups to protein- and pep-
tide-bound Gln-residues in a so-called cross-linking reaction. The donor-amine groups can be
protein- or peptide-bound , such as the e-amino-group in Lys-residues ot it can be part of a
small or large organic molecule. An example of a small organic molecule functioning as amino-
donor in TGase-catalysed cross-linking is putrescine (1,4-diaminobutane). An example of a
larger organic molecule functioning as amino-donor in TGase-catalysed cross-linking is an
amine-containing PEG (Sato et al., 1996, Biochemistry 35, 13072-13080).

TGases, in general, are highly specific enzymes, and not every Gln-residues exposed
on the surface of a protein is accessible to TGase-catalysed cross-linking to amino-containing
substances. On the contraty, only few Glu-residues are naturally functioning as TGase sub-
strates but the exact parameters governing which Gln-residues are good TGase substrates re-
main unknown. Thus, in order to render a protein susceptible to TGase-catalysed cross-linking
reactions it is often a prerequisite at convenient positions to add stretches of amino acid se-
quence known to function very well as TGase substrates. Several amino acid sequences are
known to be or to contain excellent natural TGase substrates e.g. substance P, elafin, fibrino-

gen, fibronectin, 0-plasmin inhibitor, ¢-caseins, and P-caseins.

Conjugation to an organic derivatizing agent

Covalent modification of the polypeptide may be performed by reacting one or more
attachment groups of the polypeptide with an organic derivatizing agent. Suitable derivatizing
agents and methods are well known in the art. For example, cysteinyl residues most commonly
are reacted with a-haloacetates (and corresponding amines), such as chloroacetic acid or
chloroacetamide, to give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl residues
also are derivatized by reaction with bromotriflucroacetone, ¢-bromo-f3-(4-imidozoyl)propionic
acid, chloroacetyl phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl
disulfide, p-chloromercuribenzoate, 2-chloromercuri-4-nitrophenol, or chloro-7-nitrobenzo-2-

oxa-1,3-diazole. Histidyl residues are derivatized by reaction with diethylpyrocarbonateat pI
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5.5-7.0 because this agent is relatively specific for the histidyl side chain. Para-bromophenacyl
bromide also is useful, The reaction is preferably performed in 0.1 M sodium cacodylate at pH
6.0. Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid an-
hydrides. Derivatization with these agents has the effect of reversing the charge of the lysinyl
residues. Other suitable reagents for derivatizing oi-amino-containing residues include imi-
doesters such as methyl picolinimidate, pyridoxal phosphate, pyridoxal, chloroborohydride,
trinitrobenzenesulfonic acid, O-methylisourea, 2,4-pentanedione and transaminase-catalyzed
reaction with glyoxylate. Arginyl residues are modified by reaction with one or several conven-
tional reagents, among them phenylglyoxal, 2,3-butanedione, 1,2-cyclohexanedione, and nin-
hydrin. Derivatization of arginine residues requires that the reaction be performed in alkaline
conditions because of the high pKa of the guanidine [unctional group.

Furthermore, these reagents may react with the groups of lysine as well as the arginine
guanidino group. Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reac-
tion with catbodiimides (R-N=C=N-R’), where R and R’ are different alkyl groups, such as 1-
cyclohexyl-3-(2-morpholinyl-4-ethyl) carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl)
carbodiimide. Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and

glutaminyl residues by reaction with ammonium ions.

Conjugation to a lipophilic compound

The polypeptide and the lipophilic compound may be conjugated to each other, either
directly or by use of a linker. The lipophilic compound may be a natural compound such as a
saturated or unsaturated fatty acid, a fatty acid diketone, a terpene, a prostaglandin, a vitamine,
a carotenoide or steroide, or a synthetic compound such as a carbon acid, an alcohol, an amine
and sulphonic acid with one or more alkyl-, aryl-, alkenyl- or other multiple unsaturated com-
pounds. The conjugation between the polypeptide and the lipophilic compound, optionally
through a linker may be done according to methods known in the art, e.g. as described by Bo-
danszky in Peptide Synthesis, John Wiley, New York, 1976 and in WO 96/12505.

Conjugation of a tagged polypeptide

The polypeptide may be expressed as a fusion protein with a tag, i.e. an amino acid
sequence or peptide stretch made up of typically 1-30, such as 1-20 amino acid residues. Be-
sides allowing for fast and easy purification, the tag is a convenient tool for achieving conjuga-

tion between the tagged polypeptide and the non-polypeptide moiety. In particular, the tag may

-37-




15

25

30

WO 02/32461 PCT/DKO1/00679
35

be used for achieving conjugation in microtiter plates or other carriers, such as paramagnetic
beads, to which the tagged polypeptide can be immobilised via the tag. The conjugation to the
tagged polypeptide in, e.g., microtiter plates has the advantage that the tagged polypeptide can
be immobilised in the microtiter plates directly from the culture broth (in principle without any
purification) and subjected to conjugation. Thereby, the total number of process steps (from
expression to conjugation) can be reduced. Furthermore, the tag may function as a spacer mole-
cule, ensuring an improved accessibility to the immobilised polypeptide to be conjugated. The
conjugation using a tagged polypeptide may be to any of the non-polypeptide moieties dis-
closed herein, e.g. to a polymer molecule such as PEG.

The identity of the specific tag to be used is not critical as long as the tag is capable of
being expressed with the polypeptide and is capable of being immobilised on a suitable surface
or carrier material. A number of suitable tags are commercially available, e.g. from Unizyme
Laboratories, Denmark, For instance, the tag may consist of any of the following sequences:
His-His-His-His-His-His
Met-Lys-His-His-His-His-His-His
Met-Lys-His-His-Ala-His-His-Gln-His-His
Met-Lys-His-Gln-His-Gln-His-Gln-His-GIn-His-Gln-His-Gln
Met-Lys-ITis-Gln-1Tis-Gln-His-Gln-His-GIn-His-Gln-His-Gln-Gln
or any of the following:

EQKLI SEEDL. (a C-terminal tag described in Mol. Cell. Biol. 5:3610-16, 1985)
DYKDDDDK (a C- or N-terminal tag)
YPYDVPDYA

Antibodies against the above tags are commercially available, e.g. from ADI, Aves
Lab and Research Diagnostics.

The subsequent cleavage of the tag from the polypeptide may be achieved by use of

commercially available enzymes.

Methods of preparing a polypeptide variant of the invention or the polypeptide part of the con-

jugate of the invention

The polypeptide variant of the present invention or the polypeptide part of a conjugate

of the invention, optionally in glycosylated form, may be produced by any suitable method
known in the art. Such methods include constructing a nucleotide sequence encoding the
polypeptide and expressing the sequence in a suitable transformed or transfected host.

Preferably, the host cell is a gammacarboxylating host cell such as a mammalian cell. However,
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the host cell is a gammacarboxylating host cell such as a mammalian cell. However, polypep-

tides of the invention may be produced, albeit less efficiently, by chemical synthesis or a com-
bination of chemical synthesis or a combination of chemical synthesis and recombinant DNA

technology.

A nucleotide sequence encoding a polypeptide variant or the polypeptide part of a con-
jugate of the invention may be constructed by isolating or synthesizing a nucleotide sequence
encoding the parent protein C, such as protein C with the amino acid sequence shown in SEQ
ID NO:2 and 4 and then changing the nucleotide sequence so as to effect introduction (i.e. in-
sertion or substitution) or removal (i.e. deletion or substitution) of the relevant amino acid resi-
due(s).

The nucleotide sequence is conveniently modified by site-directed mutagenesis in
accordance with conventional methods. Alternatively, the nucleotide sequence is prepared by
chemical synthesis, e.g. by using an oligonucleotide synthesizer, wherein oligonucleotides are
designed based on the amino acid sequence of the desired polypeptide, and preferably selecting
those codons that are favored in the host cell in which the recombinant polypeptide will be pro-
duced. For example, several small oligonuclcotides coding for portions of the desired polypep-
tide may be synthesized and assembled by PCR, ligation or ligation chain reaction (I.CR)
(Barany, PNAS 88:189-193, 1991). The individual oligonucleotides typically contain 5 or 3’
overhangs for complementary assembly.

Alternative nucleotide sequence modification methods are available for producing
polypeptide variants for high throughput screening, for instance methods which involve ho-
mologous cross-over such as disclosed in US 5,093,257, and methods which involve gene shuf-
(ling, i.e. recombination between two or more homologous nucleotide sequences resulting in
new nucleotide sequences having a number of nucleotide alterations when compared to the
starting nucleotide sequences. Gene shuffling (also known as DNA shuffling) involves one or
more cycles of random fragmentation and reassembly of the nucleotide sequences, followed by
screening to select nucleotide sequences encoding polypeptides with desired properties. In order
for homology-based nucleic acid shuffling to take place, the relevant parts of the nucleotide
sequences are preferably at least 50% identical, such as at least 60% identical, mote preferably
at least 70% identical, such as at least 80% identical. The recombination can be performed in
Vitro ot in vivo.

Examples of suitable i vitro gene shuffling methods are disclosed by Stemmer et al.

(1994), Proc. Natl. Acad. Sci. USA; vol. 91, pp. 10747-10751; Stemmer (1994), Nature, vol.
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370, pp. 389-391; Smith (1994), Nature vol. 370, pp. 324-325; Zhao et al., Nat. Biotechnol.
1998, Mar; 16(3): 258-61; Zhao H. and Arnold, FB, Nucleic Acids Research, 1997, Vol. 25.
No. 6 pp. 1307-1308; Shao et al., Nucleic Acids Research 1998, Jan 15; 26(2): pp. 681-83; and
WO 95/17413.

An example of a suitable in vivo shuffling method is disclosed in WO 97/07205. Other
techniques for mutagenesis of nucleic acid sequences by in vitre or in vivo recombination ate
disclosed e.g. in WO 97/20078 and US 5,837,458. Examples of specific shuffling techniques
include “family shuffling”, “synthetic shuffling” and “in silico shuffling”.

Family shuffling involves subjecting a family of homologous genes from different
species to one or more cycles of shuffling and subsequent screening or selection. Family shuf-
fling techniques are disclosed e.g. by Crameri et al. (1998), Nature, vol. 391, pp. 288-291;
Christians et al. (1999), Nature Biotechnology, vol. 17, pp. 259-264; Chang et al. (1999), Na-
ture Biotechnalogy, vol. 17, pp. 793-797; and Ness et al. (1999), Nature Biotechnology, vol. 17,
893-896.

Synthetic shuffling involves providing libraries of overlapping synthetic oligonucleo-
tides based e.g. on a sequence alignment of homologous genes of interest. The synthetically
generated oligonucleotides are recombined, and the resulting recombinant nucleic acid se-
quences are screened and if desired used for further shuffling cycles. Synthetic shuffling tech-
niques are disclosed in WO 00/42561.

In silico shuffling refers to a DNA shuffling procedure, which is performed or mod-
elled using a computer system, thereby partly or entirely avoiding the need for physically ma-
nipulating nucleic acids. Technigues for in silico shuffling are disclosed in WO 00/42560.
Once assembled (by synthesis, site-directed mutagenesis or another method), the nucleotide
sequence encoding the polypeptide is inserted into a recombinant vector and operably linked to
control sequences necessary for expression of protein C in the desired transformed host cell.

1t should of course be understood that not all vectors and expression control scquences
function equally well to express the nucleotide sequence encoding a polypeptide described
herein. Neither will all hosts function equally well with the same expression system. However,
one of skill in the art may make a selection among these vectors, expression control sequences
and hosts without undue experimentation. For example, in selecting a vector, the host must be
considered because the vector must replicate in it or be able to integrate into the chromosome.
The vector’s copy number, the ability to control that copy number, and the expression of any

other proteins encoded by the vector, such as antibiotic markers, should also be considered. In
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selecting an expression control sequence, a variety of factors should also be considered. These
include, for example, the relative sirength of the sequence, its controllability, and its
compatibility with the nucleotide sequence encoding the polypeptide, particularly as regards
potential secondary structures. Hosts should be selected by consideration of their compatibility
with the chosen vector, the toxicity of the product coded for by the nucleotide sequence, their
secretion characteristics, their ability to fold the polypeptide correctly, their fermentation or
culture requirements, and the ease of purification of the products coded for by the nucleotide
sequenceThe recombinant vector may be an autonomously replicating vector, i.e. a vector,
which exists as an extrachromosomal entity, the replication of which is independent of chromo-
somal replication, ¢.g. a plasmid. Alternatively, the vector is one which, when introduced into a
host cell, is integrated into the host cell genome and replicated together with the chromosome(s)
into which it has been integrated.

The vector is preferably an expression vector, in which the nucleotide sequence encod-
ing the polypeptide of the invention is operably linked to additional segments required for tran-
scription of the nucleotide sequence. The vector is typically derived from plasmid or viral
DNA. A number of suitable expression vectors for expressjon in the host cells mentioned herein
are commercially available or described in the literature. Useful expression vectors for eu-
karyotic hosts, include, for example, vectors comprising expression control sequences from
SV40, bovine papilloma virus, adenovirus and cytomegalovirus, Specific vectors are, e.g.,
pCDNA3.1(+)\Hyg (Invitrogen, Carlsbad, CA, USA) and pCI-neo (Stratagene, La Jola, CA,
USA). Useful expression vectors for yeast cells include the 2 plasmid and derivatives thereof,
the POT1 vector (US 4,931,373), the pISO37 vector described in Okkels, Ann. New York
Acad. Sci. 782, 202-207, 1996, and pPICZ A, B or C (Invitrogen). Useful vectors for insect
cells include pVL941, pBG311 (Cate et al., “Isolation of the Bovine and Human Genes for
Mulletian Inhibiting Substance And Expression of the Human Gene In Animal Cells”, Cell, 45,
pp. 685-98 (1986), pBlucbac 4.5 and pMelbac (both available from Invitrogen). Useful expres-
sian vectors for bacterial hosts include known bacterial plasmids, such as plasmids from E. coli,
including pBR322, pET3a and pET12a (both from Novagen Inc., WI, USA), wider host range
plasmids, such as RP4, phage DNAs, e.g., the numerous derivatives of phage lambda, e.g.,
NM989, and other DNA phages, such as M13 and filamentous single stranded DNA phages.

Other vectors for use in this invention include those that allow the nucleotide sequence
encoding the polypeptide to be amplified in copy number. Such amplifiable vectors are well

known in the art. They include, for example, vectors able to be amplified by DHFR amplifica-
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tion (see, e.g., Kaufman, U.S. Pat. No. 4,470,461, Kaufman and Sharp, "Construction Of A
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of Signals Utilized For Efficient Ex-
pression”, Mol. Cell. Biol., 2, pp. 1304-19 (1982)) and glutamine synthetase ("GS") amplifica-
tion (see, e.g,, US 5,122,464 and EP 338,841).

The recombinant vector may further comprise a DNA sequence enabling the vector to
replicate in the host cell in question. An example of such a sequence (when the host cell is a
mamumalian cell) is the SV40 origin of replication. When the host cell is a yeast cell, suitable
sequences enabling the vector to replicate are the yeast plasmid 2p replication genes REP 1-3
and origin of replication.

The vector may also comprise a selectable marker, e.g. a gene the product of which
complements a defect in the host cell, such as the gene coding for dihydrofolate reductase
(DHER) or the Schizosaccharomyces pombe TPI gene (described by P.R. Russell, Gene 40,
1985, pp. 125-130), or one which confers resistance to a drug, e.g. ampicillin, kanamycin, teira-
cyclin, chloramphenicol, neomycin, hygromycin or methotrexate. For Saccharomyces cere-
visiae, selectable markers include ura3 and leu2. For filamentous [ungi, selectable markers in-
clude amdS, pyrG, arcB, niaD and sC.

The term “control sequences” is defined herein to include all components, which are
necessary or advantageous for the expression of the polypeptide of the invention. Each control
sequence may be native or foreign to the nucleic acid sequence encoding the polypeptide. Such
control sequences include, but are not limited to, a leader sequence, polyadenylation sequence,
propeptide sequence, promoter, enhancer or upstream activating sequence, signal peptide se-
quence, and franscription terminator. At a minimum, the control sequences include a promoter.

A wide variety of expression control sequences may be used in the present invention.
Such useful expression control sequences include the expression control sequences associated
with structural genes of the foregoing expression vectors as well as any sequence known to con-
trol the expression of genes of prokaryotic or eukaryotic cells or their viruses, and various com-
binations thercof.

Examples of suitable control sequences for directing transcription in mammalian cells
include the early and late promoters of SV40 and adenovirus, e.g. the adenovirus 2 major late
promoter, the MT-1 (metallothionein gene) promoter, the human cytomegalovirus immediate-
early gene promoter (CMV), the human elongation factor 1o (EF-10) promoter, the Drosophila
minimal heat shock protein 70 promoter, the Rous Sarcoma Virus (RSV) promoter, the human

ubiquitin C (UbC) promoter, the human growth hormone terminator, SV40 or adenovirus Elb
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region polyadenylation signals and the Kozak consensus sequence (Kozak, M. J Mol Biol 1987
Aug 20;196(4):947-50).

In order to improve expression in mammalian cells a synthetic intron may be inserted
in the 5” untranslated region of the nucleotide sequence encoding the polypeptide. An example
of a synthetic intron is the synthetic intron from the plasmid pCI-Neo (available from Promega
Corporation, WL, USA).

Examples of suitable control sequences for directing transcription in insect cells in-
clude the polyhedrin promoter, the P10 promoter, the Autographa californica polyhedrosis virus
basic protein promoter, the baculovirus immediate carly gene 1 promoter and the baculovirus
39K delayed-early gene promoter, and the SV40 polyadenylation sequence. Examples of suit-
able control sequences for use in yeast host cells include the promoters of the yeast o-mating
system, the yeast triose phosphate isomerase (TPI) promoter, promoters from yeast glycolytic
genes or alcohol dehydrogenase genes, the ADH2-4¢ promoter, and the inducible GAL pro-
moter. Examples of suitable control sequences for use in filamentous fungal host cells include
the ADH3 promoter and terminator, a promoter derived from the genes encoding Aspergillus
oryzae TAKA amylase triose phosphate isomerase or alkaline protease, an A. niger ai-amylasc,
A. niger or A. nidulans glucoamylase, A. nidulans acetamidase, Rhizomucor michei aspartic
proteinase or lipase, the TPI1 terminator and the ADH3 terminator. Examples of suitable con-
trol sequences for use in bacterial host cells include promoters of the lac system, the trp system,
the TAC or TRC system, and the major promoter regions of phage lambda.

The presence or absence of a signal peptide will, e.g., depend on the expression host
cell used for the production of the polypeptide to be expressed (whether it is an intracellular or
extracellular polypeptide) and whether it is desirable to obtain secretion. For use in filamentous
fungi, the signal peptide may conveniently be derived from a gene encoding an Aspergillus sp.
amylase or glucoamylase, a gene encoding a Rhizomucor michei lipase or protease or a Humi-
cola lanuginosa lipase. The signal peptide is preferably derived from a gene encoding A. oryzae
TAKA amylase, A. niger neutral o-amylase, A. niger acid-stable amylasc, or A. niger glucoa-
mylase. For use in insect cells, the signal peptide may conveniently be derived from an insect
gene (cf. WO 90/05783), such as the Lepidopteran manduca sexta adipokinetic hormone pre-
cursor, (cf. US 5,023,328), the honeybee melittin (Invitrogen), ecdysteroid UDPglucosyltrans-
ferase (egt) (Murphy et al., Protein Expression and Purification 4, 349-357 (1993) or human
pancreatic lipase (hpl) (Methods in Enzymology 284, pp. 262-272, 1997). A preferred signal
peptide for use in mammalian cells is that of hFVII or the murine Ig kappa light chain signal
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peptide (Coloma, M (1992) J. Imm. Methods 152:89-104). For use in yeast cells suitable signal
peptides have been found to be the a-factor signal peptide from S. cereviciae (¢f. US
4,870,008), a modified carboxypeptidase signal peptide (cf. L.A. Valls et al., Cell 48, 1987, pp.
887-897), the yeast BAR1 signal peptide (cf. WO 87/02670), the yeast aspartic protease 3
(YAP3) signal peptide (cf. M. Egel-Mitani et al., Yeast 6, 1990, pp. 127-137), and the synthetic
leader sequence TAS57 (W098/32867). For use in E. coli cells a suitable signal peptide have
been found to be the signal peptide ompA (EP581821).

The nucleotide sequence of the invention encoding a protein C polypeptide variant,
whether prepared by site-directed mutagenesis, synthesis, PCR or other methods, may option-
ally include a nucleotide sequence that encode a signal peptide. The signal peptide is present
when the polypeptide is to be secreted from the cells in which it is expressed. Such signal pep-
tide, if present, should be one recognized by the cell chosen for expression of the polypeptide.
The signal peptide may be homologous (e.g. be that normally associated with human protein C)
or heterologous (i.e. originating from another source than human protein C) to the polypeptide
or may be homologous or heterologous to the host cell, i.e. be a signal peptide normally ex-
presscd from the host cell or one which is not normally expressed from the host cell. Accord-
ingly, the signal peptide may be prokaryotic, e.g. derived from a bacterium such as E. coli, or
eukaryotic, e.g. derived from a mammalian, or insect or ycast cell.

Any suitable host may be used to produce the polypeptide or polypeptide part of the
conjugate of the invention, including bacteria, fungi (including yeasts), plant, insect, mammal,
or other appropriate animal cells or cell lines, as well as transgenic animals or plants. Examples
of bacterial host cells include grampositive bacteria such as strains of Bacillus, e.g. B. brevis or
B. subtilis, Pseudomonas or Streptomyces, or gramnegative bacteria, such as strains of E. coli.
The introduction of a vector into a bacterial host cell may, for instance, be effected by proto-
plast transformation (see, e.g., Chang and Cohen, 1979, Molecular General Genetics 168: 111-
115), using competent cells (see, e.g., Young and Spizizin, 1961, Joumnal of Bacteriology 81:
823-829, or Dubnau and Davidoff-Abelson, 1971, Journal of Molecular Biology 56: 209-221),
electroporation (see, e.g., Shigekawa and Dower, 1988, Biotechniques 6: 742-751), or conjuga-
tion (see, e.g., Koehler and Thorne, 1987, Journal of Bacteriology 169: 5771-5278). Examples
of suitable filamentous fungal host cells include strains of Aspergillus, e.g. A. oryzae, A. niger,
or A. nidulans, Fusarium or Trichoderma. Fungal cells may be transformed by a process involv-
ing protoplast formation, transformation of the protoplasts, and regeneration of the cell wall in a

manner known per se. Suitable procedures for transformation of Aspergillus host cells are de-
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scribed in EP 238 023 and US 5,679,543. Suitable methods for transforming Fusarium species
are described by Malardier el al., 1989, Gene 78: 147-156 and WO 96/00787. Examples of suit-
able yeast host cells include strains of Saccharomyces, e.g. S. cerevisiae, Schizosaccharomyces,
Klyveromyces, Pichia, such as P. pastoris or P. methanolica, Hansenula, such as H. Polymorpha
or Yarrowia. Yeast may be transformed using the procedures described by Becker and Guar-
ente, In Abelson, J.N. and Simon, M1, editors, Guide to Yeast Genetics and Molecular Biol-
ogy, Methods in Enzymology, Volume 194, pp 182-187, Academic Press, Inc., New York; Ito
et al., 1983, Journal of Bacteriology 153: 163; Hinnen et al., 1978, Proceedings of the National
Academy of Sciences USA 75: 1920: and as disclosed by Clontech Laboratories, Inc, Palo Alto,
CA, USA (in the product protocol for the Yeastmaker'™ Yeast Transformation System Kit).
Examples of suitable insect host cells include a Lepidoptora cell line, such as Spodoptera
frugiperda (S£9 or Sf21) or Trichoplusioa ni cells (High Five) (US 5,077,214). Transformation
of insect cells and production of heterologous polypeptides therein may be performed as de-
scribed by Invitrogen. Examples of suitable mammalian host cells include Chincse hamster
ovary (CHO) cell lines, (e.g. CHO-K1; ATCC CCL-61), Green Monkey cell lines (COS) (e.g.
COS 1 (ATCC CRI-1650), COS 7 (ATCC CRL-1651)); mouse cells (e.g. NS/O), Baby Ham-
ster Kidney (BHK) cell lines (e.g. ATCC CRL-1632 or ATCC CCL-10), and human cells (e.g.
HEK 293 (ATCC CRIL-1573)), as well as plant cells in tissue culture. Additional suitable cell
lines are known in the art and available from public depositories such as the American Type
Culture Collection, Rockville, Maryland. Also, the mammalian cell, such as a CHO cell, may
be modified to express sialyltransferase, e.g. 1,6-sialyltransferase, e.g. as described in US
5,047,335, in order to provide improved glycosylation of the protein C polypeptide.

In order to increase secretion it may be of particular interest to produce the polypeptide
of the invention together with an endoprotease, in particular a PACE (Paired basic amino acid
converting enzyme) (e.g. as described in US 5,986,079), such as a Kex2 endoprotease (e.g. as
described in WO 00/28065).

Methods for introducing exogeneous DNA into mammalian host cells include calcium
phosphate-mediated transfection, electroporation, DEAE-dextran mediated transfection, lipo-
some-mediated transfection, viral vectors and the transfection method described by Life Tech-
nologies Ltd, Paisley, UK using Lipofectamin 2000. These methods are well known in the art
and e.g. described by Ausbel et al. (eds.), 1996, Current Protocols in Molecular Biology, John
Wiley & Sons, New York, USA. The cultivation of mammalian cells are conducted according

to established methods, e.g. as disclosed in (Animal Cell Biotechnology, Methods and Proto-
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cols, Edited by Nigel Jenkins, 1999, Human Press Inc, Totowa, New Jersey, USA and Harrison
MA and Rae IF, General Techniques of Cell Culture, Cambridge University Press 1997).

In the production methods of the present invention, the cells are cultivated in a nutrient
medium suitable for production of the polypeptide using methods known in the art. For exam-
ple, the cell may be cultivated by shake flask cultivation, small-scale or large-scale fermenta-
tion (including continuous, batch, fed-batch, or solid state fermentations) in laboratory or indus-
trial fermenters performed in a suitable medium and under conditions allowing the polypeptide
to be expressed and/or isolated. The cultivation takes place in a suitable nutrient medium com-
prising carbon and nitrogen sources and inorganic salts, using procedures known in the art.
Suitable media are available from commercial suppliers or may be prepared according to pub-
lished compositions (e.g., in catalogues of the American Type Culture Collection). If the poly-
peptide is secreted into the nutrient medium, the polypeptide can be recovered directly from the
medium. If the polypeptide is not secreted, it can be recovered from cell lysates.

The resulting polypeptide may be recovered by methods known in the art. For exam-
ple, the polypeptide may be recovered from the nutrient medium by conventional procedures
including, but not limited to, centrifugation, filtration, ultra-filtration, cxtraction or precipita-
tion.

The polypeptides may be purified by a variety of procedures known in the art includ-
ing, but not limited to, chromatography (e.g., ion exchange, affinity, hydrophobic, chromatofo-
cusing, and size exclusion), electrophoretic procedures (e.g., preparative isoelectric focusing),
differential solubility (e.g., ammonium sulfate precipitation) or extraction (see, e.g., Protein
Purification, J.~C. Janson and Lars Ryden, editors, VCH Publishers, New York, 1989).

Pharmaceutical compositions and use

In a further aspect, the present invention relates to a pharmaceutical composition com-
prising a conjugate of the invention or a variant of the invention and a pharmaceutically accept-
able carrier or excipient. In the present context, the term “Pharmaceutically acceptable” means
that the carrier or excipient, at the dosages and concentrations employed, will not cause any
unwanted or harmful effects in the patients to which they are administered. Such pharmaceuti-
cally acceptable carriers and excipients are well known in the art (see Remington's Pharmaceu-
tical Sciences, 18th edition, A. R. Gennaro, Ed., Mack Publishing Company [1990]; Pharma-

ceutical Formulation Development of Peptides and Proteins, S. Frokjaer and L. Hovgaard, Eds.,
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Taylor & Francis [2000] ; and Handbook of Pharmaceutical Excipients, 3rd edition, A, Kibbe,
Ed., Pharmaceutical Press [2000]).

Tn a still further aspect, the present invention relates to a conjugate of the invention, a
variant of the invention or a pharmaceutical composition of the invention for use as a medica-
ment. More particularly, the conjugates, variants or pharmaceutical compositions of the inven-
tion may be used for the manufacture of a medicament for the treatment of stroke; myocardial
infarction; after venous thrombosis; disseminated intravascular coagulation (DIC); sepsis; sep-
tic shock; emboli, such as pulmonary emboli; transplantation, such as bone marrow transplanta-
tion; burns; pregnancy, major surgery/firaurn or adult respiratory stress syndrome (ARDS), in
particular for the treatruent of septic shock

The present invention also relates to a method for treating or preventing a disease se-
lected from the group consisting of stroke; myocardial infarction; after venous thrombosis; dis-
seminated intravascular coagulation (DIC); sepsis; septic shock; emboli, such as pulmonary
emboli; transplantation, such as bone marrow transplantation; burns; pregnancy; major sur-
gery/traum and adult respiratory siress syndrome (ARDS), the method comprising administer-
ing to a patient in need thereof an effective amount of a conjugate of the invention, of a variant
according to the invention, or of a pharmaceutical composition according to the invention, in
particular for treating or preventing, especially treating, septic shock.

A "patient” for the purposes of the present invention includes both humans and other
mammals. Thus the methods are applicable to both human therapy and veterinary applications.

The polypeptide variants and conjugates of the invention will be administered to pa-
tients in an effective dose. By “effective dose" herein is meant a dose that is sufficient to pro-
duce the desired effects in relation to the condition for which it is administered. The exact dose
will depend on the disorder to be treated, and will be ascertainable by one skilled in the art us-
ing known techniques. As mentioned above, in the treatment of severe sepsis 24 ug/kg/h of
human APC is administered for 96 hours, which corresponds to a total amount of protein of
about 230 mg for a patient having a body weight of about 100 kg. The conjugates and variants
of the present invention are, due to their increased plasma half-lives, contemplated to have a
higher efficacy due to the extended action-time in plasma. This increased efficacy may, for ex-
ample, be estimated by calculating the area under the curve (AUC) in the “Human Plasma Inac-
tivation assay II” or by measuring the serum half-life. The increased efficacy means that the
effective dose needed to obtain the desired effect for a particular disorder will be smaller (less

protein need to be administered) than the effective dose of human APC. In addition, the in-
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creased plasma half-life will also allow treatment where the APC variants or conjugates are
used regularly with 2 given time-period. Thus, these new properties will pesmit the use of a
reduced amount and/or and less frequent administration, such as bolus injections, of the com-
pounds of the invention. For example, the compounds of the invention may be administered by
a either a bolus or infusion or as a combination thereof with doses which range from 1 pg/kg
body weight as a bolus every 2% hour for several days (e.g. for 96 hours) to [ mg/kg body
weight as a bolus once every 4% day, Preferably, as low a dose as possible is administered as
less frequent as possible, e.g. 1-500 pg/kg body weight, preferably 1-250 pug/kg body weight,
such as 1-100 pg/kg body weight, more preferably 1-50 pgfkg body weight is administered as a
bolus every 4-96 hour, e.g. every 8-96 hour, such as every 16-96, every 24-96 hour, every 40-
96 hour, every 48-96 hour, every 56-96 hour, every 72-96 hour,

Compounds of the invention, which are preferred are such compounds where the ratio
between the AUC of said compound, in its activated form, and the AUC of human APC is at
least 1.25 when tested in the “TTuman Plasma Inactivation Assay 11” described in Example 13
herein. Preferably, the ratio is at least 1.5, such as at least 2, e.g. at least 3, more preferably the
ratio is at least 4, such as at least 5, e.g. at least 6, even more preferably the ratio is at least 7,
such as at least 8, e.g. at least 9, most preferably the ratio is at least 10.

The polypeptide variant or conjugate of the invention can be used “as is” and/or in a
salt form thereof. Suitable salts include, but are not limited to, salts with alkali metals or alka-
line earth metals, such as sodium, potassium, calcium and magnesium, as well as e.g. zinc salts.
These salts or complexes may by present as a crystalline and/or amorphous structure.

The pharmaceutical composition of the invention may be administered alone or in
conjunction with other therapeutic agents. These agents may be incorporated as part of the same
pharmaceutical composition or may be administered separately from the polypeptide or conju-
gate of the invention, either concurrently or in accordance with another treatment schedule. In
addition, the polypeptide, conjugate or pharmaceutical composition of the invention may be
used as an adjuvant to other therapies.

The pharmacentical composition of the invention may be formulated in a variety of
forms, e.g. as a liquid, gel, lyophilized, or as a compressed solid. The preferred form will de-
pend upon the particular indication being treated and will be readily able to be determined by
one skilled in the art.

The administration of the formulations of the present invention can be performed in a

variety of ways, including, but not limited to, orally, subcutancously, intravenously, intracere-
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brally, intranasally, transdermally, intraperitoneally, intramuscularly, intrapulmonary, vagi-
nally, rectally, intraocularly, or in any other acceptable manner. The formulations can be
administered continuously by infusion, although bolus injection is acceptable, using techniques
well known in the azt, such as pumps or implantation. In some instances the formulations may

be directly applied as a solution or spray.

Parenteral compositions

An example of a pharmaceutical composition is a solution designed for parenteral ad-
ministration. Although in many cases pharmaceutical solution formulations are provided in
liquid form, appropriate for immediate use, such parenteral formulations may also be provided
in frozen or in lyophilized form. In the former case, the composition must be thawed prior to
use. The latter form is often used to enhance the stability of the active compound contained in
the composition under a wider variety of storage conditions, as it is recognized by those skilled
in the art that lyophilized preparations are generally more stable than their liquid counterparts.
Such lyophilized preparations are reconstituted prior to use by the addition of one or more suit-
able pharmaceulically acceptable diluents such as sterile water for injection or sterile physio-
logical saline solution.

In case of parenterals, they are prepared for storage as lyophilized formulations or
aqueous solutions by mixing, as appropriate, the polypeptide having the desired degree of pu-
rity with one or more pharmaceutically acceptable carriers, excipients or stabilizers typically
employed in the art (all of which are termed "excipients"), for example buffering agents, stabi-
lizing agents, preservatives, isotonifiers, non-ionic detergents, antioxidants and/or other miscel-
lancous additives.

Buffering agents help to maintain the pH in the range which approximates physiologi-
cal conditions. They are typically present at a concentration ranging from about 2 mM to about
50 mM Suitable buffering agents for use with the present invention include both organic and
inorganic acids and salts thereof such as citrate buffers (e.g., monosodium citrate-disodium cit-
rate mixture, citric acid-trisodium citrate mixture, citric acid-monosodium citrate mixture, etc.),
succinate buffers (e.g., succinic acid-monosodium succinatc mixture, succinic acid-sodium hy-
droxide mixture, succinic acid-disodium succinate mixture, ctc.), tartrate buffers (e.g., tartaric
acid-sodium tartrate mixture, tartaric acid-potassium tartratc mixture, tartaric acid-sodium hy-
droxide mixture, ctc.), fumarate buffers (e.g., fumaric acid-monosodium fumarate mixture, fu-

maric acid-disodium fumaratc mixture, monosodinm fumarate-disodium fumarate mixture,
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etc.), gluconate buffers (e.g., gluconic acid-sodium glyconate mixture, gluconic acid-sodium
hydroxide mixture, gluconic acid-potassium glyuconate mixture, etc.), oxalate buffer (e.g., 0x-
alic acid-sodium oxalate mixture, oxalic acid-sodium hydroxide mixture, oxalic acid-potassium
oxalate mixture, etc.), lactate buffers (e.g., lactic acid-sodium lactate mixture, lactic acid-
sodium hydroxide mixture, lactic acid-potassium lactate mixture, etc.) and acetate buffers (e.g.,
acetic acid-sodium acetate mixture, acetic acid-sodium hydroxide mixture, etc.). Additional
possibilities are phosphate buffers, histidine buffers and trimethylamine salts such as Tris.
Preservatives are added to retard microbial growth, and are typically added in amounts of e.g.
about 0.1%-2% (w/v). Suitable preservatives for use with the present invention include phenol,
benzyl alcohol, meta-cresol, methyl paraben, propyl paraben, octadecyldimethylbenzyl ammo-
nium chloride, benzalkonium halides (e.g. benzalkonium chloride, bromide or iodide), hexa-
methonium chloride, alkyl parabens such as methyl or propyl paraben, catechol, resorcinol,
cyclohexanol and 3-pentanol.

Isotonicifiers are added to ensure isotonicity of liquid compositions and include poly-
hydric sugar alcohols, preferably trihydric or higher sugar alcohols, such as glycerin, erythritol,
arabitol, xylitol, sorbitol and mannitol. Polyhydric alcohols can be present in an amount be-
tween 0.1% and 25% by weight, typically 1% to 5%, taking into account the relative amounts
of the other ingredients.

Stabilizers refer to a broad category of excipients which can range in function from a
bulking agent to an additive which solubilizes the therapeutic agent or helps to prevent denatu-
ration or adherence to the container wall. Typical stabilizers can be polyhydric sugar alcohols
(enumerated above); amino acids such as arginine, lysine, glycine, glutamine, asparagine, his-
tidine, alanine, omithine, L-leucine, 2-phenylalanine, glutamic acid, threonine, etc., organic
sugars or sugar alcohols, such as lactose, trehalose, stachyose, mannitol, sorbitol, xylitol, ribitol,
myoinisitol, galactitol, glycerol and the like, including cyclitols such as inositol; polyethylenc
glycol; amino acid polymers; sulfur-containing reducing agents, such as urea, glutathione,
thioctic acid, sodium thioglycolate, thioglycerol, a-monothioglycerol and sodium thiosulfate;
low molecular weight polypeptides (i.e. <10 residues); proteins such as human serum albumin,
bovine serum albumin, gelatin or immunoglobulins; hydrophilic polymers such as polyvi-
nylpyrrolidone; monosaccharides such as xylose, mannose, fructose and glucose; disaccharides
such as lactose, maltose and sucrose; trisaccharides such as raffinose, and polysaccharides such
as dextran. Stabilizers are typically present in the range of from 0.1 to 10,000 parts by weight

based on the active protein weight.
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Non-ionic surfactants or detergents (also known as "wetting agents") may be present to
help solubilize the therapeutic agent as well as to protect the therapeutic polypeptide against
agitation-induced aggregation, which also permits the formulation to be exposed to shear sur-
face stress without causing denaturation of the polypeptide. Suitable non-ionic surfactants in-
clude polysorbates (20, 80, etc.), polyoxamers (184, 188 etc.), Pluronic® polyols, poly-
oxyethylene sorbitan monoethers (Tween®-20, Tween®-80, etc.).

Additional miscellaneous excipients include bulking agents or fillers (e.g. starch), che-
lating agents (e.g. EDTA), antioxidants (e.g., ascorbic acid, methionine, vitamin E) and cosol-
vents.

The active ingredient may also be entrapped in microcapsules prepared, for example,
by coascervation techniques or by interfacial polymerization, for example hydroxymethylcellu-
lose, gelatin or poly-(methylmethacylate) microcapsules, in colloidal drug delivery systems (for
example liposomes, albumin microspheres, microemulsions, nano-particles and nanocapsules)
or in macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences,
supra.

Parenteral formulations to be used for in vivo administration must be sterile. This is

readily accomplished, for example, by filtration through sterile filtration membranes.

Sustained release preparations

Suitable examples of sustained-release preparations include semi-permeable matrices
of solid hydrophobic polymers containing the polypeptide or conjugate, the matrices having a
suitable form such as a film or microcapsules. Examples of sustained-release matrices include
polyesters, hydrogels (for example, poly(2-hydroxyethyl-methacrylate) or poly(vinylalcohol)),
polylactides, copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-
vinyl acetate, degradable lactic acid-glycolic acid copolymers such as the Prolease® technol-
ogy or Lupron Depot® (injectable microspheres composed of lactic acid-glycolic acid copoly-
mer and leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as
ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for long periods
such as up to or over 100 days, certain hydrogels release proteins for shorter time periods.
When encapsulated polypeptides remain in the body for a long time, they may denature or ag-
gregate as a result of exposure to moisture at 37°C, resulting in a loss of biological activity and
possible changes in immunogenicity. Rational strategies can be devised for stabilization de-

pending on the mechanism involved. For example, if the aggregation mechanism is discovered
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ta be intermolecular S-S bond formation through thio-disulfide interchange, stabilization may
be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling
moisture content, using appropriate additives, and developing specific polymer matrix composi-
tions,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure I shows purified wild-type human APC as well as various conjugates and vari-
ants of the invention. The proteins migrates on the gel as three dominate bands corresponding to
the o~ and B-bands of the heavy chain, with an apparent molecular weight of 41,000 and 37,000
respectively, and the light chain with an apparent molecular weight of 22,000. The degree of
glycosylation can also be analysed from the gel shown in Fig. 1 as the migration of the heavy
chains of the conjugates D214N and M338N shifted to more cathodal positions (contrary to the
variants K251N and S252N which apparently did not utilize their introduced glycosylation site)
showing that these two variants are glycosylated and the site is fully utilized. From the exami-
nation of the mobility of the heavy chain subforms (¢t and B), it is evident that the molecular
weight of the carbohydrate side chains at each site is about 3,000 to 4,000.

Figure 2 shows the residual amidolytic activity of various conjugates and variants of
the invention after incubation with different concentrations of alpha-1-antitrypsin (16.6 uM
(black bars) and 42.3 pM (white bars)) for 20 hours at 37°C. Details are given in Example 11
herein.

Figures 3 and 4 show the residual amidolytic activity of various conjugates and vari-
ants of the invention as a function of time in human plasma. Details, including the calculated i
vitro half-lives in human plasma, arc given in Example 13 herein.

The invention is further illustrated by the following, non-limiting, examples.

METHODS
Accessible Surface Area (ASA)

The computer program Access (B. Lee and F.M Richards, J. Mol.Biol. 55: 379-400
(1971)) version 2 (©1983 Yale University) is used to compute the accessible surface area
(ASA) of the individual atoms in the structure. This method typically uses a probe-size of 1.4A
and defines the Accessible Surface Area (ASA) as the area formed by the center of the probe.
Prior to this calculation all water molecules and all hydrogen atoms are be removed from the

coordinate set. Other atoms not directly related to the protein are also removed
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F ractional ASA. of side chain

The fractional ASA of the side chain atoms is computed by division of the sum of the
ASA of the atoms in the side chain by a value representing the ASA of the side chain atoms of
that residue type in an extended ALA-x-ALA tripeptide as described in Hubbard, Campbell &
Thomton (1991) J.Mol.Biol. 220, 507-530. For this example the CA atom is regarded as a part

" of the side chain of glycine residues but not for the remaining residues. The following values

are used as standard 100% ASA for the side chain:

Ala 6923 A? Leu 14076 A?
Arg 20035 A’ Lys 16250 A’
Asn 106.25 A? Met 156.08 A”
Asp 102.06 A? Phe 163.90 A’
Cys 9669  A? Pro 11965 A?
Gln 14058 A? Ser 7816 A?
Glu 13461 A’ Thr 101.67 A?
Gly 3228 A? Tip 21089 A?
His 147.00 A? Tyr 17661 A*
e 13791 A’ Val 11414 A?

Residues not detected in the structure are defined as having 100% exposure as they are

thought to reside in flexible regions.

Determining distances between atoms
The distance between atoms is determined using molecular graphics software, e.g. In-

sightIl v. 98.0, MSI Inc.

EXAMPLES

Example 1 — Determination of surface-exposed amino acids

The coordinates for the X-ray structure of wild-type human APC (Mather, T., Oga-
nessyan, V., Hof, P., Huber, R., Foundling, S., Esmon, C., Bode, W., 1996) are available from
the Protein Data Bank (PDB) (Bernstein et.al, J. Mol. Biol. (1977) 112 pp. 535) and electroni-
cally available via The Research Collaboratory for Structural Bioinformatics PDB at

http://www.pdb.org/ under accession code 1AUT. All water molecules as well as the covalently
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bound inhibitor were removed from the structure before the calculation of accessible surface
area was done. In the present example the betahydroxy-ASP (AP) at position 71 is treated as a
normal ASP residue. The residues K156-R169 (the Lys-Arg dipeptide and the activation pep-

tide) were not included in the calculations.

Sequence numbering
The sequence numbering used in this example is identical to the sequence numbering

of the zymogen protein C having the amino acid sequence SEQ ID NO:4.

Surface exposure

Performing fractional ASA calculations on the APC molecule resulted in the following
residues having zero side chain accessibility: G67, C89, C98, G103, C105, H107, C109, Y124,
G142, G173, V186, 1187, A198, V199, 1201, V206, 1207, T208, A210, C212, V221, E235,
1258, A259, 1260, 1261, L263, A267, V274, 1276, 1.283, V297, C331, M335, A346, G361,
M364, T371, F373, L374, G376, L377, V392, 1403.

The following residues were found to have more than 25% of their side chain exposed
to the surface: Q49, L51, V52, P54, 155, E56, H57, P58, C59, A60, S61, G635, H66, T68, 170,
D71, G72,173, G74, S75, F76, $77, D79, R81, $82, G83, W84, E85, R87, F88, Q90, R91, E92,
F95,1.96, N97, §99, 1.100, D101, L110, E111, E112, V113, G114, W115, R117, 8119, P122,
G123, K125, G127, D128, D129, L130, L131, Q132, H134, P135, A136, V137, K138, R143,
W145, K146, D172, K174, M175,R177, R178, D180, D189, 5190, K191, K192, K193, H202,
P203, H211, D214, E215, S216, K217, K218, 1220, R229, R230, W231, K233, W234, 1.236,
D237, D239, K241, E242, V243, F244, V245, P247, N248, $250, K251, 8252, T253, T254,
D255, A264, Q265, P266, T268, S270, Q271, D280, S281, G282, E285, R286, E287, Q290,
A291, G292, Q293, E294, 1.296, Y302, H303, $304, $305, R306, E307, K308, E309, A310,
K311, R312, N313, R314, T315, F316, F320, K322, P327, H328, N329, E330, $332, E333,
V334, 8336, N337, M338, §340, E341, 1348, 1349, G350, D351, R352, E357, $367, H369,
G370, E382, G383, C384, 1386, L387, H388, R398, D401, H404, G405, H406, R408, D409.
As it appears, the active site histidine (H211) was found to be surface cxposed. H211 is, how-
ever, not a candidate for being modified according to the present invention. Furthermore, the
cysteine residues listed above are normally not candidates for being modified according to the

present invention.
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The following residues were found to have more than 50% of theix side chain exposed
to the surface: Q49, 151, V52, P54, 1.55, E36, A60, S61, G65,170, D71, G72,173, G74, 875,
$77,D79, R81, $82, R87, R91, E92, F95,1.96, N97, S99, E111, V113, G114, W115,R117,
P122,K125,D128, D129, 1130, Q132, H134, V137, K138, K146, D172, K174, R177, §190,
K191, K192, K193, D214, E215, K217, K218, R229, R230, W231, K233, D239, K241, E242,
P247, N248, K251, §252, Q265, P266, T268, Q271, S281, E285, Q290, G292, Y302, S305,
R306, E307, K308, E309, A310, R312, N313, T315, K322, N329, E330, E333, 5336, N337,
M338, E341, 1348, G350, R352, E357, G370, G383, H388, R398, D401, H404, G405, R408,
D409.

The residues Al, N2, $3, 4, L5, E6, E7, L8, R9, H10, S11, S12, 113, E14, R15, E16,
C17,118, E19, E20, 121, C22, D23, F24, E25, E26, A27, K28, E29, 130, F31, Q32, N33, V34,
D35, D36, T37,L38, A39, F40, W41, S42, K43, H44, V45, D46, G47, D48, R147, M148,
E149,K150, K151, R152, §153, H154, L.155, K410, B411, A412, P413, Q414, K415, S416,
W417, A418, P419 are not included in the structure and are, in the present application, regarded
as being 100% exposed to the surface.

Example 2 — Determination of active site region

In determining the active site region the following approach was followed: By super-
imposing the heavy chain of APC (1AUT) onto the X-ray structure of a ternary complex be-
tween Factor VIIa, Tissue Factor and a variant of BPTI bound in the active site (PDB accession
code 1FAK. See Zhang, E., St Charles, R., Tulinsky, A.: Structure of Extracellular Tissue Fac-
tor Complexed with Factor Viia Inhibited with a Bpti Mutant J.Mol. Biol. 285 pp. 2089 (1999))
using the program Modeller ‘98 enabled the definition of the “active site region” as any residue
in the APC heavy chain having an atom within a distance of 12A from the superimposed BPTI
molecule. Furthermore, {rom a visual inspection a loop just outside this region (residues 306-
314) was also considered to constitute part of the active site region.

Using this approach the following amino acid residues were found to be included in
the “active site region™

L170,1171, D172, G173, Q184, V185, V186,187, 188, D189, $190, K191, K192,
K193,1.194, A195, C196, G197, A198, T208, A209, A210, H211, C212, M213, D214, E215,
8216, K217, K218, 1.219, 1220, 1.228, 1240, V243, V245, N248, Y249, $250, K251, S252,
T253, T254, D255, N256, D257, 1258, A259, 1261, T295, L.296, V297, T298, G299, W300,
G301, Y302, H303, $304, $305, R306, E307, K308, E309, A310, K311, R312, N313, R314,
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T315, F316,1321, 1323, P324, V326, C331, V334, M335, $336, N337, M338, V3309, M343,
1344, C345, A346, G347, 1348, L349, D351, R352, Q353, D354, A355, C356, E357, G358,
D359, 8360, G361, G362, P363, M364, G376, 377, V378, 5379, W380, G381, E382, G383,
(384, G385,1.386, L387, H388, N389, Y390, G391, V392, Y393 and T394. Although listed
here, the active site residues (1211, D257 and S360) are not candidates for being modified ac-
cording to the present invention. Furthermore, the cysteine residues listed above are normally

not candidates for being modified according to the present invention.

Example 3 — Determination of surface-exposed amine acids within the active site region

Combining the list of amino acids having more than 25% of their side chain exposed to
the surface (from Example 1) with the list of amino acids included in the active site region
(from Example 2), the following amino acid residues were found to be within the active site
region and, at the same time, having at least 25% of its side chain exposed to the surface:

D172, D189, S190, K191, K192, K193, D214, E215, §216, K217, K218, H211, L.220,
V243, V245, N248, 5250, K251, $252, T253, T254, D255, 1.296, Y302, H303, §304, §305,
R306, E307, K308, E309, A310, K311, R312, N313, R314, T315, F316, V334, S336, N337,
M338, 1348, L349, D351, R352, E357, E382, G383, C384,1.386, L387 and H388. Although
listed here, the active site histidine (H211) is not a candidate for being modified according to
the present inventiorn. Moreover, C384 is normally not a candidate for being modified accord-

ing to the present invention.

Example 4 - Construction of protein C expression vector

A gene encoding the human protein C precursor was constructed by assembly of syn-
thetic oligonucleotides by PCR using methods similar to the ones described in Stemmer et al.
(1995) Gene 164, pp. 49-53. The native protein C signal sequence was maintained in order to
allow secretion of the gene product. The synthetic gene was designed with a Nhel site at the 5°-
end and a Xbal site at the 3™-end and subcloned behind the CMV promoter in pcDNA3.1/Hygro
(Tnvitrogen) using these sites. The protein C precursor sequence in the resulting plasmid,
termed pCR4, is given in SEQ ID NO:1.

Furthermore, in order to test for a higher gene expression, the synthetic gene was
cloncd into the KpnI-Xbal sites of pcDNA3.1/Hygro containing an intron (from pCI-Neo
(Promega)) in the 5’ untranslated region of the gene. The resulting plasmid was termed pRC2.
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Example 5 — Site directed mutagenesis

All the mutants of protein C were constructed using Quick-Change (Stratagene). Prim-
ers were purchased from TAG Technology (Copenhagen) containing the appropriate mutations.
The PCR reactions were petrformed according to the manufacturer’s manual and the plasmids
were transformed into TG1 competent cells. Plasmid preparations were made on single clones

and the sequences were verified using a DNA sequencer 3100 genetic Analyser (ABI)

Primers:

D172N

POF003:
CAAGTAGATCCGCGGCTCATTAACGGGAAGATGACCAGGCGGGG
PQF004:
CCCCGCCTGGTCATCTTCCCGTTAATGAGCCGCGGATCTACTTG
D214N

EK0001:
CTGACAGCGGCCCACTGCATGAACGAGTCCAAGAAGCTCCTTGTC
EK0002:
GACAAGGAGCTTCITGGACTCGTTCATGCAGTGGGCCGCTGTCAG
D214A

EKO048:
CTGACAGCGGCCCACTGCATGGCCGAGTCCAAGAAGCTCCTTGTC
EK0049:
GACAAGGAGCTTCITGGACTCGGCCATGCAGTGGGCCGCTGTCAG
K25IN

EKO0003:
CTTCGTCCACCCCAACTACAGCAACAGCACCACCGACAATGACATC
EKO004:
GATGTCATTGTCGGTGGTGCTGTTGCTGTAGTTGGGGTGGACGAAG
$252N

EKO005:
CGTCCACCCCAACTACAGCAAGAACACCACCGACAATGACATCGC
EKO006:
GCGATGTCATTGTCGGTGGTGTTCTTGCTGTAGTTGGGGTGGACG
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Y302N

EKO0007:
CCCTCGTGACGGGCTGGGGCAACCACAGCAGCCGAGAGAAGGAGGCC
EKO008:
GGCCTCCTTCTCTCGGCTGCTGTGGTTGCCCCAGCCCGTCACCGAGGG
M338N

EKOO011:

CAGCGAGGTCATGAGCAACAACGTGTCTGAGAACATGC

EKO012:

GCATGTTCTCAGACACGTTGTTGCTCATGACCTCGCTG

M338A

EKO046:

GCAGCGAGGTCATGAGCAACGCCGTGTCTGAGAACATGC

EKO047:

GCATGTTCTCAGACACGGCGTTGCTCATGACCTCGCTGC

DI18IN+KI191IN

EKO019:
CCCCTGGCAGGTGGTCCTGCTGAACTCAAACAAGAAGCTGGCCTGCGGGG
EK0020:
CCCCGCAGGCCAGCTTCTTGTTTGAGTTCAGCAGGACCACCTGCCAGGGG
D189N+K191T

EKO0033:
CCCCTGGCAGGTGGTCCTGCTGAACTCAACCAAGAAGCTGGCCTGCGGGG
EK0034:
CCCCGCAGGCCAGCTTCTTGGTTGAGTTCAGCAGGACCACCTGCC
S190N+K192T

EKO0044: GGCAGGTGGTCCTGCTGGACAACAAGACCAAGCTGGCCTGCGGGGCAG-
TGC

EKO0045: GCACTGCCCCGCAGGCCAGCTTGGTCTTGTTGTCCAGCAGGACCACCT-
GCC

K19IN+K193T

EK0050:

GTCCTGCTGGACTCAAACAAGACCCTGGCCTGCGGGGCAGTG
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EKO051: .
CACTGCCCCGCAGGCCAGGGTCTTGTTTGAGTCCAGCAGGAC

K217N+L219T

EK0029:;
GCATGGATGAGTCCAACAAGACCCTTGTCAGGCTTGGAGAGTATGACC
EKO030:

GGTCATACTCTCCAAGCCTGACAAGGGTCTTGTTGGACTCATCCATGC
T253N+D255T

BK0031: CCAACTACAGCAAGAGCAACACCACCAATGACATCGCACTGCTGCACCT-
GGC

EK0032: GCCAGGTGCAGCAGTGCGATGTCATTGGTGGTGTTGCTCTTGCTGTAG-
TTGG

S305SN+E307T

EK0023:
GGCTGGGGCTACCACAGCAACCGAACCAAGGAGGCCAAGAGAAACCGC
EKO0024:

GCGGTTTCTCTTGGCCTCCTTGGTTCGGTTGCTGTGGTAGCCCCAGCC
E307TN+E309T

EKO025:
GGCTACCACAGCAGCCGAAACAAGACCGCCAAGAGAAACCGCACCTTCG
EK0026:
CGAAGGTGCGGTTTCTCTTGGCGGTCTIGTTTCGGCTGCTGTGGTAGCC
S336N-+M338T

EK0027:
GCAGCGAGGTCATGAACAACACCGTGTCTGAGAACATGCTGTGTGCGGG
EK0028:
CCCGCACACAGCATGTTCTCAGACACGGTGTTGTTCATGACCTCGCTGC
L386N+H388T

EKO0017: GGTGAGCTGGGGTGAGGGCTGTGGGAACCTTACCAACTACGGCGTTTA-
CACC

EKO0018: GGTGTAAACGCCGTAGTTGGTAAGGTTCCCACAGCCCTCACCCCAGCT-
CACC
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Example 6 — Production

Transient expression of wild-type protein C and protein C variants was performed us-
ing the Fugene transfection reagent (Roche) in COS 7 cells grown in DMEM (Gibco 21969-
0353) supplemented with 10% fetal serum, 2 mM L-glutamine, 100 U/ml of penicillin, 100
pg/ml streptomycin and 5 pg/ml vitamin K. On the day of transfection the medium was substi-
tuted with fresh medium 4-5 hours before transfection. The day after transfection the medium
was substituted with serum-free production medium based on DMEM (Gibco 31053-028)
supplemented with 2 mM L-glutamine, I mM Sodium Pyruvate, 1/500 Ex-cyte (serologicals)
1/100 ITSA (Gibco 51300-044), 100 U/ml of penicillin, 100 pg/ml strepromycin and 5 prg/ml
vitamin K. After incubation for two days the medium was harvested and the expressed variants

were analysed for production and activity (see Example 9 below).

Example 7- Purification

Approximately 15 mg Ca specific monaclonal antibody was coupled to 5 ml CNBr-
activated Sepharose FF from Pharmacia according to the manufacturer’s instructions. Ap-
proximately 1 ml of the coupled matrix was packed in a HR 10 column and washed with buffer
A (20 mM Tris, 0.3 M NaCl, 5 mM CaCl,, pH 7.5) at a flow rate of 1 ml/min. Approximately
90 ml of sterile filtered culture medium was made 0.3 M NaCl and § mM CaCl, and applied to
the column at the same flow rate. Prior to elution, the column was washed with 20 column vol-
umes of buffer A. Elution was carried out with buffer B (20 mM Tris and 10 mM EDTA, pH
7.5) and fractionated in 1 ml fractions. Fractions containing protein C, as judged by OD)zo,
western blot and SDS-PAGE, were pooled and stored at —80°C. The above-described purifica-
tion procedure represents one out of several possible procedures for purifying protein C (see,
for example, Kiesel, J. Clin. Invest. (1979) 64 pp. 761-769).

The purified proteins were activated using the activation protocol (see Example 8 be-
low). The purity of all proteins was checked using polyacrylamide gel electrophoresis (PAGE)
analysis. In addition, the degree of glycosylation was estimated from these gel analyses by
monitoring changes in molecular weight. Increased apparent molecular weights compared to the
wild-type human APC molecule demonstrate that the APC variants have been glycosylated.

An example of the wild-type APC and APC variants can be seen in Figure 1. The pro-
teins migrates on the gel as three dominate bands corresponding to the o~ and B-bands of the
heavy chain, with an apparent molecular weight of 41,000 and 37,000 respectively, and the

light chain with an apparent molecular weight of 22,000. The degree of glycosylation was also
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investigated in the PAGE analysis. Figure 1 includes two APC variants that are glycosylated in
the introduced glycosylation site. The migration of the heavy chains of the APC variant D214N
and M338N shifted to more cathodal positions, showing that these two variants are glycosylated
and the site is fully used. From the examination of the mobility of the heavy chain subforms (o
and B), it is evident that the molecular weight of the carhohydrate side chains at each site is

about 3,000 to 4,000.

Example 8 - Activation

The protein C variants and conjugates were activated using the venom protein C activator,
ACC-C (Nakagaki et al., Thrombosis Research 58:593-602, 1990). The zymogen forms were
incubated at 37°C for about 60 min in 50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 5 mM EDTA,
using a final concentration of 1 ng/ml of ACC-C. The activation process was checked using the
APC amidolytic activity assay (see example 9 below) and polyacrylamide gel electrophoresis

analysis.

Example 9 — Determination of amidolytic activity
APC Amidolytic Assay

The amidolytic activity of human APC and the compounds of the invention is deter-
mined using the peptide substrate SPECTROZYME PCa with the formula H-D-Lys(y-Cbo)-
Pro-Arg-pNA.2AcOH (American Diagnostica Inc, product # 336) at a final concentration of 0.5
mM. Assays are performed at 23°C in 50 mM Tris-HCI (pH 8.3), 100 mM NaCl, 5 mM CaCl,.
The rate of hydrolysis of the PCa substrate by human APC and the compounds of the invention

are recorded for 3 min at 405 nm as the change in absorbance units/min in a plate reader.

Results

All expressed and activated conjugates and variants were analysed for activity. 4 pl
(unpurified) cell culture medium was assayed as described right above. The obtained activities,
which do not reflect the specific activities since they depend inter alia on the expression level,
indicate whether the proteins were expressed and whether they possessed activity.

The following activities were obtained:

Table la

Compound milliODy9s/min
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wild-type COS 7 APC
D214N

D214A (control)
K25IN"

§252N°

Y302N°

M338N

M338A (control)
D189N+K191T
D18IN+K191N (control)
S190N+K192T"
K191N+K193T
K217+4L219T
T253N+D255T
S305N+E307T
E307N+E309T
S336N+M338T
L386N+H388T

13

PC'T/DK01/00679

" No detectable sugar moiety attached to the introduced glycosylation site as judged from SDS-PAGE

Selected candidates were purified and their specific amidolytic activities were meas-

ured in the above assay using a protein concentration of 30 nM. The following activities were

found:

Table Ib

Compound milliODygs/min % of wild-type APC
wild-type COS 7 APC 489 -

D214N 34.8 71

K251N" 452 92

$252N" 43.1 88

M338N 44.8 92
S336N+M338T 41,5 85
L386N+H388T 23.0 47

": No detectable sugar moiety attached to the introduced glycosylation site as judged from SDS-PAGE
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As it appears, the specific amidolytic activity of the tested conjugates and variants is at

the same level as the wild-type human APC molecule.

Example 10 — Determination of anticoagulant activity
APC Clotting Assay

Anticoagulant activity is assessed by monitoring the prolongation of clotting time in

the activated partial thromboplastin time (APTT) assay using Nycoplastin (Nycomed, product
no. 1002448) together with Normal Hemostasis Reference Plasma (Americun Diagnostica Inc.,
catalogue no. 258N). Coagulation is started by mixing the APTT reagent containing human
APC or compounds of the invention with the normal hemostasis reference plasma at 37°C and
measuring the clotting time by manual mixing. The clotting time for the human APC is com-
pared to the clotting time of the compounds of the invention to calculate the anticoagulant ac-

tivity expressed in percentage to the human APC anticoagulant activity.

Results

Using the above assay the following anticoagulant activities were found:

Tuble 2

Compound Anticoagulant activity (% of human APC)
D214N 224

K251N” 24.5

$252N" 24.5

M338N 34.7

L386N-+H388T 14.3

*: No detectable sugar moiety attached to the introduced glycosylation site as judged from SDS-PAGE

These results show that the anticoagulant properties of the conjugates and variants of
the invention are preserved to a large extent. This clearly shows that it is possible to design
APC variants and conjugates with significantly increased resistance toward inhibition in plasma

(see examples below) with retained anticoagulant activity.

Example 11 - Inactivation by alpha-1-antitrypsin

-63-




20

25

30

WO 02/32461 PC'T/DK01/00679
61

Alpha-1-Antitrypsin Inactivation Assay

Human APC or compounds of the invention are incubated with 16.6 or 42.3 uM hu-
man alpha-1-antitrypsin (Sigma) in 10 mM Tris-HCI (pH 7.5), 150 mM NaCl, 5 mM CaCl,
containing 0.1% BSA at 37°C. After 20 hours incubation a 15 pl sample of the incubated mix-
tures is added to 110 pl 50 mM Tris-HCI (pH 8.3), 100 mM NaCl, 5 mM CaCl; in microplates
and assayed for APC amidolytic activity as described in the “APC Amidolytic Assay”. The re-
maining activity is calculated by normalizing with the activity obtained in samples lacking al-

pha-1-antitrypsin but otherwise incubated under identical conditions.

Results

Using the above assay the following results were obtained:

Table 3
Compound % residual amidolytic activity
16.6 uM inhibitor 42.3 uM inhibitor

wild-type plasma APC 10 2
wild-type COS 7 APC 7 <1
D214N 80 81
D214A (control) 21 1
K25IN 62 53
S252N" 62 34
Y302N" 50 30
M338N 38 12
M338A (control) 9 2
D189N+K191T 90 77
D189N+K191N (control) 12 <1
S190N+K192T" 28 5
K19IN+K193T 59 24
K217+1L.219T 20 4
T253N+D255T 56 38
S305N+E307T 42 9
E307N+E309T 10 <l
S336N+M338T 72 40
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L386N+H388T 68 44
*: No detectable sugar moiety attached to the introduced glycosylation site as judged from SDS-PAGE

The data are also shown in Fig.2. The results show that practically all of the conjugates
have increased resistance towards alpha-1-antitrypsin inhibition. In particular, D214N and
D189N+K191T retain more than 70% of their amidolytic activity even at the highest alpha-1-
antitrypsin concentration. The effect of the glycosylation of these compounds can be seen when
comparing these two conjugates with D214 A and D189N+K191N, which lack glycosylation.
These variants are inhibited significantly more than their glycosylated equivalents indicating
that glycosylation is important for improving the resistance towards alpha-1-untitrypsin inhibi-
tion. Moreover, it should be noted that the variants K251N, S252N, Y302N and S190+K192T,
which apparently have not utilized their introduced glycosylation site (as judged from SDS-
PAGE), have significantly increased their resistance towards alpha-1-antitrypsin inhibition as

compared to wild-type human APC.

Example 12 — Inactivation by human plasma

Human Plasma Inactivation Assay I

Human APC or compounds of the invention are incubated in 90% normal human
plasma (Sigma Diagnostics, Accuclot™ reference plasma) containing 50 mM Tris-HCI (pH
7.5), 100 mM NaCl, 5 mM CaCl, at 37°C. Aliquots are removed after 200 min and assayed for
APC amidolytic activity as described in the “APC Amidolytic Assay” . The residual APC activ-
ity after 200 min is expressed in percentage of the APC activity measured at the start of the

experiment.

Results

Using the above assay the following results were obtained:

Table 4

Compound % residual amidolytic activity after
200 min in 90% normal human plasma

wild-type plasma APC 5

wild-type COS 7 APC 7

D214N 80
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K25IN" 57
S252N" 45
M338N 2
S336N+M338T 45
L336N+H388T 72

*: No detectable sugar moiety attached to the introduced glycosylation site as judged from SDS-PAGE

The above results clearly indicated that the conjugates as well as the variants according

to the invention are highly resistance towards inactivation in human plasma.

Example 13 — In vitro half-life in huwman plasma

Human Plasma Inactivation Assay I1

Human APC or compounds of the invention are incubated in 90% normal human
plasma (Sigma Diagnostics, Accuclot™ reference plasma) containing 50 mM Tris-HCI (pH
7.5), 100 mM NaCl, 5 mM CaCls at 37°C. Aliquots are removed at various time-points and
assayed for APC amidolytic activity as described in the “APC Amidolytic Assay”. The residual
APC activity at the various time-points is expressed in percentage of the APC activity measured
at the start of the experiment. The in vitro half-life (expressed in minutes) is calculated as the

time at which 50% of the APC activity is still present.

Results

The following in vitro half-lives were obtained:

Table 5

Compound In vitro half-life Fold increase relative to
(min) wild-type human APC

wild-type plasma APC 40 -

wild-type COS 7 APC 42 -

D214N >400 >10

K25IN' 255 6.4

§252N° 155 3.9

M338N 85 2.1

S336N+M338T 185 4.6

L386N+H388T >400 >10
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*: No detectable sugar moiety attached to the introduced glycosylation site as judged from SDS-PAGE

The experimental data points are shown in Figs. 3 and 4. The results show that the
APC variants and conjugates have significantly increased in vigro half-lives in human plasma.
5 Hspecially the D214N and L386N+H388T conjugates show a significantly increased in vitro

half-life (increased more than 10 times).
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CLAIMS

1. A variant of human protein C having substantially the amino acid sequence shown

in SEQ 1D NO:4, wherein

a)

b)

the amino acid sequence of said variant differs in 1-10 amino acid
residues from SEQ ID NO:4; and

the amino acid sequence of said variant includes at least one
introduced N-glycosylation site as compared 1o SEQ [D NO:4, wherein
said al least one N-glycosylation sile is introduced by @ substilution
selected from the group consisting of D172IN+K 1748, D172N+K174T,
DISON+KIG1S, DISINHKI91T, ST90N+K1928, STOON+K 1927,
KI9IN+K 1938, KTOIN+KT93T, K192N+1.1948, K192N+1.1947T,
KI193N+A1958, KI9IN+TATYST, D214N; D2 14N+S2I6T,
H2I5N+K2178, E213N+K2171, S216N+K 2188, S216N+K 2181,
K217N+L2195, K217N+L219T, K218N+L2208S, K21 8N+L220T,
L220N+R2228, L220N+R222T, V243N+V2458, V243N+V245T,
V245N+P2478S, V245N+P247T, S250N, S250N+8252T, K251N,
K25IN+T2538S, S252N, S252N+T2548, T253N+-D2558,
T253N+D255T, T254N+N2568, T254N~N256T, D255N+D257S,
D255N+D257T, L296N, L296N-+T298S, Y302N~-S$304T, H303N,
H303N+S305T, S304N+R3068, S304N+R306T, S305N+E307S,
5305N+E307T, R306N+K3088S, R306N+K308T, E307N+E3098S,

E307N+E309T, K308N+A3108. K308N+A3I0T, E309N+K3118,

E309N+K311T, A310N+R312S, A310N+R312T, R312N+R314S,
R312N+R314T, T315N+V3178, T315N+V317T, F316N+L318S,
F316N+L318T, V334N, V334N+8336T, S336N+M338S,
S336N-+M338T, V33958, V3391, M338N, M338N+S340',
[348N+G3508, [348N+G350T, L349N+D3518, L349N+D351T,
D35IN+Q3538, D35 IN+Q353T, R352N+D3548, R352N+D354T,
E357N1D3598, E357N1D359T, G383N+G3858, G383N+G385T,
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L3S6N-+H388S, L386N+H388T, L387N+N389S, L387N+N389T,
H388N+Y390S and H388N+Y390T.

2. The variant according to claim 1, wherein said variant is in its activated form.

3. The variant according to claim 1 or 2, wherein said at least one introduced N-
glycosylation site is introduced by a substitution selected from the group consisting of
DI8IN+K 1918, DI8IN+K191T, S190N+K 1928, SI9ON+K192T, K191N+K 1938,
KI19IN+K193T, D214N, D214N+S216T, K217N-L219S, K217N+L219T, K251N,
K25IN1'12538, S252N, S252N 112548, 'T253N 32558, T253N+D255T,
Y302N+8304T, T253N+D2558, T253N+D255T, $336N+M3388, S336N+M338T,
V3398, V339T, M338N, M338N+5340T, G383N+G3838, G383N+G385T,
L386N+H388S and L3R6N+H388T.

4. The variant according to claim 3, wherein said at least one introduced N-
glycosylation site is introduced by a substitution selected from the group consisting of
DIZIN+KI191S, DIZIN+KI191T, KI9IN+K193T, D214N, D214N+S216T, K251N,
K251N+T2538S, S252N, S252N+T254S, T253N+D144S, T253N+D255T,
Y302N+8304T, S305N+E307T, S305N+E307S, S336N+M338S, S336N+M338T,
V3398, V339T, M338N, M338N+S340T, G383N+G3858, G383N+G385T,
L386N-+H388S and L386N+H388T.

5. The variant according to claim 4, wherein said at least one introduced N-
glycosylation site is introduced by a substitution selected from the group consisting of
DI8IN+KI9IT, KI19IN+K193T, D214N, K251N, S252N, T253N+D255T,
S305N+E307T, S336N+M338T, V339T, M338N, G383N+G385T and
1.386N+H388T.

6. The variant according o claim 3, wherein said at least one introduced N-
glycosylation site is introduced by a substitution selected from the group consisting of

D18IN+K191T, K19IN+K193T, D214N, T253N+D255T, S305N+E307T,

-69-




02 Nov 2006

2002210388

67

S336N+M338T, M338N, G383N+G385T and L386N+H388T.

7. The variant according to claim 6, wherein said at least one introduced N-glycosylation
site is introduced by a substitution selected from the group consisting of D189N+K191T,
D214N and L386N+H388T.

8. A nucleotide sequence encoding the variant as defined in any of claims 1-7.

9. An expression vector comprising a nucleotide sequence as defined in claim 8.

10. A host cell comprising a nucleotide sequence as defined in claim 8 or an expression

vector as defined in claim 9.

11. A variant as defined in any of claims 1-7 for use as a medicament.

12. A conjugate comprising at least one sugar moiety covalently attached to an introduced
N-glycosylation site of a variant of a human protein C polypeptide as defined in any of

claims 1-7.

13. The conjugate according to claim 12 in its activated form.

14. The conjugate according to claim 12 or 13, further comprising at least one introduced
and/or removed attachment group selected from the group consisting of a lysine residue, a
glutamic acid residue, an aspartic acid residue, a tyrosine residue, a serine residue and a

cysteine residue.

15. The conjugate according to claim 14, wherein the attachment group has been introduced
in or removed from a position which is occupied by an amino acid residue having at least

25% of its side chain exposed to the surface (as defined in Example 1 herein).
16. The conjugate according to claim 15, wherein the attachment group is introduced in or

removed from a position selected from the group consisting of D172, D189, $190, K191,
K192, K193, D214, E215, §216, K217, K218, 1220, V243, V245, §250, K251, §252, T253,
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T254,1.296, Y302, H303, S304, $305, R306, E307, K308, E309, A310, R312, T315, F316,
V334, $336, N337, M338, 1348, L349, D351, R352, E357, G383, L386, L387 and H388.

17. The conjugate according to claim 16, wherein the attachment group is introduced in or
removed from a position selected from the group consisting of D189, S190, K191, D214,
K217, K251, S252, T253, Y302, S305, E307, S336, N337, M338, G383 and L386.

18. The conjugate according to claim 17, wherein the attachment group is introduced in or
removed from a position selected from the group consisting of D189, D214, K251, §252,
T253, Y302, S305, 8336, N337, M338, G383 and L386.

19. The conjugate according to any of claims 14-18, wherein the introduced attachment

group is a cysteine residue.

20. The conjugate according to any of claims 14-19, wherein the non-polypeptide moiety is

a polymer molecule.

21. The conjugate according to claim 20, wherein the non-polypeptide moiety is a linear or

branched polyethylene glycol or a polyalkylene oxide.

22. The conjugate according to any of claims 12-21, which, in its activated form, and when
tested in the “APC Amidolytic Assay” described in Example 9 herein, has an activity of at
least 10% of the wild-type human APC activity.

23. The conjugate according to any of claims 12-22, which, in its activated form and when
tested in the “APC Clotting Assay” described in Example 10, has an anticoagulant activity
of at least 10% of the wild-type human APC anticoagulant activity.

24, The conjugate according to any of claims 12-23, which, in its activated form, has an

increased resistance towards inactivation by alpha-1-antitrypsin as compared to human
APC.
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25. The conjugate according to claim 24, which, in its activated form has a residual activity
of at least 20% when tested in the “Alpha-1-Antitrypsin Inactivation Assay” described in

Example 11 herein using an inhibitor concentration of 16.6 pM.

26. The conjugate according to any of claims 12-25, which, in its activated form, has an

increased resistance towards inactivation by human plasma.

27. The conjugate according to claim 26, which, in its activated form and when tested in the
“Human Plasma Inactivation Assay [” described in Example 12 herein, has a residual

activity of at least 20%.

28. The conjugate according to claim 26 or 27, where the ratio between the in vitro half-life
of said conjugate, in its activated form, and the in vitro half-life of human APC is at least
1.25 when tested in the “Human Plasma Inactivation Assay II” described in Example 13

herein.

29. The conjugate according to any of claims 12-28, which, in its activated form, has an
increased functional in vivo half-life or an increased serum half-life as compared to human
APC.

30. The conjugate according to claim 29, wherein the ratio between the functional in vivo
half-life or the serum half-life of said conjugate and the functional in vivo half-life or serum
half-life of human APC is at least 1.25.

31. A pharmaceutical composition comprising a variant as defined in any of claims 1-7 or a
conjugate as defined in any of claims 12-30 and a pharmaceutically acceptable carrier or

excipient.

32. A conjugate as defined in any of claims 12-30 or a pharmaceutical composition as

defined in claim 31 for use as a medicament.
33. Use of a conjugate as defined in any of claims 12-30 or use of a pharmaceutical

composition as defined in claim 31 for the manufacture of a medicament for the treatment of

stroke; myocardial infarction; afier venous thrombosis; disseminated intravascular

72-




02 Nov 2006

2002210388

70

coagulation (DIC); sepsis; septic shock; emboli, such as pulmonary emboli; transplantation,
such as bone marrow transplantation; burns; pregnancy; major surgery/trauma or adult

respiratory stress syndrome (ARDS).

34. The use according to claim 33 for the manufacture of a medicament for the treatment of

septic shock.

35. A method for treating or preventing a disease selected from the group consisting of
stroke; myocardial infarction; after venous thrombosis; disseminated intravascular
coagulation (DIC); sepsis; septic shock; emboli, such as pulmonary emboli; transplantation,
such as bone marrow transplantation; burns; pregnancy; m%ijor surgery/trauma and adult
respiratory stress syndrome (ARDS), the method comprising administering to a patient in
need thereof an effective amount of a conjugate as defined in any of claims 12-30 or of a

pharmaceutical composition as defined in claim 31.
36. The method according to claim 35 for treating or preventing septic shock.

37. A method for producing a conjugate as defined in any of claims 12-30, the method
including culturing an appropriate host cell under conditions conducive for the expression of
the polypeptide part of the conjugate, and recovering the polypeptide, wherein the
polypeptide includes at least one N-glycosylation site and the host cell is a eukaryotic host

cell capable of in vivo glycosylation.

38. A method of increasing the functional in vivo half-life or the serum half-life of a parent
protein C polypeptide, which method includes introducing an amino acid residue
constituting an attachment group for a non-polypeptide moiety into a position of a parent
protein C polypeptide comprising an amino acid residue having at least 25% of its side chain
exposed to the surface (as defined in Example 1 herein) which does not contain such
attachment group and/or removing an amino acid residue constituting such attachment
group, and subjecting the resulting modified polypeptide to conjugation with the non-
polypeptide moiety which has the amino acid residue having been introduced and/or

removed as an the attachment group.
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39. A method for treating or preventing stroke; myocardial infarction; after venous
thrombosis; disseminated intravascular coagulation (DIC); sepsis; septic shock; emboli or
adult respiratory stress syndrome (ARDS); or for treatment in transplantation, of burns or in
major surgery/traurna, the method comprising administering to a patient in need thereof an
effective amount of a variant as defined in any of claims 1-7.

40. The method of claim 39, for treating or preventing sepsis.

41. The method of claim 39, for treating or preventing pulmonary emboli.

42. The method of claim 39, wherein the transplantation is bone marrow transplantation.

43. A variant of human protein C substantially as hereinbefore described with reference to

the accompanying examples.

44. A method for treatment or prevention substantially as hereinbefore described with

reference to the accompanying examples.
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<220>
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<220>
<221> mat_peptide
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<400> 1
atg tgg cag ctc aca agce ctc ctg ctg tte gty gee acce tgg gga att 48
Met Trp Gln Leu Thr Ser Leu Leu Leu Phe val Ala Thr Trp Gly Ile

-40 -35 -30

tce gge aca cca gct cct ctt gac teca gtg tte tee age age gag cgt 96
Ser Gly Thxr Pro Ala Pro Leu Asp Ser Val Phe Ser Ser Ser Glu Arg
-25 -20 -15

gee cac cag gty ctg cgg atc cge aaa cogt goe aac tce tte ctg gag 144
Ala His Gln Val Leu Arg Ile Arg Lys Arg Ala Asn Ser Phe Leu Glu
-10 -5 -1 1 5

gag ctc cgt cac age age ctg gag cgg gag tge ata gag gag atc tgt 192
Glu Leu Arg His Ser Ser Leu Glu Arg Glu Cys Ile Glu Glu Ile Cys
10 15 20

gac ttc gag geg gcc aag gaa att ttc caa aat gtg gat gac aca ctg 240
Asp Phe Glu Glu Ala Lys Glu Ile Phe Gln Asn Val Asp Asp Thr Leu
25 30 35

gec tte tgg tee aag cac gtc gac ggt gac cag tge ttg gte ttg ccc 288
Ala Phe Trp Ser Lys His Val Asp Gly Asp Gln Cys Leu Val Leu Pro
40 45 50

ttg gag cac ccg tge gee age ctg tge tge ggg cac gge acg tgc atc 336
Leu Glu His Pro Cys Ala Ser Leu Cys Cys Gly His Gly Thr Cys Ile

gac ggc ate ggc age tte age tge gac tgc cge age ggc tgg gag gge 384
Asp Gly Tle Gly Ser Phe Ser Cys Asp Cys Arg Ser Gly Trp Glu Gly
75 80 85
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cgc ttc tge cag cgc gag gtg age tte cte aat tge teg ctg gac aac 432
Arg Phe Cys Gln Arg Glu Val Ser Phe Leu Asn Cys Ser Leu Asp Asn
90 95 100

ggc ggce tge acg cat tac tge cta gag gag gtg gge tgg cgg cgc tgt 480
Gly Gly Cys Thr His Tyr Cys Leu Glu Glu Val Gly Trp Arg Arg Cys
105 110 115

agc tgt gcg cct gge tac aag ctg ggg gac gac ctc ckg cag tgt cac 528
Ser Cys Ala Pro Gly Tyr Lys Leu Gly Asp Asp Leu Leu Gln Cys His
120 125 130

coc gca gtg aag tte cct tgt ggo agg cce tgg aag cgg abtg gag aag 576
Pro Ala Val Lys Phe Pro Cys Gly Arg Pro Trp Lys Arg Met Glu Lys
135 140 145 150

aag cgc agt cac ctg aaa cga gac aca gaa gac caa gaa gac caa gta 624
Lys Arg Ser His Leu Lys Arg Asp Thr Glu Asp Gln Glu Asp Gln Val
155 160 165

gat ccg cgg cte att gat ggg aag atg acce agg cgg gga gac age ccc 672
Asp Pro Arg Leu Ile Asp Gly Lys Met Thr Arg Arg Gly Asp Ser Pro
170 175 180

tgg cag gtg gtc ctg ctg gac tca aag aag aag ctg gec tgc ggg gca 720
Trp Gln Val val Leu Leu Asp Ser Lys Lys Lys Leu Ala Cys Gly Ala
185 190 195

gtg cte atc cac cce tee tgg gtg ctg aca gcg gce cac tge atg gat 768
Val Leu Ile His Pro Ser Trp Val Leu Thr Ala Ala His Cys Met Asp
200 205 210

gag tcc aag aag cte ctt gte agg ctt gga gag tat gac ctg cgg cge 8l6
Glu Ser Lys Lys Leu Leu Val Arg Leu Gly Glu Tyr Asp Leu Arg Arg
215 220 225 230

tgg gag aag tgg gag ctg gac ctg gac atc aag gag gte tte gtec cac 864
Trp Glu Lys Trp Glu Leu Asp Leu Asp Ile Lys Glu Val Phe val His
235 240 245

cec aac tac age aag age acc ace gac aat gac ate geca ctg ctg cac 912
Pro Asn Tyr Ser Lys Ser Thr Thr Asp Asn Asp Ile Ala Leu Leu Eis
250 255 260

ctg gece cag cec gec ace cte teg cag ace ata gtg cce ate tge cte 960
Leu Ala Gln Pro Ala Thr Leu Ser Gln Thr Ile Val Pro Ile Cys Leu
265 270 275

ccg gac agc gge ctt gca gag cge gag ctc aat cag gee gge cag gag 1008
Pro Asp Ser Gly Leu Ala Glu Arg Glu Leu Asn Gln Ala Gly Gln Glu
280 285 290

acc cte gtg acg ggc tgg ggc tac cac agc agc cga gag aag gag gec 1056
Thr Leu Val Thr Gly Trp Gly Tyr His Ser Ser Arg Glu Lys Glu Ala
295 300 305 310
aag aga aac cgc acc ttc gte cte aac tte ate aag att cce gtg gte 1104
Lys Arg Asn Arg Thr Phe Val Leu Asn Phe Tle Lys Ile Pro Val val

315 320 325

ccg cac sat gag tgc age gag gtc atg age aac atg gtg tct gag aac 1152
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Trp
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<213> Homo sapiens
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<400> 3
gcc aac tcc tte ctg gag gag cte cgt cac age age ctg gag cgg gag 48
Ala Asn Ser Phe Leu Glu Glu Leu Arg His Ser Ser Leu Glu Arg Glu

1 5 10 15

tge ata gag gag atc tgt gac ttc gag gag gcc aag gaa att ttc caa 96
Cys Ile Glu Glu Ile Cys Asp Phe Glu Glu Ala Lys Glu Ile Phe Gln
20 25 30

aat gtg gat gac aca ctg gcc tte tgg tecc aag cac gtc gac ggt gac 144
Asn Val Asp Asp Thr Leu Ala Phe Trp Ser Lys His Val Asp Gly Asp
35 40 45

cag tgc ttg gtc ttg ccc ttg gag cac ccg tge gee age ctg tge tge 192
Gln Cys Leu Val Leu Pro Leu Glu His Pro Cys Ala Ser Leu Cys Cys
50 55 60

ggg cac ggc acg tge atce gac gge atce gge age tte age tge gac tge 240
Gly His Gly Thr Cys Ile Asp Gly Ile GLy Sexr Phe Ser Cys Asp Cys
65 70 75 80

cge age ggc tgg gag ggce cge tte tge cag cge gag gty age tte cte 288
Arg Ser Gly Trp Glu Gly Arg Phe Cys Gln Arg Glu Val Ser Phe Leu
85 90 95

aat tge teg ctg gac aac gge gge tge acg cat tac tge cta gag gag 336
Asn Cys Ser Leu Asp Asn Gly Gly Cys Thr His Tyr Cys Leu Glu Glu
100 105 110

gty ggc tgg cgg egc tgt age tgt gog cct gge tac aag ctg ggg gac 384
Val Gly Trp Arg Arg Cys Ser Cys Ala Pro Gly Tyr Lys Leu Gly Asp
115 120 125

gac ctc ctyg cag tgt cac ccc gea gtg aag ttc cct tgt ggg agg ccc 432
Asp Leu Leu Gln Cys His Pro Ala Val Lys Phe Pro Cys Gly Arg Pro
130 135 140

tgg aag cgg atg gag aag aag cgc agt cac ctg aaa cga gac aca gaa 480
Trp Lys Arg Met Glu Lys Lys Arg Ser His Leu Lys Arg Asp Thr Glu
145 150 155 160

gac caa gaa gac caa gta gat ccg cgg ctc att gat ggg aag atg acc 528
Asp Gln Glu Asp Gln Val Asp Pro Arg Leu Ile Asp Gly lLys Met Thr
165 170 175

agg cgg gga gac agc ccc tgg cag gtg gtc ctg ctg gac tca aag aag 576
Arg Arg Gly Bsp Ser Pro Trp Gln Val Val Leu Leu Asp Ser Lys Lys
180 185 190

aag ctg gec tgc ggg gea gtg cte ate cac cece tee tgg gtg ctg aca 624
Lys Leu Ala Cys Gly Ala Val Leu Ile His Pro Ser Trp Val Leu Thr
195 200 205

gcg gec cac tge atg gat gag tce aag aag cte ctt gte agg ctt gga 672
Ala Ala His Cys Met Asp Glu Ser Lys Lys Leu Leu Val Arg Leu Gly
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Lys

His

Leu

170

Val

His

Lys

Tzp

Ser

250

Pro

Gly

Thr

Arg

Glu
330
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Lys

Cys

Ser

75

Arg

His

Gly

Phe

Leu

155

Ile

Leu

Pro

Leu

Glu

235

Lys

Ala

Leu

Gly

Thr

315

Cys

Lys

His

Ala

60

Phe

Glu

Tyr

Tyr

Pro

140

Lys

Asp

Leu

Ser

Leu

220

Leu

Ser

Thr

Ala

Trp

300

Phe

Ser

Glu
val

45
Ser
Ser
val
Cys
Lys
125
Cys
Arg
Gly
Asp
Trp
205
val
Asp
Thr
Leu
Glu
285
Gly

val

Glu

Ile

Asp

Teu

Cys

Ser

Leu

110

Leu

Gly

Asp

Lys

Ser

190

Val

Arg

Leu

Thr

Ser

270

Axg

Tyr

Leu

Val

15

Phe

Gly

Cys

Asp

Phe

Glu

Gly

Arg

Thr

et

175

Lys

Leu

Leu

Asp

Asp

255

Gln

Glu

His

Asn

Met
335
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Gln

Asp

Cys

Cys

80

Leu

Glu

Asp

Pro

Glu

160

Thx

Lys

Thr

Gly

Ile

240

Asn

Thr

Leu

Ser

Phe

320
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Asn Met Val Ser Glu Asn Met Leu Cys Ala Gly Ile Leu Gly Asp Arg
3490 345 350

Gln Asp Ala Cys Glu Gly Asp Ser Gly Gly Pro Met Val Ala Ser Phe
355 360 365

His Gly Thr Trp Phe Leu Val Gly Leu Val Ser Trp Gly Glu Gly Cys
370 375 380

Gly Leu Leu His Asn Tyr Gly Val Tyr Thr Lys Val Ser Arg Tyr Leu
385 390 395 400

Asp Trp Ile His Gly His Ile Arg Asp Lys Glu Ala Pro Gln Lys Ser
405 410 415

Trp Ala Pro

<210> 5

<211> 44

<212> DNA

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer

<400> 5
caagtagatc cgeggetcat taacgggaag atgaccagge gggg 44

<210> 6
<212> DNA
<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Primer

<400> 6

<210> 7

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 7
ctgacagcgyg cccactgcat gaacgagtcc aagaagctcc ttgte 45

<210> 8

<211i> 45

<212> DNA

<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence: Primer

<400> 8
gacaaggagce ttcttggact cgttcatgca gtgggccget gtcag

<210> 9

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 9
ctgacagegg ccecactgecat ggecegagtcc aagaagetce ttgte

<210> 10

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 10
gacaaggage ttcttggact cggeccatgeca gtgggecget gteag

<210> 11

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 11
cttegtecac cccaactaca geaacageac caccgacaat gacate

<210> 12

<211> 46

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 12
gatgtcattyg tcggtggtgce tgttgctgta gttggggtgg acgaag

<210> 13

<211> 45

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer
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<400> 13
cgtecaccee zactacagea agaacaccac cgacaatgac atcge

<210> 14

<211> 45

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 14
gegatgtcat tgteggtggt gttettgetyg tagttgggot ggacy

<210> 15

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 15
ccetegtgace gggcetgggge aaccacagca gocgagagea ggaggeco

<210> 16

<211> 47

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 16
ggcctectte tctcoggetge tgtggttgec ccageccgte acgaggg

<210> 17

<211> 38

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 17
cagcgaggte atgagcaaca acgtgtctga gsacatgce

<210> 18

<211> 38

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

10
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<400> 18
gecatgttctc agacacgttg ttgctcatga cctegetg

<210> 19

<211> 39

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 19
gcagcgaggt catgagcaac gccgtgtectg agaacatge

<210> 20

<211> 39

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 20
gecatgttctce agacacggecg ttgctcatga cctecgetge

<210> 21

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 21
cccctggecag gtggtecctge tgaactcaaa caagaagctg gectgegggg

<210> 22

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<A400> 22
ceccgeagge cagettettg tttgagttea gecaggaccac ctgccagggg

<210> 23

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 23

11
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cceetggeag giggtectge tgaactcaac caagaagetg gcecctgcgogg 50

<210> 24

<211> 45

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Seguence: Primer

<400> 24
ccecgeagge cagettettyg gttgagttca geaggaccac ctgee 45

<210> 25

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 25
ggcaggtggt cctgctggac aacaagacca agctggectyg cggggcagt 49

<210> 26

<211> 51

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 26
gcactgcece gecaggceccage ttggtettgt tgtccagcag gaccacctge ¢ 51

<210> 27

<211> 42

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 27
gtectgetgg actcaaacaa gacccetggece tgeggggeag tg 42

<210> 28

<211> 42

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Primer

<400> 28
cactgceceeg caggecaggg tcettgtttga gtccagcagg ac 42

12
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<210> 29

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 29
gcatggatga gtccaacaag acccttgteca ggettggaga gtatgace 48

<210> 30

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 30
ggtecatacte tccaagcetyg acaagggtet tgttggacte atecatge 48

<210> 31

<211> 50

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Primer

<400> 31
ccaactacag caagagcaac accaccaatg acatcgecact gctgcacctg 50

<210> 32

<211> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 32
gccaggtgea gcagtgegat gtecattggtg gtgttgetet tgetgtagtt gg 52

<210> 33

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 33
ggctgggget accacagcaa ccgaaccaag gaggcocaaga gaaacego 48

13
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<210> 34

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 34
gecggtttete ttggecteet tggtteggtt getgtggtag ccccagec

<210> 35

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 35
ggctaccaca gcagccgaaa caagaccgce aagagaaacc gcacctteg

<210> 36

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 36
cgaaggtgcg gtttctecttg geggtettgt tteggeotget gtggtagee

<210> 37

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 37
gcagcgaggt catgaacaac accgtgtctg agaacatget gtgtgegag

<210> 38

<211> 49

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Erimer

<400> 38
ccegeacaca gecatgttcetc agacacggtg ttgttcatga cctegetge

14
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<210> 39

<211> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 39
ggtgagctgy ggtgagggct gtgggaacct taccaactac ggegtttaca cc

<210> 40

<211> 52

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Primer

<400> 40
ggtgtaaacg ccgtagttgg taaggttcce acagcecctca cecccagetca co

15
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Fig. 1
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Residual amidolytic activity (%)
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Residual amidolytic activity
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Residual amidolytic activity
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