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DESCRIPTION

Bovine Pancreatic Trypsin Inhibitor Derived
Inhibitors of Factor VIIA -Tissue Factor Complex

Field of Invention

The present invention relates to Bovine Pancreatic
Trypsin Inhibitor-derived inhibitors, and methods for
their preparation and therapeutic use.

Background of the Invention
Bovine pancreatic trypsin inhibitor (also referred to

as BPTI or Aprotinin) is a polypeptide having 58 amino
acid residues, with internal cross linking by three disul-
fide bridges. Fritz, H. and Wunderer, G., Arzneim.-
Forsch/Drug Res., 33: 479-494 (1983). The amino acid
sequence of mature wild type BPTI is shown in (I).
1 2 3 4 .5 6 7 8 9 10 11 12
Arg Pro Asp Phe Cys Leu Glu Pro Pro Tyr Thr Gly

13 14 15 16 17 18‘ 19 20 21 22 23 24
Pro Cys Lys Ala Arg Ile Ile Arg Tyr Phe Tyr Asn

25 26 27 28 29 30 31 32 33 34 35 36
Ala Lys Ala Gly Leu Cys Gln Thr Phe Val Tyr Gly

37 38 39 40 41 42 43 44 45 46 47 48
Gly Cys Arg Ala Lys Arg Asn Asn Phe Lys Ser Ala

49 50 51 52 53 54 55 56 57 58
Glu Asp Cys Met Arg Thr Cys Gly Gly Ala

(I)
(sequence ID no. 1)
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In the mature folded protein, disulfide bonds are formed
between the following pairs of cysteines: 5-55, 14-38 and
30-51.

The crystal structures cf BPTI or BPTI variants
complexed with trypsin, kallikrein, trypsinogen, and
anhydrotrypsin show that two loops of the inhibitor form
the interface with the serine proteases at residues 11-19
and 34-39. Bode, W., et al., Eur. J. Biochem., 144:
185-190 (1984). These residues are believed to be largely
responsible for defining the specificity of the inhibitor
for the target protease. Specificity relates to the
potency or affinity of an inhibitor for a specific pro-
tease, (i.e., the lower the Ki the higher the specificity,
e.dg., a Ki of up to 500 nM is regarded as specific in this
application.). In combination with the sequences of
serine protease, the specificity and selectivity of the
protease inhibitors has been suggested to originate from
sequence variations on both sides of the protease-
inhibitor interface. Creighton, T. E. and Darby, N. J.,
TIBS, 14: 319-325 (1989). Selectivity relates to the
difference in inhibitor constant of a specific inhibitor
for two specific proteases.

In the art, the sequence for such a substrate or
inhibitor of a serine protease is often represented by
...-P4-P3-P2-P1-P1’-P2'-P3'-P4’-..., where P and P’ are
amino acids and the proteolytic cleavage site, in the case
of substrates, is defined to occur between residues Pl and
P1’. Schechter, I. and Berger, A., Biochem. Biophys. Res.
Commun., 27: 157 (1967). The bond between the P-carbonyl
and the P’-nitrogen in substrate is often referred to as
the scissile bond.

The primary specificity for a serine protease is
defined by the nature of the residue immediately preceding
the scissile bond. The residue, P1l, corresponds to lysine
15 in the wild type or natural BPTI sequence. Residues
surrounding the scissile bond taken together with residue
P1 are often referred to as the "active site loop" of BPTI
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which is illustrated in (II). Laskowski, M. Jr. and Kato,
I., Ann. Rev. Biochem. 49, 593-626 (1980).

12 13 14 15 16 17 18 19
Gly Pro Cys Lys Ala Arg Ile Ile
P4 P3 P2 P1 Pl’ P2' P3' P4’
(I1)
(sequence 1D No. 2)

It is believed that P2, P3, P4, P1’ P2’, P3’ and P4’
convey secondary specificity to the inhibitor allowing
differentiation among different serine proteases. In
BPTI, a second loop consisting of residues 34-39 also form
a contact region with the active sites of certain serine
proteases and may contribute to specificity.

Analogues of BPTI having a more specific inhibitory
effect toward certain serine proteases have been reported.
Polypeptides consisting of residues 3 to 58 of BPTI, with
the amino acids at positions 15 and 42 in one analogue,
and at 15, 17 and 42 in another analogue changed, were
reported to inhibit plasmavkallikrein (Ki of 1 and 0.1
nM), Factor Xa with relatively weak inhibition constants
of 1800 and 150 nM, but not factor VIIa or thrombin.
Norris K. and Petersen L.C., "Aprotinin Analogues and
Process for the Production Thereof", EP 339,942 (published
November 2, 1989)..

Lipoprotein-associated'coagulation inhibitor (LACI)
from human plasma consists of three tandemly linked
domains. Each of these domains shows homology with BPTI.
This 276-amino acid inhibitor was shown to inhibit factor
Xa by its second domain, and factor VIIa-Tissue Factor
complex by its first domain. Girard, T.J. et al., Nature
338: 518-520 (1989). Inhibition of the factor VIIa-tissue
factor complex was weak in the absence of factor Xa, and
increased significantly when factor Xa was present.
Callander, S. et al., J. Biol. Chem. 267: 876-882 (1992,
not admitted to be prior art to the present invention).
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A recombinant fusion protein consisting of the LACI first
domain and the light chain of factor X was reported to be
an inhibitor of the factor VIIa-tissue factor complex.
Girard et al., EP 439,442 (published July 31, 1991). A
recombinant protein containing the first two domains of
LACI is a factor VIIa-tissue factor inhibitor. Broze et
al., US Patent 5,106,833 (April 21, 1992, not admitted to
be prior art to the present invention).

Summary of Invention
This invention <concerns derivatives of BPTI

engineered, as described below, to have potent inhibitory
activity on the in vivo or in vitro biological activity of
Factor VIla-tissue factor (TF) complex. Thus, in a first
aspect, the invention features a compound derived from
BPTI which inhibits Factor VIIa-TF with an inhibition
constant (K;) of less than 500 nM, preferably less than 100
nM, and more preferably less than 10 nM.

The term "compound" refers not only to polypeptide
chains having an amino acid sequence of 58 amino acids, as
in the naturally occurring BPTI and its analogs, including
human pancreatic trypsin inhibitor, but also to compounds
which contain one or more of those amino acids substituted
at locations which may not be relevant to their activity
as Factor VIiIa-TF inhibitors. For example, such substitu-
tions may include substitution of glycine for valine, or
of one or more charged aﬁino acids for similarly or
oppositely charged amino acids, or may include deletion of
one or more amino acids. 1In addition, one or more amino
acids may be introduced into the polypeptide chain of
BPTI-analogs such that their introduction has little or no
effect on the Factor VIIa-TF inhibitory activity of the
BPTI derivative. Such substitution may be with any of the
naturally occurring amino acids, or with unnatural amino
acids which may be manufactured by standard prdcedures
known in the art. 1In a particularly preferred aspect of
the invention, the compound is derived by synthesizing a
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nucleic acid sequence (e.g., DNA or RNA) which encodes the
desired amino acid sequence of the BPTI-analog incorporat-
ing changes at specific chosen locations to produce Factor
VIIa-TF inhibitory activity in the resulting encoded BPTI-
analog. Examples of such derivation are provided below,
in which mutant BPTI compounds are formed by genetic
engineering procedures.

The term "analog" refers to compounds found in nature
or man-made, which are analogous to BPTI and have essen-
tially the same two or three dimensional structure as BPTI
as imposed by the three disulfide bonds of BPTI.

Specifically, compounds which are BPTI-analogs and
possess Factor VIIa-TF inhibitory activity include those
comprising, consisting of, or consisting essentially of
the structure:

Cys Leu Glu Pro Pro Tyr X,, Gly X;; X, X;5 X6 X5 Xy Xy

X, Tyr Phe Tyr Asn Ala Lys Ala Gly Leu Cys Gln Thr

Phe X,;, X;; Gly Gly X;; X;, Ala Lys Arg Asn Asn X, X,

Ser Ala Glu Asp Cys Met Arg Thr Cys

where: v

X,; is alanine, asparagine, aspartic acid, glutamic
acid, glutamine, glycine, histidine, isoleucine, leucine,
methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, or valine;

X,; is alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, 1lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine;

X,, is alanine, cysteine when X,, is cysteine, glycine
or serine;

X, 1s arginine or lysine;

X,¢ 1is alanine or glycine;

X,, is alanine, arginine, asparagine, glutamine,
glycine, histidine, isoleucine, leucine, lysine, methi-
onine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, or valine;

X,s, X, and X,, is any natural amino acid;
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X,, is alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, 1lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine;

X,s; is phenylalanine, tryptophan or tyrosine;

X, is alanine, glycine or serine;

X,s is alanine, cysteine when X,, is cysteine, glycine,
or serine;

X,, is alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, 1lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine;

X,s is phenylalanine, tryptophan or tyrosine; and

X,s is any natural amino acid.

In a particularly preferred embodiment, examples of
derived compounds include those having the structure:

X, Pro Asp Phe Cys Leu Glu Pro Pro Tyr X,; Gly X;; X,

X5 X356 X7 X33 Xy X, Tyr Phe Tyr Asn Ala Lys Ala Gly

Leu Cys Gln Thr Phe X,, X,; Gly Gly X, X;, Ala Lys Arg

Asn Asn X;; X, Ser Ala Glu Asp Cys Met Arg Thr Cys Gly

Gly Ala |

where:

X, is alanine or arginine;

X,, is alanine, aspartic acid, glutamic acid, glycine,
proline, serine, threonine, or valine;

X,; is alanine, glutamine, histidine, isoleucine,
leucine, methionine, phenylalanine, proline, tryptophan,
tyrosine, or valine;

X,, is cysteine;

X, is arginine, or lysine;

X,¢ is alanine or glycine;

X,, is alanine, isoleucine, leucine, methionine, or
tyrosine; '

X,s is histidine, isoleucine, phenylalanine or
tyrosine; 4

X,, is asparagine, glutamine, histidine, isoleucine,
leucine, lysine, proline, threonine, or valine;
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X,, is arginine or serine;

X, is aspartic acid, histidine, isoleucine, leucine,
phenylalanine, serine, threonine, tryptophan, tyrosine, or
valine;

5 X;s is tyrosine;

X3 is glycine;

X,s 1s cysteine;

X,y is arginine, asparagine, glutamic acid, glycine,
histidine, leucine, methionine, phenylalanine, tryptophan,

10 or tyrosine;

X,s is phenylalanine; and

X,s 1s aspartic acid, glutamic acid, 1lysine,
phenylalanine, tryptophan or tyrosine.

In a second aspect, the invention features an

15 isolated nucleic acid segment encoding a compound as
described above.

By "isolated" is meant that the nucleic acid is
provided in a state that does not occur naturally in
nature (although its sequence of nucleotides may be

20 identical to a naturally occurring sequence), and is
preferably located within 'a host cell genome, Or an
expression vector, or other vector such that it can be
replicated and transcribed and translated to form. a
desired inhibitor of the invention. The term may also

25 1indicate a homogenous solution of the nucleic acid.

In preferred embodiments, the nucleic acid segment
includes at least 150 bases and is provided within a
vector, for example, a plasmid, phasmid, cosmid, or phage,
with a promoter region which controls transcription of the

30 nucleic acid segment. »

In a related aspect, the invention features a host
cell including such a vector.

The phrase ‘"promoter region", and the term
"transcription" are used in their art recognized manner.

35 A further aspect of the invention features a method
for preparing a compound, as described above, by growing
a host cell which includes a vector encoding the compound
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under conditions in which the vector causes expression of
the compound within the cell. Preferably, the compound is
linked to a secretion signal sequence which causes it to
be secreted into the periplasmic space or the culture
supernatant. _

In a preferred embodiment, one method of preparing
the compound includes: (a) initiating a culture in a
nutrient medium of host cells transformed with an expres-
sion vector encoding the compound; (b) maintaining the
culture for a sufficiently long time to allow production
of the compound; and (c) recovering the compound from the
culture.

The present invention also includes pharmaceutically
acceptable compositions prepared for storage and subse-
quent administration which include a pharmaceutically
effective amount of an above-described compound in a
pharmaceutically acceptable carrier or diluent.

The present invention also includes a method for
preventing or treating a condition in a mammal character-
ized by the abnormal appearance or amount of tissue factor
and/or factor VIla, by administering a therapeutic quan-
tity of a compound of the invention. For example, the
invention features a method for preventing or treating a
condition in a mammal characterized by abnormal thrombo-
sis. The term "abnormal" indicates an amount or type of
tissue factor or factor VIIa different from that observed
in a general population of mammals, and is a term
recognized in the art.

Other features and advantages of the invention will
be apparent from the following description of the
preferred embodiments thereof, and from the claims.

Brief Description of Drawings
The drawings will first briefly be described.
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Drawings
Fig. 1 is a representation of the three dimensional
interaction between the surface of a BPTI molecule and a
model of the Factor VIIa substrate binding site. The
5 dotted surface represents that part of the BPTI molecule
which is expected to be in contact with the substrate
binding site of Factor VIIa. The polypeptide chains of
the BPTI molecule (below) and Factor VIIa (above) are
represented by black ribbons.

10 Fig. 2 is a diagrammatic representation of the vector
pMa5-PI. The map of pMa5-PI contains the following fea-
tures: (i) a ColEl type origin of replication (ORI); (ii)
the intergenic region of filamentous phage f£1, including
the origin of replication (f1 ORI); (iii) the beta-

15 lactamase gene which confers resistance to ampicillin
(bla); (iv) the chloramphenicol acetyl transferase gene
made non-functional by a mutation introducing an amber
stop codon (cat-am); (v) the P../phoA/BPTI expression
cassette; (vi) two copies of the central transcription

20 terminator of phage fd (£dT). The complementary vector
pMc5-PI is identical to pMéS-PI except that the cat gene
is functional (conferfing resistance to chloramphenicol)
and the bla gene contains an amber stop codon. The blown-
up region shows the position of the P, promoter, the DNA

25 segment coding for the phoA secretion signal, the BPTI-
derived gene, and the relevant restriction sites. A
sequencing primer anneals to vector sequences immediately
downstream of the BPTI coding region, as shown in the
upper part of the figure, and can be used to determine the

30 DNA sequence encoding a useful Factor VIIa-TF inhibitor of
this invention. ‘

Fig. 3 shows the DNA sequence (5’ to 3’) of the four
oligonucleotides that were used to assemble the BPTI
coding region.

35 Fig. 4 shows the DNA sequence of various oligonucleo-
tides used for construction of -pMa5-PI. Specifically,
panel (A) shows the relevant part of the recipient vector
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pMa5-19 or pMc5-19, collectively referred to as pMa/c5-19.
[As used in these abbreviations for vector constructs, "a"
refers to a sequence conveying ampicillin resistance, "c"
refers to a sequence conveying chloramphenicol resistance,
and "a/c" refers to sequences conveying resistance to both
ampicillin and chloramphenicol.] The EcoRI/Xbal fragment
is present in the multi-cloning site of pMa/c5-8
(Stanssens et al., Nucl. Acids Res. 17, 4441-4454 (1989).
The -35 and -10 box of the P,,. promoter, the Shine-Dalgarno
(SD) sequence and secretion signal derived from the phoA
gene as well as some relevant restriction sites are indi-
cated. Panel (B) shows the double stranded BPTI-encoding
fragment composed of the four chemically synthesized
oligonucleotides. The BPTI-oligonucleotides were ligated
with the pMc5-19 vector which had been opened with KpnI,
treated with DNA polymerase I (Klenow fragment), and
subsequently digested with HindIII to yield PMc5-PI. This
fuses the 5’'-end of the BPTI coding region to the phoA
secretion signal while the HindIII-junction at the 3’-end
generates an in-frame TAA translational stop codon.

Fig. 5 is a schematicidiagram of a filamentous phage
displaying five copies of a mutant BPTI-derived protein
fused to the PIII coat protein.

Fig. 6 is a diagram representing a method for
isolating phages displaying a potent Factor VIIa inhibitor
of this invention.

Fig. 7 is a diagrammatic representation of the pHILS1
E. coli - P. pastoris shuttle vector. This plasmid con-
tains a segment of the E. coli plasmid pBR322 which
contains the ampicillin resistance gene (Amp) and the
E.coli (ori) origin of replication. This portion also
contains the fl-bacteriophage origin of replication (f1
ori). The P. pastoris elements (AOX, PHOl, HIS4) are
defined in example 10. Relevant restriction sites are
also indicated (Bgl2, Sacl, Nsil, Xhol, Smal, EcoR1l,
BamH1l, Xbal, Stul). '
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Fig. 8 is a diagram representing a dose response
curve of 5L15 in human plasma obtained upon tissue factor
activation. Relative prolongation is calculated as the
ratio of the time of appearance of the maximum of active

5 thrombin in the presence of 5L15 over the time of appear-
ance of the maximum of active thrombin in the absence of
inhibitor.

Fig. 9 is a diagram representing thrombin generation
curves showing the effect of 5L15 and Hirudin in human

10 plasma upon tissue factor activation. Open squares repre-
sent control (no anticoagulant); open triangles represent
5L15 (0.663 uM); open circles represent S5L15 (3.938 uM);
and closed squares represent Hirudin (0.1 uM).

Detailed Description of the Preferred Embodiments

15 BPTI Derivatives
The specificity of BPTI for specific serine proteases
(e.g., trypsin, plasmin) is determined by the nature of
the amino acids which constitute that part of the surface
of the BPTI molecule which is in contact with the protease
20 substrate binding site. The dotted surface shown in Fig.
1 represents that part of the BPTI molecule which appli-
cant predicts to be invcontact with the substrate binding
sites of Factor VIIa (assuming that the protease domain of
factor VIIa in complex with tissue factor resembles
25 trypsin in structure). The polypeptide chain of the BPTI
molecule is represented by the lower black ribbon.
Compounds can be derived from BPTI, by replacing,
inserting or deleting amino acids, in such a way that the
contact surface is modified so as to be optimally compat-
30 ible with the Factor VIIa-TF structure in shape, charge,
polarity and hydrophobicity. The compouhds thus derived
from BPTI are potent Factor VIIa-TF inhibitors, whereas
BPTI itself only weakly inhibits Factor VIIa-TF. .Modify-
ing, or even removing, amino acids outside the contact
35 region should not affect the binding properties of the
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inhibitor as long as the structure of the contact region
is not disturbed by such changes.

From inspection of a BPTI model similar to the one
represented in Fig. 1, it can be deduced that the shape of
the contact region is 1largely, but not exclusively,
defined by residues 11, 13, 14, 15, 16, 17, 18, 19, 20,
34, 35, 36, 38, 39, 45, and 4s6. Thus, BPTI-derived
inhibitors of this invention have modifications at these
sites to enhance their inhibitory activity, and may have
changes at other sites which have little or no effect on
such modifications. These inhibitors have the basic BPTI
structure optimized to inhibit the activity of Factor
VIIa-TF in vivo and in vitro. Such derivatives can be
formed by standard procedures, as discussed below.
Identification of optimal changes in the BPTI structure,
however, can be performed by a randomized mutagenic
procedure, or by systematic changes in BPTI amino acid
sequence or structure. There follows examples of these
procedures, which are not limiting in this invention.

Site-Directed Mutagenesis
Factor VIIa-TF inhibitors useful in this invention

can be identified by site-directed mutagenesis of the BPTI
gene expressed in a micro-organism. For example, a syn-
thetic gene can be constructed in a vector and mutagenized
by standard procedure using the methodology described in
Stanssens et al., Nucl. Acids Res. 17: 4441-4454 (1989).
Specifically, the BPTI coding region can be chemically
synthesized so that the nucleotide sequence is adapted to
match the E. coli codon usage (i.e., the synthesized gene

is made devoid of AGA and AGG Arg-modulator-codons which
adversely affect polypeptide production); strategically
placed restriction sites which facilitate other genetic
manipulations can be incorporated; and arginine at posi-
tion 1 replaced by an alanine to allow proper processing
by the E. coli signal peptidase.
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To establish an E. coli expression system that would
produce native, correctly folded and disulfide-bonded BPTI
derivatives, the BPTI-derived mutant protein can be
directed to the periplasmic space by fusion of the gene to

5 a DNA fragmeﬁt encoding a secretion signal peptide. The
BPTI derivative encoding oligonucleotides can then be
ligated directly into pMa/c5-19. [pMa/c5-19 refers
‘collectively to pMa5-19 or pMc5-19.] This vector (Fig.
2), contains an IPTG-inducible P,,, promoter, and the

10 secretion signal-enéoding part of the alkaline phosphatase
(phoA) gene which can be made accessible by virtue of a
Kpnl site. Stanssens et al., Nucl. Acids Res. 17,
4441-4454 (1989). The sequences of four oligonucleotides
which can be used to assemble a BPTI derivative-coding

15 region are shown in Fig. 3. Fig. 4 shows the relevant
parts of the pMa/c5-19 vector and the complete BPTI
derivative-encoding nucleic acid fragment. The construc-
tion of the BPTI-analog gene in the pMa/c5-19 vector is
described in detail in Example 1, below.

20 The vectors pMa5-PI and pMc5-PI are useful in this
invention since they harbor the intergenic region of
filamentous phage fi, thus allowing expression,
oligonucleotide-directed mutagenesis, and sequencing to be
carried out from the same replicon. Mutation construction

25 experiments were carried out essentially as described by
Stanssens et al., Nucl. Acids Res. 17: 4441-4454 (1989).
The construction of the genes encoding the inhibitory
BPTI-derived compounds named 82c¢c5 and 95c¢l2 is described
in Example 2.

30 For large scale production, the specific inhibitor-
encoding genes can be transferred to a secretion
production system such as, for example, the Pichia yeast
expression system (Phillips Petroleum Company). The
vector used for expression of a particular factor VIIa-TF

35 inhibitor is described in Example 10. Recombinant protein
can be purified from the culture medium using standard
methods, such as ion exchange chromatography and affinity
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chromatography. An example of a purification protocol is
given in Example 3.

Random Mutagenesis
Specific factor VIIa-TF inhibitors can also be

obtained by random mutagenesis of the entire BPTI gene or
of a specific set of residues included in the protease-
inhibitor contact region. Such a 1library of mutant
BPTI-derived polypeptides can be screened for inhibition
of factor VIIa-TF using an appropriate enzymatic assay,
such as described in Example 4. Alternatively, a method
can be developed to isolate potent factor VIIa-TF inhibi-
tors. For example, a method has been described to express
mutant-BPTI as a fusion protein with a filamentous phage
coat protein. Ladner et al., U.S. Patent 5,096,815 (March
17, 1992). Phages displaying factor VIIa-TF inhibitors
can be isolated by a process called "panning". Parmley et
al., Gene 73: 305-318 (1988). An example of the construc-
tion of a particular mutant-BPTI libraries is given below
(Example 7). Panning protocols are described in Example 8.

Preferred BPTI-derived compounds
The preferred compounds of the present invention are

those having a Ki for factor VIiIa-TF smaller than 500 nM.
Examples of these compounds are given in the following
list. These inhibitors have the same amino acid sequence
as BPTI except for the substitutions shown within
brackets.

BPTI (1Ala 11Asp 17Ile 19Lys 39Glu 46Glu)

BPTI(1Ala 11Glu 17Ile 19Lys 39Glu 46Glu)

BDPTI (1Ala 13Ile 15Arg 17Tyr 19Lys 39Leu 46Glu)

BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Glu 46Glu)

BPTI (1Ala 11lAsp 15Arg 17Ile 19Lys 34Asp 39Leu)

BPTI (1Ala 15Arg 17Tyr 19Thr 39Phe 46Glu)

BPTI (1Ala 11Asp 17Ile 19Lys 39Phe 46Glu)

BPTI (1Ala 11Asp 17Ile 19Lys 39Tyr 46Glu

BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Phe 46Glu)
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BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Tyr 46Glu)
BPTI(1Ala 15Arg 17Ile 19Lys 39Phe 46Glu)
BPTI (1Ala 15Arg 17Tyr 19Thr 39Tyr 46Tyr)
BPTI (1Ala 11Glu 15Arg 17Tyr 19Thr 39Tyr 46Glu)
5 BPTI(1Ala 15Arg 17Met 18His 19His 39Phe 46Glu)
BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu
46Glu)
BPTI(1Ala 11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His
46Glu
10 BPTI(1Ala 11Glu 13Ala 15Arg 17Leu 18His 19Leu 34Tyr
39Tyr 46Glu)
BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Pro 34Tyr
39His 46Glu)
BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Thr 34Tyr
15 39His 46Glu)
BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Thr 34Thr 39Phe
46Glu)
BPTI(1Ala 11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34Thr
39His 46Glu)

20 BPTI (1Ala 11Asp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)
BPTI(1Ala 11Glu 15Arg 17Ile 18His 19Pro 34Leu 39Tyr
46Glu)
BPTI(1Ala 11Gly 13Val 15Arg 17Ile 18His 19Leu 34Ile
39Tyr 46Glu
25 BPTI(1Ala 11Ala 15Arg 17Leu 18His 19Gln 34His 39Phe
46Glu)

BPTI(1Ala 11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34His
39His 46Glu)
BPTI(1Ala 11Gly 15Arg 17Leu 18His 19Pro 34Phe 39Phe
30 46Glu) |
BPTI(1Ala 11Gly 13Val 15Arg 17Leu 18His 34Tyr 39Asn
46Glu)
BPTI(1Ala 11Glu 13Gln 15Arg 1l7Leu 18His 19Leu 34Ser
39Tyr 46Glu)
35 BPTI (1Ala 11Ala 13Tyr 15Arg 17Ile 18His 19His 39Tyr
46Glu)
BPTI(1Ala 13Ile 15Arg 17Ile 18His 19His 39Leu 46Glu)
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BPTI(1Ala 11Pro 15Arg 17Leu 18His 19Thr 34Phe 39Tyr

46Glu)

BPTI(1Ala 11Val 13His

39His 46Glu)
BPTI(1Ala 13Ile 15Arg
BPTI (1Ala 13Ile 15Arg
BPTI(1Ala 13Ile 15Arg
BPTI (1Ala 13Ile 15Arg
BPTI(1Ala 13Ile 15Arg
BPTI(1Ala 13Ile 15Arg
BPTI(1Ala 13Ile 15Arg
BPTI(1Ala 13Ile 15Arg
13Phe
39Phe 46Glu)

BPTI (1Ala 11Pro

15Arg 17Leu 18His 19Leu 34Leu

17Leu 18His 19Gln 39Leu 46Glu)
17Leu 18His 39Leu 46Glu)

17Leu 18His 19Thr 39Leu 46Glu
17Leu 18His 19Lys 39Leu 46Glu
17Ile 18His 19Leu 39Leu 46Glu
17Ile 18His 19Val 39Leu 46Glu
17Met 18His 19Leu 39Leu 46Glu
17Tyr 18Tyr 19Lys 39Leu 46Glu

)
)
)
)
)
)

15Arg 17Leu 18His 19Lys 34His

BPTI(11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Tyr 46Glu)

BPTI (11Asp 15Arg
BPTI (11Asp 15Arg
BPTI(11Glu 13Trp
46Glu)
BPTI(15Arg 17Leu
BPTI(11Ser 13Leu
46Glu)

BPTI (11Pro 13Ile
46Glu)
BPTI(11Ser 13Leu
46Glu)

BPTI (11Pro 131Ile
46Glu)
BPTI(11Glu 13Met
46Glu)

BPTI (11Pro 13Val
46Glu)

BPTI (11Glu 13Leu
46Glu)
BPTI(11Pro 13Leu
46Glu)

BPTI (11Asp 15Arg

17Leu
17Leu
15Arg

18His
15Arg

15Arg

15Arg

15arg

15Arg

15Arg

15Arg

15Arg

17Leu

18His 19Pro 34Trp 39Leu 46Glu)
18His 19His 34Tyr 46Glu)
17Leu 18His 19His 34Ile 39Gly

19His 34Phe 39Phe 46Glu)
17Leu 18His 19Lys 34Tyr 39Tyr

17Leu 18His 19Lys 34His 39Phe
17Leu 18His 19Lys 34Tyr 39Phe
17Leu 18His 19Lys 34Tyr 39Met
17Ile 18His 19Lys 34Thr 39Met
17Leu 18His 19Lys 34Ser 39Gln
17Leu 18His 19Lys 34Tyr 39Phe
17Leu 18His 19Lys 34Tyr 39Tyr

18His 19Gln 39Phe 46Glu)

SUBSTITUTE SHEET



WO 94/07528

10

15

20

25

30

35

PCT/US93/06534

17

BPTI(9Ala 11Asp 15Arg 17Leu 18His 19Gln 22Leu 39Phe
46G1lu)

BPTI(13Ile 15Arg 17Ala 18Phe 19Asn 39Leu 46Glu)

BPTI(13Ile 15Arg 17Phe 18Tyr 19Lys 39Leu 46Glu)

BPTI(13Ile 15Arg 17Tyr 18Tyr 19Lys 39Leu 46Glu)

Yet other preferred derivatives are those compounds

characterized by a Ki for factor VIIa-TF smaller than 50

nM.

These include:

BPTI(1Ala 1lAsp 15Arg 17Ile 19Lys 39Glu 46Glu)

BPTI(1Ala 11Asp 17Ile 19Lys 39Phe 46Glu)

BPTI(1Ala 11Asp 17Ile 19Lys 39Tyr 46Glu

BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Phe 46Glu)

BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Tyr 46Glu)

BPTI(1Ala 15Arg 17Ile 19Lys 39Phe 46Glu)

BPTI(1Ala 11Glu 15Arg 17Tyr 19Thr 39Tyr 46Glu)

BPTI(1Ala 15Arg 17Met 18His 19His 39Phe 46Glu)

BPTI(1Ala 11lAsp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu
46Glu) ,

BPTI(1Ala 11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His
46Glu

BPTI (1Ala 11Glu 13Ala iSArg 17Leu 18His 19Leu 34Tyr
39Tyr 46Glu)

BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Pro 34Tyr
39His 46Glu)

BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Thr 34Tyr
39His 46Glu)

BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Thr 34Thr 39Phe
46Glu) '

BPTI(1Ala 11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34Thr
39His 46Glu)

BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)

BPTI(1Ala 11Glu 15Arg 17Ile 18His 19Pro 34Leu 39Tyr
46Glu)

BPTI(13Ile 15Arg 17Leu 18His 39Leu 46Glu)

BPTI(11Asp 15Arg 17Leu 18His 19Thr 34Thr 39Phe 46Glu)

BPTI(11Gly 13Val 15Arg 17Ile 18His 19Leu 34Ile 39Tyr
46Glu)
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BPTI (11Glu 15Arg

BPTI (11Asp 15Arg

BPTI(11Glu 13Phe
46Glu)

BPTI (11Glu 13Ala
46G1lu)

BPTI (11Asp 15Arg

BPTI (11Glu 13Tyr

BPTI (11Pro 13Tyr
46Glu)

BPTI (11Asp 15Arg

BPTI (11Asp 15Arg

BPTI(11Asp 15Arg

BPTI (11Glu 13Trp
46Glu) '

BPTI(15Arg 17Leu

BPTI(11Ser 13Leu
46Glu)

BPTI (11Pro 131Ile
46Glu)

BPTI (11Ser 1l3Leu
46Glu)
BPTI(11Pro 13Ile
46Glu)

BPTI (11Glu 13Met
46Glu)

BPTI (11Pro 13Val
46Glu)
BPTI(11Glu 13Leu
46Glu)

BPTI (11Pro 13Leu
46Glu)
BPTI(11Asp 15Arg

46Glu)

18
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17Ile 18His 19Pro 34Leu 39Tyr 46Glu)
17Leu 18His 19Gln 34Thr 46Glu)
15Arg 17Leu 18His 19Thr 34Tyr 39His

15Arg 17Leu 18His 19Leu 34Tyr 39Tyr

17Leu 18His 19Leu 34Tyr 39Leu 46Glu)
15Arg 17Leu 18His 34Tyr 39His 46Glu)
15Arg 17Leu 18His 19Leu 34Thr 39His

17Leu 18His 19Pro 34Trp 39Tyr 46Glu)
17Leu 18His 19Pro 34Trp 39Leu 46Glu)

17Leu 18His
15Arg 17Leu

18His 19His
15Arg 17Leu
15Arg 17Leu
15Arg 17Leu
15Arg 17Leu
15Arg 171le
15Arg 17Leu
15Arg 17Leu

‘15Arg 17Leu

19His
18His 19His
34Phe
18His

39Phe
19Lys

18His 19Lys
18His 19Lys
18His 19Lys
18His 1§Lys
18His 19Lys

18His 19Lys

18His 19Lys

34Tyr 46Glu)

34Ile 39Gly

46Glu)
34Tyr 39Tyr

34His 39Phe

34Tyr 39Phe

34Tyr 39Met

34Thr 39Met

34Ser 39Gln

34Tyr 39Phe

34Tyr 39Tyr

17Leu 18His 19Gln 39Phe 46Glu)
BPTI (9Ala 11Asp 15Arg 17Leu 18His 19Gln 22Leu 39Phe
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Yet other preferred derivatives are those compounds char-
acterized by a Ki for factor VIIa-TF smaller than 5 nM.
These include:

BPTI(11Asp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)

5 BPTI(11Asp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu 46Glu)
BPTI(11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His 46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Tyr 46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Leu 46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19His 34Tyr 46Glu)

10 BPTI(11Ser 13Leu 15Arg 17Leu 18His 19Lys 34Tyr 39Phe
46Glu)

BPTI(11Glu 13Leu 15Arg 17Leu 18His 19Lys 34Tyr 39Phe
46Glu)

BPTI(9Ala 11Asp 15Arg 1l7Leu 18His 19Gln 22Leu 39Phe
15 46Glu)

Utility and Formulation
Blood coagulation is the culmination of a series of
amplified reactions in which several specific zymogens of
serine proteases are activated by limited proteolysis.
20 The initiation and propagatidn of the activation reactions
occurs through the extrinsic and intrinsic pathways of
coagulation. Mackie, I. J. and Bull, H. A., Normal
Hemostasis and its Regulation, Blood Reviews, 3: 237-250
(1989). Both pathways are highly interdependent and con-
25 verge in the formation of Factor Xa. Factor Xa catalyses
the penultimate step in the blood coagulation cascade
which is the formation of thrombin. Thrombin cleaves
fibrinogen in the plasma resulting in clot formation. One
of the early events in coagulation is the expression of
30 tissue factor when the endothelium cell lining the blood
vessels are damaged. Activated factor VII (VIIa) bound to
tissue factor activates factor IX and factor X, and thus
plays an important role by initiating both intrinsic and
extrinsic pathways of blood coagulatiomn.
35 By interfering at an early stage in the coagulation
cascade, potent and selective Factor VIIa-TF inhibitors of
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this activating activity can be used as therapeutic agents
for diseases associated with the expression of tissue
factor, especially those diseases related to abnormal
hemostasis. For example, Factor VIIa-TF inhibitors can be
used to prevent reocclusion during thrombolytic therapy or
angioplasty. They also can be used for the treatment of
disseminated intravascular coagulopathy associated with
septic shock, certain viral infections and cancer. This
is further illustrated by the example that recombinant
Tissue Factor Pathway Inhibitor protects rabbits against
endotoxin initiated disseminated intravascular
coagulation.

Most preferred compounds of this invention are
selective inhibitors of the Factor VIIa-TF complex. This
can be an important feature with respect to the ability of
the compounds to control pathogenic thrombosis formation,
with minimal effects on the hemostatic potential of the
treated patient. This results in a reduction in the inci-
dence of associated bleeding complications during therapy.
A compound of the present invention is said to have
"selectivity" for the Factor VIIa-TF complex relative to
another serine protease (except trypsin) when the ratio of
the inhibitor constants, (Ki for other enzyme/Ki for
Factor VIIa-TF complex) is about 10, and more preferably
about 100. In this case, the Ki of a compound of the
present invention is determined for Factor VIIa-TF complex
and for other coagulation enzymes, such as kallikrein,
Factor XIa, Factor VIIa, Factor Xa, Thrombin; the fibrino-
lysis enzymes, Plasmin, Tissue Plasminogen Activator
(tPA), and Urokinase (UK), and the anticoagulation enzyme,
Protein C. Preferably, the Ki for Plamin or Protein C is

' compared to that of factor VIIa-TF complex to assess

selectivity of the compounds of the present invention.
Even without this advantage, inhibitors of this invention
which do not have such specificity are useful.

The present invention also encompasses pharmaceutical
compositions prepared for storage and subsequent adminis-
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tration, which have a pharmaceutically effective amount of

the compounds disclosed above in a pharmaceutically

acceptable carrier or diluent. Acceptable carriers or

diluents for therapeutic use are well known in the pharma-

5 ceutical art, and are described, for example, in

Remington’s Pharmaceutical Sciences, Mack Publishing Co.

(A.R. Gennaro edit. 1985). Preservatives, stabilizers,

dyes and even flavoring agents may be provided in the

pharmaceutical composition. For example, sodium benzoate,

10 sorbic acid and esters of p-hydroxybenzoic acid may be

added as preservatives. Id. at 1449. In addition, anti-
oxidants and suspending agents may be used. Id.

The compositions of the present invention may be

formulated and used as tablets, capsules or elixirs for

15 oral administration; suppositories for rectal administra-

tion; sterile solutions, suspensions for injectable admin-

istration; and the like. Injectables can be prepared in

conventional forms, either as liquid solutions or suspen-

sions, solid forms suitable for solution or suspension in

20 1liquid prior to injection, or as emulsions. Suitable

excipients are, for example, water, saline, dextrose,

mannitol, lactose, lecithin, albumin, sodium glutamate,

cysteine hydrochloride, and the 1like. In addition, if

desired, the injectable pharmaceutical compositions may

25 contain minor amounts of non toxic auxiliary substances,

such as wetting agents, pH buffering agents, and the like.

If desired, absorption enhancing preparations (e.g.,

liposomes) may be utilized.

The present invention also includes a method for

30 preventing or treating a condition in mammals character-

ized by abnormal thrombosis. The pharmaceutically effect-

ive amount of the composition required as a dose will

depend on the route of administration, the type of mammal

being treated, and the physical characteristics of the

35 specific mammal under consideration. The dose can be

tailored to achieve optimal efficacy but will depend on

such factors as weight, diet, concurrent medication and
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other factors which those skilled in the medical arts will
recognize.

In practicing the methods of the invention, the com-
pounds or compositions can be used alone or in combination
with one another, or in combination with other therapeutic
or diagnostic agents. These compounds can be utilized in
vivo, ordinarily in a mammal, preferably in a human, or in
vitro. 1In employing them in vivo, the compounds or compo-
sitions can be administered to the mammal in a variety of
ways, including parenterally, intravenously, subcutane-
ously, intramuscularly, colonically, rectally, nasally or
intraperitoneally, employing a variety of dosage forms.

As will be readily apparent to one skilled in the
art, the useful in vivo dosage to be administered and the
particular mode of administration will vary depending upon
the age, weight and mammalian species treated, the partic-
ular compounds employed, and the specific use for which
these compounds are employed. The determination of
effective dosage levels, that is the dosage levels neces-
sary to achieve the desired result, will be within the
ambit of one skilled in the art. Typically, applications
of compound are commenced at lower dosage levels, with
dosage level being increased until the desired effect is
achieved.

The dosage for the compounds of the present invention
can range broadly depending upon the desired effects and
the therapeutic indication. Typically, dosages will be
between about 0.01 pug/kg and 100 mg/kg body weight,
prefefably between about 0.01 pg/kg and 10 mg/kg body
weight. Administration is preferably parenteral, such as
intravenous on a daily basis. ‘

Example 1: Construction of the BPTI Gene in pMaS5-PI

Vector

A BPTI coding region was assembled making use of four
chemically synthesized oligonucleotides (e.g., Pst205, a
74-mer; Pst206, a 78-mer; Pst207, a 102-mer and Pst208, a
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102-mer; see Fig. 3). Following synthesis, the oligonu-

cleotides were purified by preparative gel electrophoresis

and enzymatically phosphorylated. Subsequently, the

oligonucleotides were allowed to anneal pairwise: to this

5 end, a 20 pl mixture containing 50 pmoles of each of the

appropriate oligonucleotides was heated to 100°C for 3

minutes, after which the mixture was allowed to cool to

room temperature (about 20°C). Annealing of the oligo-

nucleotides Pst205 and Pst206 yields a blunt-ended Styl

10 fragment; similarly, the oligonucleotidés Pst207 and

Pst208 form a StyI/HindIII fragment. Together these

fragments make up the entire double-stranded BPTI coding
region shown in Fig. 4B.

The recipient pMc5-19 was opened by Kpnl restriction,

15 treated with DNA polymerase I (Klenow fragment) to resect

the 3’-overhanging ends, and subsequently digested with

HindIII (Fig. 4A; other equivalent vectors can be readily

designed and used by standard procedures). This material

was ligated with the two above-mentioned BPTI-fragments.

20 The lacI? strain WKé was transformed with the ligation

mixture. Other E. coli strains containing the lacI®
allele, into which one could transform this vector,
include JM101, 71-18 (Yanish-Perron et al., Gene,

33:103-199 (1985)), or XL1-Blue (Bullock et al.,
376-379 (1987)).

Based on a restriction analysis of 12 randomly picked

25 Biotechniques, 5:
Cm* transformants, five clones (designated c¢2, c8, ¢9, cl0
and cll) were retained. Sequence determination of these
clones confirmed the precise junction between the phoA

30 signal and the BPTI coding region predicted by the con-
struction scheme; all five clones were, however, found to
contain one or more unwanted nucleotide substitutions.
The clones c9 (contains a C->A substitution resulting in
the Asn43Lys amino acid replacement) and cl0 (a C->G

35 substitution results in a Leu to Val mutation) were used
to construct a vector which encodes wild type BPTI; to
this end the small EcoRI/StyI fragment of ¢9 and the small
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StyI/HindIII fragment of c¢10 were both purified from
polyacrylamide gel and ligated to pMa5-8 digested with
EcoRI and HindIII. One of the obtained clones displaying
the correct restriction pattern was retained. This clone,
which was shown to contain the intended BPTI coding region
by sequence determination, was designated pMaS5-PI. For
mutation construction purposes we also constructed the
complementary pMc5-PI. The latter vector was obtained by
transferring the EcoRI/Xbal (an Xbal site is present
immediately downstream of the HindIII site; see Fig. 4)
expression cassette from pMa5-PI to pMc5-8.

Upon derepression of the P, promoter, WKé cells,
harboring either pMaS5-PI or pMc5-PI, were found to direct
the synthesis of BPTI as shown by the appearance of tryp-
sin inhibitory activity. This activity could be released
with an osmotic shock, demonstrating that BPTI accumulated
in the periplasmic space. The expression level was too
low to visualize the protein by coomassie-staining follow-
ing gel-electrophoretic fractionation of total cellular
extracts. From the activity measurements it could be cal-
culated that the level of BPTI protein amounted to about
1 mg per liter of culture (ODgymm = +4). The production
level reported here is comparable to that found by others
using similar expression systems. Marks et al., J. Biol.
Chem., 261: 7115-7118 (1986) and Goldenberg et al.,
Biochemistry, 27: 2481-2489 (1988). Following purifica-
tion (see below), the recombinant BPTI was subjected to
N-terminal sequencing. The result indicates that the
phoA-BPTI precursor undergoes correct processing.

Example 2: Construction of the Genes Coding for
BPTI-Derived Molecules by Site Directed Mutagenesis

General procedures
The inhibitors of this invention can be obtained by

site directed mutagenesis of the wild type or a mutant
form of the BPTI gene harbored in the pMa/c5-19 vectors.
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A typical protocol for site directed mutagenesis includes
the following 6 steps.

1. Preparation of single-stranded DNA.
An overnight culture of WK6 cells harboring pMa5-PI,

5 pMc5-PI or an appropriate derivative (grown at 37°C in
LB-medium supplemented with 100 pg/ml ampicillin or
25ug/ml chloramphenicol) was diluted 1:50 in fresh medium
without antibiotic. Cells were grown to a density of
about 2 x 10°/ml and infected with helper phage M13KO7

10 (Vieira et al., Methods in Enzymology, 153: 3-11 (1987))
at a multiplicity of infection of 20. After a 5 to 16
hour incubation period, viral and pseudo-viral particles
were recovered from the supernatant and the single-
stranded DNA extracted essentially as described in

15 Sambrook et al., Molecular Cloning-A Laboratory Manual,
Cold Spring Harbor Laboratory Press, p. 4.29 (1989). The
yield (typically 1-4 pg/ml culture) was determined by
UV-spectroscopy (€0 m = 2.86 x 1072 cm?/ug) .

2. Preparation of DNA-fragment.
20 pMc5-PI or pMa5-PI plasmid DNA was digested to

completion with the restriction enzymes SacII and SphI
(both restriction sites are unique and are indicated in
Fig. 4). The large fragment was recovered from low-
melting-temperature agarose gel essentially as described

25 in Weislander, L., Anal. Biochem., 98: 305-309 (1979).
The yield of fragment was quantitated on an ethidium
bromide stained agarose gel by comparison of the band
intensity with known amounts of DNA.

3. Construction of gapped-duplex DNA (gdDNA) .

30 The gdDNA was obtained by denaturation/renaturation
of the large gel-purified SacII/Sphl fragment described in
step 2 above, and the single-stranded form of the‘comple—
mentary vector, from step 1 above. A 35 pul aqueous
mixture (containing less than 2 mM salt) of fragment (0.1
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pmole) and single-stranded DNA (0.5 pmole) was incubated
at 70°C for 5 minutes; then 5 ul of 1.5 M KC1/100 mM
Tris-HCl pH7.5, also brought to 70°C, was added, after
which the mixture was allowed to cool to room temperature.
Formation ofvngNA was monitored by electrophoresis of an
aliquot of the hybridization mixture on agarose gel. The
mobility of the gdDNA was indistinguishable from that of
relaxed fully double-stranded pMa5-PI.

4, Annealing of the mutagenic oligonucleotide and gap
filling/sealing reaction.

The intended amino acid substitutions were introduced
by means of synthetic oligonucleotides.

The oligonucleotides were enzymatically phosphory-
lated and purified by preparative gel electrophoresis. Wu
et al., Oligonucleotide Synthesis-a Practical Approach,
IRL Press, Oxford and Washington DC, pp.135-151 (Edit.
Gait, M.J. 1984).

Ten picomoles of oligonucleotide(s) was added to 8 ul
hybridization mixture containing the gdDNA. This mixture
was heated to 65°C for 5 minutes, and then allowed to cool
to room temperature. Four pl 10x fill-in buffer (625 mM
KCl, 275 mM Tris-HC1l, 150 mM MgCl,, 20 mM DTT, 0.5 mM ATP
and 0.25 mM of each of the four ANTP's, pH7.5), water to
give a final volume of 40 pul, 1 unit DNA polymerase ‘I
(Klenow fragment), and 5 units T4 DNA ligase were added.
The mixture was incubated at room temperature for 45

minutes.

5. Transformation and segregation.
An aliquot of the polymerase/ligase reaction mixture

(5 pul) was used to transform strain WKémutS. Zell et al.,
The EMBO Journal, 6: 1809-1815 (1987). An aliquot (1/10)
of the transformation mixture was spread on selective
medium (25 pg/ml chloramphenicol or 100ug/ml ampicillin)
to determine the transformation efficiency; usually
between 100 and 1000 transformants were obtained. The
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remainder of the transformation mixture was used to
inoculate 10 ml of LB medium supplemented with 25 pg/ml
chloramphenicol or 100 pg/ml ampicillin. After overnight
growth, plasmid DNA was isolated and used to transform the

5 su” strain WKé (Zell et al., supra), again selecting for
the appropriate antibiotic resistance.

6. Identification of the intended mutant.
Single-stranded DNA (prepared as described in step 1)
of a few randomly picked clones was sequenced. Sequence
10 determination of the entire mutant coding region was
carried out according to the dideoxy chain termination
method of Tabor and Richardson, U.S. Patent 4,994,372,
using T7 DNA polymerase and a single primer which anneals
to vector sequences immediately downstream of the BPTI
15 coding region (see Fig. 2).

Construction of pMc5PI82¢c5 Coding for Inhibitor 82¢5
Some of the inhibitors of this invention were

obtained after several rounds of mutagenesis, interrupted
by periods during which intermediate constructions were
20 expressed, and the encoded protein purified and analyzed.
These same mutations can be introduced in a smaller number
of rounds or a different sequential order, using a differ-
ent parent gene and different oligonucleotides. The
examples given below are therefore not meant to be limit-
25 1ing, but merely illustrate the protein engineering cycle.
Some of the vectors used as intermediates also code for
factor VIIa-TF inhibitors of this invention. Below is a
table showing construction of the 82¢5 mutant using the
oligonucleotides, single-stranded DNA, and vectors shown.
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mutations
in BPTI

inhibitor
encoding
vector

single
stranded
DNA

SacIl/Sp
hI

fragment

mutagenic
oligonu-
cleotide*

1Ala 1l1Asp
15Arg
17I1e
19Lys
39Phe
46Glu*

pMaS5PI82c¢c5

pMc5PI80cl

pMabbIl

Pst313

1Ala 11Asp
17Ile
19Lys
39Phe
46Glu*

pMc5P180c1

constructed by ligation of
AlwNI/Sty fragments (purified
from low-melting-temperature
agarose gel) of pMc5PIl4c5 and

pMcPI78cé6

1Ala 11Asp
171I1e
19Lys

pMc5P114ch

pMa5PI

PMc5P1

Pst229

1Ala 15Arg
17Tyr
19Thr
39Phe
46Glu*

pMcPI78cé6

pMa5PI56cl

pMc5PI

Pst2l2

1Ala 15Arg
17Tyr
19Thr
39Phe*

pMa5P156cl

pMcPI5ic3

U
=
-

pMa

Pst306

1Ala 15Arg
17Tyr
19Thr

+ 7bp
deletion

+ AtoT
replace-
ment?

pMcPI5ic3

pMa5PI31c5

PMc5P1

Pst301

1Ala 15Arg

17Tyr
19Thr

pMa5P131ch

pMc5PI3c4

PsSt268

1Ala 131le
15Arg
17Tyr
19Thr

pMc5PI3c4

PMa5b1

Pst210

* Indicates that the mutant-BPTI is a factor VIIa-TF

inhibitor of this invention.

BPTI.

some adjacent bases.

This vector does not code for a functional mutant-
The 7 bp deletion removes codon 39 as well as
This, together with the A to T

replacement, creates a unique Af1II restriction site.
AflII-digestion of the plasmid DNA isolated from the
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WKémutS transformants prior to transformation of WKé
(step 5, above) effectively eliminates all the non-
mutant progeny when restoring the coding region
(construction of pMa5PI56cl and pMa5PI52cl9).

5 Construction of pMaS5PI95¢cl12 Coding for Inhibitor 95¢cl2
Below is a table showing construction of the 95cil2

mutant using the oligonucleotide, single-stranded DNA, and

vectors shown.

mutations |inhibitor single SacIll/S |muta-
10 |in BPTI encoding stranded phI genic
vector DNA frag- oligonu-
ment cleotide
1Ala 11Glu |pMaSPIS5cl2 pMc5§T79c4 pMa5PI Pst237
15Arg
17Tyr
19Thr
15 |39Tyr
46Glu*
1Ala 15Arg |pMc5P179cé4 |pMa5P152cl9 |pMc5Pl | Pst212
17Tyr
19Thr
20 |39Tyr
46Glu*
1Ala 15Arg |pMa5P152c19 |pMcPi51lc3 pPMa5PI | Pst302
17Tyr
19Thr
25 |39Tyr*®
b The degenerate oligonucleotide Pst302 was designed

for introduction of the following codons: AAG, Lys;
AAT, Asn; GAG, Glu; GAT, Asp; CAG, Gln; CAT, His;
TAT, Tyr and TAG, amber stop codon.

30 * Indicates that the mutant-BPTI is a factor VIIa-TF
inhibitor of this invention.
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Mutagenic Oligonucleotides

The sequences of the mutagenic oligonucleotides used
in the construction of the vectors listed above are shown

in the following table:

Pst313 GCTTAATAAT AGCCCGGCAG GGGC
(SEQUENCE ID NO. 3)

Pst229 GTAGAAGTAG CGCTTAATAA TAGCCITGCA GGGGCCGTCA
TACGGTGG

(SEQUENCE ID NO. 4)

Pst212 CCTCGGCCGA TTCGAAATTG TTAC
(SEQUENCE ID NO. 5)

Pst306 GTTACGCTTA GCAAAGCAGC CACCATATAC
(SEQUENCE ID NO. 6)

PST301 | CTTGARATTG TTACGCTTAA GCCACCATAT ACAAAG
(SEQUENCE ID NO. 7)

PSt268 GCCCGGCATG GGCCGGTATA CGG

(SEQUENCE ID NO. 8)

[ Pst210 GAAGTAGCGG GTAATATAAG CCCGGCATAT GCCGGTATACGG
(SEQUENCE ID NO. 9)

e ———————————— T —— i = S =Yy == ey~ eua—

Pst237 GCAGGGGCCC TCATACGGTG G
(SEQUENCE ID NO. 10)

Pst302 GTTACGCTTA GCMTNGCAGC CACCATATAC
(SEQUENCE ID NO. 11)
M=Aoxr C; N=A, G, Cor T

Example 3: Purification of Recombinant BPTI-Derived
Inhibitors from E. coli '

E. coli cells were grown at 37°C in baffled flasks in
250 ml LB medium containing chloramphenicol or ampicillin
(as required by the type of vector involved, pMaS requires
ampicillin and pMc5 requires chloramphenicol). The cells
were induced after 3 hours by addition of 0.1 mM IPTG and
grown overnight. Lysis of E. coli cells was as described
by Marks, C. B. et al., J. Biol. Chem. 261: 7115-7118
(1986). About 1 g of wet cells were suspended in 1.5 ml
40 mM TRIS buffer, pH 8, containing 20% sucrose and 50 mM
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EDTA. 2.5 mg of lysozyme was added, followed by 1.15 ml
of 0.1% Triton X-100 and 0.3 ml NaCl (5 M). After 15
minutes at room temperature 2.5 ml of 200 mM TEA buffer pH
7.8 was added followed by 0.15 ml CaCl, (1 M) and 0.1 ml

5 MgCl, (1 M) and 10 pug DNAseI. The suspension was stirred
for 20 minutes at 25°C. The majority of protein was
precipitated by addition of 2% trichloroacetic acid (TCA)
and removed by centrifugation. The TCA supernatant was
neutralized by addition of NaOH for further purification.

10 One particular purification procedure consists of the
following steps:

1. The TCA supernatant was adjusted to pH 4.0 and
to a conductivity below 5 mS/cm with glacial acetic acid
and MilliQ (Reagent Grade) water, respectively. The

15 diluted TCA supernatant was filtered.

2. Cation exchange chromatography on S-Sepharose
Fast Flow (10 x 100 mm) equilibrated with 50 mM sodium
acetate and eluted with a 40 ml linear gradient of 0 to 1
M NaCl (flow rate 1 ml/min). The fractions containing

20 factor VII-TF inhibitor (determined using the amidolytic
assay described in Example 7) were collected and pooled.

3. Pooled fractions were injected on an Vydac
Reverse Phase C18 column and eluted with a 20 min gradient
of 10% to 45% acetonitrile in 0.1% TFA (1 ml/min).

25 4. Lyophilisation.

Another purification procedure comprises the follow-
ing steps: '

1. Affinity chromatography on trypsin-Sepharose,
equilibrated with 100 mM TEA pH 7.8, 300 mM NaCl, washed

30 with 5 column volumes of 100 mM TEA pH 7.8, 300 mM NaCl,
10 mM TEA pH 7.8, 50 mM NaCl and eluted with 20 mM HC1, 50
mM NaCl pH 1.8.

2. Cation exchange chromatography on Mono-S using

a linear gradient of 10 column volumes of 10 to 500 mM
' 35 ammonium acetate PH 5.
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3. Reverse phase chromatography on HPLC C4 column,
elution with a 0 to 35% gradient of isopropanol in 0.1%
TFA.

4. Lyophilisation.

Example 4: Enzymatic Assavs for Trypsin, Factor Xa,
Thrombin, Factor XIIa and plasmin amidolytic assays

The following assays are useful to determine useful
inhibitors of the invention, namely those with a 1low
Factor VIIa-TF K;, and preferably high relative K;’s for
other enzymes.

Briefly, the following were added to a 96-well

microtiter plate well (see Table below): 50 pul TBSA (100
mM TRIS pH 7.4, 140 mM NaCl, 0.1% BSA); 50 ul inhibitor

(various concentrations as required, diluted in TBSA) ;50
pl protease (suitable concentration, diluted in TBSA).
The plate was incubated at room temperature for 30 minutes
or for 2 hours (Factor Xa); and 50 pul chromogenic sub-
strate added (as required, diluted in water). The initial
rate was measured at 405-650 nM during 10-30 minutes at
room temperature. '

Protease Assay Concentration | Substrate Used
Assayed of: Protease (nM)
Substrate (mM)

Factor Xlla |1 0.2 D-hexhydroTyro-
sine-Gly-Arg-pNA
diacetate.

Factor VIIa [2.5 0.1 D-Ile-Pro-Arg-pNA
dihydrochloride.

Factor Xa 0.25- 0.25 N-a-Cbo-D-Arg-Gly-Arg

0.50 -pNA dihydrochloride.
thrombin 1 0.06 D-Phe-L-Pipecolyl-Arg
-pNA dihydrochloride.
plasmin 1 0.50 L-pyroglutamyl-Pro-Ar
g-pNA hydrochloride.
activated 1 0.4 v¥-Cbo-D-Lys-Pro-Arg-p
protein C NA diacetate.

tissue 1 1 O- (methylsulfonyl) -D- |

plasminogen hexa-hydro-plasmin-

activator ogen tyrosyl-Gly-Arg-
pNA acetate.
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trypsin 1 0.25 N-Bz-1le- (Y-OR) -Glu-G
ly-Arg-pNA hydro-
chloride, wherein R=H
(50%) and R=CH,

(50%) .

"pNA" refers to para-nitrophehylanilide
"Cbo" refers to benzyloxycarbonyl
"Bz" refers to benzoyl

5 To determine the inhibition constants, the initial
rate (v;) was measured at various inhibitor ([I,]) and
substrate concentrations, and the apparent inhibition
constant (K;) was determined by fitting the data obtained
at each substrate concentration with the following

10 equation:
vi/vo = {([E] - [I] - K) + [([I] + K" - [EJ)? +
4K;* [E,]1Y2}/2[E.]
where v, is the uninhibited initial rate and [E,] is the
total enzyme concentration. Extrapolation of K;* values to
15 zero substrate concentrations yields a value for the real
inhibition constant.

Amidolytic assay for Factor VIIa
Equal volumes of Factor VIIa (10 nM in TBS containing

0.8% BSA and 20 mM CaCl,) and tissue Factor (40 nM in TBS

20 containing 0.03% Triton X-100) were combined and incubated
for 30 minutes at room temperature. 100 pl of the VIIa/TF
complex was mixed with 50 pl of inhibitor and incubated
for 30 minutes. The reaction was started by addition of
substrate, typically 0.4 mM of S-2288 (D-Ile-Pro-Arg-pNA),

25 and the initial rate of product formation was determined.
The inhibition constant (K;) is determined from the above
equation.

Amidolytic Assay for Activated Protein C
Reconstituted lyophilized human normal plasma is used

30 as a source of protein C. Protein C activating enzyme
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(Kabi) is added to diluted plasma to give a concentration
of approximately 5 nM activated protein C. 50 pul of
activated protein C solution is combined with 100 pul TBSA
or inhibitor diluted in TBSA and incubated for 30 minutes

5 at 37°C. 50 pl of 2 mM S-2366 (<Glu-Pro-Arg-pNA) is added
and the initial rate of product formation is measured at
405 nm in a microtiter plate reader. The inhibition
constant is determined from the following equation:

v./v;= 1 + [I.]/K;

10 when the total inhibitor concentration ([I.]) exceeds the
total enzyme concentration. Typical inhibitor concentra-
tions vary between 0.5 and 5 uM.

Example 5: Inhibition Constants for Selected Factor
VIIa-TF Inhibitors
15 Several mutant BPTI Factor VIIa-TF inhibitors were

made by site directed mutagenesis using a method as
described in Example 2 or obtained from random libraries
such as described in Example 7. These mutant BPTI Factor
VIIa-TF inhibitors were produced in E. coli and purified
20 as described in Example 3. The enzymatic methods
described in Example 4 were used to determine their inhi-
bition constant for several serine proteases, including
Factor VIIa-TF. The inhibition constant for Factor
VIIa-TF of a selection of inhibitors is given below.

25 Name Amino acid substitutions in BPTI K; (nM)
20c4 1Ala 11Asp 171le 19LYs 39Glu 46Glu 300
27c27 1Ala 11Glu 17Ile 19Lys 39Glu 46Glu 480

63c2 1lAla 11lAsp 15Arg 17Ile 19Lys 39Glu 46Glu 37
72c2 1Ala 11Asp 15Arg 17Ile 19Lys 34Asp 39Leu 200

30 78c6 1Ala 15Arg 17Tyr 19Thr 39Phe 46Glu 65
80cl 1Ala 11Asp 17Ile 19Lys 39Phe 46Glu 30
81lcl 1Ala 1lAsp 17Ile 19Lys 39Tyr 46Glu 20

82c5 1Ala 1llAsp 15Arg 17Ile 19Lys 39Phe 46Glu 8
83c6 1Ala 11Asp 15Arg 17Ile 19Lys 39Tyr 46Glu 20
35 85ci1 1Ala 15Arg 17Ile 19Lys 39Phe 46Glu 40
88cl 1Ala 15Arg 17Tyr 19Thr 39Tyr 46Tyr 80
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95c12 1Ala 11Glu 15Arg 17Tyr 19Thr 39Tyr 46Glu 10
98c5 1Ala 15Arg 17Met 18His 19His 39Phe 46Glu 14

5110 11Asp 15Arg 17Leu 18His 13Gln 34Thr 4.2
46Glu

5115 11Asp 15Arg 17Leu 18His 19Leu 34Tyr 0.5
39Leu 46Glu

5 5118 11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 0.9

39His 46Glu

5137 11Asp 15Arg 17Leu 18His 19Pro 34Trp 0.6

. 39Tyr 46Glu

5142 11Asp 15Arg 17Leu 18His 19Pro 34Trp 1.5
39Leu 46Glu

5145 11Asp 15Arg 17Leu 18His 19His 34Tyr 4.6
46Glu

5168 1l1Ser 13Leu 15Arg 17Leu 18His 19Lys 2.3
34Tyr 39Phe 46Glu

10 5184 11Glu 13Leu 15Arg 17Leu 18His 19Lys 2

34Tyr 39Phe 46Glu
6115 9Ala 1l1Asp 15Arg 17Leu 18His 19Gln 22Leu 0.4
39Phe 46Glu

Example 6: Selectivity of BPTI-Derived Factor VIIa-TF
Inhibitors ‘

The selectivity of the described inhibitors of Factor

15 VIIa-TF is an important feature of these compounds with
respect to their ability to control pathogenic thrombosis
formation with minimal effects of the hemostatic potential

of the treated patient. This will result in a reduction

in the incidence of associated bleeding complications dur-

20 ing therapy. The importance of specifically inhibiting
Factor VIIa-TF versus thrombin and Factor Xa is clear when

one considers the amplified nature of the coagulation
cascade. Therefore, dosage of a selective Factor VIIa-TF
inhibitor required to achieve a clinically relevant anti-

25 thrombotic effect will be considerably less than a compar-
able thrombin inhibitor of equal potency or an inhibitor

of Factor Xa. Overall, the greater the selectivity of an
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inhibitor towards individual enzymes in the coagulation

cascade, the less probability exists that unwanted side
effects will occur during therapy.

The Factor VIIa-TF inhibitor called 82c5 contains the

5 following substitutions in BPTI: 1Ala 11Asp 15Arg 17Ile

19Lys 39Phe 46Glu. Inhibitor 82c5 inhibits Factor VIIa-TF

with an inhibition constant in the low nanomolar range.

It is a slow tight binding inhibitor of Factor VIIa-TF

with quasi irreversible binding under physiological

10 conditions.

The selectivity of 82c5 for factor VIIa-TF versus
Factor Xa is about 100 fold. Thrombin and activated
protein C are not inhibited by 82c¢c5 at concentrations
around its Ki value for factor VIIa-TF.

15 82c5 is, as BPTI, a potent trypsin inhibitor. This
is not unexpected since trypsin is not a specific
protease; its inhibition profile is largely determined by
the Pl residue (Arg or Lys) with a great deal of
variability tolerated in the surrounding residues.

20 Plasmin plays a crucial role during thrombolysis,
since it degrades the fibrin clot. However plasmin is
also believed to be responsible for bleeding problems
often encountered during thrombolytic therapy. Bleeding
can be reduced by administration of Aprotinin (BPTI) which

25 is a very efficient plasmin inhibitor. Compared to BPTI
the affinity of 82c¢c5 for plasmin is reduced about 1000
fold, with an inhibition constant around 100 nM. Other
BPTI mutants of this invention have substantially reduced
plasmin activity while retaining significant Factor

30 VIIa-TF inhibition.

Example 7: Construction of phage libraries Basic
construction

To allow for selection of factor VIIa-TF inhibitors

by panning procedures, the mutant BPTI gene was fused to

35 the P-III coat protein of a filamentous E. coli phage such
as fd-tet. Zacher III et al., Gene 9: 127-140 (1980).
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Figure 5 shows the DNA sequences of various oligonucleo-
tides used for construction of pMa5-PI.
The Kunkel method was used to engineer the Gene III
variant (III) by oligonucleotide directed mutagenesis.
5 Kunkel, Proc. Natl. Acad. Sci. USA, 82: 488-492 (1985).

secretional signal  BspMII KasI mature P-III
CAC TCC GCT_CCG GAC ACT AGT GGT GGC GCC GCT GAA
His Ser Ala Pro Asp Gly Gly Ala Ala Glu
BPTI 1 2 3 56 57 58
10 (II1)

(sequence ID No. 12)

In this method, the BPTI gene (from the pMa/c5-PI vectors,

described above) or an appropriate BPTI-derived gene was

introduced into construction III, above, as a BspMII-KasI
15 fragment.

Construction of the Library Called 2L
To allow random mutagenesis of the amino acid

residues 15 through 20 of BPTI, a new vector, pMc5-PI28c5,
was constructed containing' a BPTI-derived gene which
20 carries a PstI and Apal site as well as a frame shift.
The 28c5 mutant gene was constructed making use of the
following oligonucleotides:
Pst238: GTTACGCTTT GCCCTGCAGC CACC (sequence ID No. 13)
Pst239: GCCTTGCAGG GGCCCGGTAT ACGGTGG (sequence ID No.
25 14)
The phage having the 28c5 mutant gene is called £4-28cs5.
The frame shift was corrected when the mutagenic oligo-
nucleotides were inserted into fd-28c5. 1In this way, a
large background of wild type BPTI-expressing phages is
30 avoided 1in cases of incomplete insertion of the
oligonucleotides.

The mutagenic oligonucleotide (Pst240) inserted into
fd-28c5 contains the degenerate coding sequence shown in
(IV), where R is an equimolar mixture of A and G; N is

35 either of G, A, T and C; and K is either G and T.
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Pst240: TAT ACC GGG CCC TGC ARG NNK NNK NNK NNK NNK TAC
TTC TAC AAC GCC AAG GCC GGA CTC TGT
(IV)
(sequence ID No. 15)

5 This allows replacement of Lysl5 with either an Arg or
Lys; and of Alalé, Argl7, Ilel8, Ilel9, Arg20 with any of
the twenty natural amino acids.

The mutagenic oligonucleotide (PST240), and a second
overlapping oligonucleotide (PST241, V), were converted
10 into a double stranded DNA fragment using Tag-polymerase.

Pgst241: CTTTGCCCTG CAGCCACCAT ATACAAAGGT CTGACAGAGT
CCGGCCTTGG CGTTGTAGAA GTA
(V)
(sequence ID No. 16)

15 Following digestion with Apal and PstI, the mutagenic
fragment was ligated to the large gel-purified ApaI-PstI
fragment of £d-28c5 replicative form DNA. Ligated samples
were used to electroporate WKé E. coli cells. Transform-
ants were selected on LB plates supplemented with 10ug/mL

20 tetracycline. '

(a) Construction of the 3L-library
This library contains a number of fixed amino acid

substitutions in BPTI: Prol3Ile, Lysl5Arg, Arg39Leu and

Lys46Glu. In addition, at positions 16 to 19 all possible
25 amino acid residues can occur. A new vector, pMa5-PI89,

was constructed by oligonucleotide mediated mutagenesis of

pMc5-PI4c2 using Pst344. |

Pst344: GGTCTGACAG AGACCGGCCT TGGCGTTGTG TCTTCGGTTA

ATTTAAATGC GCAGAAGACC CGGTATACGG TGGCTCGAG

30 The new wector pMa5-PI89 contains the following BPTI

derived sequence.
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BspMII XhoI BbsI
|

I |
l 10 ! 20 30 40
* * * *
5 GCT CCG GAC TTC TGT CTC GAG CCA CCG TAT ACC GG GTC TTC
Ala Pro Asp Phe Cys Leu Glu Pro Pro Tyr Thr Gly

FspI BbsI

l 50 60 70 80
* * | * *
TGC GCA TTT AAA TTA ACC GAA GAC AC AAC GCC AAG GCC GGA
Asn Ala Lys Ala Gly

90 100 110 120

* * * *
15 CTC TGT CAG ACC TTT GTA TAT GGT GGC TGC CTT GCA AAG CGT
Leu Cys Gln Thr Phe Val Tyr Gly Gly Cys Leu Ala Lys Arg

10

Eagl

130 1140 150 160
20 B * i * * *
AAC AAT TTC GAA TCG GCC GAG GAC TGC ATG CGT ACC TGT GGT
Asn Asn Phe Glu Ser Ala Glu Asp Cys Met Arg Thr Cys Gly

KasI

25 170
*

GGC GCC
Gly Ala

(VI)

30 Transfer of the BspMII-KasI fragment in this vector to the
phage genome (engineered gene variant III as described on
pages 13 -14) resulted in £d-89. The sequence of VI does
not code for a functional protein because of the presence
of a frame shift. The sequence between nucloetides 35 and

35 65 provides restriction sites (BbsI) for easy insertion of
the mutagenic oligonucleotides and counterselection
against parental phages (FspI). Construction of the
library involved the replacement of the small BbsI frag-
ment of £d4-89 by the mutagenic oligonucleotide Pst345.

40 This cloning brings the two translated regions shown in
(VI) in frame. The mutagenic oligonucleotide contains a
degenerate coding sequence, where N is either of G, A, T
and C and K is either G and T.
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Pst345 was hybridized to two "half-site" oligonucle-
otides (Pst346 and Pst347 see below) to form cohesive
termini complementary to the BbsI sites shown in (VI).
Because cleavage of the two BbsIl sites creates non-
complementary cohesive ends insertion of the mutagenic
fragment in the proper orientation is ensured. The condi-
tions used to insert the mutagenic oligonucleotides were
essentially as described by Cwirla et al., Proc. Natl.
Acad. Sci. USA: 87, 6378-6382, 1990. The ligated DNA was
transformed by electroporation into E. coli WK62 (a
spontaneously arisen F- derivative of WK6). Transformants
were plated on LB agar containing tetracycline.

Pst345: TACCGGCATC TGCCGCNNKN NKNNKNNKCG CTACTTCTAC
Pst346: GCGGCAGATG CC
Pst347: CGTTGTAGAA GTAGCG

Construction of the 5L-library

The intended 1library contains the following
substitutions:
position 11:Xxx (= all possible residues)
13: Xxx
15: Arg
17: Leu/Ile
18: His
19:Lys/Asn/Thr/Met/Ile/Gln/His/Pro/Leu
34: Xxx
39: Xxx
46: Glu
The mutagenic oligonucleotides, Pst374 and Pst375, contain
degenerate sequences indicated with the following one
letter code:
is either of G, A, T and C
is either of A, T and C
is either of A, T and G
is either of G and C
is either of A and C

R XU m 3

is either of G and T
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Pst374: TCGAGCCACC GTATNNSGGT NNSTGCCGTG CTMTTCATMH
SCGCTACTTC TACAACGCCA AGGCCGGTCT CTGTCAGACC
TTTNNSTATG GTGGCTGCNN SGCAAAGCGT AACAATTTCG
ATC
5 (sequence ID No. 21)

Pst375: GGCCGATTCG AAATTGTTAC GCTTTGCSNN GCAGCCACCA
TASNNAAAGG TCTGACAGAG ACCGGCCTTG GCGTTGTAGA
AGTAGCGSDK ATGAAKAGCA CGGCASNNAC CSNNATACGG TGGC
(sequence ID No. 22)

10 Annealing of the oligonucleotides Pst374 and Pst375 yields
a double stranded DNA fragment having Xhol and Eagl
cohesive termini. This fragment was ligated to the large
gel-purified ZXhoI-EaglI fragment of £d-89 (VI). The
ligated DNA was transformed by electroporation in E. coli

15 WKé62 (a spontaneously arisen F- derivative of WK6). Trans-
formants were plated on LB agar containing tetracycline.

Example 8: Panning of phages expressing on their surface
factor VIiIa-TF inhibitors

Referring to Fig. 6, in one particular panning
20 protocol a suspension cof phages expressing the mutant BPTI
molecules on their surface was incubated with €factor
ViIa-TF. Phages bound to factor VIIa-TF were separated
from the others by means of a non-neutralizing anti-VIIa
monoclonal antibody coupled to agarose. The following

25 procedure was used for panning of the 2L library.

Mutant BPTI-phages were isolated by scraping the
tetracycline resistant transformants from the plates. The
cell suspension (LB medium) was cleared twice by centrifu-
gation and the phages were recovered from the supernatant

30 by PEG precipitation. The phage pellet was resuspended in
TBS (TRIS buffered saline pH 7.4). About 10*° infectious
particles (0.5 ml) were mixed with 0.5 ml containing 200
nM factor VIIa (NOVO), 400 nM Tissue Factor (Corvas), 10
mM CaCl,, 0.5% Tween20 in TBS. The suspension was incu-
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bated at room temperature during 1 h. A 0.1 ml suspension

of 0.18 mg of anti-VIIa-Mab immobilized on CNBr-activated

Sepharose Cl4B was added and further incubated at room

temperature for 1 h. The gel was removed by centrifuga-

5 tion and washed 10 times with 1 ml TBS éontaining 0.5%

Tween20 and 5mM CaCl,. Bound phages were eluted with 2

times 0.5 ml of 0.1 N HCl/glycine pH 2 containing 0.15 M

NaCl, 0.05% BSA, 0.5% Tween 20 and 5 mM CaCl,. Eluted

phages, neutralized by addition of 1 M TRIS (pH 8), were

10 amplified by infecting strain WKé and plating for tetra-

cycline resistant colonies. Cwirla, S.E., et al., Proc.

Natl. Acad. Sci. USA, 87: 6378-6382 (1990). Phages were

recovered as described above and the panning-amplification

process repeated twice as described above except that 25

15 nM and 1 nM factor VIIa was used during the incubation.

After two and three rounds of panning the phage DNA was

purified and sequenced wusing standard techniques.

Sambrook et al. in Molecular Cloning-a Laboratory Manual,

Cold Spring Harbor Laboratory Press, 1989, p. 4.29. Tabor

20 and Richardson, U.S. Patent No. 4,994,372. Selected phage

clones were tested for inhibition of factor VIIa-TF amido-
lytic activity essentially as described in Example 4.

In another preferred panning protocol the phages were

incubated with biotinylated factor VIIa in presence of an

25 excess tissue factor (TBS containing 0.5% Tween20 and 5mM

CaCl,,. Phages bound to factor VIIa-TF were separated by

binding of the biotinylated factor VIIa to streptavidin

coated magnetizable beads (Dynal) and eluted at low pH as

above. Factor VIIa was biotinylated using Biotine-XX-NHS

30 essentially according to the instructions of the manufac-

turer (Calbiochem). This procedure was used for panning

of the 3L library in three rounds using 10 nM Factor VIIa.

Biotinylated factor VIIa was also used for panning of the

5L library in three rounds using 10 nM factor VIIa in one

35 experiments and two rounds of 10 nM followed by one round

of 1 nM factor VIIa in a second experiment.
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Example 9: Identification and purification of a non-

neutralizing monoclonal antibody directed to factor VIIa
Preparation of hybridomas and identification of

desired monoclonal antibodies is done using standard

5 techniques as described for example in Harlow, E. et al.,
Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory (1988). These antibodies are useful in the
method described above.

Female balb/c mice are immunized with purified human

10 Factor VIiIa isolated from pooled human plasma. Complete
Freund’'s adjuvant is used for primary immunization and
incomplete Freund’s adjuvant for booster immunization.
Route of immunization is both intraperitoneal and subcu-
taneous. Three days prior to fusion mice receive an

15 intravenous perfusion boost of purified Factor VIIa in
saline. Spleens are removed and spleen cells are fused to
the SP2/0 myeloma following standard hybridoma methods.

Screening is performed to identify hybridoma
antibodies that react with Factor VIIa antigen without

20 inhibition of the enzymatic activity of Factor VIIa.
Briefly, 96 well polyvinyl chloride microtiter plates are
passively coated with affinity-purified goat anti-mouse
IgG (from commercial source, e.g., Sigma Chemical Compahy,
St. Louis, MO). Antibody-coated plates are blocked with

25 bovine albumin and culture supernatants (diluted at least
1:50) are bound to the plates. Plates are washed to
remove unbound antibody and Factor VIIa added followed by
incubation. Plates are washed to remove unbound Factor
ViIa. Negative controls include hybridoma culture super-

30 natant from a cell line secreting irrelevant monoclonal
antibody, sterile culture medium and buffer.

The lack of inhibition of Factor VIIa-TF by the
purified monoclonal antibody is confirmed wusing the
chromogenic assay described in Example 4.

35 The monoclonal antibody is immobilized on CNBr-
activated Sepharose CL4B (Pharmacia) according to the
manufacturer’s instructions, for use as described above.
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Prior to this immobilization, immunoglobulin IgG is

purified from the ascites fluid of a mouse containing the

mouse hybridoma cell 1line of interest using a Biorad

Laboratories MAPS II system according to the
5 manufacturer’s instructions.

Example 10: Construction of 82c5 Secretion Vectors and
Expression in the Methylotrophic Yeast Pichia pastoris

Alcohol oxidase, the first enzyme in the methanol

utilization pathway of Pichia pastoris, can constitute as

10 much as 30% of the soluble protein of the cell during
growth on methanol. In contrast, when this yeast is grown
in presence of an excess of repressible-carbon sources,
such as glucose or glycerol, no alcohol oxidase is pre-
sent. Several genes of the methanol utilization pathway

15 have been cloned and characterized. Their methanol-
inducible promoter regions have been sequenced and used to
construct various expression vectors.

The Pichia strain GTS115 (his4) and the E. coli-
Pichia shuttle vectors pHILS1 and pHILD4 referred to

20 hereafter are part of the Pichia yeast expression system
licensed from the Phillips Petroleum Company.

All the yeast manipulations, including electropora-
tion, screening of multicopy integrants, determination of
the methanol utilization (Mut) phenotype and fermentation,

25 were performed according to the procedures manual provided
by the Phillips Petroleum Company.

The pHILS1 plasmid (figure 7) contains the following
P. pastoris elements:

1) 5’ AOX1l, about 1000 bp segment of the
30 alcohol oxidase promotor fused to PHOl signal

peptide, with ZXhol, EcoRI, Smal and BamHI

cloning sites. o

2) 3’ AOX1l, about 256 bp segment of the

alcohol oxidase terminating sequence.
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3) P. pastoris histidinol dehydrogenase gene,
HIS4, contained on a 2.4 kb fragment to comple-
ment the defective his4 gene in the host GTS115.
4) Region of 3’ AOX1l DNA, which together with
the 5’ AOXl region is necessary for site-
directed integration.

In this wvector, the ATG start codon of the PHOl
secretion signal 1is located downstream of the AO0X1
promotor exactly at the same position as the ATG of the
AOX1 gene.

The junction between the PHOl signal sequence and the
5’ AOX1 and 3’ AOX1 sequences are as follows:

5’ AOX1l PHOl SIGNAL SEQUENCE XhoI
TTA TTC GAA ACG/ATG TTC TCT..... GTC TTC GCT/CGA GAA TTC CCC
Met Phe Ser...... Val Phe Ala
BamHI 3’ AOX1

GGG_ATC CTT/AGA CAT.....

In order to facilitate further manipulations (cloning,
site-directed mutagenesis) the small Sacl-Xbal fragment of
the pHILS1 vector, referred to hereafter as 'the expression
cassette’ was transferred on the pMc5-19 vector digested
with Sacl-Xbal, yielding pMc5-ppSl1. A SacIl restriction
site was introduced by site-directed mutagenesis after the
PHOl1 secretion signal to allow in frame fusion of heterolo-
gous gene to this signal. The generated sequence is as
follow:

5’ AOX1 PHO1 SIGNAL SEQUENCE SaclII
TTA TTC GAA ACG/ATG TTC TCT...GTC TTC GCCGC/GG GAA TTC CCC
Met Phe Ser...Val Phe Ala

BamHI 3’ AOX1

GGG ATC CTT/AGA CAT.....
The resulting vector, pMc5-ppS5, digested with SacII and
blunt ended with a Klenov treatment gives precise access
to the last amino acid of the PHOl signal.

Using standard manipulation technics, a pMc5-ppS5
derivative, pMc5-ppSP82c5 has been constructed. 1In this
vector, the 82c5 encoding sequence, preceded by a
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synthetic pro-sequence (P), is fused in frame to the PHOl
secretion signal (S). The pro-sequence used is one of the
two 19-aa pro-sequences designed by Clements et al., (1991.
Gene 106:267-272) on the basis of the alpha-factor leader
sequence and has the following amino acids composition:

Gln-Pro-Val-Ile-Ser-Thr-Thr-vVal-Gly-Ser

Ala-Ala-Glu-Gly-Ser-Leu-Asp-Lys-Arg

(sequence ID No. 23)

The pro-sequence end with the alpha-factor KEX2 cleavage
site (Lys-Arg).

The P. pastoris expression vector pHIL4-SP82c5 was
constructed by reintroducing the expression cassette from
pMc5-ppSP82c5 into the pHILD4 vector context, replacing
the corresponding region of pHILD4. The latter vector
contains, in addition to the other elements of pHILS1l, a
bacterial kanamycin resistance gene inserted between the
HIS4 and 3'AOX1 regions. It can be used to screen for
Pichia transformants with multiple copies of the expres-
sion cassette by screening for increased 1level of
resistance to the antibiotic G418.

After transformation '(electroporation method) of
pHIL4-SP82¢c5 in the Pichia strain GTS115, His+ trans-
formants were evaluated for 82c5 production in shake-flask
after induction of the Paox promoter with methanol.
Clones were found that directed the synthesis and secre-
tion of 82¢5, up to 90 mg/l, as shown by the appearance of
trypsin inhibitory activity in the culture medium.

Following purification, the recombinant 82c¢c5 was
subjected to N-terminal sequencing. The results indicate
that the PHOl-pro-82c5 precursor was correctly processed.

Example 11: Inhibition of Thrombin Generation in Human
Plasma |

The measurement of thrombin generation can be used to
assess the potency of anti coagulants in human plasma.
Béguin et al., 68 Thromb. Haemost., 136-142, 1992.
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Citrated human plasma was stored at -80°C in aliquots
of 1 ml. The plasma was defibrinated by addition of
reptilase solution (20 pl to 1 ml of plasma). The reptil-
ase solution was prepared according to the manufacture’s

5 instructions (Boerhinger Mannheim). After 10 minutes at
37°C the clotted plasma was transferred to ice for 10 more
minutes. The clot was then removed by winding it on a
small plastic spatula.

To 240 pul of defibrinated plasma was added: 20ul of

10 Phospolipids (27uM, mixture of 1,2 dioleoyl-sn-glycero-3-
phosphoserine, 1,2 dioleoyl-sn-glycero-3-phosphocholine;
20/80, mol/mol), and 60 pl of inhibitors (5L15 or Hirudin)
at the required concentrations (in 25mM HEPES pH 7.5, 175
mM NaCl, 0.05 % BSA). A control experiment was also run

15 in the absence of 5L15 or Hirudin. Thrombin generation
was triggered by addition of a sufficient amount (60 ul)
of human recombinant tissue factor in CaCl, 0.1 M to give
a thrombin peak of approximately 250 nM in 2.5 minutes.

Every 30 seconds, 10 ul of plasma solution were

20 transferred to a cuvette containing 490 ul of 50 mM
Tris-HC1 pH 7.35, 0.1 M NaCl, 0.5 % BSA, 20mM EDTA and 200
UM substrate (S2238). After two minutes the reaction in
the cuvette was stopped with 300 pul of citric acid 1M.
The precise moment of sampling and stopping was directly

25 recorded on a personal computer using push-button-equipped
pipettes.

The thrombin concentration was determined by the
measurement of the absorbance of the cuvettes at 405 and
500 nm on a double wavelength spectrophotometer.

30 An example of the effect of anticoagulants in
thrombin generation in human plasma is shown in figure 9,
where 5L15 (0.663 and 3.938 uM) is compared to a well
established thrombin inhibitor (Hirudin; 0.1 puM). From
such thrombin generation curves, the potency of anticoagu-

35 1lants can be evaluated in measuring their effect on the

prolongation time of appearance of the maximum thrombin
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generated. The dose dependence of this prolongation
obtained with 5L15 is shown in figure 8.
Other embodiments are within the following claims.
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Claims

1. A compound derived from BPTI which inhibits the
biological activity of factor VIIa-tissue factor complex
with an inhibition constant less than 500 nM.

5 2. The compound of claim 1 wherein said compound
has an inhibition constant for factor VIIa-tissue factor
less than 100 nM.

3. The compound of claim 1 wherein said compound
has an inhibition constant for factor VIIa-tissue factor
10 1less than 10 nM.

4. The compound of claim 1 comprising the
structure:

Cys Leu Glu Pro Pro Tyr X, Gly X,; X;, Xis Xi¢ X;7 X5 X0

X,o Tyr Phe Tyr Asn Ala Lys Ala Gly Leu Cys Gln Thr

15 Phe X,, X;; Gly Gly X;; X,, Ala Lys Arg Asn Asn X, X,
Ser Ala Glu Asp Cys Met Arg Thr Cys
where:

X,, is alanine, asparagine, aspartic acid, glutamic
acid, glutamine, glycine, histidine, isoleucine, leucine,

20 methionine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, or valine;

» X,; is alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, 1lysine, methionine, phenylalanine, proline,

25 serine, threonine, tryptophan, tyrosine, or valine;

X,, is alanine, or cysteine when X,;; is cysteine,
glycine or serine;

X, is arginine or lysine;

X, is alanine or glycine;

30 X,, is alanine, arginine, asparagine, glutamine,
glycine, histidine, isoleucine, leucine, lysine, methi-
onine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, or valine;

X5, X3, and X,, is any natural amino acid;
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X,, is alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, 1lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine;

X;; is phenylalanine, tryptophan or tyrosine;

X, is alanine, glycine or serine;

X, is alanine, cysteine when X,, is cysteine, glycine,
or serine;

X,; is alanine, arginine, asparagine, aspartic acid,
glutamic acid, glutamine, glycine, histidine, isoleucine,
leucine, 1lysine, methionine, phenylalanine, proline,
serine, threonine, tryptophan, tyrosine, or valine;

X,s is phenylalanine, tryptophan or tyrosine; and

X,s 1s any natural amino acid.

5. The compound of claim 4 wherein:

X,, is alanine, aspartic acid, glutamic acid, glycine,
proline, threonine, or valine;

X,; is alanine, glutamine, histidine, isoleucine,
phenylalanine, proline, tyrosine, or valine;

X, is cysteine; V

X,s is arginine, or lysine;

X, is alanine or glycine;

X,, is isoleucine, leucine, methionine, or tyrosine;

X,s is histidine, isoleucine, or tyrosine,

X,, is glutamine, histidine, isoleucine, 1leucine,
lysine, proline, threonine, or valine;

X,, is arginine or serine;

X,, is aspartic acid, histidine, isoleucine, leucine,
phenylalanine, serine, threonine, tyrosine, or valine;

X,; is tyrosine; ‘

X;s is glycine;

X,; is cysteine;

X,, is arginine, asparagine, glutamic acid, histidine,
leucine, phenylalanine, tryptophan, or tyrosine;

X,; is phenylalanine; and
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X, 1s aspartic acid, glutamic acid, 1lysine,
phenylalanine, tryptophan or tyrosine.

6. The compound of claim 4 or 5 comprising the

structure: , :
X,-Pro-Asp-Phe-Cys-Leu-Glu-Pro-Pro-Tyr-X,,~-Gly-
X13~X34=X15-X16-X17-X,4-X,9-X,,-Tyr-Phe-Tyr-Asn-Ala-
Lys-Ala-Gly-Leu-Cys-Gln-Thr-Phe-X,;,-X,,-Gly-
X,-X3o-Ala-Lys-Arg-Asn-Asn-X,.-X,,~-Ser-Ala-Glu-
Asp-Cys-Met-Arg-Thr-Cys-Gly-Gly-Ala

wherein X, is alanine or arginine.

7. The compound of claim 4 or 5 comprising the
structure:

X, Pro Asp Phe Cys Leu Glu Pro Pro Tyr X,, Gly X,; X,,

X5 X6 X109 X3 Xy9 X5 Tyr Phe Tyr Asn Ala Lys Ala Gly

Leu Cys Gln Thr Phe X,, X,; Gly Gly X,, X;, Ala Lys Arg

Asn Asn X,; X, Ser Ala Glu Asp Cys Met Arg Thr Cys Gly

Gly Ala

where:

X, is alanine or argininé;

X,, is alanine, aspartic acid, glutamic acid, glycine,
proline, serine, threonine, or valine;

X,; is alanine, glutamine, histidine, isoleucine,
leucine, methionine, phenylalanine, proline, tryptophan,
tyrosine, or valine;

X,, is cysteine;

X,s is arginine, or lysine;

X, is alanine or glycine;

X,, is alanine, isoleucine, leucine, methionine, or
tyrosine;

X,s is  histidine, isoleucine, phenylalanine or
tyrosine;

X,, is asparagine, glutamine, histidine, isoleucine,
leucine, lysine, proline, threonine, or valine;

X,, is arginine or serine;
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X,, is aspartic acid, histidine, isoleucine, leucine,
phenylalanine, serine, threonine, tryptophan, tyrosine, or
valine;

X,; is tyrosine;

X5 is glycine;

X;s 1s cysteine;

X,, is arginine, asparagine, glutamic acid, glycine,
histidine, leucine, methionine, phenylalanine, tryptophan,
or tyrosine;

X, is phenylalanine; and

X,, 1s aspartic acid, glutamic acid, lysine,
phenylalanine, tryptophan or tyrosine.

8. The compound of claim 5 selected from the group
consisting of:

BPTI(1Ala 11Asp 17Ile 19Lys 39Glu 46Glu)

BPTI(1Ala 11Glu 17Ile 19Lys 39Glu 46Glu)

BPTI(1Ala 13Ile 15Arg 17Tyr 19Lys 39Leu 46Glu)

BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Glu 46Glu)

BPTI(1Ala 11lAsp 15Arg 17Ile 19Lys 34Asp 39Leu)

BPTI (1Ala 15Arg 17Tyr 19Thr 39Phe 46Glu)

BPTI (1Ala 11Asp 17Ile 19Lys 39Phe 46Glu)

BPTI(1Ala 11Asp 17Ile 19Lys 39Tyr 46Glu

BPTI (1Ala 11Asp 15Arg 17Ile 19Lys 39Phe 46Glu)

BPTI (1Ala 11Asp 15Arg 17Ile 19Lys 39Tyr 46Glu)

BPTI (1Ala 15Arg 17Ile 19Lys 39Phe 46Glu)

BPTI (1Ala 15Arg 17Tyr 19Thr 39Tyr 46Tyr)

BPTI(1Ala 11Glu 15Arg 17Tyr 19Thr 39Tyr 46Glu)

BPTI (1Ala 15Arg 17Met 18His 19His 39Phe 46Glu)

BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu
46Glu)

BPTI(1Ala 11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His
46Glu

BPTI(1Ala 11Glu 13Ala 15Arg 1l7Leu 18His 19Leu 34Tyr
39Tyr 46Glu)

BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Pro 34Tyr
39His 46Glu)
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BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Thr 34Tyr
39His 46Glu)
BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Thr 34Thr 39Phe
46Glu)
5 BPTI(1Ala 11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34Thr
39His 46Glu)
BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)
BPTI(1Ala 11Glu 15Arg 17Ile 18His 19Pro 34Leu 39Tyr
46Glu)
10 BPTI(1Ala 11Gly 13Val 15Arg 17Ile 18His 19Leu 341Ile
39Tyr 46Glu
BPTI(1Ala 11Ala 15Arg 17Leu 18His 19Gln 34His 39Phe
46Glu)
BPTI(1Ala 11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34His
15 39His 46Glu)
BPTI(1Ala 11Gly 15Arg 17Leu 18His 19Pro 34Phe 39Phe
46Glu)
BPTI(1Ala 11Gly 13Val 15Arg 17Leu 18His 34Tyr 39Asn
46Glu)
20 BPTI(1Ala 11Glu 13Gln 15Arg 17Leu 18His 19Leu 34Ser
39Tyr 46Glu) '
BPTI(1Ala 11Ala 13Tyr 15Arg 17Ile 18His 19His 39Tyr
46Glu) |
BPTI(1Ala 13Ile 15Arg 17Ile 18His 19His 39Leu 46Glu)
25 BPTI(1Ala 11Pro 15Arg 17Leu 18His 19Thr 34Phe 39Tyr
46Glu)
BPTI(1Ala 11Val 13His 15Arg 17Leu 18His 19Leu 34Leu
39His 46Glu)
BPTI(1Ala 13Ile 15Arg 17Leu 18His 19Gln 39Leu 46Glu)
30 BPTI(1Ala 13Ile 15Arg 17Leu 18His 39Leu 46Glu)
BPTI(1Ala 13Ile 15Arg 17Leu 18His 19Thr 39LeuA46Glu)
BPTI(1Ala 13Ile 15Arg 17Leu 18His 19Lys 39Leu 46Glu)
BPTI(1Ala 13Ile 15Arg 17Ile 18His 19Leu 39Leu 46Glu)
BPTI(1Ala 13Ile 15Arg 17Ile 18His 19Val 39Leu 46Glu)
35 BPTI(1Ala 13Ile 15Arg 17Met 18His 19Leu 39Leﬁ 46Glu)
BPTI(1Ala 13Ile 15Arg 17Tyr 18Tyr 19Lys 39Leu 46Glu)
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BPTI(1Ala 11Pro 13Phe 15Arg 17Leu 18His 19Lys 34His

39Phe 46Glu)

BPTI(11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Tyr 46Glu)
BPTI (11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Leu 46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19His

BPTI(11Glu 13Trp 15Arg
46Glu)

BPTI (15Arg 17Leu 18His

BPTI(1l1Ser 13Leu 15Arg
46Glu)

BPTI(11Pro 13Ile 15Arg
46Glu)

BPTI(11Ser 13Leu 15Arg
46Glu)

BPTI(11Pro 13Ile 15Arg
46Glu)

BPTI(11Glu 13Met 15Arg
46Glu)

BPTI (11Pro 13Val 15Arg
46Glu)

BPTI (11Glu 13Leu 15Arg

46Glu)
BPTI (11Pro 13Leu‘15Arg
46Glu)

17Leu

19His
17Leu

17Leu

17Leu

17Leu

17Ile

17Leu

17Leu

17Leu

18His

34Phe
18His

18His

18His

18His

18His

18His

18His

18His

34Tyr 46Glu)
19His 34Ile 39Gly

39Phe 46Glu)
19Lys 34Tyr 39Tyr

19Lys 34His 39Phe

19Lys 34Tyr 39Phe

19Lys 34Tyr 39Met

19Lys 34Thr 39Met

19Lys 34Ser 39Gln

19Lys 34Tyr 39Phe

19Lys 34Tyr 39Tyr

BPTI(11Asp 15Arg 17Leu 18His 19Gln 39Phe 46Glu)
BPTI(9Ala 11lAsp 15Arg 17Leu 18His

46Glu)

19Gln 22Leu 39Phe

BPTI(13Ile 15Arg 17Ala 18Phe 19Asn 39Leu 46Glu)
BPTI(13Ile 15Arg 17Phe 18Tyr 19Lys
BPTI (13Ile 15Arg 17Tyr 18Tyr 19Lys

39Leu 46Glu)
39Leu 46Glu)

9. The compound of claim 5 having an inhibition

constant factor less than 50 nm

consisting of:

BPTI (1Ala 11Asp 15Arg 17Ile
BPTI(1Ala 11Asp 171le 19Lys
BPTI (1Ala 11Asp 17Ile 19Lys
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BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Phe 46Glu)
BPTI(1Ala 11Asp 15Arg 17Ile 19Lys 39Tyr 46Glu)
BPTI(1Ala 15Arg 17Ile 19Lys 39Phe 46Glu)
BPTI(1Ala 11Glu 15Arg 17Tyr 19Thr 39Tyr 46Glu)
5 BPTI(1Ala 15Arg 17Met 18His 19His 39Phe 46Glu)
BPTI(1Ala 11Asp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu
46Glu)
BPTI(1Ala 11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His
46Glu
10 BPTI(1Ala 11Glu 13Ala 15Arg 17Leu 18His 19Leu 34Tyr
39Tyr 46Glu)
BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Pro 34Tyr
39His 46Glu)
BPTI(1Ala 11Glu 13Phe 15Arg 17Leu 18His 19Thr 34Tyr
15 39His 46Glu)
BPTI (1Ala 11Asp 15Arg 17Leu 18His 19Thr 34Thr 39Phe
46Glu)
BPTI(1Ala 11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34Thr
39His 46Glu)
20 BPTI (1Ala 1lAsp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)
BPTI(1Ala 11Glu 15Arg 17Ile 18His 19Pro 34Leu 39Tyr
46Glu)
BPTI(13Ile 15Arg 17Leu 18His 39Leu 46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19Thr 34Thr 39Phe 46Glu)
25 BPTI(11Gly 13Val 15Arg 17Ile 18His 19Leu 34Ile 39Tyr
46Glu)
BPTI(11Glu 15Arg 17Ile 18His 19Pro 34Leu 39Tyr 46Glu)
BPTI (11Asp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)
BPTI(11Glu 13Phe 15Arg 17Leu 18His 19Thr 34Tyr 39His
30 46Glu)
BPTI(11Glu 13Ala 15Arg 17Leu 18His 19Leu 34Tyr 39Tyr
46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu 46Glu)
BPTI(11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His 46Glu)
35 BPTI(11Pro 13Tyr 15Arg 17Leu 18His 19Leu 34Thr 39His
46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Tyr 46Glu)
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BPTI (11Asp 15Arg

BPTI(11Glu 13Trp
46Glu)

BPTI (15Arg 17Leu
BPTI (11Ser 13Leu
46Glu)

BPTI (11Pro 13Ile
46Glu)

BPTI (11Ser 13Leu
46Glu)

BPTI (11Pro 13Ile
46Glu)
BPTI(11Glu 13Met
46Glu)

BPTI (11Pro 13Val
46Glu)
BPTI(11Glu 13Leu
46Glu)
BPTI(11Pro 13Leu
46Glu)
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17Leu 18His 19Pro 34Trp 39Leu 46Glu)

17Leu
15Arg

18His
15Arg

15Arg

15Arg

15Arg

15Arg

15Arg

15Arg

15Arg

18His
17Leu

19His
17Leu

17Leu

17Leu

17Leu

17I1e

17Leu

17Leu

17Leu

19His 34Tyr 46Glu)
18His 19His 34Ile 39Gly

34Phe 39Phe 46Glu)
18His 19Lys 34Tyr 39Tyr

18His 19Lys 34His 39Phe

18His 19Lys 34Tyr 39Phe

18His 19Lys 34Tyr 39Met

18His 19Lys 34Thr 39Met

18His 19Lys 34Ser 39Gln

18His 19Lys 34Tyr 39Phe

18His 19Lys 34Tyr 39Tyr

BPTI(11Asp 15Arg 17Leu 18His 19Gln 39Phe 46Glu)
BPTI(9Ala 11lAsp 15Arg 17Leu 18His 19Gln 22Leu 39Phe

46Glu)

10. An isolated nucleic acid segment encoding the
compound of claim 1, 2, 3, 4, 5, 6, 7, 8, or 9.

11. The compound of claim 5 having an inhibition

constant factor less than 5 nm selected from the group

consisting of:
BPTI(11Asp 15Arg 17Leu 18His 19Gln 34Thr 46Glu)

BPTI (11Asp 15Arg 17Leu 18His 19Leu 34Tyr 39Leu 46Glu)
BPTI (11Glu 13Tyr 15Arg 17Leu 18His 34Tyr 39His 46Glu)
BPTI (11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Tyr 46Glu)
BPTI (11Asp 15Arg 17Leu 18His 19Pro 34Trp 39Leu 46Glu)
BPTI(11Asp 15Arg 17Leu 18His 19His 34Tyr 46Glu)
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BPTI(11lSer 13Leu 15Arg 17Leu 18His 19Lys 34Tyr 39Phe

46Glu) -
BPTI(11Glu 13Leu 15Arg 17Leu 18His 19Lys 34Tyr 39Phe
46Glu)
5 BPTI(9Ala 11Asp 15Arg 17Leu 18His 19Gln 22Leu 39Phe
46Glu)

12. A vector comprising the nucleic acid segment of
claim 10 and a promoter region, said promoter region being
located relative to the said nucleic acid segment so as to

10 control transcription of the said nucleic acid segment.

13. The vector of claim 12 further comprising a
nucleic acid segment encoding a amino acid sequence which
causes secretion of said compound through the cell
membrane.

15 14. A host cell comprising the vector of claim 12.

15. The host cell of claim 14 wherein host cell is
bacteria.

16. The host cell of claim 15 wherein host cell is
Escherichia coli.

20 17. The host cell of claim 14 wherein host cell is
eukaryotic cell.

18. The host cell of claim 17 wherein host cell is
yeast cell.

19. The host cell of claim 18 wherein host cell is
25 Pichia pastoris.

20. A method for preparing the compound of claim 1,
2, 3, 4, 5, 6, 7, 8 or 9 comprising growing a host cell
carrying a vector encoding said compound under conditions
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in which vector causes expression of said compound in said
cell.

21. The method of claim 20 further comprising

separating host cells from their culture medium, removing

5 said compound from said host cells, and purifying said
compound by physical separation technique.

22. A method for preparing the compound of claim 1,

2, 3, 4, 5, 6, 7, 8 or 9, comprising growing a host cell
carrying a vector encoding said compound linked to a

10 signal sequence under conditions in which said compound is

secreted into the culture medium.

23. The method of claim 22 further comprising remov-
ing said host cells from their culture medium, removing
said compound from said host cells, and purifying said

15 compound by physical separation technique.

24. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and pharmaceutically
effective amount of compound of claim 1, 2, 3, 4, 5, 6, 7,
8 or 9.

20 25. The pharmaceutical composition of claim 24 for
use in a mammal for preventing and/or treating a condition

characterized by abnormal tissue factor expression.

26. A method for preventing or treating in a mammal

a condition characterized by abnormal tissue factor

25 expression comprising administering to said mammal a

pharmaceutically acceptable amount of the compound of
claim 1, 2, 3, 4, 5, 6, 7, 8, or 9.

27. The method of claim 26 wherein said condition is
further characterized by abnormal thrombus formation.
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28. A method for preventing or treating in a mammal
a condition characterized by abnormal tissue factor
expression comprising administering to said mammal the
pharmaceutical composition of claim 24.

5 29. The method of claim 28 wherein said condition is
further characterized by abnormal thrombus formation.
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SEQUENCING PRIMER:

GATCTCCAGCTTTAAGTG
TAAGCTTGGTCTAGAGGTCGAAATTCACCTCGAA
3'{0 37'5 3810 3§5 39'0 39|5 4(?0

'-Hlndlll I'del

AAAAARARRARRRRRARRRRARRRARNNNN

M Proc fdT T -
AN phoA BPTI e

pMa5-P1
cat-am 4142 bp
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Pst205 (74-mer)
GCTCCGGACT TCTGTCTCGA GCCACCGTAT ACCGGCCCCT GCAAGGCTCG
TATTATCCGC TACTTCTACA ACGC

Pst206 (78-mer)
CTTGGCGTTG TAGAAGTAGC GGATAATACG AGCCTTGCAG GGGCCGGTAT
ACGGTGGCTC GAGACAGAAG TCCGGAGC

Pst207 (102-mer)
CAAGGCCGGA CTCTGTCAGA CCTTTGTATA TGGTGGCTGC CGTGCAAAGC
GTAACAATTT CAAGTCGGCC GAGGACTGCA TGCGTACCTG TGGTGGCGCC TA

Pst208 (102-mer)
AGCTTAGGCG CCACCACAGG TACGCATGCA GTCCTCGGCC GACTTGAAAT
TGTTACGCTT TGCACGGCAG CCACCATATA CAAAGGTCTG ACAGAGTCCG GC

A5 32
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AL 4a.

Q%AIRI%CGAGC TCGAGCTTAC TCCCCATCCC CCTG]IQAQA ATTAATC
co
ATC GGCTCGIAIlA0 ATGTGTGGA ATTGTGAGCG GATAACAATT TCACA
CAGGA AACAGGAT_QCSTGi(l}_G_GATCCGT GGAGAAAATA AA

ac

ATG-AAA-CAA-AGC-ACT-ATT-GCA-CTG-GCA-CTC-TTA-CCG
Met Lys Gin Ser Thr lle Ala Leu Ala Leu Leu Pro
-21 =20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10

nl.
TTA-CTG-TTT-ACC-CCT-GTG-ACA-AAA—GCQ.&AQC
Leu Leu Phe Thr Pro Val Thr Lys Ala
-9 -8 -1 6 -5 -4 -3 -2 -1

Hindlll Xbal
CGGGGATCCT CTAGAGTCGA CCTGCAGGCA TGCAAGCTTG GICTAGA

AL 4L

BspMil Accl
GCI_CCG GAC TTC TGT CTC GAG CCA CCG_TAT ACC GGC
CGA GGC CTG AAG ACA GAG CTC GGT GGC ATA TGG CCG
Ala Pro Asp Phe Cgs Leu Glu Pro Pro Tyr Thr Gly

1 2 3 4 6 7 8 9 10 11 12

CCC TGC AAG GCT CGT ATT ATC CGC TAC TTC TAC AAC
GGG ACG TTC CGA GCA TAA TAG GCG ATG AAG ATG TTG
Pro Cys L§s Ala Arg lle lle Arg Tyr Phe Tyr Asn

16 17 18 19 20 21 22 23 24

Styl
GQC_AAG_QCC GGA CTC TGT CAG ACC TTT GTA TAT GGT
CGG TTC CGG CCT GAG ACA GTC TGG AAA CAT ATA CCA
Ala Lys Ala Gly Leu Cys Gin Thr Phe Val Tyr Gly
25 26 27 28 29 30 31 32 33 34 I 3

GGC TGC CGT GCA AAG CGT AAC AAT TTC AAG TCG GCC
CCG ACG GCA CGT TTC GCA TTG TTA AAG TTC AGC CGG
G!’y Cys Arg Ala Lys Arg Asn Asn Phe Lys Ser Ala
37 38 39 40 41 42 43 44 45 46 47 48

Sphl Kasi
GAG GAC TG_Q_AI_G_QGT ACC TGT GGT GGC GCC TA
CTC CTG ACG TAC GCA TGG ACA CCA CCG CGG ATT CGA
Glu Asp Cys Met Arg Thr Cys Gly Gly Ala
49 50 51 52 53 54 55 56 S57 38
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PILL CAP PROTEIN
COAT PROTEIN

BPTi-genelll - Bhu e-attached
fusion PTl (5 coples)
A7E I
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AL 6.
INTRODUCE LIBRARY OF BPTI-VARIENTS IN BACTERIA

i

|

1
el IN GO O
(TS |
OF °'BINDERS® Y???Y??

O = FACTOR Xa Y = ANTI-FACTOR Xa MAb

PREPARE BPTI-PHAGES

EACH CLONE/COLONY PRODUCES PHAGE WHICH
(1°) DISPLAY AND B
(2°) CARRY THE GENETIC INSTRUCTION FOR

A UNIQUE BPTI-VARIENT

BINDING-SELECTION (BIO-PLANNING)
WASH AWAY UNBOUND PHAGES
RETAIN °'BINDERS'

—[ 1L

EACH CYCLE OF BINDING SELECTION RESULTS IN AN ENRICHMENT OF
FACTOR Xa SPECIFIC BPTI-PHAGES

FOLLOWING A NUMBER OF PANNING-ROUNDS PHAGE-DNA IS SEQUENCED TO
DETERMINE THE PEPTIDE SEQUENCE OF THE SELECTED BPTI-VARIENTS
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\
pBR322 SEQUENCE
AMP T ori
f1 ori
PHILS 1
Bgi2 Bgi2
SaC SMA!., ECOR1, BAMH1
STU
len XHO lem
5' aoX || s H- 3* aox|| Hiss Hf3° Aox
P—
s| PHO1 SECRETION SIGNAL /

A6 7

SUBSTITUTE SHEET



WO 94/07528 PCT/US93/06534

8/8

P4
(=]
—
<€
(O]
2
S
(o]
&
S
-
<
©
o
1 i ] | ] | |
0 10 20
5L15 (uM)
A L 4

300 1

AMIDOLYTIC ACTIVITY

TIME (MIN)

A75 9 SUBSTITUTE SHEET



INTERNATIONAL SEARCH REPORT In ional application No.

PCT/US93/06534

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(5) :A61K33/84; CO7K 7/10; C12N 1/19, 1/21, 7/01, 15/15, 15/70, 15/81
US CL.  :435/69.2, 235.1, 252.3, 255, 320.1; 530/324; 536/23.5

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
us. :

435/69.2, 235.1, 252.3,'255, 320.1; 530/324; 536/23.5

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

APS, BIOSIS, CA, NTIS, INPADOC, JICST-E, MEDLINE, scarch terms: aprotinin, pancreatic trypsin inhibitor, Kunitz
inhibitor, factor VII

68, col. 10, lines 1-20.

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US, A, 5,106,833 (Broze, Jr. et al) 21 April 1992, col. 2, lines 20-| 1-3
Y 60, paragraph bridging cols. 3-4, col. 4, lines 53-66, col. 6, lines| 4-9,11,14,
49-54. 17,24-29
X US, A, 4,966,852 (Wun et al) 30 October 1990, col. 3, lines 4-11] 10,12
and lines 38-47, col. 4, lines 1-32,
Y US, A, 5,032,573 (Auerswald et al) 16 July 1991, col. 9, lines 20-| 10,12,14-16,21

E(] Further documents are listed in the continuation of Box C.

D Sce patent family annex.

A"

‘B

e

0"

P

Special categorics of cited documonts:

document éefining the general state of the art which is not considered
10 bs part of particular relovance

eaclior document published on er after the intornational filing dete
document which may throw dowbts oa priority claim(s) or which is
cited 10 cotmblish the publication detc of another citation or other
special reason (as specified)
doe.uﬁar‘n.b-oﬂdhek-s. we, cxhibitioa or other

document published prior 1o the intornstional filing dets but lnter then
the priority date claimed

™ um—ummummm«m
date and not in coaflict with the application but cited 10 understand the
principle or theory underiying the inveation

X dm*mhnhmheh—dmmh
comsidersd novel or canact be considered 1o involve an inveutive stop
whea the document is takem alons

Y document of particular relevance; the claimed invention cannot be
considered ®0 Imvolve sa imventive sicp whem the documest is
combimed with onc or more other such documents, such combination
being obvious %0 a person skilied in the art

"&° document member of the same pateat family

Date of the actual completion of the international search

17 September 1993

Date of mailing of the international search report

0CT 14 1993

Name and mailing address of the ISA/US
Commissionee of Patents and Trademarks

Box PCT
Washington, D.C. 20231 -
Facsimile No. NOT APPLICABLE

Authorized officer . 4
STEPHEN WALSW‘ ¢ 7&

Form PCT/ISA/210 (second sheet)(July 1992)w

Telephone No. _ (703) 308-0196




" INTERNATIONAL SEARCH REPORT Intcenational application No.

. PCT/US93/06534

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

JOURNAL OF INDUSTRIAL MICROBIOLOGY, Volume 7,
issued 1991, T. Vedvick et al, "High-level secretion of
biologically active aprotinin from the yeast Pichia pastoris”, pages
197-201, especially page 198, column 1.

TRENDS IN BIOCHEMICAL SCIENCES, Volume 14, issued
August 1989, T. E. Creighton et al, "Functional evolutionary
divergence of proteolytic enzymes and their inhibitors", pages
319-324, especially page 323, right column, paragraph 2.

G. E. SCHULZ et al, "PRINCIPLES OF PROTEIN
STRUCTURE", published 1979 by SPRINGER-VERLAG (N.Y.),

see pages 14-16, especially page 14.

13,17-20,22,23

1-9,11

19,11

" Form PCT/ISA/210 (continuation of*second sheet)(July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

