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to their use in diagnosis and therapy.

Antistasin is a cysteine-rich serine proteinase inhibitor originally isolated from the salivary
glands of the Mexican leech Haementeria officinalis (Tuszynski et al., J. Biol. Chem. (1987),
) ‘ 262, 9718-9723). Considerable interest has been focused on this polypeptide of 119 amino
‘ acids as it is a highly selective, tight binding inhibitor of the blood coagulation factor Xa and
thus a potent anticoagulant in vitro and in vivo (Vlasuk et al., Thromb. Haemostasis (1991),
65, 257-262). In addition, antistasin seems to have marked antimetastatic properties
(Tuszynski et al., J. Biol. Chem. (1987), 262, 9718-9723).

Amino acid sequence analysis revealed that antistasin contains two homologous domains;
no sequence similarity was found to other known proteins suggesting that antistasin is the
prototype of a new family of serine proteinase inhibitors (Nutt et al., J. Biol. Chem. (1988),
263, 10162-10167). Meanwhile, only one protein related to antistasin has been identified:
ghilanten, isolated from the giant Amazonian leech Haementeria ghilianii is nearly identical
to antistasin with respect'to amino acid sequence (>90% identity) and functional properties.
Recently, a cDNA sequence containing a highly conserved 6-fold repeat with homology to
- the C-terminal halves of the antistasin-domains has been identified in Hydra (Holstein et al.,
FEBS Lett., (1992), 309, 288-292); however it, is unclear whether the putative protein

encoded by this cDNA sequence has any activity as proteinase inhibitor or antimetastatic
agent.
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In the present invention novel members of the family of antistasin-type inhibitors are
presented. These polypeptides, named hirustasin (Hirudo antistasin), have been isolated
from the medical leech Hirudo medicinalis, and their amino acid sequence and
characteristics as proteinase inhibitors have been detemmined. As illustrated in further detail
below hirustasin and variants thereof obtained by recombinant DNA technology or peptide
synthesis have therapeutic potential in disorders related to the action of serine proteinases

such as trypsin, chymotrypsin, tissue kallikrein and cathepsin G, and as antimetastatic
agents.



Am no aci d sequence anal ysis reveal ed that antistasin contains two

honol ogous domai ns; no sequence simlarity was found to ot her known
protei ns suggesting that antistasin is the prototype of a new fam ly of
seine proteinase inhibitors (Nutt et al. . Biol. Chem (1988), 263,
10162-1.0167). Meanwhile, only one protel n reﬁ;ﬂmdmm@mkeﬁ&asl n has been

i dentified: ghilanten, isolated fromt#8e giant ch Haenenteria
ghilianii is nearly identical to antistasin w am no acid
sequence (>90% identity) and functional proper a cDNA

sequence containing a highly conserved 6-fold repeat W|th horml ogy to the
C-term nal halves of the antistasin-domai ns has been identified in Hydra
( Hol st eilthoegh ahe pufaliBS réaetive sitd 138Res oB BdustaSif-andYntistasinearerndatly identicatc| ear

whet her, u ' r | vity
e pr ot U1ED bkt B REP e IBP dd At At ur o o R R BRER AR Ry o
novel rooaperEoDasdedefiamitioy of antistasin-type inhibitors are presented.
These pol ypepti des, named hirustasin (H rudo antistasin), have been

i solated fromthe nedical |eech Hirudo nedicinalis, and their amno acid
sequen [ t NYPR cs as proteinase inhibitors have been determ ned.
As illustrated in further detail bel ow hirustasin and variants thereof

OEt ai neltﬂuep“yivérﬁmmtrmieﬁts tladl\&pb@gémmlqummfsg@eméiaﬂﬁnaxantdtwuenb@ne given in
pr gt ZP%%QED @%ﬁ?@i@astt?s;tﬁsqr Ir? r e{‘rgttrf'ct/p'%?lﬁr,agheggﬁred%gt t|h§f‘:"ﬁ)?and cat hepsin

G and as antinetastatic agent S.
' The expression mutant, functional fragment or derivative thereof includes all fragments or
derivatives of said polypeptide that still bind to or inhibit serine proteinases, such as trypsin,

chymotrypsin, tissue kallikrein and cathepsin G; or that act as antimetastatic agents. In a

preferred embodiment the inventive polypeptide is used as anticoagulant.

‘Mutants are for example polypeptides having amino acids substituted or deleted at one ore
maore positions.

The expression derivatives includes phammaceutical acceptable salts with acids, like
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hydrohalic acids such as hydrochloric acid; sulfuric acid, phosphoric acid, pyrophosphoric
acid, benzenesulfonic acid, p-toluenesulfonic acid, methanesulfonic acid, lactic acid, palmic
: acid, tartaric acid, ascorbic acid, citric acid; with bases like nitrogen-containing bases such
‘ as sodium, potassium, magnesium or ammonium nitrogen-containing bases; or inner salts.

Also included are modified forms of said polypeptides, e.g. polypeptides bearing a
detectable marker, such as a fluorescent, chemiluminescent or radioactive marker or avidin,
biotin or the like. ‘

Fragments of said polypeptide embraces C- or N-terminal shortened fragments as well as
fragments from within the polypeptide chain that bind to or inhibit serine proteinases, such
as tissue kallikrein, cathepsin G, and factor Xa; or that act as antimetastatic agents.
Embraced is for example a fragment wherein the C-terminal Gin is missing.

These fragments can be used alone or in combination with others such as other proteins
(fusion proteins) or chemical compounds. Examples for combinations are, e.g., the
combination of the binding domain of hirustasin with chemically synthesized inhibitors, e.g.
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combination of hirustasin with another polypeptide or oligopeptide; e.g. to induce a specific
uptake into a certain compartment.

The inventive polypeptides are obtained by peptide synthesis, or recombinant DNA
technology or are isolated from a leech, especially form Hirudo medicinalis, by conventional
methods, e.g., by
‘ a) obtaining an extract of a leech, preferable of the medical leech Hirudo medicinalis, and
b) purifying the extract by dialysis and column chromatography, e.g. by cation exchange
chromatography, biospecific affinity chromatography and/or a further ion exchange
chromatography step.

An other embodiment of the invention is a recombinant DNA coding for the inventive
polypeptide or a fragment of said DNA.

Fragments of said DNAs are for example coding for a functional domain of the inventive
polypeptide or are suitable as hybridization probes in screening procedures. Hybridization
probes for selective screening procedures are usually fragments of said nucleic acid
comprising more than 15 nucleotides.

Expression cassettes

A further embodiment of the invention is a polypeptide expression cassette comprising a
promoter operably linked to a DNA sequence coding for the inventive polypeptide as
defined above and to a DNA sequence containing transcription termination signals.

In hosts capable of secreting expressed polypeptides, the expression cassette preferably
comprises a promoter operably linked to a first DNA sequence encoding a signal peptide
linked in the proper reading frame to a second DNA sequence coding for the inventive
polypeptide, and a DNA sequence containing transcription termination signals.

in a preferred embodiment, the promoter, the signal sequence and the terminator are
fecognized by the yeast expression system.
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€9 isomerase, invertase and glucokinase genes, or a promoter of the yeast mating pheromone
genes coding for the a- or a-factor, can be used. Preferred vectors of the present invention
contain, e.g., promoters with transcriptional control that can be tumed on or off by variation

‘ of the growth conditions, e.g. the promoter of the PHOS or the CUP1 gene. For example,

the PHOS promoter can be repressed or derepressed at will, solely by increasing or
decreasing the concentration of inorganic phosphate in the medium and the CUP1 promoter
can be tumed on by the addition of Cu®*-ions to the medium, e.g., in the form of a copper
salt. Especially preferred are the GAPDH and the yeast CUP1 promoter.

The DNA sequence encodihg a signal peptide ("signal sequence"), e.g. a yeast signal
peptide, is preferably derived from a gene, e.g. a yeast gene, coding for a polypeptide
which is ordinarily secreted. Yeast signal sequences are, for example, the signal and
prepro sequences of the yeast invertase (SUC2), a-factor, pheromone peptidase (KEX1),
“killer toxin" and repressible acid phosphatase (PH05) genes and the glucoamylase signal
sequence from Aspergillus awamor. Additional sequences, such as pro- or spacer-
sequences which may carry specific processing signals can also be included in the
constructions to facilitate accurate processing of precursor molecules. For exampie, the
processing signals contain a Lys-Arg residue, which is recognized by a yeast endo
peptidase located in the Golgi membranes. The preferred signal sequences according to
the present invention are those of the yeast PHO5 gene, the a-factor and of the yeast
invertase gene (SUC2).

A DNA sequence containing transcription temmination signals, e.g. yeast transcription
termination signals, is preferably the 3' flanking sequence of a gene, e.g. a yeast gene,
which contains proper signals for transcription termination and polyadenylation. The
preferred flanking sequence is that of the yeast PHOS and the a-factor gene.
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for the polypeptide and the DNA sequence containing transcription termination signals are

operably linked to each other, i.e. they are juxtaposed in such a manner that their normal

functions are maintained. The array is such that the promoter effects’ proper expression of

the signal sequence-polypeptide gene complex, the transcription termination signals effect
‘ proper termination of transcription and polyadenylation and the signal sequence is linked in

the proper reading frame to the polypeptide gene in such a manner that the last codon of
the signal sequence is directly linked to the first codon of the gene for the polypeptide. The
yeast promoter is preferably joined to the signal sequence between the major mRNA start
and the ATG naturally linked to the promoter gene. The signal sequence has its own ATG
for translation initiation. The junction of these sequences may, for example, be effected by
means of synthetic oligodeoxynucleotide linkers carrying the recognition sequence of an
endonuclease. Examples for related expression cassettes are described e.g. in EP-A-
341215.

Preferred expression cassettes comprise the CUP1 or the GAPDH promoter, the a-factor or
the yeast invertase leader sequence, the hirustasin gene and the o-factor terminator.

Especially preferred expression cassette comprise a recombinant DNA molecule as
described in SEQ 1D NO:2 or SEQ ID NO:3 or a functional fragment or derivative thereof.

Recombinant Plasmids

A further embodiment of the invention concems a recombinant plasmid comprising a
polypeptide expression cassette as described above.

Apart from the polypeptide expression cassette the expression plasmids according to the
invention can comprise a DNA segment originating from two-micron DNA containing the
origin of replication or, if a two-micron DNA free strain of yeast is used, total two-micron
ONA. The latter type of plasmids is preferred. For example, the plasmids according to the
invention contain the complete two-micron DNA in an uninterrupted fomm, i.e. two-micron
DNA is cleaved once with a restriction endonuclease, the linearized DNA is linked with the
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intact too. Suitable restriction sites are, for example, the unique Pstl site located within the
D gene and the unique Hpal and SnaBl sites located outside of all of said genes and sites.
However, it is likewise possible to insert the expression cassette and further components
(cf. below) at different (such as two) restriction sites, éspecially those mentioned above,
within two-micron DNA.

Such a plasmid derivative may comprise two invertedly repeated FRT sites or an additional,
third FRT site. The former kind of plasmid is hereinafter called a "symmetric two micron-like
hybrid vector'. The latter kind of plasmid is hereinafter called "symmetric two micron-like
disintegration vector" despite it is not a real symmetric plasmid but gives rise to a symmetric
two micron-like hybrid vector in the yeast cell transformed therewith.

A symmetric two micron-like hybrid vector of the invention does preferentially not contain
bacterial or viral DNA sequences, i.e. DNA derived from a bacterial genome, plasmid or
virus. However, a two micron-like disintegration vector of the invention may comprise DNA
sequences of prokaryotic origin between the two directly repeated FRT sites which are
excised from the vector in the transformed yeast cell in which the symmetric two micron-like
hybrid vector is generated from the disintegration vector. These DNA sequences are
bacterial sequences as described below and can provide to the vector essential structural or
functional features or can also only have the function of filling up the two regions between
the two invertedly repeated FRT sites of an unsymmetric two micron-like plasmid derivative
or of an "unsymmetric* disintegration vector in order to construct a symmetric two micron-

- ike hybrid vector or a symmetric disintegration vector.

In & two micron-like hybrid vectar which is symmetric within the meaning of the present

*ivention or in a disintegration vector which gives rise to such a symmetric two micron-like

"'Ibﬁd vector the lengths of the regions located between the two invertedly repeated FRT

' ﬂa have a ratio from about 1:1 up to about 5:4, i.e. the larger region is up to about 20%

hfnerthan the smaller one.
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The DNA %qu nce encoding a signal peptide ("signal sequence"), e.g. a
yeast signal peptide, is preferably derived froma gene, e.g. a yeast
gene, cqdi pgtHeokclacel ypeptnmatrersyahg makeogdnaanhl e sised etted) faclistessingnal

Sequencggle%trigﬁ fc;cr?rran(sa%?rnrrg}\t%’dute'}% tﬁé %ﬂ%o%g expression of the marker gene. Suitable
‘ markers are, for example, those expressing antibiotic resistance or, in the case of
auxotrophic yeast mutants, genes which complement host lesions. Corresponding genes
confer, for example, resistance to the antibiotics G418, hygromycin or bleomycin or provide
for prototrophy in an auxotrophic yeast mutant, for example the URA3, LEU2, LYS2, HIS3

or TRP1 gene.

As the amplification of the expression plasmids is conveniently done in a prokaryote, such
as E. coli, a prokaryote, e.g. £. coli, genetic marker and a prokaryote, e.g. E. coli, replication
origin are included advantageously. These can be obtained from corresponding prokaryotic
plasmids, for example E. coli plasmids, such as pBR322 or a pUC plasmid, for example
pUC18 or pUC19, which contain both prokaryotic, e.g. £. colj, replication origin and genetic
marker conferring resistance to antibiotics, such as ampicillin.

| Apart from the polypeptide expression cassette, replication origin(s) and genetic marker(s)
; the expression plasmids according to the invention can contain optionally additional
' expression cassettes, such as 1 to 3 additional polypeptide expression cassettes and/or
one additional transcriptional activator ACE1 expression cassette.  The additional
polypeptide expression cassette(s) are identical to or different from each other and are
identical to or different from the polypeptide expression cassette already present on the
vector and each comprise a suitable promoter operably linked to a first DNA sequence
encoding a signal peptide linked in the proper reading frame to a second DNA sequence
encoding the polypeptide and a DNA sequence containing suitable transcription termination
signals. A suitable yeast promoter in such an additional polypeptide-expression cassette is,
for example, any constitutive or inducible yeast promoter which can be used for the
expression of polypeptides by yeast in complex media, as described above. Suitable signal
sequences and transcription temination signals are especially those described above. An
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prepro sequences of the yeast invertase (SUC2), [err]-factor, pheronone
pepti dase (KEX1), "killer toxin" and repressible acid phosphatase (PHO5)
genes and the gl ucoanyl ase signal sequence from Aspergilus awanori .

Addi tional sequences, such as pro- or spacer- semm&ﬁsas\/ﬂ%mm carry

speci fic processing signals can also be included i tions to
facilitate accurate processing of precurgor nol ecu[ Hﬂﬂ,ﬂﬂﬂg%ﬂg , the
processing signals contain a Lys-Arg residue, whic by a

yeast endo peptidase located in the Golgi nembranes. The preferred signal
sequences according to the present invention are those of the yeast PHO5
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EcoRV fragment (FUrst et al, Cell (1988), 55, 705-717). The genuine ACE1 promoter
therein can be replaced by another yeast promoter, e.g. the CUP1 promoter, by
conventional means and methods. The direction of transcn‘ption of the additional
polypeptide and/or ACE expression cassettes is not crucial and may be the same as or

‘ opposite to the direction of transcription of the polypeptide-expression cassette already
present in the vectors of the invention.

Hosts

A further embodiment of the invention concems a host which contains hybrid plasmid as

described above.

Suitable hosts are of prokaryotic or eukaryotic origin. Examples are microbological hosts
like bacteral, fungal, plant or insect cells. Preferred hosts are bacterial and fungal cells
such as E. coli or fungi like Saccharomyces cerevisiae, Aspergillus niger, Aspergillus
nidulans or Neurospora crassa.

) Preferred yeast strains are those mentioned above, e.g. strains of S. cerevisiae which have
P been cured of the endogenous two-micron plasmid (“cir® strains") and especially strains
which are singly or multiply deficient in yeast proteases; and/or, in the case the CUP1
] promoter is used, yeast strains containing 1-3 additional copies of the chromosomal ACET

gene.

A wide variety of proteinases, like those mentioned, have been characterized in the yeast
Saccharomyces cerevisiae (Achstetter et al,, Yeast (1985), 1, 139 - 157). Mutants lacking
activity of most of these proteases have been isolated and studied biochemically. The

consequences of the absence of certain proteases were elucidated and some properties
proved to be useful for the production of heterogeneous proteins. The proteases which are
lacking in the yeast strains according to the invention do not perform indispensable
functions in the cell metabolism; therefore mutations which completely destroy the activity of



NA "codi ng for the polypeptide according to the invention may be
“ated from a gene bank of the natural host (the nedical |eech H rudo
icinalis) by nethods known in the art or synthesized by PCR using, e.g.,

preferred codon usage of the host. The p”ﬂmm%@ﬁaséeg,e sequence
ing for the signal peptide, the DNA sequence poI ypepti de
t he DNA sequence containing transcrBption t &ﬂﬂw ﬂ als are
rably linked to each other, i.e. they are juX ch a manner

t their normal functions are maintained. The array i's such that the
noter effects proper EXEFESSIOH of the signal guence pol ypepti de gene
npl ex, ihbbe ptateins @re ot e @‘er’ﬁ@fn%?taﬁdme,sﬁhgr%ﬂ%t eﬂfile ECKHPPHOF MUP ATAESEH of

anscri gei%ﬁ?& RIS tRE YAEMdaidxgPe st NPscel J&ka, ysequaBeantdysksnked in the

oper i'ng franeto the pol ypeptide gene’'in Such’a nanner that the |ast
don of the signal sequence is directly linked to the first codon of the
ne forybinedpaby pmpbrcdmztﬂmef waastyepstostedies ars deseftadaliby ekahpled i &ER-Ae

The pHOtGD s Eh e ST VRSl el YoM B ORT P bR 14 PAE
ini ti at i gr8. kribhe g:run@m |benpr@paneldesea sequen&aswnmer skoforegxample bybgiteedifeatedd
gy neans., {agébf&té‘ eag@%%yﬁpﬁée?bﬁddéﬁwénk Qitﬁgfgﬁprﬁé{ &Y ' dihel(H685)c8698y L1 ON

equence an en expr eSSI on cas et t es ar e
escri betb)e gy case tr@:saque@awwe gerns i9f ke (nagtivatest iSSdiowm b ladief 630 PErpRY e

he CUF’ldé?écttveeoﬁﬁBaﬂoar QUFK&ﬁmontd?Qieﬁ(ﬂfoh]mélaﬁt @se O thé\@vene@@wnl $neediresed

| eader gtuence t he Zt asi.n gene an g&ﬁfﬁ)ﬁ\ﬁe mfa Ozymol

Wm aIrF agPRFYS P eéik'fﬁ é%@%lf“’t
ecul g1883), 100, 468) which involves the preparation of an appropnately dewsed mutagenic

oligodeoxyribonucleotide primer.  The gene replacement or directed mutagenesis
procedures are commonly applied in the art and are absolutely reproducible.

RSO 0,0 T 0 O 0O

A further current method to create yeast strains having a desired genetic background, for
example having chromosomal CUP1 genes disrupted and/or having deficiencies in certain
proteases, consists in meiotic crossing of suitable yeast strains and subsequent tetrad
analysis. The tetrads, which derive from the diploid cells, are dissected according to
standard genetic techniques. Random assortment among the four spores of a tetrad allows
the construction of suitable mutants in subsequent crosses. Random spore analysis can
also be used as an altemative system.

- Yeast strains containing 1-3 additional copies of the chromosomal ACE1 gene can also be
prepared in a conventional manner. For example, the ACE1 gene(s) can be inserted into
appropriate restriction site(s) of chromosomal gene(s) conferring antibiotic resistance or in
gene(s) involved in amino acid or purine or pyrimidine base synthesis rendering resulting
yeast strains containing such additional copy (copies) of the ACE1 gene antibiotic sensitive
and, respectively, auxotrophic with respect to the carresponding amino acid, purine or
pyrimidine base.

The transformation of host with the hybrd plasmids according to the invention may be
accomplished according to methods known in the art.



E scribed in SEQID NO2 or SEQID NGO 3 or a functional fragnment or
derivative thereof. Reconbinant Plasmds A further enbodi nent of the
invention concerns a reconbi nant plasnm d conprising a polypeptide

IXpressi on cassette as descri bed above. Apart fromthe pol ypeptide
éxpresm on cassette the expression plasmds accordi ng to the |nvent|on can
gonprise a DNA segment originating fromgwo- mcron cont I ni

prigin of replication or, if a two-mcron DNA f epéest |s used,
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g i.e. two- mcron DNA i s cl eaved
'once with a restrlct|on endonuclease the linearized DNA is linked with the

- 6- A further part of the invention is a process for the production of hirustasin or a functional
fragment or derivative thereof, as described above, comprising culturing a host, as
described above, transformed with an polypeptide expression cassette, as described

above, and isolating the protein produced thereby.

The polypeptide can be isolated by conventional means. For example, the first step
consists usually in lysing the cell wall and removing the cell debris by centrifugation or, in
_ the. case of secretory proteins, in separating the cells from the culture fluid by means of
‘ centrifugatiort. The resulting supematant can be enriched for polypeptide by treatment with
‘ polyethyleneimine so as to remove most of the non-proteinaceous matedal, and
precipitation of the proteins by saturating the solution with ammonium sulfate. Host
proteins, if present, can also be precipitated, for example, by means of acidification with
acetic acid (for example 0.1 %, pH 4-5). Other purification steps include, for example,
desalination, chromatographic processes, such as ion exchange chromatography, gel
filtration chromatography, partition chromatography, HPLC, reversed phase HPLC and the
like. The separation of the constituents of the mixture is also effected by dialysis, according
to charge by means of gel electrophoresis or carrier-free electrophoresis, according to
molecular size by means of a suitable Sephadex0 column, by affinity chromatography, for

example with antibodies, especially monoclonal antibodies.

- In the case of hirustasin, irrespective of the yeast st.rain, promoter and signal peptide used,
the produced hirustasin is predominantly secreted into the culture medium and can be
isolated therefrom. After centrifugation, trypsin, chymotrypsin or cathepsin G, coupled to &
suitable carrier for affinity chromatography can be used to separate the hirustasin as well as
other processes, especially those known from the literature.

Also enclosed is the production of a polypeptide as described above by chemical synthesis,
e.g. in the form of solid phase synthesis (Merrifield synthesis).

Phammaceutical compositions

Hirustasin or a mutant, functional fragments or derivative thereof obtainable in accordancs
with the present invention has valuable phammacological properties and can be used
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two regiesatiyst theamboses, for acute shock therapy (for example for sephc or po ytraumatrc
shock), for the therapy of consumption coagulopathies, in haemodialyses,

haemoseparations and in extracorporeal biood circulation.

Kallikrein is also involved in the pathophysiological process of maintenance of systemic

blood pressure. The inventive polypeptides can therefore be used also in the management
of hypertension.

) The invention relates also to pharmaceutical compositions that contain a therapeutically
' effective amount of at least one of the polypeptides according to the invention or a

pharmaceutically acceptable salt thereof, optionally together with a phamaceutically
acceptable carrier and/or adjuncts.

These compositions can be used especially in the above-mentioned indications, when they
are administered, for example, parenterally, such as intravenously, intracutaneously,
subcutaneously or intramuscularly, optionally together with conventional carriers.

The invention relates also to the use of the novel polypeptides according to the invention
and to pharmaceutical compositions containing them for the prophylactic and therapeutic

treatment of the human or animal body, especially for the above-mentioned clinical
syndromes.
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Ve appr ?é(émrggtc%ln best%e (?er{errmneo%y way of an individual judgment of the particular case of
illness; the methods of determining relevant blood factors required for this purpose are
familiar to the person skilled in the art. Nomally, in the case of an injection the
therapeutically effective amount of the polypeptides according to the invention is in a
dosage range of from approximately 0.005 to approximatety 0.1 mg/kg body weight. A
range of from approximately 0.01 to approximately 0.05 mg/kg body weight is preferred.

The administration is effected by intravenous, intramuscular or subcutaneous injection.

~ Accordingly, pharmaceutical compositions for parenteral administration in single dose form
‘t contain per dose, depending on the mode of administration, from approximately 0.4 to
: approximately 7.5 mg of the polypeptide according to the invention. In addition to the active

ingredient these phamaceutical compositions usually also contain a buffer, for example a
b phosphate buffer, which is intended to keep the pH value between approximately 3.5 and 7,
: and also sodium chloride, mannitol or sorbitol for adjusting the isotonicity. They may be in
freeze-dried or dissolved fomm, it being possible for solutions advantageously to contain an
antibacterially active preservative, for example from 0.2 to 0.3 % 4-hydroxybenzoic acid
methyl ester or ethyl ester.

In addition to the compositions described above that are intended for direct medicinal use in
the body of a human or an animal, the present invention relates also to pharmaceutical
: compositions for medicinal use outside the living body of humans or animals. Such
, compositions, such as stock solutions or altematively compositions in single dose form, are
. similar in composition to the injection compositions described above; however, the amount
or concentration of active ingredient is advantageously based on the volume of biood to be
treated. Depending on the specific purpose, the suitable dose is from approximately 0.01 to
approximately 1.0 mg of the active ingredient/liter of blood, although the upper limit may still

be exceeded without risk.

Brief description of the drawings

In the following experimental part various embodiments of the present invention are
described with reference to the accompanying drawings in which:
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cassette. Iringiteidiafi teakmidolytic activities of trypsm and chymotrypsin. Samples are
incubated with trypsin (225 nM) in 50 mM Tris/HCI (pH 7.8), 0.1 % (mass/vol) Triton X-
100, for 12 min at 25°C. The assay is started by addition of the substrate benzoyl-L-
argininep-nitroanilide (0.4 mM, final concentration). The released nitroaniline is
monitored photometrically at 405 nm for 3.5 min using an UVIKON 930° photometer
(Kontron; Eching, Germmany).

Similary, inhibition of chymotrypsin (1.3 mM) is determined in a buffer containing
100 mM Tris/HCI, pH7.8, 0.1 % (mass/vol) Triton X-100, with Ac-L-tyrosine p-
nitroanilide as substrate (0.7 mM, final concentration).

- One inhibition unit (IU)- is defined as the amount of inhibitor which reduces the
' substrate hydrolysis by 1 mmol per min.

b) Protein assay:
Protein concentrations are detemmined using the bicinchoninic acid procedure (Smith
et. al., Anal. Biochem. (1985), 150, 76-85) with bovine serum albumin as standard.

¢) DNA manipulations:
All DNA manipulations are - if not otherwise noted - carried out according to standard
protocols (e.g. Sambrook et al., Molecular Cloning: A laboratory manual, 2™ Edn.
(1989))
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Chromatography on SP-Sephadex®:

Lyophilized leech extract (~3.5 g) is dissolved in deionized water (77 ml) and dialyzed
against 20 mM sodium phosphate (pH 8.0) over night at 4°C. The dialyzed maternal is
applied onto a SP-Sephadexo column (1.6 x 20 cm) equilibrated with the same buffer.
The column is washed until the optical density (280 nm) of the effluent reached
baseline values, and eluted with 20 mM sodium phosphate buffer containing 500 mM
NaCl (pH 8.0) at a flow rate of 1 mVmin. Fractions containing inhibitory active material
are pooled.

Affinity-chromatography on anhydrotrypsin-Sepharose®:

Anhydrotrypsin is prepared from trypsin as described by Ako et al. (Ako et al., Biochem.
Biophys. Res. Comm. (1972), 47, 1042-1047). It is immobilized onto cyanogen
bromide-activated Sepharose 48° (Phamacia) accordihg to the guidelines of
Phamacia.

The pooled material from the cation exchange chromatography (~20 ml) is applied onto
an anhydrotrypsin-SepharoseO column (1.6 x 3.6 cm) equilibrated with 20 mM sodium
phosphate buffer (pH 8.0). Approximately 50 % of the inhibitory active material applied
is bound; the remainder in the flow-through is collected for rechromatography. After
extensive washing of the column (~10 column volumes) elution is started by addition of
100 mM KCVHCI (pH 2.1) at a flow rate of 0.3 m/min. Fractions are collected and
neutralized immediately by addition of 1 M Tris. The pooled eluates are dialyzed
against 20 mM sodium phosphate (pH 8.0) over night at 4°C.

Chromatography on Mono s®:

The dialyzed eluate from the affinity chromatography is applied onto a Mono s°® cation
exchange column (0.5 x 5 cm, Pharmacia) equilibrated with 20 mM sodium phosphate
(pH 8.0). The column is washed with the same buffer, and then eluted using a linear
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characterized in the yeast Saccharonyces cerevisiae (Achstetter et al,
Yeast (1049 1: 1, 139 - 157). Miutants | acking .

Trypsin Chymotrypsin

Isolation step  |Protein |Inhibit. |SA Yield |Purfi- |Inhibit |SA Yield |Purifi-

4 mgl U {IUmg) {[%]  |cation [iU]  {0Uimg] [[%]  |cation
- Leechextract 2310 [1090 |0.47 367 10016

SP Sephadex® |36 9.4 027 100 |es5x 1052  |0.015 100 B5x
Anhydrotrypsin [2.1 5.6 2.7 59 660x 021 10100 |40 450x
Mono S® 096 |26 27 28 680x [0.14 (015 (27 650x

V] = Amount of inhibitor which reduces the substrate hydrolysis by 1 mmol per min.
SA = Specific activity
. = with regard to protein

The isolated hirustasin is homogeneous according to SOS-PAGE (10-20% polyacrylamide)
which show a single band migrating somewhat slower than bovine pancreatic trypsin
inhibitor after silver staining. Similarly, reversed phase HPLC and N-terminal sequence
analysis suggest a purity of >90%.

Conditions for HPLC:

Samples (~1 nmol protein) are loaded onto a Lichrospher RP8° reversed phase column
(125 x 4 mm; Merck) and eluted using a linear gradient from 0% to 40% (by volume)
acetonitrile in 0.1% (by volume) trifluoroacetic acid within 40 min at a flow rate of 1 mV/min.

Two species of the inhibitor with an apparent M, of 5738 and 5866 are detected by mass
spectroscopy. These M, values are in good agreement with those calculated from the
amino acid sequence (see example 2) of hirustasin and of an inhibitor form truncated C-
terminally by one amino acid (M, 5741 and 5869, respectively, assuming 5 disulfide bonds).

Conditions for mass spectroscopy:
The HPLC-purified inhibitor is infused into an atmospheric pressure ionization source fitted
to a tandem quadrupole instrument AP! Il (Sciex, Thomhill, Ontario, Canada) using a
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Amino actd analysis:

samples of oxidized inhibitor are hydrolyzed under vacuum in 5.7 M hydrochloric acid at
110°C for 20 h and analyzed on a Biotronik LC 5000 high performance analyzer system
(Puchheim, Germany). The results are shown in Table 2.

Table 2:
Amino Residues/molecule determined by
acid amino acid analysis sequencing
AsX 3.91 14
Thr 297 3
Ser 3.03 3
Glx 6.55 &7"
Gly 6.33 6
Ala 4.23 4
Cys 7.50 10
Val 2.67 3
lle 1.16 1
Leu 2.05 2
Tyr 1.19 2
His 1.14 1
Lys 6.17 6
Arg 1.95 2
Pro 0.92 1
Total 51.8 54/55"

1) = Mass spectroscopy suggests the presence of two forms of hirustasin differing by a
C-terminal glutamine.

a) Reduction and S-B-pyridylethylation:
S-B-pyridylethylation is caried out essentially as described by Friedman et al
(Friedman et al., J. Biol. Chem. (1970), 245, 3868-3871). The inhibitor (~1 nmol) is
dissolved in 100 ml buffer (6 M guanidinium-HCI, 0.25 M Tris/HCI, 1 mM EDTA, 5%
(volivol) B-mercaptoethanol; pH 8.5) and incubated ovemight at room temperature.
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The N-terminal 21 amino acid residues of hirustasin are determined by automated Edman
degradation (gas-phase sequencer 473A Applied Biosystems) of the native inhibitor
(SEQIDNO:1). Additional sequence information is obtained after fragmentation of the
native and of the reduced and S-pyridylethylated inhibitor with trypsin and chymotrypsin.

The inhibitor (~1 nmol) is incubated with trypsin, chymotrypsin, or endoproteinase Glu-C
(sequencing grade; Boehringer Mannheim) in 100 ml of 1 M ammoniumhydrogen carbonate
buffer (pH 8.0) for 14 h at 37°C. An enzyme/inhibitor ratio (mass/mass) of 1:40 is used for
trypsin and chymotrypsin, and of 1:20 for endoproteinase Glu-C. The reactions are
terminated by acidification with formic acid, the fragments resulting are separated by HPLC
.; (as described above), and the major peptides are sequenced. Finally, to obtain fragments
- overlapping with-the peptides Cys22-Arg30 and lle31-Pro47, and to generate an additional
) C-terminal peptide, the inhibitor is digested with endoproteinase Glu-C. The complete
structure of hirustasin and of the larger fragments sequenced is shown in SEQIDNO:1. The
sequence obtained is in good agreement with the result of the amino acid analysis (Tab. 2).

Example 3: Spedcificity of hirustasin

The concentration of reactive sites determined by titration of the isolated protein with trypsin
and chymotrypsin is identical. For this titration bovine pancreatic trypsin is standardized by
active-site titration using p-nitrophenyl p'-guanidinobenzoate (Chase et al, Methods in
Enzymol. (1970), XIX, 20-27). The concentration of active inhibitor is calculated assuming

- PR Lo

an equimolar interaction between inhibitor and enzyme.



-10-  Process for the production of polypeptides A further part of the
l.nvention is a process for the production of hirustasin or a functional
fragnent or derivative thereof, as described above, conprising culturing a
host, as described above, transforned with an pgl yiRepii Ben Bxcessi on

cassette, as described above, and isolating the ' ed t hereby.
The pol ypeptide can be isolated by conveational Cﬁmmﬂuﬂw-pl e, the
first step consists usually in lysing the cell ‘ I'ng the cell
debris by centrifugation or, in the case of secretory proteins, in
separating the cells fromthe culture fluid by neans of centrifugation.
The resuT¢idegersnipe e apecifely behisustaginelts fedfecpen e Fmideyls aci et PreYR1WSt h

pol yet hyLenel glongn fsaéﬁé FabeAPKEIBRAInSd. tRErdAGHs; ProdtiRasRCARUACITRtEd iwith,
and precipitation o e proteins by satura the sol ution w th. .anmpni um

| h.
o o habitnbiior ot mbd) (o 1 cinentor 8aAa st e yesital Enrdhe aVEYRE o
by nmeansebsaedditfcr aatition ohh kbitable substrate.

Equilibium dissociation constants (K)) for the complexes of hirustasin with individual
proteases are determined essentially as described by Bieth (Bull. Europ. Physopat. Resp.
(1980), 16, 183-195). Briefly, increasing concentrations of the inhibitor are incubated with a
constant concentration of the enzyme; the time necessary to reach equilibration of the
‘ enzyme-inhibitor complex is determined. for each protease in preliminary experiments.
't B Substrate is then added and the residual enzyme activity measured. Apparent Kr-values are
\ calculated by fitting the steady state velocities to the equation for tight binding inhibitors
il (Morrison, Biochem. Biophys. Acta (1969), 185, 269-286) using non-linear regression
L analysis.

Hirustasin inhibits bovine trypsin and bovine chymotrypsin with nearly identical affinities; K
values of 7 and 6.4 nM are calculated for the complexes with trypsin and chymotrypsin,
respectively (Tab. 3). In addition, hirustasin inhibits tissue kallikrein and cathepsin G with
affinities in the nanomolar range (K; 13 and 2.9 nM for the complexes, respectively). Weak
inhibition is observed for plasmin (K; 138 nM). In contrast, even at the highest concentration
used (1.3 mM), the inhibitor has no effect on the other proteinases tested including human
* o-thrombin and factor Xa.




acetic acid (for exanmple 0.1 % pH 4-5). O her purification steps include,
fer exanple, desalination, chronatographic processes, such as ion exchange
chromat ography, gel filtration chronat ography, partition chromatography,
HPLC, reversed phase HPLC and the Iike. ﬁ separ ation of the constituents
of the mixture is also effected by dialysis, his EBﬁ Rqr)bcedharge by neans
of gel electrophoresis or carrier- free elect ording to

nmol ecul ar size by neans of a suitable Sephad ﬁ‘! ffi nity

chromat ography, for exanple with antibodi es, especially nonocl onal

ant i bodi es. ‘ﬂ'dﬂ)let:j‘le case of hirustasin, irrespective of the yeast strain,
pronoter and si ptide Use Thne pr ced. T n 1s] predom nantly
secreted into t 1ga“m5€ure medi ufSBHEScan bg%ﬁ?assg‘l at e/g t'(’?%gpefr m After
centrifugation, trv|05| n, chymotfypsin or ckttdpsi n IGCsciBlp edl to a
suitable carrie maffl nity chpeamt ography can be| sised to sgparate the

hi rustasi n as w=| her pr o cially t se known fromthe
literature. d&ﬁé%osed is ?ﬁe produp?‘lﬁon of & oI ypeptide as

descri bed above| 5@ Acal synthHe®ed, e[4f in the gormof spl i d phase
synthesis (Merri ﬂ‘iseﬂ;@lkalwetmesi s} PorcinePhar mh:&euti cal | mbnposi tipns

H rustasin or a rﬂ&sﬁm , functiohglbragnmenigg or derj yative thereof
obtainabl e in agcorda

_ nce with th ol esent bmventi on hdas val uapl e
phar macol ogi cal ( i es and E' usef "
Plasma kallikrein Human oY nd
‘ Thrombin Human 0" oA
aE Factor Xa Human oY 1
Pancreatic elastase Porcine o? o?
Leukocyte elastase | Human 0" o?
Subtilisin Bact subt. | Q" nd
Chymase Porcine 0" nd

The antistasin data are from Dunwiddie et al. (J. Biol. Chem. (1988), 264, 16694-16698).
01) = No inhibition at 1.3 mM;

02) =no inhibition at 0.5 mM;

nd = not determined.

Example 4: Effect of hirustasin on in vitro blood coagulation

To detemmine whether hirustasin inhibits the blood coagulation in vitro, its effect on the
.; prothrombin time and the partial thromboplastin time is measured using an Ameiung KC10
' coagulometer (Lemgo, Gemmany) and the reagent sets from Behringwerke AG (Marburg,
Germmany) according to the guidelines of the manufacturers.

At a concentration of 1.3 mM, the inhibitor has no significant effect on these global
parameters of the blood coagulation (Tab. 4). Thus, the inhibitor does not significantly
inhibit factor Xa or any other proteinase involved in the blood clotting cascade.



prophylactically or, especially, therapeutically for the treatnent of the
human or ani mal body. The inventive pol ypeptides are potent inhibitors of
serine proteinases such as trypsin, chynotrypsin, tissue kallikrein and
cathepsin G and can be used, e.g., as antinetastatic agents. They have,
for exanple, a K, value of 10[err] Mto 10[ err]THd Shee Hhesen @plygept i des are
for exanple conpletely specific to tiss@@-kallik |t no

i nteractions with other proteinases of the bl ood Eupg,mfmmubst em and
therefore can be used as specific kallikrein inh : nove

pol ypepti des aggﬂég§ng tolthg invention can therefore be used for the

t herapy and prpphytexts—ofTtironboses—ant—throrbeerbet+sae—+ncl uding the
prophyl axi s of | post- oper af (4Kt hr onboses, f pPatiddbembapla’int hef apy (for
exanple for septic or polyf{raumtic Time

Buffer 79% 473s

Hirustasin 80 % 479s

Example 5: Construction of pFBY139

pFBY139 is a pUC18 derived plasmid that contains a 1048 bp BamHI fragment. This
fragment contains the GAPDH promoter fused to the ATG of the o-factor leader a stuffer
‘ fragment and the o-factor terminator. The precise way the fusions were engineered enable
' the insertion of ORF containing fragments either at the ATG by using the EcoRl site, after
the signal sequence by using a Pstl site or after the o-factor leader sequence by insertion
after the Bglll site. The ORF to be expressed should ideally have a Sall site at their 3' end
to facilitate fusion to the terminator that is preceded by a Sall site, and have no BamH] sites
within their sequence, as cleavage of this plasmid at the two BamHI sites excises the whole
expression cassette so that it can easily be cloned into a yeast shuttle vector.

A synthetic sequence, GATCCCCAGCTT (SEQ ID NO:2), containing a BamH| site precedes
the yeast GAPDH promoter sequences from -392 to -1, where -1 is the base preceding the
A of the ATG of the GAPDH ORF. This corresponds to nucleotides 287 to 653 of EMBL
GENBANK accession number M13807 and nucleotides 128 to 150 of EMBL GENBANK
accession number J01324, except that bases -9 to -5 are replaced by GAATT to create an
EcoRl site, which is a unique site in pFBY139, just before the ATG. The ATG is provided as
part of the -1 factor pheromone signal sequence and leader, nucleotides 293 to 527 of the
EMBL GENBANK accession number X01581, followed by the sequence, AGATCTTGC,
which positions a Bglll site, which is unique in pFBY139, just before the normal position for
the LysArg KEX2 cleavage site. If fusions are required to just a signal sequence this can be
'; achieved by using the unique Pstl site which is present within the region encoding the signal

sequence. The Bglll site is followed by a sequence of no importance as it is always
removed when the incoming ORF is cloned into the plasmid between either the EcoRl, Pstl
or Bgllt sites and the Sall site which marks the end of the stuffer fragment and the
beginning of the o-1 factor pheromone terminator sequences, nucleotides 825 to 1100 of
EMBL GENBANK accession number X01581. This is followed immediately by the
sequence AATTCGGATCC which encodes the BamH! site that bounds this end of the
expression cassette.




shock), for the therapy of consunption coagul opathies, in haenodial yses,
genosepar ati ons and i n extracorporeal blood circul ation. Kallikrein is
& so involved in the pathophysiol ogi cal process of nmintenance of systenmc
[ ood pressure. The inventive pol ypeptides can therefore be used also in
tfhe managenent of hypertension. The 15ygntiBh5$eﬂéme&wm&$baﬂo

ghar maceuti cal conpositions that contain a the fective anount
gf at | east one of the pol ypeptides according :lmm:unammm)n or a

ghar maceutically acceptable salt thereof, optionally together with a

gham aceutically acceptable carrier and/or adjuncts. These conpositions

gan be used especially in the apove-nentioned jndicatjon nth are
B i st Bre Mg Gnabp B Belh HRa O e AN Rl GRameS (St

B tracutmgghmicﬂmgut aneously or intramuscul arly, optionally together

§ th conventional carriers. The invention relates also to the use of the
pvel pol ypeptides according to the invention and to pharnaceuti cal

dbnposi t A mtigowdedtides gsedem therP G gepetiophgieagytntiesined tdieg @peattomatie dfent
| the hUms MerdAHIBCRIEYCloRS BRELAEY oliPih 4 PERARMVFHBUAEEAeFLhdE ARk
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3 following conditions:

20 mM of the oligonucleotides in question are incubated in 0.1 m! buffer (10 mM Tris-HCI,
pH 8.3, 50 mM KCI, 1.5 mM MgClz) with 2.5 units of Taq DNA-polymerase and 0.2 mM of
dATP, dCTP, dTTP and dGTP. The reactions are incubated for 30 cycles: 30 sec at 92°C,
for 1 min at 42°C and at 72°C for 1 min.

The fragment comprising the GAPDH promoter is generated from genomic yeast DNA using
the PCR fragments SEQ ID NO:4 and SEQ ID NO:5

SEQ ID NO:4 5' GCATGGATCCCAGCTTAGTTCATAGGTCCATTCTCTTAGCGC 3!
SEQ ID NO:5 5' CTCGGAATTCTTATGTGTGTTTATTCGAAACTAAGTTC 3

and subsequent cleavage with BamH| and EcoR!.

The fragment comprising most of the a-factor signal and leader sequences is generated
from genomic yeast DNA using the PCR fragments SEQ ID NO:6.and SEQ ID NO:7

SEQ ID NO:6 5' GTGCGAATTCAAAATGAGATTTCCTTCAATTTTTACTGCAG 3!
SEQ ID NO:7 5*' CAAAGTCGACTTTATCCAGCAAGATCTCTTCTTCTTTAGCAGCAATGC 3¢

The fragment comprising the o-factor terminator is generated from genomic yeast DNA
using the PCR fragments SEQ ID NO:8 and SEQ ID NO:9

SEQ ID NO:8 5' GAAGAGATCTTGCTGGATAAAGTCGACTTTGTTCCCACTGTACTTTTAGC 3
SEQ ID NO:9 5' CCGGGGATCCGAATTAATTCTCTTAGGATICG 3

The fragment comprising most of the o-factor signal and leader sequences and the
fragment comprising the o-factor temminator are mixed and reamplified in a PCR reaction
with SEQ ID NO:6 and SEQ ID NO:8 and cut with EcoRl and BamH!. The later amplified
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-12- The dosage depends especially on the specific formof adm nistration
and on the purpose of the therapy or prophylaxis. The size of the

i ndi vi dual doses and the adm nistration regi ne can best be determ ned by
way of an individual judgnment of the partlcularTbaQef ?e' tdth

met hods of determ ning rel evant bl ood f tors re pur pose are
famliar to the person skilled in the a se of an

injection the therapeutically effective am)unt of the poI ypept i des
according to the invention is in a dosage range of from approxi mately 0.005

t g :BB{ gﬁr:a%:t ¥nd- tﬂie W‘Bfg'ﬁfénli’ggbhpﬂ@hgl?ﬁe G?\F@Wr‘g)]‘foerﬁétgf' ra%nc%%qmorg %1{34:'{ %ﬁplls
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Accordi ngly, pharnmaceutical conpositions for parenteral administration in
si ngl e dq f ] ' dependi ng on the node of adm nistration,
from appr rert—€ S—appro racely 7.5 ng of the polypeptide according
to the invention. In addl tion to the active ingredient these pharmaceuti cal
conposi t ipfBY 168 ual & Ll b dedvacaplasaid diidtecontding aetadgire Bairrp“ﬂiogp@meet buthiser
e oS R RAISAnl K BRICHBS REIYR B P IIRR A RBIOOHE TS RdreAadsiieand

al so sodiu sor ustin sotonicit
They may figgment ﬁﬂ@é&fbadwteateamnai%sEheeaeeﬂserwy ﬁhe faepae WeHR §nwneeﬂ99renab e

sol uti 0n$n@ﬁ1\saﬂroagcﬂquzaFxcohelrﬁ@ﬂtragrﬁe@t@ eq"tﬁbi Qtambewelbw tHeeE BsrRISSiey attbi €,
for exanple fro [m to % 4- ht)(drox éry ester or tnh(}/
est.er he signa sequence by usmg a Psti site of a ert e o:- ctor leader'sequence by insettion
*f after the Bglll site. The ORF to be expressed should ideally have a Sall site at their 3' end
to facilitate fusion to the terminator that is preceded by a Sall site, and have no BamHl| sites
within their sequence, as cleavage of this plasmid at the two BamH)| sites excises the whole

expression cassette so that it can easily be cloned into a yeast shuttle vector.

s ey

The plasmid is identical to pFBY139 except that the BamH! to EcoRI fragment containing
the GAPDH promoter is replaced by a fragment, corresponding to nucleotides 1080 to 1505
of EMBL GENBANK accession number K02204, which contains the CUP1 promoter which
allows expression in a copper regulated manner.

The fragment comprising the CUP1 promoter is generated from genomic yeast DNA using
the PCR fragments SEQ D NO:10 and SEQ ID NO:11

SEQ ID NO:10 5' TAGAGGATCCCCATTACCGACATTTGGGCGCTATACGTGC 3
SEQ ID NO:12 5' CGACGAATTCACAGTTTGTTTTICTTAATATCTATITCG 3!

and subsequent cleavage with BamH| and EcoRl.

The fragments comprising most of the o-factor signal and leader sequences and the
fragment comprising the a-factor terminator are generated, amplified and cut as described
in example 5 and subsequently cloned together with the fragment comprising the CUP1
promoter into pTZ18R cut with BamHI| and treated with bacterial alkaline phosphatase to
create pFBY166.
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In addition to the conpositions described above that are intended for
dérect nedicinal use in the body of a human or an animal, the present

i nvention relates also to pharmaceutical conpositions for nedicinal use
outside the |living body of humans or aninmals. Such conpositions such as
stock solutions or alternatively conposiéions [ Ségg Gs BRS Repld0edm  are
simlar in conposition to the injection” %hposi above
however, the anmount or concentration of active i ﬂa vantageously
based on the volume of blood to be treated. Depe ecific

pur pose, It ab pprOX|nater 0. 01 to apprOX|nater 1.0
ng of th gbpa g7t bgn fied f Hgm? bl ood although the upper limt may
still be exceeded wExprasgion pkRirustasin vhde Iof the lafethCHPARIOTRE

foll owi ng experinmental part various errbodl ment s of t he pr esent i nventi on

arlg descr A Rggkhatié BeheAESNAE HirGsthSR IRGRIBRENYLA dHBMILBESe igaydtintdied from 3
) ) synthetic oligonuclectides in a PCR reaction. In addition, the gene is extended at its 5' end
to provide for convenient in-frame fusion to the a-factor leader in plasmid pFBY 166.

The following 3 oligonucleotides are synthesized using an automatic DNA synthesizer:

5 ' -AAAGATCTTG CTGGATAAAA GAACCCAAGG TAACACCTGT GGTGGTGAAA
CCTGTTCTGC CGCCCAAGTT TGTTTGAAGG GTAAGTGTGT -3
{SEQ ID NO:12)

S'-GTATTCACAA CCGTTTTCGT CCTTCTTCAA ACCGTACTTA CAACGAATAC
GACAGTGAAC TTCGTTACAA ACACACTTAC CCTTCAAACA -3°'
(SEQ ID NO:13)

5'-TTGTCGACTC ATTGAGAGGC CTTGGCACAA GAACATGGGT ATTCACAACC
GTTTTCGT -3
(SEQ ID NO:14)

Of these 3 oligonucleotides a 198 bp fragment is assembled in the following polymerase
chain reaction (PCR) using the PCR unit from Perkin Elmer and the following conditions:

20 mM of oligonucleotides 1 and 3 and 20 nM of oligonucleotide 2 are incubated in 0.1 mi
buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCl) with 2.5 units of Tag DNA-
polymerase and 0.2 mM of dATP, dCTP, dTTP and dGTP. The reaction is incubated for 30
cycles: 30 sec at 92°C, for 1 min at 42°C and at 72°C for 1 min.

The 198 bp PCR fragment is isolated over a 2% agarose gel, restricted with Bglll and Sall
and ligated into Bglll and Sall cut pFBY 166 (supra). E. coli HB101 is transformed with the
resulting plasmid pHE168. The transformed E. coli strain is designated E. colipHE168.

Correct fusion of the PCR fragment to the o-factor leader and correct sequence of the
hirustasin ORF is confirmed by sequencing. The complete expression cassette containing
the yeast ORF and the o-factor teminator is shown in SEQ ID NO:3.
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Fig. 1. Am no acid sequences of antistasin-type inhibitors. The sequences

of hirustasin, both domains of antistasin (Nutt et al., J. Biol. Chem
(1988), 263, 10162-10167), and of the first of the 6 repeats of
Hydra-antistasin (Holstein et al., FEBS Lett., (1992), 309, 288-292)
are aligned. ldentical anmino acid residues are boxed Shantes@estReplasd ar e

I ndi cat ed by shadow ng. The arrow marKks 4%e scissil of
antistasin (domai n 1) and hi rustasin. EXPERI a)

I nhibitory activity: During the purification procedure 1 nhibitory
activity E)gé ﬁs‘ggyedc Eﬁ'st%ﬁ’@r%fi tB§ and 170RNNi bi tion of the am dolytic
activiti ) npl es are I ncubated with

trypsin (225 nM i r2 Sdcrommyaetpes/with thgrmmﬂgtaaip,exmegsmn(gaﬁsaflevol ) Triton X-

100, for 12 min at 25C. The assay is started by addition of the substrate

benzoyl - Legr the exge84ibh HPRsdst ppPaNid sy a(sG/e@td?Mpr’GHlQEPWBWm?m.ﬂtig%\)hereiﬁge
e

e L 5o oo ShE LRIl f0 g
Si mi | ar | yyRABRNEIdLEU? Wiastbeletiveymarkers( 1t Sntdids ihe aetpetsinmittromsequerfcbein

cont ai ni Bﬂ?ﬁfggr#g’%gwffyﬂ ﬁlﬁ.ﬁ?r%’gﬁi%@"mg”l % (mass/vol) Triton X-100,

wth Ac- as Substrate (0.7 mM final
concentration). .

Plasmid pDP34 is digested with BamHi and the sticky ends are dephosphorylated by
i alkaline phosphatase treatment. pHE168 is digested with BamHI and the 1146bp fragment
. containing the complete hirustasin expression cassette ligated into BamHl-cut pDP 34. E.
coli HB 101 is transformed with the resulting plasmids pHE 170 and 170R. Orientation of
the insert is tested by digestion with Sall. pHE 170 contains the hirustasin expression
cassette in a clockwise orientation with respect to dLEU2, pHE 170R in anticlockwise
orientation with respect to the dLEU2 marker.

Example 9: Construction of pHE 169
Expression of hirustasin under control of the constitutive GAPDH promoter

The 198bp PCR fragment encoding hirustasin (supra) is digested with Bglll and Sall and
ligated into Bglll and Sall cut vector pFBY 139. E. cofi HB 101 is transformed with the
resulting plasmid pHE169. The transformed E. coli strain is designated E. colfpHE168.
Correct fusion of the PCR fragment to the a-factor leader and correct sequence of the
? hirustasin ORF is confirmed by sequencing. The expression cassette is identical to the one
shown in SEQ ID NO:3 except for the GAPDH 400 bp promoter fragment instead of the
CUPI promoter (SEQ ID NO:2).

Example 10: Construction of pHE 171 and pHE 171R
2 micron vectors with the hirustasin expression cassette

In analogy to example 9 (supra) the 1109 bp BamHI fragment containing the hirustasin
expression cassette is excised from pHE 169 by BamHI digestion and inserted into BamHl
: cut pDP 34. E. coli HB 101 is transformed with the resulting plasmids pHE 171 and
L pHE171R. Orientation of the insert is tested by digestion with Sall. pHE 171 contains the
: hirustasin expression cassette in a clockwise orientation with respect to dLEU2, pHE 171R

in an anticlockwise orientation.



One I s defined as the anount of inhibitor which
substrate hydrolysis by 1 mmol per mn. b) Protein
tein concentrations are determ ned using the bicinchoninic
aci e (Smith et al., Anal. Biochem (1985), 150, 76 85) with
bovi | al bumin as standard. c) DNA mani pylad L OfS: peen Repfalk

s are - if not otherw se note®5-carri g to
protocols (e.g. Sanbrook et aL, Ml ec? nrmmﬂﬂw IF
- 2lerr] Bdn, (1989))

Scanpl e 1: Purificatio hlrustasm
7anp e i1: Constmcnonopm-?

B2 The hirustasin ORF fused to the invertase signal sequence (SUC2)

To provide for an altemative secretion system, the hirustasin ORF is fused to the signal
sequence of the yeast invertase gene SUC2.

The 2 following oligonucieotides are made:

5% ~AAGAATTCAT GCTTTTGCAA GCTTTCCTTT TCCTTTTGGC TGGTTTTGCA
GCCAAAATAT CTGCAACCCA AGGTAACACC TGTG -3
(SEQ ID NO:15)

5 -TTGTCGACTC ATTGAGAGGC-3'
{SEQ ID NO:186)

pHE 168 is used as template DNA for a polymerase chain reaction as described in
example 7. 20 ng of template pHE 168 is incubated with 20 mM of the oligonucleotide
primers under the experimental conditions as in example 7.

The 237 bp amplified PCR fragment is isolated over a 2% agarose gel, restricted with EcoRl
and Sall and ligated into EcoRl and Sall cut vector pFBY 1686.

_ E. coli HB 101 is transformed with the resulting plasmid pHE 172. Correct sequence of the
' SUC2 signal sequence-hirustasin fusion is confirmed by sequencing.

Example 12: Construction of pHE 173 and pHE 173R
2micron vectors with the hirustasin expression cassette with the SUC2 sianal

seguence

In analogy to example 8, the 945 bp BamHI fragment containing the hirustasin expression
cassette is excised from pHE 172 by BamH]! digestion and inserted into BamHI cut cDP 34.
E. coli HB 101 is transformed with the resulting plasmids pHE 173 and pHE 173R.
Orientation of the insert is tested by digestion with Sall. pHE 173 contains the hirustasin
expression cassette in a clockwise orientation with respect to dLEU2, pHE 1728 in an
anticlockwise orientation.
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g-acts fromthe nedical | eech Hrudo nedicinalis are prepared as
‘ANscribed in WO 86/03493 by extracting honogeni zed | eeches with acetone
d precipitation of inpurities by successive addition of et hanol . The
bsol ution solution is concentrated under vacmlﬁs ﬁiaéiﬂ,,@ée{, ctionated

ecipitation wth acetone, the precipitation est acetone
gpncentration is extracted with water. gnd | yop Hﬂﬂ I]ﬂl Chr omat ogr aphy
@ SP- Sephadex[err]: Lyophilized I eech ex i s dissolved
dei oni zed water (77 m) and dial yzed agai nst 20 mM sodi um phosphat e

pH 8. 0) over night at 4[err]C. The dialyzed material is applied onto

J SP- Seplaadhix1800omstnfctiof ok S2@charpmeoss tdrbvigibestraintith 1485 same buffer.
he col'um is washed until the optical density (280 nm of the effluent

r§eached i a 0 P uf fer
font i rarg s eRr AR Ran e Fie i ot Bt o ML T R ROH 2181 one
dont ai rﬁta@ngnmtbl S8eGhaiemyees mearevisiag strain 13449, pisolted. subdguent series of
Affinit en.tngan 585 YRS I

f %‘Pi"“?. R o p‘éf"% R TREL A AN fom i Hasp by oy
s fAn of e*rengﬁ%ge@eés e RS 25 Spestveig olfpsty Biergena engasiing

ik mmbl sg@d(E)Xlt ds disarpedn brom de-activated Sepharose 4B[err]

£ Phar naci a) according to the guidelines of Phar naci a. The

Hool ed material fromthe cation exchange chromat ography (-20 nl) is applied
oNnt 0 For thas1paimieper Btairy J4 49 isSerisinomd vatil aiDNA(fiaginent @nodimg treqEX | ljeak ed

3 th 20, AMROFIHMRAS gene inserted in the middle of the KEX{ coding region. Uracil
| prototrophic transformants are selected and tested for the absence of ysca activity. Next,
the URA3 gene inserted at the KEX1 locus is disrupted by transformation with a plasmid
containing a disrupted version of the gene, URA3DS5 (see EP-A-341 215). Transformants
which are uracil auxotrophic are selected and in the following step disrupted in their
endogenous PRC1 gene coding for the carboxypeptidase yscY. The experiment is carried
out in a totally analogous manner as described for the disruption of KEX1. The finalty
resulting isogenic derivative of strain H449 is called TR1456 and has the following
genotype:

TR1456 = MATa, leu2-3, 112, ura3, prb1, kex1::ura3, prci::ura3, [cir0]

Example 14: Transformation of strain TR 1456 with plasmids pHE 170, 170R, 171, 171 R,
173, 173R

The plasmids pHE 170, 170R, 171, 171R, 173, 173R are introduced into the host strain
TR1456 using the transformation protocol described by Hinnen et al. (Proc. Natl. Acad. Sci.
USA (1978), 75, 1929). Further details of the procedure are as described in EP-A-341 215,
Transformed yeast cells are selected on yeast minimal mediumn, supplemented with leucine
and lacking uracil. Single transformed yeast clones are isolated and referred to as:

Saccharomyces cerevisiae TR 1456 / pHE 170
Saccharomyces cerevisiae TR 1456 / pHE 170R
Saccharomyces cerevisiae TR 1456 / pHE 171
Saccharomyces cerevisiae TR 1456 / pHE 171R
Saccharomyces cerevisiae TR 1456 / pHE 173
Saccharomyces cerevisiae TR 1456 / pHE 173R




phc;sphate buffer (pH 8.0). Approximately 50 % of the inhibitory active

mat eri al applied I's bound; the remainder in the flowthrough is

col |l ected for rechromat ography. After ext ensi ve washi ng of the col umm
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phospha gampie . WA A e ; t hen
eluted using a li near -15- gr adi ent from
60 to 12elisThf MeCrharomucéd osveviatae TR 1456IpHE 070, THEORe | 1tli, AT 1By df78| 78R drki s

final chy %ﬂﬂﬁ@é’ séﬂssee%u[eﬁt"&@batu%% JoVr dyRHRTE i GBMEBLEY BRI 1
i nhibitory activit
8.7 Difco Yeast Nitrogen Base (without amino acids)
10 g/I L-asparagine
1 g/l L-histidine
20 g/l glucose
0.02 g/l L-leucine

The pH of the medium is adjusted to 5.8. The first preculture is grown for 60 h at 28°C and
180 r.p.m. The second preculture is inoculated with 2% (volume per volume) of the first
preculture and incubated for 24 h at 28°C and 180 r.p.m.

The medium of the main culture is composed of:

5 g/l peptone

10 g/l yeast extract

20 g/l glucose

40 g/l sucrose
3 g ammonium sulfate
2 g/l potassium dihydrogenphosphate
0.5 gl magnesium sulfate heptahydrate
0.1 g/l sodium chlorde
0.1 gl calcium chloride

105 g/ biotin

The main culture (100 ml medium) is inoculated with about 10° cells/ml and incubated for
72 h at 28°C and 180 r.p.m..

Immediately following the inoculation, sterile copper sulfate is added at a concentration of
1mM to Saccharomyces cerevisiae cultures TR 1456/pHE 170, 170R and TR 1456/pHE
173, 173R. TR 1456/pHE 171, 171R are grown without copper.

At the end of the fermentation, aliquots of the cultures are taken, the cells are removed by
centrifugation and the cuiture supematant is analyzed for hirustasin activity in an enzymatic
assay as described in example 3.




pPrie wth the major protein peak at ~100 mM NaCl. Fractions containing
oI tory active material are pooled (-6 m), aliquoted, and stored at
err] C The results of a representative purification of hi rggg‘@stme‘are

ari zed in Tablel. Table 1: Troye Shagt Has
a0t rysin  Isolation step Protein Inhibit. SA Yi el \\\\\\\Xﬂ\
i bit. SA Yield Purifi- -28- [mg] [1Y

g on [IU] [TUnrm] [%A cation Leech extract 2310

&£7 0.016 SP Sephadex[err] 36 9.4 0.27 100 65x 0. 52 0. 015

65x Anhydrotrypsin 2.1 5.6 2.7 59 660x 0.21 0.100 40

BOX I\/bno S[err] 0.96 2.6 2.7  28SEQUERGEXLIFLING 0.15 27 650X
= Amount of inhibitor which reduces the substrate hydrolysis by 1

ol per min ecific activity = wth regard to protein The

isol at ed hi %hﬁ%ﬁ'ﬁ%?& geheous according to SDS-PAGE (10-20%

p;ol yacryl am de) which show a single band mgrating somewhat slower than

b:ow ne pancreat E’ %:‘g Lp%{z\&!‘l nhi bitor after silver staining. Simlarly,
riever sed phase LC an term nal sequence anal ysis suggest a purity of

>90% Condi tions fxr NAREC.CIBARBEES AS1 nnol protein) are | oaded onto a
Uchrospher RP8[ err] (é’)e\éQkﬁgfi &Iigggc,&qlrunnll

(C) CITY: Basel

(E) COUNTRY: SCHWEIZ

(F) POSTAL CODE (ZIP): 4002
(G) TELEPHONE: +41 61 69 11 11
(H) TELEFAX: + 41 61 696 79 76
(I) TELEX: 962 991

{A) NAME: UCP GEN-Pharma AG
(B) STREET: Kraftstrasse 6
(C} CITY: Zuerich

(E) COUNTRY: Switzerland
(F) POSTAL CODE (ZIP): 8044

(ii) TITLE OF INVENTION: Novel Inhibitor

P (iii) NUMBER OF SEQUENCES: 16

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER:. IBM PC compatible
{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(vi) PRIOR APPLICATION DATA:
! {A) APPLICATION NUMBER: EP 94810006.0
(B} FILING DATE: 07-JAN-1994

(2) INFORMATION FOR SEQ ID NO: 1:



E—

(125 x 4 mm Merck) and eluted using a linear gradient from0%to 40% ( by

vol une) acetonitrile in 0.1% (by volume) trifluoroacetic acid within 40 mn

at a flowrate of 1 m/mn. Two species of the inhibitor mnth an apparent

Merr] of 5738 and 5866 are detected by mass spect romscb Hmfﬁ values
ﬂlﬂ“

are in good agreenent with those cal culated fromthe uence
(see exanple 2) of hirustasin and of aB9tnhi bitor fo

termnally by one amino acid (M 5741 and 5869, resp ely, assumng 5
di sul fide bonds). Conditions for mass spectroscopy: The HPLC purified
inhibitor is infused into an atnnsgherlc pressure ionization source fitted

to a tandem!étiatFHFOFE FHEPFIRRIMTIAPF 111 (Sciex, Thonmhill, Ontario,

Canada) using a (A) LENGTH: 55 amino acids -16-
syringe infusion §3 The |ns%r%pent is calibrated with the amoni um
adduct ions of p& ypropylene g ycoI The average nol ecul ar mass val ue of
the protein was (@l SORMWREPNESSmM ¢imglel z peaks in the charge distribution

profiles of the )l thopbgochanggd i ons.

{ii} MOLECULE TYPE: protein

. {ix) FEATURE: _
’ (A) NAME/KEY: Protein
(B) LOCATION: 1..55
{D) OTHER INFORMATION: /label= hirustasin

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Thr Gln Gly Asn Thr Cys Gly Gly Glu Thr Cys Ser Ala Ala Gln Val
1 5 10 15

Cys Leu Lys Gly Lys Cys Val Cys Asn Glu Val His Cys Arg Ile Arg
20 25 30

Cys Lys Tyr Gly Leu Lys Lys Asp Glu Asn Gly Cys Glu Tyr Pro Cys
35 40 45

Ser Cys Ala Lys Ala Ser Gln
50 55

(2) INFORMATION FOR SEQ ID NO: 2:

(1)} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1114 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear




Po—

Exanmple 2: Ami no acid conposition of hirustasin Amno acid anal ysis:

Sanpl es of oxidized inhibitor are hydrol yzed under vacuumin 5.7 M
hydrochloric acid at 110[err]C for 20 h and anal yzed on a Biotroni k LC 5000
hi gh perfornmance anal yzer system (Puchheim GCernmany). The resyl L Refticta shown

in Table 2. Table 2 Ani no This ShegiRie g | ecul e
determ ned by acid -3M no acid anal “ %m\ng

ASx 3. 901 4 Thr \

3 Ser 3.03 a x

6. 55 6/ 7[err] Gy :

6 Al a 4.23 4 Cys

7.50 (ii) MOLECULE T™®E: DNA (genomic) Val | 2.67

3 I'le 1.16 1 Leu

2.05 2 Tyr 1.19 2
Hi s 1.14 1 Lys 6.17

(A) NAME/KEY: misc_feature
(B) LOCATION: 1110..1114
(D) OTHER INFORMATION: /function= "BamHI site’

- - -

(ix) FEATURE: _
g {A) NAME/KEY: misc_feature
(B) LOCATION: 639..647
(D) OTHER INFORMATION: /function= "BglII site"

(ix) FEATURE:
: (A) NAME/KEY: promoter
i (B) LOCATION: 1..403
a2 (D) OTHER INFORMATION: /function= “GAPDH promoter"

FEATURE:
(A} NAME/KEY: sig peptide
(B} LOCATION: 404..658
(D} OTHER INFORMATION: /function= "alpha-factor signal

peptide"

FEATURE:
(A) NAME/KEY: mat_peptide
(B} LOCATICN: 659..823
(D) OTHER INFORMATICON: /product= "“hirustasin"

FEATURE:
(A) NAME/KEY: terminator
(B) LOCATION: 826..1109
{D) OTHER INFORMATION: /standard_name= "alpha-factor

terminator"




Tot al 51.8 54/ 55[err] 1) = Mass spectroscopy
suggests the presence of two forns of hirustasin differing by a
C-term nal gl utam ne. a) Reduction and S-[err]-pyridylethylation:
S-[err]-pyridylethylation is carried out essentially as described by

Friedman et al (Friedman et al., J. Biol. Chem (1970), 245,
3868-3871). The inhibitor (~1 nnol) is-31- dissolved ifhisk@Q., < uf £ er (6 M
guani di niumHCl, 0.25 M Tris/HO, 1 nM EDTA, 5% (vo ' Rl

[ err]-mercaptoethanol; pH 8.5) and incubated overni ght MﬂﬂH ﬂﬂmm,at ure.
-17- After addition of 5 m 4-vinyl pyridine and

mn, the reaction is stopped by acidification with formc acid. The

S-pyndyl et hyl ated i nhi bitor was desalted by reversed phase

chromat ogr aphy on an Aquapore RP 300 colum (2.1 x 30 nm Appl i ed
Bi osystens, Weiterstadt, GCermany).
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
GATCCCCAGC TTAGTTCATA GGTCCATTCT CTTAGCGCAA CTACAGAGAA CAGGGGCACA 60
AACAGGCAAA AAACGGGCAC AACCTCAATG GAGTGATGCA ACCTGCCTGG AGTAAATGAT 120
‘ GACACAAGGC AATTGACCCA CGCATGTATC TATCTCATTT TCTTACACCT TCTATTACCT 180
: TCTGCTCTCT CTGATTTGGA AAAAGCTGAA AAAAAAGGTT GAAACCAGTT CCCTGAAATT 240
4
5 ATTCCCCTAC TTGACTAATA AGTATATAAA GACGGTAGGT ATTGATTGTA ATTCTGTAAA 300
TCTATTTCTT AAACTTCTTA AATTCTACTT TTATAGTTAG TCTTTTTITT AGTTTTAAAA 360
CACCAAGAAC TTAGTTTCGA ATAAACACAC ATAAGAATTC AAAATGAGAT TTCCTTCAAT 420
TTTTACTGCA GTTTTATTCG CAGCATCCTC CGCATTAGCT GCTCCAGTCA ACACTACAAC 480
AGAAGATGAA ACGGCACAAA TTCCGGCTGA AGCTGTCATC GGTTACTTAG ATTTAGAAGG 540
GGATTTCGAT GTTGCTGTTT TGCCATTTTC CAACAGCACA AATAACGGGT TATTGTTTAT 600
". AAATACTACT ATTGCCAGCA TTGCTGCTAA AGAAGAAGAG ATCTTGCTGG ATAAAAGAAC 660
CCAAGGTAAC ACCTGTGGTG GTGAAACCTG TTCTGCCGCC CAAGTTTGTT TGAAGGGTAA 720
AACGAAGTTC ACTGTCGTAT TCGTTGTAAG TACGGTTTGA AGAAGGACGA 780
GAATACCCAT GTTCTTGTGC CAAGGCCTCT CAATGAGTCG ACTTTGTICC 840
TTAGCTCGTA CAAAATACAA TATACTTTTC ATTTCTCCGT AAACAACATG 900
TAATATCCTT TTCTATTTTT CGTTCCGTTA CCAACTTTAC ACATACTTTA 960




b) Oxidation of the inhibitor A mxture of formc acid (100% by vol;
45 m) and hydrogen peroxide (30%by vol; 5 m) I s preincubated for 1
h at RT. Thereafter, the inhibitor (~1 nnDI) i s added. ﬁﬁter Jaced

I ncubation for 1 h at 4[err] C, the reaction |s §mo§pada fPgion with 1
m dei oni zed wat er and |yophylization. Adiam no aci d
resi dues of hirustasin are determ nedsby aut omat eﬁM\ ation

(gas- phase sequencer 473A Applied Bi osystens) of tWe*native inhibitor

(SEQ DNO 1). Additional sequence information is obtained after
fragnmentation of the native and of the reduced and S-pyridyl ethyl at ed
inhibitor with trypsin and chymotrypsin. The inhibitor (~1 nnol) is

! “CUba‘;rg cﬁéfbﬁ'ﬂ EX ATRW ORIOPFALGITRAS eidcdTEds equengd ng
gr ade; ringer nnhel In 100 m 1 M amoni unhydr ogen car bonat e
buffer (pH 8.0) for 14 h at 37[err]C An enzyme/inhibitor ratio (nmass/nmass)
of 1:4QapsTtiead TEtTATAMASI TeERtARRY MALCHRSITA, GEATOAA (ROGATGAAT 1080
endoprot einase A u-C. The reactions are term nated by acidification with
formc acid, the fragnents resulting are separated by HPLC (as descri bed
above)GﬁmmmndyA[mmrmumepummﬁmmmms$ﬂq0enced. Finally, to obtain fradghents
overl apping with the peptides Cys22-Arg30 and I1e31-Pro47, and to generate
an additional Ctermnal peptide, the inhibitor is digested with

endopr oRzei MESFRMETTON. FORhEEQ 0fpNet e3:structure of hirustasin and of the

| arger fragnents sequenced is shown in SEQ DNO 1. The sequence obtained is
in good agreenent wWith the result of the am no acid analysis (Tab. 2).

‘i"nple 3:  Epe SERPENGE CHPRMTERLEREGS:

(A) LENGTH: 1154 base pairs
(B} TYPE: nucleic acid

(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii)} MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A} NAME/KEY: misc_feature
(B) LOCATION: 435..439
(D) OTHER INFORMATION: /function= "EcoRI site"

(ix) FEATURE:

(A) NAME/KEY: misc_feature

(B) LOCATICN: 679..687

(D) OTHER INFORMATION: /function= *"BglII site"

w(ix) FEATURE:

. (A) NAME/KEY: promoter

(B) LOCCATION: 1..443

(D} OTHER INFORMATION: /function= "CUPl promoter"

(ix) FEATURE:
(A) NAME/KEY: sig_peptide
(B} LOCATION: 444..698



efficentration of reactive sites determ ned by titration of the isol ated
'n with trypsin and chynotrypsin is identical. For this titration

e pancreatic trypsin is standardized by active-sit@&uigiration using
ni trophenyl p'-guanidi nobenzoate (Chase et al, Methods/ .
§970), Xl X, 20-27). The concentration of active inhibi t/g afcsd
Lsum ng an equi mol ar i nteracti on bet wee®3i-nhi bitor and y é

$18 - To deternmine the specificity of hirustasin, its effect
i dol ytic activity of various seine proteinases (see Tab. 3) is
Bterm ned. Therefore, proteinases_are incubated w the inhibitor (1.3

t h
for 15 and for (B R INEPRREIONGS i/ fUBFt Rz y retRler F3T19%e 8147 neasur ed

';ter addi tion of a suitableeighstrate. Equi | i bri um di ssoci ation
gonstants (K[err]) for the conplexes of hirustasin with individual
P ot eases are determ ned essentially as described by Bieth (Bull. Europ.

Fflysopat . Respix) FEO8BERE: 16, 183-195). Briefly, increasing concentrations
' the i nhibitor ang) 'Mt?i‘f:‘f’d M%ﬁe&cid%ons" ant concentration of the

zynme; the tinme necessary to reach equilibration of the
(B) LOCATION: 699..863

(D) OTHER INFORMATION: /product= "hirustasin®"

(ix) FEATURE:
(A) NAME/KEY: terminator
(B) LOCATION: 867..1149
(D) OTHER INFORMATION: /standard name= "alpha-factor

terminator"

(ix) FEATURE:
{A) NAME/KEY: misc_feature
(B) LOCATION: 1150..1154
(D) OTHER INFORMATION: /function= "BamHI site"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GATCCCCATT ACCGACATTT GGGCGCTATA CGTGCATATG TTCATGTATG TATCTGTATT 60
TAAAACACTT TTGTATTATT TTTCCTCATA TATGTGTATA GGTTTATACG GATGATTTAA 120
TTATTACTTC ACCACCCTTT ATTTCAGGCT GATATCTTAG CCTTGTTACT AGTTAGAAAA 180
AGACATTTTT GCTGTCAGTC ACTGTCAAGA GATTCTITTG CTGGCATITC TTCTAGAAGC 240
AAAAAGAGCG ATGCGTCTTT TCCGCTGAAC CGTTCCAGCA AAAAAGACTA CCAACGCAAT 300
ATGGATTGTC AGAATCATAT AAAAGAGAAG CAAATAACTC CTTGTCTTGT ATCAATTGCA 360

TTATAATATC TTCTTGTTAG TGCAATATCA TATAGAAGTC ATCGAAATAG ATATTAAGAA 420



Bi ochem Bi ophys.
anal ysi s.

(Tab. 3).
affinities
cTAREPPYTC

In contrast,

Gwth

conpl exesp
138 nM).
I nhi bitor
ferr]-t

%19-

L R
e

Experi nents.
measured. Apparent Klerr]-values are

TGCCATTTTC

TTGCTGCTAA

GTGARACCTG

ACTGTCGTAT

I n additi on,

Acta (1969),

in_ the

Tabl e 3:

CAACAGCACA

AGAAGAAGAG

TTCTGCCGCC

TCGTTGTAAG

CAAGGCCTCT

TATACTTTIC

CGTTCCGTTA

CTAAGACAAT

TATCCTATTA

ATCC

(&)
(B)
(C)
(D)

AATAACGGGT
ATCTTGCTGG
CAAGTTTIGTT
TACGGTTTGA
CAATGAGTCG
ATTTCTCCGT
CCAACTTTAC
TTTAATTTTG

GTAGCTAAAA

TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

!rre-i nhi bitor conplex is determ ned for each protease in prelimnary

Substrate is then added and the residual enzynme activity

calculated by fitting the steady
state velocities to the equation for tight bingjng. LRt RLS,..L Morrison,

185, 269-286) us
Hi rustasin inhibits bovine trypsin
with nearly identical affinities; K ersf- val ue
calculated for the conplexes with trypsin and chynotrypsin
hirustasin inhibits tissue kallikrein and cathepsin

VAR iy B PR

even at the highest concentration

19500 ELLE6hC00 dHeCRL ABAEHRHRSRSRPEEN ACREEHIL0 MUy

TTCCGGCTGA AGCTGTCATC GGTTACTTAG ATTTAGAAGG

TATTGTTTAT

ATAAAAGAAC

TGAAGGGTAA

AGAAGGACGA

ACTTTGTTICC

AAACAACATG

ACATACTTTA

CTGCCTGCCA

AAAGATGAAT

LENGTH: 42 base pairs

_' i) MOLECULE TYPE: DNA (genomic)

%%ggnd 2.

GGATTTCGAT
AAATACTACT
CCAAGGTAAC
GTGTGTTTIGT
AAACGGTTGT
CACTGTACTT
TTTTCCCATG
TATAGCTATT
TATTTCAATT

GTGAATCGAA

R S

Fegressi on

not rypsin

I8l nM ar e
respectively

used (1.3 MV,

GTTGCTGTTT
ATTGCCAGCA
ACCTGTGGTG
AACGAAGTTC
GAATACCCAT
TTAGCTCGTA
TAATATCCTT
CACTTCTATA
TGTTATAAAT

TCCTAAGAGA

600

660

720

780

840

900

860

1020

1080

1140

1154

T%gﬂl}aﬁ%%rscr(% Ee( KtBeor r]

t he



-4 Speci es Hi rustasin Anti stasin
‘nM ICerr] [nM Trypsin Bovi ne 7

Chynot ypsi n Bovi ne 6.4 O[err]
psin G Human 29 Ti ssue kaI i kr e| n
b ci 13 nd : This Sheet Has Been Ity 138
Ur oki nase Hurrgg “‘
FEasnma kal | i krein Human O[err] Imm Thronbl n
man O[err] Fact or X
3 Pancreati c el astase PorC| ne O[err] o[ err]
gukocyte el astase Human 0[ err] Oferr] Subtilisin

Bact . subt . 9[%{4{% Chymase Por ci ne
(ix antlstasm data are fromDunw ddie et al. (J. Biol.

Ghem (1989), 264(r)1 6898/ HHGIR)sc_ Heatrfe= No inhibition at 1.3 mM Of[err] =
i nhibition at @gp (M fgl.=1004, det erm ned. Exanpl e 4: Effect of

£ rustasin on in vitro blood coagul ati on To determi ne whether hirustasin
ifnhi bits the bl oo@b%ﬁﬁa’i@@ﬁ“ﬁ‘%@ﬂ 't { BNGLignef tREENeR G 9 18P oI onbi n ti e
g8d the partial thronboptgstin tinme is nmeasured using an Amel ung KC10
gpagul oneter (Lengo, Cermany) and the reagent sets from Behringwerke AG
burg, Gernmany) according to the guidelines of the manufacturers.

(ix) FEATURE: )

{(A) NAME/KEY: misc_feature
(B} LOCATION: 5..16
(D) OTHER INFORMATION: /function= "synthetic sequence

containing BamHI site*®

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
GCATGGATCC CAGCTTAGTT CATAGGTCCA TTCTCTTAGC GC 42
(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B} LOCATION: 1..38
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR"




AtFa concentration of 1.3 mM the inhibitor has no significant effect on
se gl obal paraneters of the blood coagul ation (Tab. 4). Thus, the

i bitor does not significantly inhibit factor Xa or any other proteinase
olved in the blood clotting cascade. Thsﬂwﬂ}hsB%anMmul

- Tabl e4:
tial Thronbopl astin -36 - Ti ne M!’ 79 %
471 3 s Hi rustasin 80% npl e 5:

nstructlon of pFBY139 pFBYl 39 is a pUC18 deri ved pI asm d that contains

1048 bp BanH fra%rent
(xi) SEQUENCE DESCRIPTION SEQ ID NO: 5:

CTCGGAATTC TTATGTGTGT TTATTCGAAA CTAAGTTC 38

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 41 base pairs
i ' (B} TYPE: nucleic acid
b {C) STRANDEDNESS: single
g (D) TOPOLCGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..41
(D) OTHER INFORMATION: /function= "synthetic oligo for
PCR"

» (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
GTGCGAATTC AAAATGAGAT TTCCTICAAT TTTTACTGCA G 41
(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 48 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
; {D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



oo
fragment contains the GAPDH pronoter fused to the ATG of the a-factor
| eader a stuffer fragnment and the a-factor ternminator. The precise way the
fusi ons were engi neered enable the insertion of ORF containing fragnments
either at the ATG by using the EcoRl site, after the signal sequence by
using a Pstl site or after the a-factor |eader sequence by insertion after
the Bglll site. The ORF to be expressed sjwul d id%anL A e

&R h site at

their 3 end to facilitate fusion to the terninat %\ﬁ?en e§§‘!eeded by a
-

i cassette

Sall site, and have no BanH sites wthin their Sg

this plasmd at the two BanH sites excises the wh

so that it can easily be cloned into a yeast shuttle vector. A synthetic
sequence, GATCCOCAGRTdrESEQ ID NO 2), containing a BanHl site precedes the
yeast GAPDH pronot er seguences from-392 to -1, where -1 is the base

preceding the A of®h BESF PHRC-ERPPEORF. This corresponds to
nucl eoti des 287 to @3rofatdl 1 GENBANK accessi on nunmber ML3807 and

nucl eotides 128 to 150 K ,accession_n r JO01324,. except
that bases -9 to -é@rﬁ%%@%%ﬁ?%?gl%ﬁ—eaf@%a@#%l&% g%sf’f?g, whi ch
IS a unique site in pFBYIPCR, just before the ATG The ATG is provided as
part of the a-1 factor pheronone signal sequence and | eader, nucl eoti des
293 to 527 of the EMBL GENBANK accessi on nunber X01581, followed by the
sequence, AGATCTTGC, which positions a Bglll site, which is unique in

PFBY139, just (hef yrpukhes NHsEREpPRN: t 589 foko. the LysArg KEX2 cl eavage
site. If fusions are required to just a signal sequence this can be

*ved by using the unique Pstl site which is present within the region
encodi ng theasitgead TreequemeeaadireTByr | drieirreadc aboddTmaed by a sequence of
no inportance as it is always renoved when the incomng ORF is cloned into
the plasm d between either the EcoRl, Pstl or Bglll sites and the Sall
site whi chi2rafKEORMMIONAF@H SEReIZ™NORf®r fragnent and the begi nning of the
a-1 factor pheronone term nator sequences, nucleotides 825 to 1100 of EMBL
GENBANK accessi on nunber X01581. This is followed inmediately by the
sequence AATTCGECATERQURNEE IFHARAGHRERI SEReSBanH site that bounds this end of

the (A) LENGTH: 50 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

(ii} MOLECULE TYPE: DNA (genomic)

Q‘
|
} ' (ix) FEATURE:

{A) NAME/KEY: misc_feature

(B) LOCATION: 1..50

(D) OTHER INFORMATION: /function= "synthetic oligo for
PCR"

(xif SEQUENCE DESCRIPTION: SEQ ID NO: 8:

GAAGAGATCT TGCTGGATAA AGTCGACTIT GTTCCCACTG TACTTTTAGC . S0

(2) INFORMATION FOR SEQ ID NO: 9: Lol e




Esi on cassette. -21 - This plasm d can be
-~ructed usi ng pol ynerase chain reaction (PCR) fragnents from yeast
ge?onlc DNA. Al'l oligonucleotides used in the PCR reaction are

syhthe3|zed using an automatic DNA synthesizer. The PCR reactions are
in a PCRunit fromPerkin El mer under the follomﬁng conditions:

carried out

2G4 nM of the ol igonucleotides in questiorggre incubated |n 0 had fer

(30 MM Tris-HCI, pH 8.3, 50 MM KCl, 1.5 nM Myd [err]) of Taq
“Na s are

A- pol yner ase and 0.2 M of dATP, dCTP, dTTP and dGﬂP

cubat ed for 30 cycles: 30 sec at 92[err]C,
: (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

P

AR i

R

e P
ui'_;,:.‘,_'

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: misc_feature

(B) LOCATION: 1..32
(D) OTHER INFORMATION: /function= “synthetic oligo for

PCR"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

CCGGGGATCC GAATTAATTC TCTTAGGATT CG 32

{2) INFORMATIOM FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS :
(A} LENGTH: 40 base pairs
(B} TYPE: nucleic acid

: (C} STRANDEDNESS: single

i {D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
(A) NAME/KEY: misc_feature
(B} LCCATION: 1..40
{D} OTHER INFORMATION: /function= "synthetic oligo for

PCR"




Rt —

1 mn at 42[err]C and at 72[err]C for 1 mn. The fragnment conpri sing
GAPDH pronoter is generated from genom c yeast DNA using the PCR
gnments SEQ ID NO 4 and SEQ I D NO 5 SEQID NO 4 5

 GCATGGATOCCAGCTAGTATAGGCCATTCTTAGOGE 3 SEQIDNO 5 5
CTCGGAATT ATGTGTGITTATTCGAAACTAAGITC 3 and subsequent

cl eavage with BanH and EcoRl . The fragment co¥pEs HesBeaodplaadt t he
[err]-factor signal and | eader sequences is gene' m c yeast
DNA using the PCR fragments SEQ ID NO 6 and SEQ FDNQG 5'
GTGCGAATTCAAAATGAGATTTCCTTCAATTTTACTGCAG IDNO 7 5
CAAAGTCGACTTTATCCAGCAAGATCTCTTCTTCTTTAGCAGCAATGC 3 The fragnent
conprising the [err]-factor termnator is generated from genom c yeast DNA

using the PCR fragnents SEQ ID NO 8 and SEQ ID NG 9 SEQID NO 8 5
GAAGAGT CT CTGENT ARRCESEACEST B TTOBACTET ACTFF TAGE 3

TAGAGGATCC CCATTACCGA CATTTGGGCG CTATACGTGC 40
(2) INFORMATICN FOR SEQ ID NO: 11:

{1) SEQUENCE CHARACTERISTICS:
;; (A) LENGTH: 39 base pairs
w (B} TYPE: nucleic acid
' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
(A} NAME/KEY: misc_feature
(B) LOCATION: 1..39
(D) OTHER INFORMATION: /function= "synthetic oligo for
PCR"

3
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

CGACGAATTC ACAGTTIGTT TTTCTTAATA TCTATTICG 338

(2) INFORMATION FCR SEQ ID NO: 12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 90 base pairs
(B) TYPE: nucleic acid
{C} STRANDEDNESS: single
(D} TOPOLOGY: linear



g© 9 5' CCGCGGATCCGAATAATTCTCTTAGGATTCG 3
girent conpri sing nost of the [err]-factor signal and | eader

s and the fragnent conprising the [err]-factor termnator are m xed
plified in a PCR reaction with SEQ ID NO 6 and SEQ I D NO 8 and cut
*foRI and BanH . The later anplified Th‘ssheetl-fasBeenR laced

® fragnent and the fragnent corrpri_gbr_lg the GAP W‘cl oned
FZ18R cut with BanH and treated With bacteri I osphat ase
Bt c pFBY1 39. Exanpl e 6: Construction of pFBY1l 6is a
picrived plasmd that contains a 1085bp BanH fragnment. This fragnent
s the CUPL e 1S t ATG of the [err]-factor |eader a
oy frag%ﬁtMgélﬁgf@tﬁe@fﬁe%r j%g?aggt%lraﬁ%ﬁ’rm nator. The precise way the

s Were engi neered enable

o

.9

L) W

—h(n O-Of—"—'l

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B} LOCATION: 1..90
{D} OTHER INFORMATION: /function= "synthetic oligo for
PCR"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
AAAGATCTTG CTGGATAAAA GAACCCAAGG TAACACCTGT GGTGGTGAAA CCTGTTCTGC 60
CGCCCAAGTT TGTTTGAAGG GTAAGTGTGT 90
(2) INFORMATION FOR SEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 90 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..830
(D} OTHER INFORMATION: /function= *synthetic oligo for
PCR"

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:




-

the insertion of ORF containing fragnents either at the ATG by using the

EcoR site, after the signal sequence by using a Pstl site or after the
[err]-factor |eader sequence by insertion after the B III S|te The ORF
to be expressed should ideally have a Sall sité&l 1“ ce

facilitate fusion to the termnator that is pre Iﬁ S|te and

have no BanH sites wthin their sequenée; as s plasmd at

the two BanH sites excises the whole expressi on cassette so that it can
§a3| ly be cloned into a yeast shuttle vector. The plasmd is identical

pFBY139 except that the BanmH to EcoR fragnment containing the GAPDH
ronot er FEATIER AR CEBFTECEE SGHERTTCAB0MFEETPEHER (PAEEANREI EBEITESAE080 t 89
1505 of EMBL GENBANK accessi on number K02204, which contains the CUP1
pronot er which aI I ovvs ex reSS| on in a copper regul ated manner. The
fragment TORIrPERh i s generated from genomic yeast DRA
using the PCRfragments SEQID NO 1 0 and SEQ I D NO 11 SEQ ID NGO 10 5

ST IR R e it A

&nd subsequent cl eavage with BanH and EcoRl . The fragnents conprising -

fpst of the [gif]gd E SLGRgretdrbgader sequences and the fragnment
EDNpri sing the Eerr -factor termnator are generated, anplified and cut as

scribed in exanfVelENGHH $80R2UEALFS cl oned together with the fragment
rising the CUP@B) TYPE: nucleic acid

(C) STRANDEDNESS: single
{D} TOPOLCGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
(A) NAME/KEY: misc_feature
(B} LOCATION: 1..58
(D) OTHER INFORMATION: /function= "synthetic oligo for
PCR™

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

TIGTCGACTC ATTGAGAGGC CTTGGCACAA GAACATGGGT ATTCACAACC GTTTTCGT 58
} INFORMATION FOR SEQ ID NO: 15:

. (1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 84 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

i1) MOLECULE TYPE: DNA (genomic)



er into pTZl1 8R cut with BanH and treated with bacterial alkaline
phd atase to create pFBY1l 66.
Exanpl e 7: Construction of pHE 168: Expr essi on of

yst asi n under control of the regulated CUPI pronoter A synthetic gene
engodi ng hirustasin in preferred yeast codon usage is assenbled from3
syigt hetic oligonucleotides in a PCR reac%bon I'n adﬂﬁghgn{ he gene IS
exended at its 5 end to provide for convenient in ‘ P
[egr]-factor |eader in plasm d pFBY 166. The foll4
ar@ synthesi zed using an automatic DNA synt hesi zer
CTEEATAAAA GAACCCAAGG TAACACCTGT GGTGGTGAAA

i (ix) FEATURE:

(A) NAME/KEY: misc_feature

(B) LOCATION: 1..84

(D) OTHER INFORMATION: /function= »synthetic oligo for
PCR"

B s et

D LRI,

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

e (L P
N DRI B
‘ 1R .
1y o

AAGAATTCAT GCTTTTGCAA GCTTTCCTTT TCCTTTTGGC TGGTTTTGCA GCCAAAATAT 60
CTGCAACCCA AGGTAACACC TGTG 84
(2) INFORMATION FOR SEQ ID NO: 16:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii)} MOLECULE TYPE: DNA {(genomic)

{ix) FEATURE:
{A) NAME/KEY: misc_feature
(B} LOCATION: 1..20
(D) OTHER INFORMATION: /function= "synthetic oligo for
PCR"

(xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 16:

TTGTCGACTC ATTGAGAGGC 20




BCCAAGTT TGTTTGAAGG GTAAGIGIGT - 3' (SEQ I D NO 12)

B CCGTTTTCGT CCTTCTTCAA ACCGTACTTA CAACGAATAC GACAGTGAAC
FEACACTTAC CCTTCAAACA -3 (SEQ ID NO 13)  5'-TTGTCGACTC
PTTGGCACAA GAACATGGGT ATTCACAACC GITIICGT -3' (SEQ I D

P ' cleotides a 198 bp frag et Has BessRapiabgd i n t he
o?ﬂﬁmm#mﬂmuﬂact ion (PCR3using th i Per ki n
gt he*f of | ow ng tions: 20 mM of ol 1 and 3 and
T

Sl | gonucl eotide 2 are incubated in 0.1 m buffer ris-HQ,
B MM KCl, 1.5 MM MgC [err]) with 2.5 units of Tag DNA- pol ynerase

hAHSAATP, dCTP, dTTP and dGTP. The reaction is incubated for 30

sec at 92[err]C, for 1 min at 42[err]C and at 72C for 1 mn.

0 Spﬁf&ymemi@mmnﬁsingﬁm aming an‘uészwezf;ie agagivesdn §eQ 10 %ﬂ@ﬂ p&séwtam, h
) ' A and Sall cut pFBY 166 (supra). E.

; MC"Osna?’r?g%rjg}?%?ér{g%n\{;m&E\% tt gur‘esulti ng plasm d pHE168. The

ffmed E. coli strain is designated E. colil pHELGES.

2. A functional fragment according ta claim 1 which binds to or inhibits serine proteinases.

3. A polypeptide according to claim 1 wherein the C-terminal Gin is missing.
4. A polypeptide according to claim 1 that bears a detectable marker.

5. A process for the production of a polypeptide according to claim 1 comprising
a) obtaining an extract of a leech, and
b) purifying the extract by dialysis and column chromatography.

6. A recombinant DNA coding for a polypeptide according to claim 1 or a fragment of said
DNA.

7. A polypeptide expression cassette comprising a promoter operably linked to a DNA
sequence coding for a polypeptide according to claim 1 and to a DNA sequence containing
transcription termination signals.

8. A polypeptide expression cassette according to claim 7 comprising a promoter operably

' linked to a first DNA sequence encoding a signal peptide linked in the proper reading frame
to a second DNA sequence coding for a polypeptide according to claim 1, and a DNA
sequence containing transcription termination signals.

8. A polypeptide expression cassette according to claim 7 comprising the GAPDH or the
yeast CUP1 promoter.

10. A polypeptide expression cassette according to claim 7 comprising the yeast PHOS
gene signal sequence, the o-factor signal sequence or the yeast invertase gene (SUC2)
signal sequence.

S



,:5 usion of the PCR fragnent to the [err]-factor |eader and correct
2 of the hirustasin ORF is confirnmed by sequencing. The conplete

8T 0N casseqf; QR ahddh Réplakdue yeast ORF and the [err]-factor

tor i's sho 3.

" Exanpl e SMEW ﬁém)of pHE ;470 and 17‘({““‘” !luU\!L “\“ 2 mcron
- With the ession cassette esslion in
pDP34 is used as vector. pDP34 (EP-A-340 170, F g. 3 therein) is a
E. coli shuttle vector with the anpicillin resistance narker for E.

t he kessmpddindg 01l i ads PHOS
reﬁzArﬁ%¥p%®ﬁgéé‘rége%%ggglc\ﬁ§§§% §‘“:d°?&op%¥§ﬁ'§&?s REP1, T P2 )gdr?d FLP o

a.factﬁ’tt&@iﬁcﬂptﬂfmjﬁﬂntr‘@t"éﬂ §692IRAPEF BanrHl and the sticky ends are
_phorylated by

42, A polypeptlde expression cassette according to claim 7 comprising the CUP1 or the
. GAPDH promoter the o-factor or the yeast invertase leader sequence, the hirustasin gene

. and the o-factor terminator.

13. A po|ypeptide expression cassette according to claim 7 comprising-a fragment as shown

SEQID NO:2 or SEQ ID NO:3.

14. A recombinant plasmid comprising a polypeptide expression cassette according to

claim 7.

. 5. A recombinant yeast plasmid according to claim 14 comprising the complete two-micron

according to claim 17 which is Saccharomyces cerevisiae.
host according to claim 17 which is single or multiple protease-deficient.

 host according to claim 22 which is deficient in one or more proteases selected from
Up consisting of ysco, yscB, yscA, yscY and yscS.



;jhosphatase treatnment. pHE168 is digested with BanH and the
agnent containing the conplete hirustasin expression cassette

nto BanH - cut RopfhcecdE:  coli HB 101 is transforned with the
sopellg pl asHiTRe 170R. Orientation of the | )5 tested
FPestion wit ﬂ ‘ 0 contains the hi rtﬁ“mu \ ﬂa&gg\l\w -
£in acl ation w445 1 espect ) e 1¥OR in
er

“Ockwi se orientation with respect to the dLEU2 far Exanpl e 9:
fcti on of pHE 169 Expression of hirustasin under

of the constitutive GAPDH pronoter The 198bp  PCR fragrr.ent ﬁncodi ng
hi +ust-asi4n AABPSH) for Hedprgauetion fia PolByRAtide AcEOrdiNg| O LA™ 1> FRMPYSTPRAICE BN |
and Sa | ekt avestipl tBRm 43 undHsolamg theBok@kpiide prodnsddtheeabywi th t he
resulting plasmd pHE1L 69. The transformed E. coli strain is designated E.
colil pHE 169. Correct fusion of the PCR fragment to the [err]-factor |eader
and cor r@ctA pespess cecofdindhto hiaim2dasharaORiFized ie dhdti theerp¥neptide asaeiding tarhe
expr essi N ' i ' EQ I D NG 3 except for
Tho. GAPIT0D g e N fEER mb B el ot er (SEQ | D

NO 2). Exanpl e 10: Construction of pHE 171 and pHE 171R 2
m cron \Q%Qm(esof\%éd?nﬁdlﬁudmcw@ﬁ@sﬂoru@mnraeﬁ:%dnne@tmgeéarﬁerslfar @Rgregaration of
exanple 9 (supra) the 1109 bp BanH fragnment containing the hirustasin
expr essiRRTBASYUBICRECORPASONSed from pHE 169 by BanH digestion and inserted
into BanH cut pDP 34. E. coli HB 101 is transforned with the resulting
pl asm d HE 171 and pHE171 R _..Oxi A 0 | NS LS~ t&s b
G goot | it eraarru et soinpBsigh SR o bobBeptdde Bblorifg! 8L ™, or
J comprising said polypeptide together with conventional auxiliaries, typically carers and

diluents.

28. A polypeptide according to claim 1 for use in a method of therapeutic or prophylactic
treatment of the human or animal body.

29. A polypeptide according to claim 1 for use in a method of therapeutic or prophylactic
treatment of the human or animal body related to the action of serine proteinases.

30. A polypeptide according to claim 1 for inhibiting blood coagulation and as antimetastatic
agent.

. 31. A polypeptide according to claim 1 for managing hypertension,

32. A pharmaceutical composition comprising a therapeutically effective amount of at least
one polypeptide according to claim 1 or a phamaceutically acceptable salt thereof for use
in a method of therapy and prophylaxis of thromboses, embolism and hypertension.

33. A phamaceutical composition comprising a therapeutically effective amount of at least
one polypeptide according to claim 1 or a pharmaceutically acceptable salt thereof for use
in a method of therapy and prophylaxis as an antimetastatic agent.



K 'n ‘expression cassette in a clockw se orientation with respect to
‘pHE Lgls-Ros09/an anti cl ockwi se orientati on.

g anple 11: Construction of pHE 172 The hirustasin
sed to the invertase signal sequence (SUC2) To provide for an
at i ve secretion system the hinistasin ORF is fused to the signal
fce of the yeast invertase gene SUCH6- The 2 foll owi ng

ucl eoti des are made: 5" - AAGAATTCAT GCTTTGCAA  GCTTTCCTTT

GeC TEGTTTTGeA GOCAAAATAT  CTGCAACCCA, AGRTAACARE REGEG - 3

* NOVEL INHIBITOR

DISCLOSURE

ABSTRACT OF THE DISCLSS

The .ment invention relates to novel inhibitors belonging to the family of antistasin-type
sérinz pmtemase inhibitors, to their isolation from the medical leech Hirudo medicinalis, to

"'um"sequenoes encoding the novel inhibitors, to variants obtained by recombinant DNA
: mchriologyof
;.’ use in diagnosis and therapy.

peptide synthesis, pharmaceutical compositions containing the inhibitors, and




{SEE.D NO. 15)’ ~ 5 - TIGIGACTC ATTGAGAGGC- 3 ~ (SEQ ID Mgaekbd—e

AHHE 168 is use

@EM T m or a polynerase chain reaction as
described in exa.H.Ac Egues tenpl ate pHE. 1?{2 | REPDACERERT SHERTSO0 8¢

of the oligonugl notw mer s{ under the experi
exanpl e 7. H?'a

agarose gel, rpsiricted with HcoR and Satt and
cut vector pFBy 166. E coli HR 101 is transfor

plasm d pHE 17

The) 2

Pifjied PCR fragment ifs d Of‘ edaezt%pa d 0;
Imgﬁl EZ gl |
&a t

..... d..=
of the SUC2 SI equenc% |rus'lt0 g:%?

fusion is: confi rrred by sequenci ng. Exanpl e 12: Constructlon of p
and pHE 17MNGVEL INHIBITOR 2mi cron vectors with {h&FiF & ZHGERY . ggr -on-

cassette with the SUC2 signal sequence In analogy to exarrpl e

8, the 943Haplasi m@érﬂiﬁﬁﬁ@iat&of?at ﬁd\lél iR Bélbfi%ﬁ%% th iﬁ?ﬁl S é’rﬁ:sfa%‘ﬁ?-@fsﬁsp

i s excised from

mHl
o o1 POGITASE (o, farthe ot Fom e medics! et Wi PEdorais g

34. E.

ﬂtﬁémﬁ t bapRd . 85tol Paged 4= |

rte |nt BanH cut

pHE 173R DNA sequences encoding the novel inhibitors, to variants obtained by recombinant DNA

technology or peptide synthesis, phamaceutical compositions containing the inhibitors, and
to their use in diagnosis and therapy.

Antistasin is a cysteine-rich serine proteinase inhibitor originally isolated from the salivary
glands of the Mexican leech Haementeria officinalis (Tuszynski et al., J. Biol. Chem. (1987),
262, 9718-9723). Considerable interest has been focused on this polypeptide of 119 amino
acids as it is a highly selective, tight binding inhibitor of the biood coagulation factor Xa and
thus a potent anticoagulant in vitro and in vivo (Vlasuk et al, Thromb. Haemostasis (1991),
65, 257-262). in addition, antistasin seems to have marked antimetastatic properties
(Tuszynski et al., J. Biol. Chem. (1987), 262, 9718-9723).

Amino acid sequence analysis revealed that antistasin contains two homologous domains;
no sequence similarity was found to other known proteins suggesting that antistasin is the

. prototype of a new family of serine proteinase inhibitors (Nutt et al., J. Biol. Chem. (1988),
- 263,'10162-10167). Meanwhile, only one protein related to antistasin has been identified:

ghilanten, isolated from the giant Amazonian leech Haementeria ghilianii is nearly identical

to antistasin with respect to amino acid sequence (>90% identity) and functional properties.
.Recently, a’ cDNA sequence containing a highly conserved 6-fold repeat with homology to

the C-terminal halves of the antistasin-domains has been identified in Hydra (Holstein et al.,

FEBS Lett., (1 982), 308, 288-292); however it, is unclear whether the putative protein

encoded by this cDNA sequence has any activity as proteinase inhibitor or antimetastatic
agent.

in the present invention novel members of the family. of antistasin-type inhibitors are
presented. These polypeptides, named hirustasin (Hirudo antistasin), have been isolated
from the medical leech Hirudo medicinalis, and their amino acid sequence and

-characteristics as proteinase inhibitors have been determined. As illustrated in further detail
‘below hxrustasm and variants thereof obtained by recombinant DNA technology or peptide
synthesis have therapeutnc potential in disorders related to the action of serine proteinases

such as trypsm chymotrypsin, tissue kallikrein and cathepsin G, and as antimetastatic
agents. ” :



iOgregt ation of the insert is tested by difgestion with Sall. pHE 173

contains the hirustasin expressi on cassette in a clockw se orientation with

respect to g2 ™M an anticl ockwi se orientation. _

- 26 - Rﬁq Acw.msggﬁﬂtion of Saccharomyces cerevisiae strain TR
1456 Saccharjonyces cerevi s!i de strain TR1456 is constructed as disclosed in
EP- A- 341 215. Sﬂz_QUUhg'P%th Saccharonycesp cerevi siae strain H449, in two
subsequent kefies of experijmejnts the two carboxypepti dases ysc[err] and
yscY are re m strain H449 by disruption of their encodi ng genes
KEX1 and PRC1, respectijvely irst, the gene encoding ysc[err], KEX1, is
di srupt ed. or this purpose, -strain H449 is transfornmed with a DNA

f ragnent ' t WM | ds s AQadi ' i
i e of Alald{He e fepdfeChte'lEbRuny 1 il SARIaARGE PR D
sel ected Higyre &) thirustasin neitberatfests dhe cataylic @ctivity 4 dsolateq fagigrKa nor the blood

coagulation cascade in vitro.

Description of the Invéntion

The invention concems to a polypeptide comprising the amino acid sequence as given in
SEQ ID NO:1 (hirustasin) or a mutant, functional fragment or derivative thereof.

The expression mutant, functional fragment or derivative thereof includes all fragments or
derivatives of said polypeptide that still bind to or inhibit serine proteinases, such as trypsin,
chymotrypsin, tissue kallikrein and cathepsin G; or that act as antimetastatic agents. Ina
preferred embodiment the inventive polypeptide is used as anticoagulant.

Mutants are for example polypeptides having amino acids substituted or deleted at one ore
more positions.

The expression derivatives includes pharmaceutical acceptable salts with acids, like
hydrohalic acids such as hydrochloric acid; sulfuric acid, phosphoric acid, pyrophosphoric
acid, benzenesulfonic acid, p-toluenesulfonic acid, methanesulfonic acid, lactic acid, paimic
acid, tartaric acid, ascorbic acid, citric acid; with bases like nitrogen-containing bases sn_:ch
as sodium, potassium, magnesium or ammonium nitrogen-containing bases; or inner salts.

Also included are modified forms of said polypeptides, e.g. polypeptides bearing a
detectable marker, such as a fluorescent, chemiluminescent or radioactive marker or avidin,
biotin or the like.

Fragments of said polypeptide embraces C- or N-terminal shortened fragments as well as

fragments from within the polypeptide chain that bind to or inhibit serine proteinases, such

as tissue kallikrein, cathepsin G, and factor Xa; or that act as antimetastatic agents.
- Embraced is for example a fragment wherein the C-terminal Gin is missing.

These fragments can be used alone or in combination with others such as other proteins
(fusion proteins) or chemical compounds. Examples for combinations are, e.g., the
combination of the binding domain of hirustasin with chemically. synthesized inhibitors, e.g.



1 locus is disrupted by transformation

pted version of the gene, URA3D5 (see

h are uracil auxotrophic are sel ected and
_ stigyghiﬁ ed iin their endogenous PRCl1 gene coding for

t he car boxypept|i das : elexperinent is carried out in a totally

anal ogous manngr |as descrilb o the disguption of KEX1. The finally

resulting isoggnic derivative of {strain 49 is called TR1456 and has the

fol | owi ng genot ; —MATa, |eu2-3,112, ura3, prbl, kexl::ura3,

prcl::ura3, [cir[err]] Exanpl e 14: Transformation of strain TR 1456 with

?785 m'lgngﬂdE?ﬂ:ﬂéés%iﬁRstéb;my aj@i%\lngrotequsis; the co(;rnblr?a’iioﬁ?ﬁﬁhﬁ_rﬁ?iﬁntbﬁﬁ ﬂbﬁr_&rirpggfs
: el 7L, . .are introduc 0t o S rai.n

usi ot he PR o e fifding cheiis ha ditereh HofPeptiie - o HispPpciRad e
Acad. Sci .inhibitorydvn@in tor 8, diférent substratecor Weinenchse tife spexifinity of dhirustasing oathe
descri bed < . . Tr. | -
il e et i iredein il dihdrienteBile 6 bidboBbR B T R, o 8BSdiic

t r ansf or neéPt@kanisto @ ceftain campartmentat ed and referred to as:

Saccharonyces cerevisiae TR 1456 / pHE 170 Saccharonyces cerevi si ae

TR 1456 / _@?_JSEJ?OR Saccharonyces cerevisiae TR 1456 / pHE 171
Sacchar onyth& iveniive olypeptides sse / Obipiped 7ay peptide syaihesisar oimyecasnbieanty P&lAae

TR 1456 / tetinoldgy or are isolated from a leech, especially form Hirudo medicinalis, by conventional
methods, e.g., by '
a) obtaining an extract of a leech, preferable of the medical leech Hirudo medicinalis, and
b) purifying the extract by dialysis and column chromatography, e.g. by cation exchange
chromatography, biospecific affinity chromatography and/or a further ion exchange
chromatography step.

% he” WRA3 gene |
wth a plasmd

EP- A- 341 215). $rEPLA EM—H%JESHE

in the followng

T

An other embodiment of the invention is a recombinant DNA coding for the inventive
polypeptide or a fragment of said DNA.

Fragments of said DNAs are for example coding for a functional domain of the inventive
polypeptide or are suitable as hybridization probes in screening procedures. Hybridization
probes for selective screening procedures are usually fragments of said nucleic acid
comprising more than 15 nucleotides.

Expression cassettes

A further embodiment of the invention is a polypeptide expression cassette comprising a
promoter operably linked to a DNA sequence coding for the inventive polypeptide as
defined above and fo a DNA sequence containing transcription termination signals.

In hosts capable of secreting expressed polypeptides, the expression cassette preferably
comprises a promoter operably linked to a first DNA sequence encoding a signal peptide
linked in the proper reading frame to a second DNA sequence coding for the inventive
polypeptide, and a DNA sequence containing transcription termination signals.

in a preferred embodiment, the promoter, the signal sequence and the terminator are
recognized by the yeast expression system. '



Saecharonyces cerevisiae TR 145

-27- Exanpl

170, 170R, 171

ST J

pHE 173R

;%g,ﬁ YiaRTa8i ecretion by TR 1456 transforned with
pl asm ds pHE 1] LAZQEMEB% ShEErF s of Saccharonycs cerevisiae TR 1456/ pHE

precul tures in

L71 5% 7@ 17BRl are each grown in two subsequent
Lglbl c{ medi um conposed of: 6.7 g/l

Difco Yeast Nit r() en Ba olit am no 4ci ds) 10 g/l
L- aspar agi ne -1 o/l - hi stidi ne 20 g/l glucose
0.02 g/l L-Iele Ihe nediumis adjusted to 5.8. The first

preculture is

rown for 60 h at 28[err]C and 180 r.p.m The second

~ pr ecul t ur @PmEolelcuitablecior wxpression (inox wesaipchost Ararmgll knowme Exaraples are the
- precul tur §rsftet 'of YRS TEP1 §éne4thl AbHP8F ADHIgéHY! abRP phosphitase (PHOS) gene,

CUP1 gene, isocytochrome c gene, or a promoter of the genes coding for glycolytic
enzymes, such as TDH3, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a
shortened version of GAPDH (GAPFL), 3-phosphoglycerate kinase (PGK), hexokinase,
pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phos-
phoglycerate mutase, pyruvate kinase, triosephosphate isomerase, phosphoglucose
isomerase, invertase and glucokinase genes, or a promoter of the yeast mating pheromone
genes coding for the a- or a-factor, can be used. Preferred vectors of the present invention
contain, e.g., promoters with transcriptional control that can be tumed on or off by variation
of the growth conditions, e.g. the promoter of the PHOS5 or the CUP1 gene. For example,
the PHOS promoter can be repressed or derepressed at will, solely by increasing or
decreasing the concentration of inorganic phosphate in the medium and the CUP1 promoter
can be tumed on by the addition of Cu®*-ions to the medium, e.g., in the form of a copper
salt. Especially preferred are the GAPDH and the yeast CUP1 promoter.

The DNA sequence encoding a signal peptide (“signal sequence"), e.g. a yeast signal
peptide, is preferably derived from a gene, e.g. a yeast gene, coding for a polypeptide
which is ordinarily secreted. Yeast signal sequences are, for example, the signal and
prepro sequences of the yeast invertase (SUC2), o-factor, pheromone peptidase (KEX1),
“killer toxin" and repressible acid phosphatase (PH05) genes and the glucoamylase signal
sequence from Aspergillus awamor. Additional sequences, such as pro- or spacer-
sequences which may carmry specific processing signals can also be included in the
constructions to facilitate accurate processing of precursor molecules. For example, the
processing signals contain a Lys-Arg residue, which is recognized by a yeast endo
peptidase located in the Golgi membranes. The preferred signal sequences according to
the present invention are those of the yeast PHOS gene, the o-factor and of the yeast
invertase gene (SUC2).

A DNA sequence containing transcription termination signals, e.g. yeast transcription
termination signals, is preferably the 3' flanking sequence of a gene, e.g. a yeast gene,
which contains proper signals for transcription termination and polyadenylation. The
preferred flanking sequence is that of the yeast PHO5 and the o-factor gene.
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The promoter, the DNA sequence coding for the signal peptide, the DNA sequence coding
for the polypeptide and the DNA sequence containing transcription temmination signals are
operably linked to each other, i.e. they are juxtaposed in such a manner that their normal
functions are maintained. The array is such that the promoter effects proper expression of
the signal sequence-polypeptide gene complex, the transcription termination signals effect
proper termination of transcription and polyadenylation and the signal sequence is linked in
the proper reading frame to the polypeptide gene in such a manner that the last codon of
the signal sequence is directly linked to the first codon of the gene for the polypeptide. The
yeast promoter is preferably joined to the signal sequence between the major mRNA start
and the ATG naturally linked to the promoter gene. The signal sequence has its own ATG
for translation initiation. The junction of these sequences may, for example, be effected by
means of synthetic oligodeoxynucleotide linkers carrying the recognition sequence of an
endonuclease. Examples for related expression cassettes are described e.g. in EP-A-
341215.

Preferred expression cassettes comprise the CUP1 or the GAPDH promoter, the o-factor or
the yeast invertase leader sequence, the hirustasin gene and the a-factor terminator.

Especially preferred expression cassette comprise a recombinant DNA molecule as
described in SEQ ID NO:2 or SEQ ID NO:3 or a functional fragment or derivative thereof.

Recombinant Plasmids

A turther embodiment of the invention concems a recombinant plasmid comprising a
polypeptide expression cassette as described above.

Apart from the polypeptide expression cassette the expression plasmidé according to the
invention can comprise a DNA segment originating from two-micron DNA containing the
origin of replication or, if a two-micron DNA free strain of yeast is used, total two-micron
DNA. The latter type of plasmids is preferred. For example, the plasmids according to the
invention contain the complete two-micron DNA in an uninterrupted form, i.e. two-micron
DNA is cleaved once with a restriction endonuclease, the linearized DNA is linked with the
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other components of the vector prior to recircularization. The restriction site is chosen such
that normal function of the REP1, REP2 and FLP genes and of the ORI, STB, IR1 and IR2
sites of two-micron DNA as well as small "FLP recognition target" (FRT) sites, located near
the center of each inverted repeat (IR) at which the FLP recombinase acts, is maintained.
Optionally, the restriction site is chosen such that the D gene of two-micron DNA is kept
intact too. Suitable restriction sites are, for example, the unique Pst! site located within the
D gene and the unique Hpal and SnaBl sites located outside of all of said genes and sites.

~ However, it is likewise possible to insert the expression cassette and further components

(cf. below) at different (such as two) restriction sites, especially those mentioned above,
within two-micron DNA.

Such a plasmid derivative may comprise two invertedly repeated FRT sites or an additional,
third FRT site. The former kind of plasmid is hereinafter called a "symmetric two micron-like
hybrid vector®. The latter kind of plasmid is hereinafter called “symmetric two micron-like
disintegration vector” despite it is not a real symmetric plasmid but gives rise to a symmetric
two micron-like hybrid vector in the yeast cell transformed therewith.

A symmetric two micron-like hybrid vector of the invention does preferentially not contain
bacterial or viral DNA sequences, i.e. DNA derived from a bacterial genome, -plasmid or
virus. However, a two micron-like disintegration vector of the invention may comprise DNA
sequences of prokaryotic origin between the two directly repeated FRT sites which are
excised from the vector in the transformed yeast cell in which the symmetric two micron-like
hybrid vector is generated from the disintegration vector. These DNA sequences are
bacterial sequences as described below and can provide to the vector essential structural or
functional features or can also only have the function of filling up the two regions between
the two invertedly repeated FRT sites of an unsymmetric two micron-like plasmid derivative
or of an “unsymmetric" disintegration vector in order to construct a symmetric two micron-
like hybrid vector or a symmetric disintegration vector.

In a two micron-like hybrid vector which is symmetric within the meaning of the present
invention or in a disintegration vector which gives rise to such a symmetric two micron-like
hybrid vector the lengths of the regions located between the two invertedly repeated FRT
sites have a ratio from about 1:1 up to about 5:4, i.e. the larger region is up to about 20%
larger than the smaller one.
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In one preferred embodiment of invention, the two regions between invertedly repeated

FRT sites of the circular form of the two-micron DNA have approximately the same length.

Preferably, the expression plasmids according to the invention include one or more,
especially one or two, selective genetic markers, e.g. a marker for yeast and a marker and
(except for symmetric two-micron like hybrid vectors) an origin of replication for a bacterial
host, especially Escherichia coli.

As to the selective gene markers, any marker gene can be used which facilitates the
selection for transformants due to the phenotypic expression of the marker gene. Stitable
markers are, for example, those expressing antibiotic resistance or, in the case of
auxotrophic yeast mutants, genes which complement host lesions. Corresponding genes
confer, for example, resistance to the antibiotics G418, hygromycin or bleomycin or provide
for prototrophy in an auxotrophic yeast mutant, for example the URA3, LEU2, LYS2, HIS3
or TRP1 gene.

As the amplification of the expréssion plasmids is conveniently done in a prokaryote, such
as E. coli, a prokaryote, e.g. E. cofi, genetic marker and a prokaryote, e.g. E. coli, replication
origin are included advantageously. These can be obtained from corresponding prokaryotic
plasmids, for example E. coli plasmids, such as pBR322 or a pUC plasmid, for example
pUC18 or pUC19, which contain both prokaryotic, e.g. E. cofi, replication origin and genetic
marker conferring resistance to antibiotics, such as ampicillin.

Apart from the polypeptide expression cassette, replication origin(s) and genetic marker(s)
the expression plasmids according to the invention can contain optionally additional
expression cassettes, such as 1 to 3 additional polypeptide expression cassettes and/or
one additional transcriptional activator ACE1 expression cassette. The additional
polypeptide expression cassette(s) are identical to or different from each other and are
identical to or different from the polypeptide expression cassette already present on the
vector and each comprise a suitable promoter operably linked to a first DNA sequence
encoding a signal peptide linked in the proper reading frame to a second DNA sequence
encoding the polypeptide and a DNA sequence containing suitable transcription termination
signals. A suitable yeast promoter in such an additional polypeptide-expression cassette is,
for example, any constitutive or inducible yeast promoter which can be used for the
expression of polypeptides by yeast in complex media, as described above. Suitable signal
sequences and transcription termination signals are especially those described above. An
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additional ACE1 expression cassette includes its own transcriptional and translational
initiation and termination signals or, in the altemative, is transcriptionally controlled by a
constitutive or inducible yeast promoter different from the ACE1 promoter, such as the
‘CUP1 or a constitutive (shbrten_ed) GAPDH promoter (e.g. GAPFL promoter). A suitable
ACE1 expression cassette is, for example, contained in the S. cerevisiae genomic 1.7 kb
EcoRV fragment (Furst et al., Cell (1988), 55, 705-717). The genuine ACE1 promoter
therein can be replaced by another yeast promoter, e.g. the CUP1 promoter, by
conventional means and methods. The direction of transcription of the additional
polypeptide and/or ACE expression cassettes is not crucial and may be the same as or
opposite to the direction of transcription of the polypeptide-expression cassette already
present in the vectors of the invention.

Hosts

A further embodiment of the invention concems a host which contains hybrid plasmid as
described above. | |

Suitable hosts are of prokaryotic or eukaryotic origin. Examples are microbological hosts
like bacterial, fungal, plant or insect cells. Preferred hosts are bacterial and fungal cells
such as E. coli or fungi like Saccharomyces cerevisiae, Aspergillus niger, Aspergillus
nidulans or Neurospora crassa.

Preferred yeast strains are those mentioned above, e.g. strains of S. cerevisiae which have
been cured of the endogenous two-micron plasmid ("ci® strains®) and especially strains
which are singly or multiply deficient in yeast proteases; and/or, in the case the CUP1
promoter is used, yeast strains containing 1-3 additional copies of the chromosomal ACE1
gene.

A wide variety of proteinases, like those mentioned, have been characterized in the yeast
Saccharomyces cerevisiae (Achstetter et al., Yeast (1985), 1, 139 - 157). Mutants lacking
activity of most of these proteases have been isolated and studied. biochemically. The
consequences of the absence of certain proteases were elucidated and some properties
proved to be useful for the production of heterogeneous proteins. The proteases which are
lacking in the yeast strains according to the invention do not perform indispensable
functions in the cell metabolism; therefore mutations which completely destroy the activity of
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these proteins are not lethal. For example, the yeast strain lack one or more proteases
selected from the group of carboxypeptidases ysco, yscB, yscA, yscY and yscS.

Methods for the production of such yeast strains are described, for example, in EP-A-
340170 and EP-A-341215. Yeast strains deficient in genomic CUP1 gene product activity
are known or can be prepared in a manner known per se, for example by site-directed
mutagenesis or gene-disruption or gene replacement (Rudolph ef al,, Gene (1985), 36, 87 -
95). In case the sequence of the gene to be inactivated is known, the latter can be made
defective by insertion, substitution or deletion making use of the well-known site directed
mutagenesis procedure (see, for example, M.J. Zoller and M. Smith Methods Enzymol.
(1983), 100, 468) which involves the preparation of an appropriately devised mutagenic
oligodeoxyribonucleotide primer. The gene replacement or directed mutagenesis
procedures are commonly applied in the art and are absolutely reproducible.

A further current method to create yeast strains having a desired genetic background, for
example having chromosomal CUP1 genes disrupted and/or having deficiencies in certain
proteases, consists in meiotic crossing of suitable yeast strains and subsequent tetrad
analysis. The tetrads, which derive from the diploid cells, are dissected according to
standard genetic techniques. Random assortment among the four spores of a tetrad allows
the construction of suitable mutants in subsequent crosses. Random spore analysis can
also be used as an altemative system.

Yeast strains containing 1-3 additional copies of the chromosomal ACE1 gene can also be
prepared in a conventional manner. For example, the ACE1 gene(s) can be inserted into
appropriate restriction site(s) of chromosomal gene(s) conferring antibiotic resistance or in
gene(s) involved in amino acid or purine or pyrimidine base synthesis réndering resulting
yeast strains containing such additional copy (copies) of the ACE1 gene antibiotic sensitive
and, respectively, auxotrophic with respect to the correspénding amino acid, purine or
pyrimidine base.

The transformation of host with the hybrid plasmids according to the invention may be
accomplished according to methods known in the art.
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Process for the production of polypeptides

A further patt' of the invention is a process for the production of hirustasin or a functional
fragment or derivative thereof, as described above, comprising culturing a host, as
described above, transformed wuth an polypeptide expression cassette, as described
above, and isolating the protein produced thereby.

The polypeptide can be isolated by conventional means. - For example, the first step
consists usually in lysing the cell wall and removing the cell debris by centrifugation or, in
the case of secretory proteins, in separating the cells from the culture fluid by means of
centrifugation. The resulting supematant can be enriched for pdlypeptide by treatment with
polyethyleneimine so as to remove most of the non-proteinaceous material, and
precipitation of the proteins by saturating the solution with ammonium sulfate. Host
proteins, if present, can also be precipitated, for example, by means of acidification with
acetic acid (for example 0.1 %, pH 4-5). Other purification steps include, for example,
desalination, chromatographic processes, such as ion exchange chromatography, gel
fittration chromatography, partition chromatography, HPLC, reversed phase HPLC and the
like. The separation of the constituents of the mixture is also effected by dialysis, according
to charge by means of gel electrophoresis or carier-free electrophoresis, according to
molecular size by means of a suitable Sephadex° column, by affinity chromatography, for
example with antibodies, especially monoclonal antibodies.

in the case of hirustasin, imespective of the yeast strain, promoter and signal peptide used,
the produced hirustasin is predominantly secreted into the culture medium and can be
isolated therefrom. After centrifugation, trypsin, chymotrypsin or cathepsin G, coupled to a
suitable carrier for affinity chromatograbhy can be used to separate the hirustasin as well as
other processes, especially those known from the literature.

Also enclosed is the production of a polypeptide as described above by chemical synthesns.
e. g in the form of solid phase synthesis (Merrifield synthesis).

Pharmaceutiwl compositions

Hirustasin or a mutant, functional fragments or derivative thereof obtainable in accordance
with the present invention has valuable pharmacological properties and can be used
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' prophylactically or, especially, therapeutically for the treatment of the human or animal
body.

~ The inventive polypeptides are potent inhibitors of serine proteinases such as trypsin,
chymotrypsin, tissue kallikrein and cathepsin G, and can be used, e.g., as antimetastatic
agents. They have, for example, a K; value of 10°Mto 107°M.

These polypeptides are for example completely specific to tissue kallikrein and exhibit no
interactions with other proteinases of the blood coagulation system and therefore can be
used as specific kallikrein inhibitors. '

The novel polypeptides according to the invention can therefore be used for the therapy
and prophylaxis of thromboses and thromboembolisms, including the prophylaxis of post-
operative thromboses, for acute shock therapy (for example for septic or polytraumatic
shock), for the therapy of consumption coagulopathies, in haemodialyses,
haemoseparations and in extracorporeal blood circulation.

Kaliikrein is also involved in the pathophysiological process of maintenance of systemic
blood pressure. The inventive polypeptides can therefore be used also in the management
of hypertension.

The invention relates also to phammaceutical co'mpositions that contain a therapeuticalty
effective amount of at least one of the polypeptides according to the invention or a
phammaceutically acceptable salt thereof, optionally together with a phamaceutically
acceptable camier and/or adjuncts.

These compositions can be used especially in the above-mentioned indications, when they
are administered, for example, parenterally, such as intravenously, intracutaneously,
subcutaneously or intramuscularly, optionally together with conventional carriers.

The invention relates also to the use of the novel polypeptides according to the invention

and to pharmmaceutical compositions containing them for the prophylactic and therapeutic

treatment .of the human or animal body, especially for the above-mentioned clinical
syndromes.
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The dos;ge depends especially on the specific form of administration and on the purpose
of the therapy or prophylaxis. The size of the individual doses and the administration
regime can best be determined by way of an individual judgment of the particular case of
iiness; the methods of determining relevant blood factors required for this purpose are
familiar to the person skilled in the art. Nommally, in the case of an injection the
therapeutically effective amount of the polypeptides according to the invention is in a
dosage range of from approximately 0.005 to approximately 0.1 mg/kg body weight. A
range of from approximately 0.01 to approximately 0.05 mg/kg body weight is preferred.
The administration is effected by intravenous, intramuscular or subcutaneous injection.
Accordingly, phammaceutical compositions for parenteral administration in single dose form
contain per dose, depending on the mode of administration, from approximately 0.4 to
approximately 7.5 mg of the polypeptide according to the invention. in addition to the active
ingredient these pharmaceutical compositions usually also contain a buffer, for example a
phosphate buffer, which is intended to keep the pH value between approximately 3.5 and 7,
and also sodium chloride, mannitol or sorbitol for adjusting the isotonicity. They may be in
freeze-dried or dissolved formm, it being possible for solutions advantageously to contain an
antibacterially active preservative, for example from 0.2 to 0.3 % 4-hydroxybenzoic acid
methyl ester or ethyl ester.

~ In addition to the compositions described above that are intended for direct medicinal use in

the body of a human or an animal, the present invention relates aiso to pharmaceutical
compositions for medicinal use outside the living body of humans or animals. Such
compositions, such as stock solutions or altematively compositions in single dose form, are
similar in composition to the injection compositions described above; however, the amount
or concentration of active ingredient is advantageously based on the volume of blood to be
treated. Depending on the specific purpose, the suitable dose is from approximately 0.01 to
approximately 1.0 mg of the active ingredient/liter of blood, although the upper limit may still
be exceeded without risk.

Brief descrigtion of the drawings

In the following experimental part various embodiments of the present mventuon are
descnbed with reference to the accompanying drawings in which:



¥ xi ) XSEQUENCE DESCRI PTION: SEQ ID NO 2:  GATCCCCAGC TTAGTTCATA GGTCCATTCT

CTTAGCGCAA CT. Acm 7 60 AACAGGCAAA AAACGGGCAC AACCTCAATG
GAGTGATGCA ACCT] 120 GACACAAGEC AATTGACCCA CGCATGTATC

TATCTCATTT TCTTRCACCT TCTATTACCT 180 TCTGCTCTCT CTGATTGGA AAAAGCTGAA
AAAAAAGGTT GAAAICCAGTY dULTIZ2AATIT 240  ATTCCCCTAC TTGACTAATA AGTATATAAA
GACGGTAGGT ATTGATITGTA ATTCTGTAAA 300 - 13LCTATTTCTT AAACTTCTTA AATTCTACTT

TTATAGITAG TCTTITTTTT AGITTT 360

Fig. 1: Amino acid sequences of antistasin-type inhibitors. The sequences of hirustasin,
both domains of antistasin (Nutt et al., J. Biol. Chem. (1988), 263, 10162-10167), and
of the first of the 6 repeats of Hydra-antistasin (Holstein et al., FEBS Lett., (1992), 309,
288-292) are aligned. Identical amino acid residues are boxed, and cysteins are
indicated by shadowing. The arrow marks the scissile peptide bond of antistasin
{domain 1) and hirustasin.

EXPERIMENTAL PART:

a) Inhibitory activity:

During the purification procedure inhibitory activity is assayed by measuring the
. inhibition of the amidolytic activities of trypsin and chymotrypsin. Samples are
incubated with trypsin (225 nM) in 50 mM Tris/HCI (pH 7.8), 0.1 % (mass/vol) Triton X-
100, for 12 min at 25°C. The assay is started by addition of the substrate benzoyl-L-
argininep-nitroanilide (0.4 mM, final conéentration) The released nitroaniline is
monitored photometrically at 405 nm for 3.5 min using an UVIKON 930° photometer
(Kontron; Eching, Germany).

Similarly, inhibition of chymotrypsin (1.3 mM) is determined in a buffer contéining
100 mM Tris/HCI, pH 7.8, 0.1 % (mass/vol) Triton X-100, with Ac-L-tyrosine p-
nitroanilide as substrate (0.7 mM, final concentration).

One inhibition unit (IU) is defined as the amount of inhibitor which reduces the
substrate hydrolysis by 1 mmol per min. '

b) Protein assay:
Protein concentrations are determined using the bicinchoninic acid procedure (Smith
et al., Anal. Biochem. (1985), 150, 76-85) with bovine serum albumin as standard.

¢) DNA manipulations: _
All DNA manipulations are - if not otherwise noted - carried out according to standard
protocols (e.g. Sambrook et al., Molecular Cloning: A laboratory manual, 2™ Edn.
.. (1989))
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xa urification of hirustasin'

Extracts from the medical leech Hirudo medicinalis are prepared as described in WO
86/03493 by extracting homogenized leeches with acetone and precipitation of impurities by
successive addition of ethanol. The resolution solution is concentrated under vacuo and
after fractionated precipitation with acetone, the precipitation received at highest acetone
concentration is extracted with water and tyophilized.

a) Chromatography on SP-Sephadex®:

Lyophilized leech extract (~3.5 g) is dissolved in deionized water (77 ml) and dialyzed
against 20 mM sodium phosphate (pH 8.0) over night at 4°C. The dialyzed material is
applied onto a SP-Sephadex‘D column (1.6 x 20 cm) equilibrated with the same buffer.
The column is washed until the optical density (280 nm) of the effluent reached
baseline values, and eluted with 20 mM sodium phosphate buffer containing 500 mM
NaCl (pH 8.0) at a flow rate of 1 m/min. Fractions containing inhibitory active material
are pooled.

b) Affinity-chromatography on anhydrotrypsin-Sepharose®:
Anhydrotrypsin is prepared from trypsin as described by Ako et al. (Ako et al., Biochem.
Biophys. Res. Comm. (1972), 47, 1042-1047). It is immobilized onto cyanogen
bromide-activated Sepharose 48° (Phamacia) according to the guidelines of
Pharmacia.

The pooled material from the cation exchange chromatography (~20 ml) is applied onto
an anhydrotrypsin-Sepharoseo column (1.6 x 3.6 cm) equilibrated with 20 mM sodium
phosphate buffer (pH 8.0). Approximately 50 % of the inhibitory active material applied
is bound; the remainder in the flow-through is collected for rechromatography. After
extensive washing of the column (~10 column volumes) elution is started by addition of
100 mM KCI/HCI (pH 2.1) at a flow rate of 0.3 mi/min. Fractions are collected and
neutralized immediately by addition of 1 M Tris. The pooled eluates are dialyzed
against 20 mM sodium phosphate (pH 8.0) over night at 4°C.

¢) Chromatography on Mono s® _
The dialyzed eluate from the affinity chromatography is applied onto a Mono S° cation
exchange coiumn (0.5 x 5 cm, Pharmacia) equilibrated with 20.mM sodium phosphate
(pH 8.0). The column is washed with the same buffer, and then eluted using a linear
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gradient from 60 to 120 mM NaCl at a flow rate of 1 m/min. The elution profile of this
final chromatography step reveals that the trypsin and chymotrypsin inhibitory activities
co-elute with the major protein peak at ~100 mM NaCl. Fractions containing inhibitory
active material are pooled (~6 ml), aliquoted, and stored at -20°C.

The results of a representative purification of hirustasin are summarized in Table1.

Table 1:

Trypsin lChymo in

Isolation step  |Protein {inhibit. {SA Yield |Purfi- {inhibit. [SA Yield |Purifi-
[mg] (U] iUimg] |[%)] cation {[IU] [lU/mg] |[%] cation
Leechextract 2310 [1090 |0.47 36.7 {0.016

SPSephadex® [36 |94 |027 [|100 [65x 052 |0.015 [100  [65x
Anhydrotrypsin  |2.1 5.6 2.7 59 660x (021 |0.100 }40 450x%
MonoS® 096 2.6 2.7 28 680x [0.14 015 |27 650x
1Y) = Amount of inhibitor which reduces the substrate hydrolysis by 1 mmol per min.
SA = Specific activity

= with regard to protein

“The isolated hirustasin is homogeneous according to SDS-PAGE (10-20% polyacrylamide)

which show a single band migrating somewhat slower than bovine pancreatic trypsin
inhibitor after silver staining. Similarly, reversed phase HPLC and N-terminal sequence
analysis suggest a purity of >90%.

Conditions for HPLC:

Samples (~1 nmol protein) are loaded onto a Lichrospher RP8® reversed phase column
(125 x 4 mm; Merck) and eluted using a linear gradient from 0% to 40% (by volume)
acetonitrile in 0.1% (by volume) trifluoroacetic acid within 40 min at a flow rate of 1 m¥/min.

Two species of the inhibitor with an apparent M, of 5738 and 5866 are detected by mass
spectroscopy. These M, values are in good agreement with those calculated from the
amino acid sequence (see example 2) of hirustasin and of an inhibitor form truncated C-
terminally by one amino acid (M, 5741 and 5869, respectively, assuming 5 disulfide bonds).

Conditions for mass spectroscopy:
The HPLC-purified inhibitor is infused into an atmospheric pressure ionization source fitted
to a tandem quadrupole instrument APl il (Sciex, Thomhill, Ontario, Canada) using a
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syringe infusion pump. The instrument is calibrated with the ammonium adduct ions of
polypropylene glycol. The average molecular mass value of the protein was calculated from
the m/z peaks in the charge distribution profiles of the multiple charged ions.

Example 2: Amino acid composition of hirustasin

Amino acid analysis: _

Samples of oxidized inhibitor are hydrolyzed under vacuum in 5.7 M hydrochloric acid at
110°C for 20 h and analyzed on a Biotronik LC 5000 high performance analyzer system
(Puchheim, Germany). The results are shown in Table 2.

Table 2:
Amino Residues/molecule determined by
acid amino acid analysis sequencing |
Asx 3.91 4
Thr 297 3
Ser 3.03 3
Gix 6.55 &7"
Gly 6.33 6
Ala 4.23 4
Cys 750 10
val 267 3
lie 1.16 11
Leu 205 2
Tyr 1.19 2
His 1.14 1
Lys 6.17 6
Arg 1.95 2
Pro 0.92 1
Total 51.8 54/55"

_ 1) = Mass spectroscopy suggests the presence of two forms of hirustasin differing by a
C-terminal glutamine.

a) Reduction and S-B-pyridylethylation: |
S-ﬁ-pyﬁdylethylatiqn is camied out essentially as described by Friedman et al.
(Friedman et al; J. Biol. Chem. (1970), 245, 3868-3871). The inhibitor (~1 nmol) is
dissolved in 100 ml buffer (6 M guanidinium-HCI, 0.25 M Tris/HCI, 1 mM EDTA, 5%
(volivol) B-mercaptoethanol; pH 8.5) and incubated ovemight at room temperature.
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After addition of 5 ml 4-vinylpyridine and incubation for 90 min, the reaction is stopped
by acidification with formic acid. The S-pyridylethylated inhibitor was desalted by
reversed phase chromatography on an Aquapore RP 300° column (2.1 x 30 mm;
Applied Biosystems, Weiterstadt, Germany).

b) Oxidation of the inhibitor:
A mixture of formic acid (100% by vol; 45 ml) and hydrogen peroxide (30% by vol; 5 mi)
is preincubated for 1 h at RT. Thereafter, the inhibitor (~1 nmol) is added. After
incubation for 1 h at 4°C, the reaction is stopped by dilution with 1 ml deionized water
and lyophylization.

The N-terminal 21 amino acid residues of hirustasin are determined by automated Edman
degradation (gas-phase sequencer 473A Applied Biosystems) of the native inhibitor
(SEQIDNO:1). Additional sequence information is obtained after fragmentation of the
native and of the reduced and S-pyridylethylated inhibitor with trypsin and chymotrypsin.

The inhibitor (~1 nmol) is incubated with trypsin, chymotrypsin, or endoproteinase Glu-C
(sequencing grade; Boehringer Mannheim) in 100 mi of 1 M ammoniumhydrogen carbonate
buffer (pH 8.0) for 14 h at 37°C. An 'enzymeﬁnhibitor ratio (mass/mass) of 1:40 is used for
trypsin and chymotrypsin, and of 1:20 for endoproteinase Glu-C. The reactions are
terminated by acidification with formic acid, the fragments resulting are separated by HPLC
(as described above), and the major peptides are sequenced. Finally, to obtain fragments
overlapping with the peptides Cys22-Arg30 and lle31-Pro47, arid to generate an additional
C-terminal peptide, the inhibitor is digested with endoproteinase Glu-C. The complete
structure of hirustasin and of the larger fragments sequenced is shown in SEQIDNO:1. The
sequence obtaingd is in good agreement with the result of the amino acid analysis (Tab. 2).

Example 3: Specificity of hirustasin

The concentration of reactive sites determined by titration of the isolated protein with trypsin
and chymotrypsin is identical. For this titration bovine pancreatic trypsin is standardized by
active-site titration using p-nitrophenyl p'-guanidinobenzoate (Chase et al, Methods in
Enzymol. (1970), XIX, 20-27). The concentration of active inhibitor is calculated assuming
an equimolar interaction between inhibitor and enzyme.
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To determine the specificity of hirustasin, its effect on the amidolytic activity of various
serine proteinases (see Tab. 3) is determined. Therefore, proteinases are incubated with
the inhibitor (1.3-mM) for 15 and for 30 min, and the residual enzyme activities are
measured after addition of a suitable substrate.

Equilibrium dissociation constants (K)) for the complexes of hirustasin with individual
proteases are determined essentially as described by Bieth (Bull. Europ. Physopat. Resp.
(1980), 16, 183-195). Briefly, increasing concentrations of the inhibitor are incubated with a
constant concentration of the enzyme; the time necessary to reach equilibration of the
enzyme-inhibitor complex is determined for each protease in preliminary experiments.
Substrate is then added and the residual enzyme activity measured. Apparent Ki-values are
calculated by fitting the steady state velocities to the equation for tight binding inhibitors
(Morrison, Biochem. Biophys. Acta (1969), 185, 269-286) using non-linear regression
analysis.

Hirustasin inhibits bovine trypsin and bovine chymotrypsin with nearly identical affinities; K;
values of 7 and 6.4 nM are calculated for the complexes with trypsin and chymotrypsin,
respectively (Tab. 3). In addition, hirustasin inhibits tissue kallikrein and cathepsin G with

- affinities in the nanomolar range (Ki 13 and 2.9 nM for the complexes, respectively). Weak
inhibition is observed for plasmin (K; 138 nM). In contrast, even at the highest concentration
used (1.3 mM), the inhibitor has no effect on the other proteinases tested including human
o-thrombin and factor Xa. -



GATCCCCATT A

T

"ﬁzGI'GCATATG TTCATGTATG TATCTGTATT
T

TAAAACACT T TTGT o g‘? A ATGTGTATA GGTTTATACG GATGATTTAA
TTATTACTTC ACCACCCITTT ATIT GATATCTTAG CCTTGITACT AGITAGAAAA
AGACATTTTT GCTGTEAGTA AdH I%EGCGA GATTCTTTTG CTGGCATTTC TTCTAGAAGC
AAAAAGAGCG ATGCGICITT TCCGCTGAAG CGTTCCAGCA AAAAAGACTA CCAACGCAAT
ATGGATTGTC AGAATCATAT AAAAGAGAAG C TAACTC CTTGICTTGI ATCAATTGCA
TTATAATATC TTCTTETTAG TCCAATATCA-TATAGAAGTC ATCGAAATAG ATATTAAGAA
Table 3:
Enzyme Spedes Hirustasin Antistasin
K [nM] (Cs [NM]

Trypsin Bovine - |7 5

Chymotrypsin Bovine 64 0?

Cathepsin G Human 29 d

Tissue kallikrein Porcine 13 nd

Plasmin Human 138 nd

Urokinase Human {0? nd

Plasma kallikrein Hurman 0" nd

Thrombin Human 0" o0?

Factor Xa Human oY 1

Pancreatic elastase | Porcine o* o0?

Leukocyte elastase | Human 0" 0?

Subilisin Bact subt. | 0" nd

Chymase Porcine 0" nd

The antistasin data are from Dunwiddie et al. (J. Biol. Chem. (1989}, 264, 16694-16699).

07) = No inhibition at 1.3 mM;
02) = no inhibition at 0.5 mM;
nd = not determined.

Example 4: Effect of hirustasin on _in vitro blood coagulation

60

120
180
240
300

360
420

To determine whether hirustasin inhibits the blood coagulation in vitro, its effect on the
prothrombin time and the partial thromboplastin time is measured using an Amelung KC10
coagulometer (Lemgo, Germany) and the reagent sets from Behringwerke AG (Marburg,
Gemmany) according to the guidelines of the manufacturers.

At a concentration of 1.3 mM, the inhibitor has no significant effect on these global
parameters of the blood coagulation (Tab. 4). Thus, the inhibitor does not significantly
 inhibit factor Xa or any other proteinase involved in the blood clotting cascade.
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= 34- + mﬁm” ARAATGAGAT TTCCTTCAAT TTTTACTGCA GITTTATTCG
480  CAGCAT 'AGTCA ACACTACAAC AGAAGATGAA ACGGCACAAA
540 TTCCGGCTGA BRGCTGICATC TACTTAG ATTTAGAAGG GGATTTCGAT GTITGCTGITT
600 © TGCCATTTTIC CAAGAGORCIIAATIAACGGGT TATTGITTAT AAATACTACT ATTGCCAGCA
660 TTGCTGCTAA PGAAGAAGAG ATATTIGCTGG ATAAAAGAAC CCAAGGTAAC ACCTGTGGTG
720 GTGAAACCTG FFEFEEEceeCAAGITTGIT T@AAGSGTAA GTGTGTTTGT AACGAAGTTC
780 ACTGTCGTAtI' TCGTTGTAAG TACGATTTGA AGAAGGACGA AAACGGTTGT GAATACCCAT
840

Table 4:
Quick Partial Thromboplastin
Time
Buffer 79% 473s
Hirustasin 80 % 479s

Example 5: Construction of pFBY139

pFBY139 is a pUC18 derived plasmid that contains a 1048 bp BamHI 'fragment. This
fragment contains the GAPDH promoter fused to the ATG of the o-factor leader a stuffer
fragment and the o-factor terminator. The precise way the fusions were engineered enable
the insertion of ORF containing fragments either at the ATG by using the EcoRl site, after
the signal sequence by using a Psti site or after the o-factor leader sequence by insertion
after the Bglll site. The ORF to be expressed should ideally have a Sall site at their 3' end
to facilitate fusion to the terminator that is preceded by a Sall site, and have no BamHI sites
within their sequence, as cleavage of this plasmid at the two BamH! sites excises the whole
expression cassette so that it can easily be cloned into a yeast shuttle vector.

A synthetic sequence, GATCCCCAGCTT (SEQ ID NO:2), containing a BamHI site precedes
the yeast GAPDH promoter sequences from -392 to -1, where -1 is the base preceding the
A of the ATG of the GAPDH ORF. This corresponds to nucleotides 287 to 653 of EMBL
GENBANK accession number M13807 and nucleotides 128 to 150 of EMBL GENBANK
accession number J01324, except that bases -9 to -5 are replaced by GAATT to create an
EcoRl site, which is a unique site in pFBY139, just before the ATG. The ATG is provided as
part of the o-1 factor pheromone signal sequence and leader, nucleotides 293 to 527 of the
EMBL GENBANK accession number X01581, followed by the sequence, AGATCTTGC,

~ which positions a Bglll site, which is unique in pFBY139, just before the normal position for
the LysArg KEX2 cleavage site. If fusions are required to just a signal sequence this can be
achieved by using the unique Pstl site which is present within the region enooding the signal
sequence. The Bglll site is followed by a sequence of no importance as it is always
removed when the incoming ORF is cloned into the plasmid between either the EcoRl, Pstl
or Bglll sites and the Sall site which marks the end of the stuffer fragment and the
beginning of the o-1 factor pheromone terminator sequences, nucleotides 825 to 1100 of
EMBL GENBANK accession number X01581. This is followed immediately by the
sequence AATTCGGATCC which encodes the BamHI site that bounds this end of the
expression cassette. |



" GITCTTGTGC CAAGGCCTCT CAATGAGICG ACTTTGITCC CACTGTACTT TTAGCTCGTA 900
CAAAATACAA TATACTTTI C ATTTCTCCGT CAACATG TTTTCCCATG TAATATCCTT 960

TTCTATTTT CGTTCC(%&?EW CUARRTACTTTA TATAGCTATT CACTTCTATA 1020
CACTAAAAAA CTAAGA ALTTRCCTECCTGOCA TATTTTCAATT TGTTATAAAT 1080
TCCTATAATT TATCCTATTA GTAGCT AAMGATGAAT GTGAATCGAA TCCTAAGAGA 1140
ATTAATTCGG ATCC A9 JUL -21 - 1154
(2) | NFORMVATI ON FAR|SEQ | D NO._4: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 42 bage pairs (B) TYPE: nucleic acid (O

STRANDEDNESS: si ndlLe (D) TOPOLOGY: i near

This plasmid can be constructed using polymerase chain reaction (PCR) fragments from
yeast genomic DNA.

All oligbnucleotides used in the PCR reaction are synthesized using an automatic DNA
synthesizer. The PCR reactions are carried out in a PCR unit from Perkin Elmer under the
following conditions:

20 mM of the oligonucleotides in question are incubated in 0.1 mi buffer (10 mM Tris-HCI,
pH 8.3, 50 mM KCI, 1.5 mM MgCl,) with 2.5 units of Taq DNA-polymerase and 0.2 mM of
dATP, dCTP, dTTP and dGTP. The reactions are incubated for 30 cycles: 30 sec at 92°C,
for 1 min at 42°C and at 72°C for 1 min.

The fragment comprising the GAPDH promoter is generated from genomic yeast DNA using
the PCR fragments SEQ ID NO:4 and SEQ ID NO:5

SEQ ID NO:4 5' GCATGGATCCCAGCTTAGTTCATAGGTCCATTCTCTTAGCGC 3!
SEQ ID NO:5 5' CTCGGAATTCTTATGTGTGTTTATTCGAAACTAAGTTC 3

and subsequent cleavage with BamHI and EcoRl.

The fragment comprising most of the o-factor signal and leader sequences is generated
from genomic yeast DNA using the PCR fragments SEQ ID NO:6 and SEQ ID NO:7

SEQ ID NO:6 5' GTGCGAATTCAAAATGAGATTTCCTTCAATTTTTACTGCAG ' 3!
SEQ ID NO:7 5' CAAAGTCGACTTTATCCAGCAAGATCTCTTCTTCTTTAGCAGCAATGC 3!

The fragment comprising the o-factor terminator is generated from genomic yeast DNA
using the PCR fragments SEQ ID NO:8 and SEQ ID NO:9

SEQ ID NO:8 5' GAAGAGATCTTGCTGGATAAAGTCGACTTTGTTCCCACTGTACTTTTAGC 3!
SEQ ID NO:2 5' CCGGGGATCCGAATTAATTCTCTTAGGATTCG 3

The fragment qomp'rising most of the o-factor signal and leader sequences and the
fragment c_omprising the o-factor terminator are mixed and reamplified in a PCR reaction
with SEQ ID NO:6 and SEQ ID NO:8 and cut with EcoRl and BamHl. The later amplified
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fragment and the fragment comprising the GAPDH promoter are cloned into pTZ18R cut
with BamH! and treated with bacterial alkaline phosphatase to create pFBY139.

Example 6: Construction of pFBY166

pFBY166 is a pUC18 derived plasmid that contains a 1085bp BamHI! fragment. This
fragment contains the CUP1 promoter fused to the ATG of the o-factor leader a stuffer
fragment and the o-factor terminator. The precise way the fusions were engineered enable
the insertion of ORF containing fragments either at the ATG by using the EcoR! site, after
the signal sequence by using a Pstl site or after the o-factor leader sequence by insertion
after the Bglll site. The ORF to be expressed should ideally have a Sall site at their 3' end
to facilitate fusion to the terminator that is preceded by a Sall site, and have no BamH! sites
within their sequence, as cleavage of this plasmid at the two BamHlI sites excises the whole
expression cassette so that it can easily be cloned into a yeast shuttie vector.

The plasmid is identical to pFBY139 except that the BamHI to EcoRI fragment containing
the GAPDH promoter is replaced by a fragment, corresponding to nucieotides 1080 to 1505
of EMBL GENBANK accession number K02204, which contains the CUP1 promoter which
allows exbression in a copper regulated manner.

The fragment comprising the CUP1 promoter is generated from genomic yeast DNA using
the PCR fragments SEQ ID NO:10 and SEQ ID NO:11 |

SEQ ID NO:10 5' TAGAGGATCCCCATTACCGACATTTGGGCGCTATACGTGC 3
SEQ ID NO:12 5' CGACGAATTCACAGTTTIGTTTTTCTTAATATCTATTTCG _ 3

and subsequent cleavage with BamHi and EcoRl.

The fragments comprising most of the o-factor signal and leader sequences and the
fragment comprising the o-factor terminator are generated, amplified and cut as described
in example 5 and subsequently cioned together with the fragment comprising the CUP1
promoter into pTZ18R cut with BamH! and treated with bacterial alkaline phosphatase to
create pFBY166.
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Example 7; _ Construction of pHE 168:
- Expression of hirustasin under control of the requlated CUPI promoter

A synthetic gene encoding hirustasin in preferred yeast codon usage is assembied from 3
synthetic oligonucleotides in a PCR reaction. in addition, the gene is extended at its §' end
to provide for convenient in-frame fusion to the o-factor leader in plasmid pFBY 166.

The following 3 oligonucleotides are synthesized using an automatic DNA synthesizer:

5'-AAAGATCTTGC CTGGATAAAA GAACCCAAGG TAACACCTGT GCTGGTGAAA
COTGTTCTGC CGCCCAAGTT TGTTTGAAGG GTAAGTGTGT -3°
(SEQ ID NO:12) '

5*-GTATTCACAA CCGTTTICGT CCTTCTTCAA ACCGTACTTA CAACGRATAC
GACAGTGAAC TTCGTTACAA ACACACTTAC CCTTCAAACA -3
{SEQ ID NO:13)

5' -TTGTCGACTC ATTGAGAGGC CTTGGCACAA GAACATGGGT ATTCACAACC
GTTTTCGT -3'*
(SEQ ID NO:14)

Of these 3 oligonucleotides a 198 bp fragment is assembled in the following polymerase
chain reaction (PCR) using the PCR unit from Perkin Eimer and the following conditions:

20 mM of oligonucleotides 1 and 3 and 20 nM of oligonucleotide 2 are incubated in 0.1 mi
buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCI, 1.5 mM MgCL) with 2.5 units of Taq DNA-
polymerase and 0.2 mM of dATP, dCTP, dTTP and dGTP. The reaction is incubated for 30
cycles: 30 sec at 92°C, for 1 min at 42°C and at 72°C for 1 min.

The 198 bp PCR fragment is isolated over a 2% ag-arose gel,' restricted with Bglll and Sall
and ligated into Bglil and Sall cut pFBY 166 (supra). E. coli HB101 is transformed with the
resulting plasmid pHE168. The transformed E. coli strain is designated £. colipHE168.

Correct fusion of the PCR fragment to the o-factor leader and correct sequence of the

" hirustasin ORF is confirmed by sequencing. The complete expression cassette containing

the yeast ORF and the o-factor terminator is shown in SEQ 1D NO:3.
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Example 8: Construction of pHE 170 and 170R

2 micron vectors with the hirustasin expression cassette

For the expression in yeast pDP34 is used as vector. pDP34 (EP-A-340 170, Fig. 3 therein)
is a yeast-E. coli shuttle vector with the ampicillin resistance marker for E£. coli and the
URAS and dLEUZ2 yeast selective markers. It contains the complete 2 micron sequences in
the A form and is REP1, REP2 and FLP proficient.

Plasmid pDP34 is digested with BamHI and the sticky ends are dephosphorylated by
alkaline phosphatase treatment. pHE168 is digested with BamHI and the 1146bp fragment
containing the complete hirustasin expression cassette ligated into BamHI-cut pDP 34. E.
coli HB 101 is transformed with the resulting plasmids pHE 170 and 170R. Orientation of
the insert is tested by digestion with Sall. pHE 170 contains the hirustasin expression
cassette in a clockwise orientation with respect to dLEU2, pHE 170R in anticlockwise
orientation with respéct to the dLEU2 marker.

Example 9: Construction of pHE 169
Expression of hirustasin under control of the constitutive GAPDH promoter

The 198bp PCR fragment encoding hirustasin (supra) is digested with Bglil and Sali and
ligated into Bglll and Sall cut vector pFBY 139. E£. coli HB 101 is transformed with the
resulting plasmid pHE169. The transformed E. coli strain is designated E. colipHE169.
Correct fusion of the PCR fragment to the o-factor leader and correct sequence of the
hirustasin ORF is confimmed by sequencing. The expression cassette is identical to the one
shown in SEQ ID NO:3 except for the GAPDH 400 bp promoter fragment instead of the
CUPI promoter (SEQ ID NO:2).

Example 10: Construction of pHE 171 and pHE 171R
2 micron vectors with the hirustasin expression cassette

In analogy to example 9 (supra) the 1108 bp BamHI fragment containing the hirustasin
expression cassette is excised from pHE 169 by BamHI digestion and inserted into BamHlI
cut pDP 34. E. coli HB 101 is transformed with the resulting plasmids pHE 171 and
PHE171R. Orientation of the insert is tested by digestion with Sall. pHE 171 contains the
hirustasin expression cassette in a clockwise orientation with respect to dLEU2, pHE 171R
in an anticlockwise orientation. | '
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Examgle 11: Construction of pHE 172
The hirustasin ORF fused to the invertase signal sequence (SUC2)

To provide for an altemative secretion system, the hirustasin ORF is fused to the signal
sequence of the yeast invertase gene SUC2.

The 2 following oligonucleotides are made:

5 -AAGAATTCAT GCTTTTGCAA GCTTTCCTTT TCCTTTTGGC TGGTTTTGCA
GCCAAAATAT CTGCAACCCA AGGTAACACC TGTG -3'
(SEQ ID NO:15)

5'-TTGTCGACTC ATTGAGAGGC-3'
{SEQ ID NO:16)

pHE 168 is used as template DNA for a polymerase chain reaction as described in
example 7. 20 ng of template pHE 168 is incubated with 20 mM of the oligonucleotide
primers under the experimental conditions as in example 7.

The 237 bp amplified PCR fragment is isolated over a 2% agarose gel, restricted with EcoRl
and Sall and ligated into EcoRI and Sall cut vector pFBY 166.

E. coli HB 101 is transformed with the resulting plasmid pHE 172. Correct sequence of the
SUC2 signal sequence-hirustasin fusion is confirned by sequencing.

Example 12: Construction of pHE 173 and pHE 173R

2micron vectors with the hirustasin expression cassette with the SUC2 signal
sequence

In analogy to example 8, the 945 bp BamHlI fragment containing the hirustasin expression
cassette is excised from pHE 172 by BamHlI digestion and inserted into BamH! cut pDP 34.
E. coli HB 101 is transformed with the resulting plasmids pHE 173 and pHE 173R.
Orientation of the insert is tested by digestion with Sall. pHE 173 contains the hirustasin
expression cassette in a clockwise orientation with respect to dLEU2, pHE 173R in an
anticlockwise orientation.
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Example 13: Construction of Saccharomyces cerevisiae strain TR 1456

Saccharomyces cerevisiae strain TR1456 is constructed as disclosed in EP-A-341 215.
Starting with Saccharomyces cerevisiae strain H448, in two subsequent series of
experiments the two carboxypeptidases ysca and yscY are removed from strain H449 by
disruption of their encoding genes KEX1 and PRC1, respectively. First, the gene encoding
ysco, KEX1, is disrupted.

For this purpose, strain H449 is transformed with a DNA fragment encoding the KEX1 gene,
with the full URA3 gene inserted in the middle of the KEX1 coding region. Uracil
prototrophic transformants are selected and tested for the absence of ysco activity. Next,
the URA3 gene inserted at the KEX1 locus is disrupted by transformation with a plasmid
containing a disrupted version of the gene, URA3D5 (see EP-A-341 215). Transformants
which are uracil auxotrophic are selected and in the following step disrupted in their
endogenous PRC1 gene coding for the carboxypeptidase yscY. The experiment is carried
out in a totally analogous manner as described for the disruption of KEX1. The finally
resulting isogenic derivative of strain H449 is called TR1456 and has the following

genotype:
TR1456 = MATa, leu2-3, 112, ura3, prb1, kex1::ura3, prei::ura3, [cir0]

Example 14: Transformation of strain TR 1456 with plasmids pHE 170, 170R, 171, 171R,
173, 173R

The plasmids pHE 170, 170R, 171, 171R, 173, 173R are introduced into the host strain
TR1456 usirig the transformation protoco! described by Hinnen et al. (Proc. Natl. Acad. Sci.
USA (1978), 75, 1929). Further details of the procedure are as described in EP-A-341 215.
Transformed yeast cells are selected on yeast minimal medium, supplemented with leucine
and lacking uracil. Single transformed yeast clones are isolated and referred to as:

Saccharomyces cerevisiae TR 1456 / pHE 170
Saccharomyces cerevisiae TR 1456 / pHE 170R
Saccharomyces cerevisiae TR 1456 / pHE 171
Saccharomyces cerevisiae TR 1456 / pHE 171R
Saccharomyces cerevisiae TR 1456 / pHE 173
Saccharomyces cerevisiae TR 1456 / pHE 173R



I +(i x) * FEATURE: (A edNAN Y:"imi sc_feature (B) LOCATI ON:
1..48 ( REm E«NE‘CH{EE‘I‘ . /function= synthetic oligo for
PCR' (xi) |' Sk "':.'\‘CE SERFPTI ON: SEQ | D NO  7: CAAAGTCGAC
TTTATCCAGC AAGATCT I'T Fa"l:ﬁfT:lé@gC A TGC 48 (2) 1 NFORVATI ON
FOR SEQ ID NO 8: b TepauE CHARACTER! STI CS: (A
LENGTH. 50 base pai1s (B) TYPEZrucl ei ¢ aci d (O
STRANDEDNESS: si ngl e

Example 15: Hirustasin secretion by TR 1456 transformed with plasmids pHE 170, 171,173

Cells of Saccharomyces cerevisiae TR 1456/pHE 170, 170R, 171, 171R, 173, 173R are
each grown in two subsequent precuttures in 20 mi synthetic medium composed of:
6.7 gl Difco Yeast Nitrogen Base (without amino acids)
10 on L-asparagine
1 g/l L-histidine
20 o glucose
0.02 g/l LHeucine

The pH of the medium is édjusted to 5.8. The first preculture is grown for 60 h at 28°C and
180 r.p.m. The second preculture is inoculated with 2% (volume per volume) of the first
preculture and incubated for 24 h at 28°C and 180 r.p.m.

The medium of the main culture is composed of:

5 o/l peptone

10 ol yeast extract

20 g/ glucose

40 g/l sucrose -
3 g ammonium sulfate
2 g potassium dihydrogenphosphate
0.5 g/l . magnesium sulfate heptahydrate
0.1 o/ sodium chloride
0.1 o calcium chloride

105 g/ biotin '

The main culture (100 ml medium) is inoculated with about 10° cells/ml and incubated for
72 h at 28°C and 180 r.p.m..

immediately following the inoculation, sterile copper sulfate is added at a concentration of
1 mM to Saccharomyces cerevisiae cultures TR 1456/pHE 170, 1_70H and TR 1456/pHE
173, 173R. TR 1456/pHE 171, 171R are grown without copper.

At the end of the fermentation, aliquots of the cultures are taken, the cells are removed by
centrifugation and the culture supematant is analyzed for hirustasin activity in an enzymatic
assay as described in example 3. '



(D) TOPOLOGY: |inear

FEATURE:

(D) OTHER | NFORVATLON: /function=

(xi) SEQUENCE DE$
GTTCCCACTG TACTTT

19 JUL 1996

{1) GENERAL INFORMATION:

(i) APPLICANT:

(a) NAME: CIBA-GEIGY

(i1) MOLECULE TYPE: DNA (gehom c) (1 x)

(A) NAME/ KEY: m sc feature (B) LOCATION. 1..50

synthetic oligo for PCR'

EEACEMH?{E%EET NO. 8: GAAGAGATCT TGCTGGATAA AGTCGACTTT
: 50 (223 | NFORVATI ON FOR SEQ I D NGO 9:

SEQUENCE LISTING

AG

(B) STREET: Klybeckstr. 141

(C) CITY: Basel

(E) COUNTRY: SCHWEIZ
(F) POSTAL CODE {(ZIP
(G) TELEPHONE: +41 6
{H) TELEFAX: + 41 61
{I) TELEX: 962 991

Y: 4002
169 11 11
696 79 76

(A) NAME: UCP GEN-Pharma AG
{B) STREET: Kraftstrasse 6

(C} CITY: Zuerich
(E}) COUNTRY: Switzer
(F) POSTAL CODE (ZIP

land
y: 8044

(ii) TITLE OF INVENTION: Novel Inhibitor

(iii) NUMBER OF SEQUENCES: 16

{iv) COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk

(B) COMPUTER: IBM PC

. (C} OPERATING SYSTEM

compatible
: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

{(vi) PRIOR APPLICATION DATA: .
{(A) APPLICATION NUMBER: EP 94810006.0
(B) FILING DATE: 07-JAN-1994 '

(2) INFORMATION FOR SEQ ID NO: 1:



i3g. - (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 32 base

pairs (B) TYPE: nucleic acid (C STRANDEDNESS: single
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: DNA (genonic) (1x)
FEATURE: (A) NAME/ KEY: m scfeature (B) LOCATION 1..32

(D) OTHER | NFORVATI ON: /function= synt hetzigc oligo for

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 amino acids :
(B) TYPE: amino acid REPLACEMENT SHEET
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

A9 JUL 1996

(ii) MOLECULE TYPE: protein

(ix) FEATURE:
(A) NAME/KEY: Protein
(B) LOCATION: 1..55
(D) OTHER INFORMATION: /label= hirustasin

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Thr Gln Gly Asn Thr Cys Gly Gly Glu Thr Cys Ser Ala Ala Gln Val
1 5 10 15

Cvs Leu Lys Gly Lys Cys Val Cys Asn Glu Val His Cys Arg Ile Arg
20 25 30

Cys Lys Tyr Gly Leu Lys Lys Asp Glu Asn Gly Cys Glu Tyr Pro Cys
35 40 : 45

Ser Cys Ala Lys Ala Ser Gln
50 _ _ 55

(2) INFORMATION FOR SEQ ID NO: 2:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1114 base pairs
(B) TYPE: nucleic acid
(C) S'I'RAM)EDNESS: single
('D) TOPOLOGY: linear



i PCR' * (xk) SEQUENCE DESCRI PTION: SEQ ID NO 9:

; r 9: CCGGGGATCC
GAATTAATTC. TCTTAGRALL.CG. - 32 (2
|Wmmmwms%mmwwﬁﬁ (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH 40 basg S (IB) TYPE: nucleic acid (O
STRANDEDNESS: sing| e 19 JU 9()§)) TAPOLOGY: | i near (i) MOLECULE
TYPE: DNA (genom c L(1 X) HEATURE3O0 -

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
{2) NAME/KEY: misc_feature
(B) LOCATION: 1110..1114
(D) OTHER INFORMATION: /function= “BamHI site"

(ix} FEATURE:

(A) NAME/KEY: misc_feature
(B) LOCATION: 639..647

(D) OTHER INFORMATION: /function= “BglIlI site"

{ix} FEATURE:

(A} NAME/KEY: promoter
(B) LOCATION: 1..403

(D) OTHER INFORMATION: /function= "GAPDH promoter"

(ix) FEATURE:

(A) NAME/KEY: sig_peptidé
(B) LOCATION: 404..658

(D) OTHER INFORMATION: /function= "alpha-factor signal
peptide*

(ix) FEATURE:

() NAME/KEY: mat_peptide
(B) LOCATION: 659..823

{D) OTHER INFORMATION: /product= “"hirustasin®

(ix) FEATURE:
(A) NAME/KEY: terminator

{B) LOCATION: 826..1108

(D) OTHER INFORMATION: /standard_name= “alpha-factor
terminator*"



(A) NAVE/ KEY: nisc_feature ™ ~ ~  (B) LOCATION: 1..40 (D) OTHER

| NFORMATI ON: /function= "synthetic oligo for. PCR"
E:gi:I'TA oA (xi) SEQUENCE DESCRI PTION: SEQ I D NGO 10: TAGAGGATCC
oA AT REPLACENERT SHEET 0
gj" -31-

19 JUL 1996

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

GATCCCCAGC TTAGTTCATA GGTCCATTCT CTTAGCGCAA CTACAGAGAA CAGGGGCACA 60
AACAGGCAAA AAACGGGCAC AACCTCAATG GAGTGATGCA ACCTGCCTGG AGTAAATGAT 120
GACACAAGGC AATTGACCCA CGCATGTATC TATCTCATIT TCTTACACCT TCTATTACCT 180
TCTGCTCTCT CTGATTTGGA AAAAGCTGAA AAAAAAGGTT GAAACCAGTT CCCTGAAATT 240
ATTCCCCTAC TTGACTAATA AGTATATAAA GACGGTAGGT ATTGATTGTA ATTCTGTAAA 300
TCTATTTCTT AAACTTCTTA AATTCTACTT TTATAGTTAG TCTTTTTTTT AGTTTTAAAA 360
CACCAAGAAC TTAGTTTCGA ATAAACACAC ATAAGAATTC AAAATGAGAT TTCCTTCAAT 420
TTTTACTGCA GTTTTATICG CAGCATOCTC CGCATTAGCT GCTCCAGTCA ACACTACAAC 480
AGAAGATGAA ACGGCACAAA TTCCGGCTGA AGCTGTCATC GGTTACTTAG ATTTAGAAGG 540
GGATTTCGAT GTTGCTGTTT TGCCATTTIC CAACAGCACA AATAACGGGT TATTGTTTAT 600
ARATACTACT ATTGCCAGCA TTGCTGCTAA AGAAGAAGAG ATCTTGCTGG ATAAAAGAAC 660
CCAAGGTAAC Acm GTGAAACCTG TTCTGOCGCC CAAGTTTGTT TGAAGGGTAA 720
GIGTGTTTCT AACGAAGTTC ACTGTCGTAT TCG'iTGTA;G TACGGTTTGA AGAAGGACGA 780 -
AAACGGTTGT GAATACCCAT GTTCTTGTGC CAAGGCCTCT CAATGAGTCG ACTTTGTTCC 840
CACTGTACTT TTAGCTCGTA CAAAATACAA TATACTITTC ATTTCTCCGT AAACAACATG 900

TTTTCCCATG TAATATCCTT TTCTATTTTT CGTTCCGTTA CCAACTTTAC ACATAC‘I‘T‘I‘A 260



(2) I*'NFORMATI ON FOR SEQ I D NO. 11: - (i)

| STI CS:
(A) LENGTH. 39 base pairs (B) TYPE: + (0O
STRANDEDNESS: si ngl e (D TOPOLOGY: _ECULE
TYPE: DNA (genonic) (i x) FEATURE: :
m sc_feature (B) LOCATION: 1..39 DRVATI ON:
/function= "synthetic oligo for -32- SEQUENCE
DESCRI PTION: SEQ I D NGO 11:

TATAGCTA‘I'I‘lCAC'I'I'CTATA CACTAARARA CTAAGACAAT TTTAATTTTG CTGCCTGCCA 1020
TATTTCAATT TGTTATAAAT TCCTATAATT TATCCTATTA GTAGCTAAAA AAAGATGAAT 1080
GTGAATCGAA TCCTAAGAGA ATTAATTCGG ATCC 1114
{2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1154 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)

(ix) FEATURE:
(A) NAME/KEY: misc_feature
{B} LOCATION: 435..439
(D) OTHER INFORMATION: /function= “EcoRI site"

{ix) FEATURE: - _
(A) NAME/KEY: misc_feature
(B) LOCATION: 679..687
{D) OTHER mFDRMATim: /function= "BglII site*

(ix) FEATURE: _
" (A) NAME/KEY: promoter
(B) LOCATION: 1..443
(D) OTHER INFORMATION: /function= "CUPl promoter"

{ix) FEATURE:
~ (A) NAME/KEY: sig_peptide
(B) LOCATICN: 444..698



* CGACGAATTC ACAGTTTGIT TTTCTTAATA TCTATTTCG REPLACEMENT SHEETA
I NFORVATI ON FOR SEQ | D NO 12: (i) SEQUHEN I
(A) LENGTH: 90 base pairs . (B) TYPE: nu Iei1@) %Ld@% i
STRANDEDNESS: si ngl e (D) TOPOLOGY: Ii|ngar ;
- 40- (11) MOLECULE TYPE: DNA (ggggr_n’ c) i

{D) OTHER INFORMATION: /function= "alpha-factér siganl
sequence”

{ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 699..863
(D) OTHER INFORMATION: /product= “hirustasin®

(ix) FEATURE: .
(A) NAME/KEY: terminator
(B) LOCATION: 867..1149
(D) OTHER INFORMATION: /standard name= "alpha-factor

terminator*
{ix) FEATURE:
{a) NAME/KEY: misc_feature
{B) LOCATION: 1150..1154
{D) OTHER INFORMATION: /function= "BamHI site"
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
‘GATCCCCATT ACCGACATTT GGGCGCTATA CGTGCATATG TTCATGTATG TATCIGTATT
TAAAACACTT TTCTATTATT TTTCCTCATA TATGTGTATA GGTTTATACG GATGATITAA
. TTATTACTTC ACCACCCTTT ATTTCAGGCT GATATCTTAG CCTTGTTACT AGTTAGAAAA
AGACATTTIT GCTGTCAGTC ACTGCTCAAGA GATTCTTTIG CTGGCATTITC TTCTAGAAGC
AAAAAGAGCG ATGCGTCTTT TCCGCTGAAC _CG‘I'ICCAGCA AAAAAGACTA CCAACGCAAT

ATGGATTGTC AGAATCATAT AAAAGAGAAG CAAATAACTC CTTGTCTTGT ATCAATTGCA

TTATAATATC TTCTTGTTAG TGCAATATCA TATAGAAGTC ATCGAAATAG ATATTAAGAA

TR

(2)
(O

60

120

180

240

300

360

420



Rt e g ST

i
© {ix) *FEATURE: (A) NAME/ KEY: m sc_f eajtn " L OCATI ON:
1..90 (D) OTHER | NFORVATI ON: /f unct | GREPEAGEMENT SHEETJO for

127 AAAGAT

PCR' (xi) SEQUENCE DESCRI PTI ON: SEQ | j . CTTG
CTGGATAAAA GAACCCAAGG TAACACCTGT GGTGGTGAAA [ GT{OT60 1996 60
. CGCCCAAGTT TGITTGAAGG GTAAGIGIGT _a4. ! 90 (2

| NFORVATI ON FOR SEQ I D NO 13: (% SEQUEN | €S:

(A) LENGTH 90 base pairs (B) - TYPE: Hucleic acid
AAACAAACTG TAACGAATTC AAAATGAGAT TTCCTTCAAT TTTTACTGCA GTTTTATTCG 480
CAGCATCCTC CGCATTAGCT GCTCCAGTCA ACACTACAAC AGAAGATGAA ACGGCACAAA 540
TTCCGGCTGA AGCTGTCATC GGTTACTTAG ATTTAGAAGG GGATTTCGAT GTTGCTGTTT 600
TGCCATTTTC CAACAGCACA AATAACGGGT TATTGTTTAT AAATACTACT ATTGCCAGCA 660
TTGCTGCTAA AGAAGAAGAG ATCTTGCTGG ATAAAAGAAC CCAAGGTAAC ACCTGTGGTG 720
GTGAAACCTG TTCTGCCGCC CAAGTTTGTT TGAAGGGTAA GTGTGTTTGT AACGAAGTTC 780
ACTGTCGTAT TCGTTGTAAG TACGGTTTGA AGAAGGACGA AAACGGTIGT GAATACCCAT 840
GTTCTTGTGC CAAGGCCTCT CAATGAGTCG ACTTTGTTCC CACTGTACTT TTAGCTCGTA 900
CAAAATACAA TATACTTTTC ATTTCTCCGT AAACAACATG TTTTCCCATG TAATATCCTT 960

TTCTATITIT CGTTCCGTTA CCAACTTTAC ACATACTTTA TATAGCTATT CACTTCTATA 1020
CACTARAAAA CTAAGACAAT TTTAATTTIG CTGCCTGCCA TATTTCAATT TGTTATAAAT . 1080
TCCTATAATT TATCCTATTA GTAGCTAAAA AAAGATGAAT GTGAATCGAA .TCCTAAGAGA 1140
ATTAATTCGG ATCC 1154
(2) INFORMATION FOR SEQ ID NO: 4:
(i) SEQUENCE CHARACTERISTICS:
"(A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



("C) STRANDEDNESS: single (D TOPOLOGY: |inear (i) MOLECULE

TYPE: DNA (genom c) (i x) FEATURE: (A) NAME/ KEY:
m sc_feature : (B) LOCATION: 1..90 (D) QIHER L NECORMATI ON:
/function= "synthetic oligo for PREPLACEMENTEHERIEQUENCE
DESCRI PTION: SEQ | D NO 13: 35 .- g
A9 JUL By |
(ix) FEATURE: (..

{A) NAME/KEY: misc_feature

(B) LOCATION: 1..42

(D) OTHER INFORMATION: /function= "synthetic oligo for
PCR*

(ix) FEATURE:
.(A) NAME/KEY: misc_feature
(B} LOCATION: 5..16
(D) OTHER INFORMATION: /function= “synthetic sequence
containing BamHI site*

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
GCATGGATCC CAGCTTAGTT CATAGGTCCA TTCTCTTAGC GC : 42
(2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..38
(D} OTHER INFORMATION: /functio_n: “synthetic oligo for N
PCR"



| 41 -* ~ GTATTCACAA CCGTTTCGT CCYTCTTCAA ACCGTACTTA CAACGAATAC GACAGTGAAC

60  TTCGITACAA ACACACTTAC CCTTCAAACA 90
(2) | NFORVATION FOR SEQ I D NGO 14: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 58 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TCPOa%GY | i near (i) MOLECULE

TYPE: DNA (genom c)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
CTCGGAATTC TTATGTGCTGT TTATTCGAAA CTAAGTTC -

(2} INFORMATION FOR SEQ ID NO: 6:

REPLACEMENT SHEET
19 JUL 199

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 41 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..41
{D) OTHER INFORMATION: /function= “synthetic oligo for
PCR" '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
GTGCGAATTC AAAATGAGAT TTCCTTCAAT TTTTACTGCA G 41
(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 48 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



(i x) FEATURE: . (A) NAME/ KEY: m sc_feature (B) LOCATI ON:
1..58 (D) OTHER | NFORMATI ON: /function= "synthetic oligo for
PCR" (xi) SEQUENCE DESCRI PTION: SEQ I D NO 14: TTGTCGACTC
ATTGAGAGGC CTTGGCACAA GAACATGGGT ATTCACAACC GITTTCGT 58 (2)
| NFORMVATI ON FOR SEQ I D NO 15: ' (iQy SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 84 base pairs (B) PE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (ii) MOLECULE TYPE:
DNA (genom c) . _

{(ix) FEATURE:
{A) NAME/KEY: misc_feature
(B) LOCATION: 1..48 |
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
CAAAGTCGAC TTTATCCAGC AAGATCTCTT CTTCTTTAGC AGCAATGC 48

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS: REPLACEME! }‘ SHEET

(2) LENGTH: 50 base pairs 19 JUL 1996
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

{D) TOPOLOGY: linear &

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
(A) NaME/KEY: misc_feature
(B) LOCATION: 1..50
{D) OTHER INFORMATION: /function= "synthetic oligo for
PCR"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
" GAAGAGATCT TGCTGGATAA AGTCGACTTIT GTTCCCACTG TACTTTTAGC 50

(2) INFORMATION FOR SEQ ID NO: 9:



(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
{ix) FEATURE:

(A) NAME/KEY: misc_feature
{(B) LOCATION: 1..32

(D} OTHER INFORMATION: /function= “synthetic oligo for

PCR L}

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
CCGGGGATCC GAATTAATTC TCTTAGGATT CG
{2) INFORMATION FOR SEQ ID NO: 10:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 40 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE: -
{A) NAME/KEY: misc_feature
(B) LOCATION: 1..40

REPLACEMENT SHEET
49 JUL 1996

(D) OTHER INFORMATION: /function= “synthetic oligo for.

PCR " .

42 - (i x) FEATURE: (A) NAMVE/ KEY: misc_feature
(B) LOCATION: 1..84 (D) OTHER | NFORMATI ON: /function= "synthetic
oligo for PCR" (xi) SEQUENCE DESCRI PTION: SEQ I D
NG 15:

-38-

32



AAGAATTCAT GCTTTTGCAA GCTTTCCTTT TCCTTTTGEC TGGITTTGCA GCCAAAATAT 60 |

CTGCAACCCA AGGTAACACC:TGTG. . 84
(2) | NFORVATI ON FOR SEQ I'D NO. 16: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 20 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MOLECULE
TYPE: DNA (genoni c) (i x) FEATURES® - (A) NAMVE/ KEY:

mi sc_feature (B) LOCATION: 1..20 (D) OTHER | NFORMATI ON:

/function= "synthetic oligo for

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
TAGAGGATCC CCATTACCGA CATTTGGGCG CTATACGTGC 40
(2} INFORMATION FOR SEQ ID NO: 11:

(1) SEQUENCE CHARACTERISTICS: ——
(A) LENGTH: 39 base pairs RE?LACEM‘*NT bﬁ‘{Eﬁ'l
(B) TYPE: nucleic acid -
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

19 JuL 199

e

(ii) MOLECULE TYPE: DNA {genomic) (B

{ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 1..39
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR*"

{xi) - SEQUENCE DESCRIPTION: SEQ ID NO: 11:
CGACGAATTC ACAGTTIGTT TTTCTTAATA TCTATTTCG | 39
(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: S0 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



PCR" * (xi) SEQUENCE DESCRI PTION: SEQ I D NGO 16: TTGICGACTC
ATTGAGAGGC 20 -

CLAIMS: 1. A polypeptide conprising the am no acid sequence as given in
SEQ ID NO'1 or a nmutant, functional fragnent or derivative thereof.

-40-

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
(A} NAME/KEY: misc_feature
{B) LOCATION: 1..90
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR*

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:
AAAGATCTTG CTGGATAAAA GAACCCAAGG TAACACCTGT GGTGGTGAAA CCTGTTCTGC 60
CGCCCAAGTT TGTTTGAAGG GTAAGCTGTGT g0
(2) INFORMATION FOR SEQ ID NO: 13:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 90 base pairs
(B) TYPE: nucleic acid

{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
{a) NAME/KEY: misc_featuré .
(B) LOCATION: 1..90
{D) OTHER INFORMATION: /function: *synthetic oligo for
PCR*"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:



: 2. Afunctional fragnent according to claim1 which binds to or inhibits
serine proteinases. 3. A polypeptide according to claim1 wherein the
Cterminal Gn is mssing. 4. A polypeptide according to claim1 that
bears a detectabl e marker. 5. A process for the production of a

pol ypeptide according to claim1 conprishp a) obtaining an extract of a
| eech, and b) purifying the extract by'dialysis and col um

chr omat ogr aphy. 6. A reconbi nant DNA codlng for a pol ypeptide accordi ng
toclaiml or a fragment of said DNA 7. A pol ypeptide expression

cassette gﬁ;&ﬂﬁﬁg&ﬁ ETRB%EQR Radc M SERUBRERAE 0di Nggh OF
a polypeptlge agégr ing 1o c?a|n1 and%?%ga&gﬁ% sequence congzjnlﬁg 66

transcription termnation signals. 8. A pol ypeptide expression cassette

accor di Ngph@arEaghiN AC2886PFACS bhgrcRrgnot er operably linked to a first D
sequence encoding a signal peptide linked in the proper reading frane to a

second DNA sequence coding for a polypeptide according to claiml1, and a
DNA (2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTICS: REPLACEMENT SHEET
(A} LENGTH: 58 base pairs T
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

19 JUL 1996

e

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
{2) NAME/KEY: misc_feature
(B) LOCATION: 1..58
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR®

{xi) SEQUENCE DESCRIPTICN: SEQ ID NO: 14:
TTGTCGACTC ATTGAGAGGC CTTGGCACAA GAACATGEGT ATTCACAACC GTTTTCGT 58
(2) INFORMATION FOR SEQ ID NO: 15:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 84 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single

{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



sequehce containing transcription termnation signals. 9. A pol ypeptide
expressi on cassette according to claim?7 conprising the GAPDH or the yeast
CUP1 pronoter. 10. A polypeptide expression cassette according to claim?7
conprising the yeast PHO5 gene signal sequence, the [err]-factor signal
sequence or the yeast invertase gene (SUGZ) signal sequence.

- 44- 11. A pol ypeptide expression cassette according to claim?7
conprising the yeast PHOb or the [err]-factor transcription term nation

si gnal sequence. '

(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B} LOCATION: 1..84 _
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR™

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:
AAGAATTCAT GCTTTTGCAA GCTTTCCTTT TCCTTTTGGC TGCTTTTGCA GCCAAAATAT 60

CTGCAACCCA AGGTAACACC TGTG 84

(2) INFORMATION FOR SEQ ID NO: 16: T
REPLACEMENT SHEET
(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 20 base pairs 49 JUL 1996
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single ' -
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{ix) FEATURE:
{A) NAME/KEY: misc_featﬁre
{B) LOCATION: 1..20
(D) OTHER INFORMATION: /function= “synthetic oligo for
PCR*"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

TTGTCGACTC ATTGAGAGGC B 20



; ¥2. K pol ypeptide expression cassette according to claim7 conprising the
CUP1 or the GAPDH pronoter, the [err]-factor or the yeast invertase |eader
sequence, the hirustasin gene and the [err]-fa }3?‘ al Qbyorm| 13, A
pol ypepti de expr esH!mcassette accordi ng to cl gi \_sg. r‘*“isiﬁ—gﬁéﬁé f ragnment

as shown in SEQ | ,I lll muﬂl 14. |Alreconbi nant pliagnid
conprising a pol yp as@t‘t e acdor|di 1@ JUL €@ n 7. 15.

A reconbi nant yeast pl asm d accor di ng to claim 14 |conprising thg dgonplete
two-m cron DNA 16. A reconbi nant yeast plagnid—acTordig 10 ¢l ai m 14
conpri si Mo 3 additional polypeptide expreslsion cassettes. 17. A
host whi tains a reconbinant plasm d according to claim 14. 18. A
host according to claim 17, characterized in that it is a m crobiol ogical
host . 1. A polypeptide comprising the amino acid sequence as given in SEQ ID NO:1 or a mutant,

functional fragment or derivative thereof.

-

2. A functional fragment according to claim 1 which binds to or inhibits serine proteinases.
3. A polypeptide according to claim 1 wherein the C-terminal GIn is missing.
4. A polypeptide according to claim 1 that bears a detectable marker.

5. A process for the production of a polypeptide according to claim 1 comprising
a) obtaining an extract of a leech, and
b) purifying the extract by dialysis and column chromatography.

6. A recombinant DNA coding for a polypeptide according to claim 1 or a fragment of said
DNA.

7. A polypeptide expression cassette comprising a promoter operably linked to a DNA
sequence coding for a polypeptide according to claim 1 and to a DNA sequence containing
transcription termination signals.

8. A polypeptide expression cassette according to claim 7 comprising a promoter operably
linked to a first DNA sequence encoding a signal peptide linked in the proper reading frame
to a second DNA sequence coding for a polypeptide according to claim 1, and a DNA -
sequence containing transcription termination signals.

T8 A polypeptlde expressuon cassette according to claim 7 comprising the GAPDH or the
yeast CUP1 promoter.

10. A polypeptide expression cassette according to claim 7 comprising the yeast PHO5
gene signal sequence, the o-factor sngnal sequence or the yeast invertase gene (SUC2)
signal sequence.



- 19. A host according to claim17 which is selec

consi st ng of bacterl a and fungi . 20. A hos EEE@@MEM dﬂg m 17

which is host according to clair whi ch i s Sag¢haronyces
cereV|S|ae | “m“m UIH B"g to.claim17 {wi choi $UEIBP e fon muitiple
prot ease-deficien according to cl & m22 which ig deficient

8
I n one or nore _proteases sélected fromt groupl cemststTng ot ysqglerr],
yscB, yscA, yscY-and yscS. - 45 -

X

=)

11. A polypeptide expression cassette according to glaim 7 oompﬁéing the yeaét PHOS or
the o-factor transcription termination signal sequence.

12. A polypeptide expression cassette according to claiml 7 comprising the CUP1 or the
'GAPDH promoter, the o-factor or the yeast invertase leader sequence, the hirustasin gene

and the o-factor terminator.

13. A polypeptide expression cassette according to claim 7 comprising a fragment as shown
in SEQ ID-NO:2 or SEQ iD NO:3.

14. A recombinant plasmid comprising a polypeptide expression cassette according to
claim 7.

15. A recombinant yeast plasmid according to claim 14 comprising the complete two-micron
DNA. '

16. A recombinant yeast plasmid according to claim 14 comprising 1 to 3 additional
polypeptide expression cassettes.

17. A host which contains a recombinant plasmid according to claim 14.
18. A host according to claim 17, characterized in that it is a microbiological host.

19. A host according to claim 17 which is selected from the group conéisting of bacteria and
fungi.

20. A host according to claim 17 which is yeasi.
21. A hpst according to claim 17 which is Saccharomyces cerevisiae.
22. A host according to claim 17 which is single or multiple protease-deficient.

23. A host according to claim 22 which is deficient in one or more proteases selected from
the group consisting of ysca, yscB, yscA, yscY-and yscS.



Zﬂ A process for the production of a pol ypeptldeﬁwg{@ﬁ\ﬁﬁﬁ@ﬂfﬁﬁi m 1,
conprising cul turi ng a host accordi.ng to claim 17 alﬁé—-—i—s-cl—at-i‘rrg“‘t“he
pol ypepti de pr ere |ﬁ5 A process accpry g"‘] m {24,

sec eted into

| a

characterized i mﬂﬂ“&“ HEMH tide according t
t he cul ture nedi herefro 26. Ps
according to claithm1° and conventlonal carYiers fof the preparation pf
phar maceut.i cal conpositions. 27. A pharmaceutic sttTormconpri si ng
a pol ypeptide according to claim1, or conprisigng said polypeptide together

Wt convog! AAgless 8 hd Bddibaor P4 SR Al 11 Phibrising g
pr ophyl ac@ihest awﬁmto Qlal"tWeamﬂumh'ﬂﬂg moimepbd@pmduoe@thepewm ypepti de

according to claim1l for use in a nethod of therapeutic or prophylactic
treatment of .the human or ani mal body related to the action of seine

pr ot ei nas€s: A Pregesspacrording 19 icaim24, sharagienzeddndhat ther polypeptidei aGcREing & d
~ coagul at i erimnds secrétetiint® tiws éulfurs nRdRIM and isolated therefrom.

O

26. Use of a compound according to claim1 and conventional carriers for the preparation of
phamaceutical compositions.

27. A phamaceutical composition comprising a polypeptide according to claim 1, or
comprising said polypeptide together with conventional auxiliaries, typically cariers and
diluents.

28. A polypeptide according to claim 1 for use in a method of therapeutic or prophylactic
treatment of the human or animal body.

29. A polypeptide according to claim 1 for use in a method of therapeutic or prophyiactic
treatment of the human or animal body related to the action of serine proteinases.

30. A polypeptide according to claim 1 for inhibiting blood coagulation and as antimetastatic
agent.

31. A polypeptide according to claim 1 for managing hypertension.

32. A pharmaceutical composition comprising a therapeutically effective amount of at least
one polypeptide according to claim 1 or a phammaceutically acceptable salt thereof for use
in 2 method of therapy and prophylaxis of thromboses, embolism and hypertension.

33. A pharmaceutical composition comprising a therapeutically effective amount of at least
one polypeptide according to claim 1 or a pharmaceutically acceptable salt thereof for use
in a method of therapy and prophylaxis as an antimetastatic agent.



' 31 A pol ypeptide according to claim 1 for managi ng hypertension.
phar maceuti cal conposition conprising a therapeutically effective

32. A
anount of

at | east one pol ypeptide according to claim1l or a pharmaceutically
acceptabl e salt thereof for use in a nethod of therapy and prophylaxis of

t hronboses, enbolism and hypertension. 3. A

conprising a therapeutically effective alfount o REPLA@EMEE‘E”&HEET

according to claim1 or a pharnmaceutically acceptbre sart—tterpo
in a method of therapy and prophylaxis as an an{i tftgtﬁjl_i foRgent

NOVEL INHIBITOR

ABSTRACT OF THE DISCLOSURE

osition.
pepti de
for use

The present invention relates to novel inhibitors belonging to the family of antistasin-type
serine proteinase' inhibitors, to their isolation from the medical leech Hirudo medicinalis, to
DNA sequences encoding the novel inhibitors, to variants obtained by recombinant DNA
technology or peptide synthesis, pharmaceutical compositions containing the inhibitors, and

to their use in diagnosis and therapy.



