
EP 0 225 633 B1 Description The invention pertains to the field of
recombinant DNA technology and concerns a method for the preparation of the
thrombin inhibitor desulphatohirudin with the aid of genetically engineered
yeast cells, 5  said genetically engineered yeast cells, hybrid vectors
carrying a gene for desulphatohirudin and methods for the preparation of
said yeast cells and said hybrid vectors. Hirudin is an anticoagulant agent
that occurs naturally in leeches (Hirudo medicinalis). Hirudin is not a
single protein species but consists of at least three components designated
hirudin variant 1 (HV1), hirudin variant 2 (HV2) (cf. European Patent
Application No. 158,564) and "des-(Val)2-hirudin" (cf. European Patent 10
Application No. 158,986). The variants differ in structure from each other
by a number of amino acids (especially, the N-terminal sequence of HV1 is
Val-Val-Tyr, that of HV2 is lle-Thr-Tyr and that of "des-(Val)- 2-hirudin"
is Thr-Tyr) but have an accumulation of hydrophobic amino acids at the
N-terminus and of polar amino acids at the C-terminus, a tyrosine residue
([err]) present as sulphate monoester, three disulphide bridges and the
anticoagulant activity in common. 15     Hirudin, with a [err]value
(complex dissociation constant) of 6x[err], is the strongest thrombin
inhibitor known and is characterised by a specific affinity to thrombin.
Other enzymes of the blood coagulation cascade are not inhibited by
hirudin. In contrast to heparin which is the preferred anticoagulant in
conventional anticoagulation therapy, hirudin exerts its inhibiting action
directly on thrombin and, unlike the former, does not act through
antithrombin Ill. The only pharmacologically detectable effect of purified
20  hirudin is the inhibition of blood coagulation and the prophylaxis of
thrombosis. No effect on heart rate, respiration, blood pressure,
thrombocyte count, fibrinogen and haemoglobin could be observed when
administered intravenously to dogs, even in high doses. In tests on rats,
pigs and dogs, hirudin has proved effective in experimental thrombosis
(induced either by stasis or by the injection of thrombin), in endotoxin
shock, and also in DIC (disseminated intravascular coagulation). Whenever
direct comparison tests have 25  been carried out, hirudin has proved to be
superior to heparin. Furthermore, hirudin has an extremely low toxicity, is
non antigenic and shows an almost complete clearance via the kidneys in a
biologically active form. Although long known, hirudin has not as yet
achieved the broad therapeutic use that might be expected on the basis of
its excellent biological properties. Its extremely limited availability is
a serious drawback 30  which stands in the way of its widespread use in
medicine. Up to now, hirudin preparations have been obtainable essentially
from natural material (leech extracts), which is expensive and difficult to
obtain, and employing time-consuming and costly isolation and purification
processes [cf. P. Walsmann et al., Phar- mazie 36, 653 (1981); European
Patent Application No. 158,986]. In view of the relatively long sequence of
65 amino acids also the conventional peptide synthesis offers little hope
of success for economic reasons. 35  New methods must therefore be applied
for the manufacture of adequate amounts of hirudin that render possible
detailed clinical tests of its therapeutic potential and its broad
therapeutic use in anticoagulation therapy. Such methods are offered
especially by recombinant DNA technology. By means of this technology it is
possible to manufacture the most varied physiologically active polypeptides
by culturing correspondingly 40  genetically modified host organisms. In
this context, it has to be mentioned that hirudin is presumably produced by
leeches via a desulphatohirudin precursor which is post-translationally
sulphated. It is expected that hosts other than leech lack the specific
sulphate-transferring enzyme system and will therefore produce
desulphatohirudins rather than hirudins. However, the biological activity
is not injured by the absence of the sulphate group as is evidenced by the
desulphatohirudin protein obtained by enzymatic 45 removal of the sulphate
group from the phenolic hydroxy group of the Tyr  63 residue of the
corresponding hirudin protein (cf. European Patent Application No.
142,860). In the recently published European Patent Application No. 158,564
the production of desulphatohirudin variants 1 and 2 and of analogues
thereof by means of E.coli cells transformed with plasmids containing the
structural genes for the respective desulphatohirudins is disclosed. The
anticoagulant activity measured in 50  cell extracts of cultured E.coli
cells and given in terms of anti-thrombin units ("ATU") amounts to 3,000- 



4,000 ATU/[err] culture which corresponds to a concentration of 0.2 mg
hirudin/OD/I (based upon an estimated specific activity of 15,000-20,000
ATU/mg of pure hirudin). Presumably the poor yield in hirudin activity
obtained from transformed E.coli cells is attributable to an accumulation
of most of the hirudin protein in an inactive form in the cytoplasm due to
incorrect folding of 55  the molecule. The correct folding depends on the
formation of three disulphide bridges within the hirudin molecule which are
essential for enzyme activity (cf. P. Walsmann et,al., supra). Other
naturally secreted mammalian proteins, such as bovine growth hormone, human
tissue plasminogen activator and human [err] interferon are likewise
essentially inactive when produced and accumulated in the cytoplasm of
microorgan- 2    EP 0 225 633 B1 isms [cf. R.A. Smith et al., Science 229,
1219 (1985)]. It is apparent that the secretion pathway may favor
disulphide bond formation since most proteins containing disulphide bridges
are extracellular. There are other features that make secretion most
desirable: Secreted proteins are generally easier to detect and to purify
than intracellularly accumulated products; 5  secretion of desired products
into the medium avoids the necessity of breaking up the host organisms in
order to recover the product; some heterologous proteins may have a toxic
effect on the host organism. When secreted they are less likely to
interfere with normal cellular functions; secreted proteins are less likely
to be digested by proteolytic enzymes than intracellularly accumulated 10
proteins which are attacked by these enzymes upon disintegration of the
cells. Most secreted proteins are encoded on the DNA as preproteins with a
signal peptide as an appended amino terminal extension of the mature amino
acid sequence. The signal peptide plays an essential role during
cotranslational insertion of the protein into the membranes of the
endoplasmatic reticulum (ER). A signal peptidase cleaves the signal peptide
in an early event on the luminal side of the ER. Further 15 transport to
the outer cell membrane involves Golgi and secretory vesicles. The protein
is either secreted into the periplasmic space (e.g. acid phosphatase,
invertase) or into the culture medium (e.g. a factor, killer toxin). Since
all eukaryotes seem to share the mechanisms for the expression of genetic
information and for sorting the expressed proteins, the expression of
eukaryotic genes proceeds with greater efficiency in an 20  eukaryotic host
than in E.coli. Among the eukaryotic organisms yeast is the easiest to
handle and to cultivate. A number of heterologous proteins have been
expressed successfully in yeast. However, it has not been possible so far
to define essential features of a protein - except for an appended signal
peptide - that would allow efficient secretion into the medium. Therefore,
it is not possible to make reliable predictions whether or not a protein
will be secreted. Thus, while 90 % of total glucoamylase produced by
transformed 26 yeast (containing the genetic information for
pre-glucoamylase) is secreted into the medium (PCT-Patent Application No.
84/2921) and high titers of epidermal growth factor (EGF) are found in the
medium of cultured yeast containing the EGF gene with the appended a factor
signal peptide (European Patent Application No. 116,201),only minor amounts
or traces of [err]-endorphin (a-factor signal peptide, PCT-Patent
Application No. 84/4330), leukocyte interferon A (invertase signal peptide,
European Patent Application No. 30  127,304), human y-interferon human
serum albumin, bovine interferons a 1 and a2, tissue plasminogen activator,
rennin and human insulin-like growth factor (a-factor signal peptide,
European Patent Application No. 123,544), leukocyte interferons D and A,
[err]-interferon and human growth hormone (MGH) (interferon and MGH signal
peptides, respectively, European Patent Application No. 88,632) are
detectable in the medium, and no secretion of Pseudomonas carboxypeptidase
[err] signal peptide, European Patent 35 Application No. 121,352] and
tissue plasminogen activator (PHO5 signal peptide, European Patent Applica-
tion No. 143,081) by transformed yeast into the medium is observed.
Accordingly, whether or not a given protein having an appended signal
peptide is secreted by yeast is 



unpredictable and depends above all on the selected protein. Hence, it was
uncertain, whether a selected protein, such as hirudin, having an appended
signal peptide 40 would be secreted, at least to a certain degree, by
transformed host yeast cell. Surprisingly, it has now been found that
proteins with hirudin activity are secreted into the medium by yeast host
cells which contain a DNA comprising a DNA sequence encoding a certain
signal peptide upstream of and in reading frame with the structural gene
for desulphatohirudin. It is an object of the present invention to provide
a method for the production and secretion of proteins 45 with hirudin
activity in yeast host cells. It is a further object of the invention to
provide hybrid vectors comprising a DNA sequence encoding a signal peptide
upstream of and in reading frame with the structural gene for
desulphatohirudin, and yeast host cells transformed with said hybrid
vectors. Detailed description of the invention 50 1. Process for the
production of desulphatohirudin The invention concerns a method for the
production of desulphatohirudin comprising culturing under appropriate
nutrient conditions yeast host cells transformed with a hybrid vector
having one or multiple DNA 55 inserts each comprising a yeast expression
control sequence, a DNA segment consisting of a first DNA sequence encoding
the yeast PHO5 or invertase signal peptide upstream of and in reading frame
with a second DNA sequence coding for mature desulphatohirudin which DNA
segment is under transcriptional control of said expression control
sequence, and a DNA sequence containing yeast transcription termination 3
EP 0 225 633 B1 signals, and isolating desulphatohirudin from the culture
medium. The term "DNA sequence coding for mature desulphatohirudin" is
intended to embrace all structural genes coding for mature proteins having
hirudin activity which are known to exist in and/or can be isolated from
the leech genome, such as the structural genes for mature desulphatohirudin
variants HV1, HV2, PA 5 and for des-(Val)2-desulphatohirudin (unless the
latter is a mere artefact of expression of the HV1 gene). The term "mature
desulphatohirudin" refers to desulphatohirudins which are devoid of any
pre- and pro- sequences. There are to be understood as "proteins having
hirudin activity" those proteins obtained from the secreting host cells
that have a thrombin-inhibiting action and a positive reaction with
anti-hirudin antibodies 10 and that have the primary structure of a
desulphatohirudin, as well as modified, such as sulphated, derivatives
thereof, e.g. the corresponding hirudins, and shortened derivatives
thereof, such as desul- phatohirudins lacking one to seven amino acids at
the C-terminus. Such proteins are especially those having the formulae 15 X
Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu Cys Glu Gly Ser Asn Val
Cys Gly Gln Gly Asn Lys Cys Ile Leu Gly Ser Asp Gly Glu Lys Asn Gln Cys Val
Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe Glu Glu Ile
Pro Glu Glu Tyr Leu Gln 25 in which X represents the dipeptide residue
Val-Val-(HV1) or Thr (Des-[err]-hirudin) and R represents the phenolic
hydroxy group of Tyr or a group of the formula -O-[err], and the
derivatives lacking the C- 30 terminal amino acid Gln, the C-terminal
dipeptide -Leu-Gln, the C-terminal tripeptide -Tyr(R)-Leu-Gln or the
C-terminal tetrapeptide -Glu-Tyr(R)-Leu-Gln, or Ile Thr Tyr Thr Asp Cys Thr
Glu Ser Gly Gln Asn Leu Cys 35     Leu  Cys Glu  Gly  Ser Asn  Val  Cys Gly
Lys Gly  Asn  Lys  Cys 



Ile Leu Gly Ser Asn Gly Lys Gly Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Asn
Pro Glu Ser His Asn Asn Gly Asp Phe 40    Glu Glu Ile Pro Glu Glu Tyr Leu
Gln R (II) 45 (HV2) in which R has the meanings given above, or another
hirudin variant named hirudin PA which is produced by leech (J. Dodt,
Thesis, University of Munich, FRG, 1984) and has the formula 50 55 4    EP
0 225 633 B1 Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu
Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys Ile Leu Gly  Ser Gln
Gly Lys Asp Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn
Gln Gly Asp Phe Glu Pro Ile Pro Glu Asp Ala Tyr Asp Glu 10 15 (PA) in which
R has the meanings given above. The preferred protein with hirudin activity
is that of formula I in which X represents the residue Val-Val- and R
represents the phenolic hydroxy group of Tyr, and the derivatives thereof
that are shortened at the C-terminus by one to seven, especially one to
four amino acids. Suitable yeast host cells are especially cells of
Saccharomyces cerevisiae. 20     The yeast host cells containing the above
DNA sequences are cultured using methods known in the art. Thus,
transformed yeast cells according to the invention are cultured in a liquid
medium containing assimilable sources of carbon, nitrogen and inorganic
salts. Various carbon sources are usable. Examples of preferred carbon
sources are assimilable carbohy- drates, such as glucose, maltose, mannitol
or lactose, or an acetate such as sodium acetate, which can be 25  used
either alone or in suitable mixtures. Suitable nitrogen sources include,
for example, amino acids, such as casamino acids, peptides and proteins and
their degradation products, such as tryptone, peptone or meat extracts,
furthermore yeast extract, malt extract, corn steep liquor, as well as
ammonium salts, such as ammonium chloride, sulphate or nitrate which can be
used either alone or in suitable mixtures. Inorganic salts which may be
used include, for example, sulphates, chlorides, phosphates and carbonates
of sodium, 30  potassium, magnesium and calcium. Additionally, the nutrient
medium may also contain growth promoting substances. Substances which
promote growth include, for example, trace elements, such as iron, zinc,
manganese and the like, or individual amino acids. To a varying extent,
yeast cells transformed with autonomously replicating plasmids, for
example, plasmids containing yeast [err] plasmid DNA (infra) tend to lose
the introduced hybrid plasmid. For this 35  reason, such yeast cells have
to be grown under selective conditions, i.e. conditions which require the
expression of a plasmid-encoded gene for growth. Most selective markers
currently in use and present in the hybrid vectors according to the
invention (infra) are genes coding for enzymes of amino acid or purine
biosynthesis. This makes it necessary to use synthetic minimal media
deficient in the corresponding amino acid or purine base. However, genes
conferring resistance to an appropriate biocide may be used as well 40
[e.g. genes conferring resistance to cycloheximide, to the amino-glycoside
G 418, to a heavy metal, or the like]. Yeast cells transformed with vectors
containing antibiotic resistance genes are grown in complex media
containing the corresponding antibiotic whereby faster growth rates and
higher cell densities are reached. 



Yeast cells transformed with DNA integrating into a chromosome do not
require selective growth 45  conditions. These transformed cells are
sufficiently stable to allow growth without selective pressure. These cells
are advantageously grown in complex media. Yeast cells containing hybrid
plasmids with a constitutive promoter (e.g. ADHI, GAPDH) express the
desulphatohirudin gene controlled by said promoter without induction.
However, if the desulphatohirudin gene is under the control of a regulated
promoter (e.g. PGK or PHO5) the composition of the growth 50  medium has to
be adapted in order to obtain maximum levels of mRNA transcripts, i.e. when
using the PHO5 promoter the growth medium must contain a low concentration
of inorganic phosphate for derepres- sion of this promoter. The cultivation
is carried out by employing conventional techniques. The culturing
conditions, such as temperature, pH of the medium and fermentation time are
selected in such a way that maximal levels of 55  desulphatohirudin are
produced. A chosen yeast strain is preferably grown under aerobic
conditions in submerged culture with shaking or stirring at a temperature
of about [err] to [err], preferably at about 30 C, at a pH value of from 4
to 8, for example at approximately pH 7, and for about 4 to 20 hours,
preferably until maximum yields of proteins are reached. 5    EP 0 225 633
B1 It is surprisingly found that, irrespective of the yeast host and the
specified signal peptide used, most of the produced hirudin compounds are
secreted into the culture medium whereas only a minor part remains cell
associated. The precise ratio (secreted compounds/cell associated
compounds) depends on the fermentation conditions and the recovery process
applied. In general it amounts to about or more than 9:1. 5 Accordingly,
secreted hirudin is always strongly dominating. The hirudin compounds can
be isolated from the culture medium by conventional means. For example, the
first step consists usually in separating the cells from the culture fluid
by means of centrifugation. The resulting supernatant can be enriched for
hirudin compounds by treatment with polyethyleneimine so as to remove most
of the non-proteinaceous material, and precipitation of the proteins by
saturating the solution 10 with ammonium sulphate or by trichloroacetic
acid. Host proteins, if present, can also be precipitated by means of
acidification with acetic acid (for example 0.1%, pH 4-5). A further
enrichment of hirudin compounds can be achieved by extracting the acetic
acid supernatant with n-butanol. Other purification steps include, for
example, desalination, chromatographic processes, such as ion exchange
chromatog- raphy, gel filtration chromatography, partition chromatography,
HPLC, reversed phase HPLC and the like. 15  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 Sephadex column, by
affinity chromatography, for example with antibodies, especially monoclonal
anti- bodies, or with thrombin coupled to a suitable carrier for affinity
chromatography, or by other processes, especially those known from the
literature. 20    It is surprisingly found that apart from the
desulphatohirudin compounds corresponding to the "DNA sequence coding for
mature desulphatohirudin" some other desulphatohirudin compounds can be
isolated from the culture broth which differ from the expected compounds by
the absence of one to four amino acids at the C-terminus. Thus, culturing
of yeast cells carrying the gene coding for desulphatohirudin variant HV 1
yields this variant as well as, in lower yields, desulphatohirudin
compounds lacking the C-terminal 25 amino acid GIn
[Des-([err])-desulphatohirudin], the C-terminal dipeptide residue - Leu-Gln
[Des-([err] [err])-desulphatohirudin], the C-terminal tripeptide residue
-Tyr-Leu-Gln [Des-([err] desulphatohirudin] and the C-terminal tetrapeptide
residue -Glu-Tyr-Leu-Gln [Des-([err] [err]-desulphatohirudin],
respectively. These compounds may have been formed by (partial)
proteolytical degradation of the primary expression product
desulphatohirudin and have been identified in all culture 30  broths,
irrespective of the yeast host used and the fermentation conditions
applied. 



The test with anti-hirudin or anti-desulphatohirudin antibodies (for
example, monoclonal antibodies obtainable from hydridoma cells), the
thrombin test [M.U. Bergmeyer (ed.), Methods in Enzymatic Analysis, Vol.
11, p. 314-316, Verlag Chemie, Weinheim (FRG) 1983] or the blood
coagulation test [F.Markwardt et al., Thromb. Haemost. 47, 226 (1982)] can
be used to detect the hirudin activity. 35     The transformed yeast host
cells according to the invention can be prepared by recombinant DNA
techniques comprising the steps of - preparing a DNA construct containing a
yeast expression control sequence, a DNA segment consisting of a first DNA
sequence encoding the yeast PHO5 or invertase signal peptide upstream of
and in reading frame with a second DNA sequence coding for mature
desulphatohirudin which DNA 40      segment is under transcriptional
control of said expression control sequence, and a DNA sequence containing
yeast transcription termination signals, - preparing a hybrid vector
comprising said DNA construct, - transforming suitable yeast host cells
with the created hybrid vector, - and selecting transformed host cells from
untransformed host cells. 45 2. DNA constructs comprising the coding
regions of a signal peptide and of desulphatohirudin The invention concerns
a DNA construct containing a yeast expression control sequence, a DNA
segment consisting of a first DNA sequence encoding the yeast PHO5 or
invertase signal peptide upstream 50 of and in reading frame with a second
DNA sequence coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals. Several yeast
expression control sequences can be used for regulation of expression of
the DNA sequences coding for the signal peptide and desulfatohirudin. In
particular, expression control sequences of 55 highly expressed yeast genes
are used. Expression control sequences for yeast are derived from the
genomic DNA of yeast, especially of Saccharomyces cerevisiae. Preferably,
the expression control sequence of a highly expressed yeast gene is used
for the expression of desulphatohirudin. Thus the promoter of the TRP1
gene, the ADHI or ADHII 6    EP 0 225 633 B1 gene, acid phosphatase (PHO5)
gene, isocytochrome c gene, or a promoter of the enolase, glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), 3-phosphoglycerate kinase (PGK),
hexokinase, pyruvate decarbox- ylase, phosphofructokinase,
glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase,
triosephosphate isomerase, phosphoglucose isomerase and glucokinase genes,
or a promoter of the yeast 5  mating pheromone genes coding for the a- or
a-factor, can be used. It is also possible to use hybrid promoters
comprising upstream activation sequences (UAS) of one yeast gene and
downstream promoter elements including a functional TATA box of another
yeast gene, for example a hybrid promoter including the UAS(s) of the yeast
PHO5 gene and downstream promoter elements including a functional TATA box
of the yeast GAPDH gene. Preferred vectors of the present invention contain
promoters with transcriptional 10 control. Promoters of this type, e.g. the
promoter of the PHO5 gene and PHO5-GAPDH hybrid promoters, can be turned on
or off by variation of the growth conditions. For example, the PHO5
promoter can be repressed or derepressed at will, solely by increasing or
decreasing the concentration of inorganic phosphate in the medium. A
further preferred promoter according to the invention is the promoter of
the GAPDH gene, especially a functional fragment thereof starting at
nucleotide -300 to -180, in particular at 15  nucleotide -263 or -199, and
ending at nucleotide -5 of the GAPDH gene. The signal sequences according
to the present invention are those of the yeast PH05 gene coding for a
signal peptide having the formula 20  Met Phe Lys Ser Val Val Tyr Ser Ile
Leu Ala Ala Ser Leu Ala 



Asn Ala, and of the yeast invertase gene coding for a signal peptide having
the formula 25 Met Leu Leu Gln Ala Phe Leu Phe Leu Leu Ala Gly Phe Ala Ala
Lys Ile Ser Ala 30 The DNA sequence coding for mature desulphatohirudin is
especially selected from the structural genes for desulphatohirudins
specified above. The preferred DNA sequence codes for desulphatohirudin
variant I (HV1) and has the formula 35
GTTGTTTACACCGACTGCACCGAATCTGGTCAGAACCTGTGCCTGTGCGAAGGT
CAACAAATGTGGCTGACGTGGCTTAGACCAGTCTTGGACACGGACACGCTTCCA 40
TCTAACGTTTGCGGTCAGGGTAACAAATGCATCCTGGGTTCTGACGGTGAAAAAAACCAG
AGATTGCAAACGCCAGTCCCATTGTTTACGTAGGACCCAAGACTGCCACTTTTTTTGGTC 45
TGCGTTACCGGTGAAGGTACCCCGAAACCGCAGTCTCACAACGACGGTGACTTCGAA
ACGCAATGGCCACTTCCATGGGGCTTTGGCGTCAGAGTGTTGCTGCCACTGAAGCTT 50
GAAATCCCGGAAGAATACCTGCAG CTTTAGGGCCTTCTTATGGACGTC. A DNA sequence
containing yeast transcription termination signals is preferably the
3'flanking sequence 55 of a yeast gene which contains proper signals for
transcription termination and polyadenylation. Suitable 3' flanking
sequences are for example those of the gene naturally linked to the
expression control sequence used. The preferred flanking sequences are
those of the yeast PH05 gene. Preferably, the DNA construct according to
the present invention is provided at both ends with synthetic
deoxynucleotide linkers which 7    EP 0 225 633 B1 allow insertion and
cloning of the construct in a cloning vector. The yeast expression control
sequence, the DNA sequence coding for the signal peptide, the DNA sequence
coding for mature desulphatohirudin and the yeast transcription termination
signals are operably linked to each other, i.e. they are juxtaposed in such
a manner that their normal functions are maintained. 5  Thus, the array is
such that the expression control sequence effects proper expression of the
signal peptide-desulphatohirudin gene complex, the transcription
termination signals effect proper termination of transcription and
polyadenylation and the signal sequence is linked to the desulphatohirudin
gene In such a manner that secretion of desulphatohirudin occurs.
Accordingly, if the expression control sequence and the signal sequence are
derived from different genes, the expression control sequence is preferably
joined to 10 the signal sequence between the major mRNA start and the ATG
of the gene naturally linked to the expression control sequence. The signal
sequence should have its own ATG for translation initiation. The junction
of these sequences is preferable effected by means of synthetic
oligodeoxynucleotide linkers which may carry the recognition sequence of an
endonuclease. On the other hand, the last codon of the signal sequence is
directly linked to the first codon of the gene for desulphatohirudin. 15
The DNA constructs according to the invention may be prepared by methods
known in the art, for example, by linking a yeast expression control
sequence, a DNA segment consisting of a first DNA sequence encoding the
yeast PH05 or invertase signal peptide upstream of and in reading frame
with a second DNA sequence coding for desulphatohirudin, and a DNA sequence
containing yeast transcription termination signals in the predetermined
order. 20     Unkage of the various DNA sequences to yield the DNA
constructs according to the invention may be effected by blunt end ligation
or via suitable common restriction sites or synthetic linker molecules
taking special care to a correct junction so that the normal functions of
these DNA sequences are maintained. 



Thus, the signal sequence and the desulphatohirudin gene can be fused by
blunt end ligation. Another approach for creating the correct junction of
the signal sequence and the desulphatohirudin gene consists in 25
restricting, if possible, the signal sequence near its 3' terminus and the
desulphatohirudin near its 5' terminus so that each sequence lacks a
predetermined number of base pairs. A synthetic oligodeox- ynucleotide
linker can then be constructed in such a way that, when joining the
restricted signal sequence and the restricted desulphatohirudin gene via
the connecting oligodeoxynucleotide, the missing base pairs are restored
and the desulphatohirudin gene is in the proper reading frame relative to
the signal sequence. 30     The DNA sequence coding for desulphatohirudin
can be isolated from genomic leech DNA or a complementary double-stranded
desulphatohirudin DNA (desulphatohirudin ds cDNA) is produced from
desulphatohirudin mRNA, or a gene coding for the amino acid sequence of
desulphatohirudin is produced by means of chemical and enzymatic processes.
Genomic desulphatohirudin DNA and desulphatohirudin ds cDNA are obtained,
for example, according 35 to methods that are known per se. For example,
genomic desulphatohirudin DNA is obtained from a leech gene bank that
contains the desulphatohirudin gene by cloning the leech DNA fragments in a
microorgan- ism and identifying clones that contain desulphatohirudin DNA,
for example by colony hybridisation using a radioactively labelled
desulphatohirudin DNA-specific oligodeoxynucleotide that contains at least
15, and preferably from 15 to 30, deoxynucleotides. The resulting DNA
fragments as a rule contain in addition to the 40 desulphatohirudin gene
other undesired DNA constituents that can be removed by treatment with
suitable exo- or endo-nucleases. Double-stranded desulphatohirudin cDNA can
be produced, for example, by isolating mRNA from suitable leech cells,
which are preferably induced to form hirudin, enriching the
desulphatohirudin mRNA in the resulting mRNA mixture in a manner known per
se, using this mRNA as a template for the preparation 45 of single-stranded
cDNA, synthesising from this, with the aid of an RNA-dependent DNA
polymerase, ds cDNA, and cloning the latter into a suitable vector. Clones
that contain desulphatohirudin cDNA are identified, for example in the
manner described above, by colony hybridisation using a radioactively
labelled, desulphatohirudin DNA-specific oligodeoxynucleotide. The
desulphatohirudin gene can also be produced by chemical synthesis. The
process is characterised 50 in that segments of the coding and of the
complementary strand of said gene are chemically synthesised and resulting
segments are converted enzymatically into a structural gene for
desulphatohirudin. The chemical synthesis of DNA is well-known in the art
and makes use of conventional techniques. Appropriate techniques have been
compiled by S.A. Narang [Tetrahedron 39, 3 (1983)]. In particular, the
methods described in European Patent Application No. 146,785 may be used
and are herein incorporated 55 by reference. In an analogous manner, the
signal sequence can be prepared by chemical synthesis or is isolated from
chromosomal DNA of yeast. 8    EP 0 225 633 B1 3. Hybrid vectors containing
DNA constructs with the coding regions of a signal peptide and of desul-
phatohirudin According to the present invention there is further provided a
hybrid vector having one or multiple DNA 5 inserts each comprising a yeast
expression control sequence, a DNA segment consisting of a first DNA
sequence encoding the yeast PH05 or invertase signal peptide upstream of
and in reading frame with a second DNA sequence conding for mature
desulphatohirudin which DNA segment is under transcriptional control of
said expression control sequence, and a DNA sequence containing yeast
transcription termination signals. 10    The invention relates especially
to hybrid plasmids which apart from the expression control sequence, the
above DNA segment and the sequence containing transcription termination
signals contain additional 



DNA sequences which are inessential or less important for the function of
the promoter, i.e. for the expression of the desulphatohirudin gene, but
which perform important functions, for example, in the propagation of the
cells transformed with said hybrid plasmids. The additional DNA sequences
may be 15 derived from prokaryotic and/or yeast cells and may include
chromosomal and/or extra-chromosomal DNA sequences. For example, the
additional DNA sequences may stem from (or consist of) plasmid DNA, such as
bacterial or yeast plasmid DNA, viral DNA and/or chromosomal DNA, such as
bacterial or yeast chromosomal DNA. Preferred hybrid plasmids contain
additional DNA sequences derived from bacterial plasmids, especially
Escherichica coli plasmid pBR322 or related plasmids, bacteriophage X ,
yeast 2 [ERR] 20 plasmid, and/or yeast chromosomal DNA. In the preferred
hybrid plasmids according to the invention, the additional DNA sequences
carry a yeast replication origin and a selective genetic marker for yeast.
Hybrid plasmids containing a yeast replication origin, e.g. an autonomously
replicating segment(ars), are extrachromosomally maintained within the
yeast cells after transformation and are autonomously replicated upon
mitosis. Hybrid plasmids containing 25 sequences homogous to yeast 2[err]
plasmid DNA can be used as well. These hybrid plasmids will get integrated
by recombination into [err] plasmids already present within the cell or
will replicate autonomously. As to the selective gene marker for yeast, any
marker gene can be used which facilitates the selection for transformants
due to the phenotypic expression of the marker. Suitable markers for yeast
are particularly those expressing antibiotic resistance or, in the case of
auxotrophic yeast mutants, genes which com- 30 plement host lesions.
Corresponding genes confer, for example, resistance to the antibiotic
cycloheximide or provide for prototrophy in an auxotrophic yeast mutant,
for example the URA1, URA3, APG4, LEU2, HIS4, HIS3, TRP5 or TRP1 gene.
Advantageously, the additional DNA sequences which are present in the
hybrid plasmids according to the invention also include a replication
origin and a selective genetic marker for a bacterial host, especially 35
Escherichia coli. There are useful features which are associated with the
presence of an E.coli replication origin and an E.coli marker in a yeast
hybrid plasmid. Firstly, large amounts of hybrid plasmid DNA can be
obtained by growth and amplification in E.coli and, secondly, the
construction of hybrid plasmids is conveniently done in E.coli making use
of the whole repertoire of cloning technology based on E.coli. E.coli
plasmids, such as pBR322 and the like, contain both E.coli replication
origin and E.coli genetic markers 40 conferring resistance to antibiotics,
for example tetracycline and ampicillin, and are advantageously employed as
part of the yeast hybrid vectors. The additional DNA sequences which
contain, for example, replication origin and genetic markers for yeast and
a bacterial host (see above) are hereinafter referred to as "vector DNA"
which together with the above DNA construct, containing inter alia the
expression control sequence and the desulphatohirudin gene, 45 is forming a
hybrid plasmid according to the invention. The hybrid vectors according to
the invention may contain one or multiple DNA inserts each comprising,
inter alia, the yeast expression control sequence, the DNA sequence
encoding the signal peptide and the DNA sequence coding for mature
desulphatohirudin. If the hybrid vectors contain multiple DNA inserts,
preferably 2 to 4 DNA inserts, these can be present in a tandem array or at
different locations 50 of the hybrid vector. Preferred hybrid vectors
contain one DNA insert or DNA inserts in a tandem array. The DNA inserts
are especially head to tail arranged. The hybrid vectors according to the
invention are prepared by methods known in the art. The process for the
preparation of the hybrid vectors comprises introducing one or multiple DNA
constructs each containing a yeast expression control sequence, a DNA
segment consisting of a first DNA sequence encoding the 55 yeast PH05 or
invertase signal peptide upstream of and in reading frame with a second DNA
sequence coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals, as such or
introducing the components of said DNA constructs successively in the
predetermined order into a vector 9   



EP 0 225 633 B1 DNA. The construction of the hybrid plasmids according to
the invention is performed applying conventional ligation techniques. The
components of the plasmids are linked through common restriction sites
and/or by means of synthetic linker molecules and/or by blunt end ligation.
5     The linear DNA vectors according to the invention correspond
essentially to the DNA constructs specified in paragraph 2 and are prepared
in an analogous manner. 4. Transformed yeast host cells 10     Another
aspect of the invention involves yeast host cells transformed with a hybrid
vector having one or multiple DNA inserts each comprising a yeast
expression control sequence, a DNA segment consisting of a first DNA
sequence encoding the yeast PHO5 or invertase signal peptide upstream of
and in reading frame with a second DNA sequence coding for mature
desulphatohirudin which DNA segment is under transcrip- tional control of
said expression control sequence, and a DNA sequence containing yeast
transcription 15 termination signals. Suitable yeast hosts include species
of the genera Kluyveromyces, Candida, Pichia, Yarrowia, Sac- charomyces,
Schizosaccharomyces, Torulopsis, and related genera (cf. J. Lodder, The
Yeasts, Amsterdam 1971), especially strains of Saccharomyces cerevisiae.
The process for the production of said transformed yeast host cells
comprises transforming yeast host 20 cells with a hybrid vector having one
or multiple DNA inserts each comprising a yeast expression control
sequence, a DNA segment consisting of a first DNA sequence encoding the
yeast PHO5 or invertase signal peptide upstream of and in reading frame
with a second DNA sequence coding for mature desul- phatohirudin which DNA
segment is under transcriptional control of said expression control
sequence, and a DNA sequence containing yeast transcription termination
signals. 25     The transformation of the yeast host cells is accomplished
by methods known in the art. For example, the transformation of yeast with
the hybrid vectors may be accomplished according to the method described by
Hinnen et al [Proc. Nati. Acad. Sci. USA 75, 1929 (1978)]. This method can
be divided into three steps: (1) Removal of the yeast cell wall or parts
thereof using various preparations of glucosidases, such as 30    snail gut
juices (e.g. Glusulase[err] or Helicase[err]) or enzyme mixtures obtained
from microorganisms (e.g. Zymolyase[err]) in osmotically stabilized
solutions (e.g. 1 M sorbitol). (2) Treatment of the "naked" yeast cells
(spheroplasts) with the DNA vector in the presence of PEG
(polyethyleneglycol) and [err] ions. (3) Regeneration of the cell wall and
selection of the transformed cells in a solid layer of agar. This 35
regeneration is conveniently done by embedding the spheroplasts into agar.
For example, molten agar (about 50 C) is mixed with the spheroplasts. Upon
cooling the solution to yeast growth temperatures (about 30 C), a solid
layer is obtained. This agar layer is to prevent rapid diffusion and loss
of essential macromolecules from the spheroplasts and thereby facilitates
regeneration of the cell wall. However, cell wall regeneration may also be
obtained (although at lower efficiency) by plating the spheroplasts onto
the 40    surface of preformed agar layers. Preferably, the regeneration
agar is prepared in a way to allow regeneration and selection of trans-
formed cells at the same time. Since yeast genes coding for enzymes of
amino acid biosynthetic pathways are generally used als selective markers
(supra), the generation is preferably performed in yeast minimal medium
agar. If very high efficiencies of regeneration are required the following
two step procedure is 45  advantageous: (1) regeneration of the cell wall
in a rich complex medium, and (2) selection of the transformed cells by
replica plating the cell layer onto selective agar plates. The invention
relates especially to the DNA constructs comprising the desulphatohirudin
gene, the hybrid vectors, the transformed yeast host cell and to the
processes for the preparation thereof as well as to the process for the
production of desulphatohirudin as described in the Examples. 50 



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: 55    Figures 1 and 2 are schematic
diagrams showing the construction of plasmids pML300 and pML305,
respectively. Figure 3 depicts the construction of plasmid pHRil48
containing the trp promoter. Figure 4 shows the construction of expression
plasmid pML310. 10    EP 0 225 633 B1 Figure 5 is a schematic diagram
showing the isolation of a DNA fragment coding for mature desul-
phatohirudin. Figure 6 shows schematically the construction of an
expression plasmid for secretion of desul- phatohirudin. 5    Figure 7
shows schematically the construction of an expression plasmid for
intracellular expression of desulphatohirudin. Figure 8 depicts the DNA
sequence of the BamHI-Sall restriction fragment of PHO5 including the PHO5
promoter region. Figure 9 shows the DNA sequence of the promoter region of
the GAPDH gene. 10    Figure 10 is a schematic diagram showing the
construction of plasmid pGAPDH-EL. Figure 11 depicts the sequences of the
GAPDH promoter fragments present in plasmids pGAPDH-FL and pGAPDH-EL.
Figure 12 shows the construction of plasmid pJDB207/PHO5(Eco)-HIR. Figure
13 shows the construction of plasmid pJDB207/PAPEL-HIR(UAS1 + UAS2). 15
Figure 14 depicts the construction of plasmid pJDB207/GAPEL-HIR]D. Figure
15 is a schematic diagram showing the construction of plasmid
pJDB207/GAPFL-1-HIR. The following abbreviations are used in the figures: p
promoter, SS signal sequence, t terminator, L linker. The following
Examples serve to illustrate the present invention but should not be
construed as a 20  limitation thereof. Experimental Part The meanings of
the abbreviations used in the Examples are as follows: 25    TNE
solution that contains 100 mM NaCI, 50 mM tris HCI pH 7.5 and 5 mM EDTA,
SDS       sodium dodecyl sulphate EDTA      ethylenediaminetetraacetic acid
DTT       1,4-dithiothreitol (1,4-dimercapto-2,3-butanediol) BSA
bovine serum albumin 30    EtBr      ethidium bromide tris
tris-(hydroxymethyl)-aminomethane tris[err] HCI   tris monohydrochloride
Example 1: Manufacture of protected nucleoside-polystyrene resin 35
MMT-O-T-O-[err]-[err] 40 750 mg of succinic acid anhydride and 910 mg of
4-dimethylaminopyridine are added to 2.57 g (5 mmol) of
5'-(4-methoxytrityl)-thymidine (MMT-O-T-OH) in 20 ml of absolute pyridine
and the whole is left at 45  room temperature for 16 hours. After
concentrating the pyridine solution, this is taken up in 200 ml of ethyl
acetate, extracted by shaking twice, with 200 ml of 0.1 M phosphate buffer
each time with the addition of 10 



ml of saturated sodium chloride solution, washed again with saturated
sodium chloride solution, dried, concentrated and hexane is added dropwise.
The precipitated product is separated off and triturated twice with ether,
then dissolved in 300 ml of ethyl acetate and extracted by shaking at 0C
with 180 ml of 0.1M 50  potassium bisulphate of pH 2.5. After washing twice
with water, the ethyl acetate solution is dried with sodium sulphate,
filtered, 0.5 ml of pyridine is added and the whole is concentrated and
diluted by the dropwise addition of hexane. The precipitated succinic acid
derivative is removed by filtration. 1.0 g of this compound are dissolved
together with 190 mg of N-hydroxysuccinimide in 4 ml of ethyl acetate and 2
ml of dimethylformamide, and 370 mg of N,N'-dicyclohexylcarbodiimide are
added at [err]. 55  After standing overnight in a refrigerator, the
precipitated N,N'-dicyclohexyl urea is filtered off, the filtrate is
diluted with ethyl acetate, extracted with cold 0.1M sodium bicarbonate and
water, dried and concentrated to dryness by evaporation in vacuo. The
residue is chromatographed with ethyl acetate on silica gel. TLC: [err]
0.45 in dichloromethane/methanol (9:1). 11    EP 0 225 633 B1 100 mg of
this N-succinimidoylsuccinic acid ester are stirred for 20 hours with 1 g
of aminomethyl- polystyrene (amine content 110 [err] in 2 ml of
dichloromethane and 4 ml of dimethylformamide. The polymer resin is
filtered off and extracted by washing with dimethylformamide, methanol,
dichloromethane and methanol. After drying, the amino groups that have not
reacted are acetylated by stirring the resin in 6 5 ml of pyridine with 1
ml of acetic anhydride and 100 mg of 4-dimethylaminopyridine for 30
minutes. The polymer resin is extracted by washing with dichloromethane,
dimethylformamide, methanol and dich- loromethane, and dried until a
constant weight is reached. The spectroscopic methoxytrityl (MMT)-
determination gives a charge of 57 [err]. 10 Example 2: The following
protected nucleoside/polystyrene resin is manufactured analogously to
Example 1: 15 [err] 20 from
5'-(4-methoxytrityl)-N-isobutyryl-deoxyguanosine, charge 32 [err]. Example
3: Synthesis of the trinucleotide 25 0 [err] 40 a) Synthesis of the
dinucleotide: 7.73 g (15 mmol) of 5'-(4-methoxytrityl)-thymidine
(MMT-O-T-OH) are twice concentrated by evapora- tion with absolute
pyridine. The residue is dissolved in 20 ml of absolute tetrahydrofuran and
added 45  dropwise to 80 ml of a 0.2M solution of
2-chlorophenyl-di-(1-benzotriazolyl)-phosphate in tetrahydrofuran while
stirring and with the exclusion of moisture and the reaction mixture is
stirred for 1 hour at room temperature. The resulting solution of
2-chlorophenyl-1-benzotriazolyl-5'-(4-methoxytrityl)-thymidine-3'-phos-
phate is divided into 3 portions. 50 a) Hydrolysis to
triethylammonium-2-chlorophenyl-5'-(4-methoxytrityl)-thymidine-3'-phosphate
: 100 ml of 0.5M triethylammonium bicarbonate are added to a third of the
above solution of 2-
chlorophenyl-1-benzotriazolyl-5'-(4-methoxytrityl)-thymidine-3'-phosphate
while cooling. After 15 minutes extraction is carried out with
dichloromethane. The dichloromethane solution is washed with water, 55
concentrated, and petroleum ether is added dropwise thereto. The resulting
precipitate is filtered off with suction, extracted by washing with
ether/petroleum ether 1:1 and dried in vacuo. TLC: [err]0.35 in
dichloromethane/methanol/water (75:22:3). 12 



EP 0 225 633 B1 [err] Esterification to
2-cyanoethyl-2-chlorophenyl-5'-(4-methoxytrityl-thymidine-3'-phosphate ans
removal of the 4-methoxytrityl protecting group: 1.3 ml of 2-cyanoethanol
and 2 ml of pyridine are added to a third of the solution of
2-chlorophenyl-1- 5
benzotriazolyl-5'-(4-methoxytrityl)-thymidine-3'-phosphate. The mixture is
left to stand overnight at room temperature. The solvents are distilled of
in vacuo and the residue is dissolved in ethyl acetate and repeatedly
extracted by shaking with 0.1 M phosphate buffer of pH 7 and water. The
organic phase is dried, concentrated and added dropwise to hexane. The
precipitate is filtered off, dissolved in 50 ml of dichloromethane/methanol
7:3 and, at 000, a solution of 3.8 g of p-toluene-sulphonic acid
monohydrate in 75 10 ml of dichloromethanelmethanol 7:3 is added. After 2
hours, the reaction solution is diluted with dich- loromethane and
extracted by shaking with a cold sodium bicarbonate solution. The organic
phase is concentrated and hexane is added. The precipitated
2-cyanoethyl-2-chlorophenyl-thymidine-3'-phosphate is chromatographed on
silica gel with dichloromethane/methanol 96:4. TLC:[err]of 0.45 in
dichloromethane/methanol (9:1). 15 [err] Condensation to the
5'-(4-methoxytrityl)-3'-cyanoethyl-bis-thymidine dinucleotide: 2.2 g of
2-cyanoethyl-2-chlorophenyl-thymidine-3'-phosphate are dehydrated by twice
concentrating by evaporation with absolute pyridine, and the product is
dissolved in 20 ml of absolute tetrahydrofuran and 20 added to the
remaining third of the solution of
2-chlorophenyl-1-benzotriazolyl-5'-(4-methoxytrityl)-
thymidine-3'-phosphate. After 18 hours at room temperature 10 ml of water
and 200 ml of ethyl acetate are added to the reaction solution while
cooling with ice. The organic phase is washed repeatedly with sodium
bicarbonate and water, dried over sodium sulphate and concentrated to a
small volume. The dinucleotide, protected in the phosphate moiety and at
the 5'- and 3'-end, is precipitated by adding dropwise to 25 ether/hexane
1:1. TLC: [err] 0.48 in dichloromethane/methanol (9:1). b) Synthesis of the
trinucleotide: 1.17 g (1 mmol) of the above-described fully protected
dinucelotide are dissolved in 30 ml of 30 dichloromethane/methanol 7:3 and,
while cooling with ice, a solution of 1.9 g of p-toluenesulphonic acid
monohydrate in 20 ml of dichloromethane/methanol 7:3 is added. After 2
hours, ice-cold sodium bicarbonate solution is added and extraction is
carried out with dichloromethane. The organic phase is dried, con-
centrated and added dropwise to hexane. The precipitated crude dinucleotide
with a free 5'-hydroxy group is chromatographed on silica gel with a
gradient of 2-8% methanol in dichloromethane. TLC: [err] 0.33 in 35
dichloromethane/methanol (9:1). 850 mg of this 5'-hydroxy-dinucelotide and
1.06 g of triethylammonium-2-chlorophenyl-5'-(4-methox-
ytrityl)-thymidine-3'-phosphate [cf. paragraph a)a)] are twice concentrated
by evaporation with pyridine, then dissolved in 10 ml of absolute pyridine
and 560 mg of 1-mesitylenesulphonyl-3-nitro-1,2,4-triazole (MSNT) are
added. After 2 hours, 2 ml of ice-cold water are added and, after a further
hour, extraction is carried out 40 with dichloromethane. The organic phase
is washed with saturated sodium bicarbonate solution and water, dried,
concentrated and ether is added. The precipitated trinucleotide is purified
by chromatography on silica gel.[err] 0.45 in dichloromethane/methanol
(9:1). Example 4: Analogously to Example 3, the following protected
trinucleotides of the general formula 45 [err] 50 55 13   



EP 0 225 633 B1 abbreviated to [err] are manufactured. The following
abbreviations are used for the nucleosides B', B2, [err]: A   =
N-benzoyl-deoxyadenosine 5   C   = N-benzoyl-deoxycytidine G   =
N-isobutyryl-deoxyguanosine T   = thymidine 10          Compound
[err]             Compound         [err] TTT.            0.45
ATG              0.48 TTC             0.55             ACT
0.53 15          TCT              0.46             ACC              0.48
TAC             0.56             ATT              0.55 TGC             0.44
ACA              0.53 20            TAG             0.60             AAC
0.46 TGT             0.42             AAA              0.51 TGA
0.44             AGT              0.45 CTT             0.53             AGG
0.38 CTG             0.46             GTT              0.45 CCT
0.45             GTC              0.44 CCC              0.59            GTG
0.35 30          CCG              0.47             GCA              0.49
CCA             0.51             GCG              0.48 CAT             0.55
GAT              0.44 35          CAC              0.51             GAC
0.48 Compound         [err]            Compound           a) 40 CGC
0.46             GAG              0.48 CGA             0.38             GAA
0.50 45          CAG              0.44             GGC              0.42
CGG             0.38             GGT              0.46 CGT             0.49
GGG              0.35 50                                            GGA
0.44 a)   Thin layer chromatogram on silica gel in dichloromethane/methanol
9:1 Example 5: Synthesis of the DNA fragment of a length of 67 bases from
base No. 96 to base No. 162 of the 14    EP 0 225 633 B1 DNA strand 96/97)
a) Removal of the 2-cyanoethyl protecting group from the trinucleotides: 5
10 [err] of the trinucleotides from Example 3 or 4 are dissolved, with the
exclusion of moisture, in 60 [err] of pyridine/acetonitrile/triethylamine
1:1:1. After 1 hour at room temperature, 0.7 ml of peroxide-free ether is
added dropwise and the precipitate is removed by centrifuging. The crude
triethylammonium salt is dissolved in 50 [err]of pyridine and again
precipitated with 0.5 ml of ether, centrifuged off, and dried in a high
vacuum for 15 hours. 10 b) Coupling the partially protected trinucleotides
with the oligonucleotide chain bonded to polystyrene resin: 



All operations are carried out with the exclusion of moisture in a reaction
vessel of 220 [err]capacity with microprocessor-controlled addition of
solvent and reagent. 13 mg (0.74 [err] of the thymidine/polystyrene 15
resin (Example 1) are placed in the reaction vessel and subjected to the
following operations: 1. Methylene chloride, 2 ml/min., 4 min. 2. Methylene
chloridefisopropanol (85:15), 2 ml/min., 2 min. 3. Zinc bromide 1M and
1,2,4-triazole 0.02M in methylene chloride/isopropanol (85:15), 2 ml/min.,
2-3.5 min. 20    4. Methylene chloride/sopropanol (85:15), 2 ml/min., 4
min. 5. Triethylammonium acetate 0.5M in DMF, 2 mlmin., 5 min. 6. Molecular
sieve-dried pyridine, 2 ml/min., 3 min. 7. Tetrahydrofuran (peroxide-free,
molecular sieve-dried), 2 ml/min., 3 min. 8. Nitrogen stream, 10 min. 25
9. Injection of 10 [err] of trinucleotide GTC (trimethylammonium salt from
paragraph a)) and 8.9 mg (30 [err]) of
1-mesitylenesulphonyl-3-nitro-1,2,4-triazole (MSNT) dissolved in 150 [err]
of pyridine. 10.[err], 20 min. 11. Pyridine, 2 ml/min., 4 min. 12. Acetic
anhydride 5% and 4-dimethylaminopyridine 2.5% in pyridine, 2 ml/min., 4
min. 30    13. Pyridine, 2 ml/min., 4 min. 14. Pyridine/isopropanol (1:1),
2 ml/min., 3 min. All 14 operations are repeated 21 times, but in the 9th
operation, instead of GTC the following trinucleotides, respectively, are
used in the form of their triethylammonium salts (paragraph a)) in the
sequence indicated: 35 GCA,  ACC, GGAA, CCC, TAC,  AGG,  TGA, CGC,  TAC,
CGT,  GTG,  CCA,  AAA,  AAA,  TGA,  CGG,  TGA,  TTC, GGG, CCT, CAT. 40 The
mean coupling yield is 97%. The end product has the following structure: 45
MMT-CATCCTGGGTTCTGACGGTGAAAAACCAGTGCGTTACQGGTGMGGTACCCCGAAACCGCAr
TCT-polystyrene 50  c) Removal of the DNA fragment from the carrier and
removal of the protecting groups: 40.0 mg (approximately 0.60 [err]) of DNA
synthesis resin 96/67 are maintained at [err] for 3 hours and at room
temperature for 12 hours with 66 mg (0.40 mmol) of o-nitrobenzaldoxime and
50[err] (0.40 mmol) of 1,1,3,3-tetramethylguanidine in 400 [err] of 95%
pyridine. After blowing off the pyridine with 55 nitrogen, 1.6 ml of
aqueous ammonia (33%) are added to the residue and the whole is maintained
for 24 hours at 50C in a closed vessel. The liquid phase separated off is
freed of ammonia in vacuo and washed 3 times with 3 ml of peroxide- free
diethyl ether each time. After removing the lower molecular constituents on
a Biogel P6 column (100- 15    EP 0 225 33 B1 200 mesh, 3x66 cm, 0.01 molar
trimethylammonium bicarbonate pH 7.5, 1.5 ml/min.), 285 ODs (260 nm) of DNA
are isolated. A total of 60 ODs are separated on an HPLC column
(PRP-1/Hamilton, 250 x 4.6 mm). Gradient (solution A: 0.05M
triethylammonium acetate pH 7.0; solution B: solution A:acetonitrile 1:1):
30 % B in A 60 5  % B in A in 20 min. at [err] and 2 ml/min. The lipophilic
main peak (retention time approximately 14 min.) is collected, concentrated
over a DE52 cellulose (Whatman) column, eluted and precipitatd with
ethanol. To remove the 4-methoxytrityl protecting group, the precipitate is
dissolved in 50 [err] of acetic acid/[err] (4:1) 



and maintained at room temperature for 45 minutes. The reaction product is
Iyophilised, precipitated with ethanol and, for purification,
electrophoretically separated on an 8% polyacrylamide gel (7M urea). The 10
band corresponding to the desired DNA size is cut out and the product is
electroeluted, concentrated over DE52 cellulose and the DNA 96/97 of the
following structure
5'-CATCCTGGGTTCTGACGGTGAAAAAAACCAGTGCGTTACCGGTGAAGGTACCCCGAAMCCG 15
CAGTCT-3' is precipitated with ethanol. 20  Example 6: The following DNA
fragments (5'-3') are produced analogously to Example 5: 1/58
CTGCAATTCATCGTTCTTTACACCGACTGCACCGAArCTGGTCAGAACCTGTGCCTGT 25 46/64
complementary
CAGAACCCAGGATGCAT-tGTTACCCTGACCGCAAACGTIACMCCTTCGCACAGGCAGAGGIT 154/64
complementary 30
CAGGATCCTACTGCAGGTATTCTTCCGGGATTTCTTCGM0GTCACCGTCGTTGTGAGACTCCCG Example 7:
Phosphorylation of the fragments 1/58, 46/64 complementary, 96/67 and
154/65 complementary 35 The phosphorylation and the radioactive labelling
at the 5'-ends is effected with [y-32P1ATP and T4 polynucleotide kinase
(Boehringer) as described in Molecular Cloning, A laboratory Manual (ed. T.
Maniatis et al.), Cold Spring Harbor Lab., 1982, p. 125 40 Example 8:
Polymerisation to duplex 11 (fragment F2 of the desulphatohirudin HV1 gene)
50 pmol in each case of kinased fragment 96/67 and kinased fragment 154/64
are dissolved in 24 [err] of water, the solution is heated at [err] for 3
minutes and cooled to [err] within a period of 5 minutes. After the
addition of 4 [err] of endo-R buffer (0.1 molar tris HCI pH 7.5, 66
mM[err], 66 mM [err]mercaptoethanol, 45  0.6M NaCI), 10 [err] of
deoxynucleoside triphosphate mixture (dATP, dCTP, dGTP, TTP, each 2x[err]
molar, adjusted with [err] to pH 7.0) and 2[err] (10 units) of DNA
polymerase I, Klenow fragment (Boehringer) incubation is carried out for 30
minutes at [err]. The reaction is stopped by heating at [err]for 3 minutes
and the mixture is stored at [err]until required for further processing. In
an analogous manner the kinased fragments 1/58 and 46/64 are reacted to
form duplex I (fragment 50 [err]of the desulphatohirudin gene). Duplexes I
and 11 have the following structures: 55 16    EP 0 225 633 B1 Duplex I 5
CTCGAATTCATGCTTCTTTACACCCACTGCACCGMTCTCCTCAGMCCTGTGCCTGTGCGMGGTTC
CACCTTAATACCMCAAATGTGGCIGACGTGGCTTAGACCAGTCTTGGACACGGACACGCTTCCMG
TMCGTTTGCGGTCAGGGTAACAAATGCATCCTGGGTT.CTG
ATTCCMAACGCCAGTCCCATTGTTTACGTAGGACCCAACAC: 10 Duplex II 15
CATCCTGGGTTCTGACGCTGAAAAAAACCAGTGCGTTACCGGTGMGGTACCCCGCAAACGCAGTCTC
GTAGGACCCMGACTGCCACTTTTTTTGGTCACGCMTGGCCACTTCCATGGGGCTITGGCGTCAGAG
ACAMCGACGGTGACTTCGAMGAAATCCCGGAAGAMTACCTGCACTAGGATCCTO
TGTTGCTGCCACTGAMGCTTCTTTACGGCCTTCTTATGGACGTCATCCTAGGAC 20 The manufacture
of the fragments F1 and F2 of the desulphatohirudin gene is illustrated in
the following 



scheme 1: 25 30 35 40 45 50 55 17    EP 0 225 633 B1 Scheme:  1
Manufacture of the fragments  [err]  and [err] of the desulphatohirudin
aene HV1  and of [err] DNA 5 1/58                                     96/67
46/64                                  154/64 10 T4-polynucleotide-
1 T4-polynucleotide- kinase                                   kinase 15
. , annealing                            , annealing lil Tt   lJl
h- 20 IDUA polymerase I                         DNA polymerase  I (Tlenow),
da-rPs                       j(Klenov), dhlPs 25 t~
t         t EcoRI                       EcoRIE      EcoRti
B=Rt 30                  Fragment F1                              Fragment
F2 I(subcloning)                 *(subcloning) lEcoRlt
jEcoRLt t
t~ EcoRt                     EcoRII         EcoRIt
8aalH ' 40                                       I annealing 4 DNA ligase
45     t                             tt EcoRt
EcoRSI                        BamRT F1-F2-DNA  (desulphatohirudin  gene) 50
Example 9: Polymerisation and ligation of the fragments 1/58, kinased
46/64, kinased 96/67, and 154/64; manufacture of the desulphatohirudin HV1
gene 55 In each case 50 pmol of fragment 1/58, kinased 46/64, kinased 96/67
and 154/64 are dissolved in 48 j.l of water, the solution is heated for 3
minutes at 900C and cooled within 5 minutes to 120C. After the addition of
8a11 of Endo-R buffer (cf. Example 8), 20W of deoxynucleoside triphosphate
mixture (dATP, dCTP, dGTF, 18    



EP 0 225 633 B1 TTP, in each case 0.002 molar, adjusted to pH 7.0 with
[err]) and 2 [err] (10 units) of DNA polymerase 1, Klenow fragment
(Boehringer) incubation is carried out for 30 minutes at [err]. The
reaction is stopped by heating from 3 minutes at [err] and the DNA is
isolated, after extraction with phenol/chloroform, by precipitation with
ethanol. The resulting DNA mixture is dissolved in 100 [err] of
ligase/buffer (66 mM tris [err] 5 pH 7.5, 6.6 mM [err], 10 mM
dithiothreitol, 5 mM ATP), 50 units (2 [err]) of T4 DNA ligase (Biolabs)
are added and the whole is incubated for 20 hours at [err]. The reaction is
stopped by heating for 5 minutes at [err] and the DNA, after extraction
with phenol/chloroform, is isolated by precipitation with ethanol. After
separating the mixture on an 8% polyacrylamide gel (denaturating) by
electrophoresis, the ligation product with 217 base pairs is electroeluted,
concentrated on a DE52 cellulose column and, after elution, isolated by 10
precipitation with ethanol. The desulphatohirudin gene has the following
structure CTCGAATTCATGGTTGITTACACCGAcTGCACCGMTcTGGTCAGAM
CCTGTGCCTGTGCGAMGGT 15
CACCTTAAGTACCMAAAC,%TGTGCCTGAcGTGGCTmGACCAGTCTTGGACACGGACACGCTTCCA
TCTAXACGTTTGCGGTCAGGT M CAA TGcATcCTGGCTTCTCACCGTCAAAAAAACCACTGCCTT
AGATTGCAAACGCCAGTCCCATTGTTTACGTAGGACCCAGACTGCCACTTTTTTTGGTCACGCAA 20
ACCGCTGCA.AGGTA'%CCCCCAAAACCCCACTCTCACAACGACGGTGACTTCCAAGAAATCCCGGAAGAA
TGCCCACTTCCATGCGGCCTTGGCGTCAGAGTGTTGCTGCCACTGAAGCITCITTAGGGCCTTCTT
TACCTGCAGTAGGATCCTG ATGGACCTCATCCTACCAC 25 The manufacture of the
desulphatohirudin gene from the four fragments is illustrated in the
following scheme 2: 30 35 40 45 50 55 19    EP 0 225 633 B1 Scheme2:
Manufacture  of  the  hirudin  gene  from  the four synthetic fragments
i/S8                                 96/67 46/64
154/64 IT4  polynucleotide  kinase annealing 15 I DNA polymerase  I
(KIenow) dNTPs 25                                              IT4  DNA
ligase >  t
~~~~~~~~~~~~~~~~~~~~~~t 30       EcoRI
BaHTe F1-F2  DNA (desulphatohirudin gene) 35 Example 10: Construction of
the plasmid pML 300 containing the F1 -DNA of the desulphatohirudin HV1 



gene (Fig. 1) 40 a) Manufacture of the linearised vector
pBR322/EcoRl/Pvull. 5 ag of pBR322 plasmid DNA are digested with 5 units of
Pvull restriction endonuclease (Biolabs) in 200 ml of a solution of 100
ag/ml of gelatin for 1 hour at 370C. Subsequently this solution is adjusted
to 100 mM tris HCI (pH 7.5), 50 mM NaCI and the DNA is digested with 30
units of EcoRI restriction endonuclease 45  (Biolabs) for 2 hours at 37C.
The solution is then adjusted to 50 mM tris-HCI pH 8 and, at a DNA
concentration of 10 Mg/al, incubated with 2 units of intestinal alkaline
calf phosphatase (Boehringer) for 30 mins at 37c. The enzyme is inactivated
by heating the solution for 60 minutes at 650C. The solution is then
standardised with TNE, extracted with 1 volume of phenol and chloroform,
and the digested DNA is precipitated with 2 volumes of alcohol at -200C
overnight. 50     The vector (pBR322/EcoRl/Pvull, 2297 base pairs) excised
from the pBR322 DNA is separated from the small DNA fragment (2067 base
pairs) by gel electrophoresis on 1 % low-melting agarose (Biorad) in tris-
acetate-EDTA buffer pH 8. After staining the DNA in the agarose gel with
EtBr, the area of the gel that contains the DNA band of the
pBR322/EcoRl/Pvull vector (= 2297 base pairs) is cut out of the gel and
liquefied for 10 minutes at 650C. 20 volumes of TNE are added to this DNA
solution, the DNA is purified in 56 accordance with Mueller et al. [J. Mol.
Biol. 124, 343, (1978)] by DE-52 chromatography, extracted with
phenol/chloroform and the D15NA is precipitated with alcohol at -20'C
overnight. The DNA precipitate is dissolved in 50al of 0.01 M tris HCI (pH
8), 0.1 mM EDTA, and stored at -200C until required for use. 1.4 ag (= 3.2
pmol of ends) of DNA are obtained. 20    EP 0 225 633 B1 b) Manufacture of
F1-DNA/EcoRI 24 ng (= 1.3 pmol of ends) of the chemically synthesised Fi
-DNA (see Example 8) are digested with 5 units of EcoRi restriction
endonuclease (Biolabs) in 50 al of 100 mM trisOHCI (pH 7.5), 50 mM NaCI and
5  100 ag/ml gelatin for 30 minutes at 370C. Subsequently, 0.06 ILg (= 0.14
pmol of ends) of the linearised vector pBR3221EcoRI/Pvull (Example 10a) are
added to the solution. The enzyme is then, by heating at 650C, inactivated
after 10 minutes, and the solution is standardised with TNE and extracted
with phenol/chloroform. The DNA is precipitated with alcohol. The
precipitated DNA is stored under alcohol at -200C until further processing.
10 c) Ugation of pBR322/EcoRI/Pvull vector DNA with F, -DNA/EcoRI and
construction of plasmid pML300 The DNA precipitate obtained in Example
10b), which contains the two mentioned DNA fragments, is dissolved in 20 Ld
of a solution of 50 mM tris HCI (pH 7.8), 10 mM MgCI2, 10 mM DTT, 0.5 mM
ATP, and 15  100 iug/1 gelatin and treated with 25 units/ll T4 DNA ligase
(Biolabs) at 15C for 3 hours. In this manner the recombinant plasmid
pML300, which contains the F, -DNA, is obtained in the solution. d)
Transformation of E. coil HN101 with plasmid pML300 20     The E. coli
HB101 cells pretreated with calcium that are required for the
transformation are produced as described by Mandel et al. [J. Mol. Biol.
53, 159 (1970)1. The solution obtaineU in c), which contains the
recombinant plasmid pML300, is heated at 650C for 10 minutes in order to
inactivate the T4 DNA ligase and is then cooled to 370C. 10 Ll of this
reaction mixture are added to 150 il of calcium-treated E. coli HB101 cells
in 10 mM MgCI2 and 10 mM trisOHCI (pH 7.5) in 26  a total volume of 200 Il.
Subsequently, this mixture is cooled in ice for 30 minutes, heated for 2
minutes at 420C and then left to stand for 50 minutes in 1 ml of L-medium
(cf. Example 18) at 370C. The mixture is then spread out in aliquots of 0.2
ml on 5 agar plates (McConkey Agar, Difco), which contain 60 ag/ml of
ampicillin (Serva). The agar plates are then maintained at 370c for 16-18
hours. 484 ampicillin-resistant colonies of the 30 transformed E. coli
HB101 are obtained. 



e) Screening the colonies that contain F1 -DNA 470 transformed colonies
(Example 10d) are pressed off onto nitrocellulose filter B85 (Schleicher
and 35  Schull). In accordance with M. Grunstein and D.S. Hogness [Proc.
Nati. Acad. Sci. USA 72, 3961 (1979)] the colonies are lysed and their
denatured DNA is fixed on the filter. Subsequently prehybridisation of the
filters is carried out in 20 ml (per filter) of 4xSET [= solution of 30 mM
tris@HCI (pH 8), 150 mM NaCI, 1 mH EDTA], 0.1 % (wNv) Ficoll 400
(Pharmacia), 0.5 % SDS, 50 ag/ml denatured calf thymus DNA for 4 hours at
640C. Subsequently the nitrocellulose filters are treated in 20 ml (per
filter) of 5xSET (w/v) Ficoll 400, 0.2 % 40  SDS and 50 iug/ml denatured
calf thymus DNA for 16 hours at 640C with the 32P radioactively labelled
probe (approximately 103-104 Cerencov cpm per filter). The oligonucleotide
46/64 complementary (cf. Example 6) is used as probe. Subsequently, the
filters are washed twice in 2xSET, 0.2 % SDS at room temperature, then
twice in 2xSET, 0.5 % SDS at 600C (first for 30 minutes, then for 60
minutes). The filters are then dried between 3 45  MM paper (Whatman) and
placed at -800C on an X-ray film (Fuji) with an intensifying screen
(Ilford) for 1-2 days. The resulting autoradiogram shows 71 positive
colonies (clones) which can be used for further processing, one of which
received the designation pML300. 50  Example 11: Construction of plasmid
pML305, which contains the F2-DNA of the desulphatohirudin HV1 gene (Fig.
2) a) Manufacture of linearised vector pBR322/BamHI/Nrul 55     5 ag of
pBR322 plasmid DNA are digested with 30 units of BamHI restriction
endonuclease for 30 minutes at 370c in a solution of 100 mM NaCI, 6 mM
trisOHCI (pH 7.9), 6 mM MgCI2 and 100 ag/ml gelatin. 15 units of Pvull
restriction endonuclease are then added to the solution and the solution is
digested for 2 hours at 37C. 21    EP 0 225 633 B1 The reaction mixture is
heated at 700C for 10 minutes in order to inactivate the enzyme.
Subsequently the two DNA fragments are separated from each other by gel
electrophoresis on 1 % low-melting agarose in tris-acetate-EDTA buffer, pH
8. (see Example 1 Oa). The DNA band of the pBR322 BamHI/Pvull vector (=
2672 base pairs) is cut out, liquefied, and purified 5  in accordance with
Mueller et al.(supra) by DE-52 chromatography. 0.75 ag (= 1.5 pmol of ends)
of DNA are obtained. b) Manufacture of F2-DNA/BamHi 10    25 11g (= 1.3
pmol of ends) of chemically synthesised F2-DNA (Example 8) are digested
with 16 units of BamHl restriction endonuclease (Biolabs) in 20 Uel of 150
mM NaCI, 6 mM tVs HCI (pH 7.9), 6 mM MgCI2 and 100 lg/ml gelatin for 30
minutes at 37c. 60 ng (= 96 nmol of ends) of the linearised vector
pBR322/BamHVPvull (Example 1 la) are then added to the solution, the whole
solution is standardised with TNE and extracted with phenol/chloroform, and
the DNA is precipitated with 2 volumes of alcohol. The 15 precipitated DNA
is stored under alcohol at -200C until required for further processing. c)
Ligation of pBR322/BamHI/Pvull vector DNA with F2-DNA/BamHI and
construction of plasmid pML305 The DNA precipitate obtained In Example 11
b), which contains the two mentioned DNA fragments, is 20 dissolved in 20
ul of a solution of 50 mM trisHCI (pH 7.8), 10 mM MgCI2, 10 mM DTT, 0.5 mM
ATP, and 100 ug/ml gelatine and treated with 15 units/il T4 DNA ligase
(Biolabs) at 150C for 3 hours. In this manner the recombinant plasmid
pML305, which contains F2-DNA, is obtained in the solution. d)
Transformation of E. coli HB101 with plasmid pML305 25 The transformation
of the calcium-treated E. coli HB101 cells is carried out as described in
Example 10d). 10 Ul of the reaction mixture obtained in Example 11c) are
used. 313 ampicillin-resistant colonies are 



obtained. 30 e) Screening the colonies that contain F2-DNA 65 transformed
colonies (Example 11d) are examined for F2-DNA in the manner described in
Example 10e). The oligonucleotide 154/64 complementary (cf. Example 6) is
used as radioactive probe. 2 positive colonies are obtained in the
autoradiogram, one of which is designated pML305. 35 Example 12:
Characterisation of clones pML300 and pML305 The DNAs of recombinant
plasmids pML300 and pML305 are isolated in accordance with Ish-Horowitz
[Molecular Cloning, A laboratory Manual (ed. T. Maniatis et al.), Cold
Spring Harbor Lab., 1982, p. 368]. The 40 nucleotide sequences of the
F1-DNA and F2-DNA inserts are ascertained in accordance with Maxam and
Gilbert [Proc. Nati. Acad. Sci. USA 74, 560 (1977); see also Meth. Enzym.
65, 499(1980)]. For this purpose, in each casi 10 Ug of plasmid DNA of
pML300 are cleaved with EcoRI restriction endonuclease and 10 Ug of plasmid
DNA of pML305 are cleaved with BamHI restriction endonuclease and the
linearised DNAs are isolated by gel elution from agarose gel [cf. Example
10a)]. Subsequently the 45  isolated DNAs are digested with alkaline
phosphatase and chromatographed over DE-52 (cf. Example 11a). The DNAs are
then radioactively labelled at the 5'-end with [y-32P]ATP (specific
activity 5000 Ci/mmol, Amersham) and T4 polynucleotide kinase
(P-L-Biochemicals). The radioactively labelled DNAs are then cleaved with a
second restriction endonuclease (EcoRil). The resulting DNA fragments are
isolated by gel elution from agarose. In the case of pML300 the nucleotide
6o sequence of Fi-DNA is then determined from the EcoRII-EcoRI* fragment
(approximately 109 base pairs) and in the case of pML300 that of F2-DNA is
determined in the EcoRII-BamHlrfragment (approximately 122 base pairs). The
nucleotide sequences that are determined for F1 -DNA and F2-DNA are
identical to those illustrated in Example 8. 56 Example 13: Construction of
expression plasmid pML310 (* indicates  the DNA end that is radioactively
labelled). 22    EP 0 225 633 B1 a) Construction of linearised vector
pHRiI48/EcoRI/BamHI, which contains the trp promotor-operator (Fig. 3 and
Fig. 4) A. Construction of plasmid p159 5 10 &ag of plasmid pBRHtrp [DE-OS
3 111 405] are cleaved with 50 units of EcoRi (Biolabs) for 60 minutes at
37 C and the digestion mixture, after phenol extraction, is fractionated on
a saccharose density gradient (5-23%) in 50 mM tris HCI (pH 8.0), 1 mM EDTA
in a TST41 (Kontron AG) rotor. The centrifugation lasts for 14 hours at
40,000 revs/min and 150C. 0.3 ml fractions are collected with an ISCO io
gradient collector at 1 ml/min. The fractions that contain the smaller
fragment are combined, the solution is standardised with TNE and
precipitation is effected with 2 volumes of ethanol at -201C. After
centrifugation in an Eppendorf centrifuge, the DNA is dissolved in 100 gl
of 10 mM triseHCI pH 7.5, 0.5 mM EDTA. 5 ag of this DNA fragment are
cleaved with 5 units of Bg II (Biolabs) for 60 minutes at 37rc. The
reaction mixture is extracted with phenol and chloroform and the DNA is
incubated with 2 volumes of ethanol at 75 -80C for 10 minutes; the DNA is
collected by centrifugation and dissolved again in 50 al of 50 mM tris HCI
(pH 8.0). 2 1LI of this solution are removed (0.2 aug of DNA) and incubated
at a DNA concentration of 10 ng/al in 50 mM trisoHCI (pH 8.0) with 1 unit
of intestinal alkaline calf phosphatase (Boehringer) for 30 minutes at 3rC.
The enzyme is inactivated by heating the solution for 60 minutes at 650C.
0.04 ag of DNA is removed and incubated 5'-terminally with 10 aCi
[jy32P]-ATP ( 5000 Ci/mmol, Amersham) and 5 units of 



20 T4 polynucleotide Winase (P-L Biochemicals) in 20 al of reaction volume
in 50 mM tis HCI (pH 9.5), 10 mM MgCI2, and 5 mM DTT, for 30 minutes at
37rC. The radioactive sample is mixed with the non-labelled sample (see
above) and the DNA fragments are fractionated by a 5-23 % saccharose
density gradient in 50 mM tris HCI (pH 8.0), 1 mM EDTA in a TST60 rotor.
The centrifugation is carried out for 5 hours at 60,000 revs/min and 150C.
0.2 ml fractions are collected. The radioactivity of each fraction is
determined by 25 measuring the Cerencov radiation and the fragments are
thereby identified. The desired fractions, which contain the small DNA
fragment, are combined, the DNA is precipitated with 2 volumes of ethanol
and, after centrifugation, is dissolved again in 20 Wl of 10 mM tris HCI pH
7.5, 0.5 mM EDTA. The 32P-labelled EcoRl-Bg 11 DNA fragment is partially
cleaved with 0.2 units of Taq] (Biolabs) in 50 ILI volume for 10 minutes at
370C. The reaction mixture is adjusted to 0.2% SDS, 10% glycerin, 10 mM
EDTA, 3o 0.05% bromophenol-blue, and the DNA fragments are separated on a
6% polyacrylamide gel in tris-borate- EDTA [A.C. Peacock et al.,
Biochemistry 6, 1818 (1967)J. The Band containing the desired EcoRI-TaqI
(the largest partial fragment) is identified on the autoradiogram. This
fragment (L. see Fig. 3) is extracted from the gel and purified [W. MUller
et al., supraland dissolved in 10 al of 10 mM tris*HCI pH 7.5, 1 mM EDTA.
in 10 alI of 10 mM tris-HCI pH 7.5, 1 mM EDTA. 35     There is used as
acceptor plasmid pBR322, which is cleaved with Clal and EcoRi: 2 ag of
pBR322 are digested with 4 units of Clal (Biolabs) in 20 al of reaction
volume for 80 minutes at 37C. The protein is extracted with phenol and the
DNA is then precipitated with 2 volumes of ethanol at -80OC for 10 minutes.
The DNA is collected by centrifugation and then digested with 10 units of
EcoRI (Biolabs) for 30 minutes at 370C in 20l of reaction volume.
Subsequently, 2 volumes of 0.1M tris-HCI (pH 8.7) are added to the 40
solution and the whole is incubated with 1 unit of alkaline calf
phosphatase (Boehringer) at 37c for 30 minutes. The phosphatase is then
inactivated by incubation at 650C for 60 minutes. 100 ng of the acceptor
plasmid are incubated with 5 al of fragment L-DNA in 15 al of reaction
volume in 10 mM MgCI2, 20 mM trisHCI (pH 7.8), 10 mM DTT, 0.5 mM ATP with
30 units per ILl of reaction volume of T4 DNA ligase (Biolabs) for 2 hours.
45     5 Wl of this solution are added to a mixture that contains 150 ml of
E. coli HB101 cells treated with calcium chloride (supra) in 10 mM MgCI2,
10 mM CaCI2 and 10 mM tris*HCI (pH 7.5) in a total volume of 200 al. The
mixture is cooled for 20 minutes in ice, heated for 1 minute at 420C and
incubated for 10 minutes at 200C. 1 ml of tryptone medium [tryptone medium
contains 10 g of bacto-tryptone (Difco); 1 g of yeast extract (Difco); 1 g
of glucose; 8 g of NaCI and 294 mg of CaCI202H20 in 1 litre of distilled
water] is 5o added and the mixture is incubated for 30 minutes at 37C while
agitating at 300 revs/min. The mixture is plated on two agar plates
(McConkey Agar, Difco; 0.6 mIl/plate), supplemented with 50 aLg/ml of
ampicillin (Sigma). The plates are incubated for from 12 to 17 hours at
3rc. The plasmid DNA of 10 different colonies is isolated as follows: The
colonies are, as above, used for inoculation of 10 ml of tryptone medium
supplemented by 50 55 ag/ml of ampicillin, in a 25 ml Erlenmeyer flask. The
cultures are agitated for from 15 to 18 hours at 370C and 300 revs/min. The
cells are harvested by centrifuging (Sorval, HS-4 rotor, 10 minutes at 4000
revs/min., 400). Approximately 0.1 g of cells are obtained, and these are
resuspended in 1 ml of 50 mM triss HCI (pH 8.0). 0.25 ml of lysozyme
solution [10 mg/ml in 50 mM tris HCI (pH 8.0); lysozyme is marketed by
Sigma] 23    EP 0 225 633 B1 are added and, after incubation for 10 minutes
at 0PC, 0.15 ml of 0.5 mM EDTA (pH 7.5) are added. After a further 10
minutes at 0C, 60 ILI of 2% Triton X-1 00 (Merck) are added. After 30
minutes at 0C the sample is centrifuged for 30 minutes at 15,000 revs/min
and 40C in a Sorval SA-800 rotor. The supernatant is deproteinated with 1
vol. of phenol (saturated with TNE). The phases are separated by
centrifuging (Sorval 5  HB-4 rotor) for 10 minutes at 5000 revs/min and
40C. The upper phase is extracted twice with 1 vol. of chloroform.
Pancreatic RNAse A (Sigma; 10 mg/ml in TNE preheated for 10 minuts at 850C)
is added until a 



final concentration of 25 ag/ml is reached and the mixture is incubated for
40 minutes at 370C. The solution is then adjusted with 1 M NaCI and 10%
polyethylene glycol 6000 (Fluka, treated for 20 minutes at 1200C in an
autoclave) and incubated for 2 hours at -100C. The precipitate is collected
in a Sorval HB-4 rotor (20 lo  minutes at 10,000 revs/min., 00C) and
dissolved again in 100 ml of TNE. The DNA solution is extracted with 1
volume of phenol and the DNA is precipitated with 2 volumes of ethanol for
10 minutes at -800C. The precipitate is collected by centrifuging in an
Eppendorf centrifuge and the DNA is dissolved again in 20 ILI of 10 mM
tris*HCl (pH 7.5) and 0.5 mM EDTA. 8 to 10 ag of plasmid DNA are obtained
from a 10 ml culture. 15     The plasmid DNAs are analysed after digestion
with the following restriction enzymes: In each case 0.5 ag of plasmid DNA
is cleaved with Hpal (Biolabs) and with Hpal (Biolabs) and EcoRI (Biolabs)
with Clal (Biolabs) according to standard directions, in accordance with
the instructions of the enzyme manufacturer. The DNAs are fractionated on a
1% agarose gel in 40 mM triseacetate (pH 7.8), 1 mM EDTA and 0.5 ag/ml
ethidium bromide. The desired plasmids contain an Hpal site and, after
digesting 2o 3 times, yield in addition to the large DNA fragment 2 smaller
fragments which are larger than the small EcoRI-Clal fragment of pBR322.
One of these plasmids is designated p159 (see Fig. 3). B. Construction of
plasmid pHRi145 25     2 ktg of p159 DNA are digested with 10 units of
EcoRI (Biolabs) for 30 minutes at 370C. The DNA is extracted with phenol,
precipitated with ethanol and, after centrifugation, dissolved in 10 al of
10 mM tris HCI (pH 7.5), 0.5 mM EDTA. The DNA digested with EcoRI is
furthermore treated with 5 units of DNA polymerase (Klenow fragment)
(Boehringer) in 10 mM MgCI2, 10 mM 8-mercaptoethanol, 50 mM NaCI, 0.1 mM
dATP (P&L Biochemicals), 0.1 mM dTTP (P&L Biochemicals) for 15 minutes at
120C. The polymerase 30 is then inactivated by incubation at 850C for 5
minutes. The reaction mixture is diluted in 20 mM tris HCI (pH 7.8), 10 mM
MgCI2, 10 mM DTT, 0.5 mM ATP (Sigma) by a factor of 10 and incubated with
30 units of T4 DNA ligase per al of reaction mixture for 1 hour at 150C. 50
ng of the DNA are transformed in E. coli (in the manner described above)
and plated out on McConkey agar plates supplemented with 50 aig/ml
ampicillin. 35     The plasmid DNAs of 10 different colonies are isolated
in the manner described above. The plasmid DNAs are analysed by digesting
with EcoRI. The desired plasmids are EcoRI-resistant. The analysis is
carried out in the manner described above. One of the desired plasmids is
designated HRi145 (Fig. 3). A~;   C. Construction of plasmid pHRil48 40 2
ag of pHRi145-DNA are treated with 5 units of Clal (Boehringer) for 60
minutes at 37C, then deproteinated by means of phenol extraction. The DNA
is precipitated with ethanol and then dissolved in 20 ILI of 10 mM tris HCI
(pH 7.5), 0.5 mM EDTA. The projecting ends are, as described above, made up
with DNA polymerase I (Klenow fragment), except that dATP and dTTP are
replaced by dCTP (P&L Biochem- 45 icals) and dGTP (P&L Biochemicals). The
polymerase is inactivated by incubation at 850C for 5 minutes. 2 volumes of
0.1 M tris HCI (pH 8.7) are added to the reaction mixture which is
incubated with 0.5 units of calf phosphatase (Boehringer) for 30 minutes at
370C. The reaction mixture is deproteinated by extraction with phenol. The
DNA is precipitated with ethanol and dissolved in 8 al of 10 mM trise HCI
(pH 7.5), 0.5 mM EDTA. 50     A chemically synthesised DNA linker of the
formula 5'-GAATTCCATGGTACCATGGAATTC-3' is phosphorylated at the 5' end by
incubating 8 pmol of the linker with 5 laCi [f-32P)-ATP (5500 Cie mmol-'
Amersham) in 8 awl of reaction volume that contains 0.1 mM rATP (Sigma), 50
mM trise HCI (pH 9.5), 10 mM MgCI2, 5 mM DTT and 2 units of T4
polynucleotide kinase (P&L Biochemicals) for 30 minutes at 3rc. The 56
reaction is stopped by freezing at -80oC. The radioactively labelled linker
is then treated with 1 ag of Clal and phosphatase and ligated with
pHRi145-DNA (see above) in a 20 al reaction volume that contains 0.5 mM
rATP (Sigma), 10 mM DTT (Calbiochem), 20 mM tris1HCI (pH 7.8), 1 mM MgCI2
and 800 units of T4 DNA ligase (Biolabs). The 24 



EP 0 225 633 Bi incubation is carried out for 2 hours at 15'C. The ligase
is inactivated by incubation at 850C for 10 minutes. Subsequently, 2
volumes of water are added, the sodium chloride concentration is adjusted
to 10 mM and 20 units of Kpnl (Biolabs) are added over 30 minutes at 3rC.
After extraction with phenol and chloroform, the mixture is fractionated
through 0.9% low-melting agarose gel (Biorad) in 40 mM trisracetate (pH
7.8), 1 a  mM EDTA and 0.5 jg/mI ethidium bromide. The band, visible by UV
radiation, that demonstrates the same mobility as a marker DNA of the same
size is cut out with a scalpel. The portion of gel is melted for 5 minutes
at 650C and then cooled to 3rC. A volume of approximately 20 al is
obtained. 5 ul of this solution are removed and incubated for 12 hours at
150C with 400 units of Ts ligase (Biolabs) in 10 il of reaction volume,
which has been adjusted to 0.5 mM ATP, 10 mM DTT, 10 mM MgCI2, 20 mM
tris"HCI (pH 7.8). lo  1/10 volume of a solution with 100 mM tris"HCI (pH
7.5), 100 mM CaCI2 and 100 mM MgCI2 are added to the ligase mixture
(solidified at 150C) and the whole is incubated at 650C for 5 minutes. The
solution is then used to transform calcium-treated E. coli HB101 cells in
the manner described above. Plating out on McConkey Agar plates
supplemented with 50 jg/ml ampicillin is carried out. The plasmid DNAs of
10 different colonies are isolated in the manner described above, and the
DNA is i5  subjected to the following restriction enzyme analysis: In each
case 0.5 ug of plasmid DNA is cleaved in succession with Kpnl (Biolabs),
Ncol (Biolabs) and EcoRI (Biolabs) in accordance with the instructions of
the enzyme manufacturer. The cleavage. products are fractionated on 1%
agarose gels in 40 mM tris- acetate (pH 7.8), 1 mM EDTA, 0.5 jig/ml
ethidium bromide. All plasmids exhibit one of these enzyme cleavage sites
each, as desired. One is designated HRi148. 20     The plasmid HRi148
contains a tryptophan promoter-operator and a ribosomal binding site up to
and including ATG. Hirudin and also other heterologous genes can be coupled
directly by way of the EcoRI, Ncol, Kpnl sites occurring once in the
plasmid. Furthermore, this construction renders possible direct coupling
and expressing of heterologous genes without the ATG necessary for the
initiation of translation having to be present on the corresponding gene.
This can easily be achieved by cleaving with Ncol and 25  making up the
projecting ends with DNA polymerase 1, in the manner described, or by
cleaving with Kpnl and removing the projecting ends by nuclease Si. The
plasmid HRi148 is thus an expression plasmid with broad application. D.
Manufacture of the linearised vector pHRil48/EcoRl/BamHl 30 5 jig of
plasmid DNA of pHRil48 are digested with the restriction endonucleases
EcoRI and BamHl. The excised vector pHRil481EcoRVBamHI is isolated by means
of density gradient centrifugation. b) Manufacture of Fi-DNA/EcoRlIEcoRII
and F2-DNA/BamHI/EcoRli 35 I. Manufacture of F1 -DNAIEcoRI/EcoRII 5 hg of
plasmid DNA of pML 300 are first digested with 10 units of EcoRI
restriction endonuclease in 50 Ul of a solution of 100 mM tris* HCI (pH
7.5), 50 mM NaCI and 100 jig/ml gelatine for 1 hour at 3rC. An 4o aliquot
(0.5 jig) of this linearised plasmid DNA/EcoRI is isolated by gel elution
from an agarose gel (cf. Example 10a)) and radioactively labelled with
[y-rnP]ATP (cf. Example 12). The main amount of the plasmid DNAlEcoRI is
then mixed with this radioactively labelled DNA, digested with EcoRlI
restriction endonuclease and the EcoRII-EcoRI* DNA fragment (109 base
pairs) is separated by gel electrophoresis on 8% polyacrylamide. 200 jig of
F,-DNA/EcoRI*/EcoRII are isolated by gel elution. 45 II) Manufacture of
F2-DNA/BamHI/EcoRII 5 ug of plasmid DNA of pML 305 are cleaved with 10
units of BamHI restriction endonuclease. An aliquot (0.5 jig) of this
linearised plasmid DNA/BamHI is isolated by gel elution from an agarose gel
(cf. 5o  Example 10a)) and radioactively labelled with [y-32P] (cf. Example
12). The main amount of the plasmid 



DNA/BamHl is then mixed with this radioactively labelled DNA, digested with
EcoRII restriction en- donuclease and the EcoRII-BamHI* DNA fragment (122
base pairs) is separated by gel electrophoresis on 8% polyacrylamide. 250
jig of the F2-DNA/BamHI*/EcoRIl are isolated. 55  c) ULgation of F, -DNA
with F2-DNA and construction of the expression plasmid pML31 0 10 ng (= 473
nmol of ends) of F1-DNA/EcoRI/EcoRII and 9 ng (= 495 nmol of ends) of F2-
DNA/BamHI/EcoRII are treated in a volume of 20 jl with T4 DNA ligase in the
manner already described in 25    EP 0 225 633 B1 Example 10c).
Subsequently, the mixture is extracted with phenol/chloroform and the DNA
is precipitated with alcohol. The DNA precipitate is then dissolved as
described in Example 10c) and digested with EcoRI and BamHI restriction
endonuclease. The solution is then standardised with TNE and 30 ng (=50
nmol of ends) of the vector DNA pHRi148/EcoRl/BamHl (cf. Example M3aD) are
added. Subsequently, the solution is 5  again extracted with
phenol/chloroform and the DNA is precipitated with alcohol. The
precipitated DNA mixture is treated in the manner indicated in Example 10c)
with T4 DNA ligase (Biolabs). In this manner there is produced in the
solution a recombinant plasmid that contains as insert F1-F2-DNA
(desulphatohirudin gene). 1o  d) Transformation of E. coll HB101 with
plasmid pML31O The transformation of E. coll HBI01 cells treated with
calcium is carried out in the manner described in Example 1 Od). 10 al of
the reaction mixture obtained in Example 13c) are used. 420
ampicillin-resistant colonies are obtained. 15 e) Screening the colonies
that contain F, -F2 -DNA 18 transformed colonies (Example 13d) are examined
for their F,-F2-DNA content in the manner described in Example 109). A
mixture of the oligodeoxynucleotides described in Examples 5 and 6 is used
20 as radioactive probe. In the autoradiogram 12 positive colonies are
obtained, five of which are designated pML310, pML311, pML312, pML313,
pML314. Example 14: Characterization of the clone pML310 25     The
characterisation of the F1-F2-DNA sequence in the recombinant plasmid
pML310 is effected by sequencing the F, -F2-DNA according to Maxam and
Gilbert (supra) in the manner described in Example 12. 10 LLg of plasmid
DNA are examined. The nucleotide sequence of the Fi-F2-DNA is identical to
that described for the synthetic desulphatohirudin gene. 30  Example 15:
Expression of desulphatohirudin HV1 in yeast The chemically synthesized
gene for hirudin is amplified as a 206 bp EcoRi-BamHI insert in plasmid
pML310 (see example 14). The gene is excised from the plasmid and expressed
in yeast under the control of the repressible PHO5 promoter. The
construction includes the 541 bp PHO5 promoter sequence and the 35 complete
PHO5 signal sequence (51 nucleotides coding for 17 amino acids) as
described in European Patent Application No. 143,081. This sequence is
fused in frame to the mature coding sequence of hirudin which starts with
the codon for valine as the NH2-terminal amino acid of natural mature
hirudin. The hirudin gene is flanked at its 3'end by a DNA fragment
providing the PHO5 transcription termination signals. The _,    vector part
of the expression plasmid contains yeast 2LL sequences, the yeast LEU2 gene
for selection in 40 yeast and the ampicillin resistance gene and the E.coli
origin of replication for selection and amplification in E.coli. The
procedure is illustrated in Figures 5, 6 and 7. Adjustment of the
nucleotide sequence at the 5' end of the desulphatohirudin gene 45     The
nucleotide sequence coding for desulphatohirudin starts with GTT which
stands for the NH2- terminal valine in the final gene product. For
convenient subcloning and expression in Ecoli the coding sequence has been
extended at the Wend by eight nucleotides including an EcoRI restriction
site and an ATG initiation codon. For the exact in frame fusion of the
hirudin coding sequence to the sequence coding 



for the PHO5 signal peptide these additional nucleotides have to be
removed. This is achieved by so converting the EcoRI restriction site to a
flush end site, padding a synthetic oligonucleotide containing a Hgal
recognition site in such a position that subsequent cleavage with Hgal
occurs immediately upstream of the GTT codon. Introduction of a Hgal
restriction site in front of the desulphatohirudin gene (cf. Figure 5) 55 8
&Lg of plasmid pML31O (see Example 13c) are digested to completion with
restriction endonuclease EcoRI. The DNA (pML310/EcoRI) is extracted with
phenol/chloroform and precipitated with ethanol. 5'overhanging ends are
removed by nuclease So. 4 L11 of pML31O/EcoRI DNA are digested in 100 ml of
250 26    EP 0 225 633 B1 mM NaCd, 1 MM ZnSOs,30 mM sodium acetate pH 4.6
and 20 U/ml of nuclease Si (Sigma) for 45 min at 3rC. The DNA is extracted
with phenol/chloroform and precipitated by ethanol. The DNA
(pML31O/EcoRI/Si) is resuspended in 100 al of 50 mM Tris*HCI pH 8.0 and
incubated with 2 units of calf intestine alkaline 5  phosphatase (CIAP,
Boehringer) for one hour at 3rC. The enzyme is inactivated at 650C for 1.5
hours. The NaCI concentration in the incubation mixture is adjusted to 150
mM. The dephosphorylated DNA (pML310/EcoRI/SVCIAP) is purified by
adsorption to a DE52 (Whatman)ion exchange column in a low salt buffer (150
mM NaCI, 10 mM TrisrHCI pH 8.0, 1 mM EDTA) and then eluted with a high salt
buffer solution (1.5 M NaCI, 10 mM Tris HCI pH 8.0. 1 mM EDTA). The DNA is
precipitated with ethanol and resuspended lo in H20 at a concentration of
0.8 mg/mi. An oligonucleotide of the formula 5'-AGCGTCGACGCT -3' is
synthesized by the phosphotriester method [Itakura et al., J. Am. Chem.
Soc. 103, 706 (1981)]. The sequence of the oligonucleotide is
self-complementary containing the recognition site -GACGC- for restric- 15
tion endonuclease Hgal. Annealing of two single strands leads to a
double-stranded DNA linker of 12 base pairs. 1. 2 ug of the synthetic
single-stranded oligodeoxynucleotide are phosphorylated in 10 ul of 60 mM
Tris9HCl pH 7.5, 10 mM Mg9l2, 5 mM DTT, 30 UCi of [y-32P] ATP (3000
Cimmolr1, Amersham) and 6 units of T4 polynucleotide kinase (Boehringer)
for 30 min at 37/C, followed by a 15 min chase at 37' C in 20 the presence
of 0.5 mM ATP. The mixture is further incubated for 10 min at 75 * C to
inactivate the enzyme and is then allowed to cool to room temperature for
annealing. 0.6 Ug (170 pmoles)of the 32P-labelled linker DNA are mixed with
2.4 Ug (1.75 pmol ends) of pML31O/EcoRI/Si/CIAP and ligated in 20 ul of 60
mM Trise HCI pH 7.5, 10 mM MgCk2, 5 mM DTT, 3.5 mM ATP, 800 units of Ts DNA
ligase (Biolabs) for 20 hours at 15 *C. The ligase is inactivated at 85 0 C
for 10 25 min and the excess of linker molecules is removed by
precipitation of the DNA in the presence of 10 mM EDTA pH 7.5, 300 mM
sodium acetate pH 6.0 and 0.54 volumes of isopropanol. After 30 min at room
temperature the DNA is pelleted, resuspended in 45 ul of ligation mixture
(specified above) and ligated for 6 hours at 15 * C to form circular DNA.
Aliquots of 1 ul and 3 al of the ligation mixture are added to 100 il of
calcium-treated, transformation 3o competent E.coli HB101 cells (prepared
according to the method of D.Hanahan [J. Biol. Chem. 166,557- (1983)].
Theicells are left on ice for 30 min, then incubated for 3 min at 420 C,
cooled on ice for 2 min and then incubated for one hour at 37 C in 400 ul
of SOC Medium. The cells are concentrated in 100 ul each and plated on LB
agar plates containing 50 eg/ml of ampicillin. 12 transformed, ampR
colonies are grown individually in LB medium containing 100 ug/ml of
ampicillin. 35 Plasmid DNA is prepared according to the method of D.S.
Holmes et al. [Anal. Biochem. 114, 193 (1981)]. The presence of the
synthetic oligonucleotide linker is confirmed by DNA sequencing using a
single 



stranded DNA fragment as primer which hybridizes to the coding strand of
hirudin. One clone which contains the linker DNA at the correct position in
front of the hirudin gene is referred to as pML310L. 40 Example  16:
Fusion  of the PH05 signal  sequence  and  the desulphatohirudin structural
gene 45 a) Isolation of the 0.2 kb desulphatohirudin fragment (Fig.5) 12 ug
of plasmid pML310L are digested to completion with restriction
endonucleases BamHl and Pvul. 5o After extraction of the DNA by
phenol/chloroform and ethanol precipitation the two restriction fragments
are separated on a 1.2 % agarose gel in tris-borate-EDTA buffer pH 8.3 The
ethidium-bromide stained 0.84 kb Pvul-BamHI fragment is isolated in a gel
slice. The DNA is electroeluted in a dialysis bad filled with 3 ml of
0.2xTBE buffer. The closed bag is submersed in TBE buffer pH 8.3 (90 mM
Tris-base, 90 mM boric acid, 2.5 mM EDTA). After 30 min at 100 mA the
polarity of the current is reversed for 45 sec. to repell the DNA 55 from
the dialysis membrane. The buffer surrounding the gel slice in the dialysis
bag is recovered, adjusted to 150 mM NaCI and passed through a DE52
(Whatman) ion exchange column. The DNA is eluted with a high salt buffer
(1.5 M NaCI, 10 mM Tris HCI pH 8.0, 1 mM EDTA), precipitated with ethanol
and redissolved in H20 at a concentration of 0.1 mg/mi. 27    EP 0 225 633
BI The 0.84 kb Pvul-BamHl fragment of pML310L is further digested with
restriction endonuclease Hgal This digest generates a 198 bp Hgal-BamHI
fragment which contains the complete coding sequence for mature
desulphatohirudin. Additional Alul digestion does not touch the 198 bp
Hgal-BamHI fragment but eliminates another Hgal fragment of similar size. 5
The 0.2 kb Hgal-BamHl fragment is separated from other fragments on a 1.5 %
agarose gel in TBE buffer and is isolated by electroelution (as described
above). The DNA is purified by DE52 ion exchange chromatography and ethanol
precipitation. The DNA is resuspended in H20 at a concentration of 30 ug/ml
(0.2 pmoles/Il). 10 b) Isolation of the PHOS promoter region with part of
the PHO5 signal sequence (Fig. 6) 15 Plasmid p31/PH05-TPA18 (cf. European
Patent Application No. 143,081) has the PH05 promoter and the PH05 signal
sequence fused in frame to a foreign structural gene (t-PA). A 584 bp
BamHI-Ball fragment contains the pHOS promoter and all of the PH05 signal
sequence but eight nucleotides at the 3'end. 8 ag of p31 /PHO5-TPA1 8 DNA
are digested with restriction endonuclease Ball (16 hours at 37* C). The 20
DNA is purified by phenol/chloroform extraction and ethanol precipitation.
The DNA is resuspended in H20 at a concentration of 0.7 mg/mI. The correct
junction between the PHO5 signal sequence and the coding region for
desulphatohirudin is provided by a synthetic linker of the formula 25
.                (1)   5'--CCAATGCA-3' (2)   3'- GGTTACGTCAACA-5' 30 Eight
nucleotides at the 5' end of the linker (5'-CCAATGCA) represent part of the
PH05 signal sequence from the Ball site to the processing site. The 5'
overhanging five nucleotides of oligonucleotide (2) fit into the Hgal
cleavage site at the 5' end of the desulphatohirudin coding sequence. The
individual single stranded oligonucleotides (1) and (2) are synthesized by
the phosphotriester method (Itakura et al., supra ). 1.1 Ug and 1.8 Ug of
oligonucleotides (1) and (2), respectively, are 35 individually
phosphorylated at their 5'ends, mixed in equimolar amounts and annealed as
described in 



example 15. 1.3 Ug (200 pmoles) of the phosphorylated, double stranded
linker DNA is ligated to 7 UIg (1,8 pmoles) of Ball cleaved p31/PHO5-TPA18
in 40 Ul of 60 mM Tris*HCI pH 7.5, 10 mM MgCI2, 3.5 mM ATP, 5 mM DTT and
1400 units of T4 DNA ligase (Biolabs) at 15 W C for 16 hours. The ligase is
inactivated for 10 min at 4o  85 C.The excess of linkers is removed by
precipitation of the DNA in the presence of 10 mM EDTA, 300 mM sodium
acetate pH 6.0 and 0.54 volumes of isopropanol. The DNA is resuspended and
further digested with restriction endonuclease BamHl. After extraction of
the DNA by phenol/chloroform and ethanol precipitation the two restriction
fragments are separated on a 1.2 % agarose gel in tris-borate-EDTA buffer
pH 8.3. The 0.6 kb fragment is isolated from the gel. The DNA is
electroeluted and further purified by DE52 45  ion exchange chromatography
and ethanol precipitation. The 0.6 kb BamHI-Hgal DNA fragment is resuspen-
ded in H20 at a concentration of 40 ug/ml. c) Isolation of a pJDB207 yeast
vector fragment (Fig. 6) 50     9 Ug of plasmid pJDB207R/PHO5-TPA (12-2)
DNA(cf. European Patent Application No. 143,081) are digested with
restriction endonuclease BamHl. Upon complete digestion, the DNA is
extracted by phenol/chloroform and ethanol precipitated. The DNA is
resuspended in 50 mM Tris*HCI pH 8.0 at a concentration of 0.1 mg/ml and
digested with 7 units of calf intestine alkaline phosphatase for one hour
at 37* C. The phosphatase is inactivated for 1.5 hours at 65 * C and the
DNA is purified by DE52 ion exchange s5  chromatography (see example 15)
and ethanol precipitation. The 6.8 kb large BamHI fragment is separated on
a 1.2 % agarose gel in tris-borate-EDTA buffer pH 8.3. The DNA Is
electroeluted and purified by DE52 ion exchange chromatography and ethanol
precipitation. The DNA is dissolved in H20 at a concentration of 0.4 mg/ml
(0.1 pmoles/ul). 28    EP 0 225 633 B1 d)      Ligation of the  PH05
promoter  fragment  and  the desul- phatohirudin structural gene to the
pJDB207 yeast vec- tor  fragment (Fig. 6) The pJDB207 yeast vector, the
PHO5 promoter fragment with the PHO5 signal sequence and the
desulphatohirudin structural gene are all isolated as DNA fragments (see
example 16 a-c) which are ligated io  to form an expression plasmid. 0.3
pmoles of the 0.6 kb BamHI-Hgal fragment of p31/PHO5-TPA18 and 0.3 pmoles
of the 0.2 kb Hgal- BamHI fragment of pML310L are ligated to 0.1 pmoles of
a 6.8 kb BamHl fragment of pJDB207RIPHO5- TPA(12-2) in 10 al of 60 mM Tris
HCI pH 7.5, 10 mM MgG12, 5 mM DTT, 1 mM ATP and 400 units of T4 DNA ligase
for 20 hours at 15 - C. 15     A one ill aliquot of the ligation mixture is
added to 100 al of transformation competent E.coli HB101 cells prepared
according to Hanahan (supra). The transformation protocol is also adopted
from this publication. The cells are plated on LB agar plates containing 50
ag/ml of ampicillin. 24 ampR colonies are grown individually in LB medium
with 1009g  g/ml of ampicillin. Plasmid DNA is analysed for size and
orientation of the insert by cleavage with restriction endonuclease Pstl .
A single clone 20 with the correct orientation of the insert is referred to
as pJDB207/PHO5-HIR. Example 17: Transformation of Saccharomyces cerevisiae
strain GRF18 Plasmid pJDB207/PHO5-HIR is introduced into Saccharomyces
cerevisiae strain GRF18 (a,his3-11, 25  his3-15, leu2-3, leu2-112, canR)
using the transformation protocol described by Hinnen et al. (supra).511ug
of Flasmid DNA arieadded to 100 Al of a spheroplast suspension and the
mixture is treated with polyethylene glycol. The spheroplasts are mixed
with 10 ml of regeneration agar and plated onto yeast minimal medium plates
without leucine. A single transformed yeast colony is picked and grown in
yeast minimal medium without leucine. The so  colony is referred to as 



Saccharomyces cerevisiae GRF18/pJDB207/PH05-HIR. Example  18:
Cultivation  of  S.  cerevisiae  GRF18/pJDB207/ 35 PH05-HIR: Cells of S.
cerevisiae GRF18tpJDB207/PHO5-HIR are agitated in 20 ml of yeast minimal
medium (Difco 40 Yeast Nitrogen base without amino acids with the addition
of 2 % glucose and 20 mg/l L-histidine) at 30  C and cultivated to a cell
density of 3x107 cells/ml. The cells are washed in 0.9 % NaCI and then used
for inoculating 50 ml cultures in low Pi-minimal medium. Low Pi-minimal
medium is prepared corresponding to the composition of Difco Yeast Nitrogen
Base medium (without amino acids), but contains 0.03 gA KH2PO4, 1 g/l KCI,
and 10 g/l L-asparagine instead of (NH4)2SO4, 2 % glucose and 1 g/l
L-histidine. The cultures are 45 inoculated up to a cell density of 4x1 06
cells/ml and agitated at 30 * C for up to 42 hours at 200 revs/min. Example
19:        Isolation  of  the desulphatohirudin  compounds 50
from S.  cerevisiae  GPFL8/pJDB207/PHO5-HIIR a) Isolation of
desulphatohirudin compounds from the culture medium 65 A. Enrichment of
hirudin compounds on a RP-CI8 column After a fermentation time of 18 h, 26
h and 42 h, respectively, ten samples of 10 ml each are taken from 29    EP
0 225 633 B1 the culture medium and are enriched for proteins by desalting
and concentration on a Bond Elut C-18 column (1 ml, Analytichem
International). When the samples have been applied to the column and the
liquid has been removed in vacuo the column is washed twice with 1.5 ml
water-acetonitril (9:1)-0.1% trifluoroacetic acid (9:1). Hirudin compounds
are eluted from the column with water-acetonitril-0.1% 5  trifluoroacetic
acid (6:4). 2 ml eluate are concentrated at a Speed Vac concentrator
(Savant) to a final volume of 400 Hl. The hirudin compounds are identified
by HPLC analysis, by comparison with authentic desulphatohirudin and by
means of the thrombin inhibition assay. About 0.2 to 2 ig/ml hirudin
compounds are contained in the samples. to B. Ion exchange chromatography
on a DEAE cellulose column 1 1 of culture medium is harvested after a
fermentation time of 42 h and is centrifuged. The supernatant is applied to
an anion exchange column with DE53 cellulose (Whatman) at pH 7.5
[conditions: column 2.5 x 15.5 cm (76 ml); elution buffer A: 20 mM ammonium
acetate, 100 mM NaCI, pH 7.5; elution buffer B: 20 15 mM ammonium acetate,
4M NaCI, pH 5.0; flow: 66 ml/h]. The column is washed with 228 ml buffer A
and is then eluted with a linear salt gradient of 228 ml each of buffer A
and buffer B, respectively. Fractions of 22 ml are collected. Hirudin
compounds are eluted in fractions 71 to 74(88 ml) and are identified by
means of the thrombin inhibition assay. The active fractions are dialysed
overnight at 4-C against 20 mM ammonium acetate. Subsequently, aliquots are
Iyophilised twice. The lyophilisates contain desulphatohirudin 20 compounds
as based on reversed phase HPLC. C. Gel filtration on Sephadex G-50 and
final purification by means of HPLC The main fraction (80 ml of eluate)
being active in the thrombin inhibition test, is dialysed overnight at 25
4- C against 20 mM ammonium acetate pH 7.5 and then concentrated using a
rotary evaporator at 35 ' C to a final volume of 5 ml. The resulting clear
aqueous solution is applied to a Sephadex G-50 fine column (Pharmacia) with
a bed volume of 160 ml, the column (2.5 x 64 cm, Biorad) being
pre-equilibrated with 5 % acetic acid. The main activity contained in 50 ml
of eluate (fractions 5-7, flow 50 ml/h, 25 min-firaction) is concentrated
using a 3o rotary evaporator and then subjected to a reversed phase HPLC
separation. An aliquot (500 Wl) of the individual fractions is concentrated
1:10 using a "speed vac" concentrator (Savant) and examined by means of
reversed phase HPLC analysis for its content of desulphatohirudin
compounds. The solutions contain 



desulphatohirudin compounds. Fraction 6 (18 ml) contains the smallest
percentage proportion of secondary components and is further purified by
means of semipreparative reverse phase HPLC. 35  Experimental conditions:
Vydac 218 TP 510 RP-HPLC column, 10 x 250 mm; aliquot portions of fraction
6 (200 Wl concentrated 1:10) per separation; AUFS 0.5 at 220 nm; flow rate:
2 ml/min. Eluant: A: 0.1 % trifluoroacetic acid, B: acetonitrile/water 8:2
+ 0.07 % trifluoroacetic acid, 1 min. 16 % B, then increase in the course
of 40 min. to 64 % B. The resulting fractions are diluted 1:1 with water
and Iyophilised. The residue consists of pure desulphatohirudin compounds.
40 b) Isolation of desulphatohirudin compounds from cell extract of S.
cerevisiae GRF18/pJDB2O7/PHO5-HIR The cells are disintegrated as usual (cf.
European Patent Application No. 100,561). The supernatant which has been
treated with 2 % acetic acid is centrifuged (12'000 rpm, 10 C). Ammonia is
added to a final 4S pH of 7.5 and the slightly opaque solution (50 ml) is
further treated as above (cf. example 19a). Hirudin compounds are
identified as above, i.e. with the thrombin inhibition assay and by means
of reversed phase HPLC. Example 20: Analysis of the product mixture from
the fermentation of S. cerevisiae GRF18IpJDB2O7/PHO5- 50 HIR a) A 2ml
aliquot of the supernatant prepared as above (cf. Example 19b) is dried on
a "Speed Vac" concentrator under high vacuum. The samples are dissolved
individually in 100 al of water and subjected to HPLC analysis
(experimental conditions no.1, see below). The thrombin inhibition of the
5S   individual fractions is tested. The fractions with a retention time of
16.5 min and 17.7 min show thrombin inhibition. The ratio (expression
yield) of these two fractions is approximately 4:1. According to amino acid
composition these fractions are desulphatohirudins. b) The fractions active
in the thrombin inhibition test obtained as described in Example 19a are 30
EP 0 225 633 Bi subjected to HPLC analysis under two different sets of
conditions. - Experimental conditions No. 1: Nucleosil (MN) C18, 5 im
RP-HPLC column, 4.6 x 120 mm: 50 al hirudin compounds per separation, alt.
6 at 214 nm; flow rate 1.2 ml/min.; eluant: A: 0.1 % trifluoroacetic acid,
B: acetonitrile/water 8:2 with 0.08 % trifluoroacetic acid, 2 min. 16 % B,
then a         increase in the course of 50 min. to 64 % B.
Counterpressure: 66 bars. - Experimental conditions No. 2: as above,
except: gradient 2 min. 20 % B, then increase in the course of 40 min. to
80 % B. Fractions are taken at one minute intervals (a total of 45) and
subjected to the thrombin inhibition test. Fractions 17-19 prove active.
Furthermore, the amino acid composition, the N-terminus and the N- io
terminal sequence are determined for the active hirudin compounds of
fractions 17 and 18. One fraction (No. 17) is in addition compared with
authentic desulphatohirudin, which is obtained by reacting natural hirudin
from leeches with the enzyme arylsulphatase. The results are compiled in
the following table 1: Table 1 15 Fraction                  Retention time
(min.)  Retention time (min.)  Thrombin Conditions no.1     Conditions no.2
inhibition Fr.17                           16.5                 13.7
96 20         Fr.18                           17.7                 14.7
86 Fr.19                           18.7                                 78
authentic desulphatohirudin     16.5                 13.6            86 The
ratio in yield of fractions 17 and 18 is again about 4:1. 25 



c) 200 ml aliquots of the supernatant prepared as above (cf. Example 19a)
are subjected to HPLC analysis (conditions Nr. 3 see below) and FPLC
separation (conditions Nr. 4). The thrombin inhibition of the individual
fractions is tested. The fractions with a retention time of 8.0 min (Peak
1), 11.1 min (Peak 2) and 12.1 (Peak 3) have a strong thrombin inhibition.
The ratio (expression yield) of these three 30    compounds is
approximately 1:4:1. According to HPLC analysis the compounds corresponding
to peaks 2 and 3 are identical with the hirudin compounds described in
Example 20b) (fractions 17 and 18). The results are summarized in Table 2:
Table 2 35 Fraction   Retention time (min) Retention time (min) Retention
time (min) [c] NaCI Conditions No 4 Conditions No 1    Conditions No 2
Conditions No 3 Peak 1             14.0              11.6              8.0
365 mM 40   Peak 2 (Fr.17)     16.5              13.7              11.1
340 mM Peak 3 (Fr.18)     17.7              14.7             12.1
360 mM - Experimental conditions No 3: Vydac 218 TP-B5 RP-HPLC column, 4.0
x 120 mm, 15 ug hirudin 45      compound per separation, alt. 7 at 214 nm,
flow rate 1.2 mlmin; eluant A: 0.1 % trifluoroacetic acid, B: acetonitrile
with 0.08 % trifluoroacetic acid, 2 min 16 % B, then increase in the course
of 20 min to 40 % B; back pressure 80 bar. - Experimental conditions No 4:
Pharmacia Mono 0 FPLC anion exchange-column, 5.0 x 50 mm, 15 ag hirudin
compound per separation, AUFS 0.01 at 280 nm, flow rate 1.0 ml/min;
gradient elution buffer A: 20 mM Tris-HCI pH 7.5, buffer B: buffer A and 1
M NaCI pH 7.5, 9 min 15 % B, then increase in the course of 21 min to 70 %
B. Example 21: Characterisation of desulphatohirudin compounds from the
fermentation  of the  strain S.  cerevisiae GRF  18/ pJDB207/PH05-HIR 31
EP 0 225 633 B1 According to HPLC analysis the hirudin compounds of
fractions 17 (or peak 1) and 18 (or peak 2) isolated from the medium (cf.
example 20, Tables 1 and 2) are identical to the corresponding compounds
isolated from the cell extracts (intracellular hirudin compounds). These
compounds as well as the compound of peak 3 (cf. Table 2) are characterised
as follows: 6 a. Determination of the amino acid composition Approximately
2.5 ig of the pure hirudin compound are hydrolysed for 24 h with 6N HCI at
110-C and then analysed as described by Chang et al. [DABS-Cl method;
Methods in Enzymology 91, 41 (1983)]. The 10 hydrolysate has the following
composition Peak 1 (cf. Table 2)                   _               | Amino
acid    Hydrolysate    Amino acid     Hydrolysate 15
Asp         9.2     (9)       le         2.1      (2) Thr         4.1
(4)       Leu        3.3      (3) Ser         4.0     (4)       Tyr
1.9      (2) Glu        12.4    (12)       Phe        1.2      (1) Pro
3.1     (3)       His        1.0      (1) ,- 20                  Gly
9.0      (9)      Lys        3.1      (3) Val         3.4     (4)       Met
0        (0) Cystin      2.5     (3)       Total              (63) 25 



Peak 2 (fraction 17, cf. Tables 1 and 2) Amino acid     Hydrolysate
Amino acid     Hydrolysate Asp          9.9    (9)        lIe         2.1
(2) 30                    Thr          4.0    (4)        Leu         4.4
(4) Ser          3.9    (4)        Tyr         1.2     (2) Glu         12.8
(13)       Phe         1.2     (1) Pro          3.1    (3)        His
1.2     (1) Gly          9.1    (9)        Lys         2.9     (3) Val
3.7    (4)        Met         0        (0) Cystine      2.8    (3)
Total              (65) 40                    Peak 3 (fraction 18, cf..
Tables 1 and 2) Amino acid     Hydrolysate    Amino acid     Hydrolysate
Asp         10.0     (9)       Ile         1.9     (2) 45
Thr          3.9      (4)      Leu         3.3      (4) Ser         4.1
(4)       Tyr        1.8      (2) Glu        12.5    (12)        Phe
1.1      (1) Pro         3.1      (3)       His        1.0      (1) Gly
8.7      (9)       Lys        2.8      (3) Val          3.1     (4)
Met        0         (0) Cystin      2.4      (3)       Total
(64) b) Partial sequence analysis 55 18 iLg (2.5 nmol) of the pure hirudin
compound are subjected to a conventional sequence analysis according to
Edman and the N-terminal phenylthiohydantoin (PTH)-amino acids are
determined by means of RP-HPLC. 32    EP 0 225 633 B1 Results Peak 2
(fraction 17, cf. Tables 1 and 2) Cycle            1
5                                10 Amino  acid  Val Val  Tyr Thr Asp  n.d.
Thr Glu  Ser Gly Cycle             11                       .15 Amino  acid
Gln  Asn  Leu  n.d.  Leu  n.d. Glu  Gly  Ser Circle          20
25 Amino  acid  Asn  Val n-d.  Gly  n.d.   Gly  Asn  Lys n.d. Cycle
29                                  35 Amino  acid  Ile  Leu  Gly  Ser Asp
Gly  Glu  Lys Asn Cycle           38              40
45 25 Amino  acid  n.d. n.d. Val Thr Gly  Glu  Gly  Thr Pro  Lys Cycle
48            50 30         Amino  acid  Pro  n.d.  Ser  n.d. (n.d.   = not
determined) 35 Peak 1 (cf. Table 2) Sequence from cycle 1 to cycle 29 as
above. 40 



Peak 3 (fraction 18, cf. Tables 1 and 2) Sequence for cycle 1 to cycle 27
as above. The N-terminal sequences of the biosynthetic hirudin compounds
examined are thus identical to that of 45  authentic hirudin. C. C-terminal
analysis The hirudin compounds are digested with carboxypeptidase Y and the
released amino acids determined so  in the amino acid analyser (cf. J.Y.
Chang, R. Knedel, D.G. Braun, Biochem J. 199, 547). Results Peak 1 (cf.
Table 2) 55 C-terminal amino acids: -Glu-Tyr Peak 2 (fraction 17, cf.
Tables 1 and 2) 33    EP 0 225 633 B1 C-terminal amino acids:
-Glu-Tyr-Leu-Gln Peak 3 (fraction 18, cf. Tables 1 and 2) 6     C-terminal
amino acids: -Glu-Tyr-Leu d) Apparent molecular weights The
desulphatohirudin compounds (30 jag) are analysed on a SDS urea gel [SUDS
gel; cf. Kyte et al., 10 Anal. Biochem. 133, 515 (1983)]. Prior to
Coomassie blue staining fixation is done with 12 % trifluoroacetic acid. A
single band corresponding to a apparent molecular weight of between 6000 to
7000 Daltons is observed. e) Molecular weight determination by FAB-MS 15
The desulphatohirudin compounds are subjected to fast atom bombardment
positive ion mass spec- trometry (FAB-MS). Instrument: ZAB-HF mass
spectrometer from VG-Analytical Ltd., Manchester; matrix: thioglycerol;
Xenon bombardment; ion energy 10 KeV; extem calibration: Cs26J2s (molecular
weight: 6887.9) and Cs28 J27 (7147.76). 20 Results Peak 1 (cf. Table 2) 25
empirical formula:          C276 H421 N770107S6 molecular weight
(calculated):  6722.23 molecular weight (found):  6719.3 Peak 2 (fraction
17, cf. Tables 1 and 2) 30 empirical formula:         C287H440NS001 aSS
molecular weight (calculated)   6963,518 molecular weight (found)   6963,44
The molecular weight is averaged from two different measurements. 35 Peak 3
(fraction 18, cf. Tables 1 and 2) empirical formula:
C282H432N78010.Ss molecular weight (calculated):  6835.39 40    molecular
weight (found):   6832.9 Based on the presented data the compound of peak 1
is desulphatohirudin (1-63), the 



compound of peak 2 is identical with authentic desulphatohirudin (1-65) and
the compound of peak 3 is novel desulphatohirudin (1-64). 45 f) Human
thrombin-hirudin dissociation constants The dissociation constants KD of
the human thrombin-desulphatohirudin complexes are determined according to
the method of S.R. Stone and J.Hofsteenge, [Biochemistry 25, 4B22-4628
(1988)] and are so compiled in the following table. The table contains also
the specific activities (expressed in ATUtmg) of the three
desulphatohirudin species obtained. KD[M         Specific activity [ATU/mg]
55              yeast desulphatohirudin (1-65)   2.9 x 10-139     11000
yeast desulphatohirudin (1-64)   3.9 x 107-13     9600 yeast
desulphatohirudin (1-63)   3.0 x 10-12      8900 34    EP 0 225 633 B1 g)
Further desulphatohirudin compounds obtained from transformed yeast The
mixture of desulphatohirudin compounds, fermented and purified as described
in Example 19 is further separated and in detail characterized. 5  The
semipreparative separation on the Vydac 218 TP 510 RP-HPLC column yields in
addition to the desulphatohirudin compounds described above (cf. Example
21e) desulphatohirudin-like compounds eluting from the column with the
retention time 8.1 minutes. This material is characterized by fast atom
bombardment mass spectrometry (FAB-MS) and amino acid analysis, partial
sequencing, and C-terminal analysis. 10     FAB-MS reveals that the
material is a mixture of two compounds having a molecular weight of 6429.5
and 6556.8, respectively. The amino acid composition is as follows: 15
Amino acid    Hydrolysate    Amino acid     Hydrolysate Asx         8.9
(9)     lie         2.1     (2) Thr         3.7     (4)      Leu
3.6     (3) Ser         4.1     (4)      Tyr         0.9     (1) GIx
10.7   (11)       Phe         1.1     (1) 20                     Pro
3.2     (3)      His         1.2     (1) Gly         9.7     (9)      Lys
3.2     (3) Val         3.3      (4)     Met         0        (0) Cystin
3.3     (3)      Total                m 25 Partial sequence analysis
(N-terminus) Cycle                1           2          3 30
Amino acid           Val         Val        Tyr C-terminal  analysis  (cf.
Example  21c) 35                         -                            59
60   61    62 C-terminal  amino acids               -Ile-Pro-Glu-(Glu)
Based on these data this mixture consists of desulphatohirudin (1-61) and
of desulphatohirudin (1-62). 40 Example 22: Expression of desulphatohirudin
compounds in yeast harboring a desulphatohirudin gene without signal
sequence. (Fig.7) 4  a) Isolation of the pJDB207 vector fragment; 6 ag of
the plasmid pJDB207R/IF(a-3) (EP 100,561) are completely digested with the
restriction 



endonuclease BamHl. The resulting DNA fragments (6.85 kb and 1.15 kb) are
precipitated with ethanol and taken up in 400 Ll of 50 mM tris.HCI pH 8.0.
4.5 units of calf intestinal phosphatase (Boehringer, Mannheim) are added.
The mixture is incubated for 1 hour at 3PC, then the phosphatase is
inactivated at 65C for 1.5 hours. The solution is adjusted to 150 mM NaCI
and then applied to a DE52 (Whatman) anion exchange column (100 ul volume)
which has been equilibrated beforehand with 10 mM tris.HCI pH 7.5, 150 mM
NaCI, 1 mM EDTA. After a washing operation with the same buffer, the DNA is
eluted with 400 al of 1.5M NaCI, 10 mM tris.HCI pH 7.5, 1 mM EDTA and
precipitated with ethanol. The large 6.85 kb BamHI fragment is 55 separated
from the small fragment on a 1.2 % agarose gel in tris-borate-EDTA buffer
pH 8.3. b) Isolation of the 534 bp PHO5 promoter fragment 6 ag of the
plasmid p31/R (EP 100,561) are digested with the restriction endonucleases
EcoRI and 35    EP 0 225 633 B1 BamHI. The resulting 3 DNA fragments are
separated on a 1.2 % agarose gel in tris-borate-EDTA buffer pH 8.3. The 534
bp BamHI-EcoRI fragment is isolated. It contains the PHO5 promoter
including the transcrip- tion start sites. 6  c) Isolation of a 208 bp DNA
fragment with the sequence coding for desulphatohirudin 9 ag of the plasmid
pML310 (cf. Example 13c) are completely digested with the restriction
enzymes BamHI and EcoRI. The resulting two DNA fragments are separated on a
1.2 % agarose gel in tris-borate- EDTA buffer. pH 8.3. The 206 bp
EcoRI-BamHl fragment is isolated. 10 d) Ligation of the DNA fragments The
three DNA fragments mentioned in section a-c (see above) are obtained from
agarose gel blocks by electroelution, purified over DE52 (Whatman) anion
exchangers, precipitated with ethanol and resuspen- 16  ded in H20. 0.1
pmol (0.45 fg) of the 6.85 kb BamHl vector fragment, 0.3 pmol (0.1 ag) of
the 534 bp BamHI-EcoRI PHO5 promoter fragment and 0.25 pmol (34 ng) of the
206 bp EcoRI-BamHI fragment of pML310 are ligated in 15 al of 60 mM
tris.HCI pH 7.5, 10 mM MgC12, 10 mM DTT. 1 mM ATP with 600 units of T4 DNA
ligase (Biolabs) at 150C for 16 hours. 20     24 transformed ampR colonies
are separately cultivated in LB medium with 100 ag/ml ampicillin. Plasmid
DNA is isolated in accordance with the method of Holmes et al. (supra) and
analysed by a Hindill- EcoRI double digestion. The appearance of an
approximately 600 bp large EcoRi-Hindlil fragment indicates that in the
clone concerned the PHO5 promoter-hirudin DNA fragment is in the correct
orientation to the transcription stop signals on the vector. As expected,
approximately 50 % of the clones have the correct 25  orientation of the
insert. One of these clones is designated pJDB207R/PHO5-HIR. e)
Transformation  of  Saccharomvces  cerevisiae  GRF18: 30 Saccharomyces
cerevislae strain GRF1 8 (a, his3-1 1, his3-15, leu2-3, leu2-112, canR) is
transformed with the plasmid pJDD207R/PHO5-HIR in accordance with tiei
protoco  of Hinnen et al. (supra). Selection for transformed yeast cells is
carried out on agar plates with yeast minimal medium without leucine. A 35
transformed yeast colony is isolated and designated Saccharomyces
cerevisiae GRF18/pJDB207R/PHO5- HIR. f)     Cultivation  of  S.  cerevisiae
GRF18/pJDB207R/ PH05-HIR: Cells of S. cerevisiae GRF18/pJDB207R/PHO5-HIR
are agitated in 20 ml of yeast minimal medium 4s  (Difco Yeast Nitrogen
base without amino acids with the addition of 2 % glucose and 20 mg/l
L-histidine) at 300C and cultivated to a cell density of 3x107 cells/ml.
The cells are washed in 0.9 % NaCI and then used for inoculating 50 ml
cultures in low PI-minimal medium. Low PI-minimal medium is prepared
corresponding 



to the composition of Difoo Yeast Nitrogen Base medium (without amino
acids), but contains 0.03 g/l KH2PO4, 1 gA KCI, and 10 gA L-asparagine
instead of (NH4)2SO4, 2 % glucose and 1 gA L-histidine. The 5o  cultures
are inoculated up to a cell density of 4.106 cells/ml and agitated at 300C
for 42 hours at 200 revs/min. g)     Analysis  of  the product  mixture
from  the  fermenta- 65              tion  of  S.  cerevisiae
GRF18/pJDB207R/PH05-HIR 36    EP 0 225 633 B1 The cells (cf. Example 22f)
are disintegrated as usual (cf., for example, European Patent Application
No. 100,561). The supernatant treated with 1.5 % acetic acid is centrifuged
and each 2 ml of the clear solution is dried on a "Speed Vac" concentrator
and in high vacuum. The samples are dissolved individually in 100 al of
water and subjected to HPLC analysis (conditions as in Example 20). The
thrombin inhibition of the 5  individual fractions is tested. The fraction
with a retention time of 16.5 min has thrombin inhibition activity.
According to amino acid composition this fraction is desulphatohirudin.
Based on HPLC analysis the titer is about 10 ag/l culture broth. In the
medium no hirudin activity is detectable. The yields in intracellular and
extracellular hirudin activity obtained from yeast strains harboring the
desulphatohirudin gene without or with an appended signal sequence are
summarised in Table 3. The 10 hirudin activity is measured by the thrombin
inhibition assay. Table 3 15 S. cerevisiae   PH05 signal
hirudin activity (pg/1) GRF18/plasmid   sequence           culture medium
cell extract    total 20     pJDB207/                 +              x 103
<1 x 10    7.103 PH05-HIR pJDB207.R/                         not detectable
10             10 25     PH05-HIR 30 Example 23: Construction of PH05
promoter deletions 35 a) Bal31 digestion Recombinant phage Ml3mp9/PHO5
Bam-Sal containing the BamHI-Sall fragment of PHO5 depicted in Figure 8 is
used as a source for the PHO5 promoter (see European Patent Application No.
143,081). 40     20 uig of the phage DNA (RF: replicative form) are
digested with restriction endonuclease Sall, resulting in a linear DNA of
approximately 9 kb. After extraction with phenol/chloroform, the DNA is
precipitated with ethanol. The DNA is resuspended in 10mM Tris pH 8.0 at a
concentration of 0.5 ag/ml. 1 6g of Sall cleaved DNA are digested with 2 U
of exonuclease Bal31 (BRL) in 100 al of 20 mM Tris pH 8.0, 199 mM NaCI, 12
mM MgCI2, 12 mM CaC12 and 1 mM EDTA. Aliquots of 2 &Lg DNA each are
withdrawn after 1, 2, 45  3, 4, 5 and 6 min. of incubation at 30 * C and
are immediately mixed with 50 al phenol and 60 al TNE. After extraction
with phenol/chloroform and ethanol precipitation, the DNA is resuspended in
10 mM Tris pH 8.0 at a concentration of 100 jig/ml. To analyse the extent
of exonucleolytic cleavage by Bal31 0.5 Uig of DNA from each time point are
digested with endonuclease BamHI and analysed on a 1.5 % agarose gel in
Tris- borate buffer pH 8.3 (90 mM Tris"HCI pH 8.3, 90 mM boric acid, 2.5 mM
EDTA). On the average 100 bp 5o are removed from each end of the fragment
per 1 min of Bal3l digestion. b) Addition of EcoRI linkers to the Bal31
treated DNA Two Also units of EcoRI linkers (5'-GGAATTCC-3', BRL) are
resuspended in 250 ill of 10 mM Tris pH 55 8, 1mM EDTA. Two Ug of EcoRI
linkers are kinased in 75 al of 60 mM Tris pH 7.5,10 mM MgCI2, 15 mM DDT,
10 jiM ATP and 33 U of T4 polynucleotide kinase (Boehringer). After 1 h at
379C the mixture is 



allowed to cool to room temperature and is then stored at -20' C. The
annealed, double stranded EcoRI linkers are ligated with their blunt ends
to the Bal3l treated DNA 37    EP 0 225 633 B1 fragments. Half a microgram
of Bal31 treated DNA (see Example 23a) is incubated for 16 hours at room
temperature with a 50fold excess of kinased EcoRI linkers in 20 Wl of 60 mM
Tris pH 7.5, 10mM MgCI2, 10 mM DTT, 4 mM ATP and 600 U of T4 DNA ligase
(Biolabs). After inactivation of the T4 DNA ligase (10 min at 65 C) the
excess of EcoRI linkers is cleaved by 50 U of EcoRl (Boehringer) in a
volume of 50 wl. The 5  DNA is extracted with phenol/chloroform,
precipitated by ethanol and resuspended in 10 mM Tris, 1 mM EDTA (= TE).
Then, the DNA is cleaved with 5 units of BamHI (Biolabs) and the mixture is
applied to a 1.5 % low melting agarose gel (Sigma) in Tris-borate buffer
(see above). The bands are stained with ethidium bromide and visualized
under long wave UV light at 366 nm. The broad diffuse banding patterns
between about 100 bp to 600 bp is cut out of the gel and the DNA is
extracted as follows: The piece of agarose Is 1o liquified at 65C, adjusted
to 500 mM NaCI and incubated at 65-C for 20 min. One volume of phenol
(equilibrated with 10 mM Tris HCI pH 7.5, 1 mM EDTA, 500 mM NaCI) is added.
The aqueous phase is reextracted twice with phenol and once with
chloroform. The DNA is precipitated with 2.5 volumes of cold absolute
ethanol and collected by centrifugation. The DNA pellet is washed with cold
80 % ethanol and then dried in vacuum. The DNA is resuspended in 10 11l TE.
15 c) Ligation into Ml3mp9 3 ag of RF of Ml3mp9 is digested with 15 units
EcoRI (Biolabs) and 15 units BamHl (Boehringer) in a volume of 50 Wl. After
phenol extraction and ethanol precipitation the DNA is resuspended in 50 Il
TE. Five 20  Wl of cut vector DNA (about 200 ng) are mixed with 10 Wl of
the above samples (DNA fragments resulting from various BaI31 digests as
described in Example 23b) and ligated in a total volume of 20 Wl in the
presence of 60 mM Tris/HCI pH 7.5 6 mM MgCI2, 10 mM DTT, 1 mM ATP and 200 U
of T4 DNA ligase for 15 hours. Transduction of competent cells of the
strain E.coli JM101 is done according to the manual "MI3 cloning and
sequencing system' published by New England Biolabs. Phages from a number
of white 25  plaques are grown and analyzed for the size of their DNA
inserts by cleavage with restriction enzymes EcoRI and BamHl. d)
Determination of Bal31 deletion end points by Sanger sequencing (deletions
from the Sall site) 30     Sequencing is done using the dideoxy DNA
sequencing system of Sanger et al. [Proc. Nati. Acad. Se. USA 74,
5463(1977)] as described in the above mentioned manual. The deletion end
points are given below: clone   position of last nucleotide of the PHO5
sequence (see fig. 8) A                -502 B                -471 C
-422 40                              D                 -400 E
-392 F                -369 G                -350 H                -328 45
l                 -300 K                -283 L                -255 M
-226 



N                -211 50                              0
-187 P                -111 a                -88 R                -57 S
-33 58 e)Determination of Bali31 deletion end points by Sanger sequencing
(deletions from the BamHl site) 38    EP 0 225 633 B1 A similar set of
Bal31 deletions is done as described under a-c, except that MI3mp9 PHO5
Bam-Sal is cut by BamHil. The Bal3l digested molecules are cut by EcoRI and
Sall, and the generated fragments are cloned into Ml3mp9 digested with
EcoRI and Sall. The deletion end points are given below: 5
clone   position of last nucleotide of the PHO5 sequence (see fig. 8) A'
-24 B'                -35 10                              C'
-41 Dv                -48 E'                -74 F'                -89 Ge
-93 15                               H'                -97 I,
-124 K'               -162 L'               -174 -262 20
N'                -277 0'               -306 Pt               -332 0'
-346 FV               -361 25                               S'
-382 T'                -393 30 f) Construction of internal PHO5 promoter
deletions The Bal31 deletion set described under d) produces a "left arm"
PHO5 promoter fragment ending with an EcoRI site and the Bal3i deletion set
described under e) produces a "right arm" PHO5 promoter fragment ending
with an EcoRi site. By combining "left arms" and "right arms" of various
positions internal 35  deletions are created which contain an EcoRI linker
segment at the site of the deleted DNA. The individual internal deletions
are constructed by cutting the "left arms" and "right arms" from the Ml3mp9
derivatives by restriction endonucleases EcoRI and BamnHI (left arms) or
EcoRI and Sall (right arms) and isolating the corresponding fragments via
soft agarose gel electrophoresis as described under b). Equimolar amounts
of "left arms", "right arms" and 200 ng BamHI and Sall digested Ml3mp9
vector DNA are ligated as described 40  under c). After transduction into
E.coli JM101 white plaques are picked, RF is produced and analyzed by
restriction analysis (BamHl, Sall, EcoRI). The following arms are combined
to create specific internal deletions (for numbering of the nucleotides cf.
Figure 8): 45 



50 55 39    EP 0 225 633 B1 "left arm"   "right arm"   deletion  from - to
number of nucleotides deleted A          T'          A 7    -501 to -394
108 5                  B           T'         A 8     -470 to -394
77 C          T'         A 9     -421 to-394          28 D          S'
A10    -399 to -383          17 E          R'         A1l    -391 to -362
30 F          Q'         A12    -368 to -347          22 10
G          P'         A13    -349 to -333           17 H
A1 A14    -327 to -307       21 I          N'         A15    -299 to -278
22 K          M'         A16    -282 to -263          20 L          L'
A17    -254 to -175          80 15                  M          L'
A18    -225 to -175          51 N          1'         A19    -210 to -175
36 o          L'         A20    -186 to -175           12 0          K'
A21    -186 to -163          24 0          Is         AM2    -186 to -125
62 20                  0          H'         A23      -186 to - 98
89 P          H'         A24      -110 to - 98        13 P          G'
A25      -110 to - 94        17 P          F'         A26      -110 to - 90
21 a          E'         A27      - 87 to - 75         13 25
R           D'        A28      - 56 to - 49          8 R          C'
A29      - 56 to - 42         15 R          B'         A30      - 56 to -
36        21 S          A'         A31      - 32 to - 25         8 30 g)
In vivo analysis  of the  internal deletions  of the PH05 promoter 35 The
various deletions described in Example 23f) are cloned into plasmid
pJDB207/PHO5 - [R.Haguenauer-Tsapis and A. Hinnen, Molecular and Cellular
Biology, 4, 2668-2675(1984)] by replacing the wild type PHO5 Barn-Sal
fragment with the deleted version. After transformation of yeast strain
S.cerevisiae 40  AH216 (cf. European Patent Application No. 143,081) the
acid phosphatase activity is determined as described by Toh-e et al. [J.
Bacteriol. 113, 727(1973)1. Deletions All and A12 show about a 10-fold
reduction of PHO5 activity and define an upstream region ("upstream
activation site", UAS) which is essential for PHO5 expression. A similar
down effect is observed for deletion A17 (about 5-fold reduction) and for
TATA box deletions A23 - A26 (about 30-fold reduction). All other deletions
show activities of 45 approximately wild type level. These results suggest
that three areas of essential information for PHO5 expression are located
at the following positions: 1. between positions -349 and -383 (UAS1) 2.
between positions -225 and -263 (UAS2) 



3. between positions - 87 and -125 (TATA box) DNA fragments containing the
UAS1 or UAS2 or UAS1 and UAS2 of PHO5 can be produced from recombinant
phage Ml3mp9/PHO5 Bam-Sal (see above) by cleavage with appropriate
restriction en- donucleases. UAS1 is contained in a 268 bp BamHl-Clal
fragment having the formula 55 40    EP 0 225 633 1
GATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGGAAGTCATCTT
ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCGTCTATAAACTTCAAACGAAG s
GTAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCACGT
TTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTTAA
TTGAATAGGCAATCTCTAAATGAAT, 10 UAS2 is contained in a 100 bp Clal-BstEll
fragment having the formula
CGATACAACCTTGGCACTCACACGTGGGACTAGCACAGACTAAATTTATGATTCTGGTCCC 15
TGTTTTCGAAGAGATCGCACATGCCAAATTATCAAATrG and both UAS1 and UAS2 are present
in the 368 bp BamHI-BstEll fragment having the formula
GATCCGAAAGTTGTATTCAACAAGAATGCGCAAATATGTCAACGTATTTGGAAGTCATCTT
ATGTGCGCTGCTTTAATGTTTTCTCATGTAAGCGGACGTCGTCTATAAACTTCAAA4CGAAGG
TAAAAGGTTCATAGCGCTTTTTCTTTGTCTGCACAAAGAAATATATATTAAATTAGCACGT 25
TTTCGCATAGAACGCAACTGCACAATGCCAAAAAAAGTAAAAGTGATTAAAAGAGTTAATT
GAATAGGCAATCTCTAAATGAATCGATACAACCTTGGCACTCACACGTGGGACTAGCACAG
ACTAAATTTATGATTCTGGTCCCTGTTTTCGAAGAGATCGCACATGCCAAATTATCAAATTG. 30 Example
24: Expression of desulphatohirudin under the control 35 of a fused PHO5 -
GAPDH hybrid promoter Example 23 makes a region around position -365
[UAS1(PHO5)] and another region around position -180 [UAS2(PHO5)] of the
PHO5 gene possible candidates for UAS with regulating functions. UAS1(PHO5)
40 is contained in a 268 bp BamHI-Clal fragment whereas both UAS1(PHO5) and
UAS2(PHO5) are contained in a 368 bp BamHI-BstEll fragment. These two
fragments are each fused to two different GAPDH downstream promoter
elements which include the TATA box and transcription initiation sites of
GAPDH. a) Construction of a yeast gene library 45 Thirty ag of total high
molecular weight yeast DNA [M.V.Olsen et al., J.Mol.Biol. 132, 387(1979)]
from wild type Saccharomyces cerevisiae strain S288C is incubated for 30
min at 37* C with 2 units of EcoRI methylase (New England Biolabs) in 250
ul of EcoRI methylation buffer as recommended by the supplier. DNA is
precipitated by ethanol, resuspended in 500 ul of 25 mM Tris-HCI pH 8.5, 2
mM MgCI2 (EcoRl* 5o buffer) [H.Meyer, FEBS Lett. 90, 341 (1979)] and
digested with EcoRI (Boehringer) until the size distribution of the DNA
fragments has a mahximum in the 30-50 kb range (a Xhol digest of )DNA
provides appropiate 33 kb and 17 kb markers). The yeast DNA digested under
EcoRI* conditions is size-fractionated on a sucrose gradient (5-20% sucrose
in 10 mM Tris'HCI pH 7.5, 1 mM EDTA) for 6 hrs at 38'000 rpm in a SW 40
rotor. Thirty fractions of 0.4 ml each are collected from the top of the
gradient. Fraction 16 contains DNA 55 fragments of 30-40 kb in size. The
DNA of this fraction (3Ug) is precipitated with ethanol and ligated for 16
hours at 15, C in a total volume of 15 ul to 1 ug of cosmid vector pYcl
[B.Hohn et al. in "Genetic Engineering', Vol. 2, p. 169, New York 1980]
linearized by EcoRl. Ugation is carried out with 300 U T4 DNA ligase (New
England Biolabs) using the buffer system described by the supplier. The DNA
is packaged in 41 



EP 0225633 B1 vitro into bacteriophage X [B.Hohn in "Methods in
Enzymology", Vol. 68, p. 299, New York 1979] and the assembled phages are
used to transduce E.coli strain HB11 (rk , mk , Ieu", pro@, recA). The
efficiency of transduction is about 5000 ampicillin-resistant colonies per
Lag of pYcl vector. 3000 ampR colonies are picked and grown individually in
the wells of microtiter dishes in LB medium [10 g Bacto-Tryptone (Difco), 5
5  g Bacto Yeast Extract (Difco), 10 g NaCI] containing 100 ag/ml
ampicillin. b) Isolation of the yeast GAPDH gene The gene library described
above is screened with a synthetic oligonucleotide [prepared using the 10
phosphotriester method: K.ltakura et al., J.Am.Chem. Soc. 97, 7327 (1975);
J.F.M. de Rooij et al., Recl. Trav. Chim. Pays-Bas 98, 537 (1979)] of the
following structure: 5'-GCTCCATCTTCCACCGCCCC-3'. 10 Lg of the
oligonuclotide are kinased using 10 awl of y-3=P-ATP (3000 Ci/mmol, 10
ILCiftl Amersham) with T4 polynucleotide kinase (Boehringer) in a total
volume of 50 al as described by Maniatis et al. ["Molecular Cloning", Cold
Spring Harbor Lab., 1982, page 125]. Colony hybridization is performed as
described by the 75 same author (page 312). Positive clones are detected by
autoradiography using Kodak X-5 X-ray film. Plasmid DNA isolation produces
a hybrid clone which contains a 2100 bp HindlIl fragment coding for GAPDH
[J.P. Holland et al., J.Biol.Chem. 254, 9839 (1979)]. Final proof for the
authenticity of the cloned DNA comes from DNA sequencing experiment using
the above mentioned oligonucleotide in combination with the dideoxy
sequencing protocol as described by G.F. Hong [Bioscience Reports 1, 243
(1981)] for 20  double stranded DNA. The cloned GAPDH gene (see Fig. 9) has
the same sequence as pgap491 published by Holland et al. [J.Biol.Chem. 255,
2596 (1980)]. c) Preparation of GAPDH downstream promoter elements (cf.
Fig. 10) 25     The 649 bp Taql fragment which includes position -27 to
-675 from the ATG of the GAPDH gene (see Figure 9) is isolated by digesting
the above mentioned hybrid plasmid with Taql (New England Biolaps),
separating the DNA fragments on a 1.2 % soft agarose gel and extracting the
DNA by hot phenol (see example 23). Cloning of the Taql fragment is done
into the Clal site of pBR322: 1 ag of pBR322 is cleaved with three units of
Clal (New England Biolabs) as described by the supplier. 300 ng of the
phenolized and 30 cut vector is ligated to about 300 ng of insert DNA (649
bp Taq fragment) using 200 U of T4 DNA ligase in a total volume of 20 ul
(see example 23b). Transformation is done into E.coli HB101 for ampicillin
resistance, plasmid DNA is prepared and analyzed by restriction analysis
[Taql, Dral]. The orientation of the Taqi fragment is established using
restriction endonuclease Dral in combination with the BamHl site of the
plasmids and a plasmid is selected which has the Taql site of position -675
close to the Hindill site of 35  pBR322. This plasmid designated
pBR322IGAPDH is linearized using BamHl (New England Biolabs), and a
digestion with Bal31 is performed as described in Example 23 except that
Bglll linkers (5'-CAGATCTG-3', New England Biolabs) are used, and the
digested plasmid is directly circularized at a concentration of 5 ag/ml in
a total volume of 20 Ul. The size of the Bal31 shortened Taql fragment is
determined by restriction y,    analysis (using Bglll and Hindlul). Two
clones are selected which contain DNA fragments which extend about 40  200
bp and 265 pb respectively, from the ATG upstream into the GAPDH promoter.
Both fragments contain the presumptive TATA box at about -140 bp. These
clones still contain the origin of replication in the pBR322 derived part
of the DNA and are named pGAPDH-F and pGAPDH-E, respectively. 45     d)
Combining  the downstream GAPDH promoter  element  with UAS1  (PH05)  of
PHO5  and the protein  coding  region of desulphatohirudin 50 I) The GAPDH
element In order to extend the GAPDH promoter element from the Taql site at
position -27 to a position 55 immediately adjacent to the ATG of the GAPDH
gene two synthetic complementary oligonucleotides of the following
structure are synthesized: 



42    EP 0 225 633 Bi 5' CGAATAAACACACATAAATAAAG                  3' 3'
TTATTTGTGTGTATTTATTTCTTAA  5' 5 These oligonucleotides provide the genuine
GAPDH promoter sequence from position -26 to position -5 with the
generation of a terminal EcoRI site. Two ig of the two Bali31 isolates from
example 24c) (plasmids pGAPDH-E and -F) are digested with 6 units of Taql
in 50 Il and the resulting mixture is phenolized, ethanol precipitated and
resuspended in 10 al of water. The synthetic oligonucleotides are annealed
by io  mixing 2 Il of each single strand in 100 ul of a solution containing
10mM TrisrHCI pH 7.5, 10 mM MgCI2, 50 mM NaCI, heating for 3 min. to 90 * C
and slowly cooling the solution to room temperature (within about 3 hours).
One ug of each of the Taql digested plasmids is mixed with about a twenty
fold molar excess of the annealed oligonucleotides in a volume of 20 al for
about 18 hours using 800 U of T4 DNA ligase. The whole mixture is digested
with 3 units of Bglll (New England Biolabs), the DNA fragments are
separated on is a 1.5 % soft agarose gel. The BgIll-EcoRI fragments of
about 200 bp and 265 bp, respectively, are cut from the gel, extracted and
ethanol precipitated. Plasmid pGAPDH-E is digested with Bglll and EcoRI and
the large (about 3.5 kb) fragment is isolated. This fragment is used as
vector to clone the 265 bp and the 200 bp BgIll-EcoRI fragments using
ligation, transformation and plasmid isolation conditions as described
above. The plasmids produced are designated 20 pGAPDH-EL and pGAPDH-FL. The
DNA sequences of the BgIll-EcoRI fragments cloned in plasmids pGAPDH-EL and
pGAPDH-FL are depicted in Fig. 11. The exact size of the fragments is 266
bp and 201 bp, respectively. II) The UAS1 (PHO5) regulatory element 25 3 ig
of plasmid p31/V (see European Patent Application No. 100,561) are digested
with 6 units of Clal (New England Biolabs). The 3' recessed ends are filled
in using the Klenow fragment of E.coli DNA polymerase I (Bethesda Research
Laboratories) according to Maniatis (supra). Bglll linkers (5'-CAGATCTG- ;>
3') are added as described in example 23. The DNA is digested with Sall and
Bglll (New England Biolabs) 3o and run on a 1 % soft agarose gel. The 548
bp fragment is cut from the gel, phenolized and ethanol precipitated as
described above. Ill) The DNA coding for desulphatohirudin 35
Construction of plasmid pJDB207/PHO5(Eco)-HIR (cf. Fig. 12). For convenient
joining of the UAS- (PHO5)-GAPDH hybrid promoter elements to the coding
region of desulphatohirudin including the PHO5 signal sequence (as in
plasmid pJDB207/PHO5-HIR) an EcoRI restriction site is introduced in the 5'
nontranslated region between the mRNA start sites and the ATG of the coding
region. 15 ug of plasmid pJDB207/PHO5-HIR (see Example 1 d) are digested
with restriction endonuclease 4o Dral (Boehringer). The resulting 4
fragments are separated on a 0.8 % agarose gel in Tris-borate-EDTA buffer
pH 8.3. The 4.2 kb DNA fragment is recovered from the gel, electroeluted
and precipitated by ethanol. The DNA is resuspended in H20 at a
concentration of 0.6 mg/mi. Two synthetic oligonucleotides of the formula
51- AATTCGATTACCAATGTTT -3' 3'-t       GCTAATGGTTACAAA -5' so  (2.3 ig and
2.9 ag, respectively) are each kinased in 20 Il of 60 mM Tris pH 7.5, 10 mM
MgCI2, 5 mM DTT, 0.5 mM ATP and 20 U of T4 polynucleotide kinase
(Boehringer). After 45 min at 37* C both reaction mixtures are combined,
heated for 10 min at 75* C and allowed to cool to room temperature. The
annealed oligonucleotide linker is stored at -20 C. 6.5 jg (2.3 pmoles) of
the 4.2 kb Dral DNA fragment are incubated for 16 h at 15-C with a 70 fold 



s5  excess of the kinased and annealed oligonucleotide linker in 50 Il of
60 mM Tris pH 7.5,10 mM MgCI2, 5 mM DTT, 3.5 mM ATP and 800 U of T4 DNA
ligase (Biolabs). After inactivation of the T4 DNA ligase for 10 min at 85
* C the excess linkers are removed by precipitalon of the DNA in the
presence of 10 mM EDTA, 300 mM sodium-acetate pH 6.0 and 0.54 volumes of
isopropanol. The DNA is digested with EcoRI and 43    EP 0 225 633 B1
Hindlil. The resulting fragments are separated on a 1 % agarose gel in
Tris-borate-EDTA buffer pH 8.3. The 843 bp fragment is recovered from the
gel by electroelution and ethanol precipitation. The DNA is resuspended at
a concentration of 0.1 pmoles/il. The EcoRli-Hindill fragment contains the
PHO5 signal sequence, the coding sequence of desulphatohirudin and the PHO5
transcription terminator. 6     The 534 bp PHO5 promoter fragment is
isolated from plasmid p31/R (European Patent Application No. 1 00,561). Ten
ug of p3l/R are digested with restriction endonucleases EcoRi and BamHl.
The resulting 3 fragments are separated on a 0.6 % low melting agarose gel
in Tris-borate-EDTA buffer pH 8.3. A 534 bp BamHl-EcoRl fragment is
isolated which contains the PHO5 promoter including the mRNA start sites.
10    The vector fragment is isolated from plasmid pJDB207/PHO5-HIR (see
Example 16d). 6 sg of this plasmid are digested with BamHl and Hind Ill.
The large 6.5 kb BamHi-Hindlll fragment is separated from the small
fragment on a 0.6 % low melting agarose gel in Tris-borate-EDTA buffer pH
8.3. Three DNA fragments described above with the appropriate sticky ends
are ligated in the following reaction: 0.2 pmoles (70 ng) of the 534 bp
BamHl-EcoRl PHO5 promoter fragment, 0.2 pmoles (85 ng) of is the 643 bp
EcoRI-HindlIl fragment (hirudin coding sequence) and 0.1 pmole (0.4 ug) of
the 6.5 kb BamHl- Hindlil vector fragment are ligated in 10 ul of 60 mM
Tris pH 7.5, 10 mM MgCI2, 5 mM DTT, 1 mM ATP and 400 U of T4 DNA ligase for
6 h at 15  C. A one itI aliquot of the ligation mixture is added to 100 ul
of calcium treated, transformation competent E. coli HB101 cells. 12
transformed, ampR colonies are grown individually in LB medium containing
100 ug/ml of ampicillin. Plasmid DNA is prepared according to the .20
method of Holmes et al. [Anal. Biochem. 114 (1981) 1931 and is analysed by
EcoRI and BamHl restriction digests. One clone with the expected
restriction fragments is isolated and referred to as pJDB207/PHO5-
(Eco)-HIR. IV) Ligation of the UASi(PHO5)-GAPDH hybrid promoters to the
protein  coding region of desulphatohirudin s0     15 jg of plasmid
pJDB207/PHO5(Eco)-HIR (see Example 24 dIll) are digested with EcoRI and
Hindlil The DNA fragments are separated on a 1 % agarose gel in
Tris-borate-EDTA buffer pH 8.3. The 643 bp fragment is isolated from the
gel, electroeluted and precipitated with ethanol. The DNA is resuspended in
H20 at a concentration of 0.1 pmolesl/l. 6 gg of plasmid pJDB207/PHO5-HIR
are digested to completion with restriction endonucleases Hindlil 35 and
Sall. The large 6.3 kb fragment (vector part) is isolated by soft agarose
gel electrophoresis, phenol extraction and ethanol precipitation. The
vector DNA fragment is resuspended in H20 at a concentration of 0.05
pmoles/ul. 10 gg of plasmid pGAPDH-EL (see Example 24dl) are digested with
Bglll and EcoRI. The 266 bg Bglll- \>,    EcoRl fragment is separated on a
1.2 % agarose gel in Tris-borate-EDTA buffer pH 8.3, electroeluted from 40
the gel and precipitated with ethanol. The DNA is resuspended in H20 at a
concentration of 0.3 pmoles/ul. 0.3 pmoles of the 548 bp Sall-Bgill
fragment comprising UAS1(PHO5) (Example 24dWI), 0.3 pmoles of the 266 bp
Bglll-EcoRl fragment of pGAPDH-EL, 0.3 pmoles of the 643 bp EcoRI-HindlIl
fragment of pJDB207/PHO5(Eco)-HIR and 0.12 pmoles of the 6.3 kb
Sall-HindlIl vector fragment are ligated in 20 gl of 60 mM Tris pH 7.5, 10
mM MgCI2, 5 mM DTT, 1 mM ATP and 400 U of T4 DNA ligase (Biolabs) for 6 h
at 45  15 * C. Aliquots of 1 al and 3 al of the ligation mixture are added
to 100 il of calcium treated E.coli HB101 cells. Plasmid isolation from
ampR colonies and restriction analysis with Sall, Bgill, EcoRI and Hindill
is 



performed as described above (see Example 24dlil). One positive clone is
selected and referred to as pJDB207/PAPEL-HIR(UAS1). An analogous
construction is done with the 201 bp Bglll-EcoRl fragment isolated from
pGAPDH-FL. One 5o selected plasmid is called pJDB207/PAPFL-HIR(UAS1). 'V
Ligation of the UAS1(PHO5)-UAS2(PHO5)-GAPDH hybrid promoters to the protein
coding region of desulphatohirudin (see Fig.1: 55 3 ug each of plasmids
pJDB207/PAPEL-HIR(UAS1) and pJDB207/PAPFL-HIR(UAS1) are digested with
Bglll. After phenol extraction and ethanol precipitation the 3' recessed
ends of the DNA are filled in a 44    EP 0 225 633 B1 reaction with E.coli
DNA polymerase (Klenow fragment; Bethesda Research Laboratories) according
to Maniatis et al. (supra). The enzyme is inactivated at 70 * C for 10 min.
The DNAs are further digested with Sail and the large 7.2 kb fragments are
isolated by soft agarose gel electrophoresis, phenol extraction and ethanol
precipitation. Each fragment is resuspended in H20 at a concentration of
0.05 pmoles/gl. The 5  fragments contain the hirudin coding region, most of
the vector sequences and either of two different GAPDH promoter elements
isolated from pGAPDH-EL or pGAPDH-FL. Plasmid p31/Y (European Patent
Application No. 100,561) is digested with BstEll, incubated with E.coli DNA
polymerase (Klenow fragment) as described above and cleaved with Sall. The
649 bp fragment is separated on a soft agarose gel and recovered by phenol
extraction and ethanol precipitation. to    0.3 pmoles of the 649 bp
fragment of p31/V comprising the UASI-UAS2(PHO5) promoter element and 0.15
pmoles of either of the 7.2 kb fragments are ligated and transformed into
E.coli HB101 as described above. Plasmids are prepared from ampR colonies
and analysed by restriction digests. Single clones are selected and their
plasmid DNAs are referred to as pJDB207/PAPEL-HIR(UAS1 + UAS2) and 15
pJDB207/PAPFL-HIR(UAS1 + UAS2). Example 25: GAPDH promoter elements fused
to the protein 20                      coding sequence  of
desulphatohirudin Two GAPDH promoter elements of different length (as
described in Example 24d1) are ligated to the protein coding region of
desulphatohirudin including the PHO5 signal sequence. 25     The two
elements (266 bp and 201 bp, respectively) comprise the GAPDH TATA box, the
mRNA start sites and an AT rich 5'nontranslated region. The nucleotide
sequence of both elements is shown in Figure 10. The 3'ends of the elements
are both at position -5 from the ATG of the GAPDH gene followed by an EcoRI
recognition site (see oligonucleotide linker introduced in Example 24d1),
the 5'ends are at position 3o -198 and -263, respectively, from the ATG
with BgIIl linkers added at these positions. The BgIll-EcoRI promoter
fragments are ligated to an EcoRI-Hindill fragment with sequences coding
for the PHO5 signal sequence and desulfatohirudin and to a HindlIl-BamHI
vector fragment. 6 ig of plasmid pJDB207/PHO5-HIR are digested to
completion with restriction endonucleases Hindlil and BamHI. The large 6.5
kb fragment (vector part) is separated on a 0.8 % agarose gel in
Tris-borate- 3a EDTA buffer pH 8.3, electroeluted from the gel, phenol
extracted and precipitated with ethanol. The vector DNA fragment is
resuspended in H20 at a concentration of 0.05 pmoles/tl. 0.3 pmoles of the
266 bp BgI-EcoRI fragment of pGAPDH-EL (Example 24d IV), 0.3 pmoles of the
643 bp EcoRI-HindlIl fragment of pJDB207/PHO5(Eco)-HIR (Example 24d 1II)
and 0.1 pmoles of the 6.5 kb Hindill-BamHI vector fragment are ligated in
10 al of 60 mM Tris pH 7.5, 10 mM MgCI2, 5mM DTT, 1 mM 40 ATP and 400 U of
T4 DNA ligase (Biolabs) for 6 h at 15i*C. 1 al of the ligation mixture is
added to 100 al of calcium treated E.coli HB101 cells. Plasmid isolation
from ampR colonies and restriction analysis with 



EcoRI is performed as described in Example 24d IlIl. One positive clone is
selected. Its plasmid DNA is referred to as pJDB207/GAPEL-HIR. An analogous
construction is done with the 201 bp BgIIl-EcoRI fragment isolated from
pGAPDH-FL. The 45 plasmid DNA of one selected clone is called
pJDB207/GAPFL-HIR. Example 26: Construction of expression plasmids with
tandem inserts of the coding sequence of secreted desulphatohirudin (see
Fig. 14) so     The following constructions contain a DNA fragment
duplicated in a tandem head to tail arrangement. The duplicated fragment
comprises the GAPDH promoter or a hybrid PHO5-GAPDH promoter (as described
in Examples 24 and 25, respectively), the POH5 signal sequence, the coding
sequence of desulphatohirudin and the PHO5 transcription terminator. 7 ug
of plasmid pJDB207/GAPEL-HIR are digested with restriction endonuclease
Hindlil. The 3' 55 recessed ends are filled in a reaction with E.coli DNA
polymerase I (Klenow fragment; Bethesda Research Laboratory) according to
Maniatis (supra). 1,85 ag of Sall linker 5'-GGTCGACC-3' (Biolabs) are
kinased in 50 al of 60 mM Tris pH 7.5,10 mM MgCI2, 5 mM DTT, 0.5 mM ATP and
50 U of T4 polynucleotide kinase (Boehringer). After 45 min at 37* C the
mixture is heated for 10 min at 75'C and allowed to cool to room 45    EP 0
225 633 Bi temperature. 7 ig (1.5 pmoles) of linearized plasmid pJDB
pJDB207/GAPEL-HIR with the Hindill sites converted to blunt ends (see
above) are incubated for 16h at 15VC with an 80 fold excess of kinased and
annealed Sal linkers in 30 Ml of 60 mM Tris pH 7.5, 10 mM MgCI2, 5 mM DTT,
3,5 mM ATP and 800 U of T4 DNA ligase (Biolabs). After inactivation of the
T4 DNA ligase at 75- C for 10 min the excess linkers are 5  removed by
precipitation of the DNA in the presence of 10 mM EDTA, 300 mM sodium
acetate pH 6.0 and 0.54 volumes of isopropanol. The DNA is digested with
Sall. The resulting fragments are separated on a 1 % agarose gel in
Tris-borate-EDTA buffer pH 8.3. The 1.1 kb Sall fragment is recovered from
the gel by electroelution, phenol extraction and ethanol precipitation. The
DNA is resuspended at a concentration of 0.1 pmolesIll. 10    5 ug of
plasmid pJDB207/GAPEL-HIR are digested with Sall to completion. After
phenol extraction and ethanol precipitation the DNA is resuspended in 100
ul of 50 mM Tris pH 8.0. 4.6 U of calf intestine alkaline phosphatase
(Boehringer) are added. After 1 h at 37, C the phosphatase is inactivated
in the presence of 100 mM NaCI, 5 mM EDTA and 0,5 % SDS for 15 min at 68 C.
The DNA solution is applied to a 100 ul bed of DE 52 (Whatman) anion
exchanger equilibrated with 10 mM Tris pH 7.5,150 mM NaCI and 1 mM 15 EDTA.
After washing the column with the same buffer, the DNA is eluted with 400
ul of 1.5M NaCI, 10 mM Tris pH 7.5, 1 mM EDTA and precipitated with
ethanol. Linearized plasmid is separated from uncut DNA on a 0.6 % agarose
gel in Tris-acetate buffer. The linear 7.3 kb DNA fragment is recovered
from the gel, electroeluted, phenol extracted, ethanol precipitated and
resuspended at a concentration of 0.1 pmoles/Ll. 0.2 pmoles of the 1.1 kb
Sall fragment and 0.1 pmoles of the linearized vector are ligated in 10 ul
of 60 20  mM Tris pH 7.5, 10 mM MgCI2, 5 mM DTT, I mM ATP and 200 U of T4
DNA ligase for 16h at 15 C. A one ul aliquot of the ligation mixture is
added to 100 ul of calcium treated, transformation competent E.coli HB101
cells. 24 transformed, ampR colonies are grown individually in LB medium
containing 100 ug/ml of ampicillin. Plasmid DNA is prepared according to
the method of Holmes et al [Anal. Biochem. 114 (1981) 193J and is 25
analysed by EcoRI restriction digest. One clone with the expected
restriction fragments is isolated and referred to as pJDB2074GAPEL-HIRJD.
Analogous constructions are done with plasmids pJDB207/GAPFL-HIR and
pJDB207/PAPFUHIR(UAS1 + UAS2). The resulting plasmid DNA of one selected
clone each is called pJDB2074/GAPFL-HIRJD and pJDB207/[PAPFL-HIR(UAS1 +
UAS2)]D. 30 



Example 27: Construction of an expression plasmid with four inserts of the
coding sequence of secreted desulphatohirudin Four copies of a DNA fragment
comprising a GAPDH-promoter, the PHO5 signal sequence, the coding 35
sequence of desulphatohirudin and. the PHO5 transcription terminator are
inserted in the yeast expression vector in a tandem head to tail
arrangement. 10 ug of plasmid pJDB207/[GAPFL-HIR]D (see Example 26) are
digested with Sall. The sticky ends of the resulting linear fragment are
filled in a reaction with E.coli DNA polymerase I (Klenow fragment, BRL) .
according to Maniatis et al. (supra). 0.94 jg of Hindlil linker
[5'-CMGCTTG-3', Biolabs] are kinased, self- 40 annealed and ligated to the
linearized plasmid pJDB207/[GAPFL-HIR]D with the Sall sites converted to
blunt ends (see above). Linker ligation and isopropanol precipitation is as
described in Example 26. The DNA is subsequently cleaved with HindlIl and
the resulting 2.2 kb fragment is isolated by electroelution, phenol
extraction and ethanol precipitation. The DNA is resuspended at a
concentration of 0.1 pmoles/ul. 5 ujg of plasmid pJDB207/[GAPFL-HIR]D are
digested with Hindlil to completion. The DNA is 45 dephosphorylated with
calf intestine alkaline phosphatase (Boehringer), purified by DE52 ion
exchange chromatography and isolated from an 0.6 % agarose gel by
electroelution as described in Example 26. 0.2 pmoles of the 2.2 kb HindlIl
fragment and 0.1 pmoles of the linearized vector are ligated (supra). A one
ul aliquot of the ligation mixture is added to 100 al of calcium treated,
transformation competent E.coli HB101 cells. 50  12 transformed, ampR
colonies are grown individually in LB medium containing 100 ug/ml
ampicillin. Plasmid DNA is prepared and analysed by Sall, Xbal; Aval, Xbal
double digests and BamHl digests. A 1.1 kb BamHl-junction fragment
indicates that the insert is present in a head to tail arrangement with
respect to the two copies already on the plasmid. One clone with this
orientation of the insert is referred to as pJDB207/[GAPFL-HIR]T. 55 46
EP 0 225 633 B1 Example 28: Construction of a yeast expression vector
containing the PH05 promoter, .the invertase 5                      signal
sequence  and the  desulphatohirudin.coding region 10 A) Synthesis of
oligodeoxyribonucleotides for invertase signal sequence: Four
oligodeoxyribonucleotides: I-1, 1-2, 1-3, 1-4 are synthesized by DNA
synthesizer (model 380B Applied Biosystems). After deblocking the synthetic
fragments are purified on a 12 % polyacrylamide gel 15  containing 8 M
urea. Salt-free pure oligodeoxyribonucleotides are obtained using Sep. Pak
(Waters Associates). These fragments constitute a duplex which encodes the
invertase signal sequence with the frequently used yeast codons. 20
HindIII EcoRI  MetLeuLeuGlnAlaPheLeuPheLeuLeu I-1
5'AATTCAtGCTTTtGCAAGCTTTCCTTTTCCTTTT  31 I-2
3'GTACGAAAACGTTCGAAAGGAAAAGGAAAACCGAC 5' 25
AlaGlyPheAlaAlaLysIleSerAla I-3 5'GGCTGGTTTTGCAGCCAAAATATCTGCATCTTAGCGTC 3'
I-4          3'CAAAACGTCGGTTTTATAGACGTAGAATCGCAGAGCT 5' HgaI XhoI 30 



B) Subcloning of the invertase signal sequence 35  a) Preparation of
vector: 1.5 ag of p3lRISS-TPAA2 (European Patent Application No. 143,081)
is digested with 10 U of EcoRI (Boehringer) in 50 al of 10 mM Tris.HCI pH
7.5, 6 mM MgCI2, 100 mM NaCI, 6 mM mercaptoethanol for one hour at 37' C.
After adding 1 up of 2.5 M NaCI, 10 U of Xhol (Boehringer) are added and
incubated at 40  37 C for one hour. The 4.2 kb vector is isolated on a 0.8
% preparative agarose gel. The gel slice is transferred to a Micro
Colloidor tube (Sartorius GmbH), covered with 200 1LI of TE and
electroeluted (electrophoresed at 90 mA for 50 min). The TE solution is
collected and precipitated in 2.5 volumes of absolute ethanol after the
addition of 0.1 volume 10 x TNE. The DNA pellet is washed with cold 80 %
ethanol and dried in vacuum. The DNA is resuspended in 6 al TE (40
pmoles/Ll). 45 b) Annealing oligodeoxyribonucleotides (1-1, 1-2,1-3,1-4),
kination and ligation with vector A solution containing 10 pmoles of each
of the four deoxyribonucleotides in 10 al of 0.5 M Tris.HCI pH 8 is
incubated at 950C for 5 minutes on a water bath. The water bath is slowly
cooled to 30' C over a 5o  period of 5 hours. To this annealed mixture is
added 2 al each of 0.1 M MgCI2, 0.1 M NaCI, 30 mM DTT, 4 mM ATP and 8 U (1
al) of polynucleotide kinase (Boehringer). Kination is carried out at 37 C
for one hour. The annealed, kinased oligodeoxyribonucleotides and 60 pmoles
of the EcoRI-Xhol cut vector (1.5 al) are ligated with 400 U (1 Ll) of T4
DNA ligase (Biolabs) at 14 C for 17 hours. The reaction is stopped by
incubation at 65 C for 10 min. 10 il of this ligation mixture is used for
transformation of E.coli HB1 01 Ca 55  cells [M. Dagert and S.D. Ehrlich,
Gene 56, 23-28 (1979)]. 20 ampR colonies are picked. DNA is prepared by the
quick isolation procedure [D.S. Holmes and M. Quigley, Anal.Biochem. 114,
193-197 (1981)]. DNA is digested with EcoRI and Xhol, radiolabelled at the
EcoRI end and analysed on a 6 % polyacrylamide gel containing 8 M urea
using radiolabelled pBR322 Haelll cut DNA as marker. Correct size bands are
observed 47    EP 0 225 633 Bi for DNA obtained from all the 20 clones. One
clone is grown in 100 ml LB medium containing 100 ig/ml of ampicillin.
Plasmid DNA is isolated and is referred to as p31 RIT-1 2. C) Joining of
the GAPFL promoter element to the invertase signal sequence: 5 5 ig of
plasmid p31 RIT-12 are digested to completion with Sall and EcoRl. The
large, 3.3 kb Sall-EcoRI fragment is isolated on a 0.6 % agarose gel in
Tris-acetate buffer pH 8.2. The DNA is electroeluted from the gel, phenol
extracted and ethanol precipitated. 10 sg of plasmid pJDB207/GAPFL-HIR (see
Example 25) are digested with Sall and EcoRI. The 477 bp Sall-EcoRI
fragment is isolated on a 0.8 % agarose gel in Tris- 1o  borate-EDTA buffer
pH 8.3. The DNA is electroeluted, phenol extracted and ethanol
precipitated. Both isolated DNA fragments are ligated. An aliquot of the
ligation mixture is used to transform competent E.coli HB101 cells. AmpR
colonies are grown and the plasmid DNA is analysed by HindlIl, Sall double
digestion. A plasmid with the correct insert is called p31/GAPFL-IT. 15  D)
Construction of plasmid pJDB207/GAPFL-1-HIR (see Fig. 15) 25 Ug of plasmid
p31/GAPFL-IT are digested to completion with Pstl and Sall. The resulting
676 bp fragment is isolated on a 10 % preparative agarose gel in
Tris-borate-EDTA buffer pH 8.3. The DNA is electroeluted, purified by DE52
ion exchange chromatography, ethanol precipitated and resuspended in 20
buffer recommended for Hgal digests at a concentration of 0.1 ug/ul. The
Sall-Pstl DNA fragment is partially digested with Hgal in the presence of
0.5 units/lg DNA for 60 min at 37 * C. The reaction is stopped by the
addition of EDTA to a final concentration of 10 mM. The 534 bp Sall-Hgal
fragment is isolated on a 1 % preparative agarose gel. The DNA is
electroeluted from the gel, purified by DE52 chromatography, ethanol
precipitated and resuspended in H20 at a concentration of about 0.1
pmoles/ul. 25     10 ug of plasmid pJDB207/PHOS-HIR (see Example 16) are
digested with Ball and Hindlil. The 



resulting 587 bp Ball-Hindll fragment is isolated on a preparative 1 %
agarose gel. The DNA is electroeluted, ethanol precipitated and further
digested with Hinfl. 1.3 ag (160 pmoles) each of the following
oligodeoxynucleotides 30 5'-CTGCAGTTGTTTACACCGACTGCACCG-3'
3'-CAACAAATGTGGCTGACGTGGCTTA-5' 35 are kinased and annealed as described in
Example 24dll. 0.6 ug (1.6 pmoles) of the Hinfl digested Ball- HindlIl
fragment (see above) and 160 pmoles of the kinased and annealed linker are
ligated for 16 hours at 15-C in 83 ul of 10 mM Tris-HCI pH 7.5, 10 mM
MgCI2, 5 mM DTT, 3.5 mM ATP and 400 units of T4 DNA ligase. After 10 min at
85, C excess linkers are removed by isopropanol precipitation of the DNA
(see yb.    Example 24d1il). The 584 bp Hgal-Hindlll fragment is isolated
on a 1 % preparative agarose gel. The 40 electroeluted, purified and
ethanol precipitated DNA is resuspended in It0 at a cencentration of 0.1
pmoles/u1l. 5 ug of pJDB207/PHO5-HIR are digested with Hindill and Sall and
the large, 6.2 kb fragment is isolated. 0.2 pmoles of the 534 bp Sall-Hgal
fragment, 45 0.2 pmoles of the 584 bp Hgal-Hindlll fragment and 0.1 pmoles
of the 6.2 kb Sall-Hindill vector fragment are ligated for 5 hours at 150C
in 10 UI of 10 mM Tris.HCI pH 7.5, 10 mM MgCI2, 5 mM DTT, 1 mM ATP and 400
units of T4 DNA ligase. A one ul aliquot of the ligation mixture is used to
transform competent E.coli HB101 cells. 24 transformed, ampicillin
resistant colonies are grown individually in LB medium containing 100 ug/ml
5o  ampicillin. Plasmid DNA is prepared and analysed by Hindlil, Sall
double digestion. A single clone with the correct restriction pattern is
isolated and referred to as pJDB207/GAPFL-l-HIR. The identity of the
invertase signal sequence and the correct fusion with the hirudin coding
sequence is confirmed by nucleotide sequencing. 55 Example 29: 48    EP 0
225 633 B1 a) Transformation of Saccharomyces cerevisiae GRF 18:
Saccharomyces cerevisiae strain GFR1 8 (a, his3-1 1, his3-15, leu2-3,
leu2-112, can") is transformed with the plasmids pJDB207/PAPEL-HIR(UAS1),
pJDB207/PAPFL-HIR(UAS1), 10 pJDB207/PAPEL-HIR(UAS1 + UAS2),
pJDB207/PAPFL-HIR(UAS1 + UAS2), pJDB207/GAPEL-HIR, pJDB207/GAPFL-HIR,
pJDB2074GAPEL-HIRID, 16 pJDB207/[GAPFL-HIR]D, pJDB2074PAPFL-HIR(UAS1 +
UAS2)]D, pJDB207/[GAPFL-HIR]T, pJDB207/GAPFL-1-HIR using the transformation
protocol described by Hinnen et al. [Proc.Natl.Acad.Sci. USA 75, 1929
(1978)]. 20 Transformed yeast cells are selected on yeast minimal media
plates deficient in leucine. Single transformed yeast colonies are isolated
and referred to as Saccharomyces cerevisiae GRF18/pJDB207/PAPEL-HIR(UAS1),
Saccharomyces cerevisiae GRF18IpJDB207/PAPFL-HIR(UAS1), 



Saccharomyces cerevisiae GRF18IpJDB207/PAPEL-HIR(UAS1 + UAS2), 25
Saccharomyces cerevisiae GRF18/pJDB207/PAPFL-HIR(UAS1 + UAS2),
Saccharomyces cerevisiae GRF181pJDB207/GAPEL-HIR, Saccharomyces cerevisiae
GRF181pJDB207/GAPFL-HIR, Saccharomyces cerevisiae
GRF181pJDB2074GAPEL-HlIR]D, Saccharomyces cerevisiae
GRF18/pJDB207/[GAPFL-HIR]D, 3o Saccharomyces cerevisiae GRF1
81pJDB207/[PAPFL-HIR(UAS1 + UAS2)]D, Saccharomyces cerevisiae
GRF18/pJDB207I(GAPFL-HIRIT, Saccharomyces cerevisiae
GRF18/pJDB207/GAPFL-l-HIR. b) Fermentation of the transformants 35 Cells of
the S.cerevisiae GRF18 transformants are each grown in 10 ml of yeast
minimal medium (Difco Yeast Nitrogen Base without aminoacids to which 2 %
glucose and 20 mg/I L-histidine are added) in a 50 ml Erlenmeyer flask with
shaking at 30  C for 24 hours to a density of 3 x 107 cells/ml. Yeast
transformants containing plasmids with a hybrid PHO5-GAPDH promoter require
derepression of the promoter for the 4o expression of desulphatohirudin.
The cells are washed in 0.9 % NaCI and used to inoculate 50 ml of a low Pi
minimal medium prepared according to the recipe of the Difco Yeast Nitrogen
Base medium (without amino acids), but containing 0.M3 gA KH2PO4, 10 gA
L-asparagine instead of (NH4)2S04, 2 % glucose and 1 g/l L-histidine. The
cultures are inoculated up to a cell density of 4 x 106 cells/ml and
agitated at 30 C for up to 24 hours at 200 revs/min. Final densities of 1 x
109 cells/ml are obtained. 45     Yeast transformants comprising plasmids
with the GAPDH promoter express desulphatohirudin constitu- tively. Cells
are grown in a complex medium consisting of (gA) peptone (5), yeast extract
(10), glucose (20), sucrose (40), ammonium sulphate (3), KH2P04 (2), MgSO4
(0.5), NaCI (0.1), CaC12 (0.1), biotin (10 agA). Approximately 10109
cells/ml are obtained after 48 hours of incubation at 30- C and 200
revs/min. The amounts of desulphatohirudin (as determined by the thrombin
inhibition assay) secreted by some 60 representative transformed yeast
strains are compiled in the following table. 65 49    EP 0 225 633 B1
Strain Saccharomyces cerevisiae GRF18/ secreted hirudin time of harvest
(mgA)        (hours) pJDB207/PAPFL-HIR(UAS1)                  7
24 pJDB207/PAPFL-HIR(UAS1 + UAS2)           8            24
pJDB207/GAPFL-HIR                       41            48 pJDB207/GAPEL-HIR
35            48 pJDB207/[GAPFL-HIR]D                   39             48
pJDB207I[GAPEL-HIR]D                   31             48 10 Furthermore, it
is determined that at least 90 % of the desulphatohirudin compounds
expressed by the yeast transformants is secreted into the culture medium.
In order to determine the distribution of desulphatohirudin in the culture
broth and inside the cells as a function of the time of harvest,
fermentation 15 is run in a 3 I MBR bioreactor (MBR Bioreactor AG,
Wetzikon, Switzerland). Strain Saccharomyces cerevisiae
GRF18/pJDB207/GAPFL-HIR is inoculated into 3 1 of complex medium (see
above) and incubated at 30  C with an agitation rate of 500 revs/min and an
aeration rate of 200 I/h. A final density of 5 * 109 cells/ml is reacted.
Samples are taken at 18, 24 and 42 hours, respectively, and the content of
desul- phatohirudin in the culture broth and inside the cells (after
disintegration, see Example 22) is determined by 20 the thrombin inhibition
assay and by HPLC. 



time (h)      desulpatohirudin (mg/A) thrombin inhibition  HPLC 25
culture broth   18            60              78 cell interior  18
7             <1 culture broth  24             70             70 cell
interior  24              9             <1 culture broth  42            110
105 30                    cell interior   42             9              <1
Example 30: Cultivation of transformants on a 300 I scale a) The
inoculation cycle A number of agar slopes are inoculated from a deep frozen
ampoule containing cells of strain Saccharomyces cerevisiae
GRF18/pJDB207/GAPFL-HIR. One or more agar slopes are incubated for 3-5 '40
days at 28-30 C. The contents of a single agar slope is inoculated
sterilely into single 500 ml Erlenmeyer flasks without baffles and
containing 100 ml of preculture medium. The flasks are shaken on a rotary
shaker with a 50 mm throw at 250 r.p.m. with an incubation temperature of
28 * C. After 48 hours, 2 % (vN) of the contents of these flasks (1st
preculture) is inoculated sterilely into 2 I Erlenmeyer flasks containing
600 ml of preculture medium. These flasks (2nd preculture) are shaken for
48 hours at 28 *C on a rotary shaker at 120 r.p.m. with a 50 mm throw. The
content of one of the 2nd preculture flasks (2 % vNv) is introduced
sterilely into a 50 I stainless steel fermenter containing 30 1 of
preculture medium (plant preculture). The fermentation conditions for the
plant preculture are as follows: 600 r.p.m. (single six-bladed turbine
stirrer, 115 mm diameter), 4 baffles; head pressure: 0.3 bar; aeration 1
litre of air per litre of medium per minute, temperature 28 C, 48 hours
duration. The agar medium and the preculture medium are the same except for
the presence or absence of agar. The same preculture medium was used for
all preculture stages. Composition of preculture medium (gAl): 55 50    EP
0 225 633 B1 yeast nitrogen base (Difco)  8.4 L-asparagine H20
11.6 L-histidin                  1.0 glucose (separately sterilized)    2.0
Composition of agar medium: same as preculture medium plus 20 g agarAl. 10
b) The production fermentation (300 1 scale) 5 % (vlv, 15 1) of the grown
plant preculture are introduced sterilely into a 600 1 fermenter containing
300 1 of sterile fermentation production medium. The fermentation
conditions for the 300 I production medium are as follows: 450 r.p.m.
(single six-bladed stirrer, diameter 230 mm); 4 baffles; head pressure: 0.3
is  bar; air-throughput: 0-9 hours; 0.25 litres of air per litre of medium
per minute, 9 hours-harvest: 11 of air per litre of medium per minute;
temperature: 28 C, duration 24-48 hours. ODroo 15-20. Yield: 15-25 mg/I
(test methods: HPLC and thrombin tests). 20
Composition of the production medium (gAl): peptone                s yeast
extract         10 sucrose               40 (NH4)2SO4              6 25
MgSO407H20              1 



NaCI                   0.1 KH2PO4                 2 CaCIa2H20
0.013. 30                           pH before sterilization - 6.0 antifoam:
UCON LB 625 as required. Example 31: Isolation of desulphatohirudin from
the 300 I culture broth 35 The culture broth (cf. Example 30) having a pH
value of 3.3 is cooled to 17-C. The cells are separated by a Westfalia
SA-14 de-sludging device (400-600 I/h). The thick sludge is discarded. The
slightly turbid supernatant is filtered through a series of Skan filter
cartouches (first: pore width 5 am; second: pore width 1 am; third: pore
width 0.22 um) brought to pH 7.5 with NaOH and applied to a DEAE anion
exchange 40 column. The column is washed with sodium acetate (20 mM, pH
4.5) and eluted with sodium acetate (20 mM, pH 3.1). The solution (15 1) is
brought to pH 7.5 with NaOH and concentrated to a final volume of 1.8 1 in
a circulation evaporator. An aliquot of 11 is applied to a Sephadex 0-25
column (bed volume: 8 1; the column being equilibrated with water).
Fractions containing desulphatohirudin are identified by HPLC. The
desulphatohirudin fraction (2.5 I) is concentrated with a rotavap in high
vacuum to a final volume of 200 ml 45 and is lyophilized. An aliquot (2 g)
of the raw material is dissolved in 50 ml of water, brought to pH 7.5 with
NaOH and applied to a 0 Sepharose fast flow column (bed volume: 200 ml).
The column is washed with ammonium formiate (100 mM, pH 3.9). 25 ml
fractions are taken and tested for desulphatohirudin by HPLC. Fraction
containing desulphatohirudin (1-65) are pooled (125 ml) and concentrated
with a rotavap in high vacuum to 50 a final volume of 10 ml. The
concentrated solution is applied to a Sephadex G-25 column (Amicon, the
column being equilibrated with water) for desalting. The obtained clear
solution (25 ml) is Iyophilized. The resulting solid consists of pure
desulphatohirudin. 55 Example 32: Construction of plasmid pJDB207/PHO5-EGL:
51    EP 0225 633 B1 The nucleotide sequence coding for eglin C, a
polypeptide of 70 aminoacids from leech has been synthesized in vitro,
subcloned and expressed in E.coli as described in European Patent
Application No. 146,785. The exact in frame fusion of the eglin coding
sequence to the sequence coding for the PHO5 signal peptide is achieved in
a completely analogous way as described for hirudin in Examples 15 and 16.
5  A single clone with the correct orientation of the insert in the vector
is referred to as pJDB207/PHO5-EGL. Saccharomyces cerevisiae strain GRF18
is transformed as usual. Transformants are selected and cultuted as
described in Example 29. No eglin C is detectable in the culture broth.
Claims 10 Claims for the following Contracting States: BE, DE, FR, GB, IT,
NL, SE, CH, LU, LI) 1. Method for the production of desulphatohirudin
comprising culturing under appropriate nutrient con- ditions yeast host
cells transformed with a hybrid vector having one or multiple DNA inserts
each comprising a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence is     encoding the yeast PHO5 or
invertase signal peptide upstream of and in reading frame with a second DNA
sequence coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals, and isolating
desulphatohirudin from the culture medium. .2o 2. Method according to claim
1 characterized in that the expression control sequence is a hybrid
promoter comprising upstream activation sequences of one yeast gene and
downstream promoter elements including a functional TATA box of another
yeast gene. 



3   Method according to claim 1 for the production of Des-(Leu"
,Gln65)-desulphatohirudin variant HV1 25      having the formula Val Val
Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys 30          Leu Cys Glu Gly
Ser Asn Val Cys Gly Gln Gly Asn Lys Cys Ile Leu Gly Ser Asp Gly Glu Lys Asn
Gin Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe
Glu Glu Ile Pro Glu Glu Tyr. 35 4. Method according to claim 1 for the
production of Des-(Gln65)-desulphatohirudin variant HV1 having the formula
40 Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu Cys Glu Gly
Ser Asn Val Cys Gly Gln Gly Asn Lys Cys 45         Ile Leu Gly Ser Asp Gly
Glu Lys Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp
Gly Asp Phe Glu Glu Ile Pro GMu Glu Tyr Leu. 50 5. Method according to
claim 1 for the production of desulphatohirudin variant HV1 having the
formula 55 52    EP0225633B1 The nucleotide sequence coding for eglin C, a
polypeptide of 70 aminoacids from leech has been synthesized in vitro,
subcloned and expressed in E.coli as described in European Patent
Application No. 146,785. The exact in frame fusion of the eglin coding
sequence to the sequence coding for the PHO5 signal peptide is achieved in
a completely analogous way as described for hirudin in Examples 15 and 16.
5  A single clone with the correct orientation of the insert in the vector
is referred to as pJDB207/PHO5-EGL. Saccharomyces cerevisiae strain GRF18
is transformed as usual. Transformants are selected and cultuted as
described in Example 29. No eglin C is detectable in the culture broth.
Claims 1o  Claims for the following Contracting States: BE, DE, FR, GB, IT,
NL, SE, CH, LU, LI) 1. Method for the production of desulphatohirudin
comprising culturing under appropriate nutrient con- ditions yeast host
cells transformed with a hybrid vector having one or multiple DNA inserts
each comprising a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence i5     encoding the yeast PHO5 or
invertase signal peptide upstream of and in reading frame with a second DNA
sequence coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals, and isolating
desulphatohirudin from the culture medium. 20  2. Method according to claim
1 characterized in that the expression control sequence is a hybrid
promoter comprising upstream activation sequences of one yeast gene and
downstream promoter elements including a functional TATA box of another
yeast gene. 3. Method according to claim 1 for the production of
Des-(Leu64,Gln 5)-desulphatohirudin variant HV1 25      having the formula
Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gin Asn Leu Cys Leu Cys Glu Gly Ser
Asn Val Cys Gly Gin Gly Asn Lys Cys 30 Ile Leu Gly Ser Asp Gly Glu Lys Asn
Gin Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe



Glu Glu Ile Pro Glu Glu Tyr. 35 4. Method according to claim 1 for the
production of Des-(G0n65)-desulphatohirudin variant HV1 having the formula
40 Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gin Asn Leu Cys Leu Cys Glu Gly
Ser Asn Val Cys Gly Gin Gly Asn Lys Cys 45         Ile Leu Gly Ser Asp Gly
Glu Lys Asn Gin Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gin Ser His Asn Asp
Gly Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu. 50 5. Method according to
claim 1 for the production of desulphatohirudin variant HV1 having the
formula 55 52                      I 1111111 111111 11111 11111 1111 *   c
L   N   s   *    EP0225633B1 Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln
Asn Leu Cys Leu Cys Glu Gly Ser Asn Val Cys Gly Gin Gly Asn Lys Cys Ile Leu
Gly Ser Asp Gly Glu Lys Asn Gin Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gin
Ser His Asn Asp Gly Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu Gin. 10 6.
Method according to claim 1 for the production of desulphatohirudin variant
HV2 having the formula 15         Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly
Gin Asn Leu Cys Leu Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys Ile
Leu Gly Ser Asn Gly Lys Gly Asn Gin Cys Val Thr Gly Glu Gly Thr Pro Asn Pro
Glu Ser His Asn Asn Gly Asp Phe 20 Glu Glu Ile Pro Glu Glu Tyr Leu Gin 25
7. Method according to claim 1 for the production of desulphatohirudin
variant PA having the formula Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gin
Asn Leu Cys 30         Leu Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys
Cys Ile Leu Gly Ser Gin Gly Lys Asp Asn Gin Cys Val Thr Gly Glu Gly Thr Pro
Lys Pro Gin Ser His Asn Gin Gly Asp Phe Glu Pro Ile Pro Glu Asp Ala Tyr Asp
Glu 35 8. Method according to claim 1 for the production of
des-(Val)2-desulphatohirudin. 40  9. A DNA construct containing a yeast
expression control sequence, a DNA segment consisting of a first DNA
sequence encoding the yeast PH05 or invertase signal peptide upstream of
and in reading frame with a second DNA sequence coding for mature
desulphatohirudin which DNA segment is under transcriptional control of
said expression control sequence, and a DNA sequence containing yeast
transcription termination signals. 45 10. A construct according to claim 9
containing the PH05 promoter, a DNA segment consisting of the PH05 signal
sequence upstream of and in reading frame with a DNA sequence coding for
mature desulphatohirudin which DNA segment is under transcriptional control
of the PH05 promoter, and the 3' flanking sequence of the PH05 gene. 



50 11. A construct according to claim 9 containing the GAPDH promoter, a
DNA segment consisting of the PH05 signal sequence upstream of and in
reading frame with a DNA sequence coding for mature desulphatohirudin,
which DNA segment is under transcriptional control of the GAPDH promoter,
and the 3' flanking sequence of the PH05 gene. 55 12. A construct according
to claim 9 containing a hybrid promoter comprising upstream activation
site(s) of the yeast PH05 gene and a downstream promoter element including
the TATA box of the yeast GAPDH gene, a DNA segment consisting of the PH05
signal sequence upstream of and in reading 53
llliliiiiii:    EP 0 225 633 B1 frame with a DNA sequence coding for mature
desulphatohirudin, which DNA segment is under transcriptional control of
the hybrid promoter, and the 3' flanking sequence of the PHO5 gene. 13. A
construct according to claim 9 containing the PHO5 promoter, a DNA segment
consisting of the 5      invertase signal sequence upstream of and in
reading frame with a DNA sequence coding for mature desulphatohirudin which
DNA segment is under transcriptional control of the PHO5 promoter, and the
3' flanking sequence of the PHO5 gene. 14. Method for the preparation of a
DNA construct according to claim 9 comprising linking a yeast to
expression control sequence, a DNA segment consisting of a first DNA
sequence encoding the yeast PHO5 or invertase signal peptide upstream of
and in reading frame with a second DNA sequence coding for
desulphatohirudin, and a DNA sequence containing yeast transcription
termination signals in the predetermined order. 75 15. A hybrid vector
having one or multiple DNA inserts each comprising a yeast expression
control sequence, a DNA segment consisting of a first DNA sequence encoding
the yeast PHO5 or invertase signal peptide upstream of and in reading frame
with a second DNA sequence conding for mature desulphatohirudin which DNA
segment is under transcriptional control of said expression control
sequence, and a DNA sequence containing yeast transcription termination
signals. t -20 16. A hybrid vector according to claim 15 containing a DNA
construct according to any one of claim 9 to 13. 17. Method for the
preparation of a hybrid vector according to claim 15 comprising introducing
one or 25     multiple DNA constructs each containing a yeast expression
control sequence, a DNA segment consisting of a first DNA sequence encoding
the yeast PHO5 or invertase signal peptide upstream of and in reading frame
with a second DNA sequence coding for mature desulphatohirudin which DNA
segment is under transcriptional control of said expression control
sequence, and a DNA sequence K>          containing yeast transcription
termination signals, as such or introducing the components of said DNA 30
constructs successively in the predetermined order into a vector DNA. 18. A
yeast host cell transformed with a hybrid vector having one or multiple DNA
inserts each comprising a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence encoding the yeast PHO5 or invertase
signal peptide upstream of and in reading frame with a second DNA sequence
35     coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals. 19. A yeast
host cell according to claim 18 transformed with a hybrid vector according
to any one of claims 15 and 16. 40 20. Method for the production of
transformed yeast host cells according to claim 18 comprising transform-
ing yeast host cells with a hybrid vector having one or multiple DNA
inserts each comprising a yeast 



expression control sequence, a DNA segment consisting of a first DNA
sequence encoding the yeast PHO5 or invertase signal peptide upstream of
and in reading frame with a second DNA sequence 45     coding for mature
desulphatohirudin which DNA segment is under transcriptional control of
said expression control sequence, and a DNA sequence containing yeast
transcription termination signals. Claims for the following Contracting
States: AT, ES, GR 50 1. Method for the production of desulphatohirudin
comprising culturing under appropriate nutrient con- ditions yeast host
cells transformed with a hybrid vector having one or multiple DNA inserts
each comprising a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence encoding the yeast PHO5 or invertase
signal peptide upstream of and in reading frame with a second DNA sequence
coding for mature desulphatohirudin which DNA segment is under
transcriptional control 65     of said expression control sequence, and a
DNA sequence containing yeast transcription termination signals, and
isolating desulphatohirudin from the culture medium. 2. Method according to
claim 1 characterized in that the expression control sequence is a hybrid
promoter 54    EP 0 225 633 Bi comprising upstream activation sequences of
one yeast gene and downstream promoter elements including a functional TATA
box of another yeast gene. 3. Method according to claim 1 characterized in
that there is used yeast transformed with a hybrid vector 5      having one
or multiple DNA inserts each comprising the PH05 promoter, a DNA segment
consisting of the PH05 signal sequence upstream of and in reading frame
with a DNA sequence coding for mature desuiphatohirudin, which DNA segment
is under transcriptional control of the PH05 promoter, and the 3' flanking
sequence of the PH05 gene. lo  4. Method according to claim 1 characterized
in that there is used yeast transformed with a hybrid vector having one or
multiple DNA inserts each comprising the GAPDH promoter, a DNA segment
consisting of the PH05 signal sequence upstream of and in reading frame
with a DNA sequence coding for mature desuiphatohirudin, which DNA segment
is under transcriptional control of the GAPDH promoter, and the 3' flanking
sequence of the PH05 gene. 15 5. Method according to claim 1 characterized
in that there is used yeast transformed with a hybrid vector having one or
multiple DNA inserts each comprising a hybrid promoter comprising upstream
activation site(s) of the yeast PH05 gene and a downstream promoter element
including the TATA box of the yeast GAPDH gene, a DNA segment consisting of
the PH05 signal sequence upstream of and in 20     reading frame with a DNA
sequence coding for mature desulphatohirudin, which DNA segment is under
transcriptional control of the hybrid promoter, and the 3' flanking
sequence of the PH05 gene. 6. Method according to claim 1 characterized in
that there is used yeast transformed with a hybrid vector having one or
multiple DNA inserts each comprising the PH05 promoter, a DNA segment
consisting of 25     the invertase signal sequence upstream of and in
reading frame with a DNA sequence coding for mature desulphatohirudin,
which DNA segment is under transcriptional control of the PH05 promoter,
and the 3' flanking sequence of the PH05 gene. 7. Method according to claim
1 for the production of Des-(Leu 4,Gln"5)-desulphatohirudin variant HV1 30
having the formula Val Val  Tyr Thr Asp  Cys Thr Giu Ser Gly  Gln Asn Leu
Cys Leu  Cys Glu  Gly  Ser Asn Val Cys Gly Gln  Gly Asn Lys Cys 36 Ile Leu
Gly Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly Glu  Gly  Thr Pro  Lys Pro
Gln  Ser His Asn Asp GIy Asp Phe Glu   Glu  Ile  Pro  dlU  Glu  Tyr. 



40 8. Method according to claim 1 for the production of
Des-(Glnr5)-desulphatohirudin variant HV1 having the formula 45 Val Val Tyr
Thr Asp  Cys Thr Clu  Ser Gly  Gln Asn Leu Cys Leu  Cys Glu  Gly  Ser Asn
Val Cys Gly Gln  Gly Asn Lys'Cys so          Ile  Leu  Gly  Ser Asp  Gly
Glu Lys Asn Gln  Cys Val Thr Gly Glu  Gly  Thr Pro  Lys Pro  Gln  Ser - is
Asn Asp Gly Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu. 55 9* Method according
to claim 1 for the production of desulphatohirudin variant HV1 having the
formula 55~~~~~~~~~~~~....... ........--.,, 11s    EP 0 225 633 Bi Val Val
Tyr Thr Asp Cys Thr Glu Ser Gly Gin Asn Leu Cys Leu Cys Glu Gly 5er Asn Val
Cys Gly Gln Gly Asn Lys Cys 5          Ile Leu Gly Ser Asp Gly Glu Lys Asn
Gln Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn Asp Gly Asp Phe
Glu Glu Ile Pro Glu Glu Tyr Leu Gln. 10 10. Method according to claim 1 for
the production of desulphatohirudin variant HV2 having the formula 15
Ile  Thr Tyr  Thr  Asp  Cys Thr Glu  Ser  Gly  Gln  Asn  Leu  Cys Leu Cys
Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys Ile Leu Gly Ser Asn Gly Lys
Gly Asn Gln Cys yal Thr Gly 20         Glu Gly Thr Pro Asn Pro Glu Ser His
Asn Asn Gly Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu Gln 25 11. Method
according to claim 1 for the production of desulphatohirudin variant PA
having the formula Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys
>,             Leu Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys 30
Ile Leu Gly Ser Gln Gly Lys Asp Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Lys
Pro Gln Ser His Asn Gln Gly Asp Phe Giu Pro Ile Pro Glu Asp Ala Tyr Asp Glu
35 12. Method according to claim 1 for the production of
des-(Val)2-desulphatohirudin. 40 13. Method for the preparation of a DNA
construct containing a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence encoding the yeast PHO5 or invertase
signal peptide upstream of and in reading frame with a second DNA sequence
coding for -mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals, comprising
linking a yeast expression 45      control sequence, a DNA segment
consisting of a first DNA sequence encoding the yeast PHO5 or invertase
signal peptide upstream of and in reading frame with a second DNA sequence
coding for desulphatohirudin, and a DNA sequence containing yeast
transcription termination signals in the predetermined order. 60 14, Method
for the preparation of a hybrid vector having one or multiple DNA inserts
each comprising a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence encoding the yeast PHO5 or invertase
signal peptide upstream of and in reading frame with a second DNA sequence
coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said 



expression control sequence, and a DNA sequence containing yeast
transcription termination signals, 55      comprising introducing one or
multiple DNA constructs each containing a yeast expression control
sequence, a DNA segment consisting of a first DNA sequence encoding the
yeast PHO5 or invertase signal peptide upstream of and in reading frame
with a second DNA sequence coding for mature desulphatohirudin which DNA
segment is under transcriptional control of said expression control 58
I * C   L   M   S *    EP 0 225 633 B1 sequence, and a DNA sequence
containing yeast transcription termination signals, as such or introduc-
ing the components of said DNA constructs successively in the predetermined
order into a vector DNA. 15. Method for the production of yeast host cells
transformed with a hybrid vector having one or multiple 5      DNA inserts
each comprising a yeast expression control sequence, a DNA segment
consisting of a first DNA sequence encoding the yeast PH05 or invertase
signal peptide upstream of and in reading frame with a second DNA sequence
coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals, comprising
transforming yeast host cells with a hybrid vector having 10     one or
multiple DNA inserts each comprising a yeast expression control sequence, a
DNA segment consisting of a first DNA sequence encoding the yeast PH05 or
invertase signal peptide upstream of and in reading frame with a second DNA
sequence coding for mature desulphatohirudin which DNA segment is under
transcriptional control of said expression control sequence, and a DNA
sequence containing yeast transcription termination signals. 15
Revendicatlons Revendlcatlons pour les Etats contractants sulvants: BE, DE,
FR, GB, IT, NL, SE, CH, LU, Li 1. Proced4 de production de la
desulfatohirudine, selon lequel on cultive dans des conditions de nutrition
20     appropriees, des cellules-h8tes de levure transformees avec un
vecteur hybride contenant un ou plusieurs segments d'insertion d'ADN
comprenant chacun une sequence de regulation d'expression de levure, un
segment d'ADN consistant en une premiere sequence d'ADN codant pour le
peptide signal PH05 ou d'invertase de levure en amont et en phase de
lecture par rapport a une deuxieme sequence d'ADN codant pour la
desulfatohirudine mature, la transcription de ce segment d'ADN 6tant
r6gul6e par 25     ladite s9quence de regulation d'expression, et une
sequence d'ADN contenant des signaux de terminaison de transcription de
levure; et on isole la desulfatohirudine du milieu de culture. 2. Proc~d4
selon la revendication 1, caract6ris4 en ce quo la s~quence de regulation
d'expression consiste en un promoteur hybride comprenant des sequences
d'activation amont d'un gene de levure, 30     et des 6lments promoteurs
aval, comprenant une bolte TATA fonctionnelle d'un autre gone de levure. 3
Procd4 solon la revendication 1, pour la production du variant HV1 de la
dds-(Leu64,Gln65)-d~sulfatoh- irudine, de formule: 35 Val Val Tyr Thr Asp
Cys  Thr Glu  Ser Gly  Gln Asn  Leu  Cys Leu  Cys Glu  Gly  Ser Asn  Val
Cys Gly  Gln  Gly Asn  Lys Cys Ile  Leu Gly  Ser Asp  Gly  Glu  Lys Asn
Gln  Cys Val Thr  Gly 40 Glu  Gly  Thr  Pro  Lys  Pro  Gln  Ser His Asn Asp
Gly  Asp  Phe Glu  Glu  Ile  Pro  Glu  Glu  Tyr. 45 4. Proc~d4 selon la
revendication 1, pour la production du variant HV1 de la
dds-(Glnr5)-d~sulfatohirudine, de formulo: 



50        Val Va-l Tyr Thr Asp Cys Thr Glu Ser Gly  GIn Asn Leu  Cys Leu
Cys Glu  Gly  Ser Asn Val Cys Gly  Gln  Gly Asn Lys Cys. Ile  Leu  Gly  Ser
Asp  Gly  Glu  Lys Asn  Gln  Cys Val Thr Gly 56        Glu  Gly  Thr Pro
Lys Pro  Gln  Ser His Asn Asp Gly  Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu.
57 * C   L   M   S *    EP 0 225 633 Bi 5. Proc6de selon la revendication
1, pour la production du variant HV1 de la desulfatohirudine, de formule 5
Val Val Tyr Thr Asp  Cys Thr Glu  Ser Gly  Gin  Asn Leu  Cys Leu Cys Glu
Gly Ser Asn Val Cys Gly Gin Gly Asn Lys Cys Ile Leu Gly Ser Asp Gly Glu Lys
Asn Gin Cys Val Thr Gly 10         Glu  Gly  Thr  Pro  Lys  Pro  Gln  Ser
His  Asn Asp Gly  Asp Phe Glu Glu Ile Pro Glu Glu Tyr Lau Gin. 15 6.
Procede selon la revendication 1, pour la production du variant HV2 de la
desulfatohirudine, de formule Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gin
Asn Leu Cys 20         Leu  Cys  Glu  Gly  Ser  Asn  Val Cys Gly  Lys Gly
Asn  Lys Cys Ile Leu Gly Ser Asn Gly Lys Gly Asn Gin Cys Val Thr Gly Glu
Gly Thr Pro Asn Pro Glu Ser His Asn Asn Gly Asp Phe 25        Glu  Glu  Ile
Pro  Glu  GlJu  Tyr Leu  Gln 7. Proced6 selon la revendication 1, pour la
production du variant PA de la desulfatohirudine, de formule: 30 Ile Thr
Tyr Thr Asp Cys Thr Glu Ser Gly Gin Asn Leu Cys Leu  Cys Glu  Gly  Ser  Asn
Val Cys Gly  Lys Gly  Asn  Lys Cys Ile Leu Gly Ser Gin Gly Lys Asp Asn Gin
Cys Va. Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn Gin Gly Asp Phe Glu
Pro  Ile  Pro  Glu  Asp  Ala  Tyr Asp  Glu 40 . Procede selon la
revendication 1, pour la production de la des-(Val)2-desulfatohirudine. 9.
Produit de construction d'ADN contenant une sequence de regulation
d'expression de levure, un 45     segment d'ADN consistant en une premibre
sequence d'ADN codant pour le peptide signal PHO5 ou d'invertase de levure,
en amont et en phase de lecture par rapport a une deuxibme sequence d'ADN
codant pour la d6sulfatohirudine mature, la transcription de ce segment
d'ADN 6tant regul6e par ladite sequence de regulation d'expression, et une
s6quence d'ADN contenant des signaux de terminaison de transcription de
levure. 50 10. Produit de construction selon la revendication 9, comprenant
le promoteur PHO5, un segment d'ADN consistant en la sequence signal PHO5
en amont et en phase de lecture par rapport a une s6quence d'ADN codant
pour la desulfatohirudine mature, la transcription de ce segment d'ADN
etant regul6e par le promoteur PHO5, et la sequence adjacente d'extremite
3' du gbne PHO5. 55 11. Produit de construction selon la revendication 9,
contenant le promoteur GAPDH, un segment d'ADN consistant en la sequence
signal PHO5, en amont et en phase de lecture par rapport a une sequence
d'ADN codant pour la desulfatohirudine mature, la transcription de ce
segment d'ADN etant regul6e par 58   



EP 0 225 633 Bi le promoteur GADPH, et la sequence adjacente d'extr6mite 3'
du gene PHO5. 12. Produit de construction selon la revendication 9,
contenant un promoteur hybride comprenant un ou plusieurs sites
d'activation amont du gone PHO5 de levure, et un element promoteur aval
comprenant 5      la bolte TATA du gone GAPDH de levure, un segment d'ADN
consistant en la sequence signal PHO5 en amont et en phase de lecture par
rapport a une sequence d'ADN codant pour la desulfatohirudine mature, la
transcription de ce segment d'ADN etant regulee par le promoteur hybride,
et la sequence adjacente d'extrdmit6 3' du gene PHO5. 10 I& Produit de
construction selon la revendication 9, contenant le promoteur PHO5, un
segment d'ADN consistant en la s6quence signal d'invertase en amont et en
phase de lecture par rapport a une sequence d'ADN codant pour la
desulfatohirudine mature, la transcription de ce segment d'ADN etant
regulee par le promoteur PHO5, et la sequence adjacente d'extremite 3' du
gone PHO5. 15 14. Procede de preparation d'un produit de construction d'ADN
selon la revendication 9, selon lequel on lie une sdquence de regulation
d'expression de levure, un segment d'ADN consistant en une premibre
sequence d'ADN codant pour le peptide signal PHO5 ou d'invertase de levure,
en amont et en phase de lecture par rapport & une deuxieme sequence d'ADN
codant pour la d6sulfatohirudine, et une s~quence d'ADN contenant des
signaux de terminaison de transcription de levure selon l'ordre 20
pred6termine. 15. Vecteur hybride contenant un ou plusieurs segments
d'insertion d'ADN, comprenant chacun une sequence de regulation
d'expression de levure, un segment d'ADN consistant en une premibre
sequence d'ADN codant pour le peptide signal PHO5 ou d'invertase de levure,
en amont et en phase 25     de lecture par rapport a une deuxibme sequence
d'ADN codant pour la desulfatohirudine mature, la transcription de ce
segment d'ADN etant regulee par ladite s6quence de regulation d'expression,
et une s~quence d'ADN contenant des signaux de terminaison de transcription
de levure. 16. Vecteur hybride selon la revendication 15, contenant un
produit de transcription d'ADN selon l'une 30     quelconque des
revendications 9 b 13. 17. Proced6 de preparation d'un vecteur hybride
selon la revendication 15, selon lequel on introduit un ou plusieurs
produits de construction d'ADN contenant chacun une sequence de regulation
d'expression de levure, un segment d'ADN consistant en une premiere
sequence d'ADN codant pour le peptide 35     signal PHO5 ou d'invertase de
levure en amont et en phase de lecture par rapport a une deuxibme sequence
d'ADN codant pour la desulfatohirudine mature, la transcription de ce
segment d'ADN 6tant regulee par ladite sequence de regulation d'expression,
et une s6quence d'ADN contenant des signaux de terminaison de transcription
de levure, tels quels ou en introduisant les composants de ces produits de
construction d'ADN, successivement selon l'ordre pr6d6termine dans un ADN
de vecteur. 40 18. Cellule-h8te de levure transformee avec un vecteur
hybride contenant un ou plusieurs segments d'insertion d'ADN, comprenant
chacun une sequence de regulation d'expression de levure, un segment d'ADN
consistant en une premiere sequence d'ADN codant pour le peptide signal
PHO5 ou d'invertase de levure, en amont et en phase de lecture par rapport
a une deuxieme sequence d'ADN codant pour 45    la desulfatohirudine
mature, la transcription de ce segment d'ADN etant regul6e par ladite
sequence de regulation d'expression, et une sequence d'ADN contenant des
signaux de terminaison de transcription de levure. 19. Cellule-h8te de
levure selon la revendication 18, transformee avec un vecteur hybride selon
l'une so     quelconque des revendications 15 et 16. 20. Procede de
production de cellules-hdtes de levure transformees selon la revendication
18, dans lequel on transforme des cellules-h8tes de levure avec un vecteur
hybride contenant un ou plusieurs segments d'insertion d'ADN, comprenant
chacun une sequence de r6gulation d'expression de levure, 55     un segment
d'ADN consistant en une premibre sequence d'ADN codant pour le peptide
signal PH05 ou d'invertase de levure, en amont et en phase de lecture par
rapport a une deuxieme sequence 



d'ADN codant pour la desulfatohirudine mature, la transcription de ce
segment d'ADN etant regulee par ladite sequence de regulation d'expression,
et une sequence d'ADN contenant des signaux de 59    EP 0 225 633 Bi
torminaison de transcription de levure. Revendicatlons pour les Etats
contractants sulvants: AT, ES, GR 6  1. Procede de production de la
desulfatohirudine, solon lequel on cultive dans des conditions de nutrition
approprieos, des collules-h8tes de levure transformees avec un vecteur
hybride contenant un ou plusieurs segments d'insertion d'ADN comprenant
chacun une s6quence de regulation d'expression de levure, un segment d'ADN
consistant en une premibre sequence d'ADN codant pour le peptide signal
PH05 ou d'invertase de levure en amont et en phase de lecture par rapport A
une deuxieme sequence 10     d'ADN codant pour la desulfatohirudine mature,
la transcription de ce segment d'ADN etant regulee par ladite sequence de
regulation d'expression, et une sequence d'ADN contenant des signaux de
torminaison de transcription de levure; et on isole la desulfatohirudine du
milieu de culture. 2. Procedd  salon la revendication 1, caracterise on co
quo la sequence de regulation d'expression is     consiste en un promoteur
hybride comprenant des sequences d'activation amont d'un gbne de levure, et
des el6ments promoteurs aval, comprenant une bolte TATA fonctionnelle d'un
autre gene de levure. 3  Procedd solon la revendication 1, caract6rise on
co quo l'on emploie une levure transformeo avec un vectour hybride
contenant un ou plusieurs segments d'insertion d'ADN comprenant chacun le
promo- 20     tour PH05, un segment d'ADN consistant en la sequence signal
PH05 on amont et en phase de lecture par rapport & une sequence d'ADN
codant pour la desulfatohirudine mature, la transcription de ce segment
d'ADN dtant regul6e par le promoteur PHO5, et la sequence adjacente
d'extr6mite 3' du gene PHO5. 25  4. Procede solon la revendication 1,
caracterise en co que l'on emploie une levure transformee avec un vocteur
hybride contenant un ou plusieurs segments d'insertion d'ADN compronant
chacun le promo- tour GAPDH, un segment d'ADN consistant en la sequence
signal PH05 en amont et en phase de lecture par rapport A une sequence
d'ADN codant pour la d~sulfatohirudine mature, la transcription de ce
segment d'ADN etant regulee par le promoteur GAPDH, et la sdquence
adjacente d'extrdmite 3' du 30     gene PH05. 5. Proc6d4 salon la
revendication 1, caracteris6 en ce quo l'on emploie une levure transformee
avec un vecteur hybride contenant un ou plusieurs segments d'insertion
d'ADN comprenant chacun un promo- tour hybride contenant un ou plusieurs
sites d'activation amont du gbne PH05 de levure, et un element 35
promoteur aval comprenant la bolte TATA du gbne GAPDH de levure, un segment
d'ADN consistant en la s6quence signal PH05 en amont et en phase de lecture
par rapport A une s6quence d'ADN codant pour la desulfatohirudine mature,
la transcription de ce segment d'ADN 6tant regul6e par le promoteur
hybride, et la sequence adjacente d'extremite 3' du gene PHO5. 40  6.
Proc6de solon la revendication 1, caract6ris6 en ce quo l'on emploie une
levure transformee avec un vecteur hybride contenant un ou plusieurs
segments d'insertion d'ADN comprenant chacun le promo- tour PHO5, un
segment d'ADN consistant en la sequence signal d'invertase on amont et on
phase de lecture par rapport A une sequence d'ADN codant pour la
desulfatohirudine mature, la transcription de ce segment d'ADN etant
r~gul6e par le promotour PHO5, et la sequence adjacente d'extremit 3' du 45
gone PHO5. 7. Procede solon la revendication 1, pour la production du
variant HV1 de la dds-(Leu'tGln65)-d6sulfatoh- irudine, de formule: 50 Val1
Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu  Cys Glu Gly  Ser
Asn  Val Cys Gly Gln Gly Asn Lys Cys 



Ile  Leu  Gly  Ser Asp Gly  Glu Lys Asn Gln Cys Val Thr Gly 55 tflu Gly
Thr Pro  Lys  Pro Gln  Ser His Asn Asp Gly Asp Phe Glu GluI le  Pro  Glu
Glu Tyr. 60    EP 0 225 633 B1 8. Proc~d6 selon la revendication 1, pour la
production du variant HV1 de la des-(Gin65)-desulfatohirudine, de formule:
5        Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu Cys
Glu  Gly  Ser Asn Val Cys Gly Gin Gly Asn Lys Cys Ile Leu Gly  Ser Asp Gly
Glu Lys Asn Gln Cys Val Thr Gly 10        Glu Gly  Thr Pro  Lys Pro Gln Ser
His Asn Asp Gly Asp Phe Glu Glu  Ile Pro Glu Glu Tyr  Leu. I5 9. Procedd
solon la revendication 1, pour la production du variant HV1 de la
desulfatohirudine, de formule Val Val Tyr Thr Asp Cys Thr Glu Ser Gly GIn
Asn Lou Cys Leu  Cys Glu Gly  Ser Asn Val Cys Gly Gln Gly Asn Lys Cys Ile
Leu Gly  Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly Glu Gly  Thr Pro  Lys
Pro Gln Ser His Asn Asp Gly Asp Phe 25 Glu Glu  Ile  Pro  Glu  Glu Tyr Leu
Gln. 10. Procede selon la revendication 1, pour la production du variant
HV2 de la desulfatohirudine, de formule 30 Ile  Thr Tyr Thr Asp Cys Thr Glu
Ser Gly Gln Asn Leou Cys - Leu  Cys Glu Gly  Ser Asn  Val Cys Gly  Lys Gly
Asn Lys Cys 95       Ile  Leu Gly  Ser Asn  Gly Lys Gly  Asn Gln  Cys Yal
Thr Gly Glu Gly  Thr Pro Asn  Pro  Gu  Ser His Asn As; Gly Asp  Phe Glu Glu
lIe Pro Clu Glu Tyr Leu Gln 40 11. Proc6d6 solon la revendication 1, pour
la production du variant PA de la ddsulfatohirudine, de formulo: 45
Ile  Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu  Cys Glu Gly
Ser Asn Val Cys Gly Lys Gly Asn Lys Cys Ile  Leu Gly  Ser Gln Gly  Lys Asp
Asn Gln Cys Vai  Thr Gly 50        Glu  Gly Thr Pro Lys Pro Gln  Ser His
Asn Gln Gly Asp  Phe Glu  Pro  Ile  Pro Glu Asp Ala Tyr Asp Glu 55 12.
Procede solon la revendication 1, pour la production de la
d~s-(Val)2-d6sulfatohirudine. 13. Procd6 de preparation d'un produit de
construction d'ADN contenant une sequence de regulation d'expression de
levure, un segment d'ADN consistantoen une premibre sequence d'ADN codant
pour le 61I lll ii ll ll l0    EP 0 225 633 B1 peptido signal PH05 ou
d'invertase de levure, on amont et en phase de lecture par rapport a une
deuxibme sequence d'ADN codant pour la desulfatohirudine mature, la
transcription de ce segment d'ADN 4tant r6gulee par ladite sequence de
regulation d'expression, et une sequence d'ADN contenant des signaux de
terminaison de transcription de levure, selon loquel on lie une sequence de
regulation 5     d'expression de levure, un segment d'ADN consistant en une
premiere sequence d'ADN codant pour le 



peptide signal PH05 ou d'invertase de levure, en amont et en phase de
lecture par rapport & une deuxibme sequence d'ADN codant pour la
desulfatohirudine, et une sequence d'ADN contenant des signaux de
terminaison de transcription de levure selon l'ordre preddtermin6. 1O 14.
Procedd de preparation d'un vecteur hybride contenant un ou plusieurs
segments d'insertion d'ADN, comprenant chacun une sequence de regulation
d'expression de levure, un segment d'ADN consistant en une premiere
sequence d'ADN codant pour le peptide signal PH05 ou d'invertase de levure,
en amont et en phase de lecture par rapport A une deuxibme sequence d'ADN
codant pour la desulfatohi- rudine mature, la transcription de ce segment
d'ADN etant regulee par ladite sequence de rdgulation 15     d'expression,
et une sequence d'ADN contenant des signaux de terminaison de transcription
de levure, selon lequel on introduit un ou plusieurs produits de
construction d'ADN, contenant chacun une sequence de regulation
d'expression de levure, un segment d'ADN consistant en une premibre
sequence d'ADN codant pour le peptide signal PH05 ou d'invertase de levure,
en amont at en phase de lecture par rapport a une deuxieme sequence d'ADN
codant pour la ddsulfatohirudine mature, la 20    transcription de ce
segment d'ADN etant regulee par ladite sequence de regulation d'expression,
et une sequence d'ADN contenant des signaux de terminaison de transcription
de levure, tels quels ou en introduisant les composants de ces produits de
construction d'ADN, successivement selon l'ordre predetermine dans un ADN
de vecteur. 25 16. Procede de production de cellules-h8tes de levure
transformees avec un vecteur hybride contenant un ou plusieurs segments
d'insertion d'ADN, compronant chacun une sequence de regulation
d'expression de levure, un segment d'ADN consistant en une premiere
s6quence d'ADN codant pour le peptide signal PH05 ou d'invertase de levure,
en amont ou en phase de lecture par rapport & une deuxieme _>
sequence d'ADN codant pour la d6sulfatohirudine mature, la transcription de
ce segment d'ADN etant 30     regulee par ladite s6quence de rdgulation
d'expression, et une s6quence d'ADN contenant des signaux de terminaison de
transcription de levure, selon lequel on transformo des cellules-h8tes de
levure, avec un vecteur hybride contenant un ou plusiours segments
d'insertion d'ADN, comprenant chacun une sequence de r6gulation
d'expression d'ADN, un segment d'ADN consistant en une premiere sdquence
d'ADN codant pour le peptide signal PH05 ou d'invertase de levure, en amont
ou en phase de lecture 35     par rapport & une deuxieme sequence d'ADN
codant pour la desulfatohirudine mature, la transcription de ce segment
d'ADN etant rdgulde par ladite sdquence de regulation d'expression, et une
sequence d'ADN contenant des signaux de terminaison de transcription.
Patentanspr~che 40 PatentansprUche fUr folgende Vertragsstaaten: BE, DE,
FR, GB, IT, NL, SE, CH, LU, U 1. Verfahren zur Herstellung von
Desulfatohirudin, umfassend das Kultivieren von Hefe-Wirtszellon, die mit
einem Hybridvektor transformiert sind, der ein oder mehrere DNA-inserts
hat, jeweils umfassend eine Hefe-Expressionskontrollsequenz, ein
DNA-Segment bestehend aus einer ersten DNA-Sequenz, die far 45     das
Hefe-PH05- odor -Invertase-Signalpeptid codiert, stromaufwirts von und im
Leserahmen mit einer zweiten DNA-Sequenz, die flr reifes Desulfatohirudin
codiert, welches DNA-Segment unter der Trans- criptionskontrolle der
genannten Expressionskontrollsequenz steht, und eine DNA-Sequenz, die Hefe-
Transcriptionsterminationssignale enthilt, unter geeigneten Nahrbedingungen
und Isolierung von Desul- fatohirudin aus dem Kulturmedium. 50 2. Verfahren
nach Anspruch 1, dadurch gekennzoichnet, daB die Expressionskontrollsequenz
ein Hybrid- promotor ist, umfassend Upstream-Aktivierungssequenzen von
einem Hefegen und Downstream-Pro- motorelemente einschlieRlich einer
funktionellen TATA-Box von einem anderen Hefegen. 55 3 Verfahren nach
Anspruch 1 zur Herstellung der Des-(Leu64,
G(3n65)-Desulfatohirudin-Variante HV1 mit der Formel 62
111111 HE 11111 Il lii *  C  L  M   S  *   



EP 0 225 633 BI Val Val Tyr Thr Asp Cys Thr Gin Ser Gly Gln Asn Leu Cys Leu
Cys Glu Gly Ser Asn Val.Cys Gly GIn Gly Asn Lys Cys 5     Ile Leu Gly Ser
Asp Gly Glu Lys Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His
Asn Asp Gly Asp Phe Glu Glu Ile Pro Glu Glu Tyr. 10 4. Verfahren nach
Anspruch 1 zur Herstellung der Des-(GIn6s5)-Desulfatohirudin-Variante HV1
mit der Formel Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gin Asn Leu Cys Leu
Cys Glu Gly Ser Asn Val Cys Gly Gin Gly Asn Lys CyS Ile Leu Gly Ser Asp Gly
Glu Lys Asn Gln Cys Val Thr Gly w- 20     Glu Gly Thr Pro Lys Pro Gln Ser
His Asn Asp Gly Asp Phe Glu Glu Ile Pro Glu Glu Tyr Leu. 25 5. Verfahren
nach Anspruch 1 zur Herstellung der Desulfatohirudin-Variante HV1 mit der
Formel Val.Val Tyr Thr Asp Cys Thr Glu Ser Gly GIn Asn Leu Cys 30     uen
Cys Glu Gly Ser Asn Val Cys Gly Gin Gly Asn Lys Cys Ile Leu Gly Ser Asp Gly
Glu Lys Asn Gln Cys Val Thr-Gly Glu Gly Thr Pro Lys Pro Gin Ser His Asn Asp
Gly Asp Phe Glu Glu Ile.Pro Glu Glu Tyr Leu Gln. 35 6. Verfahren nach
Anspruch 1 zur Herstellung der Desulfatohirudin-Variante HV2 mit der Formel
40 Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu Cys Glu Gly
Ser Asn Val Cys Gly Lys Gly Asn Lys Cys Ile Leu Gly Ser Asn Gly Lys Gly Asn
Gln Cys Val Thr Gly Glu Gly Thr Pro Asn Pro Gl Ser His Asn Asn Gly Asp Phe
Glu Glu Ile Pro Glu Giu Tyr Leu Gin 50 7. Verfahren nach Anspruch 1 zur
Herstellung der Desulfatohirudin-Variante PA mit der Formel 55    EP 0 225
633 Bi Ile Tlir Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu.Cys Glu
Gly Ser Asn Val Cys-Gly Lys Gly Asn Lys Cys 5         Ile Leu Gly Ser Gln
Gly.Lys Asp Asn Gln Cys Val.Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn
Gln Gly Asp Phe Glu Pro Ile Pro Glu Asp Ala Tyr Asp Glu 10 8. Verfahren
nach Anspruch 1 zur Herstellung von Des-(Val)2-Desulfatohirudin. 9.
DNA-Konstrukt, enthaltend eine Hefe-Expressionskontrollsequenz, ein
DNA-Segment bestehend aus 15     einer ersten DNA-Sequenz, die far das
Hefe-PH05- oder -Invertase-Signalpeptid codiert, stromaufwarts von und im
Leserahmen mit einer zweiten DNA-Sequenz, die fOr reifes Desulfatohirudin
codiert, welches DNA-Segment unter der Transcriptionskontrolle der besagten
Expressionskontrollsequenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthilt. 20  10. Konstrukt nach
Anspruch 9, enthaltend den PH05-Promotor, ein DNA-Segment bestehend aus der



PH05-Sigralsequenz stromaufwarts von und im Leserahmen mit einer
DNA-Sequenz, die fOr reifes Desulfatohirudin codiert, welches DNA-Segment
unter der Transcriptionskontrolle des PH05-Promotors steht, und die
3'-flankierende Sequenz des PH05-Gens. 25  11. Konstrukt nach Anspruch 9,
enthaltend den GAPDH-Promotor, ein DNA-Segment bestehend aus der
PH05-Signalsequenz stromaufwirts von und im Leserahmen mit einer
DNA-Sequenz, die fOr reifes Desulfatohirudin codiert, welches DNA-Segment
unter der Transcriptionskontrolle des GAPDH-Promo- tors steht, und die
3'-flankierende Sequenz des PH05-Gens. 30  12. Konstrukt nach Anspruch 9,
enthaltend einen Hybridpromotor umfassend Upstream-Aktivierungsstelle- (n)
des Hefe-PH05-Gens und ein Downstream-Promotorelement einschlie~lich der
TATA-Box des Hefe- GAPDH-Gens, ein DNA-Segment bestehend aus der
PH05-Signalsequenz stromaufwarts von und im Leserahmen mit einer
DNA-Sequenz, die far reifes Desulfatohirudin codiert, welches DNA-Segment
unter der Transcriptionskontrolle des Hybridpromotors steht, und die
3'-flankierende Sequenz des 35     PH05-Gens. 13. Konstrukt nach Anspruch
9, enthaltend den PH05-Promotor, ein DNA-Segment bestehend aus der
Invertase-Signalsequenz stromaufwdrts von und im Leserahmen mit einer
DNA-Sequenz, die fOr reifes Desulfatohirudin codiert, welches DNA-Segment
unter der Transcriptionskontrolle das PH05-Promotors 40     steht, und die
3'-flankierende Sequenz des PH05-Gens. 14. Verfahren zur Herstellung eines
DNA-Konstrukts nach Anspruch 9, umfassend das VerknUpfen einer
Hefe-Expressionskontrollsequenz, eines DNA-Segments bestehend aus einer
ersten DNA-Sequenz, die fOr das Hefe-PH05- oder -Invertase-Signalpeptid
codiert, stromaufw~rts von und im Leserahmen mit 45     einer zweiten
DNA-Sequenz, die fOr Desulfatohirudin codiert, und einer DNA-Sequenz, die
Hefe- Transcriptionsterminationssignale enthait, in der vorbestimmten
Reihenfolge. 16. Hybridvektor, der ein oder mehrere DNA-inserts hat,
jeweils umfassend eine Hefe-Expressionskontroll- sequenz, ein DNA-Segment
bestehend aus einer ersten DNA-Sequenz, die fOr das Hefe-PH05- oder 50
-Invertase-Signalpeptid codiert, stromaufwirts von und im Leserahmen mit
einer zweiten DNA-Sequenz, die fOr reifes Desulfatohirudin codiert, welches
DNA-Segment unter der Transcriptionskontrolle der genannten
Expressionskontrollsequenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionstermina- tionssignale enthlit. 5s  16. Hybridvektor nach
Anspruch 15, der ein DNA-Konstrukt nach irgendeinem der AnsprUche 9 bis 13
enth~lt. 17. Verfahren zur Herstellung eines Hybridvektors nach Anspruch
15, umfassend das EinfOhren eines oder 64                      I I!lIIlj
IIl~ 11111 HE  ill I 1I!II    EP 0 225 633 Bi mehrerer DNA-Konstrukte,
jeweils enthaltend eine Hefe-Expressionskontrollsequenz, ein DNA-Segment
bestehend aus einer ersten DNA-Sequenz, die flr das Hefe-PHO5- oder
-Invertase-Signalpeptid codiert, stromaufwarts von und im Leserahmen mit
einer zweiten DNA-Sequenz, die fUr reifes Desulfatohirudin codiert, welches
DNA-Segment unter der Transcriptionskontrolle der besagten
Expressionskontrollse- 5      quenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthalt, als solche odor EinfUhren
der Komponenten der besagten DNA-Konstrukte nacheinander in der
vorbestimmten Reihenfolge in eine Vektor-DNA. 18. Hefe-Wirtszelle, die
transformiert ist mit einem Hybridvektor, der ein odor mehrere DNA-inserts
hat, 10     jeweils umfassend eine Hefe-Expressionskontrollsequenz, ein
DNA-Segment bestehend aus einer ersten DNA-Sequenz, die flr das Hefe-PH05-
oder -Invertase-Signalpeptid codiert, stromaufwarts von und im Leserahmen
mit einer zweiten DNA-Sequenz, die fUr reifes Desulfatohirudin codiert,
welches DNA-Segment unter der Transcriptionskontrolle der genannten
Expressionskontrollsequenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthilit. 15 



19. Hefe-Wirtszelle nach Anspruch 18, die transformiert ist mit einem
Hybridvektor nach irgendeinem der AnsprUche 15 und 16. 20. Verfahren zur
Herstellung transformierter Hefe-Wirtszellen nach Anspruch 18, umfassend
das Transfor- 20     mieren von Hefe-Wirtszellen mit einem Hybridvektor,
der ein oder mehrere DNA-inserts hat, jeweils umfassend eine
Hefe-Expressionskontrollsequenz, ein DNA-Segment bestehend aus einer ersten
DNA- Sequenz, die flr das Hefe-PH05- oder -Invertase-Signalpeptid codiert,
stromaufwarts von und im Leserahmen mit einer zweiten DNA-Sequenz, die fUr
reifes Desulfatohirudin codiert, welches DNA- Segment unter der
Transcriptionskontrolle der genannten Expressionskontrollsequenz steht, und
eine 25     DNA-Sequenz, die Hefe-Transcriptionsterminationssignale
enthalt. PatentansprUche fUr folgende Vertragsstaaten: AT, ES, GR 1.
Verfahren zur Herstellung von Desulfatohirudin, umfassond das Kufltvieren
von Hefe-Wirtszellen, die mit 30     einem Hybridvektor transformiert sind,
der ein oder mehrere DNA-inserts hat, jeweils umfassend eine
Hefe-Expressionskontrollsequenz, ein DNA-Segment bestehend aus einer ersten
DNA-Sequenz, die fUr das Hefe-PH05- oder -Invertase-Signalpeptid codiert,
stromaufwarts von und im Leserahmen mit oiner zweiten DNA-Sequenz, die fUr
reifes Desulfatohirudin codiert, welches DNA-Segment unter der Trans-
criptionskontrolle der genannten Expressionskontrollsequenz steht, und eine
DNA-Sequenz, die Hefe- 35     Transcriptionsterminationssignale enthalt,
unter geeigneten Nahrbedingungen und Isolierung von Desul- fatohirudin aus
dem Kulturmedium. 2. Verfahren nach Anspruch 1, dadurch gekennzoichnet, daB
die Expressionskontrollsequenz ein Hybrid- promotor ist, umfassend
Upstream-Aktivierungssequenzen von einem Hefegen und Downstream-Pro- 40
motorelemento einschlie~lich einer funktionellen TATA-Box von einem anderen
Hefegen. 3  Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB Hefe
verwendet wird, die transformiert ist mit einem Hybridvoktor, der ein odor
mehrere DNA-Inserts hat, jeweils umfassend den PHO5-Promotor, ein
DNA-Segment bestehend aus der PH05-Signalsequenz stromaufwarts von und im
Leserahmen mit 45     einer DNA-Sequenz, die fUr reifes Desulfatohirudin
codiert, welches DNA-Segment unter der Transcrip- tionskontrolle des
PHO5-Promotors steht, und die 3'-flankierende Sequenz des PH05-Gens. 4.
Verfahren nach Anspruch 1, dadurch gekennzeichnot, daB Hefe verwendet wird,
die transformiert ist mit einem Hybridvektor, der ein oder mehrere
DNA-inserts hat, jeweils umfassend den GAPDH-Promotor, 50     ein
DNA-Segment bestehend aus der PH05-Signalsequenz stromaufwarts von und im
Leserahmen mit einer DNA-Sequenz, die fUr reifes Desulfatohirudin codiert,
welches DNA-Segment unter der Transcrip- tionskontrolle des GAPDH-Promotors
steht, und die 3'-flankierende Sequenz des PH05-Gens. 5. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, dal Hefe verwendet wird, die
transformiert ist mit 55     einem Hybridvektor, der ein odor mehrere
DNA-inserts hat, jeweils umfassend einen Hybridpromotor, umfassend
Upstream-Aktivierungsstelle(n) des Hefe-PH05-Gens und ein
Downstream-Promotorelement einschlieBlich der TATA-Box des Hefe-GAPDH-Gens,
ein DNA-Segment bestehend aus der PH05- Signalsequenz stromaufwarts von und
im Leserahmen mit einer DNA-Sequenz, die fUr reifes Desulfato- 65
I I!IIIIj 11111 IHE 11111 1i I!Ii    EP 0 225 633 B1 hirudin codiert,
welches DNA-Segment unter der Transcriptonskontrolle des Hybridpromotors
steht, und die 3'-flankierende Sequenz des PH05-Gens. 6. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daO Hefe verwendet wird, die
transformiert ist mit 5      einem Hybridvektor, der ein oder mehrere
DNA-inserts hat, jeweils umfassend den PH05-Promotor, ein DNA-Segment
bestehend aus der Invertase-Signalsequenz stromaufw~rts von und im
Leserahmen mit einer DNA-Sequenz, die fUr reifes Desulfatohirudin codiert,
welches DNA-Segment unter der Transcrip- tionskontrolle des PHOS-Promotors
steht, und die 3-flankierende Sequenz des PH05-Gens. 1O 7. Verfahren nach
Anspruch 1 zur Herstellung der Des-(Leu64,Gln65)-Desulfatohirudin-Variante
HV1 mit der Formel 



Val Val Tyr Thr Asp Cys Thr Glu Ser- Gly Gln Asn Leu Cys 18         Leu Cys
Glu Gly Ser Asn Vai Cys-Gly Gln Gly Asn Lys Cys lle Leu Gly Ser Asp Gly
-Glu Lys Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Lys Pro Gln Ser His Asn
Asp Gly Asp Phe 20         Glu  Glu  Ile  Pro  Glu  Glu  Tyr. 8. Verfahren
nach Anspruch 1 zur Herstellung der Des-(GIn6s)-Desulfatohirudin-Variante
HV1 mit der 25      Formel Val Val Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn
Leu Cys 30         Leu Cys Giu Gly Ser Asn Val Cys Gly Gln Gly Asn Lys cys
Xle Leu Gly Ser Asp Gly Glu Lys Asn Gln Cys Val Thr Gly Glu Gly Thr Pro Lys
Pro Gln Ser His Asn Asp Gly Asp Phe 36         Glu Glu Ile Pro Giu Glu Tyr
Leu. 9. Verfahren nach Anspruch 1 zur Herstellung der
Desulfatohirudin-Variante HV1 mit der Formel 40 Val Val Tyr Thr Asp Cys Thr
Glu Ser Gly Gin Asn Leu Cys Leu Cys GiU Gly Ser Asn Val Cys Gly Gln Gly Asn
Lys Cys Ile Leu Gly Ser Asp Gly Giu Lys Asn Gln Cys Val Thr Gly 45
Glu Gly Thr Pro Lys Pro GIn Ser His Asn Asp Gly Asp Phe Glu Glu Ile Pro Glu
Giu Tyr Leu Gin. 50 10. Verfahren nach Anspruch 1 zur Herstellung der
Desulfatohirudin-Variante HV2 mit der Formel 55    EP 0 225 633 B1 Ile Thr
Tyr Thr Asp Cys Thr Clu Ser Gly Gln Asn .Leu Cys Leu Cys Glu Gly Ser Asn
Val Cys Gly Lys Gly Asn Lys Cys 5          Ile Leu Gly Ser Asn Gly Lys -Gly
Asn Gin Cys yal Thr Gly Glu Gly Thr Pro Asa Pro Giu Ser His Asn Asn Gly Asp
Phe Glu Glu Ile Pro Glu G16 Tyr Leu Gln 10 11. Verfahren nach Anspruch 1
zur Herstellung der Desulfatohirudin-Variante PA mit der Formel 15
Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys Leu Cys Glu
Gly\sSer Asn Val Cys Gly Lys Gly Asn Lys Cys Ile Leu Gly Seri Gln Gly Lys
Asp Asn Gln Cys Val Thr Gly 20         Glu  Gly  Thr  Pro-Lys Pro  Gln'Ser
His Asn  Gln  Gly Asp  Phe Glu Pro lie Pro Glu Asp Ala Tyr Asp Glu 25 12.
Verfahren nach Anspruch 1 zur Herstellung von Des-(Val)2-Desulfatohirudin.
13. Verfahren zur Herstellung eines DNA-Konstrukts, enthaltend eine
Hefe-Expressionskontrollsequenz, ein DNA-Segment bestehend aus einer ersten
DNA-Sequenz, die fUr das Hefe-PH05- oder -Invertase- Signalpeptid codiert,
stromaufwirts von und im Leserahmen mit einer zweiten DNA-Sequenz, die fUr
30     reifes Desulfatohirudin codiert, welches DNA-Segment unter der
Transcriptionskontrolle der besagten Expressionskontrollsequenz steht, und
eine DNA-Sequenz, die Hefe-Transcriptionsterminationssignale enthalt,
umfassend das VerknUpfen einer Hefe-Expressionskontrollsequenz, eines
DNA-Segments be- stehend aus einer ersten DNA-Sequenz, die far das
Hefe-PH05- oder -Invertase-Signalpeptid codiert, stromaufwarts von und im
Leserahmen mit einer zweiten DNA-Sequenz, die fUr Desulfatohirudin 36
codiert, und einer DNA-Sequenz, die Hefe-Transcriptionsterminationssignale
enthilit, in der vorbestimm- ten Reihenfolge. 14. Verfahren zur Herstellung
eines Hybridvektors, der ein oder mehrere DNA-inserts hat, jeweils umfas- 



send eine Hefe-Expressionskontrollsequenz, ein DNA-Segment bestehend aus
einer ersten DNA- 40      Sequenz, die flr das Hefe-PH05- oder
-Invertase-Signalpeptid codiert, stromaufwirts von und im Leserahmen mit
einer zweiten DNA-Sequenz, die fOr reifes Desulfatohirudin codiert, welches
DNA- Segment unter der Transcriptionskontrolle der besagten
Expressionskontrollsequenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthilt, umfassend das EinfUhren
eines oder mehrerer DNA-Konstrukte, jeweils enthaltend eine
Hefe-Expressionskontrollsequenz, ein DNA-Segment 45      bestehend aus
einer ersten DNA-Sequenz, die f[r das Hefe-PH05- oder
-Invertase-Signalpeptid codiert, stromaufwirts von und im Leserahmen mit
einer zweiten DNA-Sequenz, die fUr reifes Desulfatohirudin codiert, welches
DNA-Segment unter der Transcriptionskontrolle der besagten
Expressionskontrollse- quenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthalt, als solche oder EinfUhren
der Komponenten der besagten DNA-Konstrukte nacheinander in der
vorbestimmten 50      Reihenfolge in eine Vektor-DNA 15. Verfahren zur
Herstellung von Hefe-Wirtszellen, die transformiert sind mit einem
Hybridvektor, der ein oder mehrere DNA-inserts hat, jeweils umfassend eine
Hefe-Expressionskontrollsequenz, ein DNA- Segment bestehend aus einer
ersten DNA-Sequenz, die fUr das Hefe-PH05- oder -Invertase-Signalpep- 55
tid codiert, stromaufwarts von und im Leserahmen mit einer zweiten
DNA-Sequenz, die fUr reifes Desulfatohirudin codiert, welches DNA-Segment
unter der Transcriptionskontrolle der genannten Ex-
pressionskontrollsequenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthalt, umfassend das
Transformieren von Hefe-Wirtszellen mit einem  Hybridvektor, der ein oder
6711111.11111  111111    EP 0 225 633 B1 mehrere DNA-inserts hat, jeweils
umfassend eine Hefe-Expressionskontrollsequenz, ein DNA-Segment bestehend
aus einer ersten DNA-Sequenz, die far das Hefe-PH05- odor
-Invertase-Signalpeptid codiert, stromaufw~rts von und im Leserahmen mit
elner zweiten DNA-Sequenz, die fUr reifes Desulfatohirudin codiert, weiches
DNA-Segment unter der Transcriptionskontrolle der genannten
Expressionskontrollse- 5      quenz steht, und eine DNA-Sequenz, die
Hefe-Transcriptionsterminationssignale enthilit. 10 15 20 25 30 35 45 50 55
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