
EP 0 429 490 B1 Description FIELD OF THE INVENTION 5     This invention
relates to the production of polypeptides in suitable novel hosts. More
particularly this Invention relates to the production of heterologous
polypeptides in novel filamentous fungal hosts which are incapable of
excreting enzymatically active aspartic proteinase BACKGROUND OF THE
INVENTION 10 The aspergillopepsins are a family of closely related aspartic
proteinases produced by certain filamen- tous fungi of the genus
Aspergillus. They share extensive amino acid sequence homology with the
penicillopepsins, which are aspartic protelnases produced by certain
Penicillum species, (In Kostka, V. (Ed.), "Aspartic Proteinases and Their
Inhibitors", Walter de Gruyter, New York, pp.27-40, 1985). The 15
aspergillopepsins also share regions of homology with aspartic proteinases
from other filamentous fungi such as Mucor miehei (Neth. Milk Dairy J., 35,
pp. 275-280, 1981), Rhizopus chinensis (Can. J. Blochem., 51, pp. 789-796,
1973), and Endothia parasitica, (Eur. J. Biochem., 167, pp.327-338, 1987).
The degree of sequence conservation appears to be greatest in the regions
surrounding active site amino acid residues. The complete amino acid
sequence of aspergillopepsin A from A. awamori has been reported (Bioorg.
20 Khim., 8, pp. 1030-1047, 1986). The mature enzyme is composed of a
single polypetide chain of 328 amino acids. Genes encoding the aspartic
proteinases of Mucor miehei (Gene, 48, pp.41-53, 1988; Proteins 1, pp.
363-369, 1986), and Rhizopus chinensis (J. Biol. Chem., 262, pp. 1461-1467,
1987), have been cloned and their nucleotide sequences have provided
information that these enzymes are synthesized as zymogen precursors.
Fungal aspartic proteinases have been studied intensely and considerable
information is 25 available regarding the structure-function relationships
(Biochim. Biophys. Acta, 336, pp. 437-444, 1974), as well as the
three-dimensional structures of some of these enzymes (Nature, 267, pp.
808-813, 1977; Nature, 266, pp. 140-145, 1977; J. Mol. Biol., 196, pp.
877-900, FEBS Left., 174, pp. 96-101, 1984; "Aspartic Proteinases and Their
Inhibitors", Walter de Gruyter, New York, pp. 151-161 and 163-177, 1985).
Genomic DNA sequences encoding the Mucor miehei aspartic proteinase gene
were isolated by Gray 30  et al. (Gene, 48, pp. 41-53, 1986). The
nucleotide sequence of this gene indicated that it contained no intervening
sequences. Filamentous fungi have recently been used as hosts for the
expression and secretion of heterologous protein products (Bio/Technol., 5,
pp. 369-376, 1987; Bio/Technol., 5, pp. 713-719, 1987; Blo/Techno., 5, pp.
1301-1304, 1987). While such aspartic acid proteinases from filamentous
fungal hosts might degrade a 36  heterologous polypeptide if left in
contact with it for sufficient time, in vitro rapid separation of the
protein has been thought to be sufficient to prevent any interference of
aspartic proteinase with expression of the heterologous polypeptide
expressed in filamentous fungi. SUMMARY OF THE INVENTION 40 It has been
discovered that when a filamentous fungus has the gene sequence
corresponding to the aspartic proteinase produced therefrom inactivated or
eliminated entirely by site specific DNA deletion in the gene sequence
coding for the aspartic proteinase that such a fungus when used as a host
for production of a heterologous polypeptide will surprisingly increase the
production of the heterologous 45 polypeptide produced thereby.
Accordingly, a novel mutant filamentous fungus and fungus culture is
provided which is suitable for the production of heterologous polypeptides
which contains a nonrevertable site-selected deletion that results in the
filamentous fungus being incapable of excreting enzymatically active
aspartic proteinase. A method for producing a heterologous polypeptide in a
filamentous fungus is described which 50  comprises culturing a filamentous
fungus which is capable of expressing the heterologous polypeptide and
which contains a nonrevertable site-selected deletion that results in the
filamentous fungus being incapable of excreting enzymatically active
aspartic proteinase until an amount of the heterologous polypeptide has
accumulated in the culture broth and then recovering the polypeptide. 



55 BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1. Southern hybridization of
total cellular DNA from A. awamori strain UVK143f. DNA was digested with
the restriction enzymes indicated above each lane, fractionated by agarose
gel elec- 3    EP 0 429 490 B1 trophoresis, and blotted to Nyttan membrane.
The membrane filter was then probed with a radiolabeled 59mer corresponding
to amino acid residues 5 through 24 of the mature aspergillopepsin A. Sizes
of Hindill digested bacteriophage K DNA markers and Haelli digested #X174
RF-DNA markers are shown. FIGURE 2. Partial restriction map of a 9 kb EcoRI
fragment and a 2.4 kb Sall fragment of A. awamori 5  genomic DNA encoding
the aspergillopepsin A gene. Directional arrows below the restriction map
denote fragments that were subcloned into M13 vectors for DNA sequencing.
FIGURE 3. Nucleotide sequence of the aspergillopepsin A gene from A.
awamori and the deduced amino acid sequence. Residues -69 through -50
comprise a putative signal peptide, and residues -49 through -1 may
represent a highly charged propeptide region. A possible polyadenylation
signal (err) is 10  shown. The TATAA sequence upstream  of the
transcription initiation site is boxed. The consensus PuCTPuAC sequences,
commonly found within introns of filamentous fungi are overlined. FIGURE 4.
Construction of the aspergillopepsin gene replacement vector pUCAAP-argB.
Details of this construction are outlined in the examples. FIGURE 5. PANEL
A: Southern hybridization analysis of total cellular DNA extracted from
aspergil- 15  lopepsin-deficient transformants of A. awamori. The DNA was
digested with Sall, fractionated by agarose gel electrophoresis and blotted
to Nytran membrane. The membrane was probed with a radlolabeled fragment of
A. awamori DNA containing the entire aspergillopesin coding region as well
as DNA sequences from the 5' and 3' flanking regions. Lanes, (1) strain
GC12 control; (2) [err] The positions of Hindlil digested bacteriophage X
DNA markers are shown. PANEL B: Hybridization analysis 20  of total
cellular RNA extracted from A. awamori strain UVK143f (lane 1), which is a
wild-type control, and strain [err], which is an aspergillopepsin-deficient
transformant. The positions of RNA size markers (Bethesda Research
Laboratories, Gaithersburg, MD) are shown. FIGURE 6. Aspergillopepsin
activity in culture filtrates of strains GC1 2, [err] as detected on skim
milk agarose plates. PEP,.0.1 mM.pepstatin treated;, PMSF, 1 mM
phenylmethylsulfonyl fluoride 25  treated; EDTA, 10 mM EDTA treated, DAN,
12mM diazoacetyinorleucine methylester treated. FIGURE 7. Recombination
model for the generation of aspergillopepsin-deficient strains of A.
awamori by gene replacement events at the. aspergillopepsin gene locus.
FIGURE 8. Results from duplicate 50 ml shake flask cultures of an
aspergillopepsin deleted strain (err) and an aspergillopepsin non-deleted
strain (strain 12). The concentration of chymosin was 30  determined in
surplus of supematant taken from each culture every day, starting with day
2. DETAILED DESCRIPTION OF THE INVENTION Enzymatically active aspartic
proteinases are those enzymes of pieces of enzymes which exhibit 35
proteolytic activity at low pH and contain catalytic aspartic acid resides
at their active site. They are normally isolated from filamentous fungi,
are similar. In activity.and share regions of homology especially around
active site amino acid resides. Where a great enough deletion occurs, i.e.
where DNA encoding at least the 2 active site aspartic acid resides are
excised from the gene sequence, such that any, if at all, polypeptide which
is excreted is proteolytically inactive. Examples of aspartic proteinases
are aspergil- 40   lopepsin from Aspergillus, Mucor aspartic proteinase
from Mucor, rhizopuspepsin from Rhizopus and endothiapepsin from Endothia.
Filamentous fungi suitable for the production of heterologous polypeptides
refers to filamentous fungi which are or can be transformed or transfected
with suitable vectors using recombinant DNA techniques. The term vectors
refers to DNA constructs containing a DNA sequence which is operably linked
to a 



45  suitable control sequence capable of effecting the expression of said
DNA in a suitable host. Such control sequences include a promoter to effect
transcription, an optional regulatory sequence to control such
transcription, a sequence encoding.suitable mRNA ribosome binding sites,
and sequences which control termination of transcription and translation.
The vector may be. a plasmid, a virus particle, or simply a linear DNA
fragment. Once transformed into a suitable host, the vector may integrate
into the genome. In the so  present specification, "plasmid" and "vector"
are sometimes used interchangeably as the plasmid is the most commonly used
form of vector at present. However, the invention is intended to include
such other forms of expression vectors which serve equivalent funtions and
which are, or become, known in the art. "Operably linked" when describing
the relationship between two DNA regions simply means that they are
functionally related to each other. For example, a presequence is operably
linked to a peptide if it 55  functions as a signal sequence, participating
in the secretion of the mature form of the protein most probably involving
cleavage of the signal sequence: A promoter is operably linked to a coding
sequence if it controls the transcription of the sequence; a ribosome
binding site is operably linked to a coding sequence if it is positioned so
as to permit translation. 4    EP 0 429 490 B1 "Incapable of excreting
aspartic proteinase" means the organism is incapble of reversion to the
wild type. Reversion is a finite probability over time that exists with
naturally occuring or induced point mutations wherein the single mutations
could easily naturally mutate back during production use to produce active
gene product. This is to be contrasted with the large deletions or active
site deletions provided herein. The 5  deletions of the invention should be
at least the codons for the 2 active site aspartic acid residues of the
aspartyl proteinase gene sequence and preferably DNA encoding at least
about 100 amino acids should be deleted. It is even more preferable that
the entire gene sequence coding for the aspartic proteinase be deleted. It
is possible to delete just the DNA encoding amino acids corresponding to
the active site residues. In that case, it is most preferred that codons
for at least 2 of the active site aspartic acid resides 10  be deleted in
order to prevent reversion to reconstruct an active form of enzyme.
"Polypeptides" are polymers of amino acids which are covalently 'linked
through peptide bonds. Polypeptides Include low molecular weight polymers
more commonly referred to as proteins. In addition, a polypeptide can be a
phosphopolypeptide, glycopolypeptide or metallopolypeptide. Further, one or
more polymer chains may be combined to form a polypeptide. 15     As used
herein a "heterologous polypeptide" is a polypeptide which is not normally
expressed and secreted by the filamentous fungus used to express that
particular polypeptide. Heterologous polypeptides include polypeptides
derived from prokaryotic sources (e.g., a-amylase from Bacillus species,
alkaline protease from Bacillus species, and various hydrolytic enzymes
from Pseudomonas, etc.), polypeptides derived from eukaryotic sources
(e.g., bovine chymosin, human tissue plasminogen activator, human growth 20
hormone, human Interferon, urokinase, human, serum albumin, factor Vill,
etc.), and polypeptides derived from fungal sources other than the
expression host (e.g., glucoamylase from A. niger and Humicola grisea
expressed in A. nidulans, the aspartyl protease from Mucor miehei expressed
in A. nidulans, etc.). Heterologous polypeptides also include
hybrid.polypeptides which comprise a combination of partial or complete
polypeptide sequences derived from at. least two different polypeptides
each of which may be 25  homologous or heterologous with regard to. the
fungal expression host. Examples of such hybrid polypep- tides include: 1)
DNA sequences encoding.prochymosin fused to DNA sequences encoding the A.
niger or A. awamori glucoamylase signal and pro sequence alone or in
conjunction with various amounts of amino- terminal or mature glucoamylase
codons, and 2) DNA sequences encoding fungal glucoamylase or any fungal
aspartic protease, human tissue. plasminogen activator or human growth
hormone fused to DNA 3o  sequences encoding a functional signal sequence
alone or in conjunction with various amounts of amino- terminal propeptide
codons or mature codons associated with the.functional signal. 



Further, the heterologous polypeptides of. the present invention also
include: 1) naturally occuring allelic variations that may exist or occur
in the sequence of polypeptides derived from the above prokaryotic,
eukaryotic and fungal sources as well as those used to form the above
hybrid polypeptides, and 2) 35  engineered variations in the above
heterologous. polypeptides brought about, for example, by way of site
specific mutagenesis wherein various deletions, insertions or substitutions
of one or more of the amino acids in the heterologous polypeptides are
produced. Each of the above defined heterologous. polypeptides is encoded
by a heterologous DNA sequence which contains a stop signal which is
recognized by the filamentous fungus in which expression and 40  secretion
occurs. When recognized by those, the stop signal terminates translation of
the mRNA encoding the heterologous polypeptide. The "filamentous fungi" of
the. present invention are eukaryotic microorganisms and include all
filamentous forms of the subdivision Eumycotina. These fungi are
characterized by a vegetative mycelium having a cell wall composed
of.chitin, cellulose, and other complex polysaccharides. The filamentous
fungi 45  of the present invention are morphologically, physiologically,
and genetically distinct from yeasts. Vegeta- tive growth of filamentous
fungi is by hyphal elongation and' carbon catabolism is obligatory aerobic.
In contrast, vegetative growth by yeasts such as :S. cerevisiae is by
budding of a unicellular thallus, and carbon catabolism may be
fermentative. S. cerevisiae has a prominent, very stable diploid phase
whereas, diploids exist only briefly prior to meiosis in filamentous fungi
like Aspergillus nidulans and Neurospora 50  crassa. S. cervisiae has 17
chromosomes as opposed to 8 and 7 for A. nidulans and N. crassa
respectively. Recent illustrations of differences between S. cerevisiae and
filamentous fungi include the inbility of S. cerevisiae to process
Aspergillus and Trichoderma introns and the inability to recognize many
transcrip- tional regulators of filamentous fungi. Various species of
filamentous fungi may be used as expression hosts including the following
genera: 55  Aspergillus, Trichoderma, Neurospora, Podospora, Endothia,
Mucor, Cochilobolus, and Pyricularla. Specific expression hosts include A.
nidulans, A. niger, A. awamori, e.g., NRRL 3112, ATCC 22342 (NRRL 3112),
ATCC 44733, ATCC 14331 and strain UVK143f, A. oryzae, e.g., ATCC 11490, N.
crassa (16, 17, 23), Trichoderma reesei, e.g. NRRL 15709, ATCC 13631,
56764, 56765, 56466, 56767, and Trichoderma viride, 5    EP 0 429 490 B1
e.g., ATCC 32098 and 32086. As used herein, a "promoter sequence" is a DNA
sequence which is recognized by the particular filamentous fungus for
expression purposes. It is operably linked to a DNA sequence encoding the
above defined polypeptides. Such linkage comprises positioning of the
promoter with respect to the initiation 5  codon of the DNA sequence
encoding the signal sequence of the disclosed transformation vectors. The
promoter sequence contains transcription and translation control sequences
which mediate the expression of the signal sequence and heterologous
polypeptide. Examples include the promoter from A. niger glucoamylase, the
Mucor miehei aspartyl protease and A. niger a-glucosidase, Trichoderma
reesei cel- lobiohydrolase 1, A. nidulans trpC and higher eukaryotic
promoters such as the SV40 early promoter. to     Likewise a "terminator
sequence" is a DNA sequence which is recognized by the expression host to
terminate transcription. It is operably linked to the 3' end of the DNA
encoding the heterologous polypeptide to be expressed. Examples include the
terminator from A. nidulans trpC, A. niger glucoamylase (39,48), A. niger
a-amylase, and the Mucor miehel aspartic protease, although any fungal
terminator is likely to be functional in the present invention. 15     A
"polyadenylation sequence" is a DNA sequence which when transcribed is
recognized by the expression host to add polyadenosine residues to
transcribed mRNA. It is operably linked to the 3' end of the mRNA encoding
the heterologous polypeptide to be expressed. Examples include
polyadenylation sequences from A. nidulans trpC, A.niger glucoamylase, A.
niger a-amylase, and the Mucor miehel aspartic 



protease. Any fungal polyadenylation sequence, however, is likely to be
functional In the present Invention. 20     A "signal sequence" is an amino
acid sequence which, when operably linked to the amino-terminus of a
heterologous polypeptide permits the secretion of such heterologus
polypeptide from the filamentous fungus. Such signal sequences may be the
signal sequence normally associated with the heterologous polypeptide
(i.e., a native signal sequence) or may be derived from other sources
(i.e., a foreign signal sequence). Signal sequences are operably linked to
a heterologous polypeptide either by utilizing a native 25  signal sequence
or by joining a DNA sequence encoding a foreign signal sequence to a DNA
sequence encoding the heterologous polypeptide in the proper reading frame
to permit translation of the signal sequence and heterologous
polypeptide.Signal sequences useful in practicing the present invention
include signals derived from bovine preprochymosin, A. niger glucoamylase,
the Mucor miehei aspartic protease and Trichoderma reesei cellulases.
However, any signal sequence capable of permitting secretion of a 3o
heterologous polypeptide is contemplated by the present invention. A
"propeptide" or "pro sequence" is an amino acid sequence positioned at the
amino terminus of a mature biologically active polypeptide. When so
positioned the resultant polypeptide is called a zymogen. Zymogens,
generally, are biologically inactive and can be converted to mature active
polypeptides by catalytic or autocatalytic cleavage of the propeptide from
the zymogen. 35    In a preferred embodiment, the selected host filamentous
fungus is an Aspergillus which is transformed to express the heterologous
polypeptide chymosin. Chymosin from filamentous fungal hosts is of
particular value in the making of cheese. Isolated recombinant chymosin
from filamentous fungal hosts is usually contaminated with several other
proteinases and it is felt that aspartic proteinase would produce off
flavor in cheese due to its indiscriminate hydrolysis. 40     The disclosed
preferred embodiments are presented by way of example and are not intended
to limit the scope of the invention. One skilled in the art based on the
disclosure could easily substitute other filamentous fungi, heterologous
polypeptides and. processing conditions based on this disclosure. GENERAL
METHODS 45 A filamentous fungus is selected which is capable or already is
expressing a heterologus gene, for example, those filamentous fungi in U.
S. .Serial No. 882,224, filed July 7, 1986, commonly assigned, and which
expresses an aspartic proteinase. "Transformation" is a process wherein a
transformation vector is introduced into a filamentous fungus. so  The
methods of transformation of the present invention have resulted in the
stable integration of all or part of the transformation vector into the
genome of the filamentous fungus. When referring to the heterologous
polypeptide, self replicating extra-chromasomal transformation vectors are
also contemplated. A method used for transformation is described in detail
in the Preferred Embodiment Section. "Digestion" of DNA refers to catalytic
cleavage of the. DNA with an enzyme that acts only at certain 55  locations
in the DNA. Such enzymes are called restriction enzymes,. and the sites for
which each is specific is called a restriction site. "Partial" digestion
refers to incomplete digestion by a restriction enzyme, i.e., conditions
are chosen that result in cleavage of some but not .all of 'the sites for a
given restriction endonuclease in a DNA substrate. The various restriction
enzymes used herein are commercially available 6    EP 0 429 490 B1 and
their reaction conditions, cofactors and other requirements as established
by the enzyme suppliers were used. In general, about 1 microgram of plasmid
or DNA fragment is used with about 1 unit of enzyme and about 20
microliters of buffer solution. Appropriate buffers and substrate amounts
with particular restriction enzymes are specified by the manufacturer.
Incubation times of about one hour at 37 * C are 5  ordinarily used, but
may vary in accordance with the supplier's instructions. After Incubation,
protein Is removed by extraction with phenol and chloroform, and the
digested nucleic acid is recovered from the 



aqueous fraction by precipitation with ethanol. Digestion with a
restriction enzyme may be followed by bacterial alkaline phosphatase
hydrolysis of the terminal 5' phosphates to prevent the two ends of a DNA
fragment from forming a closed loop that would Impede insertion of another
DNA fragment at the restriction 10  site upon ligation. "Recovery" or
"isolation" of a given fragment of DNA from a restriction digest means
separation of the digest by polyacrylamide or agarose gel electrophoresis,
identification of the fragment of Interest, removal of the gel section
containing the desired fragment, and separation of the DNA from the gel
generally by electroelution. 15     "ligation" refers to the process of
forming phosphodiester bonds between two double-stranded nucleic acid
fragments. Unless otherwise stated, ligation was accomplished using known
buffers in conditions with one unit of T4 DNA ligase ("ligase") per 0.5
microgram of approximately equal molar amounts of the DNA fragments to be
ligated. "Oligonucleotides" are short length single or double stranded
polydeoxynucleofides which were 20  chemically synthesized and then
purified on polyacrylamide gels. The inventors have demonstrated that when
at least a portion of the aspartic proteinase gene is removed from a
filamentous fungi by site-directed mutagenesis or other in vitro methods
such as removal of the gene segment by restriction enzyme digestion such
that it is incapable of reverting back to wild type expression of the
aspartic proteinase that such organism is a useful host in the production
of heterologous 25  polypeptides. The result of this invention is that the
host filamentous fungus will produce more heterologous polypeptide than
when the host is also providing active aspartic proteinase. One can
speculate as to the mechanism of increased production, e.g. proteinases
degrade the produced polypeptide. Likewise, aspartic protelnase may
interact with the production or function of other polypeptides which are
necessary for the production of heterologous proteins, or that there is
more energy available to the organism because it 30  doesn't expend energy
in the making of the aspartic proteinase. Whatever the mechanism, it is
suprising that such an organism would survive without aspartic proteinase
or that such mechanisms would be significant enough to result in an
improved yield of heterologous polypeptide. Also, since there are many
other proteinases in filamentous fungi it. is surprising that deleting
aspartic proteinase alone would be sufficient to improve expression to any
significant degree. 36     While site-directed mutagenesis can be used to
modify particular amino acid residues e.g. for changing or deleting the DNA
encoding the active site amino acids, in general, a vector containing a
portion homologous to the desired filamentous fungal aspartic proteinase
but incorprating a deletion in the aspartic proteinase gene is used to
transform the host filamentous fungus to one which is incapable of
secreting active aspartic proteinase. Viable transformants may be
identified by screening for a selectable marker 40  which is included In
the vector or screening for lack of the proteinase activity. a) Cloning of
the aspartic proteinase. The desired aspartic proteinase is first purified.
The desired filamentous fungus is grown in a culture 45  medium. Cells are
normally grown with appropriate levels carbon nitrogen and sulfur
substrates. (e.g. glucose, NaNO3 and MgSO4) for 3-5 days at temperatures of
around 28-37 *C with appropriate aeration to allow for accumulation of the
aspartic proteinase. The mycelia are then removed by filtration or
centrifuga- tion. The remaining culture broth is then subjected to any
desired method to separate the proteinase from the broth. It is preferred
that multiple chromatography steps or affinity columns are used to achieve
an 50  aspartic proteinase preferably of at least 95% purity. The purified
proteinase is then subjected to sequencing. One preferred method is
[err]terminal sequencing. Other methods include sequence analysis of
peptide fragments derived by chemical or enzymatic cleavage of the aspartic
proteinase. The aspartic proteinases are about 328 amino acids in length.
55     The sequence of the proteinase is then used to construct an
oligonucleoticle probe. This construction of the probe needs only to
correspond to about 6-20 amino acids of the mature proteinase. However, it
has been discovered that probes for the first 25 or so amino acids (5-24 in
aspergillopepin) are preferrable and substantially reduce the time to
construct an appropriate probe. This is because the published amino acid 



7    EP 0 429 490 B1 sequence of aspergillopepsin contains few, if any
regions of six or more contiguous amino acids with very low codon
degeneracy. The oligonucleotide probe is then used to clone the asparatic
proteinase gene. The filamentous fungal genomic DNA is, isolated and, is
digested with appropriate restriction enzymes. The fragments are then
separated by electrophoresit, in an agarose gel, blotted onto a filter and
probed with the 5  oligonucleotide probe prepared from the asparatic
proteinase sequence by any standard method for such treatment. A fragment
corresponding to the DNA segment identified by hybridization to the
oligonucleotide probe is isolated. The isolated fragment is used to ligate
to an appropriate vector (e.g. pBR322) and then transform a host e.g. E.
coli 294 to produce DNA clones. 10 b) Location of the coding region for
aspartic proteinase and deletion selection. The location of the 5' and 3'
ends of the aspartic proteinase can then be determined by a number of
methods. For example, the DNA clone is subjected to hybidization with
oligonucleotides to locate the 5 and 3' termini. Alternatively, the DNA
sequence can be used to determine the location of the gene. (Proc. Nat. -
Acad. Sci. USA, 74, pp. 5463-5467,1977). Once the location of the gene Is
determined, a portion or all of the aspartic proteinase gene is selected
for deletion. Either a segment of DNA encoding at least about 100
consecutive amino acids Is decided on, or 2 codons corresponding to 2 of
the amino acids characterized as the catalytic sites of which there are 3
in aspartic proteinase. These sites are at or near Asp 32 Ser 35 or Asp 215
(porcine pepsin numbering 20  system) and correspond roughly in all
pepsin-like aspartic proteinases from eukaryotic sources. It Is 20
preferred that the entire gene be deleted. It is even more preferred that
the entire gene and about at least 200 base pairs on either side of the
gene sequence be deleted. c) Deleting of selected gene sequence and
optional replacement with a selectable marker. 25 Once the gene sequence
for deletion is determined any convenient method may be used to delete the
gene sequence. Site-directed mutagenesis can be used to mutate single sites
(e.g. where single deletions of active site amino acids is accomplished) or
removal of the gene segment by use of restriction enzymes. Once the
deletion is made, the remaining 5' and 3' ends are linked or preferably the
deleted sequence is 30  replaced by a sequence which is inactive (i.e. does
not encode an active proteinase enzyme). A preferred replacement sequence
would contain a selectable marker to make identification of the later
transformed mutants possible. Suitable selectable markers include
argB,.pyrG trpC or drug resistance markers such as hygromycin or bleomycin
resistance genes. If a selectable marker is not used then It is possible to
just screen transformant colonies by activity, or lack of it, of the
desired proteinase enzyme. 35 d) Transformation of aspartic
proteinase-producing filamentous fungi with mutated gene. The mutant
aspergillopepsin gene sequence is then incorporated into a wild type
genome. A preferable method is homologous recombination where a linear DNA
fragment comprising the mutant aspergillopepsin 40  gene, containing a
selectable marker for filamentous fungi (e.g. argB, pyrG), is used to
transform a host fungus with an appropriate genetic background (e.g. argB
or pyrG auxotrophs). By selective pressure for the marker contained on the
mutant aspergillopepsin gene, approximately 20 percent of the resulting
tranformants have arisen by a homologous integration event at the
aspergillopepsin gene locus, and producing a genetic deletion of the
aspergillopepsin (aspartic proteinase) gene. After transformation and 45
purification the appropriate strain can be transformed to produce
heterologous protein gene products such as chymosin by methods known in the
art. DESCRIPTION OF THE PREFERRED EMBODIMENTS 50     We have cloned genomic
DNA sequences encoding the aspergillopepsin A from Aspergillus awamori
using a synthetic oligonucleotide probe. The nucleotide sequence of the
gene revealed that the aspergil- 



lopepsin is encoded by four exons of 320, 278, 248, and 308 base pairs.
Three introns, which interupt the coding sequence are 50, 52, and 59 base
pairs in length. Directly downstream of the putative start codon lies a
sequence encoding 69 amino acids which are not present in the mature
aspergillopepsin protein. 55  Based on similarities to other aspartic
proteinases, this region may represent a 20 amino acid signal peptide
followed by a 49 amino acid propetide that is rich in basic residues.
Northern blots of total cellular RNA extracted from A. awamori cells
indicate that the aspergillopepsin gene is transcribed as a single 1.4 kb
mRNA. Mutants of A. awamori lacking the aspergillopepsin A structural gene
were derived by the following 8    EP 0 429 490 B1 gene replacement
strategy: First, we constructed a plasmid in which a 2,4 kb Sall fragment
containing the entire aspergillopepsin coding region was deleted from a 9
kb EcoRI genomic DNA clone and replaced by a synthetic DNA polylinker.
Secondly, a selectable [err] gene was inserted into the polylinker.
Thirdly, the [err] fragment which contained the deleted aspergillopepsin
gene and the argB marker was excised from 5  the plasmid and used to
transform an [err] auxotroph of A. awamori. From 16-40% of the resulting
prototrophic transformants were found. to have an
aspergillopepsin-deficient phenotype when screened with an immunoassay
using antibodies specific for aspergillopepsin. Southern hybridization
experiments con- firmed that these mutants resulted from a gene replacement
event at the aspergillopesin gene locus. 10 EXAMPLES (a) Fungal Strains.
Aspergillus awamori UVK143f, a glucoamylase hyper-producing mutant of
strain NRRL 3112, was used 15 as a source of genomic DNA for cloning
experiments. For the isolation of aspergillopepsin-deficient mutants, A.
awamorl strain GC1 2 (err) was used. A. awamorl strain GC12 was derived
from strain UVK143f by parasexual crossing of the following two auxotrohpic
mutants: A. awamori GC5 (pyrG5) which Is a uridine-requiring auxotroph
isolated by selection on 5-fluoro-orotic acid, (Mol. Gen. Genet., 206, pp.
71-75, 1987), following mutagenesis of UVK143f with ultraviolet light (this
mutant is deficient in orotidine 5'- 20  monophosphate decarboxylase); A.
awamori [err] which is an arginine-requiring auxotroph isolated by
filtration enrichment, (Gene, 37, pp.. 207-214, 1985) following
nitrosoguanidine mutagenesis of UVK143f (this mutant is specifically
deficient in ornithine carbamoyl transferase). (b) Bacterial Strains,
Cloning.Vectors, and Plasmids. 26 Escherichla coli 294 (ATCC 31446) was
used for construction of DNA libraries and for routine plasmid propagation.
E. coli JM101, (NucL Acids Res., 9, pp. 309-321, 1981) was used as the host
for bacteriophage M13 sequencing vectors mp18, mp19, (Gene, 33, pp.
103-119, 1985), um3O, and um31 (International Biotechnologies, Inc., New
Haven, CT). Plasmids pBR322, (Gene, 2 pp. 95-113, 1977) and pUC4K (Vieira,
J. 30 and Messing, J., (Gene, 19, pp. 259-268, 1982) have been described
previously. The plasmid pUC4-argB Is composed of a 1.7 kb segment of A.
nidulans genomic DNA encoding the ornithine carbamoyl transferase (argB).
gene inserted into the cloning vector pUC4K. The argB gene segment was
comprised of a 1714 base pair Stul restriction fragment excised from
plasmid pBB116, Gene, 25, pp. 109-117, 1983) and ligated into Smai-cleaved
and dephosphorylated pUC4K. 35 (c) Purification of Aspergillopepsin and
Amino Acid Sequencing. For production of aspergillopepsin A. awamori UVK1
43f was grown in a 4 liter culture flask containing one liter of the
following culture medium: 6% soybean meal, 1.2% soy oil, and 0.6% MgSO4.
The medium 40  was buffered at pH 4.5 with sodium phosphate. Mazu DF60-P
(Mazur Chemicals, Inc., Gurnee, IL) was used as aniffoam. The cells were
grown for 4 days at 37- C with vigorous aeration. The mycelia were removed
by filtration through Miracloth (Cal-Biochem, LaJolia, CA) and the
resulting filtrate was desalted on a 4.8 liter GFO5 column (Reactifs IBF,
Villeneuve la Garenne, France) equilibrated with 50 mM sodium acetate, pH 



5.0. The material was then chromatographed on DEAE-trisacryl (Reactifs IBF)
in 50 mM sodium acetate, pH 45 5.0. The aspergillopepsin was eluted at 250
mM NaCI in a linear gradient of 0-500 mM NaCI in the same buffer. The peak
of aspergillopepsin activity (as determined by clotting activity on skim
milk agarose) was pooled and applied to a gramicidin-S affinity columin,
Bioorg. Khim., 3, pp. 831-835,1977) in 50 mM sodium acetate at pH 4.5. The
enzyme was then eluted with 1 M NaCl and 10%. isopropanol in the same
buffer and immediately desalted by chromatography on a GFO5 column
equilibrated in 50 mM sodium acetate at pH 50  5.0. At this point, the
aspergillopepsin was judged to be about 90-95% homogeneous based on silver-
stained SDS-PAGE gels. The enzyme was stored at -70 C.. Before further
analysis, the aspergillopepsin preparation was chromatographed on an FPLC
Mono-Q column(Pharmacia) in 50 mM sodium acetate, pH 5.0, using a linear
gradient of 0-500 mM NaCI. An aliquot of aspergillopepsin was heat
denatured in the presence of 0.1 mM pepstatin. The protein was 55
precipitated with 10% TCA and centrifuged at 7000 X g for 10 minutes at 4 v
C. The pellet was washed once with acetone and solubilized in 8 M urea, 50
mM Tris-HCI, pH 8;0. Dithiothreitol was added to 4 mM and the mixture was
incubated for 10 minutes at room temperature. lodoacetic acid (2 M in 1 M
tris-base) was added to 13 mM and the mixture was incubated for 30 minutes
at room temperature. The dithiothreitol 9    EP 0 429 490 B1 concentration
was raised to 8 m.M and the mixture was incubated for another 10 minutes.
The protein was TCA precipitated as above and the resulting pellet was
dissolved in 8 M urea, 50 mM Tris-TFA, pH 8.0. The protein solution was
stored at -70 C until needed. A 2.5 nmol sample of the reduced and
carboxymethylated aspergillopepsin preparation was subjected 5  to
NH2-terminal sequencing on a multiphase protein sequenator (Dr. William
Kohr, Genentech, Inc., South San Francisco, CA). To another aliquot of
aspergillopepsin, trypsin was added to 1% of the total protein and the
mixture was incubated at 37 C for one hour. An equal volume of HPLC
solution A (0.05% TEA, 0.05% TFA in water) was added to stop the trypsin.
The resulting fragments were separated by chromatography on a Browlee C- 10
2 column using a linear gradient of 0-100% HPLC solution B (0.05% TEA,
0.05% TFA in n-propanol) at a rate of 1% per minute. Three peaks were
collected for amino acid sequencing as described above. (d) Oligonucleotide
Probes. 15     The aspergillopepsin A amino acid sequence [err] 20 [err]
corresponding to residues 5 through 24 of the mature enzyme, was used to
design the following 59 base pair synthetic oligonucleotide probe for
cloning.experiments: 25  5'
dGCTGTGACCACCCCCCAGAACAACGACGAGGAGTACCTGACCCCCGTGACCGTGGGCAA 3' The
nucleotide composition for this probe was based on the codon bias that
exists for the A. awamori glucoamylase gene (Nunberg, J.H., Meade, J.H.,
Cole, G., Lawyer, F.C., McCabe, P., Schweickart, V., Tal, R., Whitman,
V.P., Flatgaard, J.E., and Innis, M.A., Mol. Cell. Biol., 4, pp. 2306-2315,
1984). The probe was synthesized by the triester method described by Crea
et al. (Crea, R., Krasyewski, A., Hirose, T., and 30  Itakura, K.:
"Chemical synthesis of genes for human insulin", Proc. Nat. Acad. Sci. USA,
75, pp. 5765-5769, 1978). (e) Isolation and Analysis of Nucleic Acids. 35
A. awamori DNA and RNA were isolated as described previously, Cell, 26, pp.
29-37, 1981). Genomic DNA was digested with an appropriate restriction
enzyme, fractionated on 1% agarose gels, and blotted to Nytran membranes
(Schleicher & Schuell,. Keene, NH). The membranes were probed for the
presence of aspergillopepsin gene sequences by either of two methods. If
the synthetic oligonucleotide described above was used as a probe, the
following hybridization conditions were used: The membranes were incubated
for 



40 one hour at 42 C in the hybridization solution described by Adelman,
J.P., Hayfick, J.S., Vasser, M., and Seeburg, P.H. (DNA, 2, pp. 183-193,
1983). Next, the oligonucleotide, which was radiolabeled with    [err] ATP
(Amersham, Arlington Heights, IL) and T4 polynucleotide kinase (New England
Biolabs, Beverly MA), was added to an activity of approximately 1 X 106
cpm/ml. The membranes were then Incubated at 42 C overnight with gentle
agitation. The membranes were washed at [err]for 20 minutes in 0.5 X SSPE
with 45 0.1% SDS (Maniatis, T., Fritsh, E.F., and;Sambrook, J.: "Molecular
Cloning. A Laboratory Manual", Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York, 1982) followed by 30 minutes in 0.5 X SSPE without SDS.
Lastly, the membranes were dried, covered wtih plastic-wrap, and exposed to
x-ray film (Kodak X-Omat) at -70 C. When using nick translated (Maniatis,
T., Fritsh, E.F., and Sambrook, J.: "Molecular Cloning. A Laboratory
Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, so
1982) restriction fragments as probes, the hybridization and washing
conditions described by Davis, R.W., Botstein, D., and Roth, J.R.
("Advanced Bacterial Genetics", Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York, 1980) were used. Total RNA from A. awamori cells was
fractionated by formaldehyde-agarose gel electrohoresis (Davis, L.G.,
Dibner, M.D., and Battey, J.F.: "Basic Methods in Molecular Biology",
Elsevier, New York, 1986) and 55  blotted to Nytran membrane in 20 X SSPE.
Hybridization and washing conditions were the same as those described above
for DNA hybridizations. 10    EP 0 429 490 B1 (f) Cloning of the
Aspergillopepsin Gene. Southern blotting analysis of A. awamori genomic DNA
revealed that the synthetic oligonucleotide probe described above
hybridized to a single 9 kb EcoRl fragment (Fig. 1). Thus, the DNA was
enriched for this 5  fragment by isolating genomic fractions containing
6.5-9.5 kb EcoRI fragments using preparative agarose gel electrophoresis
(Maniatis, T., Fritsh, E.F., and Sambrook, J.: "Molecular Cloning. A
Laboratory Manual", Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York, 1982). The DNA from these fractions was electroeluted from the gel
slices (Maniatis, T., Fritsh, E.F., and Sambrook, J.: "Molecular Cloning. A
Laboratory Manual", Cold Spring Harbor Laboratory, Cold Spring Harbor, New
York, 1982) and ligated to 10  EcoRI cleaved and dephosphorylated pBR322.
The ligation mixture was used in transformations of E. coli 294 and the
transformants were screened for the presence of aspergillopepsin DNA
sequences by the colony hybridization methods described by Davis, R.W.,
Botstein, D., and Roth, J.R. ("Advanced Bacterial Genetics", Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, 1980). The filters were
incubated with radiolabeled oligonucleotide probe under hybridization and
washing conditions described above. (g) Characterization of
Aspergillopepsin Clones. Restriction mapping of apsergillopepsin clones was
done as described previously (Maniatis, T., Fritsh, E.F., and Sambrook, J.:
"Molecular Cloning. A Laboratory Manual", Cold Spring Harbor Laboratory,
Cold 20  Spring Harbor, New York, 1982). All restriction, enzymes used were
supplied by Boehringer Mannheim Biochemicals (Indianapolis, IN), NewEngland
Biolabs (Beverly, MA), and Bethesda Research Laboratories (Gaithersburg,
MD), and they were used according to the instructions of the manufacturer.
DNA sequence analysis was done by the dideoxy chain termination method,
(Proc. Nat. Acad. Sci. USA, 74, pp. 5463-5467, 1977). 25 (h) Construction
of Gene Replacement Vector. Construction of the apsergillopepsin gene
replacement vector [err] is outlined in Figure 2. Briefly, the 9 kb EcoRI
fragment containing the genomic aspergillopepsin gene segment was first
subcloned 30  into pUC4K. Next, a 2.4 kb Sail fragment containing the
entire aspergillopepsin gene was excised and replaced with the following 36
bp linker: [err] 



35 This linker contains unique restriction sites for BamHI, Xhol, Xbal,
Sphl, and Smal. Into the BamHI site of this linker a selectable argB gene
from A. nidulans was inserted. The resulting plasmid, called [err] 40
argB, was cleaved with EcoRI and the linear fragment mixture was used to
transform an arginine-requiring auxotroph of A. awamon. (i) Transformation
Procedure. 5 Conidia of A. awarmori strain GC12 weregerminated by
incubation in YEG medium (0.5% yeast extract, 2% glucose) supplemented with
100 mg/ml uridine, 100 mg/ml arginine, and 50 ug/ml streptomycin.
Protoplasts were isolated according to, (Bio/Technol., 5, pp. 369-376.
1987), washed twice by centrifugation and resuspension in 0.7 M KCI, and
once in electroporation buffer (7 mM sodium phosphate buffer, pH 7.2, 1
mMMgSO4, 1.2 M sorbitol). Aliquots of 2 X [err] protoplasts were finally
resuspended in 0.8 ml of 50  electroporation buffer in Gene Pulser cuyettes
(Bio-Rad Laboratories, Richmond, CA) and kept on ice for 10 minutes. DNA in
less than or equal to 20 ul of TE buffer (10 mM Tris-HCI, pH 7.4, 1 mM
EDTA) was added just prior to delivery of the electric pulse.
Electroporation was performed using a Bio-Rad Gene Pulser apparatus
according to the directions of the manufacturer. A single pulse of 2125
V/cm using a 25 uFD capacitor was delivered. After 10 minutes of incubation
on ice the protoplasts were added to molten 55  Aspergillus minimal medium,
(Mol. Gen. Genet., 154, pp. 311-318, 1973) with 2% agar, 100 mg/ml uridine,
50 ug/ml streptomycin and 1.2 M sorbitol, and poured onto solid plates of
the same medium. Transformants appeared as colonies on the surface of the
medium after approximately five days of incubation at [err] Spores from
individual colonies were transferred to plates of fresh medium.    EP 0 429
490 B1 (i) Analysis of Aspergillopepsin Deficient Mutants. Spores from
individual transformants were inoculated into 1.2 ml of SCM (Asperillus
minimal medium with 2% malt extract, 0.5% yeast extract, 0.1%
bacto-peptone, 100 mg/ml uridine, 100 mg/ml arginine, and 5  50 ug/ml
streptomycin) and cultured in the wells of. 24-well microtiter plates for
four days. Media samples were assayed for aspergillopepsin using an
enzyme-immunoassay (ELISA), (Methods Enzymol, 70, pp. 419- 439, 1980) based
on rabbit anti-aspergillopepsin antibodies. The absorbance at 490 nm was
recorded after developing the color reaction due to horseradish
peroxidase-conjugated goat anti-rabbit antibodies and used for comparative
purposes. The absolute amount of aspergillopepsin was not determined. 10
To detect proteinase activity in culture filtrates, strains were grown for
three days in 50 ml of liquid SCM. Filtrates were desalted on a Sephadex
G-25 column (Pharmacla, Uppsala, Sweden) equilibrated with 0.5 M sodium
acetate, pH 5.5. Aliquots (3 ul) were placed on solidified 1% agarose
containing 0.2 M sodium acetate, pH 5.3, and 1% skim milk. When required,
the samples were pretreated by adding the following reagents and incubating
at room temperature for one hour: Pepstatin to a final concentration of 1
15  mM from a stock solution in dimethylsulfoxide (DMSO); PMSF to a
conentration of 10 mM from a stock solution in ethanol; EDTA, pH 5.5, to a
final concentration of 50 mM. Treatment of samples with DAN, (J. Biol.
Chem., 241, pp. 4295-4297, 1966) required initial treatment with cupric
sulfate at 10 mM for one hour followed by the addition of 12 mM DAN from a
stock solution in ethanol, for one hour at room temperature. 20 RESULTS (a)
Isolation of the Aspergillopepsin A Gene. Although the primary structure of
aspergillopepsin A from A. awamori was published previously, (Bioorg. 25
Khim, 8, pp. 1030-1047, 1986) there were several residues of the protein
which needed clarification. Thus, we purified the enzyme from culture
filtrates and determined the NH2-terminal sequence and the amino acid
sequence of three tryptic peptides (Table 1). All of these data are in
close agreement with those of Ostoslavskaya et al. (Bioorg. Khim, .8, pp.
1030-1047, 1988). In order to clone the DNA sequences encoding
aspergillopepsin A, we elected to employ a single long oligonucleotide,
choosing the codons according to 30 the usage observed in another A.
awamori gene (glucoamylase). Consequently, a 59 bp oligonucleotide was 



synthesized corresponding to amino acid residues 5 through 24 of the mature
aspergillopepsin. This oligonucleotide was radiolabeled and used to probe
A. awamori genomic DNA for the presence of aspergillopepsin gene
sequences.. The results shown in Figure 1 indicate that the 59 bp probe
hybridized to a single fragment in each of several restriction enzyme
digests of A. awamori genomic DNA. We estimated 35  the aspergillopepsin
gene to be approximately 1.2 kb in size, based on the mature polypeptide of
328 amino acids and assuming a signal peptide/propeptide of approximately
60-70 amino acids as seen with the corresponding Mucor miehei gene, (Gene,
48, pp. 41-53, 1986). Therefore, we reasoned that the 9 kb EcoRI fragment
might have a high probability of containing, the entire aspergillopepsin A
gene. Genomic DNA was digested with EcoRI and the 6.5-9.5 kb fragments were
isolated by preparative 40  agarose gel electrophoresis. These fragments
were then ligated to EcoRI-cleaved and dephosphorylated pBR322, and the
ligation mixture was used to transform competent E. coli 294 cells. The
resulting transformant colonies were probed for the presence of
aspergillopepsin DNA sequences by colony hybridization. Several colonies
that showed strong hybridization signals were chosen for further analysis.
All of these isolates were found to contain pBR322-derivatives with an
identical 9 kb EcoRI Insert. A partial 45  restriction map of one of these
clones is shown in Figure 2. Subsequent mapping and hybridization
experiments using the 59 bp oligonucleotide probe localized the
aspergillopepsin gene to a 2.4 kb Sall segment that was contained within
the. 9 kb EcoRl fragment. A restriction map of this 2.4 kb Sall fragment is
also shown in Figure 2. 50  (b) Structure of the Aspergillopepsin A Gene.
The nucleotide sequence and deduced amino acid sequence of the
aspergillopepsin A gene from A. awamori is shown in Figure 3. The coding
region is comprised 1342 bp including three small introns of 50, 52, and 59
bp. These introns were assigned on the basis of the published amino acid
sequence for 55  aspergillopepsin A, (Bioorg. Khim, 8, pp. 1030-1047, 1986)
and because of the following features consis- tently found in the
intervening sequences of filamentous fungi (Gurr, S.J., Unkles, S.E., and
Kinghorn, J.R. In Kinghorn, J.R. (Ed.), Gene Structure in Eukaryotic
Microbes", IRL Press, Oxford, pp. 93-139,,1987): First, as observed in the
A. awamori glucoamylase gene, (Mol. Cell. Biol., 4, pp. 2306-2315, 1984),
all of the 12    EP 0 429 490 B1 introns begin with the sequence GTA/G
and-end with C/TAG. Secondly, within each intron lies a consensus PuCTPuAC
sequence, thought to be necessary for intron splicing (Gurr, S.J., Unkles,
S.E., and Kinghom, J.R. In Kinghorn, J.R. (Ed.), Gene Structure In
Eukaryotic Microbes", IRL Press, Oxford, pp. 93-139, 1987). Interestingly,
the third intron of the aspergillopepsin gene shares a region of perfect
homology with the 5  consensus TACTAAC internal sequence of Saccharomyces
cerevisiae introns (Gurr, S.J., Unkles, S.E., and Kinghorn, J.R. In
Kinghorn, J.R. (Ed.), Gene Structure in Eukaryotic Microbes", IRL Press,
Oxford, pp. 93- 139, 1987). The 5'-untranslated region of the
aspergillopepsin gene shows several landmarks that are typical of a lower
eukaryotic promoter. For example, the sequence TATAA was found beginning at
position -123, 10  relative to the start codon. There are a number of
highly expressed genes in filamentous fungi In which transcription starts
from the second A residue in the sequence C/GAAC/G, (EMBO J., 3, pp.
1581-1585, 1984); Gurr, S.J., Unkies, S.E., and Kinghom, J.R. In Kinghom,
J.R. (Ed.), Gene Structure in Eukaryotic Microbes", IRL Press, Oxford, pp.
93-139, 1987). We found three such sequences in the 5'-untranslated region
of the aspergillopepsin A gene, beginning at positions -83, -65, and -32,
before the start codon. 15  Interestingly, all of these elements are
flanked on either side by a pyrimidine-rich CT-motif. The transcrip- tion
initiation sites for a number of filamentous fungal genes appear in or
immediately downstream from such CT-boxes (Gurr, S.J., Unkles, S.E., and
Kinghorn, J.R. In Kinghom, J.R. (Ed.), "Gene Structure in Eukaryotiac
Microbes ", IRL Press, Oxford, pp. 93-139, 1987). Translation of most
fungal genes begins at the first ATG, and there is usually a consensus of
DNA 



20  around the start codon. This consensus region includes the -3 position
(relative to the start codon) which Is most frequently (83%) an A residue
(Gurr, S.J., Unkles, S.E., and Kinghom, J.R. In Kinghorn, J.R. (Ed.), Gene
Structure in Eukaryotic Microbes", IRL Press, Oxford, pp. 93-139, 1987).
The -3 position upstream of the putative start codon for aspergillopesin is
also A. The consensus sequence AAUAAA is thought to be involved in the
polyadenylation of the 3'-terminus of 25  eukaryotic mRNA. Although this
sequence is not a necsssary feature, a near approximation of the AAUAAA
motif does appear in the 3'-flanking regions of several fungal genes (Gurr,
S.J., Unkles, S.E., and Kinghom, J.R. In Kinghorn, J.R. (Ed.), Gene
Structure in Eukaryotic Microbes", IRL Press, Oxford, pp. 93-139, 1987). In
this regard, the sequence ATGAA, found 48 bp downstream of the stop codon
for aspergillopepsin, is a close approximation and may represent a possible
polyadenylation signal. A similar abbreviation (AUAA) of 30  the consensus
polyadenylation signal is found .36 bp upstream of the poly-A addition site
of A. awamori glucoamylase mRNA, (Mol. Cell. Biol., 4, pp. 2306-2315,
1984). Interestingly, a conserved hexanucleotide, GAAAUG, found 11 bp
downstream of the polyadenylation signal for glucoamylase mRNA is also seen
14 bp downstream of the putative aspergillopepsin polyadenylation signal,
The actual site of poly-A addition for A. awamori glucoamylase mRNA occurs
within the sequence GUAAU, located 26 bp downstream of the 35
hexanucleotide G.AAAUG, (Mol. Cell.. Biol., 4, pp. 2306-2315, 1984). A
similar sequence, GUGAU, is found the aspergillopepsin sequence 20 bp
downstream of the hexanucleotide GAAAUG, and may represent a possible
polyadenylation site. By comparing the deduced amino acid sequence with the
data derived by NH2-terminal sequencing of aspergillopepsin A, we observed
an open reading frame encoding 69 amino acid residues that were not 4o
present in the mature aspergillopepsin. Based on a comparison to other
aspartic proteinases, we suggest that the first 20 residues comprise a
signal peptide for secretion, and the remaining 49 residues represent a
propeptide region that is rich in basic amino acids such as Lys and Arg
(Foltmann, B. and Pederson, V.B. In Tang, J. (Ed.), Acid Proteases:
Structure, Function and Biology", Plenum, New York, pp. 3-22, 1977; Nuc.
Acids Res., 10, pp. 2177-2187, 1982; Gene, 48, pp. 41-53, 1986; J. Biol.
Chem., 263, pp. 1382-1385, 1988). 45  The signal peptide contains a
positively charged Lys residue near the NH2-terminal Met followed by 11
consecutive hydrophobic residues preceeding a potential cleavage site of
Val-Ser-Ala (for a review of signal peptide cleavage sites, see Penlman, D.
and Halvorson, H.O., J. Mol. Biol., 167, pp. 391-409, 1983). The deduced
and directly determined, (Bioorg. Khim, 8, pp. 1030-1047, 1986) primary
sequence for the mature portion of aspergillopepsin differ at the following
positions: (1) Gin not Arg at + 51; (2) Asp-Leu not Asn-Val 50  at + 55-56;
(3) Asp not Asn at + 72, 77, 149, and 196; (4) Thr-Asn not Asn-Thr at +
97-98; (5) Gin not Glu at + 100, 188, and 316; (6) Glu not Gin at +103;.(7)
Asp-Asp for.Asx-Asx at + 171-172; (8) Asn-Pro not Ser- Thr at + 194-195;
(9) Five Ser not four at + 204-208; (10) Residues + 113-126 should read
Val-Gln-Asn-Thr- Ala-Asn-Asp-Gly-Leu-Leu-Gly-Leu-Ala-Phe; (11)
Ser-Ala-Tyr-Tyr-Glu-Gln not Leu-Asn-Gly-Ser-Gly at +229- 234; (12)
Ala-Ser-Gly-Glu-Thr-Glu not Gln-Asn-Gln-Glu-Ala-Asp at  + 238-243; (13) Ser
not Asx at + 250; (14) 55  Asn not Thr at +254; (15) Val-Val not Gly-X at
+260-261; (16) Val not Gly at +269; (17) Insert Gly between Pro-Lys at 4
271; (18) Insert lie between Pro-Ser at + 279; (19) No Asx after Ser at +
280; (20) Gly not Pro at + 282; (21) Two Ser not one at + 284-285; (22) Asn
not Asp at + 314. 13    EP 0 429 490 B1 The codon bias exhibited by the
aspergillopepsin A gene (Table 2) is similar to that observed for the A.
awamori glucoamylase gene, (Mol. Cell. Biol., 4, pp. 2306-2315, 198.4). As
seen in the highly expressed genes of A. nidulans and Neurospora crassa, a
number of generalizations (Gurr, S.J., Unkles, S.E., and Kinghom, J.R. In
Kinghom, J.R. (Ed.); Gene Structure in Eukaryotic Microbes", IRL Press,
Oxford, pp. 93- 5 139, 1987) hold for the codon usage pattern of
aspergillopepsin. First, there is a marked preference (71.8%) for codons
using a pyrimidine in the third position. When purines are used In the
third position, G Is preferred over A, with the exception of Gly codons, in
which .GGA is preferred over GGG. The same 



exception can be noted in the A. awamori glucoamylase gene, (Mol. Cell.
Biol., 4, pp. 2306-2315, 1984). Lastly, the AGU and AGO codons for Ser are
seldom used. 10     Based on the deduced amino acid sequence,
aspergillopepsin A shares 62% homology with penicil- lopepsin, 56% with
endothiapepsin, 37% with rhizopuspepsin, and 29% with Mucor aspartic
proteinase. In addition, limited homology is shared with mammalian aspartic
proteinases, swine pepsin (32%) and bovine chymosin (28%). 15  (C)
Isolation and Characterization of Aspergillopepsin-Deficient Mutants. In
order to generate strains of A. awamori that were specifically deficient in
the production of aspergillopepsin, we employed a gene replacement strategy
similar to that described by, (Mol. Cell. Biol., 5, pp. 1714-1721, 1985).
First, we constructed a gene replacement vector, called pUC4AAP-argB, as
shown In 20 Figure 4. Plasmid pUC4AAP-argB contains a selectable argB gene
from A. nidulans which is inserted into the 9 kb genomic DNA clone in place
of the aspergillopepsin coding region. This vector was linearized by
digestion with EcoRI, and used to transform an argB auxotroph of A.
awamori. Twenty-four transformants were screened for an aspergillopepsin
deficient phenotype with an EUSA, and ten of these transformants gave
comparatively low values. Four of. the transformants (designated AAP3, 25
DAP4, [err] which had the lowest absorbance values for the screening assay,
were chosen for further study. The ELISA values for strains. that were
deficient in aspergillopepsin synthesis did not drop to zero due to
non-specific cross reaction between the antibodies and components of the
culture supernatants. This cross reactivity could be visualized by Western
blot analysis using the same anti-aspergillopepsin antibodies. Because of
this cross reaction, absolute values. for the concentration of
aspergillopepsin in 30  culture samples were not derived.' To investigate
whether the apparent aspergillopepsin-deficient phenotype was the result of
a gene disruption total, cellular DNA was extracted from transformants
[err] and strain [err], digested with Sall, and fractionated by agarose gel
electrophoresis. After blotting onto Nytran membrane filters, the DNA was
hybridized with a radiolabeled probe consisting of the 9 kb EcoRI fragment
35  of A. awamori DNA containing the aspergillopepsin A gene. This probe
hybridized to three Sall fragments present in DNA from strain GC12 (Fig. 5,
Panel A). These hybridization signals represent the 2.4 kb Salt fragment
which contains the aspergillopepsin gene and two flanking DNA fragments.
However, if the 2.4 kb Sail fragment in the genome of a given transformant
had been replaced by the 1.7 kb fragment of A. nidulans DNA containing the
argB gene, the probe would be expected to hybridize only to the two
flanking 40  DNA fragments. From the data shown-in Figure 5. (Panel A), it
is apparent that the 2.4 kb Sall fragment of the aspergillopepsin gene was
absent in all four of the transformants identified by the ELISA,
demonstrating that the aspergillopepsin gene had been replaced by the argB
gene. It is likely that some or all of the other transformants which gave
low absorbance values in the ELISA had undergone the same gene replacement
event. The frequency of gene. replacement among transformants is,
therefore, at least 16% and could be as 45  high as 40%. RNA isolated from
transformant AAP6 and from strain UVK143f was separated by electrophoresis
and analyzed by Northern blotting.. Hybridization was performed with a
radiolabeled 9 kb EcoRI fragment of A. awamori DNA containing the
aspergillopepsin gene. As shown in Figure 5 (Panel B), it is evident that
the abundant aspergillopepsin-specific mRNA present in strain UVK143f could
not be detected in the RNA from 50  strain AAP6. Samples were taken from 50
ml shake flask cultures of transformants [err], and strain GC12 and spotted
onto skim milk agarose plates. After incubation for six hours at 37 C, the
resulting zones of coagulation were photographed (Fig. 6). Extensive milk
clotting was induced by the GC12 culture filtrate, whereas, only slight
clotting was observed with samples from either of the two transformants.
The majority 56  of the milk clotting activity of GC12 was. inhibited by
the inclusion of pepstatin in the medium, as would be expected for an
aspartic proteinase, (J. Biol. Chem., 251, pp. 7095-7102, 1976), leaving
residual proteolytic activity similar to that of strains [err]. Neither the
aspartic proteinase activity of GC12 nor the residual activity of strains
[err]were inhibited by PMSF or EDTA. However, no proteolytic activity 14 



EP 0 429 490 B1 was observed with samples from strains [err] spotted onto
milk plates at pH 6.8. The small amount of residual proteolytic activity
produced by [err] presumably reflects the presence of one or more secreted
proteinases other than the deleted aspergillopepsin. We found that although
this additonal proteinase activity was not inhibited by pepstatin (Fig. 6)
it was partially inhibited by diazoacetyl- 5  DL-norleucine methylester
(DAN), although some clearing was still observed. Thus, there may be a
pepstatin-insensitive aspartyl proteinase present similar to that described
in Scytaldium lignicolum (Murao, S. and Oda, K. In, Kostka, V. (Ed.),
Aspartic Proteinases and Their Inhibitors", Walter de Gruyter, New York,
pp. 379-399, 1985). 10  Use of aspergillopepsin-deflcient Mutants for the
Production of a Heterologous Polypeptide - Bovine Chymosin To illustrate
the advantages of using aspergillopepsin-deficient mutants, we compared the
production of bovine chymosin in wild-type and in mutants of A. awamori
that were specifically lacking the aspergil- 16  lopepsin gene. The strains
were transformed using a vector similar to those described by Cullen et
al., (Bio/Technol, 5, pp. 369-376, 1987) in that transcriptional,
translational, and secretory components of the glucoamylase gene were
employed to derive chymosin expression and secretion. Individual
transformants were then cultured In soy meal medium (6% soy bean meal, 0.1%
NaH2 P04, 0.1% MgSO4, 1.5% (NH4)2 SO4, 0.1% Tween 80, 0.2% Mazu, 7% sodium
citrate pH 6.2, 15% maltose, 100 mg/ml uridine, 100 mg/ml 20  arginine, 50
ug/ml streptomycin) at 37 . C for 7 days, and the level of extracellular
chymosin was determined during the growth period using an activity assay.
The results shown in Figure 8 clearly show that chymosin production is
greater in a strain that is specifically lacking the asperigillopesin gene.
Note that by day. 7 of culture the amount of chymosin in the strain 12
transformant of an aspergillopepsin producing strain was decreasing whereas
It was still increasing 25  in the aspergillopepsin deficient strain.
(err). These data suggest that less degradation of the chymosin is likely
to occur in strains which are deficient in aspergillopepsin, and hence the
yield of heterologous protein is greater. To summarize, we have shown that
production, of a heterologous gene product such as bovine chymosin is
improved by using a host strain that is deficient in the production of
proteolytic enzymes (e.g. 30  aspergillopepsin) that could degrade the
heterologous product. Furthermore, proteolytic enzymes such as
aspergillopepsin in a chymosin preparation could produce undesirable
off-flavors in cheese by enzymatic digestion of milk proteins. 35 40 45 50
55 15    EP 0 429 490 B1 TABLE 1. Amino acid sequence of protions of
aspergillopepsin A from A.awamori 5 10 [err] [err] 



20 Tryptic peptide I: 25 [err] 30 [err] 35 [err] 40 [err] 45 [err] 50 55
EP 0 429 490 B1 TABLE 2. Camparison of codon frequency between the
glucoamylase and aspergicpepsin genes of A. 5 Amino acid    Codons
Occurrence in  occurrence in glucoamylase  aspergilloepsin 10 Phe
UUU           4              5 UUC          18             14 16 Leu
UUA           0              0 UUG           6              2 CUU
3              2 CUC          17              7 20                   CUA
2              0 CUG         20            15 Ile         AUU           12
3 AUC         11             14 25                                 1
0 Met          AUG           3              2 Val          GUU           6
9 GUC   15                 14 30                   GUA           2
0 GUG          19              7 Ser         UCU           16
7 UCC          19             17 35                   UCA           4
1 UCG         114              5 AGU          12              2 AGC
23             21 40     Pro          CCU          4               6 CCC
10                7 CCA          0               2 



CCG          8               2 45      Thr          ACU         20
9 ACC         39              21 ACA          5               1 ACG
10              6 Ala          GCU         25               8 50
GOC        19              21 GCA         10               2 55 17    EP 0
429 490 B1 GOG           11                   4 Tyr             UAU
6                  0 5                     UAC            21
19 STOP            UAA            0                  0 UAG            1
1 UGA             0                  0 10    His             CAU
0                   1 CAC            4                   2 Gln
CAA             4                  0 CAG           13                  15
Asn            AAU              6                  2 AAC            19
11 20     Lys             AA              0                  1 AAG
13                17 Asp             GAU           21                   8
GAC           23                  19 25     Glu             GAA
9                  3 GAG           17                  .9 Cys
UGU             3                  0 UGC             7                  2
30 Trp            UGG            19                  3 Arg             OCG
4                  1 OGC            7                   2 35
CGA            4                   0 COG            3                   2
AGA             1                  0 AGG             1                  0
Gly             GGU           14                  15 GGC           22
19 GGM            7.                 16 GGG            4
0 45 Claims 50 1. A mutant filamentous fungus suitable for the production
of heterologous polypeptides therefrom wherein 



a gene for aspartic proteinase in the fungus is non-revertibly inactivated
or eliminated so that the mutant thereby produced is incapable of excreting
enzymatically active aspartic proteinase. 55 2. A filamentous fungus
according to claim 1 wherein the mutant is the result of a non-revertible
deletion of all or part of the gene for aspartic proteinase. 3. A
filamentous fungus according to claim 1 or claim 2 which is a Trichoderma.
18    EP O 429 490 B1 GCG           11                   4 Tyr
UAU             6                   0 5                     UAC
21                  19 STOP            UAA             0                  0
UAG             1      1 UGA             0                  0 10 His
CAU             0                   1 CAC             4                  2
Gln             CAA             4                   0 15
CAG            13                 15 Asn             AAU             6
2 AAC            19                 11 20     Lys             AAA
0                   1 AAG            13                 17 Asp
GAU            21                   8 GAC           23                  19
25     Glu             GAC             9                   3 GAG
17                  9 Cys             UGU             3                  0
UGC             7                  2 30 Trp            UGG            19
3 Arg              OGU             4                   1 OGG            7
2 OCG             4                  0 CGG             3                  2
AGA             1                  0 AGG             1                  0
Gly             GCU            14                 15 GGC           22
19 GGA             7                 16 GGG             4
0 45 Claims 50 1. A mutant filamentous fungus suitable for the production
of heterologous polypeptides therefrom wherein a gene for asparfic
proteinase in the fungus is non-revertibly inactivated or eliminated so
that the mutant thereby produced is incapable of excreting enzymatically
active aspartic proteinase. 55  2. A filamentous fungus according to claim
1 wherein the mutant is the result of a non-revertible deletion 



of all or part of the gene for aspartic proteinase. 3. A filamentous fungus
according to claim 1 or claim 2 which is a Trichoderma. 18    EP 0 429 490
B1                  C   L   M   S 4. A filamentous fungus according to
claim 3 wherein the Trichoderma is T. reesel or T.viride. 5. A filamentous
fungus according to claim 1 or claim 2 which is an Aspergillus. 5  6. A
filamentous fungus according to claim 5 which is Aspergillus awamori. 7. A
filamentous fungus according to claim 5 or claim 6 wherein the aspartic
proteinase is an aspergil- lopepsin. 10  8. A filamentous fungus according
to claim 1 or claim 2 which is Mucor. 9. A filamentous fungus according to
claim 8 wherein the aspartic proteinase is Mucor aspartic proteinase. 10. A
filamentous fungus according to claim 8 wherein the Mucor is Mucor miehel
or Mucor pusillus. 15 11. A filamentous fungus according to claim 1 or
claim 2 which is a Rhizopus. 12. A filamentous fungus according to claim 11
wherein the aspartic proteinase is rhizopuspepsin. 20  13. A filamentous
fungus according to claim 1 or claim 2 which is an Endothia parasitica. 14.
A filamentous fungus according to claim 13 wherein the aspartic proteinase
is endothiapepsin. 15. A filamentous fungus according to claim 1 or claim 2
which is capable of secreting a heterologous 25     polypeptide. 16. An
Aspergillus according to claim 15 which is capable of secreting chymosin.
17. A mutant according to claim 1 wherein the deletion is essentially
replaced by a DNA segment encoding 30     amino acid residues different
than those amino acids which were deleted. 18. A mutant according to claim
17 wherein the replacement DNA segment codes for a selectable marker. 19. A
mutant according to claim 18 wherein the replacement DNA segment codes for
argB. 35 20. A mutant according to claim 17 wherein the deleted DNA segment
encodes at least 2 active site amino acids. 21. A mutant according to claim
17 wherein the deleted DNA segment is a continuous sequence at least 40
about 100 amino acids long. 22. A mutant filamentous fungus culture which
in its mutated form is free of any gene capable of expressing enzymatically
active aspartic proteinase. 45  23 A filamentous fungus culture according
to claim 22 wherein the culture contains a gene capable of expressing a
heterologous polypeptide. 24. A culture according to claim 23 wherein the
filamentous fungus is Aspergillus. 50 25. A culture according to claim 24
wherein the filamentous fungus is Aspergillus awamori. 26. A culture
according to claim 24 or 25 wherein the Aspergillus expresses chymosin. 27.
A culture according to claim 24 or 25 wherein the Aspergillus expresses
tissue plasminogen activator 55     bovine chymosin, human serum albumin or
mammalian growth hormone. 28. A culture according to claim 23 wherein the
filamentous fungus is a Mucor, Rhizopus, or Endothia. 19    EP 0 429 490 B1
[err] C   L  M S 29. A method of producing a heterologous polypeptide in a
filamentous fungus which comprises culturing a filamentous fungus, which is
capable of expressing the heterologous polypeptide and which contains a 



non-revertible site-selected deletion of amino acids that results in the
filamentous fungus being incapable of excreting enzymatically active
aspartic proteinase, until an amount of the heterologous 5      polypeptide
has accumulated in the culture broth, and then recovering the polypeptide.
30. A heterologous polypeptide preparation comprising a culture broth made
according to claim 29. 31. A preparation according to claim 30 wherein the
polypeptide is chymosin. 10 32. A method of making cheese comprising: a)
Selecting an active chymosin preparation obtained from a host filamentous
fungus expressing the DNA for chymosin and incapable of excreting active
aspartic proteinase; b) Adding the chymosin preparation to milk; 15
c) Allowing the milk to coagulate to produce curd and whey; and d)
Converting the curd of step c) into cheese. 33. A method according to claim
32 wherein the active chymosin preparation is the culture broth used for
the filamentous fungus expressing the polypeptide. 20 34. A gene
replacement vector comprising linkers at the 3' and 5' end of a DNA insert
in an aspartic proteinase gene, such that the vector is capable of
replacing at least a portion of the aspartic proteinase gene of a
filamentous fungus. with a sequence which is incapable of secreting
aspartic proteinase. 25 35. A gene replacement vector according to claim 34
wherein the replacement sequence which is incapable of secreting aspartic
proteinase is a selectable marker. 36. A gene replacement vector according
to claim 34. which is; [err] shown in figure 4. 30 Patentansprtche 1.
Filament6ser Mutantenpilz geeignet zur Herstellung von heterologen
Polypeptiden daraus, worin ein Gen fMr Aspartat-Proteinase im Pilz
irreversibel inaktiviert oder eliminiert ist, sodaB der dadurch 35
hergestellte Mutant unfahig ist, enzymatisch aktive Aspartat-Proteinase
auszuscheiden. 2. Filamentoser Pilz nach Anspruch 1, worin der Mutant das.
Ergebnis einer irreversiblen Loschung der Gesamtheit oder eines Teils des
Gens fUr Aspartat-Proteinase ist. - 40 3o  FilamentLser Pilz nach Anspruch
I oder Anspruch 2, der eine Trichoderma ist. 4. Rlamentoser Pilz nach
Anspruch 3, worin die Trichoderma T-reesei oder T.viride ist. 5.
Filament6ser Pilz nach Anspruch 1 oder Anspruch 2, der ein Aspergillus ist.
45 6. Filamentoser Pilz nach Anspruch 5, der Aspergillus awamori ist. 7.
Filament6ser. Pilz nach Anspruch 5 oder Anspruch 6, worin die.
Aspartat-Proteinase ein Aspergillopepsin ist. 50 8. Filamentoser.Pilz nach
Anspruch 1 oder Anspruch 2, der Mucor-ist. 9. Filament6ser Pilz nach
Anspruch 8, worin die Aspartat-Proteinase Mucor-Aspartat-Proteinase ist. s5
10. Filament6ser Pilz nach Anspruch 8, worin der Mucor Mucor miehei oder
Mucor pusillus ist. 11. Filament6ser Pilz nach Anspruch 1 oder Anspruch 2,
der ein Rhizopus ist. 20    EP 0 429 490 61            11c111     11111
II!s 111l!11 12. Filament6ser Pilz nach Anspruch I1, worin die
Aspartat-Proteinase Rhizopuspepsin ist. 13. hlament6ser Pilz nach Anspruch
1 oder Anspruch 2, der eine Endothia parasitica ist. 6  14. Filamentoser
Pilz nach Anspruch 13, worin die Aspartat-Proteinase Endothiapepsln !st. 



15. Filamentoser Pilz nach Anspruch 1 oder Anspruch 2, der fahig ist, Bin
heterologes Polypeptid auszuscheiden. 10  16. Aspergillus nach Anspruch 15,
der ffhig !st, Chymosin auszuscheiden. 17. Mutant nach Anspruch 1, worin
die Loschung im wesentlichen durch Bin DNA-Segment ersetzt wird, das fir
AminosSurereste mit Ausnahme jener Aminosauren kodiert, die geloscht
wurden. 1s  18 Mutant nach Anspruch 17, worin das Ersatz-DNA-Segment flr
einen auswfhlbaren Marker kodlert. 19. Mutant nach Anspruch 18, worin das
Ersatz-DNA-Segment far argB kodiert. 20. Mutant nach Anspruch 17, worin das
geloschte DNA-Segment fUr zumindest 2 Aminosduren an aktiven 20     Stellen
kodiert. 21. Mutant nach Anspruch 17, worin das geloschte DNA-Segment eine
zusammenh~ngende Sequenz !st, die zumindest etwa 100Aminosfiuren lang !st.
25  22. Kultur eines filamentosen Mutantenpilzes, der in seinor muierten
Form frei von jeglichem Gen ist, das fdhig lst, enzymatisch aktive
Aspartat-Proteinase zu exprimleren. 23. Kultur eines filament6sen Pilzes
nach Anspruch 22, worin die Kultur sin Gen enthalt, das fahig ist, ein
heterologes Polypeptid zu exprimieren. 30 24. Kultur nach Anspruch 23,
worin der filament6se Pilz Aspergillus ist. 25. Kultur nach Anspruch 24,
worin der filament6se PlIz Aspergillus awamori ist. 35  26. Kultur nach
Anspruch 24 oder 25, worin der Aspergillus Chymosin exprimiert. 27. Kultur
nach Anspruch 24 oder 25, worin der Aspergillus Gewebeplasminogenaktivator,
Rinderchymosin, menschliches Serumalbumin oder Saugetierwachstumshormon
exprimiert. v    40  28. Kultur nach Anspruch 23, worn der filament6se Pilz
ein Mucor, Rhizopus oder Endothia ist. 29. Verfahren zur Herstellung eines
heterologen Polypeptids in einem filament6sen Pilz, umfassend das
Kultivieren sines filament6sen Pilzes, der fShig ist, das heterologe
Polypeptid zu exprimieren und eine irreversible stellenausgewahlte Loschung
von Aminosauren enthilt, die dazu fUhrt, daB der filamentbse 45     Pilz
unf~hig ist, enzymatisch aktive Aspartat-Proteinase auszuscheiden, bis sich
Bine Menge des heterologen Polypeptids in der KulturbrUhe angesammnelt hat,
und anschlieSendes Gewinnen des Polypeptids. 30. Heterologes
Polypeptidpraparat umfassend eine KulturbrOhe, die nach Anspruch 29
hergestellt ist. 50 31. Prbparat nach Anspruch 30, worin das Polypeptid
Chymosin ist. 32. Verfahren zur Herstellung von Kase, umfassend a) das
Auswahlen eines aktiven Chymosinpr~parats, das aus einem filamentosen
Wirtspilz gewon- 5.5       nen wird, der die DNA fUr. Chymosin exprimiert
und unfahig ist, aktive Aspartat-Proteinase auszu- scheiden: b) das
HinzufUgen des ChymosinprAparats zu Milch; c) das Gerinnenlassen der Milch
zur Herstellung von geronnener Milch und Molke; und 21    EP 0 429 490 B1
!lI1j huB    l111111 d) das Umwandeln der geronnenern Milch von Schritt c)
zu .sMe. 33. Verfahren nach Anspruch 32; worin das aktive Chymosinpraparat
die Kulturbrhlie !st, die fUr den das Polypeptid exprimierenden
filament6sen Pilz verwendet wird. 5.                                  . 34.
Genersetzungsvektor umfassend Linker am 3' und 5' Ende elner DNA-Einfagung
in einem Aspartat- Proteinasegen, sodaB der Vektor f~hig ist, zumindest
einen Abschnitt des Aspartat-Proteinasegens eines filamentosen Pilzes durch
eine Sequenz zu ersetzen, die unf~hig !st, Aspartat-Proteinase
auszuscheiden. 



I0 35. Genersetzungsvektor nach Anspruchr 34, worin die Ersetzungssequenz,
die unfahig ist, Aspartat- Proteinase auszuscheiden, ein auswdhlbarer
Marker !st. 36. Genersetzungavektor nach Anspruch 34, welcher der in Fig.4
dargestelito pUC4,&AP-argB ist. Revendlcations 1. Champignon filamenteux
mutant approprie a la production de polypeptides h~terologues ob un gbne
pour la prot6inase aspartique dans le champignon eat inactiv6 ou 6limine de
fagon non r6versible de 20     manibre quo le mutant alnsl prodult soft
Incapable d'excr~ter la prot6lne aspartique enzymatiquement active. 2.
Champignon filamenteux selon la revendication 1 QU le mutant est le
resultat d'une d61ltion non reversible de tout ou partie du gene de la
prot6inase aspartique 25 3  Champignon filamenteux selon ,a revendication 1
ou la revendication 2 qui est Trichoderma. 4. Champignon filamenteux selon
la revendication 3 ob Trichoderma est T. reesei ou T. viride. 30  5.
Champignon filamenteux selon la revendication 1 ou la revendication 2 qui
est un Aspergillus. 6. Champignon filamenteux selon la revendication 5 qui
est Aspergillus awamori. 7. Champignon filamentoux selon la revendication 5
ou la revendication 6 od la proteinase aspartique est 35     une
aspergillopepsine. 8. Champignon filamenteux selon la revendication 1 ou la
revendication 2 qui eat Mucor. 9. Champignon filamenteux selon la
revendication 8 od la proteinase aspartique est la proteinase 40
aspartique de Mucor. 10. Champignon filamenteux selon la revendication 8 od
Mucor est Mucor miohei ou Mucor pusillus. 11. Champignon filamenteux selon
la revendication 1 ou la revendication 2 qui est Rhizopus. 45 12.
Champignon filamenteux selon la revendication 11 ob la proteinase
aspartique eat la rhizopuspepsine. I1. Champignon filamenteux selon la
revendication 1 ou la revendication qui eat une Endothia parasitica so  14.
Champignon filamenteux selon la revendication 13 od la protdinase
aspartique est l'endothiapepsine. 15. Champignon filamenteux selon la
revendication 1 ou la revendication 2 qui eat capable de s6creter un
polypeptide hdtbrologue. 5S  16. Aspergillus selon la revendication 15 qui
est capable de sdcrdter la chymosine. 17. Mutant selon la revendication 1
ou la deletion est essentiellement remplacee par un segment d'ADN codant
des r~sidus d'acides amines diff6rents des acides amin6s qui ont 6t6
delaisses. 22    EP 0 429 490B1 Bc   L S 18 Mutant selon la revendication
17 ou le segment d'ADN de remplacement code pour un marqueur
selectionnable. 19. Mutant selon la revendication 18 ob le segment d'ADN de
remplacement code pour argB. 20. Mutant selon la revendicatiori 17 o6u le
segment d'ADN delaiss6 code au moins deux adldes amlnes en des sites
actifs. 21. Mutant selon la revendication 17 ob le segment d'ADN delaisse
est une sequence continue ayant au 10     moins environ 100 acides aminds
de long. 22. Culture d'un champignon filamenteux mutant qui sous sa forme
mutde est libre de tout gene capable d'exprimer la proteinase aspartique
enzymatiquement active. is  23. Culture d'un champignon filamenteux solon
la revendication 22 ob la culture contlent un gbne capable d'exprimer un
polypeptide hdt6rologue. 24. Culture selon la revendication 23 ou le
champignon filamenteux est Aspergillus. 20  25. Culture selon la
revendication 24 ob le champignon filamenteux est Aspergillus awamori. 



26. Culture selon la revendication 24 ou 25 oO Aspergillus exprime la
chymosine. 27. Culture selon la revendication 24 ou 25 oO Aspergillus
exprime un activateur de plasminogene du tissu, 25    la chymosine du
bovin, l'albumine de s~rum humain ou l'hormone de croissance du mammifere.
2& Culture seion la revendication 23 ob le champignon filamenteux est un
Mucor, un Rhizopus, ou une Endothia. 30  29. Mdthode de production d'un
polypeptide h6tdrologue dans un champignon filamenteux qui comprend la mise
en culture d'un champignon filamenteux qui est capable d'exprimer le
polypeptide htitrologue et qui contient une dMl6Pon non r6versible
s~lectlonn6e au site d'acides aminds qul a pour r6sultat que le champignon
filamenteux est incapable d'exereter la protelnase aspartique
enzymatfquement active jusqu'a ce qutune quantet6.du polypeptide
heterologue so solt accumulee dans le bouillon de culture 35     puis on
r6cupere le polypeptide. S0. Preparation d'un polypeptide het6rologue
compronant un ,bouillon de culture produit selon la revendica- tion 29.
K'4o 31. Pr6paration selon la revendication 30 oO le~polypeptide est la
chymosine. 32. Methode de production de fromageoconsistant a: a)
Selectionner une preparation de chymosine active obtenue h partir d'un
champignon filamenteux h8te exprimant l'ADN deola chymosine et incapable
d'excreter la proteinase aspartique active; 45       b) Ajouter la
preparation de chymosine a du lait; c) Laisser le lait coaguler pour
produire du caill6 et du petit. lait; et d) Convertir le caill6 de l'Otape
c) on fromage. 33. Methode selon la revendication 32 ob la preparation dg.
chymosine active est le bouillon de culture 50     utilis6 pour le
champignon filamenteux exprimant le polypeptide. 34. Vecteur de
remplacoment de gene comprenant des linkers a l'exremite 3' et 5' d'un
insert d'ADN dans un gone de proteinase aspartique de maniere quo le
vocteur soit capable de remplacer au moins une portion du gbne de la
prot6inase aspartique d'un champignon filamenteux par une s6quence qui est
s5    incapable de sdcr~ter la prot6inrase aspartique. 35. Vecteur de
remplacement d'un gone solon la rovendication 34 ob la sequence do
remplacement qui est incapable de secr6ter la protdinase aspartique est un
marqueur selectionnable. 23    EP 0 429 490 B1                         L
36. Vecteur de remplacement d'un gOne selon la revendication 34 qui est
pUCAAP-argB que l'on peut voir I la figure 4. 5 10 ~15 20 26 30 35 hi 40 45
s0 55 24    


