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PROTEASE ENZYME VARIANTS AND USES THEREOF

FIELD OF THE INVENTION

The present invention relates to variants of a serine protease enzyme, particularly to variants of a
fungal serine protease enzyme useful in various applications, particularly in detergents. The
invention further relates to nucleic acid molecules encoding said enzyme variants, recombinant
vectors, a host cell for producing said enzyme variants, enzyme compositions comprising said
enzyme variants as well as processes for preparing such compositions. This invention relates also

to various uses of said enzyme variants and compositions comprising said enzyme variants.

BACKGROUND

Microbial proteases are among the most important hydrolytic enzymes and find applications in
various industrial sectors, such as detergents, food, leather, pharmaceuticals, diagnostics, waste
management and silver recovery. Microbial extracellular proteases account for a major part of the
total worldwide industrial enzyme sales (Cherry and Fidantsef, 2003). Approximately 90% of the
commercial proteases are detergent enzymes (Gupta et al., 2002). The commercial detergent
preparations currently in use comprise the naturally occurring alkaline serine proteases (EC 3.4.21)
of the subtilisin family or subtilisins (EC 3.4.21.62), originating from Bacillus species, or are

recombinant protease preparations thereof (Maurer, 2004).

Examples of commercial proteases are such as Subtilisin Carlsberg (Alcalase®), Subtilisin 309
(Savinase®), Subtilisin 147 (Esperase®), Kannase®, Everlase®, Ovozyme®, and the cold-wash
protease Polarzyme® (Novozymes A/S, DK), Purafect®, Purafect® Ox, Purafect® Prime and
Properase® (Genencor Int., Inc., USA), and the BLAP S and X series (Henkel, DE).

The major problem in the use of proteases in liquid detergents is their instability and proteolytic
activity against other enzymes in the detergents. In liquid detergents enzymes are in direct contact
with water and chaotropic agents like anionic surfactants and complexing agents, which can lead
to irreversible denaturation. Proteases degrade proteins including themselves and other enzymes
in detergent formulations. The auto-proteolysis is enhanced by surfactants and heat. Thus, the

stability of enzymes in liquid detergents containing protease represents a major challenge for
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product development (Maurer, 2010). Various methods have been used for improving the stability
of industrial serine proteases. Based on the information derived from the crystal structures and
sequence similarity comparisons between homologous proteins, variants with improved stability
and/or improved performance may be designed. Variants of the natural serine proteases with
improved catalytic efficiency and/or better stability towards temperature, oxidizing agents and
different washing conditions, as well as improved storage stability in liquid detergents have been
developed through site-directed and/or random mutagenesis. Proteases are deliberately or
randomly modified by methods known from the prior art and are optimized for example for use in
detergents and cleaning agents. These include point mutagenesis, deletion or insertion
mutagenesis, or fusion with other proteins or protein parts. Optimized variants for some proteases
are known from the prior art. Optimized variants are known particularly of subtilisin enzyme. For
example, application WO199523221 describes, among other mutants, a mutation in a subtilisin of
Bacillus lentus DSM 5483, applications W0O2011032988, W0O2011141358, W02012080201 and
WO02012080202 describe improved protease performance as well as reduced damage of the
protease and other molecules when using such a mutation, based on a subtilisin of Bacillus lentus

DSM 5483.

Thermomycolin EC 3.4.21.65, isolated as an extracellular alkaline endopeptidase, is produced by
a thermophilic fungus Malbranchea pulcella var. sulfurea. Thermomycolin is described as a 325
residue, single-chain protein. It has the active-site sequence —Leu-Ser-(Gly)-Thr-Ser*-Met-, which
is typical for a member of the subtilisin family. Thermomycolin possesses one disulfide bridge,
which is exceptional. Thermomycolin is not as thermostable as the extracellular serine proteinases
of thermophilic bacteria, but it is more stable than most fungal proteinases (Gaucher and
Stevenson, 2004). According to Ong and Gaucher (1975) the thermal inactivation of
Thermomycolin occurs at 73 °C in the presence of 10 mM Ca?". Thermomycolin hydrolyses casein
on broad pH range. The optimum pH for hydrolysis of casein is about 8.5. EP2691520B1 (AB
Enzymes Oy) discloses a Thermomycolin protease of Malbranchea cinnamomea (Lib.) Oorschot
de Hoog ALKO4122, which has improved stability and improved wash performance and stain
removal properties when compared to commercial protease products Savinase 16L and Savinase

Ultra 16L.



10

15

20

25

WO 2020/074781 PCT/F12019/050724

Despite the fact that numerous patent publications, reviews and articles have been published,
disclosing serine proteases from various microorganisms, there is still a great need for new
proteases, which are suitable for and effective in modifying, degrading and removing
proteinaceous materials of different stains and which are stable in the presence of detergents with
highly varying properties. Due to the autocatalytic property of serine proteases, the stability during
storage is also very important. However, it is important that also the other enzymes in detergents
are stable in the presence of protease. Protease inhibitors could potentially be used to stabilize
proteases in compositions comprising serine proteases. However, the inhibitors do not always
work optimally and therefore, there is especially great need for new proteases which are efficient

in stain removal but are less aggressive towards themselves and other enzymes.

It is also desirable that the serine protease can be produced in high amounts, and can be cost-

effectively down-stream processed, by easy separation from cells or mycelia.

SUMMARY OF THE INVENTION

The object of the present invention is to provide novel Malbranchea protease variants which are
active at broad pH ranges and function well at broad temperature ranges. The serine proteases for
detergent application must be stable also in the presence of detergents and to be compatible with
detergents. Further objects of the invention are to provide nucleic acid molecules encoding said
enzyme variants, recombinant vectors, a host cell for producing said enzyme variants,
compositions comprising said enzyme variants, a process for preparing such compositions, as well

as uses of said enzyme variants and compositions comprising said enzyme variants.

The object of the present invention is to provide novel Malbranchea protease variants that are less
aggressive towards other enzymes when stored or used in combination with these variants and also
have better performance in stain removal as compared to the wild type Malbranchea protease,

while the stability of the enzyme variants is as good as that of wild type Malbranchea protease.

The fungal serine protease according to the invention can be produced in high-yielding fungal
hosts and its down-stream processing, e.g. separation of fermentation broth and mycelia is easy to

perform.
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The present invention relates to a fungal serine protease enzyme variant, which has serine protease
activity and comprises an amino acid sequence having at least 70 % identity to the amino acid
sequence as defined in SEQ ID NO: 2 and which comprises the amino acid D at position 103
and/or the amino acid E at position 105 in the numbering according to SEQ ID NO: 2. A preferred
serine protease is a mutant serine protease that is a derivative of the Malbranchea cinnamomea

(Lib.) Oorschot de Hoog wild type protease.

The present inventors found that stain removal performance of the fungal serine protease variants
that mean here the same as recombinant serine protease enzymes from Malbranchea in varying
test conditions, on different stains, measured as deltal* is better than the performance of wild type

Malbranchea protease enzyme.

An object of the invention is a recombinant serine protease enzyme comprising an amino acid
sequence having at least 70 % identity to an amino acid sequence as defined in SEQ ID NO: 2 and
which comprises amino acid D at position 103 and/or amino acid E at position 105 in the

numbering according to SEQ ID NO: 2.

Another object of the invention is an isolated nucleic acid molecule comprising a polynucleotide
sequence which encodes a serine protease enzyme selected from the group consisting of: (a) a
nucleic acid molecule encoding a polypeptide having serine protease activity and comprising the
amino acid sequence as depicted in SEQ 1D NO: 4 or SEQ ID NO: 6 or SEQ ID NO: 8; and (b) a
nucleic acid molecule comprising the coding sequence of the nucleotide sequence as depicted in

SEQ ID NO: 3 or SEQ ID NO: 5 or SEQ ID NO: 7.

Still a further object of the present invention is a recombinant expression vector comprising the
isolated nucleic acid according to claim 4 operably linked to regulatory sequences capable of

directing expression and secretion of said serine protease enzyme in a suitable host.

A host cell comprising the recombinant expression vector and an enzyme preparation, which

comprises the recombinant serine protease enzyme according to the invention are also disclosed.

One object of the invention is a process for producing a protease enzyme, the method comprising
the step of introducing an amino acid substitution Q103D and/or S105E into the sequence which
comprises an amino acid sequence having at least 70 % identity to the amino acid sequence as

defined in SEQ ID NO: 2.
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Use of the recombinant serine protease enzyme or the enzyme preparation according to the present
invention for detergents, for treating fibers, for treating proteinaceous materials, for treating food
or feed, or for applications involving modification, degradation or removal of proteinaceous

material is also an aspect of this invention.

According to the present invention the recombinant serine protease enzyme or the enzyme
preparation can be used as a detergent additive. According to the present invention the recombinant
serine protease enzyme or the enzyme preparation can be used in liquid detergent or a solid
detergent preferably in a form of a bar, a homogenous tablet, a tablet having two or more layers, a
pouch having one or more compartments, a regular or compact powder, a granule, a granulate, a
paste, a gel, or a regular, compact or concentrated liquid. Also a detergent composition that
comprises surfactants, the recombinant serine protease enzyme or the enzyme preparation
according to the present invention, and additives selected from the group consisting of stabilizers,
buffers, builders, bleaching agents, mediators, anti-corrosion agents, antiredeposition agents,
caustics, abrasives, optical brighteners, dyes, perfumes, pigments, and preservatives, is one aspect

of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows the nucleotide sequence of the Malbranchea ALKO4122 protease gene, its partial
promoter (50 nucleotides upstream from ATG) and terminator sequences (60 nucleotides
downstream from the stop codon) and the deduced amino acid sequence of the encoded protease.
The putative signal peptide analyzed by SignalP V3.0 program is in lower case letters and
underlined. The pro sequence and the deduced amino acids of the pro sequence are in lower case
letters. The mature nucleotide and peptide sequences are in capital letters. The three putative intron
sequences are in lower case, italic letters and marked by a dotted line below the nucleotide
sequence. The stop codon is shown by an asterisk below the sequence. The mutated amino acids

Q103 and S105 are bolded.

Figure 2 schematically shows the expression cassette pALK4521 used for production of M59
Malbranchea protease variant in Trichoderma reesei. The 7234 bp expression cassette was cleaved
from the plasmid vector backbones using Nofl restriction enzyme. pcbhl, cbhl promoter; tcbhl,

cbhl terminator; s_amdS, synthetic gene encoding Aspergillus nidulans asetamidase (selection
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marker); M59, a variant Malbranchea protease gene. The mutation in the mature amino acid
sequence of the variant protease compared to the wild type mature sequence is shown below the
name of the variant gene. The synthetic amdS gene is expressed from the native A. nidulans amd$
promoter. The expression cassettes pALK4522 and pALK4523 for production of M60 and M61
variants, respectively, were similar in their structure as pALK4521 for production of M59 and

shown in the figure.

Figure 3 schematically shows the stain removal performance of M0 variants compared to parental
molecule M0 as sum of AL* of 8 stains. Washing conditions in Launder-Ometer: 40°C, 16°dh, 60

min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 4 shows the stain removal effect of M0 variants and parental molecule MO as AL* on
blood-milk-ink stains with dosage of 6.5 BPU per ml of wash liquor. Washing conditions in
Launder-Ometer: 40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 5 shows the stain removal effect of M0 variants and parental molecule MO as AL* on egg
stains with dosage of 6.5 BPU per ml of wash liquor. Washing conditions in Launder-Ometer:

40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 6 shows the stain removal performance of production like samples of variant M60
compared to parental molecule M0 as sum of AL* of 8 stains. Washing conditions in Launder-

Ometer: 40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 7A shows the stain removal effect of production like samples of M0 variants and parental
molecule MO as AL* on blood-milk-ink, CO (E-116). Washing conditions in Launder-Ometer:
40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 7B shows the stain removal effect of production like samples of M0 variants and parental
molecule MO as AL* on blood-milk-ink, CO+PES (E-117). Washing conditions in Launder-
Ometer: 40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 7C shows the stain removal effect of production like samples of M0 variants and parental
molecule MO as AL* on full egg with pigment, CO (C-S-37). Washing conditions in Launder-
Ometer: 40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.
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Figure 7D shows the stain removal effect of production like samples of M0 variants and parental
molecule M0 as AL* on egg yolk with pigment, CO (C-S-38). Washing conditions in Launder-
Ometer: 40°C, 16°dh, 60 min, commercial liquid detergent 5 g/1, pH approx. 8.2.

Figure 8 describes the degrading effect of M0 variants (cultivation samples) to a commercial
cellulase (1 %) in a liquid detergent at 37°C and 7d, using an amount of protease corresponding to
activity of 520 BPU/g. Stability of cellulase is shown as relative residual activity after storage

compared to the solution containing parental molecule MO as protease.

Figure 9 describes the degrading effect of production like samples of variant M60 and MO
cellulase (1 %) in a liquid detergent at 37°C and 7d), using a high amount of protease
corresponding to activity of 2080 BPU/g. Stability of cellulase is shown as relative residual activity

after storage compared to the solution containing parental molecule M0 as protease.

SEQUENCE LISTING

SEQ ID NO: 1 The nucleotide sequence encoding the amino acid sequence of mature
Malbranchea ALKO4122 protease. The full-length gene is included in the plasmid pALK3094 as
described in EP2691520B1.

SEQ ID NO: 2 The amino acid sequence of mature Malbranchea ALKO4122 protease including
amino acids Alal21 to Arg40lof the protease.

SEQ ID NO: 3 The nucleotide sequence encoding the amino acid sequence of mature
Malbranchea ALKO4122 protease with mutation CAG -> GAC or CAG -> GAT at position 307

- 309 resulting to mutation Q103D in the mature protease sequence.

SEQ ID NO: 4 The amino acid sequence of the M59 derivative of mature Malbranchea
ALKOA4122 protease including amino acids Alal21 to Arg401lof the mature protease and mutation
Q103D at position 103 of the mature protease.

SEQ ID NO: 5 The nucleotide sequence encoding the amino acid sequence of mature
Malbranchea ALKO4122 protease with mutation TCA -> GAG or TCA -> GAA at position 313

- 315 resulting to mutation S105E in the mature protease sequence.
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SEQ ID NO: 6 The amino acid sequence of the M60 derivative of mature Malbranchea
ALKOA4122 protease including amino acids Alal21 to Arg401 of the protease and mutation S105E

at position 105 of the mature protease.

SEQ ID NO: 7 The nucleotide sequence encoding the amino acid sequence of mature
Malbranchea ALKO4122 protease with mutations CAG -> GAC and TCA -> GAT at positions
307 - 309 and 313 - 315, respectively.

SEQ ID NO: 8 The amino acid sequence of the M61 derivative of mature Malbranchea
ALKOA4122 protease including amino acids Alal21 to Arg401 of the protease and mutations
Q103D and S105E at positions 103 and 105, respectively, of the mature protease.

SEQ ID NO: 9 The nucleotide sequence encoding the amino acid sequence of the full-length
Malbranchea ALKO4122 protease.

SEQ ID NO: 10 The amino acid sequence of the full-length Malbranchea ALKO4122 protease

(includes the signal sequence, pro-sequence and sequence of the mature form).

DETAILED DESCRIPTION
The present invention provides novel serine protease enzyme variants of fungal origin.

In the present context, “derived from” is intended not only to indicate a serine protease produced
or producible by a strain of the organism in question, but also a serine protease encoded by a DNA
sequence isolated from such strain and produced in a host organism transformed with said DNA
sequence. Finally, the term is intended to indicate a serine protease, which is encoded by a DNA
sequence of synthetic and/or cDNA origin and which has the identifying characteristics of serine

protease in question.

The fungal serine protease enzyme variants of the invention are based on Malbranchea protease,
preferably on Malbranchea cinnamomea (Lib.) Oorschot de Hoog (Synonym of Malbranchea
pulchella var. sulfurea (Miehe) Cooney & R. Emers.) protease. The full-length fungal serine
protease enzyme, wherein the variants of the invention are based on, is encoded by the
polynucleotide sequence included in pALK3094 deposited in Escherichia coli RF§791 under
accession number DSM 24410, as disclosed in the patent EP2691520 B1 (AB Enzymes Oy).
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Preferably the invention relates to fungal serine protease enzyme variants, which have serine
protease activity and comprise an amino acid sequence of the mature protease as defined in SEQ
ID NO: 4 (M59) or the amino acid sequence of the mature protease as defined in SEQ ID NO: 6
(M60) or the amino acid sequence of the mature protease as defined in SEQ ID NO:8 (M61).

The fungal serine protease enzyme variant of the present disclosure is produced from recombinant
expression vector comprising the nucleic acid molecule encoding a fungal serine protease variant
of the invention, operably linked to regulatory sequences capable of directing the expression of the
serine protease enzyme in a suitable host. Non-limiting examples of a host cell are fungal cells,
filamentous fungal cells from Division Ascomycota, Subdivision Pezizomycotina; preferably from
the group consisting of members of the Class Sordariomycetes, Subclass Hypocreomycetidae,
Orders Hypocreales and Microascales and Aspergillus, Chrysosporium, Myceliophthora and
Humicola; more preferably from the group consisting of Families Hypocreacea, Nectriaceae,
Clavicipitaceae, Microascaceae, and Genera Trichoderma (anamorph of Hypocrea), Fusarium,
Gibberella, Nectria, Stachybotrys, Claviceps, Metarhizium, Villosiclava, Ophiocordyceps,
Cephalosporium, and Scedosporium; more preferably from the group consisting of Trichoderma
reesei (Hypocrea jecorina), T. citrinoviridae, T. longibrachiatum, T. virens, T. harzianum, T.
asperellum, T. atroviridae, T. parareesei, Fusarium oxysporum, F. gramineanum, F.
pseudograminearum, F. venenatum, Gibberella fujikuroi, G. moniliformis, G. zeaea, Nectria
(Haematonectria) haematococca, Stachybotrys chartarum, S. chlorohalonata, Claviceps
purpurea, Metarhizium acridum, M. anisopliae, Villosiclava virens, Ophiocordyceps sinensis,
Acremonium (Cephalosporium) chrysogenum, and Scedosporium apiospermum, and Aspergillus
niger, Aspergillus awamori, Aspergillus oryzae, Chrysosporium lucknowense, Myceliophthora
thermophila, Humicola insolens, and Humicola grisea, most preferably Trichoderma reesei. Non-
limiting examples of a host cell are yeasts (e.g. Saccharomyces cerevisiae, Pichia pastoris,
Yarrowia lipolytica) and bacterial cells, preferably gram positive Bacilli (e.g. Bacillus subtilis, B.
licheniformis, B. megaterium, B. amyloliquefaciens, B. pumilus), gram-negative bacteria (e.g.

Escherichia coli) and actinomycetales (e.g. Streptomyces sp.).

In an embodiment the host cell is a fungal cell, preferably a filamentous fungal cell, such as
Aspergillus, Trichoderma or Trichoderma reesei. In an embodiment the host cell is a bacterial cell,
preferably a gram-positive Bacillus cell, such as B. subtilis, B. licheniformis, B. megaterium, B.

amyloliquefaciens or B. pumilus.
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Preferably, said enzyme variant is produced in Trichoderma or Aspergillus, most preferably in 7.

reesei.

The present invention relates also to an isolated nucleic acid molecule comprising a polynucleotide

sequence encoding a serine protease enzyme variant selected from the group consisting of:

(a) a nucleic acid molecule encoding a polypeptide having serine protease activity and

comprising the amino acid sequence as depicted in SEQ ID NO: 4;

(b) a nucleic acid molecule encoding a polypeptide having serine protease activity and

comprising the amino acid sequence as depicted in SEQ ID NO: 6;

(c) a nucleic acid molecule encoding a polypeptide having serine protease activity and

comprising the amino acid sequence as depicted in SEQ ID NO: 8;

(d) a nucleic acid molecule comprising the coding sequence of the nucleotide sequence as

depicted in SEQ 1D NO: 3;

(d) a nucleic acid molecule comprising the coding sequence of the nucleotide sequence as

depicted in SEQ ID NO: 5; and

(d) a nucleic acid molecule comprising the coding sequence of the nucleotide sequence as

depicted in SEQ ID NO: 7.

The present invention relates to a process of producing a polypeptide having serine protease
activity, said process comprising the steps of culturing the host cell of the invention and recovering
the polypeptide. Also, within the invention is a polypeptide having serine protease activity encoded
by the nucleic acid sequence of the invention and which is obtainable by the process described

above.

The invention relates to a process for obtaining an enzyme preparation comprising the steps of
culturing a host cell of the invention and either recovering the polypeptide from the cells or
separating the cells from the culture medium and obtaining the supernatant. Within the invention

is also an enzyme preparation obtainable by the process described above.

The invention relates to an enzyme preparation, which comprises the serine protease enzyme

variant or variants of the invention.

10
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The term “mutant” or “variant” also is used herein in reference to a serine protease enzyme that

contains a mutation with respect to a corresponding wild type serine protease enzyme.

The invention further relates to a composition comprising the serine protease enzyme variant or

variants of the invention.

The enzyme preparation or composition (e.g. detergent formulation) containing the protease
enzyme variant or variants of the invention may further comprise other enzymes selected from the
group consisting of proteases (other protease than that of the invention), amylases, cellulases,
lipases, xylanases, mannanases, cutinases, pectinases ,polygalacturonases, pectate lyases,
pectinolytic enzymes, esterases, phytases, arabinases, galactanases, xanthanases, xyloglucanases,
DNAses, laccases and/or peroxidases and oxidases with or without a mediator as well as suitable
additives selected from the group consisting of stabilizers, buffers, surfactants, bleaching agents,
mediators, anti-corrosion agents, builders, anti-redeposition agents, optical brighteners, dyes,

pigments, perfumes, caustics, abrasives and preservatives, etc.

The spent culture medium of the production host can be used as such, or the host cells may be
removed, and/or it may be concentrated, filtrated or fractionated. It may also be dried. The enzyme
preparation and the composition comprising the serine protease enzyme of the invention may be
in the form of liquid composition or a solid composition such as solution, dispersion, paste,
powder, granule, granulate, coated granulate, tablet, cake, crystal, crystal slurry, gel or pellet. The

enzyme may be in immobilized form in the preparation or in the composition.

Also within the invention is the use of the serine protease enzyme variant or variants or the enzyme
preparation of the invention for detergents, for treating fibers, for treating proteinaceous material
such as wool, hair, leather, silk, for treating food or feed, or for any applications involving
modification, degradation or removal of proteinaceous material. The enzyme composition is used
in textile and detergent industry, biomass processing and biomass hydrolysis, preferably in biofuel,
starch, pulp and paper, food, baking, feed or beverage industries. Particularly, the enzyme or
enzyme preparation is useful as a detergent additive in liquid detergent or a solid detergent
preferably in a form of a bar, a homogenous tablet, a tablet having two or more layers, a pouch
having one or more compartments, a regular or compact powder, a granule, a granulate, a paste, a

gel, or a regular, compact or concentrated liquid.

11
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These enzyme variants are active at broad pH and temperature ranges in washing, and particularly
good performance at low temperature ranges as well as at moderate and high temperatures. The
enzyme variants are ideal for detergent applications, withstanding typical detergent compositions
and being effective at low enzyme levels in detergent solutions. Particularly, the protease variants
are active at application temperatures 0°C - 90°C, the preferred range being from 5°C to 60°C.
Each of the fungal serine protease enzyme variants of the invention is capable in degrading or
removing proteinaceous stains in the presence of detergents at a temperature from 0°C to 90°C,
preferably at a temperature from 5°C to 60°C. The fungal serine protease variants of the invention,
depending on the washing conditions and auxiliary ingredients and additives in detergents, are

useful particularly in temperatures at or below 60°C.

The protease of the invention is also highly stable in liquid detergent compositions. Thus, the
present invention provides novel serine protease variants for use in detergent and other
applications, particularly in liquid formulations. The fungal serine protease variants can be
produced in high-yielding fungal hosts and their down-stream processing, e.g. separation of

fermentation broth and mycelia is easy to perform.

By “serine protease” or “serine endopeptidase” or “serine endoproteinase’ is in connection to
this invention meant an enzyme classified as EC 3.4.21 by the Nomenclature of the International
Union of Biochemistry and Molecular Biology. Proteases can be classified using group specific
inhibitors. The diverse group of serine protease inhibitors includes synthetic chemical inhibitors
and natural proteinaceous inhibitors. Thus, the serine protease activity can be determined in an
assay based on cleavage of a specific substrate or in an assay using any protein containing substrate

with or without a specific inhibitor of serine proteases under suitable conditions.

By the term “serine protease activity” as used in the invention is meant hydrolytic activity on
protein containing substrates, e.g. casein, haemoglobin and BSA. The methods for analysing

proteolytic activity are well-known in the literature and are referred e.g. in Gupta et al. (2002).

The serine proteases are synthesized as inactive zymogenic precursors or zymogens in the form of
a preproenzyme, which are activated by removal of the signal sequence (secretion signal peptide
or prepeptide) and the prosequence (propeptide) to yield an active mature form of the enzyme

(Chen and Inouye, 2008).
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Examples of suitable signal sequences are those of the fungal or yeast organisms. Such signal
sequences are well known from the literature. Suitable prosequences are those of fungal or yeast

or bacterial proteases.

The recombinant vector may further comprise sequences facilitating integration of the vector into
the host chromosomal DNA to obtain stable expression and/or to facilitate targeting to a certain

position in the host genome.

The term “mature” means the form of the serine protease enzyme which after removal of the
signal sequence (prepeptide) and propeptide comprises the essential amino acids for enzymatic or
catalytic activity. In filamentous fungi it is the native form secreted into the culture medium. The
first amino acid of mature sequence can be determined by N-terminal sequencing of secreted
protease. In case no biochemical data is available the location of the N-terminus can be estimated
by aligning the amino acid sequence with mature amino acid sequence(s) of homologous
protein(s). The alignment can be performed wusing e.g. ClustalW2 alignment

(http://www .ebi.ac.uk/Tools/msa/clustalw2/).

To improve the performance of the Malbranchea serine protease in varying industrial applications,
such as in detergents, it is desirable to improve the properties of the native enzyme. These
properties include e.g. storage stability, stability in the presence or absence of detergent, pH
stability, oxidative stability or resistance against bleaching agents and substrate specificity. The
autoproteolytic activity of the enzyme has an effect on the storage stability and it should be as low
as possible. It is also self-evident that for example in laundry and dish washing compositions the
wash performance of the modified protease should not be impaired in comparison to the parent or
precursor protease enzyme. In other words, it is desirable that the enzyme variants have similar or
even improved wash performance and stain removal properties when compared to the parent serine

protease.

The produced serine protease variants can be purified by using conventional methods of enzyme
chemistry, such as salt preparation, ultrafiltration, ion exchange chromatography, affinity
chromatography, gel filtration and hydrophobic interaction chromatography. Purification can be
monitored by protein determination, enzyme activity assays and by SDS polyacrylamide gel
electrophoresis. The enzyme activity and stability of the purified enzyme at various temperature

and pH values as well as the molecular mass and the isoelectric point can be determined.
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Protease activity is generally based on degradation of soluble substrates. In detergent application
proteases have to work on substances which are at least partly insoluble. Thus, an important
parameter for a detergent protease is the ability to adsorb to and hydrolyse these insoluble

fragments.

In the presence of a detergent, the fungal serine protease variants of the invention function at
temperatures as defined above and particularly, said fungal serine protease variants have a good
performance in the presence of detergent. Stain removal performance of the fungal serine protease
variants from Malbranchea in varying test conditions, on different stains, measured as deltal* is

better than the performance of wild type Malbranchea protease enzyme.

According to a preferred embodiment of the invention each of the recombinant fungal serine
protease enzyme variants is a polypeptide having serine protease activity and comprising an amino
acid sequence having at least 70% identity to the amino acid sequence of the mature Malbranchea
ALKOA4122 protease as defined in SEQ ID NO: 2 and comprising amino acid substitution at
position 103 or at position 105 or at positions 103 and 105. According to the more preferred

embodiment the substitution at position 103 is Q103D and at position 105 is STIOSE.

According to a preferred embodiment of the invention a recombinant serine protease enzyme
comprises an amino acid sequence having at least 70 % identity to an amino acid sequence as
defined in SEQ ID NO: 2 and comprises amino acid D at position 103 and/or amino acid E at
position 105 in the numbering according to SEQ ID NO: 2. Preferably said recombinant serine

protease enzyme has improved stain removal performance.

According to a preferred embodiment of the invention a recombinant serine protease enzyme
comprises an amino acid sequence having at least 70 % identity to an amino acid sequence as
defined in SEQ ID NO: 2 and comprises amino acid D at position 103 in the numbering according

to SEQ ID NO: 2 and has improved stain removal performance.

According to a preferred embodiment of the invention a recombinant serine protease enzyme
comprises an amino acid sequence having at least 70 % identity to an amino acid sequence as
defined in SEQ ID NO: 2 and comprises amino acid E at position 105 in the numbering according

to SEQ ID NO: 2 and has improved stain removal performance.
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Preferably, the protease enzyme variant polypeptide comprises an amino acid sequence having at
least about 70 % and increasingly preferably to an extent of at least about 75 %, about 80 %, about
81 %, about 82 %, about 83 %, about 84 %, about 85 %, about 86 %, about 87 %, about 88 %,
about 89 %, about 90 %, about 90.5 %, about 91 %, about 91.5 %, about 92 %, about 92.5 %,
about 93 %, about 93.5 %, about 94 %, about 94.5 %, about 95 %, about 95.5 %, about 96 %,
about 96.5 %, about 97 %, about 97.5 %, about 98 %, about 98.5 % and about 99 % identity to the
amino acid sequence of the mature Malbranchea ALKO4122 protease as defined in SEQ ID NO:
2.

According to a preferred embodiment of the invention a recombinant serine protease enzyme
comprises an amino acid sequence having at least 82 % identity to an amino acid sequence as
defined in SEQ ID NO: 2 and comprises amino acid D at position 103 and/or amino acid E at
position 105 in the numbering according to SEQ ID NO: 2. Preferably, said recombinant serine

protease enzyme has improved stain removal performance.

According to a preferred embodiment of the invention a recombinant serine protease enzyme
comprises an amino acid sequence having at least 82 % identity to an amino acid sequence as
defined in SEQ ID NO: 2 and comprises amino acid D at position 103 in the numbering according

to SEQ ID NO: 2 and has improved stain removal performance.

According to a preferred embodiment of the invention a recombinant serine protease enzyme
comprises an amino acid sequence having at least 82 % identity to an amino acid sequence as
defined in SEQ ID NO: 2 and comprises amino acid E at position 105 in the numbering according

to SEQ ID NO: 2 and has improved stain removal performance.

By the term “identity” is here meant the identity between two amino acid sequences compared to
each other within the corresponding sequence region having approximately the same amount of
amino acids. For example, the identity of a mature sequence of the two amino acid sequences may
be compared. The amino acid sequences of the two molecules to be compared may differ in one
or more positions, which however does not alter the biological function or structure of the
molecules. Such variation may occur naturally in different organisms or due to mutations in the
amino acid sequence or they may be achieved by specific mutagenesis. The variation may result
from deletion, substitution or insertion of one or more positions in the amino acid sequence. The

identity = of the sequences is measured by using ClustalW2  alignment
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(http://www .ebt.ac.uk/Tools/msa/clustalw?/) with default settings (Protein Weight Matrix:

Gonnet, Gap open: 10, Gap extension: 0.20, Gap distances 5).

The serine protease, suitably the fungal serine protease of the invention has “good performance
in the presence of detergent”, i.e. is capable of degrading or removing proteinaceous stains or
material in the presence of detergent at wide temperature ranges, specifically at lower temperature
ranges than the present commercial subtilisin products. In the presence of a detergent the enzyme

of the invention functions well between 5°C and 60°C.

One preferred embodiment of the invention is the fungal serine protease enzyme encoded by an
isolated nucleic acid molecule, which comprises the nucleotide sequence SEQ 1D NO: 3, SEQ ID
NO: 5 or SEQ ID NO: 7.

One embodiment of the invention is the serine protease enzyme produced from a recombinant
expression vector comprising the nucleic acid molecule, which encodes the fungal serine protease
enzyme variant as characterized above operably linked to regulatory sequences capable of
directing the expression and secretion of said serine protease enzyme in a suitable host.
Construction of said recombinant expression vector and use of said vector is described in more

detail in EP2691520B1.

The present invention relates also to an isolated nucleic acid molecule comprising a polynucleotide

sequence encoding the serine protease enzyme variant selected from the group consisting of:

(a) a nucleic acid molecule encoding a polypeptide having serine protease activity and
comprising the amino acid sequence as depicted in SEQ ID NO: 4, SEQ ID NO: 6 or SEQ
ID NO: 8; and

(b) a nucleotide sequence encoding the amino acid sequence of mature Malbranchea
ALKOA4122 protease with mutations CAG -> GAC or GAT and/or TCA -> GAG or GAA
(at position(s) 307 - 309 and/or 313 - 315) as depicted in SEQ ID NO: 3, SEQ ID NO: 5 or
SEQ ID NO: 7.

The nucleic acid molecule of the invention may be DNA or RNA, wherein the DNA may constitute
of the genomic DNA or cDNA or synthetic DNA. RNA may constitute of natural RNA or synthetic
RNA.
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Thus, within the scope of the invention is an isolated polynucleotide sequence or isolated nucleic
acid molecule, which encodes a fungal serine protease enzyme variant or polypeptide comprising
the amino acid sequence of the mature form of the Malbranchea ALKO4122 enzyme characterized

in SEQ ID NO: 2 with amino acid substitution at position 103 and/or at position 105.

The present invention relates also to a recombinant expression vector or recombinant expression
construct, which can be used to propagate or express the nucleic acid sequence encoding the chosen
serine protease variant in a suitable prokaryotic or eukaryotic host. The recombinant expression
vector comprises DNA or nucleic acid sequences which facilitate or direct expression and secretion
of the serine protease encoding sequence in a suitable host, such as promoters, enhancers,
terminators (including transcription and translation termination signals) and signal and pro
sequences operably linked the polynucleotide sequence encoding said serine protease. The
expression vector may further comprise marker genes for selection of the transformant strains or
the selection marker may be introduced to the host in another vector construct by co-
transformation. Said regulatory sequences may be homologous or heterologous to the production
organism or they may originate from the organism, from which the gene encoding the serine

protease is isolated.

Examples of promoters for expressing the serine protease of the invention in filamentous fungal
hosts are the promoters of Trichoderma reesei native proteins, e.g. cellobiohydrolase 1, A. oryzae
TAKA amylase, alkaline protease ALP and triose phosphate isomerase, Rhizopus miehei lipase,
Aspergillus niger or A. awamori glucoamylase (glaA), Fusarium oxysporum trypsin-like protease

and Chrysosporium lucknowense cellobiohydrolase 1 promoter.

In yeast, for example promoters of S. cerevisiae enolase (ENO-1), galactokinase (GAL1), alcohol

dehydrogenase (ADH2) and 3-phosphoglycerate kinase can be used to provide expression.

Examples of promoter sequences for directing the transcription of the serine protease of the
invention in a bacterial host are the promoter of lac operon of Escherichia coli, the Streptomyces
coelicolor agarase dagA promoter, the promoter of the B. licheniformis alpha-amylase gene
(amyL), the promoter of the B. stearothermophilus maltogenic amylase gene (amyM), the

promoters of the B. sublitis xylA and xy/B genes, etc.

Suitable terminators include those of the above-mentioned genes or any other characterized

terminator sequences.
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Suitable transformation or selection markers include those which give a selectable property to the
transformant, for example the Aspergillus amdS or complement a defect in the host, for example
the Aspergillus niaD or dal genes from B. subtilis or B. licheniformis. The selection may be based
also on a marker conferring antibiotic resistance, such as ampicillin, kanamycin, chloramphenicol,

tetracycline, phleomycin or hygromycin resistance.

The present invention relates also to host cells comprising the recombinant expression vector as
described above. Suitable hosts for production of the fungal serine protease enzyme are
homologous or heterologous hosts, such as the microbial hosts including fungi, yeasts and bacteria.

Production systems in plant or mammalian cells are also possible.

Suitable expression and production host systems are for example the production system developed
for the filamentous fungus host consisting of members of the Class Sordariomycetes, Subclass
Hypocreomycetidae, Orders Hypocreales and Microascales and Aspergillus, Chrysosporium,
Myceliophthora and Humicola; more preferably from the group consisting of Families
Hypocreacea, Nectriaceae, Clavicipitaceae, Microascaceae, and Genera Trichoderma (anamorph
of Hypocrea), Fusarium, Gibberella, Nectria, Stachybotrys, Claviceps, Metarhizium, Villosiclava,
Ophiocordyceps, Cephalosporium, and Scedosporium; more preferably from the group consisting
of Trichoderma reesei (Hypocrea jecorina), T. citrinoviridae, T. longibrachiatum, T. virens, T.
harzianum, T. asperellum, T. atroviridae, T. parareesei, Fusarium oxysporum, F. gramineanum,
F. pseudograminearum, F. venenatum, Gibberella fujikuroi, G. moniliformis, G. zeaea, Nectria
(Haematonectria) haematococca, Stachybotrys chartarum, S. chlorohalonata, Claviceps
purpurea, Metarhizium acridum, M. anisopliae, Villosiclava virens, Ophiocordyceps sinensis,
Acremonium (Cephalosporium) chrysogenum, and Scedosporium apiospermum, and Aspergillus
niger, Aspergillus awamori, Aspergillus oryzae, Chrysosporium lucknowense, Myceliophthora
thermophila, Humicola insolens, and Humicola grisea, most preferably Trichoderma reesei. Non-
limiting examples of a production system are yeasts (e.g. Saccharomyces cerevisiae, Pichia
pastoris, Yarrowia lipolytica) and bacteria, preferably gram-positive Bacilli (e.g. Bacillus subtilis,
B. licheniformis, B. megaterium, B. amyloliquefaciens, B. pumilus), gram-negative bacteria (e.g.

Escherichia coli) and actinomycetales (e.g. Streptomyces sp.).

The present invention relates also to a process for producing a polypeptide having serine protease

activity, said process comprising the steps of culturing the natural or recombinant host cell carrying
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the recombinant expression vector for a serine protease variant of the invention under suitable
conditions and optionally isolating said enzyme. The production medium is a medium suitable for
growing the host organism and may contain inducers for efficient expression. Suitable media are

well-known from the literature.

The invention relates to a polypeptide having serine protease activity, said polypeptide being
encoded by the nucleic acid molecule of the invention and which is obtainable by the process

described above.

The invention further relates to a process for obtaining an enzyme preparation comprising a
polypeptide, which has serine protease activity, said process comprising the steps of culturing a
host cell carrying the expression vector of the invention and either recovering the polypeptide from
the cells or separating the cells from the culture medium and obtaining the supernatant having

serine protease activity.

The present invention relates also to an enzyme preparation, which comprises the serine protease
enzyme variant or variants as described above. The enzyme preparation or composition has serine

protease activity and is obtainable by the process according to the invention.

Within the invention is an enzyme preparation as well as composition comprising the serine

protease variant or variants of the invention.

The enzyme preparation or composition (e.g. detergent formulation) containing the protease
enzyme variant or variants of the invention may further comprise other enzymes selected from the
group consisting of proteases (other protease than that of the invention), amylases, lipases,
cellulases, cutinases, pectinases, polygalacturonases, pectate lyases, pectinolytic enzymes,
esterases, phytases, arabinases, galactanases, xanthanases, xyloglucanases, DNAses, mannanases,
xylanases and oxidases, such as a laccase or peroxidase with or without a mediator. These enzymes
are expected to enhance the performance of the serine proteases of the invention e.g. by removing
the carbohydrates and oils or fats present in the material to be handled. Said enzymes may be
natural or recombinant enzymes produced by the host strain or may be added to the culture

supernatant or preparation or composition after the production process.

Said enzyme preparation or composition may further comprise one or more suitable additives

selected from the group consisting of surfactants, builders, chelators or chelating agents, bleach
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system or bleach components, polymers, fabric conditioners, foam boosters, suds suppressors,
dyes, perfume, tannish inhibitors, optical brighteners, bactericides, fungicides, soil suspending
agents, anticorrosion agents, hydrotropes, fabric hueing agents, dispersants, dye transfer inhibiting
agents, fluorescent whitening agents, soil release polymers, anti-redepositions agents, anti-shrink
agents, anti-wrinkling agents, bactericides, binders, carriers, dyes, enzyme stabilizers, fabric
softeners, fillers, foam regulators, perfumes, pigments, buffers, preservatives, sod suppressors,
solvents, and structurants for liquid detergents, structure elasticizing agents, enzyme inhibitors or
stabilizers, enzyme activators, transferase(s), hydrolytic enzymes, oxido reductases, bluing agents

and fluorescent dyes, antioxidants, and solubilizers.

Surfactants are useful in emulsifying grease and wetting surfaces. The surfactant may be a non-
ionic including semi-polar and/or anionic and/or cationic and/or zwitterionic. Buffers may be
added to the enzyme preparation or composition to modify pH or affect performance or stability
of other ingredients. Suitable stabilizers include include polyols such as propylene glycol, or
glycerol, a sugar or sugar alcohol, sorbitol, or hexylene glycol, lactic acid, boric acid, or boric acid
derivatives, formic acid, aromatic borate ester, phenyl boronic acid derivative, peptide, other

reversible subtilisin inhibitors or a combination thereof.

Bleaching agent is used to oxidize and degrade organic compounds. Examples of suitable chemical
bleaching systems are H2O2 sources, such as perborate or percarbonate with or without peracid-
forming bleach activators such as tetraacetylethylenediamine, or alternatively peroxyacids, e.g.
amide, imide or sulfone type. Chemical oxidizers may be replaced partially or completely by using
oxidizing enzymes, such as laccases or peroxidases. Many laccases do not function effectively in

the absence of mediators.

Builders or complexing agents include substances, such as zeolite, diphosphate, triphosphate,
carbonate, citrate, etc. The enzyme preparation may further comprise one or more polymers, such
as carboxymethylcellulose, poly(ethylene glycol), poly(vinyl alcohol), poly(vinylpyrrolidone),
etc. Also, softeners, caustics, preservatives for preventing spoilage of other ingredients, abrasives

and substances modifying the foaming and viscosity properties can be added.

According to one preferred embodiment of the invention said enzyme preparation or composition
comprising said enzyme variant is in the form of liquid composition or a solid composition such

as solution, dispersion, paste, powder, granule, granulate, coated granulate, tablet, cake, crystal,
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crystal slurry, gel or pellet. According to a preferred embodiment of the invention said composition
is a in liquid detergent or a solid detergent preferably in a form of a bar, a homogenous tablet, a
tablet having two or more layers, a pouch having one or more compartments, a regular or compact
powder, a granule, a granulate, a paste, a gel, or a regular, compact or concentrated liquid. Further,

the enzyme variant in the preparation or composition may be in the form of immobilized enzyme.

The serine protease of the present invention may like other proteases, particularly alkaline
proteases be used in the detergent, protein, brewing, meat, photographic, leather, dairy and
pharmaceutical industries (Kalisz, 1988; Rao et al., 1998). For example, it may be used as an
alternative to chemicals to convert fibrous protein waste (e.g. horn, feather, nails and hair) to useful
biomass, protein concentrate or amino acids (Anwar and Saleemuddin, 1998). The use of the serine
protease of the present invention may like other proteases prove successful in improving leather
quality and in reducing environmental pollution and saving energy and it may be useful in
synthesis of peptides and resolution of the mixture of D,L-amino acids. Subtilisin in combination
with broad-spectrum antibiotics in the treatment of burns and wounds is an example of the use of
serine proteases in pharmaceutical industry, therefore the fungal serine protease of the present
invention may also find such use and may also be applicable in removal of blood on surgical
equipments and cleaning contact lenses or dentures. Like alkaline protease from Conidiobolus
coronatus, the fungal serine protease variant of the present invention may be used for replacing
trypsin in animal cell cultures. The proteases of the invention can also be used in cleaning of
membranes and destruction of biofilms. In baking the proteases can be used e.g. in destruction of
the gluten network and in other food applications in hydrolysis of food proteins, e.g proteins in
milk. They can also be used e.g. in treating yeast, rendering (extracting more protein from animal
bones), creating new flavours, reducing bitterness, changing emulsifying properties, generating
bioactive peptides and reducing allergenicity of proteins. The substrates include animal, plant and

microbial proteins.

Detergent industry, particularly the laundry detergent industry, has emerged as the single major
consumer of proteases active at high pH range (Anwar and Saleemuddin, 1998). The ideal
detergent protease should possess broad substrate specificity to facilitate the removal of large
variety of stains due to food, grass, blood and other body secretions. It has to be active in the pH
and ionic strength of the detergent solution, the washing temperature and pH, and tolerate

mechanical handling as well as the chelating and oxidizing agents added to detergents. Due to
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awareness for energy conservation, it is currently desirable to use the protease at lower

temperatures.

The present invention relates also to the use of the serine protease enzyme variant or the enzyme
variant preparation for detergents, treating textile fibers, for treating proteinaceous materials, such
as wool, hair, silk, leather, for treating feed or food, or for any application involving modification,

degradation or removal of proteinaceous material.

One preferred embodiment of the invention is therefore the use of the serine protease enzyme
variant as characterized above as a detergent additive useful for laundry detergent and dish wash

compositions, including automatic dish washing compositions.

The expression “detergent” is used to mean substance or material intended to assist cleaning or
having cleaning properties. The term “detergency” indicates presence or degree of cleaning
property. The degree of cleaning property can be tested on different proteinaceous or protein
containing substrate materials or stains or stain mixtures bound to solid, water-insoluble carrier,
such as textile fibers or glass. Typical proteinaceous material includes blood, milk, ink, egg, grass
and sauces. For testing purposes variety of proteinaceous stains are commercially available. The
function of the detergent enzyme is to degrade and remove the protein-containing stains. Test
results depend on the type of stain, the composition of the detergent and the nature and status of

textiles used in the washing test (Maurer, 2004).

In the present invention the term “detergent stability” means that the enzyme or enzyme variant
sufficiently retains its activity in detergent solution, during storage and/or washing. Therefore, it
is efficient in degrading or removing stains or material in the presence of a detergent). The stability
may be assayed by determining the residual activity e.g. after several days incubation (at 37°C) in
detergent. The stability could be measured by various, enzyme specific activity measurements or

as wash performance by application tests.

The term “effective amount” of a serine protease refers to the quantity of the protease enzyme
necessary to achieve the enzymatic activity in the specific detergent composition. Preferably the
detergent composition of the invention comprises from about 0.0001% to about 10% by weight of
the detergent composition of a protease variant of the invention (as enzyme protein), more

preferably from 0.001% to about 1%, still more preferably from 0.001% to about 0.5%.
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Typically, the wash performance of protease is measured as “stain removal efficiency’ or “stain
removal effect” or “degree of cleaning property” meaning a visible and measurable increase of
lightness or change in colour of the stained material, e.g. in artificially soiled swatches or test
cloths. Lightness or change in colour values can be measured, for example by measuring the colour
as reflectance values with a spectrophotometer using L*a*b* colour space coordinates. Fading or
removal of proteinaceous stain indicating of the protease performance (stain removal effect or
efficiency) is calculated for example as AL*, which means lightness value L* of enzyme treated
fabric minus lightness value L* of fabric treated with washing liquor without enzyme (enzyme
blank or control). The presence of detergent may improve the performance of the enzyme in
removing the stains. The serine protease of the present invention degrades various kinds of
proteinaceous stains (Cocoa (E-112), blood/milk/ink, Co + PES (E-117), blood/milk/ink, Co (E-
116), grass (E-164, full egg with pigment (C-S-37), egg yolk with pigment (C-S-38), chocolate
milk soot (C-03) and groundnut oil, milk (C-10)) under alkaline conditions in the presence of

detergent (Example 2).

The object of the present invention is to provide novel Malbranchea protease variants that have
better performance for stain removal (such as blood-milk-ink, full egg with pigment and egg yolk
with pigment) as compared to the commercial enzymes and wild type Malbranchea protease, while
the stability of the enzyme variants is as good or better as that of wild type Malbranchea protease.
In addition, these variants of present invention are gentler to or less aggressive towards other

enzymes like cellulases as shown in Example 3 Figures 8 and 9.

In addition to washing, the enzyme variants of the present invention sufficiently retain their activity
also during storage, even when stored in liquid detergents, as Malbranchea ALKO4122 protease

(data not shown).

According to a preferred embodiment of the invention the fungal serine protease variants of the
invention are useful in detergent liquids and detergent powders. The enzyme variant of enzyme
preparation of the invention may be formulated for use in a hand or machine laundry or may be

formulated for use in hard surface cleaning or in hand or machine dishwashing operations.

An aspect of the present invention is a recombinant serine protease enzyme comprising an amino
acid sequence having at least 70 % identity to an amino acid sequence as defined in SEQ ID NO:

2 and which comprises amino acid D at position 103 and/or amino acid E at position 105 in the
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numbering according to SEQ ID NO: 2. A preferred aspect of the present invention is the
recombinant serine protease enzyme, wherein, in the numbering according to SEQ ID NO: 2, said
polypeptide has at least one amino acid substitution selected from Q103D and S105E. According
to a more preferred aspect of the invention the recombinant serine protease enzyme’s amino acid
sequence corresponds to one of the amino acid sequences specified in SEQ ID NO: 4, SEQ ID
NO: 6 or SEQ ID NO: 8.

An isolated nucleic acid molecule comprising a polynucleotide sequence which encodes a serine
protease enzyme selected from the group consisting of: (a) a nucleic acid molecule encoding a
polypeptide having serine protease activity and comprising the amino acid sequence as depicted
in SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ ID NO: 8; and (b) a nucleic acid molecule comprising
the coding sequence of the nucleotide sequence as depicted in SEQ ID NO: 3 or SEQ ID NO: 5 or
SEQ ID NO: 7 is also an aspect of this invention.

Another aspect of the invention is a recombinant expression vector comprising the isolated nucleic
acid which encodes a serine protease enzyme selected from the group consisting of: (a) a nucleic
acid molecule encoding a polypeptide having serine protease activity and comprising the amino
acid sequence as depicted in SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ ID NO: 8; and (b) a nucleic
acid molecule comprising the coding sequence of the nucleotide sequence as depicted in SEQ ID
NO: 3 or SEQ ID NO: 5 or SEQ ID NO: 7 operably linked to sequences capable of directing
expression and secretion of said serine protease enzyme in a suitable host. Also, an aspect of the
invention is an enzyme preparation, which comprises the recombinant serine protease enzyme. A
preferred aspect of the invention is the enzyme preparation comprising other enzymes selected
from the group consisting of proteases, amylases, cellulases, lipases, xylanases, mannanases,
cutinases, pectinases, polygalacturonases, pectate lyases, pectinolytic enzymes, esterases,
phytases, arabinases, galactanases, xanthanases, xyloglucanases, DNAses, and oxidases, with or
without a mediator. another preferred aspect of the invention is the enzyme preparation comprising
one or more additives selected from the group consisting of stabilizers, buffers, surfactants,
builders, bleaching agents, mediators, anti-corrosion agents, antiredeposition agents, caustics,
abrasives, optical brighteners, dyes, perfumes, pigments, and preservatives. according to one
preferred embodiment, the enzyme preparation is in the form of liquid composition or a solid
composition such as solution, dispersion, paste, powder, granule, granulate, coated granulate,

tablet, cake, crystal, crystal slurry, gel or pellet.
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A host cell comprising this recombinant expression vector according to the invention is one aspect
of the invention. Preferably, the host is a microbial host. More preferably, said host is a filamentous
fungus. Evan more preferably, said host is of a genus Trichoderma, Aspergillus, Fusarium,
Humicola, Chrysosporium, Neurospora, Rhizopus, Penicillium, Myceliophthora and Mortierella.

Most preferably, said host is 7. reesei.

One aspect of the invention is a process for producing a protease enzyme, the method comprising
the step of introducing an amino acid substitution Q103D and/or S105E into the sequence which
comprises an amino acid sequence having at least 70 % identity to the amino acid sequence as
defined in SEQ ID NO: 2. One preferred aspect of the invention is this process of producing a
protease enzyme, wherein said process further comprises the steps of culturing the host cell and

recovering the enzyme.

According to a preferred embodiment, the recombinant serine protease enzyme or the enzyme
preparation according to the present invention can be used for detergents, for treating fibers, for
treating proteinaceous materials, for treating food or feed, or for applications involving
modification, degradation or removal of proteinaceous material. Preferred embodiment is the use
of the recombinant serine protease enzyme or the enzyme preparation according to the present
invention as a detergent additive. Still another preferred embodiment is the use of the recombinant
serine protease enzyme or the enzyme preparation in liquid detergent or a solid detergent
preferably in a form of a bar, a homogenous tablet, a tablet having two or more layers, a pouch
having one or more compartments, a regular or compact powder, a granule, a granulate, a paste, a

gel, or a regular, compact or concentrated liquid.

A detergent composition, characterized in that said composition comprises surfactants, the
recombinant serine protease enzyme or the enzyme preparation according to the present invention,
and additives selected from the group consisting of stabilizers, buffers, builders, bleaching agents,
mediators, anti-corrosion agents, antiredeposition agents, caustics, abrasives, optical brighteners,
dyes, perfumes, pigments, and preservatives, is also a preferred aspect of the present invention.
The detergent composition which comprises other enzymes selected from the group consisting of
proteases, amylases, cellulases, lipases, xylanases, mannanases, cutinases, pectinases,
polygalacturonases, pectate lyases, pectinolytic enzymes, esterases, phytases, arabinases,

galactanases, xanthanases, xyloglucanases, DN Ases, and oxidases, with or without a mediator
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is still another preferred aspect of the invention.

An aspect of the invention is a recombinant serine protease enzyme comprising an amino acid
sequence having at least 70 % identity to an amino acid sequence as defined in SEQ ID NO: 2 and
which comprises amino acid D at position 103 and/or amino acid E at position 105 in the
numbering according to SEQ ID NO: 2. A preferred aspect of the invention is a recombinant serine
protease enzyme comprising an amino acid sequence having at least 70 % identity to an amino
acid sequence as defined in SEQ ID NO: 2 and which comprises amino acid D at position 103
and/or amino acid E at position 105 in the numbering according to SEQ ID NO: 2, wherein, in the
numbering according to SEQ ID NO: 2, said polypeptide has at least one amino acid substitution
selected from Q103D and S105E. A still more preferrd aspect of the present invention is a
recombinant serine protease enzyme comprising an amino acid sequence having at least 70 %
identity to an amino acid sequence as defined in SEQ ID NO: 2 and which comprises amino acid
D at position 103 and/or amino acid E at position 105 in the numbering according to SEQ ID NO:
2, wherein its amino acid sequence corresponds to one of the amino acid sequences specified in

SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8.

An isolated nucleic acid molecule comprising a polynucleotide sequence which encodes a serine
protease enzyme selected from the group consisting of: (a) a nucleic acid molecule encoding a
polypeptide having serine protease activity and comprising the amino acid sequence as depicted
in SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ ID NO: 8; and (b) a nucleic acid molecule comprising
the coding sequence of the nucleotide sequence as depicted in SEQ ID NO: 3 or SEQ ID NO: 5 or

SEQ ID NO: 7 is also an aspect of the present invention.

Further, a recombinant expression vector comprising the isolated nucleic acid comprising a
polynucleotide sequence which encodes a serine protease enzyme selected from the group
consisting of: (a) a nucleic acid molecule encoding a polypeptide having serine protease activity
and comprising the amino acid sequence as depicted in SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ
ID NO: 8; and (b) a nucleic acid molecule comprising the coding sequence of the nucleotide
sequence as depicted in SEQ ID NO: 3 or SEQ ID NO: 5 or SEQ ID NO: 7 operably linked to
regulatory sequences capable of directing expression of said serine protease enzyme in a suitable

host is an aspect of the present invention.
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A host cell comprising the recombinant expression vector comprising the isolated nucleic acid
comprising a polynucleotide sequence which encodes a serine protease enzyme selected from the
group consisting of: (a) a nucleic acid molecule encoding a polypeptide having serine protease
activity and comprising the amino acid sequence as depicted in SEQ ID NO: 4 or SEQ ID NO: 6
or SEQ ID NO: 8; and (b) a nucleic acid molecule comprising the coding sequence of the
nucleotide sequence as depicted in SEQ ID NO: 3 or SEQ ID NO: 5 or SEQ ID NO: 7 operably
linked to regulatory sequences capable of directing expression of said serine protease enzyme in a
suitable host is an aspect of the present invention. According to a more preferred aspect of the
invention the host cell is a microbial host cell. According to an even more preferred aspect of the
invention the host cell is a filamentous fungus. The host cell being of a genus Trichoderma,
Aspergillus, Fusarium, Humicola, Chrysosporium, Neurospora, Rhizopus, Penicillium,
Myceliophthora and Mortierella is a still more preferred aspect of the invention. According to the

most preferred aspect of the invention, the host cell is T reesei.

An aspect of the present invention is a process for producing a protease enzyme, the method
comprising the step of introducing an amino acid substitution Q103D and/or S105E into the
sequence which comprises an amino acid sequence having at least 70 % identity to the amino acid

sequence as defined in SEQ ID NO: 2.

According to a more preferred aspect the process of producing a protease enzyme further
comprises the steps of culturing the host cell comprising the recombinant expression vector
comprising the isolated nucleic acid comprising a polynucleotide sequence which encodes a serine
protease enzyme selected from the group consisting of: (a) a nucleic acid molecule encoding a
polypeptide having serine protease activity and comprising the amino acid sequence as depicted
in SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ ID NO: 8; and (b) a nucleic acid molecule comprising
the coding sequence of the nucleotide sequence as depicted in SEQ ID NO: 3 or SEQ ID NO: 5 or
SEQ ID NO: 7 operably linked to regulatory sequences capable of directing expression of said

serine protease enzyme in a suitable host and recovering the enzyme.

An enzyme preparation, which comprises the recombinant serine protease enzyme comprising an
amino acid sequence having at least 70 % identity to an amino acid sequence as defined in SEQ
ID NO: 2 and which comprises amino acid D at position 103 and/or amino acid E at position 105

in the numbering according to SEQ ID NO: 2. According to a more preferred aspect of the
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invention, the enzyme preparation comprises other enzymes selected from the group consisting of
proteases, amylases, cellulases, lipases, xylanases, mannanases, cutinases, pectinases,
polygalacturonases, pectate lyases, pectinolytic enzymes, esterases, phytases, arabinases,

galactanases, xanthanases, xyloglucanases, DN Ases, and oxidases, with or without a mediator.

According to an even more preferred aspect, the enzyme preparation comprises one or more
additives selected from the group consisting of stabilizers, buffers, surfactants, builders, bleaching
agents, mediators, anti-corrosion agents, antiredeposition agents, caustics, abrasives, optical
brighteners, dyes, perfumes, pigments, and preservatives. According to the most preferred aspect
the enzyme preparation is in the form of liquid composition or a solid composition such as solution,
dispersion, paste, powder, granule, granulate, coated granulate, tablet, cake, crystal, crystal slurry,

gel or pellet.

An aspect of the invention is a use of the recombinant serine protease enzyme comprising an amino
acid sequence having at least 70 % identity to an amino acid sequence as defined in SEQ ID NO:
2 and which comprises amino acid D at position 103 and/or amino acid E at position 105 in the
numbering according to SEQ ID NO: 2 or the enzyme preparation, which comprises the
recombinant serine protease enzyme comprising an amino acid sequence having at least 70 %
identity to an amino acid sequence as defined in SEQ ID NO: 2 and which comprises amino acid
D at position 103 and/or amino acid E at position 105 in the numbering according to SEQ ID NO:
2 for detergents, for treating fibers, for treating proteinaceous materials, for treating food or feed,

or for applications involving modification, degradation or removal of proteinaceous material.

According to a preferred aspect of the invention, the proteinaceous materials is selected from wool,
hair, leather and silk. According to an even more preferred aspect of the invention the enzyme
preparation is used as a detergent additive. According to the most preferred aspect of the invention
is the use of the recombinant serine protease enzyme or the enzyme preparation in liquid detergent
or a solid detergent preferably in a form of a bar, a homogenous tablet, a tablet having two or more
layers, a pouch having one or more compartments, a regular or compact powder, a granule, a

granulate, a paste, a gel, or a regular, compact or concentrated liquid.

Also a detergent composition that comprises surfactants, the recombinant serine protease enzyme
comprising an amino acid sequence having at least 70 % identity to an amino acid sequence as

defined in SEQ ID NO: 2 and which comprises amino acid D at position 103 and/or amino acid E
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at position 105 in the numbering according to SEQ ID NO: 2 or the enzyme preparation, which
comprises the recombinant serine protease enzyme comprising an amino acid sequence having at
least 70 % identity to an amino acid sequence as defined in SEQ ID NO: 2 and which comprises
amino acid D at position 103 and/or amino acid E at position 105 in the numbering according to
SEQ ID NO: 2, and additives selected from the group consisting of stabilizers, buffers, builders,
bleaching agents, mediators, anti-corrosion agents, antiredeposition agents, caustics, abrasives,

optical brighteners, dyes, perfumes, pigments, and preservatives, is an aspect of the invention.

A further aspect of the invention is the detergent composition comprising other enzymes selected
from the group consisting of proteases, amylases, cellulases, lipases, xylanases, mannanases,
cutinases, pectinases, polygalacturonases, pectate lyases, pectinolytic enzymes, esterases,
phytases, arabinases, galactanases, xanthanases, xyloglucanases, DNAses and oxidases, with or

without a mediator.

As a conclusion, novel fungal serine protease enzyme variants are provided, originating from a
thermophilic micro-organism, and which are compatible and stable in liquid detergent
compositions and less aggressive for other enzymes, whereby less stabilizing and other additives

are needed.

The invention is illustrated with the following examples relating to some embodiments of the

invention; however, the invention is not meant to be limited to these examples only.

EXAMPLES

EXAMPLE 1. Design and production of Malbranchea protease variants in Trichoderma

reesei

Three Malbranchea protease variants, named as M59 (Q103D), M60 (S105E) and M61 (Q103D;
S105E) (Table 1) were designed basing on the amino acid sequence of the mature wild-type
Malbranchea ALKO4122 protease, designated here as MO (nucleic acid sequence encoding the
amino acid sequence of mature Malbranchea ALKO4122 protease SEQ ID NO: 1, deduced amino
acid sequence SEQ ID NO: 2). Synthetic variant genes, each including the native signal and pro-
sequence encoding nucleotide sequences of the Malbranchea ALKO4122 protease (SEQ ID NO:

9; Fig. 1) and variant mature encoding sequence (see Table 1 for the SEQ ID numbers) were
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ordered from GenScript. The synthetic genes also included, in their 5- and 3"-ends, 7. reesei
sequences enabling correct fusion to the cbhl promoter (Sacll site included in the cbhl promoter
and cbhl promoter sequence from Sacll to end of promoter) and cbhl terminator (sequence
following the chbhl STOP codon to Agel site in the terminator and Agel site). For the T. reesei

genome sequence and gene organization see https://genome.jgi.doe.gov/Trire2/Trire2 home html.

The synthetic genes were cleaved from the commercial GenScript vector and expression cassettes
were constructed for production of the recombinant protease variants (Fig. 2, Table 1) by ligating
the synthetic genes to Sacll - Agel digested expression vector using standard molecular biology
methods. In the final expression cassettes, the synthetic genes encoding the full-length protease
variants were fused to 7. reesei cbhl (cel7A) promoter and terminator (exact fusions) similarly to
the constructions described in Paloheimo et al. (2003). Synthetic amdS gene encoding the
Aspergillus nidulans acetamidase (AmdS) was used as a transformation marker in the expression

cassettes (Fig. 2).

Table 1. Information on the synthetic genes designed and used in construction of the expression
cassettes for production of the Malbranchea protease variants in 7. reesei. The SEQ ID numbers
for the mature protease encoding nucleotide sequences, the mature amino acid sequences and
mutated amino acid positions are numbered by correspondence with the mature Malbranchea
protease amino acid sequence without signal and pro-sequences (SEQ ID NO:2). The triplet
codons for D and E were chosen which are more frequently used by 7. reesei of the two possible

options (GAC and GAT for D, GAA and GAG for E).

Variant Mutation Deduced amino | Gene SEQ ID | Expression plasmid
designation (codon change) | acid sequence NO:
SEQ ID NO:
M59 Q103D 4 3 pALK4521
(CAG >
GAC/GAT)
M60 S105E 6 5 pALK4522
(TCA >
GAG/GAA)
M61 Q103D, S105E 8 7 pALK4523
(CAG >
GAC/GAT,
TCA >
GAG/GAA)
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The expression cassettes pALK4521, pALK4522 and pALK4523 (Fig. 2) were isolated from the
vector backbones of the expression plasmids by Nofl digestion and were used for transforming the
T. reesei host strain. The transformations were performed to 7. reesei protoplasts according to
Penttild er al. (1987) with the modifications described in Karhunen ef al. (1993). The transformants
were selected on plates containing acetamide as the sole nitrogen source. A set of transformants
from each transformation was purified on selection plates through single conidia prior to

sporulating them on potato dextrose (PD) agar.

For protease production the transformants were inoculated from the PD slants to 50 ml of complex
lactose-based cellulase inducing medium (Joutsjoki et al., 1993) buffered with 5% KH2PO4 at pH
6.0, in 250 ml Erlenmeyer flasks. The untransformed host strain and a previously constructed
transformant strain producing the recombinant wild-type Malbranchea protease (M0) were used
as references in the cultivations. The protease production from the transformants was analyzed

from the culture supernatants after growing them for 5 days at 30°C, 250 rpm.

All the three mutant proteases were well produced by T. reesei. In SDS-PAGE gels, a major protein
band of approximately 30 kDa, corresponding to the expected molecular mass of the recombinant
protease was detected from the spent culture supernatants. The protease activity was assayed using
casein as a substrate as described in patent EP2691520B1, using optimized absorbance range of
0,1 - 0,5 (target 0,3 -0,35) for this molecule. One protease unit (BPU) is comparable to an amount
of enzyme activity, which under standard conditions in 1 minute releases from casein an amount
of peptide fragments equal to 1 ug of tyrosine. Corresponding protease activities were obtained
from the pALK4521, pALK4522 and pALK4523 transformants as from the reference transformant

producing the recombinant wild-type Malbranchea protease.

The T. reesei transformants producing the best protease activities in the shake flask cultivations
were cultivated in laboratory scale bioreactors. Cellulase inducing complex medium was used in
the cultivations. The spent culture media obtained from the shake flask or bioreactor cultivations

was used in the application tests (Examples 2 - 3).

EXAMPLE 2. Stain removal performance of Malbranchea ALKO 4122 protease variants in
liquid detergent

Shake flask cultivation samples of Malbranchea protease variants produced in Trichoderma (as

described in Example 1), were tested for their ability to remove protease sensitive standard stains
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at 40 °C and water hardness of 16°dH with a commercial liquid detergent and compared to parental
molecule MO. The following artificially soiled test cloths from Center for test material B.V. (the
Netherlands), were used: Cocoa (E-112), blood/milk/ink, Co + PES (E-117), blood/milk/ink, Co
(E-116), grass (E-164, full egg with pigment (C-S-37), egg yolk with pigment (C-S-38), chocolate
milk soot (C-03) and groundnut oil, milk (C-10). The fabric was cut in 6 cm x 6 cm swatches.
Commercial Liquid detergent base without enzymes was used at concentration of 5 g per liter of
wash liquor pH of the wash liquor was approximately 8.2. Proteases were dosed as enzyme activity
units (BPU) correlating to ug tyrosine/min per ml wash liquor as described in Example 1. Control

sample contained the detergent solution but no protease.

For synthetic tap water with hardness of 16 °dH the following stock solutions were prepared in

deionized water (Milli-Q or equivalent):

Stock solution with 1000 °d Calcium-hardness: CaCl, x 2 H>O (1.02382.1000, Merck KGaA,
Germany) 26,22 g/l

Stock solution with 200 °d Magnesium-hardness: MgSO4 x 7 H20 (1.05886.1000, Merck KGaA,
Germany) 8,79 g/l H2O

NaHCOs stock solution: NaHCOs3 (1.06329.1000 Merck KGaA, Germany) 29,6 g/l

13,3 ml CaCl; solution, 13,3 ml MgSO4 solution and 10,0 ml of freshly made NaHCOs solution
were added in volumetric flask in the given order, made up to 1 liter with deionized water and

mixed. The hardness of water was determined by complexometric titration and found correct.

Stain removal treatments were performed in Atlas LP-2 Launder-Ometer as follows. Launder-
Ometer was first preheated to 40°C. Then detergent, 250 ml synthetic tap water with hardness of
16 °dH and diluted enzyme (<1,0 ml) were added into 1.2-liter containers. Stains were added and
the Launder-Ometer was run at 40 °C for 60 min with a rotation speed of 42 rpm. Stains E-112,
E-116, E-117 and E-164 were together in a same container and the rest of the stains in another.
After that the swatches were carefully rinsed under running water and dried overnight at indoor

air, on a grid protected against daylight.

The stain removal effect was evaluated by measuring the colour as reflectance values with Konica
Minolta CM-3610A spectrophotometer using L*a*b* color space coordinates (illuminant

D65/10°, 420 nm cut). Fading of the stains, indicating protease performance (stain removal
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efficiency) was calculated as AL* (delta L*), which means lightness value L* of enzyme treated
fabric minus lightness value L* of fabric treated with washing liquor without protease (control).

Final results (total stain removal effect) were shown as sum of AL* of each stain.

The best stain removal effect (as a sum of AL* of 8 stains) was obtained with the shake flask
supernatants of variants M60 and M61, as shown in Fig 3. The performance compared to parental

molecule MO was surprisingly improved especially on blood-milk-ink and egg stains (Figs 4 and

5).

Tests were carried out also with a production like sample of M60 from pilot cultivation using
similar test system as described above but having broader dosing range (0 — 12 BPU/ml wash
liquor), representing a typical dosing range of commercial proteases (0,1 - 1 % enzyme product of
detergent weight). Results obtained with the production like sample of M0 confirmed that the stain
removal performance of M60 was considerably better compared to parental molecule MO (Fig. 6),
especially with blood-milk-ink (Fig. 7 A and 7B) and full egg (Fig. 7C) and egg yolk (Fig.7D)

stains.

EXAMPLE 3. Degrading effect of protease variants on commercial cellulase in a liquid

detergent at 37 °C

Shakeflask cultivation supernatants of M0 variants, produced in Trichoderma as described in
Example 1, were tested based on their degrading effect on a commercial cellulase at 37 °C in a
liquid detergent. Parental molecule MO was used as reference. An amount of protease,
corresponding to activity of 520 BPU/g, was added to a liquid screening detergent containing 1%
(w/w) of the commercially available cellulase BIOTOUCH® DCL (by AB Enzymes). Protease
activity was measured as described in Example 1. The composition of the detergent is described
in Table 2. Samples in plastic tubes with caps were incubated at 37 °C for 7 days. The cellulase
activity was measured after incubation as the release of reducing sugars from
carboxymethylcellulose (3 % CMC) at 50 °C in 50 mM HEPES buffer pH 7.0 essentially as
described by Bailey and Nevalainen, 1981; Haakana, et al, 2004 (NCU activity). Results were
calculated as relative residual cellulase activity, which was obtained by dividing the residual
activity of M61 containing sample after incubation at 37 °C by than that of parental molecule M0
containing sample. Residual activity (%) was calculated by dividing the activity of a sample after

incubation at 37 °C by the initial activity of the sample. In addition to cellulase activity (NCU, the
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residual protease activity (BPU) of the samples was measured as well after 7 days, using the

method described in Example 1.

Table 2. Composition of a liquid detergent formulation.

Ingredient %
Anionic surfactants 10 - 20
Nonionic surfactants, soap 5-10
Boric acid <1
Propylene glycol 4-8%
Ethanol 2-5%
pH 8,0 -8,4

Based on results shown in Figure 8, the stability of cellulase was improved in the presence of
variant proteases in liquid detergent at 37 °C without significant changes in the protease activity
compared to parental molecule MO (data was not shown). Best cellulase stability was obtained
using shake flask cultivation samples of protease variants M60 and M61, with them the stability
of cellulase activity was improved approx. 1.4 times, when protease was added 520 BPU/g in

detergent.

Stability tests were carried out also with a production like sample of M60 from pilot cultivation
using similar test system as described above but having high amount of protease corresponding to

2080 BPU per g of detergent. Parental molecule MO was used as reference.

Results obtained with the production like sample of M60 confirmed that also with high protease
amount there was considerably more cellulase activity left (about 1.8x) compared to parental
molecule MO (Fig. 9), without significant changes in the residual protease activity (data not shown)
during 7 or 14 days. Results of these tests indicate that variants of this invention with improved
wash performance (stain removal effect) are also less aggressive to cellulase than parental

molecule MO.
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CLAIMS

1. A recombinant serine protease enzyme comprising an amino acid sequence having at least 70
% identity to an amino acid sequence as defined in SEQ ID NO: 2 and which comprises amino
acid D at position 103 and/or amino acid E at position 105 in the numbering according to SEQ ID
NO: 2.

2. The recombinant serine protease enzyme according to claim 1, wherein, in the numbering
according to SEQ ID NO: 2, said polypeptide has at least one amino acid substitution selected
from Q103D and S105E.

3. The recombinant serine protease enzyme according to claim 1 or 2, wherein its amino acid
sequence corresponds to one of the amino acid sequences specified in SEQ ID NO: 4, SEQ ID
NO: 6 or SEQ ID NO: 8.

4. An isolated nucleic acid molecule comprising a polynucleotide sequence which encodes a serine

protease enzyme selected from the group consisting of:

(a) a nucleic acid molecule encoding a polypeptide having serine protease activity and
comprising the amino acid sequence as depicted in SEQ ID NO: 4 or SEQ ID NO: 6 or SEQ
ID NO: 8; and

(b) a nucleic acid molecule comprising the coding sequence of the nucleotide sequence as

depicted in SEQ ID NO: 3 or SEQ ID NO: 5 or SEQ ID NO: 7.

5. A recombinant expression vector comprising the isolated nucleic acid according to claim 4
operably linked to regulatory sequences capable of directing expression of said serine protease

enzyme in a suitable host.
6. A host cell comprising the recombinant expression vector according to claim 5.
7. The host cell according to claim 6, characterized in that said host is a microbial host.

8. The host cell according to claim 6 or 7, characterized in that said host is a filamentous fungus.
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9. The host cell according to any of claim 6 to 8, characterized in that said host is of a genus
Trichoderma, Aspergillus, Fusarium, Humicola, Chrysosporium, Neurospora, Rhizopus,

Penicillium, Myceliophthora and Mortierella.
10. The host cell according to claim 9, characterized in that said host is 7. reesei.

11. A process for producing a protease enzyme, the method comprising the step of introducing an
amino acid substitution Q103D and/or S105E into the sequence which comprises an amino acid

sequence having at least 70 % identity to the amino acid sequence as defined in SEQ ID NO: 2.

12. The process of producing a protease enzyme according to claim 11, said process further
comprising the steps of culturing the host cell according to any of claims 6 to 10 and recovering

the enzyme.

13. An enzyme preparation, which comprises the recombinant serine protease enzyme according

to any of claims 1 to 3.

14. The enzyme preparation according to claim 13, characterized in that said preparation
comprises other enzymes selected from the group consisting of proteases, amylases, cellulases,
lipases, xylanases, mannanases, cutinases, pectinases, polygalacturonases, pectate lyases,
pectinolytic enzymes, esterases, phytases, arabinases, galactanases, xanthanases, xyloglucanases,

DNAses, and oxidases, with or without a mediator.

15. The enzyme preparation according to claim 13 or 14, characterized in that said preparation
comprises one or more additives selected from the group consisting of stabilizers, buffers,
surfactants, builders, bleaching agents, mediators, anti-corrosion agents, antiredeposition agents,

caustics, abrasives, optical brighteners, dyes, perfumes, pigments, and preservatives.

16. The enzyme preparation according to any one of claims 13 to 15, characterized in that said
enzyme preparation is in the form of liquid composition or a solid composition such as solution,
dispersion, paste, powder, granule, granulate, coated granulate, tablet, cake, crystal, crystal slurry,

gel or pellet.

17. Use of the recombinant serine protease enzyme according to any of claims 1 to 5 or the enzyme

preparation according to any of claims 13 to 16 for detergents, for treating fibers, for treating
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proteinaceous materials, for treating food or feed, or for applications involving modification,

degradation or removal of proteinaceous material.

18. Use of the recombinant serine protease enzyme according to any of claims 1 to 5 or the enzyme
preparation according to any of claims 13 to 16, wherein the proteinaceous materials is selected

from wool, hair, leather and silk.

19. Use of the recombinant serine protease enzyme according to any of claims 1 to 5 or the enzyme

preparation according to any of claims 13 to 16 as a detergent additive.

20. Use of the recombinant serine protease enzyme according to any of claims 1 to 5 or the enzyme
preparation according to any of claims 13 to 16 in liquid detergent or a solid detergent preferably
in a form of a bar, a homogenous tablet, a tablet having two or more layers, a pouch having one or
more compartments, a regular or compact powder, a granule, a granulate, a paste, a gel, or a

regular, compact or concentrated liquid.

21. A detergent composition, characterized in that said composition comprises surfactants, the
recombinant serine protease enzyme according to any of claims 1 to 5 or the enzyme preparation
according to any of claims 13 to 16, and additives selected from the group consisting of stabilizers,
buffers, builders, bleaching agents, mediators, anti-corrosion agents, antiredeposition agents,

caustics, abrasives, optical brighteners, dyes, perfumes, pigments, and preservatives.

22. The detergent composition according to claim 21, characterized in that said composition
comprises other enzymes selected from the group consisting of proteases, amylases, cellulases,
lipases, xylanases, mannanases, cutinases, pectinases, polygalacturonases, pectate lyases,
pectinolytic enzymes, esterases, phytases, arabinases, galactanases, xanthanases, xyloglucanases,

DNAses and oxidases, with or without a mediator.
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