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NOVEL ENZYMES FOR USE IN ENZYMATIC BLEACHING OF FOOD PRODUCTS

The present invention relates to novel enzymes suitable for use in a method for
preparing a food products having increased whiteness, the use of the enzyme to
increase whiteness of at least part of a food product, a process for preparing a food
product wherein the enzyme is used and the food product obtained.

In some types of food product a white colour of at least part of the food product is
seen as desirable, for example in dairy products, for example cheeses, whey, butter, and
milk powder and in flour-based products, for example bread and noodles.

The raw materials or intermediate products of such food products however may
comprise pigments, which can cause off-white to yellow colour of the food product.
Examples of such pigments are carotenoids (carotenes and xanthophylls) and flavones.

In white bread for example, a white crumb is seen as a desirable property. A
whiter crumb may be obtained by using enzymes such as catalase, peroxidase, lipase
and/or lipoxygenase, see for instance ‘Oxido-reductases and Lipases as Dough-
Bleaching Agent’ by P. Gélinas et al, Cereal Chem, 75(6), 810-814 (1998). All enzymes
mentioned have a bleaching effect on the crumb. At present, the baking industry mostly
uses enzyme active soy flour, which contains lipoxygenases. The lipoxygenases in the
soy flour are capable of bleaching wheat flour pigments as a result of the action of free
radicals and other reactive oxygen species that are formed during the oxidation of fatty
acids by lipoxygenase. This reaction is called a co-oxidation. In soy flour, three
lipoxygenases are present, L1, L2 and L3 whereby L2 and L3 possess the best
bleaching activity (W. Grosch, G. Laskawy and F. Weber, J. Agric. Food Chem 24
(1976), 456). Soy flour not only contains lipoxygenases but also the fatty acids that are
necessary for the bleaching effect, resulting in an improved bleaching effect.

A disadvantage associated with the use of soybeans as a source of
lipoxygenase, is the fact that nowadays most of the soybeans are genetically modified
(GMO). Since there is a worldwide consumer preference for using non-GMO derived
bread improving additives, an alternative for the soy lipoxygenases is highly required.
The known enzymes other than the lipoxygenases L2 and L3 from soy have the
disadvantage that their performance is not as good as the lipoxygenases from soy. In
practice, to obtain the desired whiteness, these enzymes are to be combined with
cofactors or other enzymes to reach the desired level of whiteness of the crumb.
Peroxidases catalyze non-enzymatically the oxidation, by molecular oxygen, of
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unsaturated compounds e.g. unsaturated fatty acids. (C.E. Eriksson et. al. JAOS 48
(1971) 442). These oxidized fatty acids generate radicals that probably react with flour
pigments to less coloured products in a similar way as the lipoxygenase reaction
products.

It is the object of the present invention to provide novel enzymes suitable for
preparing a food product having increased whiteness of at least part of the food product.

Surprisingly was found that the bleaching enzymes according to the invention are
capable of directly converting pigment into a form that results in increased whiteness. These
enzymes can in various ways exert their direct bleaching effect on the pigments. For
example, they can directly convert the pigments by saturating unsaturated bonds in the
pigments via for example hydrogenation, or they can directly cleave the pigments, forming
degradation products. With the term direct is meant that these enzymes act upon the
pigment as substrate itself. Use of co-factors for reaching the conversion is not specifically
excluded.

Furthermore it was found that the bleaching polypeptide according to the
invention is capable of directly cleaving pigments (a so-called cleaving enzyme).
Suitable cleaving enzymes according to the invention are enzymes that are capable of
cleaving carotenoids (carotenes and xanthophylls) and flavones. Carotenoids can be
cleaved in two different ways, central and eccentric. Central cleavage of carotenoids
results in formation of retinoids (Cx-compounds). Eccentric cleavage can yield a more
diverse group of compounds, as for example abscisic acid. An enzyme capable of
central cleavage of carotenoids is for example p-carotene 15,15’-monooxygenase (EC
1.14.99.36) as described in for example EP-A-1031623 and J. Lintig and K. Vogt (2000)
J. Biol. Chem. 275, 11915. This enzyme was formerly known as beta-carotene 15,15-
dioxygenase = EC 1.13.11.21.

An additional advantage of the use of enzymes capable of central cleavage is the
formation of retinoids. These are essential components in vision. B-carotene is cleaved into
two molecules of retinal. This retinal can be modified to retinol, also known as vitamin A.
Examples of enzymes capable of eccentric cleavage of carotenoids are 9-cis-
epoxycarotenoid dioxygenase (e.g. X. Qin and J.A.D. Zeevaart (1999), Proc. Nat. Acad.
Science, 96, 15354) and B-carotene 9’, 10’-dioxygenase (e.g. Kiefer et al. (2001), J. Biol.
Chem. 287, 14110).

This object is reached by the novel enzyme as disclosed in the present invention.
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In a first aspect, the invention relates to isolated polypeptides having bleaching
activity and one or more characteristics selected from the group consisting of:

1)  An isolated polypeptide according to any one of SEQ ID NO: 08-12 or functional
equivalents of any of them;

2) An isolated polypeptide obtainable by expressing a polynucleotide according to
any one of SEQ ID NO: 01-07 or functional equivalents of any of them or a vector
comprising said polynucleotides or functional equivalents of any of them in an
appropriate host cell, e.g. Aspergillus niger, and

3) A polypeptide comprising at least one of SEQ ID NO: 13-17.

The term ‘polypeptides having bleaching activity’ is here and hereafter defined as
a polypeptide that is capable of beta-carotene degradation or a polypeptide that is
capable of bleaching food products. Beta-carotene degradation can be measured for
example by at least one of the methods as disclosed in the Materials and Method
section of this patent application, for example the method according to Zorn or the
method according to Aziz. Preferably, the polypeptide according to the invention shows
bleaching activity in both the Aziz and the Zorn assay. The capability of bleaching food
products can be determined by comparing the whiteness of a product A, wherein the
investigated polypeptide is used in its preparation, to the whiteness of a product B, that
only differs from product A in the sense that the investigated polypeptide was not used in
its product, for example visually or by known reflection measurements, whereby the b-
factor of a product A will be closer to 0 than the b-factor of a product B, in case the
investigated polypeptide has bleaching activity.

Even more preferably, the polypeptide according to the invention is capable of
beta-carotene degradation as determined according to Zorn and which is capable of
bleaching food products as determined by measurement of the b-factor by reflection
measurement. Most preferably, the polypeptide according to the invention is capable of
beta-carotene degradation as determined according to Zorn, in case the food products
that are bleached have an irregular surface structure, eg. crumb of bread, since then the
reflection measurement method is not that reliable.

In a preferred embodiment, the invention provides a purified polypeptide is
provided. The polypeptides according to the invention include the polypeptides encoded
by the polynucleotides according to the invention. Especially preferred is a polypeptide
according to SEQ ID NO: 08-12 or functional equivalents of any of them.
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Fusion proteins comprising a polypeptide according to the invention are also
within the scope of the invention. The invention also provides methods of making the
polypeptides according to the invention.

For the avoidance of doubt; SEQ ID NO: 01-07 refers to the group of DNA
sequences containing SEQ ID NO: 01, SEQ ID NO: 02, SEQ ID NO: 03, SEQ ID NO: 04,
SEQ ID NO: 05, SEQ ID NO: 06, and SEQ ID NO: 07; SEQ ID NO: 08-12 refers to the
group of protein sequences containing SEQ ID NO: 08, SEQ ID NO: 09, SEQ ID NO: 10,
SEQ ID NO: 11 and SEQ ID NO: 12; and SEQ ID NO: 13-18 refers to the group of
protein sequences containing SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID
NO: 16 and SEQ ID NO: 17. Furthermore, the terms caroase-01, caroase-02, caroase-
03, caroase-04, caroase-05 (the whole group referred to as ‘caroase-01-05) are used
for polypeptides having respectively SEQ ID NO: 08-12.

In a second aspect, the invention provides for polynucleotides having a
nucleotide sequence that hybridises preferably under highly stringent conditions to a
sequence according to any one of SEQ ID NO: 01-07. Consequently, the invention
provides nucleic acids that are about 55%, preferably 65%, more preferably 70%, even
more preferably 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% homologous to the
sequences according to SEQ ID NO: 01-07.

In a more preferred embodiment the invention provides for such an isolated
polynucleotide obtainable from fungi, preferably filamentous fungi, in particular
Marasmius is preferred, for example M. scorodonius.

In one embodiment, the invention provides for an isolated polynucleotide
comprising a nucleic acid sequence encoding a polypeptide with an amino acid
sequence as shown in SEQ ID NO: 08-12 or functional equivalents of any of them.

In a further preferred embodiment, the invention provides an isolated
polynucleotide encoding at least one functional domain of a polypeptide according to
SEQ ID NO: 08-12 or functional equivalents of any of them.

In a preferred embodiment the invention provides a bleaching enzyme gene
according to SEQ ID NO: 01-07. In another preferred embodiment, the invention
provides a polynucleotide encoding a bleaching enzyme whose amino acid sequence is
shown in SEQ ID NO: 08-12 or variants or fragments of any of those polypeptide.

In a further preferred embodiment, the invention provides for a polynucleotide
comprising the coding sequence coding for the polypeptides according to the invention,
preferred is the polynucleotide sequence of SEQ ID NO: 01-07.
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In a third aspect, the invention also relates to vectors comprising a polynucleotide
sequence according to the invention and primers, probes and fragments that may be
used to amplify or detect the DNA according to the invention.

In a preferred embodiment, a vector is provided wherein the polynucleotide
sequence according to the invention is functionally linked with regulatory sequences
suitable for expression of the encoded amino acid sequence in a suitable host cell, such
as a bacterium or a filamentous fungus, preferably Marasmius for example M.
scorodonius, Aspergillus, for example A. niger or A. oryzae. The invention also provides
methods for preparing polynucleotides and vectors according to the invention.

In a fourth aspect, the invention also relates to recombinantly produced host cells
that contain heterologous or homologous polynucleotides according to the invention.

In another embodiment, the invention provides recombinant host cells wherein
the expression of a peroxidase according to the invention is significantly increased or
wherein the activity of the peroxidase is increased.

In another embodiment the invention provides for a recombinantly produced host
cell that contains heterologous or homologous DNA according to the invention and
wherein the cell is capable of producing a functional peroxidase according to the
invention, preferably a cell capable of over-expressing the peroxidase according to the
invention, for example an Aspergillus strain comprising an increased copy number of a
gene according to the invention.

In a fifth aspect, the invention also relates to the use of the bleaching polypeptide
according to the invention in any industrial process, preferably as described herein.

Polypeptides according to the invention

The invention provides an isolated polypeptide having the amino acid sequence
according to any one of SEQ ID NO: 08-12, as well as an amino acid sequence
obtainable by expressing the polynucleotide of SEQ ID NO: 01-07 in an appropriate host.
Also, a peptide or polypeptide comprising a functional equivalent of the above
polypeptides is comprised within the present invention. The above polypeptides are
collectively comprised in the term “polypeptides according to the invention”

The terms "peptide" and "oligopeptide" are here and hereafter considered
synonymous (as is commonly recognized) and each term can be used interchangeably
as the context requires to indicate a chain of at least two amino acids coupled by
peptidyl linkages. The word "polypeptide” is used herein for chains containing more than
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seven amino acid residues. All oligopeptide and polypeptide formulas or sequences
herein are written from left to right and in the direction from amino terminus to carboxy
terminus. The one-letter code of amino acids used herein is commonly known in the art
and can be found in Sambrook, et al. (Molecular Cloning: A Laboratory Manual, 2™,ed.
Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY, 1989)

By "isolated" polypeptide or protein is intended a polypeptide or protein removed
from its native environment. For example, recombinantly produced polypeptides and
proteins expressed in host cells are considered isolated for the purpose of the invention
as are native or recombinant polypeptides which have been substantially purified by any
suitable technique such as, for example, the single-step purification method disclosed in
Smith and Johnson, Gene 67:31-40 (1988).

The caroase-01-05 bleaching enzymes according to the invention, or functional
equivalents thereof, can be recovered and purified from recombinant cell cultures by
well-known methods including ammonium sulfate or ethanol precipitation, acid
extraction, anion or cation exchange chromatography, phosphocellulose
chromatography, hydrophobic interaction chromatography, affinity chromatography,
hydroxylapatite chromatography and lectin chromatography. Most preferably, high
performance liquid chromatography ("HPLC") is employed for purification.

Polypeptides of the present invention include naturally purified products, products
of chemical synthetic procedures, and products produced by recombinant techniques
from a prokaryotic or eukaryotic host, including, for example, bacterial, yeast, higher
plant, insect and mammalian cells. Depending upon the host employed in a recombinant
production procedure, the polypeptides of the present invention may be glycosylated or
may be non-glycosylated. In addition, polypeptides of the invention may also include an
initial modified methionine residue, in some cases as a result of host-mediated

processes.

Functional equivalents

The terms “functional equivalents” and “functional variants” are used
interchangeably herein. Functional equivalents of caroase 01-05 DNA are isolated DNA
fragments that encode a polypeptide that exhibits at least the same or a better bleaching
activity of at least one of the caroase 01-05 Marasmius scorodonius bleaching enzyme
as defined herein. A functional equivalent of a caroase 01-05 polypeptide according to
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the invention is a polypeptide that exhibits at least the same or a better bleaching activity
of at least one of the caroase 01-05 Marasmius scorodonius bleaching enzymes as
defined herein.

Functional protein or polypeptide equivalents may contain only conservative
substitutions of one or more amino acids of any one of SEQ ID NO: 08-12 or
substitutions, insertions or deletions of non-essential amino acids of any of these.
Accordingly, a non-essential amino acid is a residue that can be altered in any one of
SEQ ID NO: 08-12 without substantially altering the biological function. For example,
amino acid residues that are conserved among the caroase 01-05 proteins of the
present invention, are predicted to be particularly unamenable to alteration. Furthermore,
amino acids conserved among the caroase 01-05 proteins according to the present
invention and other peroxidases are not likely to be amenable to alteration.

The term “conservative substitution” is intended to mean that a substitution in
which the amino acid residue is replaced with an amino acid residue having a similar
side chain. These families are known in the art and include amino acids with basic side
chains (e.g., lysine, arginine and hystidine), acidic side chains (e.g. aspartic acid,
glutamic acid), uncharged polar side chains (e.g., glycine, asparagines, glutamine,
serine, threonine, tyrosine, cysteine), non-polar side chains (e.g., alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine tryptophan, histidine).

Functional nucleic acid equivalents may typically contain silent mutations or
mutations that do not alter the biological function of encoded polypeptide. Accordingly,
the invention provides nucleic acid molecules encoding caroase 01-05 proteins that
contain changes in amino acid residues that are not essential for a particular biological
activity. Such caroase 01-05 proteins differ in amino acid sequence from any one of SEQ
ID NO: 08-12 yet retain at least one biological activity. In one embodiment the isolated
nucleic acid molecule comprises a nucleotide sequence encoding a protein, wherein the
protein comprises a substantially homologous amino acid sequence of at least about
55%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more
homologous to the amino acid sequence shown in any one of SEQ ID NO: 08-12.

For example, guidance concerning how to make phenotypically silent amino acid
substitutions is provided in Bowie, J.U. et al., Science 247:1306-1310 (1990) wherein the
authors indicate that there are two main approaches for studying the tolerance of an
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amino acid sequence to change. The first method relies on the process of evolution, in
which mutations are either accepted or rejected by natural selection. The second
approach uses genetic engineering to introduce amino acid changes at specific positions
of a cloned gene and selects or screens to identify sequences that maintain functionality.
As the authors state, these studies have revealed that proteins are surprisingly tolerant
of amino acid substitutions. The authors further indicate which changes are likely to be
permissive at a certain position of the protein. For example, most buried amino acid
residues require non-polar side chains, whereas few features of surface side chains are
generally conserved. Other such phenotypically silent substitutions are described in
Bowie et al, supra, and the references cited therein.

An isolated nucleic acid molecule encoding an caroase 01-05 protein
homologous to the protein according to any one of SEQ ID NO: 08-12 can be created by
introducing one or more nucleotide substitutions, additions or deletions into the coding
nucleotide sequences according to SEQ ID NO: 01-07 such that one or more amino acid
substitutions, deletions or insertions are introduced into the encoded protein. Such
mutations may be introduced by standard techniques, such as site-directed mutagenesis
and PCR-mediated mutagenesis.

The term “functional equivalents” also encompasses orthologues of the M.
scorodonius caroase 01-05 protein. Orthologues of the M. scorodonius caroase 01-05
protein are proteins that can be isolated from other strains or species and possess a
similar or identical biological activity. Such orthologues can readily be identified as
comprising an amino acid sequence that is substantially homologous to any one of SEQ
ID NO: 08-12.

As defined herein, the term “substantially homologous” refers to a first amino acid
or nucleotide sequence which contains a sufficient or minimum number of identical or
equivalent (e.g., with similar side chain) amino acids or nucleotides to a second amino
acid or nucleotide sequence such that the first and the second amino acid or nucleotide
sequences have a common domain. For example, amino acid or nucleotide sequences
which contain a common domain having about 55%, preferably 65%, more preferably
70%, even more preferably 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identity
or more are defined herein as sufficiently identical.

Also, nucleic acids encoding other caroase 01-05 family members, which thus
have a nucleotide sequence that differs from SEQ ID NO: 01-07, are within the scope of

the invention. Moreover, nucleic acids encoding caroase 01-05 proteins from different
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species which thus have a nucleotide sequence which differs from SEQ ID NO: 01-07
are within the scope of the invention.

Nucleic acid molecules corresponding to variants (e.g. natural allelic variants)
and homologues of the caroase 01-05 DNA of the invention can be isolated based on
their homology to the caroase 01-05 nucleic acids disclosed herein using the DNA
disclosed herein or a suitable fragment thereof, as a hybridisation probe according to
standard hybridisation techniques preferably under highly stringent hybridisation
conditions.

In addition to naturally occurring allelic variants of the caroase 01-05 sequence,
the skilled person will recognise that changes can be introduced by mutation into the
nucleotide sequences of SEQ ID NO: 01-07 thereby leading to changes in the amino
acid sequence of the caroase 01-05 protein without substantially altering the function of
the caroase 01-05 protein.

In another aspect of the invention, improved caroase 01-05 proteins are
provided. Improved caroase 01-05 proteins are proteins wherein at least one biological
activity is improved. Such proteins may be obtained by randomly introducing mutations
along all or part of the caroase 01-05 coding sequence, such as by saturation
mutagenesis, and the resulting mutants can be expressed recombinantly and screened
for biological activity. For instance, the art provides for standard assays for measuring
the enzymatic activity of peroxidases and thus improved proteins may easily be selected.

In a preferred embodiment the caroase 01-05 protein has an amino acid
sequence according to any one of SEQ ID NO: 08-12 respectively. In another
embodiment, the caroase 01-05 polypeptide is substantially homologous to the amino
acid sequence according to SEQ ID NO: 08-12 respectively and retains at least one
biological activity of a polypeptide according to SEQ ID NO: 08-12 respectively, yet
differs in amino acid sequence due to natural variation or mutagenesis as described
above.

In a further preferred embodiment, the caroase 01-05 protein has an amino acid
sequence encoded by an isolated nucleic acid fragment capable of hybridising to a
nucleic acid according to SEQ ID NO: 01-07, preferably under highly stringent
hybridisation conditions.

Accordingly, the caroase 01-05 protein is a protein which comprises an amino
acid sequence at least about 55%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99% or more homologous to the amino acid sequence shown in any one of SEQ
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ID NO: 08-12 and retains at least one functional activity of the polypeptide according to
any one of SEQ ID NO: 08-12.

In another aspect of the invention the polypeptide comprises at least one of the
sequences shown in SEQ ID NO: 13-17. Preferably, the polypeptide according to the
invention comprises at least two of the sequences shown in SEQ ID NO: 13-17. Most
preferably, the polypeptide comprises all of the sequences shown in SEQ ID NO: 13-17.

Functional equivalents of a protein according to the invention can also be
identified e.g. by screening combinatorial libraries of mutants, e.g. truncation mutants, of
the protein of the invention for peroxidase activity. In one embodiment, a variegated
library of variants is generated by combinatorial mutagenesis at the nucleic acid level. A
variegated library of variants can be produced by, for example, enzymatically ligating a
mixture of synthetic oligonucleotides into gene sequences such that a degenerate set of
potential protein sequences is expressible as individual polypeptides, or alternatively, as
a set of larger fusion proteins (e.g., for phage display). There are a variety of methods
that can be used to produce libraries of potential variants of the polypeptides of the
invention from a degenerate oligonucleotide sequence. Methods for synthesizing
degenerate oligonucleotides are known in the art (see, e.g., Narang (1983) Tetrahedron
39:3; Itakura et al. (1984) Annu. Rev. Biochem. 53:323; Itakura et al. (1984) Science
198:1056; lke et al. (1983) Nucleic Acid Res. 11:477).

In addition, libraries of fragments of the coding sequence of a polypeptide of the
invention can be used to generate a variegated population of polypeptides for screening
a subsequent selection of variants. For example, a library of coding sequence fragments
can be generated by treating a double stranded PCR fragment of the coding sequence
of interest with a nuclease under conditions wherein nicking occurs only about once per
molecule, denaturing the double stranded DNA, renaturing the DNA to form double
stranded DNA which can include sense/antisense pairs from different nicked products,
removing single stranded portions from reformed duplexes by treatment with S1
nuclease, and ligating the resulting fragment library into an expression vector. By this
method, an expression library can be derived which encodes N-terminal and internal
fragments of various sizes of the protein of interest.

Several techniques are known in the art for screening gene products of
combinatorial libraries made by point mutations of truncation, and for screening cDNA
libraries for gene products having a selected property. The most widely used techniques,
which are amenable to high through-put analysis, for screening large gene libraries
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typically include cloning the gene library into replicable expression vectors, transforming
appropriate cells with the resulting library of vectors, and expressing the combinatorial
genes under conditions in which detection of a desired activity facilitates isolation of the
vector encoding the gene whose product was detected. Recursive ensemble
mutagenesis (REM), a technique which enhances the frequency of functional mutants in
the libraries, can be used in combination with the screening assays to identify variants of
a protein of the invention (Arkin and Yourvan (1992) Proc. Natl. Acad. Sci. USA 89:7811-
7815; Delgrave et al. (1993) Protein Engineering 6(3):327-331).

In addition to the caroase 01-05 gene sequences shown in SEQ ID NO: 01 or 02
for caroase-01; SEQ ID NO: 03 or 04 for caroase-02; SEQ ID NO: 05 for caroase-03;
SEQ ID NO: 06 for caroase-04 and SEQ ID NO: 07 for caroase-05 respectively, it will be
apparent for the person skilled in the art that DNA sequence polymorphisms that may
lead to changes in the amino acid sequence of the caroase- proteins may exist within a
given population. Such genetic polymorphisms may exist in cells from different
populations or within a population due to natural allelic variation. Allelic variants may
also include functional equivalents.

Fragments of a polynucleotide according to the invention may also comprise
polynucleotides not encoding functional polypeptides. Such polynucleotides may
function as probes or primers for a PCR reaction.

Nucleic acids according to the invention irrespective of whether they encode
functional or non-functional polypeptides, can be used as hybridization probes or
polymerase chain reaction (PCR) primers. Uses of the nucleic acid molecules of the
present invention that do not encode a polypeptide having a caroase 01-05 activity
include, inter alia, (1) isolating the gene encoding the caroase 01-05 proteins, or allelic
variants thereof from a cDNA library e.g. from other organisms than M. scorodonius; (2)
in situ hybridization (e.g. FISH) to metaphase chromosomal spreads to provide precise
chromosomal location of the caroase 01-05 genes as described in Verma et al., Human
Chromosomes: a Manual of Basic Techniques, Pergamon Press, New York (1988); (3)
Northern blot analysis for detecting expression of caroase 01-05 mRNA in specific
tissues and/or cells and 4) probes and primers that can be used as a diagnostic tool to
analyse the presence of a nucleic acid hybridisable to the caroase 01-05 probe in a
given biological (e.g. tissue) sample.

Also encompassed by the invention is a method of obtaining a functional
equivalent of a caroase 01-05 gene. Such a method entails obtaining a labelled probe
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that includes an isolated nucleic acid which encodes all or a portion of the sequence
according to any one of SEQ ID NO: 08-12 or a variant of any of them; screening a
nucleic acid fragment library with the labelled probe under conditions that allow
hybridisation of the probe to nucleic acid fragments in the library, thereby forming nucleic
acid duplexes, and preparing a full-length gene sequence from the nucleic acid
fragments in any labelled duplex to obtain a gene related to the caroase 01-05 gene.

In one embodiment, a caroase 01-05 nucleic acid of the invention is at least 55%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more homologous to a nucleic acid sequence shown in SEQ ID NO: 01 or 02 for
caroase-01; SEQ ID NO: 03 or 04 for caroase-02; SEQ ID NO: 05 for caroase-03; SEQ
ID NO: 06 for caroase-04 and SEQ ID NO: 07 for caroase-05 respectively or the
complement any of them.

In another preferred embodiment a caroase 01-05 polypeptide of the invention is
at least 55%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or more homologous to the amino acid sequence shown in any one of SEQ
ID NO: 08-12 respectively.

Polynucleotides

The present invention provides polynucleotides encoding a bleaching enzyme
(peroxidase), tentatively called caroase 01-05, having an amino acid sequence
according to SEQ ID NO: 08-12 or functional equivalents of any of them. The sequence
of the gene encoding caroase 01-05 was determined by amplified cDNA obtained from
Marasmius scorodonius. The sequence having SEQ ID NO: 02 AND SEQ ID NO: 04
encoding caroase-01 and caroase 02 respectively are optimalised versions of the genes
as picked up, wherein a codon optimalisation has been taken place. Codon
optimalisation can be used according to methods known by the person skilled in the art
and is especially suitable for improved expression of the gene in a host cell. The
invention provides polynucleotide sequences comprising the gene encoding the caroase
01-05 peroxidase. Accordingly, the invention relates to an isolated polynucleotide
comprising the nucleotide sequence according to SEQ ID NO: 01-07 or functional
equivalents of any of them. The finding of SEQ ID NO: 01-07 on Marasmius scorodonius
to have bleaching activity was very surprising, especially since the sequences have very
low homology to known bleaching enzymes.
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More in particular, the invention relates to an isolated polynucleotide hybridisable
under stringent conditions, preferably under highly stringent conditions, to a
polynucleotide according to SEQ ID NO: 01-07. Advantageously, such polynucleotides
may be obtained from fungi, preferably filamentous fungi, in particular from Marasmius
scorodonius. More specifically, the invention relates to an isolated polynucleotide having
a nucleotide sequence according to SEQ ID NO: 01-07.

As used here and hereafter, the terms “gene” and “recombinant gene” refer to
nucleic acid molecules which may be isolated from chromosomal DNA, which include an
open reading frame encoding a protein, e.g. a M. scorodonius bleaching enzyme. A
gene may include coding sequences, non-coding sequences, introns and regulatory
sequences. Moreover, a gene refers to an isolated nucleic acid molecule as defined
herein.

A nucleic acid molecule of the present invention, such as a nucleic acid molecule
having the nucleotide sequence of SEQ ID NO: 01-07 or a functional equivalent thereof,
can be isolated using standard molecular biology techniques and the sequence
information provided herein. For example, using all or portion of the nucleic acid
sequence of SEQ ID NO: 01-07 as a hybridization probe, nucleic acid molecules
according to the invention can be isolated using standard hybridization and cloning
techniques (e. g., as described in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular
Cloning: A Laboratory Manual.2nd, ed., Cold Spring Harbor Laboratory, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY, 1989).

Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID NO:
01-07 can be isolated by the polymerase chain reaction (PCR) using synthetic
oligonucleotide primers designed based upon the sequence information contained in
SEQ ID NO: 01-07.

A nucleic acid of the invention can be amplified using cDNA, mRNA or
alternatively, genomic DNA, as a template and appropriate oligonucleotide primers
according to standard PCR amplification techniques. The nucleic acid so amplified can
be cloned into an appropriate vector and characterized by DNA sequence analysis.

Furthermore, oligonucleotides corresponding to or hybridisable to nucleotide
sequences according to the invention can be prepared by standard synthetic techniques,
e.g. using an automated DNA synthesizer.

In a preferred embodiment, an isolated nucleic acid molecule of the invention

comprises the nucleotide sequence shown in SEQ ID NO: 01-07. This DNA comprises
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sequences encoding the M. scorodonius caroase 01-05 polypeptide according to SEQ
ID NO: 08-12, respectively.

In another preferred embodiment, an isolated nucleic acid molecule of the
invention comprises a nucleic acid molecule which is a complement of the nucleotide
sequence shown in SEQ ID NO: 01-07 or a functional equivalent of these nucleotide
sequences.

A nucleic acid molecule which is complementary to another nucleotide sequence
is one which is sufficiently complementary to the other nucleotide sequence such that it
can hybridize to the other nucleotide sequence thereby forming a stable duplex.

One aspect of the invention pertains to isolated nucleic acid molecules that
encode a polypeptide of the invention or a functional equivalent thereof such as a
biologically active fragment or domain, as well as nucleic acid molecules sufficient for
use as hybridisation probes to identify nucleic acid molecules encoding a polypeptide of
the invention and fragments of such nucleic acid molecules suitable for use as PCR
primers for the amplification or mutation of nucleic acid molecules.

An “isolated polynucleotide” or “isolated nucleic acid” is a DNA or RNA that is not
immediately contiguous with both of the coding sequences with which it is immediately
contiguous (one on the 5’ end and one on the 3’ end) in the naturally occurring genome
of the organism from which it is derived. Thus, in one embodiment, an isolated nucleic
acid includes some or all of the 5 non-coding (e.g., promotor) sequences that are
immediately contiguous to the coding sequence. The term therefore includes, for
example, a recombinant DNA that is incorporated into a vector, into an autonomously
replicating plasmid or virus, or into the genomic DNA of a prokaryote or eukaryote, or
which exists as a separate molecule (e.g., a cDNA or a genomic DNA fragment
produced by PCR or restriction endonuclease treatment) independent of other
sequences. It also includes a recombinant DNA that is part of a hybrid gene encoding an
additional polypeptide that is substantially free of cellular material, viral material, or
culture medium (when produced by recombinant DNA techniques), or chemical
precursors or other chemicals (when chemically synthesized). Moreover, an “isolated
nucleic acid fragment” is a nucleic acid fragment that is not naturally occurring as a
fragment and would not be found in the natural state.

As used herein, the terms “polynucleotide” or “nucleic acid molecule” are
intended to include DNA molecules (e.g., cDNA or genomic DNA) and RNA molecules
(e.g., mRNA) and analogs of the DNA or RNA generated using nucleotide analogs. The
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nucleic acid molecule can be single-stranded or double-stranded, but preferably is
double-stranded DNA. The nucleic acid may be synthesized using oligonucleotide
analogs or derivatives (e.g., inosine or phosphorothioate nucleotides). Such
oligonucleotides can be used, for example, to prepare nucleic acids that have altered
base-pairing abilities or increased resistance to nucleases.

Another embodiment of the invention provides an isolated nucleic acid molecule
which is antisense to a caroase 01-05 nucleic acid molecule, e.g., the coding strand of
an caroase 01-05 nucleic acid molecule respectively. Also included within the scope of
the invention are the complement strands of the nucleic acid molecules described

herein.

Sequencing errors

The sequence information as provided herein should not be so narrowly
construed as to require inclusion of erroneously identified bases. The specific sequences
disclosed herein can be readily used to isolate the complete gene from fungi, in
particular M. scorodonius which in turn can easily be subjected to further sequence
analyses thereby identifying sequencing errors.

Unless otherwise indicated, all nucleotide sequences determined by sequencing
a DNA molecule herein were determined using an automated DNA sequencer and all
amino acid sequences of polypeptides encoded by DNA molecules determined herein
were predicted by translation of a DNA sequence determined as above. Therefore, as is
known in the art for any DNA sequence determined by this automated approach, any
nucleotide sequence determined herein may contain some errors. Nucleotide sequences
determined by automation are typically at least about 90% identical, more typically at
least about 95% to at least about 99.9% identical to the actual nucleotide sequence of
the sequenced DNA molecule. The actual sequence can be more precisely determined
by other approaches including manual DNA sequencing methods well known in the art.
As is also known in the art, a single insertion or deletion in a determined nucleotide
sequence compared to the actual sequence will cause a frame shift in translation of the
nucleotide sequence such that the predicted amino acid sequence encoded by a
determined nucleotide sequence will be completely different from the amino acid
sequence actually encoded by the sequenced DNA molecule, beginning at the point of

such an insertion or deletion.
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The person skilled in the art is capable of identifying such erroneously identified

bases and knows how to correct for such errors.

Nucleic acid fragments, probes and primers

A nucleic acid molecule according to the invention may comprise only a portion
or a fragment of the nucleic acid sequence shown in SEQ ID NO: 01-07 for example a
fragment which can be used as a probe or primer or a fragment encoding a portion of a
caroase 01-05 protein. The nucleotide sequence determined from the cloning of the
caroase 01-05 gene and cDNA allows for the generation of probes and primers designed
for use in identifying and/or cloning other caroase 01-05 family members, as well as
caroase 01-05 homologues from other species. The probe/primer typically comprises
substantially purified oligonucleotide which typically comprises a region of nucleotide
sequence that hybridizes preferably under highly stringent conditions to at least about 12
or 15, preferably about 18 or 20, preferably about 22 or 25, more preferably about 30,
35, 40, 45, 50, 55, 60, 65, or 75 or more consecutive nucleotides of a nucleotide
sequence shown in SEQ ID NO: 01-07 or of a functional equivalent of any of them.

Probes based on the caroase 01-05 nucleotide sequences can be used to detect
transcripts or genomic caroase 01-05 sequences encoding the same or homologous
proteins for instance in other organisms. In preferred embodiments, the probe further
comprises a label group attached thereto, e.g. the label group can be a radioisotope, a
fluorescent compound, an enzyme, or an enzyme cofactor. Such probes can also be
used as part of a diagnostic test kit for identifying cells which express an caroase 01-05

protein.

I[dentity & homology

The terms “homology” or “percent identity” are used interchangeably herein. For
the purpose of this invention, it is defined here that in order to determine the percent
identity of two amino acid sequences or of two nucleic acid sequences, the sequences
are aligned for optimal comparison purposes (e.g., gaps can be introduced in the
sequence of a first amino acid or nucleic acid sequence for optimal alignment with a
second amino or nucleic acid sequence). The amino acid residues or nucleotides at
corresponding amino acid positions or nucleotide positions are then compared. When a
position in the first sequence is occupied by the same amino acid residue or nucleotide
as the corresponding position in the second sequence, then the molecules are identical
at that position. The percent identity between the two sequences is a function of the
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number of identical positions shared by the sequences (i.e., % identity = number of
identical positions/total number of positions (i.e. overlapping positions) x 100).
Preferably, the two sequences are the same length.

The skilled person will be aware of the fact that several different computer
programs are available to determine the homology between two sequences. For
instance, a comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. In a preferred
embodiment, the percent identity between two amino acid sequences is determined
using the Needleman and Wunsch (J. Mol. Biol. (48):444-453 (1970)) algorithm which
has been incorporated into the GAP program in the GCG software package (available at
hitp:/Awww.accelrvs. comisolutions/bioinformatician/), using either a Blossom 62 matrix or
a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1,
2, 3,4, 5,or6. The skilled person will appreciate that all these different parameters will

yield slightly different results but that the overall percentage identity of two sequences is
not significantly altered when using different algorithms.

In yet another embodiment, the percent identity between two nucleotide
sequences is determined using the GAP program in the GCG software package, using a
NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight
of 1, 2, 3, 4, 5, or 6. In another embodiment, the percent identity two amino acid or
nucleotide sequence is determined using the algorithm of E. Meyers and W. Miller
(CABIOS, 4:11-17 (1989) which has been incorporated into the ALIGN program (version
2.0) (available at: hitp:ffvega.igh.cnrs fiibinfalion-gusess.cal) using a PAM120 weight

residue table, a gap length penalty of 12 and a gap penalty of 4.

The nucleic acid and protein sequences of the present invention can further be
used as a “query sequence” to perform a search against public databases to, for
example, identify other family members or related sequences. Such searches can be
performed using the NBLAST and XBLAST programs (version 2.0) of Altschul, et al.
(1990) J. Mol. Biol. 215:403—10. BLAST nucleotide searches can be performed with the
NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences
homologous to caroase 01-05 nucleic acid molecules of the invention. BLAST protein
searches can be performed with the XBLAST program, score = 50, wordlength = 3 to
obtain amino acid sequences homologous to caroase 01-05 protein molecules of the
invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can
be utilized as described in Altschul et al., (1997) Nucleic Acids Res. 25(17):3389-3402.
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When utilizing BLAST and Gapped BLAST programs, the default parameters of the
respective programs (e.g., XBLAST and NBLAST) can be wused. See

hitoAvvww. nehinimanih.ooy.

Hybridization

As used herein, the term "hybridizing" is intended to describe conditions for
hybridization and washing under which nucleotide sequences at least about 55%, at
least about 40%, at least about 70%, more preferably at least about 80%, even more
preferably at least about 85% to 90%, more preferably at least 95% homologous to each
other typically remain hybridized to each other.

A preferred, non-limiting example of such hybridization conditions are
hybridization in 6X sodium chloride/sodium citrate (SSC) at about 45 °C, followed by one
or more washes in 1 X SSC, 0.1 % SDS at 50 °C, preferably at 55 °C, preferably at 60 °C
and even more preferably at 65 °C.

Highly stringent conditions include, for example, hybridizing at 68 °%C in 5x
SSC/5x Denhardt's solution / 1.0% SDS and washing in 0.2x SSC/0.1% SDS at room
temperature. Alternatively, washing may be performed at 42 °C.

The skilled artisan will know which conditions to apply for stringent and highly
stringent hybridisation conditions. Additional guidance regarding such conditions is
readily available in the art, for example, in Sambrook et al., 1989, Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Press, N.Y.; and Ausubel et al. (eds.), 1995,
Current Protocols in Molecular Biology, (John Wiley & Sons, N.Y.).

Of course, a polynucleotide which hybridizes only to a poly A sequence (such as
the 3' terminal poly(A) tract of mRNAs), or to a complementary stretch of T (or U)
resides, would not be included in a polynucleotide of the invention used to specifically
hybridize to a portion of a nucleic acid of the invention, since such a polynucleotide
would hybridize to any nucleic acid molecule containing a poly (A) stretch or the
complement thereof (e.g., practically any double-stranded cDNA clone).

Obtaining full length DNA from other organisms
In a typical approach, cDNA libraries constructed from other organisms, e.g.
filamentous fungi, in particular from the species Marasmius can be screened.
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For example, Marasmius strains can be screened for homologous caroase 01-05
polynucleotides by Northern blot analysis. Upon detection of transcripts homologous to
polynucleotides according to the invention, cDNA libraries can be constructed from RNA
isolated from the appropriate strain, utilizing standard techniques well known to those of
skill in the art. Alternatively, a total genomic DNA library can be screened using a probe
hybridisable to a caroase 01-05 polynucleotide according to the invention.

Homologous gene sequences can be isolated, for example, by performing PCR
using two degenerate oligonucleotide primer pools designed on the basis of nucleotide
sequences as taught herein.

The template for the reaction can be cDNA obtained by reverse transcription of
mRNA prepared from strains known or suspected to express a polynucleotide according
to the invention. The PCR product can be subcloned and sequenced to ensure that the
amplified sequences represent the sequences of a new caroase 01-05 nucleic acid
sequence, or a functional equivalent thereof.

The PCR fragment can then be used to isolate a full-length cDNA clone by a
variety of known methods. For example, the amplified fragment can be labelled and used
to screen a bacteriophage or cosmid cDNA library. Alternatively, the labelled fragment
can be used to screen a genomic library.

PCR technology also can be used to isolate full-length cDNA sequences from
other organisms. For example, RNA can be isolated, following standard procedures,
from an appropriate cellular or tissue source. A reverse transcription reaction can be
performed on the RNA using an oligonucleotide primer specific for the most 5' end of the
amplified fragment for the priming of first strand synthesis.

The resulting RNA/DNA hybrid can then be "tailed”" (e.g., with guanines) using a
standard terminal transferase reaction, the hybrid can be digested with RNase H, and
second strand synthesis can then be primed (e.g., with a poly-C primer). Thus, cDNA
sequences upstream of the amplified fragment can easily be isolated. For a review of
useful cloning strategies, see e.g.,Sambrook et al., supra; and Ausubel et al., supra.

Vectors
Another aspect of the invention pertains to vectors, preferably expression
vectors, containing a nucleic acid encoding a caroase 01-05 protein or a functional
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equivalent thereof. As used herein, the term “vector” refers to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of
vector is a “plasmid”, which refers to a circular double stranded DNA loop into which
additional DNA segments can be ligated. Another type of vector is a viral vector, wherein
additional DNA segments can be ligated into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) are integrated into the
genome of a host cell upon introduction into the host cell, and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to
herein as “expression vectors”. In general, expression vectors of utility in recombinant
DNA techniques are often in the form of plasmids. The terms “plasmid” and “vector” can
be used interchangeably herein as the plasmid is the most commonly used form of
vector. However, the invention is intended to include such other forms of expression
vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses and
adeno-associated viruses), which serve equivalent functions.

The recombinant expression vectors of the invention comprise a nucleic acid of
the invention in a form suitable for expression of the nucleic acid in a host cell, which
means that the recombinant expression vector includes one or more regulatory
sequences, selected on the basis of the host cells to be used for expression, which is
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant
expression vector, “operatively linked” is intended to mean that the nucleotide sequence
of interest is linked to the regulatory sequence(s) in a manner which allows for
expression of the nucleotide sequence (e.g., in an in vitro transcription/translation
system or in a host cell when the vector is introduced into the host cell). The term
“regulatory sequence” is intended to include promoters, enhancers and other expression
control elements (e.g., polyadenylation signal). Such regulatory sequences are
described, for example, in Goeddel; Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Diego, CA (1990). Regulatory sequences
include those which direct constitutive expression of a nucleotide sequence in many
types of host cells and those which direct expression of the nucleotide sequence only in
a certain host cell (e.g. tissue-specific regulatory sequences). It will be appreciated by
those skilled in the art that the design of the expression vector can depend on such
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factors as the choice of the host cell to be transformed, the level of expression of protein
desired, etc. The expression vectors of the invention can be introduced into host cells to
thereby produce proteins or peptides, encoded by nucleic acids as described herein
(e.g. caroase 01-05 proteins, mutant forms of caroase 01-05 proteins, fragments,
variants or functional equivalents thereof, fusion proteins, etc.).

The recombinant expression vectors of the invention can be designed for
expression of caroase 01-05 proteins in prokaryotic or eukaryotic cells. For example,
caroase 01-05 proteins can be expressed in fungal cells, bacterial cells such as E. colj,
insect cells (using baculovirus expression vectors) yeast cells or mammalian cells.
Suitable host cells are discussed further in Goeddel, Gene Expression Technology:
Methods in Enzymology 185, Academic Press, San Diego, CA (1990). Alternatively, the
recombinant expression vector can be transcribed and translated in vitro, for example
using T7 promoter regulatory sequences and T7 polymerase.

Expression vectors useful in the present invention include chromosomal-,
episomal- and virus-derived vectors e.g., vectors derived from bacterial plasmids,
bacteriophage, yeast episome, yeast chromosomal elements, viruses such as
baculoviruses, papova viruses, vaccinia viruses, adenoviruses, fowl pox viruses,
pseudorabies viruses and retroviruses, and vectors derived from combinations thereof,
such as those derived from plasmid and bacteriophage genetic elements, such as
cosmids and phagemids.

The DNA insert should be operatively linked to an appropriate promoter, such as
the phage lambda PL promoter, the E. coli lac, trp and tac promoters, the SV40 early
and late promoters and promoters of retroviral LTRs, to name a few. Other suitable
promoters will be known to the skilled person. In a specific embodiment, promoters are
preferred that are capable of directing a high expression level of peroxidases in
prokaryotes or filamentous fungi. Such promoters are known in the art. The expression
constructs may contain sites for transcription initiation, termination, and, in the
transcribed region, a ribosome binding site for translation. The coding portion of the
mature transcripts expressed by the constructs will include a translation initiating AUG at
the beginning and a termination codon appropriately positioned at the end of the
polypeptide to be translated.

Vector DNA can be introduced into prokaryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used herein, the terms

“transformation” and “transfection” are intended to refer to a variety of art-recognized
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techniques for introducing foreign nucleic acid (e.g., DNA) into a host cell, including
calcium phosphate or calcium chloride co-percipitation, DEAE-dextran-mediated
transfection, transduction, infection, lipofection, cationic lipidmediated transfection or
electroporation. Suitable methods for transforming or transfecting host cells can be
found in Sambrook, et al. (Molecular Cloning: A Laboratory Manual, 2*,ed. Cold Spring
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
1989), Davis et al., Basic Methods in Molecular Biology (1986) and other laboratory
manuals.

For stable transfection of mammalian cells, it is known that, depending upon the
expression vector and transfection technique used, only a small fraction of cells may
integrate the foreign DNA into their genome. In order to identify and select these
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is
generally introduced into the host cells along with the gene of interest. Preferred
selectable markers include those which confer resistance to drugs, such as G418,
hygromycin and methatrexate. Nucleic acid encoding a selectable marker can be
introduced into a host cell on the same vector as that encoding an caroase 01-05 protein
or can be introduced on a separate vector. Cells stably transfected with the introduced
nucleic acid can be identified by drug selection (e.g. cells that have incorporated the
selectable marker gene will survive, while the other cells die).

Expression of proteins in prokaryotes is often carried out in E. coli with vectors
containing constitutive or inducible promoters directing the expression of either fusion or
non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded
therein, e.g. to the amino terminus of the recombinant protein. Such fusion vectors
typically serve three purposes: 1) to increase expression of recombinant protein; 2) to
increase the solubility of the recombinant protein; and 3) to aid in the purification of the
recombinant protein by acting as a ligand in affinity purification. Often, in fusion
expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion
moiety and the recombinant protein to enable separation of the recombinant protein from
the fusion moiety subsequent to purification of the fusion protein. Such enzymes, and
their cognate recognation sequences, include Factor Xa, thrombin and enterokinase.

As indicated, the expression vectors will preferably contain selectable markers.
Such markers include dihydrofolate reductase or neomycin resistance for eukarotic cell
culture and tetracyline or ampicillin resistance for culturing in E. coli and other bacteria.

Representative examples of appropriate host include bacterial cells, such as E. col,
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Streptomyces and Salmonella typhimurium; fungal cells, such as yeast; insect cells such
as Drosophila S2 and Spodoptera Sf9; animal cells such as CHO, COS and Bowes
melanoma; and plant cells. Appropriate culture media and conditions for the above-
described host cells are known in the art.

Among vectors preferred for use in bacteria are pQE70, pQE60 and PQE-9,
available from Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors, pNH8A,
pNH16A, pNH18A, pNH46A, available from Stratagene; and ptrc99a, pKK223-3,
pKK233-3, pDR540, pRIT5 available from Pharmacia. Among preferred eukaryotic
vectors are PWLNEO, pSV2CAT, pOG44, pZT1 and pSG available from Stratagene;
and pSVK3, pBPV, pMSG and pSVL available from Pharmacia. Other suitable vectors
will be readily apparent to the skilled artisan.

Among known bacterial promotors for use in the present invention include E. coli
lacl and lacZ promoters, the T3 and T7 promoters, the gpt promoter, the lambda PR, PL
promoters and the trp promoter, the HSV thymidine kinase promoter, the early and late
SV40 promoters, the promoters of retroviral LTRs, such as those of the Rous sarcoma
virus (“RSV”), and metallothionein promoters, such as the mouse metallothionein-I
promoter.

Transcription of the DNA encoding the polypeptides of the present invention by
higher eukaryotes may be increased by inserting an enhancer sequence into the vector.
Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp that act to
increase transcriptional activity of a promoter in a given host cell-type. Examples of
enhancers include the SV40 enhancer, which is located on the late side of the replication
origin at bp 100 to 270, the cytomegalovirus early promoter enhancer, the polyoma
enhancer on the late side of the replication origin, and adenovirus enhancers.

For secretion of the translated protein into the lumen of the endoplasmic
reticulum, into the periplasmic space or into the extracellular environment, appropriate
secretation signal may be incorporated into the expressed polypeptide. The signals may
be endogenous to the polypeptide or they may be heterologous signals.

The polypeptide may be expressed in a modified form, such as a fusion protein,
and may include not only secretion signals but also additional heterologous functional
regions. Thus, for instance, a region of additional amino acids, particularly charged
amino acids, may be added to the N-terminus of the polypeptide to improve stability and
persistence in the host cell, during purification or during subsequent handling and
storage. Also, peptide moieties may be added to the polypeptide to facilitate purification.
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Host cells
In another embodiment, the invention features cells, e.g., transformed host cells or
recombinant host cells that contain a nucleic acid encompassed by the invention. A
"transformed cell" or “recombinant cell” is a cell into which (or into an ancestor of which)
has been introduced, by means of recombinant DNA techniques, a nucleic acid
according to the invention. Both prokaryotic and eukaryotic cells are included, e.g.,
bacteria, fungi, yeast, and the like.

Examples of suitable host cells are Microcystis, Lepista, for example L. irina,
Cyathus, for example C. pallidus, Ganoderma, for example G. applanatum,
Ischnoderma, for example . benzoinum, Marasmius, for example M. scorodonius,
Trametes, for example T. suaveolens of T. versicolor, Cryptococcus, for example C.
laurentii, Hypomyces, for example H. odoratus or Phaffia, for example P. rhodozyma,
Phanerochaete for example P. chrysosporium, Lentinula for example L. edodes,
Coprinus for example C. cinereus, Gloeophyllum for example G. trabeum, Ophiostoma
for example O. piliferum, Aspergillus for example A. niger, A. oryzae, A. nidulans,
Thermomyces, for example T. /anuginosa, Sporotrichum, for example S. thermophile,
Aureobasidium for example A. pullulans, Amorphotheca, for example A. resinae,
Leucosporidium, for example L. scottii, Cunninghamella, for example C. elegans.

Especially preferred are cells from filamentous fungi, in particular Aspergillus - for
example Aspergillus oryzae or Aspergillus niger - and Marasmius - for example
Marasmius scorodonius - or cells from yeasts such as Pichia, - for example Pichia
Pastoris - or cells from bacteria.

A host cell can be chosen that modulates the expression of the inserted
sequences, or modifies and processes the gene product in a specific, desired fashion.
Such modifications (e.g. glycosylation) and processing (e.g. cleavage) of protein
products may facilitate optimal functioning of the protein.

Various host cells have characteristic and specific mechanisms for post-
translational processing and modification of proteins and gene products. Appropriate cell
lines or host systems familiar to those of skill in the art of molecular biology and/or
microbiology can be chosen to ensure the desired and correct modification and
processing of the foreign protein expressed. To this end, eukaryotic host cells that
possess the cellular machinery for proper processing of the primary transcript,
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glycosylation, and phosphorylation of the gene product can be used. Such host cells are
well known in the art.

Host cells also include, but are not limited to, mammalian cell lines such as CHO,
VERO, BHK, HelLa, COS, MDCK, 293, 3T3, WI38, and choroid plexus cell lines.
If desired, the polypeptides according to the invention can be produced by a stably-
transfected cell line. A number of vectors suitable for stable transfection of mammalian cells
are available to the public, methods for constructing such cell lines are also publicly known,
e.g., in Ausubel et al. (supra).

Use of the polypeptides according to the invention in industrial processes

Another aspect of the invention comprises the use of the polypeptides according
to the invention or functional equivalents thereof (hereinafter referred to as the bleaching
enzyme) in industrial processes, as for example detergents, enzymatic stone-wash
processes or food production, for example baking products or dairy products.

The polypeptide according to the invention may be used as an enzyme preparation
or produced in situ by a microorganism capable of producing said enzyme. The enzyme
preparation can be derived from various sources, for example from plants, animals and
microorganisms. Preferably the enzyme preparation is derived from a microorganism, since
microorganisms make it possible to obtain the enzyme on an industrial scale in a controlled
manner. The enzyme preparation derived from a microorganism can be obtained by
classical fermentation processes of a selected microbial strain or by fermentation of a
microorganism that overexpresses the polypeptide according to the invention. The
microorganism may be a bacterium, a fungus or yeast. For examples of suitable
microorganisms as host cells for non-classical fermentation, is referred to the passage
above regarding host cells.

The enzyme preparation may also comprise other suitable enzymes, such as for
example oxidoreductases, amylases, lipolytic enzymes, hydrolysing enzymes. It has
surprisingly been found that especially the combination of an oxidoreductase, for example a
hexose oxidase, pyranose oxidase, a maltose oxidising enzyme or glucose oxidase has a
synergetic effect on the enzyme activity of the bleaching enzyme according to the invention.
The oxidoreductase may be obtained from different sources, including mircoorganisms.
Preferably an oxidoreductase from a fungal source is used, for example from a filamentous
fungus. A suitable oxidoreductase is glucose oxidase obtainable from for example
Aspergillus species, such as Aspergillus niger. The present invention therefore also relates
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to a novel enzyme combination of the polypeptide according to the invention with an
oxidoreductase.

This effect is even enhanced in case the application in which the enzyme
preparation according to the invention is used, has substrate present on which the
oxidoreductase is active. In case this is not present, this might also be added to the process.
An example of such substrate is the addition of glucose upon the use of a hexose oxidase
or glucose oxidase. The present invention therefore also relates to a novel composition
comprising the enzyme preparation comprising the polypeptide according to the invention
and an oxidoreductase as well as a substrate for the oxidoreductase.

The invention further relates to the use of the novel enzyme combination and novel
composition in the production process of a food product according to the invention which is
described below.

Surprisingly, was found that the polypeptides according to the invention or their
functional equivalents can be used to increase whiteness of at least part of a food
product. Preferably, the bleaching polypeptide according to the invention is used in the
following food production process. A process for the production of a food product in which
an intermediate form of said food products comprises a pigment, which process comprises
adding at least one polypeptide according to the invention in an amount that is effective
increasing the whiteness of at least part of the food product compared to the food product
for which said enzyme is not added during its production.

An intermediate form of the food product is defined herein as any form that
occurs during the production process prior to obtaining the final form of the food product.
The intermediate form may comprise the individual raw materials used and/or mixture
thereof and/or mixtures with additives and/or processing aids, or subsequently
processed form thereof.

The polypeptide according to the invention is added in effective amounts. The
skilled person can easily determine this effective amount by varying the enzyme dosage
and measuring the degradation of pigments and/or the increased whiteness of the final
food product. In case the enzyme is capable of converting beta-carotene, the effective
amount of enzyme may be expressed in terms of beta-degrading units (e.g. Aziz or Zorn
units — see Materials and Methods)

The food product may be made from at least one raw material that is of plant
origin, such as wheat flour. The latter is known to contain pigments such as carotenoids

(carotenes and xanthophylls) and flavones, which are responsible for, for example, the
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crumb colour of baked bread. Alternatively, these pigments may originate from other
sources than plant raw materials e.g. from milk. Examples of carotenoids are further
substances with a carotene backbone, in particular with a beta-carotene or capsanthin
backbone, more particularly alpha- and beta-carotene, lutein, lycopene, antheraxanthin,
capsanthin, zeaxanthin, violaxanthin, astaxanthin, canthaxanthin, luteoxanthin,
neoxanthin, and the respective apo-carotenoids.

A preferred food product for the process according to the invention is baked
bread and other baked products from wheat flour and/or flours from other cereal origin.

For example, for the baked food product bread, the intermediate forms comprise
for example wheat flour, the initial mixture thereof with other bread ingredients such as
for example water, salt, yeast and bread improving compositions, the mixed dough, the
kneaded dough, the leavened dough and the partially baked dough. In case the enzyme
is capable of converting beta-carotene, the enzyme is added to the wheat flour and/or
flours from other cereal origin or to any initial mixture with other bread ingredients, in an
amount so as to give between 1 and 5000 Zorn units per kg flour, preferably between 5
and 1000 Zorn units per kg flour, more preferably between 10 and 500 Zorn units per kg
flour and most preferably between 25 and 250 Zorn units per kg flour. The enzyme may
also be added together with or as part of a bread improver mixture with other dough
and/or bread improving processing aids known in the art, such as one or more enzymes
known in the art (e.g. amylolytic enzymes such as alpha-amylase, beta-amylase,
amyloglucosidase, anti-staling maltogenic alpha-amylase, lipolytic enzymes such as
lipase, phospholipase, galactolipase, oxidizing enzymes such as glucose oxidase,
hexose oxidase, laccase, pyranose oxidase, carbohydrate oxidase, hemicellulolytic
enzymes such as xylanase, arabinofuranosidase, cellulolytic enzymes such as endo-
glucanases (such as cellulases), cellobiohydrolases, proteases and/or chemical
processing aids known in the art such as reducing and oxidizing agents (e.g. ascorbic
acid, glutathione), emulsifiers (e.g. DATEM) etceteras.

In some types of noodles, a white product is seen as desirable. For example, for
noodles, the intermediate forms comprise for example wheat flour, the initial mixture
thereof with water, salt, and other noodle ingredients, the mixed dough and the final
noodle product that can be fresh, dried, boiled, steamed and/or fried.

The food product can also be a dairy product. By dairy products is meant products
that contain at least 10 wt%, preferably at least 30 wt%, more preferably at least 50 wi%,
still more preferably at least 70 wt% or most preferably at least 80 wt% on dry solid basis of
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components originating from milk, preferably cow’s milk. Components originating from milk
are for example fats, proteins, for example whey cheese curd and casein, etc. Milk,
especially cow’s milk, may naturally contain colouring compounds such as carotenoids, for
example beta-carotene.

Whiteness plays an important role in for example cheese, butter oil, milk powder
or whey products. For example for cheeses like Feta, Mozzarella, Ricotta and blue
cheese, for example Danish Blue, Roquefort or Gorgonzola, whiteness is considered
desirable. In cheeses wherein milk from goat or sheep is at least partially replaced by
cow'’s milk, the whiteness of the cheese might be a problem because of the B-carotene
that is present in cow’s milk.

For some cheeses natural colouring agents like annatto or beta-carotene are used
as food colouring agents. However, this colouring agent will also be present in the whey.
When this whey is further processed into for example baby formula, the colour of the whey
product may be undesirable. For the food product soft cheese, the intermediate products
comprise e.g. milk, and cheese curd.

Measurement of whiteness of a product can be done visually or a reflection
measurement, for example by scanning. In reflection measurement the colors are
quantified with three parameters: L-factor (black =0 to white= 100), a-factor (green = -60
to red = +60) and b-factor (Blue = -60 to Yellow = +60). In case of carotenoids, the b-
factor of the produced product is preferably as closest to 0 as possible, preferably
between 10 and 0, more preferably between 5 and 0 and even more preferably lower
than 1 and most preferably lower than 0.5. In an additional aspect, the invention
provides a food product obtainable by the process of the invention as described
hereinbefore. These food products are characterized by at least parts having
significantly increased whiteness in comparison with food products obtainable by
production processes that do not comprise adding one or more of enzymes capable of
converting pigments in the intermediate products.

In a further aspect, the invention provides the use of enzymes capable in converting
pigments for bleaching food products, for example flour-based or milk-derived products.
Surprisingly, it was found that these enzymes can advantageously be used as a stain
remover in household detergents. In particular, the enzymes proved very efficient in
removing colored stains, for example grass stains, coffee and tea stains, from both cotton
and synthetic (e.g. polyester) fabrics. Furthermore, the enzymes could also be used in
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enzymatic stone bleaching processes, for example by bleaching the indigo dye of blue jeans
to a desired level.

Materials and Methods

Measurement of the conversion of beta-carotene

Measurement of beta-carotene degradation according to Aziz
Enzyme activity can be determined as beta-carotene conversion activity according to A. Ben
Aziz (1971), Phytochemistry 10, 1445. One enzyme unit is defined herein as the amount of
enzyme that converts 1 microgram of beta-carotene per minute min (further referred to as
Aziz-unit).

Measurement of beta-carotene degradation according to Zorn

The enzyme activity can also be determined as beta-carotene conversion activity according
to Zorn et al (2003), Appl. Microbiol. Biotechnol. 62:331-336. One enzyme unit is defined
herein as the amount of enzyme that converts 1 micromole of beta-carotene per minute
(further referred to as Zorn-unit). The assay is carried out as follows: 1.5 ml of enzyme
containing sample was pre-incubated in a cuvette at 27°C for 5 min before 100 pl of beta-
carotene stock solution (see further below) was added. If necessary, the concentrated
culture supernatant was diluted with a citric acid/phosphate buffer pH 5.5 (this buffer was
prepared by mixing 43 ml 0.1 M citric acid with 56 ml 0.2 M Na,PO, solutions). The
decrease of absorbance was monitored over 15 min at 450 nm and 27°C using a
spectrophotometer in a temperature controlled cell holder. The curve was checked for
linearity and the enzyme activity was calculated with the linear part of the curve according to
the following equation:

enzyme activity [mU/mli] = (AE x V) x 10°/(Vs x d x €)

wherein U = enzyme activity unit defined above; AE = decrease of absorbance art 450 nm
per minute; V; = total volume in cuvette (ml); Vs = sample volume in cuvette (ml); € =
extinction coefficient of beta-carotene which is 95,000 M'cm™; d = thickness of cuvette

(cm)]
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The Aziz enzyme unit can be converted to the Zorn unit by dividing the Aziz units
with the molecular weight of beta-carotene = 536.85.

Preparation of the beta-carotene stock solution

The beta-carotene stock solution was prepared as follows: 5 mg beta-carotene and 500 mg
Tween-80 were dissolved in 50 mL dichloromethane. The dichloromethane was evaporated
at 40°C and 800 mbar in a rotary evaporator. When nearly all dichloromethane was
evaporated, 30 ml water was added and the residual dichloromethane was eliminated in the
rotary evaporator and finally in a stream of nitrogen. The resulting solution was filtered and
filled up to 50 ml with water in a graduated flask. The solution has to be stored in the cold
(refrigerator) and is stable for a few days only.

Bleaching of food products
Bleaching was determined after extraction of carotenoids from crumb or dough as indicated
by Gelinas, Cereal Chem. 75, 810-184 (1998). Carotenoids were determined via total lipids
extraction from crumb of bread as indicated by Gelinas (1998).

Whiteness of a food product can be determined both visually as well as by
reflection measurements. Visual inspection can be performed by comparing food
products to which a bleaching enzyme is added versus a control without added
bleaching enzyme. Reflection measurements can be performed by scanning the food
product on a colour scanner (Hewlett Packard Scanjet ADF). These data can be analysed
using the programme LabSMART (LabSMART, LLC, Logan Utah, USA).

Example 1
Cultivation and determination of the activity of the beta—carotene converting enzyme

obtained from Marasmius scorodonius.

Cultivation and determination of the activity of the f—carotene converting enzymes
caroase-1 and caroase-2 obtained from Marasmius scorodonius were carried out as
described by Zorn et al. (2003). Hereto, mycelium from the culture collection of Marasmius
scorodonius (obtainable from the Centraal Bureau voor Schimmelcultures — Utrecht, The
Netherands with deposit number CBS 137.83) was used to inoculate agar plates
supplemented with emulsified beta-carotene. Incubation of the plates was performed at
24°C for 14 days. 300 mi shake flasks containing 100 ml of standard nutrition solution
(SNL, containing 30 g/litre glucose'H,0; 4.5 gllitre asparagine-H,O; 1.5 gllitre KH,PO,; 0.5
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gllitre MgSQ,; 3.0 gllitre yeast extract; 1 mlflitre of a sterilized trace element solution
containing 5 mg/l CuSO,*5aq, 80 mg/l FeCl;*6aq, 90 mg/l ZnSO,*7aq, 30 mg/l MnSO, *1aq
and 40 mg/l EDTA,; the pH was adjusted to 6.0 with 1 N NaOH prior to sterilization) were
inoculated with mycelium and were incubated at 24°C for 7 days in a shaking incubator at
150 rpm. The precultures were checked for the absence of microbial contaminations,
homogenised by Ultra Turrax, and used to inoculate the main cultures (250 mL in 500 ml
Erlenmeyer flasks). From the second day each day 2 ml samples were drawn, centrifuged
to remove the mycelium and the activity was measured in a spectrophotometric assay. After
4 days cultivation, the beta-degrading activity was approximately 0.3 Zorn units per litre cell

free supernatant.

Example 2
Effect of H,O, on the activity of the beta—carotene-converting enzymes caroase-1 and

caroase-2 obtained from M. scorodonius.

The effect of 10 microliter 20 mM hydrogen peroxide (H.O,) is determined in the in vitro
assay beta-carotene degradation assay as is described above. Concentrated culture
supernatants of M. scorodonius, containing caroase-1 and caroase-2 were used. The beta-
carotene degradation activity increased from 4.3 to 10.9 mU in the presence of H,O.. When
heat-inactivated enzyme was used, no beta-carotene degradation was observed at all. This
clearly demonstrated that H,O, stimulates beta-carotene degradation activity by the beta-
carotene degrading enzyme.

Example 3

Effect of Aspergillus niger glucose oxidase (GOX) on the activity of the caroase-1 and
caroase-2 obtained from M. scorodonius.

50 microliter concentrated culture supernatant of M. scorodonius was mixed with
1290 microliter of 50 mM sodium acetate buffer (pH 5.5). 160 microliter of a 500 mM
glucose solution was added, and the mixture was tempered for 5 min at 27 degrees
celsius. The Aspergillus niger glucose oxidase was obtained from Fluka. The reaction
was started by addition of 0-2 microliter of glucose oxidase stock solution (100 U/ml,
corresponding to an activity of 0 — 200 mU GOX) and 100 microliter beta-carotene
solution (preparation as is mentioned under “Materials & Methods”). The decrease of
absorption was recorded at 450 nm for 10 min at 27 degrees Celsius (table 1).
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scorodonius in the presence of 50 mM glucose and various doses of GOX.

GOX (mU) Activity (mU/ml) Activity (%)
0 0.37 100
25 1.08 295
50 1.41 386
75 1.35 370
100 1.67 458
150 0.79 216

In a second series of experiments, the concentration of glucose was varied, while
5 the amount of glucose oxidase activity was kept constant. Therefore, 50 microliter of
concentrated culture supernatant of M. scorodonius was mixed with 1434 to 1290 microliter
50 mM sodium acetate buffer (pH 5.5), and 16 — 160 microliter of 500 mM glucose solution
were added (table 2). The mixture was kept for 5 min at 27 degrees Celsius, and the
reaction was started by addition of 0 - 1 microliter GOX (corresponding to an activity of 0 or

10 100 mU) and 100 microliter of beta-carotene solution.

Table 2: Degradation of beta-carotene by concentrated culture supernatant of M.

scorodonius in the presence of various concentrations of glucose and a dosed glucose

oxidase of 100 mU.

Glucose (mM)

without GOX

Activity (mU/ml)

+ 100 mU GOX

Activity (mU/ml)

5 0.27 1.85
25 0.29 1.91
50 0.37 1.84

15

In the blanks (50 mM glucose, 100 mU GOX, no addition of culture supernatant)

no degradation of beta-carotene was observed.
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From these experiments it is clear that the presence of GOX in the presence of glucose
strongly stimulates beta-carotene degradation by the concentrated supernatant of M.

scorodonius.

Example 4 and comparative examples A, Band C

Pup loaf baking test
In a standard baking process pup loaves were prepared from 200 g wheat flour

(a mixture of 160 g of wheat flour (Kolibri® - Meneba, The Netherlands) and 40 gram
wheat flour (Ibis®- Meneba, The Netherlands)), 1.4 g Fermipan® dry yeast (DSM Bakery
Ingredients, Delft, The Netherlands), 4 g salt, 50 ppm ascorbic acid, 4 ppm fungal a-
amylase Bakezyme® P500 (DSM Food Specialties, Delft, The Netherlands), 60 ppm of
fungal hemicellulase Bakezyme® HS2000 (DSM Food Specialties, Delft, The
Netherlands) and the amount of the beta-carotene degrading enzyme as indicated in
Table 3 and 116 ml water in a pin mixer for 6 minutes and 15 seconds. The dough
temperature was 28°C. Directly after mixing, the dough is divided into two pieces of 150
g each, rounded and proofed for 45 minutes in a proofing cabinet at 30°C, shaped and
panned. After a final proof of 70 minutes at 30°C, the dough was baked for 20 minutes at
225°C.

After 24 hrs of storage in a closed box at room temperature the crumb quality and
colour of the baked bread was evaluated by the baker; the amount of carotenoids was
determined after extraction of the bread crumb as indicated in Table 4.

Table 3. Enzyme dosage (expressed as Zorn units per 200 gram of flour)

Enzyme from Assay | Loaf A | LoafB | LoafC | Loaf1 | Loaf2
Enzyme active soy flour Aziz - 18.6 - - -
Soy enzyme Lipoxygenase 2 | Aziz - - 18.6 - -
g/;argzssnevftéi scorodonius Zorn ) ) ) 18.6 )
g/;igiin;igz scorodonius Zomn ) ) ) ) 18.6
Table 4. Carotenoid content of the loaves and visual identification

Loaf A Loaf B Loaf C Loaf 1 Loaf 2
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% Carotenoid present 100 8 30 5 6

Visual inspection Yellowish White Off-White White White

From Table 4 can be concluded that by addition of the bleaching enzymes
according to the invention to the dough, carotenoids are degraded, resulting in a whiter
crumb. The efficiency of the process according to the invention is better than for the
used soy enzyme Lipoxygenase 2, and is at least equal to or better than the use of

enzyme active soy flour.

Example 5
Preparation of mini cheeses

Miniature cheeses were produced as described by Shakeel-Ur-Rehman et al.
(Protocol for the manufacture of miniature cheeses in Lait, 78 (1998), 607-620). Raw
cows milk was pasteurised by heating for 30 minutes at 63°C. The pasteurised milk was
transferred to wide mouth plastic centrifuge bottles (200mL per bottle) and cooled to
31°C. Subsequently, 0.72 ml of starter culture DS 5LT1 (DSM Gist B.V., Delft, The
Netherlands) was added to each of the 200 ml of pasteurised milk in the centrifuge
bottles and the milk was ripened for 20 minutes. Then, CaCl, (132 pL of a 1 mol.L”
solution per 200mL ripened milk) was added, followed by addition of the coagulant (0.04
IMCU per ml). In case the experiment involved the use of caroase-01 and caroase-02,
this enzyme was added together with the coagulant.

The milk solutions were held for 40-50 minutes at 31°C until a coagulum was
formed. The coagulum was cut manually by cutters of stretched wire, spaced 1 cm apart
on a frame. Healing was allowed for 2 minutes followed by gently stirring for 10 minutes.
After that, the temperature was increased gradually to 39°C over 30 minutes under
continuous stirring of the curd / whey mixture. Upon reaching a pH of 6.2 the curd / whey
mixtures were centrifuged at room temperature for 60 minutes at 1,700g. The whey was
drained and the curds were held in a water bath at 36°C. The cheeses were inverted
every 15 minutes until the pH had decreased to 5.2-5.3 and were then centrifuged at
room temperature at 1,700g for 20 minutes. After further whey drainage the cheese
bleaching was determined by scanning. Use of bleaching enzymes caroase-01 and
caroase-02 resulted in a whiter cheese.
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CLAIMS

An isolated polypeptide having bleaching activity and one or more characteristics

selected from the group consisting of:

a. An isolated polypeptide according to any one of SEQ ID NO: 08-12 or functional
equivalents of any of them;

b. An isolated polypeptide obtainable by expressing a polynucleotide according to
any one of SEQ ID NO: 01-07 or functional equivalents of any of them or a vector
comprising said polynucleotides or functional equivalents of any of them in an
appropriate host cell, e.g. Aspergillus niger, and

c. A polypeptide comprising at least one of SEQ ID NO: 13-17.

An isolated polypeptide according to claim 1 according to SEQ ID NO: 08-12 or
functional equivalents of any of them, which functional equivalents are at least 55%
homologous to SEQ ID NO: 8-12.

An isolated polypeptide according claim 1 according to SEQ ID NO: 08-12 or
functional equivalents of any of them, which functional equivalents are at least 65%
homologous to SEQ ID NO: 8-12.

An isolated polypeptide according to any one of claims 1-3 obtainable from

Marasmius scorodonius.

An isolated polynucleotide hybridisable to a polynucleotide according to SEQ ID NO:
01-07 or functional equivalents thereof.

An isolated polynucleotide according to claim 5 hybridisable under high stringency
conditions to a polynucleotide according to SEQ ID NO: 01-07 or functional
equivalents thereof.

An isolated polynucleotide according to claims 5 or 6 obtainable from a fungus,
preferably a filamentous fungus.
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An isolated polynucleotide according to claim 7 obtainable from Marasmius,
preferably M. scorodonius.

An isolated polynucleotide encoding a polypeptide according to claim 1.

An isolated polynucleotide encoding at least one functional domain of a polypeptide
according to SEQ ID NO: 08-12 or functional equivalents thereof.

An isolated polynucleotide comprising a nucleotide sequence according SEQ ID NO:
01-07 or functional equivalents thereof.

An isolated polynucleotide according to SEQ ID NO: 01-07.

A vector comprising a polynucleotide sequence according to claims 5 to 12.

A vector according to claim 13 wherein said polynucleotide sequence according to
claims 5 to 12 is operatively linked with regulatory sequences suitable for expression
of said polynucleotide sequence in a suitable host cell.

A vector according to claim 14 wherein said suitable host cell is a filamentous

fungus or a bacterium.

A method for manufacturing a polynucleotide according to claims 5 to 12 or a vector
according to claims 13 to 15 comprising the steps of culturing a host cell
transformed with said polynucleotide or said vector and isolating said polynucleotide
or said vector from said host cell.

An isolated polypeptide obtainable by expressing a polynucleotide according to any
one of claims 5 — 12 or a vector according to any one of claims 13 — 15 in an
appropriate host cell.

Recombinant bleaching enzyme comprising a functional domain of a caroase 01-05
polypeptide.
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A method for manufacturing a polypeptide according to claims 1 to 4 or 17
comprising the steps of transforming a suitable host cell with an isolated
polynucleotide according to claims 5 to 12 or a vector according to claims 13 to 15,
culturing said cell under conditions allowing expression of said polynucleotide and
optionally purifying the encoded polypeptide from said cell or culture medium.

A recombinant host cell comprising a polynucleotide according to claims 5to 12 or a
vector according to claims 13 to 15.

A recombinant host cell expressing a polynucleotide according to claims 1 to 4 or
17.

Use of the polypeptide according to any one of claims 1 to 4 or 17 increasing
whiteness of at least part of a food product compared to a food product for which the
polypeptide is not used.

Process for the production of a food product whereby an intermediate form of said
food product comprises a pigment, which process comprises adding at least one
polypeptide according to any one of claims 1 to 4 or 17 in an amount that is effective
in directly converting said pigment into a form which results in increasing the
whiteness of at least part of the food product compared to the food product for which
said polypeptide is not added during its production.

Process according to claim 23 wherein the food product is made from flour,
preferably wheat flour.

Process according to claim 23 wherein the food product is a dairy product.

Process according to any one of claims 23 to 25 wherein the pigment is a
carotenoid.

Process according any one of claims 23 to 26 wherein the enzyme is added as an
enzyme preparation derived from a microorganism or produced is situ by a

microorganism capable of producing said enzyme.
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Process according to claim 27 wherein the enzyme is added as an enzyme
preparation derived from or produced in situ by a bacterium, a fungus or a yeast.

Process according to claim 28 wherein the fungus belongs to the genus Marasmius,

preferably Marasmius scorodonius.

Process according to any one of claims 23-29, wherein additionally an
oxidoreductase is added during production of the food product.

A food product obtainable by the process according to any one of claims 23 to 30.
Use of a polypeptide according to any one of claims 1 to 4 or 17 directly convert
pigments into a form that results in an increased whiteness of at least part of a food

product.

Use of a polypeptide according to any one of claims 1 to 4 or 17 to detergents or in
enzymatic stone bleach processes.
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