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CATALASE GENE AND USE THEREOF

This application is an Australian national phase of International Patent Application No.
PCT/JP2006/326309 (International Publication No. WO 2007/105350) filed on December 22, 2006,
which claims priority benefit of Japanese application No. 2006-053951 filed on February 28, 2006

and which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a gene encoding catalase and use thereof, in particular, a
brewery yeast for producing alcoholic beverages with superior flavor, alcoholic beverages produced
with said yeast, and a method for producing said beverages. More particularly, the present
invention relates to a yeast, whose capability of producing sulfite that contribute to stability of
flavor in products, is enhanced by amplifying expression level of CTAI gene encoding Ctalp that is
a catalase in a brewery yeast, especially non-ScCTA! gene or ScCTA1 gene specific to a lager

brewing yeast, and to a method for producing alcoholic beverages with said yeast.

BACKGROUND ART

Sulfite has been known as a compound having high anti-oxidative activity, and thus has been
widely used in the fields of food, beverages, pharmaceutical products or the like (for example,
Japanese Patent Application Laid-Open Nos. H06-040907 and 2000-093096). In alcoholic
beverages, sulfite has been used as an anti-oxidant. For example, because sulfite plays an important
role in quality maintenance of wine that needs long-term maturation, addition of up to 350 ppm
(parts per million) of residual concentration is permitted by the Ministry of Health, Welfare and
Labor in Japan. Further, it is also known that shelf life (quality maintained period) varies
depending upon sulfite concentration in a product in beer brewing. Thus, it is quite important to
increase the content of this compound from the viewpoint of flavor stability or the like.

The easiest way to increase the sulfite content in a product is addition of sulfite. However,
sulfite is treated as a food additive, resulting in some problems such as constraint of product
development and negative images of food additives of consumers.

Methods of increasing sulfite content in a fermentation liquor during brewing process
include (1) a method based on process control, and (2) a method based on breeding of yeast. In the
method based on a process control, since the amount of sulfite produced is in inverse proportion to
the amount of initial oxygen supply, supplied amount of oxygen is reduced to increase amount of
sulfite produced and to prevent oxidation.

On the other hand, gene manipulation techniques are used in the method based on breeding
of yeast. Yeast biosynthesizes sulfur-containing compounds which are required for its biological

activity. Sulfite is produced as an intermediate in the biosynthesis of sulfur-containing
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compounds.  Thus, amount of sulfite in products can be increased by utilizing the ability of yeast
without adding sulfite from.outside.

The MET3 and MET14 are genes encoding reductases participating in steps which are
involved in biosynthesis of sulfite from sulfate ion taken from culture medium. Korch et al.
attempted to increase a sulfite-producing capability of yeasts by increasing expression level of the
two genes, and found that MET14 is more effective (C. Korch et al., Proc. Eur. Brew. Conv.
Conger., Lisbon, 201-208, 1991).  Also, Hansen et al. attempted to increase production amount
of sulfite by disrupting MET10 gene encoding a sulfite ion reductase to prevent reduction of
sulfite produced (J. Hansen et al, Nature Biotech., 1587-1591, 1996). On the other hand,
however, delay in fermentation or increase in acetaldehyde and 1-propanol, which are undesirable
flavor ingredients, are also observed.

Further, Fujimura et al. attempted to increase sﬁ]ﬁte content in beer by increasing
expression level of a non-ScSSU1 gene unique to a lager brewing yeast among SSU1 genes
encoding sulfitc ion efflux pump of yeast to promote excretion of sulfite to outside the yeast cells
(Fujimura et al, Abstract of 2003 Annual Conference of the Japan Society for Bioscience,
Biotechnology and Agrochem., 159, 2003). -

DISCLOSURE OF INVENTION )

As mentioned above, the easiest way to increase sulfite content in a product is addition of
sulfite. However, it is desirable to minimize use of food additives in view of recent consumers’
preference, i.e., avoidance of food additives and preference of .naruraJ materials. Thus, it is
desirable to achieve sulfite content which is effective level for flavor stability by use of biological
activity of yeast itself without adding sulfite from outside. However, the method based on a
process control as described above may not be practical since shortage of oxygen may cause
-decrease in growth rate of yeasts, resulting in delay in fermentation and quality loss.

Further, in breeding of yeast using gene manipulation techniques, there is a report stating
that ten times or more sulfite content than parent strain was achieved (J. Hansen et al., Nature
Biotech., 1587-1591, 1996). However, there are problems such as delay in fermentation and
increase of undesirable flavor ingredients such as acetaldehyde and 1-propanol.  Thus, there are
problems with the yeast for practical use. Thus, there has been a need for a method for breeding
yeast capable of producing sufficient amount of sulfite without impairing the fermentation rates
and quality of the products.

To solve the problems described above, the present inventors made extensive studies,
and as a result succeeded in identifying and isolating a gene encoding a catalase from a lager

brewing yeast. Moreover, a yeast in which the obtained gene was transformed and expressed
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was produced to confirm increase in production of sulfite, thereby completing the present invention.
Thus, in one example the present invention relates to a catalase gene existing in a lager
brewing yeast, to a protein encoded by said gene, to a transformed yeast in which the expression of
said gene is controlled, to a method for controlling the amount of sulfite produced in a product by
using a yeast in which the expression of said gene is controlled. In another example, the present
invention provides the following polynucleotides, a vector comprising said polynucleotide, a
transformed yeast introduced with said vector, a method for producing alcoholic beverages by using

said transformed yeast, and the like.

(1) A polynucleotide selected from the group consisting of:

(a) a polynucleotide comprising a polynucleotide consisting of the nucleotide sequence of
SEQ ID NO:1;

(b) a polynucleotide comprising a polynucleotide encoding a protein consisting of the amino
acid sequence of SEQ ID NO:2;

(c) a polynucleotide comprising a polynucleotide encoding a protein consisting of the amino
acid sequence of SEQ ID NO:2 with one or more amino acids thereof being deleted, substituted,

inserted and/or added, and having a catalase activity;

(d) a polynucleotide comprising a polynucleotide encoding a protein having an amino acid
sequence having 60% or higher identity with the amino acid sequence of SEQ ID NO:2, and having I
a catalase activity; ]

(e) a polynucleotide comprising a polynucleotide which hybridizes to a polynucleotide
consisting of a nucleotide sequence complementary to the nucleotide sequence of SEQ 1D NO:1
under stringent conditions, and which encodes a protein having a catalase activity; and

(f) a polynucleotide comprising a polynucleotide which hybridizes to a polynucleotide
consisting of a nucleotide sequence complementary to the nucleotide sequence of the
polynucleotide encoding the protein of the amino acid sequence of SEQ 1D NO:2 under stringent
conditions, and which encodes a protein having a catalase activity.

(2) The polynucleotide of (1) above selected from the group consisting of:

(g) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ ID
NO: 2, or encoding an amino acid sequence of SEQ ID NO: 2 wherein 1 to 10 amino acids thereof
is deleted, substituted, inserted, and/or added, and wherein said protein has a catalase activity;

(h) a polynucleotide encoding a protein having 90% or higher identity with the amino acid
sequence of SEQ ID NO: 2, and having a catalase activity; and

(i) a polynucleotide which hybridizes to SEQ ID NO: 1 or which hybridizes to a nucleotide

sequence complementary to the nucleotide sequence of SEQ 1D NO: | under high
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stringent conditions, and which encodes a protein having a catalase activity.

(3) The polynucleotide of (1) above comprising a polynucleotide consisting of SEQ ID
NO: L.

(4) The polynucleotide of (1) above comprising a polynucleotide encoding a protein
consisting of SEQ ID NO: 2.

(5) The polynucleotide of any one of (1) to (4) above, wherein the polynucleotide is
DNA. '

(6) A protein encoded by the polynucleotide of any one of (1) to (5) above.

(7) A vector comprising the polynucleotide of any one of (1) to (5) above.

(7a) The vector of (7) above, which comprises the expression cassette comprising the
following components:

(x) a promoter that can be transcribed in a yeast cell;.

(y) any of the polynucleotides described in (1) to (5) above linked to the promoter in a
sense or antisense direction; and

(2) a signal that can function in a yeast with respect to transcription termination and

. polyadenylation of a RNA molecule..

(8) A vector comprising the polynucleotide selected from the group consisting of:

(j) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ ID
NO: 4, or encoding an amino acid sequence of SEQ ID NO: 4 wherein 1 to 10 amino acids thereof
is deleted, substituted, inserted, and/or added, and wherein said protein has a catalase activity,

(k) a polynucleotide encoding a protein having 90% or higher identity with the amino
acid sequence of SEQ ID NO: 4, and having a catalase activity; and

() a polynucleotide which hybridizes to SEQ ID NO: 3 or which hybridizes to a
nucleotide sequence complementary to the nucleotide sequence of SEQ ID NO: 3 under high
stringent conditions, and which encodes a protein having a catalasc activity.

(9) A yeast, wherein the vector of (7) or (8) above is imrodﬁced.

(10) The yeast of (9) above, wherein a sulfite-producing capability is enhanced.

(11) The yeast of (10) above, wherein a sulfite-producing capability is enhanced by
increasing an expression level of the protein of (6) above.

(12) A method for producing an alcoholic beverage comprising culturing the yeast of any
one of (9) to (11) above.

(13) The method for producing an alcoholic beverage of (12) above, wherein the brewed
alcoholic beverage is a malt beverage.

(14) The method for producing an alcoholic beverage of (12) above, wherein the brewed

alcoholic beverage is wine.




20

25

30

WO 2007/105350 PCT/JP2006/326309

(15) An alcoholic beverage produced by the method of any one of (12) to (14 ) above.

(16) A method for assessing a test yeast for its sulfite-producing capability, comprising
using a primer or a probe designed based on a nucleotide sequence of a gene having the nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 3, and encoding a protein having a catalase activity.

(16a) A method for selecting a yeast having an enhanced sulfite-producing capability by
ﬁsing the method described in (16) above.

(16b) A method for producing an alcoholic beverage (for example, beer) by using the
yeast selected with the method in (16a) above,

(17) A method for assessing a test yeast for its sulfite-producing capability, comprising;
culturing a test yeast, and measuring an expression level of a gene having the nucleotide sequence
of SEQ ID NO: 1 or SEQ ID NO: 3, and encoding a protein having a catalase activity

(17a) A method for sclecting a yeast having a higﬁ sulfite-producing capability, which
comprises assessing a test yeast by the method deécn'bed in (17) above and selecting a yeast
having a high expression level of a gene encoding a protein having a catalase activity.

(17b) A method for producing an alcoholic beverage (for example, beer) by using the
yeast selected with the method in (17a) above.

(18) A method for selecting a yeast, comprising: culturing test yeasts; quantifying the
protein according to (6) or measuring an expression level of a gene having the nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 3, and encoding a protein having a catalase activity;
and selecting a test yei;st having said protein amount or said gene expression level according to a
target sulfite-producing capability.

(19) The method for selecting a veast according to (18) above, comprising: culturing a
reference yeast and test yeasts; measuring an expression level of a gene having the nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 3, and encoding a protein having a catalase activity in
each yeast; and selecting a test yeast having the gene expressed higher than that in the reference
yeast.

(20) The method for selecting a yeast according to (18) above, comprising: culturing a
reference yeast and test yeasts;, quantifying the protein according to (6) above in each yeast; and
selecting a test yeast having said protein in a larger amount than that in the reference yeast.

(21) A method for producing an alcoholic beverage comprising: conducting fermentation
for producing an alcoholic beverage using the yeast according to any one of (9) to (11) above or a
yeast selected by the method according to any one of (18) to (20) above; and adjusting sulfite

concentration.

According to the method for producing alcoholic beverages of the present invention, the
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content of sulfite which has an anti-oxidative activity in products can be increased so that

alcoholic beverages which have superior stability of flavor and longer shelf life can be produced.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows the cell growth with time upon beer fermentation test. The horizontal
axis represents fermentation time while the vertical axis represents optical density at 660 nm
(OD660).

Figure 2 shows the extract consumption with time upon beer fermentation test. The
horizontal axis represents fermentation time while the vertical axis represents ap'parent extract
concentration (W/w%). '

Figure 3 shows the expression behavior of non-ScCTAI gene in yeasts upon beer
ferméntation test. The horizontal axis represents fermenfation time while the vertical axis
represents the brightness of detected signal.

Figure 4 shows the cell growth with time upon beer fermentation test using the
non-ScCTA1-highly expressed strain. The horizontal axis represents fermentation time while
the vertical axis represents optical density at 660 nm (OD660).

Figure 5 shows the extract consumptioﬁ with time upon beer fermentation test using the
non-ScCTAl-highly expressed strain. The horizontal axis represents fermentation time while
the vertical axis represents apparent extract concentration (w/w%).

Figure 6 shows sulfite concentration in the fermentation broth (at the completion of
fermentation) during beer fermentation test using the non-ScCTA1-highly expressed strain.

Figure 7 shows the cell growth with time upon beer fermentation test. The horizontal
axis represents fermentation time while the vertical axis represents optical density at 660 nm
(OD660). '

Figure 8 shows the extract consumption with time upon beer fermentation test. The
horizontal axis represents fermentation time while the vertical axis represents apparent extract
concentration (w/w%). '

Figure 9 shows the expression.behavior of ScCTAl gene in yeasts upon beer
fermentation test. The honzontal axis represents fermentation time while the vertical axis
represents the brightness of detected signal.

Figure 10 shows the cell growth with time upon beer fermentation test using the
ScCTAl-highly expressed strain. The horizontal axis represents fermentation time while the
vertical axis represents optical density at 660 nm (OD660).

Figure 11 shows the extract consumption with time upon beer fermentation test using the

ScCTAl-highly expressed strain. The horizontal axis represents fermentation time while the
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vertical axis represents apparent extract concentration (w/w%).
Figure 12 shows sulfite concentration in the fermentation broth (at the completion of

fermentation) during beer fermentation test using the ScCCTA1-highly expressed strain.

BEST MODES FOR CARRYING OUT THE INVENTION

The present inventors isolated and identified non-ScCTA1 gene encoding a protein
having a catalase activity unique to laiger brewing yeast based on the lager brewing yeast genome
information mapped according to the method disclosed in Japanese Patent Application Laid-Open
No. 2004-283169. The nucleotide sequence of the gene is represented by SEQ ID NO: 1.
Further, an amino acid sequence of a protein encoded by the gene is represented by SEQ ID NO: 2.
Furthermore, the present inventors isolated and identified ScCTA1 gene encoding a protein
having a catalase activity unique to lager brewing yeast. The nucleotide sequence of the gene is
represented by SEQ ID NO: 3. Further, an amino acid sequence of a protein encoded by the
gene is represented by SEQ ID NO: 4.

1. Polynucleotide of the invention .
First of all, the present invention provides (a) a polynucleotide comprising a

polynucleotide of the nucleotide sequence of SEQ ID NO:1 or SEQ ID NO: 3; and (b) a
polynucleotide comprising a polynucleotide encoding a protein of the amino acid sequence of
SEQID NO:2 or SEQIDNO: 4. The polynucleotide can be DNA or RNA.

The target polynucleotide of the present invention is not limited to the polynucleotide
encoding a protein having a catalase activity derived from lager brewing yeast and may include
other polynucleotides encoding proteins having equivalent functions to said protein. Proteins
with cquivalent functions include, for example, (c) a protein of an amino acid sequence of SEQ ID
NO: 2 or SEQ ID NO: 4 with one or more amino acids thereof being deleted, substituted, inserted
and/or added and having a catalase activity.

Such proteins include a protein consisting of an amino acid sequence of SEQ ID NO: 2
or SEQ ID NO: 4 with, for example, 1 to 100, 1t0 90, 1t0 80, 1t0 70, 1 to 60, 1 to 50, 1 t0 40, 1
t039, 11038, 1t037,1t036, 11035, 1to34, 1t033,1t032,1t031,1t030,1t029, 1t0 28,1
1027, 11026, 11025, 11024, 1t023, 11022, 1t02],1t020,1t019,1t018,1t017,1t0 16,1
015 1to14, 11013, 11012, 1to 11, 1t0 10,1109, 1t0 8, 1to 7, 1 to 6 (1 to several amino
acids), 1to 5, 1to4, 1t03, | to 2, or | amino acid residues thereof being deleted, substituted,
inserted and/or added and having a catalase activity. In general, the number of deletions,
substitutions, insertions, and/or additions is preferably smaller. In addition, such proteins include

(d) a protein having an amino acid sequence with about 60% or higher, about 70% or higher, 71%
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or higher, 72% or higher, 73% or higher, 74% or higher, 75% or higher, 76% or higher, 77% or
higher, 78% or higher, 79% or higher, 80% or higher, 81% or higher, 82% or higher, 83% or
higher, 84% or higher, 85% or higher, 86% or higher, 87% or higher, 88% or higher, 89% or
higher, 90% or higher, 91% or highei', 92% or higher, 93% or higher, 94% or higher, 95% or
higher, 96% or higher, 97% or higher, 98% or higher, 99% or higher, 99.1% or higher, .99.2% or
higher, 99.3% or higher, 99.4% or higher, 99.5% or higher, 99.6% or higher, 99.7% or higher,
99.8% or higher, or 99.9% or highef identity with the amino acid sequence of SEQ ID NO: 2 or
SEQ ID NO: 4, and having a catalase activity. In general, the percentage identity is preferably
higher. ’

The catalase activity can be assessed, for example by, a method of Osorio et al., Archives
of Microbiology, 181(3), 231-236 (2004). ‘

- Furthermore, the present invention also contemplates (€) a polynucleotide comprising a
polynucleotide which hybridizes to a polynucleotide consisting of a nucleotide sequence
complementary to the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 under stringent
conditions and which encodes a protein having a catalase activity, and (f) a polynucleotide
comprising a polynucleotide which hybridizes to a polynucleotide complementary to a nucleotide
sequence of encoding a protein of SEQ TD NO: 2 or SEQ TD NO: 4 under stringent conditions,
and which encodes a protein having a catalase activity. '

Herein, "a polynucleotide that hybridizes under stringent conditions” refers to nucleotide
sequence, such as a DNA, obtained by a colony hybridization technique, a plaque hybridization
technique, a southern hybridization technique or the like using all or part of polynucleotide of a
nucleotide sequence complementary to the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:
3 or polynucleotide encoding the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4 as a
probe. The hybridization method may be a method described, for example, in Molecular
Cloning 3rd Ed., Current Protocols in Molecular Biology, John Wiley & Sons 1987-1997.

The term "stringent conditions" as used herein may be any of low stringency conditions,
moderate stringency conditions or high stringency conditions. "Low stringency conditions" are,
for example, 5 x SSC, 5 x Denhardt's solution, 0.5% SDS, 50% formamide at 32°C. "Moderate
stringency coﬁditions" are, for example, 5 x SSC, 5 x Denhardt's solution, 0.5% SDS, 50%
formamide at 42°C. "High stringency conditions" are, for example, 5 x SSC, 5 x Denhardt's
solution, 0.5% SDS, 50% formamide at 50°C. Under these conditions, a polynucleotide, such as
a DNA, with higher homology is expected to be obtained efficiently at higher temperature,
although multiple factors are involved in hybridization stn'hgency including temperature, probe
concentration, probe length, ionic strength, time, salt concentration and others, and one skilled in

the art may appropriately select these factors to realize similar stringency.

8
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When a commercially available kit is used for hybridization, for example, Alkphos
Direct Labeling Reagents (Amersham Pharmacia) may be used. Tn this case, according to the
attached protocol, after incubation with a labeled probe overnight, the membrane is washed with a
primary wash buffer containing 0.1% (w/v) SDS at 55°C, thereby detecting hybridized
polynucleotide, such as DNA. .

Other polynucleotides that can be hybridized include polynucleotides having about 60%
or higher, about 70% or higher, 71% or higher, 72% or higher, 73% or higher, 74% or higher,
75% or higher, 76% or higher, 77% or higher, 78% or higher, 79% or higher, 80% or higher, 81%
or higher, 82% or higher, 83% or higher, 84% or higher, 85% or higher, 86% or higher, 87% or
higher, 88% or higher, 89% or higher, 50% or higher, 91% or higher, 92% or higher, 93% or
higher, 94% or higher, 95% or higher, 96% or higher, 97% or higher, 98% or higher, 99% or
higher, 99.1% or higher, 99.2% or higher, 99.3% or highcr,‘ 99.4% or higher, 99.5% or higher,
99.6% or higher, 99.7% or higher, 99.8% or higher of 99.9% or higher identity to polynucleotide
encoding the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4 as calculated by homology
search software, such as FASTA and BLAST using default parameters.

Identity between amino acid sequences or nucleotide sequences may be determined
using algorithm BLAST by Karlin and Altschul (Proc. Natl. Acad. Sci. USA, 87: 2264-2268,
1990; Proc. Natl. Acad. Sci. USA, 90: 5873, 1993). Programs called BLASTN and BLASTX
based on BLAST algorithm have been developed (Altschul SF et al., J. Mol. Biol. 215: 403, 1990).
When a nucleotide sequence is sequenced using BLASTN, the parameters are, for example, score
=100 and word length = 12. When an amino acid sequence is sequenced using BLASTX, the
parameters are, for example, score = 50 and word length = 3. When BLAST and Gapped
BLAST programs are used, default parameters for each of the programs are employed.

2. Proteiri of the present invention }
The present invention also provides proteins encoded by any of the polynucleotides (a) to

(1) above. A preferred protein of the present invention comprises an amino acid sequence of
SEQ ID NO:2 or SEQ ID NO: 4 with one or several amino acids thereof being deleted, substituted,
inserted and/or added, and has a catalase activity.

Such protein includes those having an amino acid sequence of SEQ [D NO: 2 or SEQ ID
NO: 4 with amino acid residues thereof of the number mentioned above being deleted, substituted,
inserted and/or added and having a catalase activity. In addition, such protein includes those
having homology as described above with the amino acid sequence of SEQ ID NO: 2 or SEQ ID
NO: 4 and having a catalase activity.

Such proteins may be obtained by employing site-directed mutation described, for

9
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example, in Molecular Cloning 3rd Ed., Current Protocols in Molecular Biology, Nuc. Acids. Res.,
10: 6487 (1982), Proc. Natl. Acad. Sci. USA 79: 6409 (1982), Gene 34: 315 (1985), Nuc. Acids.
Res,, 13; 431 (1985), Proc. Natl. Acad. Sci. USA 82: 488 (1985).

Deletion, substitution, insertion and/or addition of one or more amino acid residues in an
amino acid sequence of the protein of the invention means that one or more amino acid residues
are deleted, substituted, inserted and/or added at any one or more positions in the same amino acid
sequence. Two or more types of deletion, substitution, insertion and/or addition may occur
concurrently.

Hereinafter, examples of mutually substitutable amino acid residues are enumerated.
Amino acid residues in the same group are mutually substitutable. The groups are provided
below.

Group A: leucing, isoleucinge, norleucine, vaJinc,‘ norvaline, alanine, 2-aminobutanoic
acid, methionine, o-methylserine, t-butylglycine, t-lbutylalanine, cyclohexylalanine; Group B:
asparatic acid, glutamic acid, isoasparatic acid, isoglutamic acid, 2-aminoadipic acid,
2-aminosuberic acid; Group C: asparagine, glutarine, Group D: lysine, arginine, ornithine,
2,4-diaminobutanoic acid, 2,3-diaminopropionic acid;, Group E: proline, 3-hydroxyproline,
4-hydroxyproline; Group F: serine, threonine, homoserine; and Group G: phenylalanine, tyrosine.

The protein of the present invention may also be .produced by chemjcal. synthesis
methods such as Fmoc method (fluorenylmethyloxycarbonyl method) and tBoc method
(t-butyloxycarbonyl method). In addition, peptide synthesizers available from, for example,
Advanced ChemTech, PerkinElmer, Pharmacia, Protein Technology Instrument, Synthecell-Vega,
PerSeptive, Shimazu Corp. can also be used for chemical synthesis.

3. Vector of the invention and veast transformed with the vector
The present invention then provides a vector comprising the polynucleotide described

.above. The vector of the present invention is directed to a vector including any of the
polynucleotides (DNA) described in (a) to (I) above. Generally, the vector of the present
invention comprises an expression cassette including as components (x) a promoter that can
transcribe in a veast cell, (y) a polynucleotide (DNA) described in any of (a) to (l) above that is
linked to the promoter in sense or antisense direction; and (z) a signal that functions in the yeast
with respect to transcription termination and polyadenylation of RNA molecule.

A vector introduced in the yeast may be any of a multicopy type (YEp type), a single
copy type (YCp type), or a chramosome integration type (YlIp type). For example, YEp24 (J.R.
Broach et al., Experimental Manipulation of Gene Expression, Academic Press, New York, 83,
1983) is known as a YEp type vector, YCp50 (M. D. Rose et al., Gene 60: 237, 1987) is known as
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a YCp type vector,-and YIp5 (K. Struhl et al,, Proc. Natl. Acad. Sci. USA, 76: 1035, 1979) is
known as a YIp type vector, all of which are readily available.

Promoters/terminators for adjusting gene expression in yeast may be in any combination
as long as they function in the brewery yeast and they have no influence on the concentration of
constituents in fermentation broth.  For example, a promoter of glyceraldehydes 3-phosphate
dehydrogenase gene (TDH3), or a promoter of 3-phosphoglycerate kinase gene (PGK1) may be
used. These genes have previously been cloned, described in detail, for example, in M. F. Tuite
etal, EMBO J, 1, 603 (1982), and are readily available by known methods.

Since an auxotrophy marker cannot be used as a selective marker upon transformation
for a brewery yeast, for example, a geneticin-resistant gene (G418r), a copper-resistant gene
(CUPT) (Marin et al,, Proc. Natl. Acad. Sci. USA, 81, 337 1984) or a cerulenin-resistant gene
(fas2m, PDR4) (Junji Inokoshi et al., Biochemistry, 64, 660, ‘1 992: and Hussain et al., Gene, 101;
149, 1991, respectively) may be used. ‘

A vector constructed as described above is introduced into a host yeast. Examples of
the host yeast include any yeast that can be used for brewing, for example, brewery yeasts for beer,
wine and sake. Specifically, yeasts such as genus Saccharomyces may be used. According to
the present invention, a lager brewing yeast, for example, Saccharomyces pastoriarus W34/70,
Saccharomyces carlsbergensis NCYC453 or NCYC456,. or Saccharomyces cerevisiae
NBRC1951, NBRC1952, NBRC1953 or NBRC1954 may be used. In addition, wine-yeasts
such as wine yeasts #1, 3 and 4 from the Brewing Society of Japan, and sake yeasts such as sake
yeast #7 and 9 from the Brewing Society of Japan may also be used but not limited thereto. In
the present invention, lager brewing yeasts such as Saccharomyces pastorianus may be used
preferably.

A yeast transformation method may be a generally used known method. For example,
methods that can be used include but not limited to an electroporation method (Mcth. Enzym.,
194: 182 (1990)), a spheroplast method (Proc. Natl. Acad. Sci. USA, 75: 1929(1978)), a lithium
acetate method (J. Bacteriology, 153: 163 (1983)), and methods described in Proc. Natl. Acad. Sci.
USA, 75: 1929 (1978), Methods in Yeast Genetics, 2000 Edition: A Cold Spring Harbor
Laboratory Course Manual.

. More specifically, a host yeast is cultured in a standard yeast nutrition medium (e.g,
YEPD medium (Genetic Engineering. Vol. 1, Plenum Press, New York, 117(1979)), etc.) such
that OD600 nm will-be 1 to 6. This culture yeast is collected by centrifugation, washed and
pre-treated with alkali ion metal ion, preferably lithium ion at a concentration of about 1 to 2 M.
After the cell is left to stand at about 30°C for about 60 minutes, it is left to stand with DNA to be
introduced (about 1 to 20 pg) at about 30°C for about another 60 minutes. Polyethyleneglycol,
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preferably about 4,000 Dalton of polyethyleneglycol, is added to a final concentration of about
20% to 50%.  After leaving at about 30°C for about 30 minutes, the cell is heated at about 42°C
for about 5 minutes. Preferably, this cell suspension is washed with a standard yeast nutrition
medium, added to a predetermined amount of fresh standard yeast nutrition medium and left to
stand at about 30°C for about 60 minutes. Thereafter, it is seeded to a standard agar medium
containing an antibiotic or the like as a selective marker to obtain a transformant.

Other general cloning tech:ﬁques may be found, for example, in Molecular Cloning 3rd
Ed., and Methods in Yeast Genetics, A Laboratory Manual (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, NY).

4. Method of producing alcoholic beverages according to'yhe present invention and alcoholic

beverages produced by the method
The vector of the present invention described above is introduced into a yeast suitable for

brewing a target alcoholic product. This veast can be used to increase content of sulfite of
desired alcoholic beverages with superior stability of flavor. In addition, yeasts to be selected by
the yeast assessment method of the present invention described below can also be used. The
target alcoholic beverages include, for example, but not limited to beer, sparkling liquor
(happoustu) such as a beer-taste beverage, wine, sake and the like.

In order to produce these alcoholic beverages, a known technique can be used except that
a brewery yeast obtained according to the present invention is used in the place of a parent strain.
Since materials, manufacturing equipment, manufacturing control and the like may be exactly the
same as the conventional ones, there is no need of increasing the cost for producing aJcoholic
beverages with increased content of sulfite. Thus, according to the present invention, alcoholic
beverages with superior stability of flavor can be produced using the existing facility without

increasing the cost.

5. Yeast assessment method of the invention

The present invention relates to a-method for assessing a test yeast for its capability of
producing sulfite by using a primer or a probe designed based on a nucleotide sequence of a gene
having the nucleotide sequence of SEQ ID NO:1 or SEQ ID NO: 3, and encoding a protein having
a catalase activity.  General techniques for such assessment method are known and are described
in, for example, W0O01/040514, Japanese Laid-Open Patent Application No. 8-205900 or the like.
This assessment method is described in below. '

First, genome of a test yeast is prepared. For this preparation, any known method such
as Hereford method or potassium acetate method may be used (e.g., Methods in Yeast Genetics,
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Cold Spring Harbor Laboratory Press, 130 (1990)).  Using a primer or a probe designed based on -
a nucleotide sequence (preferably, ORF sequence) of the gene encoding a protein having a
catalase activity, the existence of the gene or a sequence specific to the gene is determined in the
test yeast genome obtained. The pn'lﬁer or the probe may be designed according to a known
technique.

Detection-of the gene or the specific sequence may be carried out by employing a known
technique. For example, a polynucieotide including part or all of the specific sequence or a
polynucleotide including a nucleotide sequence complementary to said nucleotide sequence is
used as one primer, while a polynucleotide including part or all of the sequencé upstream or
downstream from this sequence or a polynucleotide including a nucleotide sequence
complementary to said nucleotide sequence, is used as another primer to amplify a nucleic acid of
the yeast by a PCR method, thereby determining the existence of amplified products and
molecular weight of the amplified products. The number of bases of polynucleotide used for a
primer is generally 10 base pairs (bp) or more, and preferably 15 to 25 bp. In general, the
number of bases between the primers is suitably 300 to 2000 bp.

The reaction conditions for PCR are not particularly limited but may be, for example, a
denaturation temperature of 90 to 95°C, an annealing temperature of 40 to 60°C, an elongation
temperature of 60 to 75°C, and the number of cycle of 10 or more. The resulting reaction
product may be separated, for example, by electrophoresis using agarose gel to determine the
molecular weight of the amplified product. This method allows prediction and assessment of the
capébility of producing sulfite of the yeast as determined by whether the molecular weight of the
amplified product is a size that contains the DNA molecule of the specific part. In addition, by
analyzing the nucleotide sequence of the amplified product, the capability may be predicted aﬁd/or
assessed more precisely.

Moreover, in the present invention, a test yeast is cultured to measure an expression level
of the gene having the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 and encoding a
protein having a catalase activity to assess the test yeast for its capability of producing sulfite. In
measuring an expression level of the gene encoding a protein having a catalase activity, the test
yeast is cultured, and then mRNA or a protein resulting from the gene encoding a protein having a
catalase activity, is quantified. The quantification of mRNA or protein may be carried out by
employing a known technique. For example, mRNA may be quantified, by Northern
hybridization or quantitative RT-PCR, while protein may be quantified, for example, by Western
blotting (Current Protocols in Molecular Biology, John Wiley & Sons 1994-2003).  Further,
expression level of the above-identified gene of the test yeast may be projected by measuring

sulfite concentration of fermentation broth obtained after fermentation of the test yeast.
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Furthermore, test yeasts are cultured and expression levels of the gene having the
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3, and encoding a protein having a catalase
activity are measured to select a test yeast with the gene expression level according to the target
catalase activity, thereby selecting a yeast favorable for brewing desired alcoholic beverages. In
addition, a reference yeast and a test yeast may be cultured so as to measure and compare the
expression level of the gene in each of the yeasts, thereby selecting a favorable test yeast. More
specifically, for example, a reference yeast and one or more test yeasts are cultured and an
expression level of the gene having the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3
and encoding a protein having a catalase activity, is measured in each yeast. By selecting a test
yeast with the gene expressed higher than that in the reference yeast, a }lreast suitable for brewing
alcoholic beverages can be selected.

l Alternatively, test yeasts are cultured and a yeaslt with a higher catalase activity is
selected, thereby selecting a yeast suitable for brewing desired alcobolic beverages.

In these cases, the test yeasts or the reference yeast may be, for example, a yeast
introduced with the vector of the invention, an artificially mutated yeast or a naturally mutated
yeast. The catalase activity can be assessed, fo.r example by, a method of Osorio et al., Archives
of Microbiology, 181(3), 231-236 (2004). The mutation treatment may employ any methods
including, for example, physical methods such as ultraviolet irradiation and radiation irradiation,
and chemical methods associated with treatments with drugs such as EMS (ethylmethane
sulphonate) and N-methyl-N-nitrosoguanidine (see, e.g, Yasuji Oshima Ed., Biochemistry
Experiments vol. 39, Yeast Molecular Genetic Experiments, pp. 67-75, JSSP).

In addition, examples of yeasts used as the reference yeast or the test yeasts include any
yeasts that can be used for brewing, for example, brewery yeasts for beer, wine, sake and the. like.
More specifically, yeasts such as genus Saccharomyces may be ‘used (e.g., S. pastorianus, S.
cerevisiae, and 5. carisbergensis).  According to the present invention, a lager brewing yeast, for
example, Saccharomyces pastoriarus W34/70; Saccharomyces carlsbergensis NCYC453 or
NCYC456; or Saccharomyces cerevisiae NBRC1951, NBRC1952, NBRC1953 or NBRC1954
may be used. Further, whisky-yeasts such as Saccharomyces cerevisiae NCYC90; wine yeasts
such as wine yeasts #1, 3 and 4 from the Brewing Society of Japan;, and sake yeasts such as sake
yeast #7 and 9 from the Brewing Society of Japan may also be used but not limited thereto. In
the present invention, lager brewing yeasts such as Saccharomyces pastorianus may preferably be
used. The reference yeast and the test yeasts may be selected from the above yeasts in any

combination.

EXAMPLES
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Hereinafter, the present invention will be described in more detail with reference to
working examples. The present invention, however, is not limited to the examples described

below.

Example 1: Cloning of Gene Encoding Catalase of Lager Brewing Yeast (non-ScCTA1)

A gene encoding a catalase (non-ScCTA1 gene; SEQ ID NO: 1) specific to a lager
brewing yeast was found, as a result of a search utilizing the comparison database described in
Japanese Patent Application Laid-Open No. 2004-283169. Based on the acquired nucleotide
sequence information, primers non-ScCTA1_for (SEQ ID NO: §) and non-ScCTA1_rv (SEQ ID
NO: 6) were designed to amplify the full-length genes, respectively. PCR was carried out using
chromosomal DNA of a genome sequencing strain, Saccharomyces pastorianus Weihenstephan
34/7é strain (also sometimes referred to as “W34/70 strairl”), as a template to obtain DNA
fragments including the full-length gene of non-ScCTAl.

The thus-obtained non-ScCTA1 gene fragment was inserted into pCR2.1-TOPO vector
(manufactured by Invitrogen Corporation) by TA cloning. The nucleotide sequences of
non-ScCTA1 gene were analyzed according to Sanger's method (F. Sanger, Science, 214: 1215,
1981) to confirm the nucleotide sequence.

Example 2: Analysis of Expression of non-ScCTA1 Gene during Beer Fermentation

A beer fermentation test was conducted using a lager brewing yeast, Saccharomyces
pastorianus 34/70 strain and then mRNA extracted from yeast cells during fermentation was

analyzed by a yeast DNA microarray.

Wort extract concentration 12.69%

Wort content 70L

Wort dissolved oxygen concentration 8.6 ppm
Fermentation temperature ' 15°C

Yeast pitching rate - . 12.8x10° cells/mL

Sampling of fermentation liquid was performed with time, and variation with time of yeast
growth amount (Fig 1) and apparent extract concentration (Fig. 2) was observed.
Simultaneously, veast cells were sampled to prepare mRNA, and the prepared mRNA was labeled
with biotin and was hybridized to a beer yeast DNA microarray. The signal was detected using
GCOS; GeneChip Operating Software 1.0 (manufactured by Affymetrix Co.). Expression

patten of non-ScCTAl gene is shown in Figure 3. As a result, it was confirmed that
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non-ScCTA1 gene was expressed in the general beer fermentation.

Example 3: _Preparation of non-ScCTA1 Gene-Highly Expressed Strain
The non-ScCTA1/pCR2.1-TOPO described in Example 1 was digested with restriction

enzymes Sacl and Notl to prepare a DNA fragment including non-ScCTA1 gene.  This fragment
was linked to pUP3GLP2 treated with restriction enzymes Sacl and Notl, thereby constructing a
non-ScCTA1 high expression vector, pUP-nonScCTA1.  The yeast expression vector,
pUP3GLP2, is a YIp type (chromosome integration type) yeast expression vector having
orotidine-5-phosphoric acid decarboxylase gene URA3 at the homologous recombinant site.
The introduced gene was highly expressed by the promoter and terminator of
glycerylaldehyde-3-phosphoric acid dehydrogenase gene, TDH3. Drug-resistant gene YAPI as
a selective matker for yeast -was introduced under the contrc;l of the promoter and terminator of
galactokinase GALI1, whereby the expression is induced in a culture media comprising galactose.
Ampicillin-resistant gene Amp" as a selective marker for E. coli was also included.

Using the high expression vector prepared by the above method, Saccharomyces
pastorianus Weihenstephan 164 strain was transformed by to the method described in Japanese
Patent Application Laid-Open No. 07-303475. A cerulenin-resistant strain was selecte.d na
YPGal plate medium (1% yeast extract, 2% polypeptone, 2% galactose, 2% agar) containing 1.0

mg/L of cerulenin.

Example 4: Analysis of Amount of Sulfite Produced during Beer Fermentation
The parent strain and non-ScCTA 1-highly expressed strain obtained in Example 3 were

used to carry out fermentation test under the following conditions.

Wort extract concentration 12.87%

Wort content 2L

Wort dissolved oxygen concentration  approximately 8 ppm
Fermentation temperature 15°C, constant

Yeast bitching rate 10.5 g wet yeast cells/2L Wort

The fermentation broth was sampled with time to observe the cell growth (OD660) (Fig.
4) and extract consumption with time (Fig. 5). Quantification of sulfite concentration at
completion of fermentation was carried out by collecting sulfite into hydrogen peroxide aqueous
solution by distillation under acidic condition, and titration with alkali (Revised BCOJ Beer
Analysis Method by the Brewing Society of Japan).
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As shown in Fig. 6, the non-ScCTAl-highly expressed strain produced sulfite
approximately 2.5 times greater than the parent strain. In addition, significant differences were
not observed between the parent strain and the highly expressed strain in cell growth and extract

consumption in this testing.

Example S: Cloning of Gene Encoding Catalase (ScCTA1)
A gene encoding a catalase (ScCTAl gene; SEQ ID NO: 3) specific to a lager brewing

yeast was found, as a result of a search utilizing the comparison database described in Japanese
Patent Application Laid-Open No. 2004-283169. Based on the acquired nucleotide sequence
information, primers ScCTA1 for (SEQ ID NO: 7) and ScCTAl rv (SEQ ID NO: 8) were
designed to amplify the full-length genes, respectively. PCR was carried out using chromosomal
DNA of a gendme sequencing strain, Saccharomyces pastoriarus Weihenstephan 34/70 strain, as
a template to obtain DNA fragments including the full-length gene of ScCTAL.

The thus-obtained ScCTA1 gene fragment was inserted into pCR2.1-TOPO vector
(manufactured by Invitrogen Corporation) by TA cloning. The nucleotide sequences of ScCTA1
gene were analyzed according to Sanger's method (F. Sanger, Science, 214; 1215, 1981) to

confirm the nucleotide sequence.

Example 6: Analysis of Expression of ScCTA1 Gene during Beer Fermentation
A beer fermentation test was conducted using a lager brewing yeast, Saccharomyces

pastorianus 34/70 strain and then mRNA extracted from yeast cells during fermentation was
analyzed by a yeast DNA microarray.

Wort extract concentration 12.69%

Wort content 70L

Wort dissolved oxygen concentration 8.6 ppm
Fermentation temperature 15°C

Yeast pitching rate . 12.8x10° cells/mL

Sampling of fermentation liquid was performed with time, and variation with time of yeast
growth amount (Fig. 7) and apparent extract concentration (Fig. 8) was observed.
Simultaneously, yeast cells were sampled to prepare mRNA, and the prepared mRNA was labeled
with biotin and was hybridized to a beer yeast DNA microarray. The signal was detected using
GCOS; GeneChip Operating Software 1.0 (manufactured by Affymetrix Co.). Expression
pattern of ScCTALl gene is shown in Figure 9. As a result, it was confirmed that ScCTA] gene
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was expressed in the general beer fermentation.

Example 7: _Preparation of ScCTA1-Highly Expressed Strain
The ScCTA1/pCR2.1-TOPO described in Example 5 was digested with restriction

enzymes Sacl and Notl to prepare a DNA fragment including ScCTA1 gene.  This fragment was
linked to pUP3GLP2 treated with restriction enzymes Sacl and Notl, thereby constructing a
ScCTAL high expression vector, pUP-ScCTAL.

Using the high expression vector prepared by the above method, Saccharomyces
pasteurianus Weihenstephaner 164 strain was transformed by the method described in Japanese
Patent Application Laid-open No. H7-303475. A cerulenin-resistant strain was selected in a
YPGal plate medium (1% yeast extract, 2% polypeptone, 2% galactose, 2% agar) containing 1.0

mg/L of cerulenin.

Example 8: Analysis of Amount of Sulfite Produced during Beer Fermentation
The parent strain and ScCTA1-highly expressed strain obtained in Example 7, are used

to carry out fermentation test under the following conditions.

Wort extract concentration 12.87%

- Wort content 2L
Wort dissolved oxygen concentration  approximately 8 ppm
Fermentation temperature 15°C, constant

Yeast pitching rate _10.5 g wet yeast cells/2L Wort

The fermentation broth was sampled with time to observe the cell growth (OD660) (Fig.
10) and extract consumption with time (Fig. 11). Quantification of sulfite concentration at
completion of fermentation was carried out by collecting sulfite into hydrogen peroxide aqueous
solution by distillation under acidic condition, and titration with alkali (Revised BCOJ Beer
Analysis Method by the Brewing Society of Japan).

As shown in Fig. 12, the ScCTAl-highly expressed strain produced sulfite
approximately 2.1 times greater than the parent strain. In addition, significant differences were
not observed between the parent strain and the highly expressed strain in cell growth and extract

consumption in this testing.

INDUSTRIAL APPLICABILITY

According to the method for producing alcoholic beverages of the present invention,
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because of increase in amount of sulfite which has an anti-oxidative effect in products, alcoholic

beverages with superior flavor stability and longer shelf life can be produced.

Throughout this specification the word "comprise”, or variations such as "comprises” or
"comprising", will be understood to imply the inclusion of a stated element, integer or step, or
group of elements, integers or steps, but not the exclusion of any other element, integer or step, or

group of elements, integers or steps.

Any description of prior art documents herein is not an admission that the documents form

part of the common general knowledge of the relevant art in Australia,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An isolated or recombinant polynucleotide encoding a protein having a catalase
activity and is capable of increasing levels of sulfite in a yeast, wherein said polynucleotide is
selected from the group consisting of:

(a) a polynucleotide comprising the nucleotide sequence of SEQ ID NO:1;

(b) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ
ID NO:2;

(¢) a polynucleotide enceding a protein comprising a variant of SEQ ID NO:2
wherein said variant has 1 to 20 amino acids deleted, substituted, inserted and/or added
relative to SEQ ID NO: 2, and wherein said protein has a catalase activity and is capable of
increasing levels of sulfite in a yeast; and

(d) a polynucleotide encoding a protein comprising an amino acid sequence having
94% or higher identity with the amino acid sequence of SEQ ID NO:2, wherein said protein

has a catalase activity and is capable of increasing levels of sulfite in a yeast.

2. The isolated or recombinant polynucleotide of claim 1 selected from the group
consisting of:

(a) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ
ID NO: 2, or encoding a variant of SEQ ID NO: 2 wherein 1 to 10 amino acids thereof is
deleted, substituted, inserted, and/or added relative to SEQ ID NO: 2, and wherein said
protein has a catalase activity and is capable of increasing levels of sulfite in a yeast; and

(b) a polynucleotide encoding a protein having 98% or higher identity with the amino
acid sequence of SEQ ID NO: 2, wherein said protein has a catalase activity and is capable of

increasing levels of sulfite in a yeast.

3. The isolated or recombinant polynucleotide of claim 1 or claim 2 comprising a

polynucleotide consisting of SEQ [D NO: 1.

4. The isolated or recombinant polynucleotide of any one of claims | to 3 comprising a

polynucleotide encoding a protein consisting of SEQ ID NO: 2.
5. The isolated or recombinant polynucleotide of any one of claims 1 to 4, wherein the

polynucleotide is DNA.
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6. An isolated or recombinant protein encoded by the polynucleotide of any one of claims
1toS.

7 A vector comprising the polynucleotide of any one of claims 1 to 5.

8. A vector comprising a polynucleotide encoding a protein having a catalase activity and

is capable of increasing levels of sulfite in a yeast, wherein said polynucleotide is selected
from the group consisting of:

(a) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ
ID NO: 4, or encoding a variant of SEQ ID NO: 4 wherein said variant has 1 to 10 amino
acids deleted, substituted, inserted, and/or added relative to SEQ ID NO: 4, and wherein said
protein has a catalase activity and is capable of increasing levels of sulfite in a yeast;

(b) a polynucleotide encoding a protein having 90% or higher identity with the amino
acid sequence of SEQ [D NO: 4, wherein said protein has a catalase activity and is capable of
increasing levels of sulfite in a yeast; and

(c) a polynucleatide which hybridizes to SEQ [D NO: 3 or which hybridizes to a
nucleotide sequence complementary to the nucleotide sequence of SEQ ID NO: 3 under high
stringent conditions, and which encodes a protein having a catalase activity and is capable of

increasing levels of sulfite in a yeast.

9. A yeast comprising the isolated or recombinant polynucleotide of any one of claims 1

to 5 or the vector of claim 7 or claim 8.

10.  The yeast of claim 9, wherein said yeast has increased level of sulfite relative to a

yeast not comprising the polynucleotide or the vector.

11. The yeast of claim 9 or claim 10, wherein a sulfite-producing ability of said yeast is
enhanced by introducing the polynucleotide of any ane of claims 1 to 5 or the vector of claim

7 or claim 8 into said yeast.

12. The yeast of any one of claims 9 to 11, wherein a sulfite-producing ability of said
yeast is enhanced by increasing expression level of a protein encoded by the polynucleotide or

the vector in said yeast.
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13, The isolated or recombinant polynucleotide according to any one of claims 1 to S or
the vector of claim 7 or claim 8 when used to produce a yeast having an increased level of

sulfite for the manufacture of an alcoholic beverage.

14. The isolated or recombinant polynucleotide according to any one of claims 1 to 5 or
the vector of claim 7 or claim 8 or the yeast of any one of claims 9 to 12 when used to

produce an alcoholic beverage.

15. A method for producing an alcoholic beverage comprising culturing the yeast of any

one of claims 9 to 12.

16.  Anisolated or recombinant polynucleotide selected from the group consisting of:

(a) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ
ID NO: 4, or encoding a variant of SEQ ID NO: 4 wherein said variant has 1 to 10 amino
acids deleted, substituted, inserted, and/or added relative to SEQ ID NO: 4, and wherein said
protein has a catalase activity and is capable of increasing levels of sulfite in a yeast;

(b) a polynucleotide encoding a protein having 90% or higher identity with the amino
acid sequence of SEQ ID NO: 4, wherein said protein has a catalase activity and is capable of
increasing levels of sulfite in a yeast; and

(c) a polynucleotide which hybridizes to SEQ ID NO: 3 or which hybridizes to a
nucleotide sequence complementary to the nucleotide sequence of SEQ ID NO: 3 under high
stringent conditions, and which encodes a protein having a catalase activity and is capable of
increasing levels of sulfite in a yeast,

when used to produce an alcoholic beverage or when used to produce a yeast having

an increased level of sulfite in the manufacture of an alcoholic beverage.

17. A method for producing an alcoholic beverage with increased amount of sulfite,
wherein said method culturing a yeast comprising a polynucleotide selected from the group
consisting of:

(a) a polynucleotide encoding a protein consisting of the amino acid sequence of SEQ
ID NO: 4, or encoding a variant of SEQ ID NO: 4 wherein said variant has 1 to 10 amino
acids deleted, substituted, inserted, and/or added relative to SEQ ID NO: 4, and wherein said

protein has a catalase activity and increases levels of sulfite in the yeast;
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(b) a polynucleotide encoding a protein having 90% or higher identity with the amino
acid sequence of SEQ ID NO: 4, wherein said protein has a catalase activity and increases
levels of sulfite in the yeast; and

(c) a polynucleotide which hybridizes to SEQ ID NO: 3 or which hybridizes to a
nucleotide sequence complementary to the nucleotide sequence of SEQ ID NO: 3 under high
stringent conditions, and which encodes a protein having a catalase activity and increases

levels of sulfite in the yeast.

18.  The isolated or recombinant polynucleotide of any one of claims 13, 14 or 16 or the
vector of claim 13 or claim 14 or the method for producing an alcoholic beverage of claim 15

or claim 17, wherein the brewed alcoholic beverage is a malt beverage.

19.  The isolated or recombinant polynucleotide of any one of claims 13, 14 or 16 or the
vector of claim 13 or claim 14 or the method for producing an alcoholic beverage of claim 15

or claim 17, wherein the brewed alcoholic beverage is wine,
20.  Analcoholic beverage produced by the method of any one of claims 12, 17 to 19.

21. A method for assessing a test yeast for its sulfite-producing capability, comprising
using a primer or a probe designed based on a nucleotide sequence of a gene having the
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 and encoding a protein having a

catalase activity.

22. A method for assessing a test yeast for its sulfite-producing capability, comprising;
culturing a test yeast; and measuring an expression level of a gene having the nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 3 and encoding a protein having a catalase

activity.

23, A method for selecting a yeast, comprising: culturing one or more test yeasts;
quantifying an amount the protein according to claim 6 or measuring an expression level of a
gene having a nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 and encoding a protein
having a catalase activity; and selecting a test yeast having an amount of the encoded protein

or a gene expression level that corresponds to a target sulfite-producing capability.

23
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24, The method for selecting a yeast according to claim 23, comprising: culturing a
reference yeast and one or more test veasts; measuring an expression level of a gene having
the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 and encoding a protein having a
catalase activity in cach yeast; and selecting a test yeast having the gene expressed in a level

higher than that in the reference yeast.

25.  The method according to any one of elaims 21 to 24, whetein the gene having the
nucleotide scquence of SEQ ID NO: 1 or SEQ TD NG: 3 encodes a protein capable of

increasing levels of sulfite in the yeast.

26.  The method for selecting a yeast according te claim 23 or 25, comprising:
culturing a reference yeast and one or more test yeasts; quantifying an amount of the protein
according to claim 6 in each yeast; and selecting a test yeast having an amount of said

protein greater than that in the reference yeast.

27. A method for producing an alcoholic beverage comprising: conducting fermentation
using the yeast according to any one of claims 9 to 12 or a yeast selected by the method

according to any one of claims 23 to 26; and adjusting sulfite concentration.

28. The polynucleotide aceording (o any one of claims 1 to 5, 13, 14, 16, 18 or 19 or the
protein of claim 6 or the vector according to any one of claims 7, 8, 13, 14, 18 or 19 or the
yeast according to any one of claims 9 to 12 or 14 or the method according to any one of
claims 17, 18, 19 or 21 to 27 or the alcoholic beverage of elaim 20 substantially as herein

before described with reference to the accompanying Examples and/or Drawings.

DATED this THIRTY FIRST day of MAY 2010

Suntory Holdings Limited
Patent Attorneys for the Applicant:

FBRICE & CO
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SEQUENCE LISTING

<110> Suntory Limited

<120> Catalase gene and use thereof

<130> PCT06-0138

<150> JP2006-53951
<151> 2006-02-28

160> 8

{170> PatentIn version 3.3

<2100 1
211> 1542
<212> DNA

(213> Saccharomyces sp

<400> 1

atgtcaggac
acgaactcta
gggectotge
aatattecte
acagacgata
aagtgtcetga
gacccaagag
aacaatacac
cagaagagaa
actccagaga
cctgegaget
aacggcgatt
actatagacg
tttgaatcta
gaacaggageg
aagcaattcc
ttcgecacaag

agtgetgate

aagaggagaa
ctggtaatce
ttttacaaga
aaagaaatcc
ttacagatgt
caagattete
ggtttgeaac
ctgtattttt
acccgcaaac
atcaagtgge
atcgtaacat
ggegttatgt
aagccactaa
tccaaagcegg
ccaagaattt
caltacgtcg
tggaacaagc

cggtgetaca

taaagtaaal
catcaatgag
ttataacctla
tcacgcccac
ttgtgggtet
cactgtgggt
taaattctac
tatcagggat
taatctaaga
catccatcaa
gcacggatat
gcaagtccat
aatcgcaggsg
taactatcca
accatttteg
tgtaggcaaa
agcgttitgee
agclcgalla

Lcticlgacg
ccatttgtca
ctcgatictt
ggttcegeeg
gccatgttta
ggtgataaag
acagaagaag
ccttcgaaat
gacgetgata
gtcatgatte
tctggtcata
attaaaacca
tccaacccag
tcgtggactg
gtctttgact
cttgttctga
cctagtacta

ttittcilatg

177

-39-

taagaaagga
cccagegtgt
tggcgeattt
cctteggtta
gcaagatcgg
gtagtgccga
gtaatttgga
tceccccattt
tgttttggga
tettttcaga
cttataaatg
atcaaggggt
attactgeca
tttatattca
tgaccaaggt
atgaaaatcc
ctgtecccata

cagalgclca

PCT/JP2006/326309

tagagttgtg
tggggageac
Laacagggag
ttitgaagtg
taagagaacg
tactgttegt
ttgggtctac
tatccacacg
tttecttacg
cegtggtact
gtcaagtaaa
caagaatttg
aaaagacttg
aacaatgact
atggectcaa
actgaattte
ccaagaagcce

cagaltacaga

60
120
180
240
300
360
420
480
540
600

720
780
840
300
960
1020
1080




WO 2007/105350

ctgggecceca atttecateca

cctgeccatca gagatggcecce

ttagccaa
gaagtatg
talgttca
ctagctca
tacgatat

graaaaca

210> 2
211> 5
212> P
213>

€400> 2
Met Ser
1

Asp Arg

Val Thr
‘Asn Leu

50
Arg Asn
Thr Asp
Gly Lys
Lys Gly
Phe Tyr

130
Val Phe
145

Gln Lys

Asp Phe

cg
ga
ag
ca
gt

cg

13
RT

Gly

Val

Gln

35

Leu

Pro

Asp

Arg

Ser

115

Thr

Phe

Arg

Leu

Gln

Val

20

Arg

Asp

His

Ile

Thr

100

Ala

Glu

Tle

Asn

Thr
180

acaaatcata
acggacccge
ctaggaattt
acatcggtat
ttgeccgegt

ctgetlgaact

Glu

Thr

Val

Ser

Ala

Thr

85

Lys

Asp

Glu

Arg

Pro

165

Thr

Glu

Asn

Gly

Leu

His

70

Asp

Cys

Thr

Gly

Asp

150

Gln

Pro

‘Saccharomyces sp.

Asn

Ser

Glu

Ala

55

Gly

Val

Leu

Val

Asn

135

Pro

Thr

Glu

aatacccgte
aatgaacgta
ctegtatatt
tatcccttac
gtaccgegte
ccatgtagag
agataaggga

ttcaaataac

Lys

Thr

His

10

His

Ser

Cys

Thr

Arg

120

Leu

Ser

Asn

Asn

aactgteccet

aatggaaatt

cagcaagaaa

cactgggcaa

ttagggaage

ggegeectgee

ctatctgatg

tclaaglttit

Val
Gly
25

Gly
Phe
Gly
Gly
Arg
105
Asp
Asp
Lys

Leu

Gln
185

277

-40-

Asn

10

Asn

Asn

Ala

Ser

90

Phe

Pro

Trp

Phe

Arg

170
Val

Ser
Pro
Leu
Arg
Phe
Ala
Ser
Arg
Val
Pro

155
Asp

atgcctccaa

ttggttcaga

gacctattca

catctccagg

aacctggaca

ctggaatcca

cgatcaagaa

ga

Ser

Ile

Leu

Glu

60

Gly

Met

Thr

Gly

Tyr

140

His

Ala

Ile

Asp

Asn

Val

Glu
30

. Gln

45

Asn

Tyr

Phe

Val

Phe

126

Asn

Asp

His

Phe

Ser

Gly

110

Ala

Asn

Ile

Met

Gln
190

PCT/JP2006/326309

gttttttaac
acctacctat
acaacatcaa
tgatgtcgat
acaaaagdaac
gcaacgggtt

agaagcagag

Arg Lys
15
Pro Phe

Asp Tyr

Pro Gln

Glu Vval
80

Lys Ile

95

Gly Asp

Thr Lys

Thr Pro

His Thr
160

Phe Trp

175

Val Met

1140
1200
1260
1320
1380
1440
1500
1542
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Ile Leu Phe Ser

Gly
Arg
225
Thr
Gln
Thr
Phe
Leu
Phe
Tyr
Tyr
Pro
Asp
386
Leu
Gln
Ala
Arg
Ile
465

Tyr

Lys

Tyr
210
Tyr
Ile
Lys
Val
Ser
290
Arg
Ala
Gln
Ala
Val
370
Gly
Ala
Gln
Thr
Val
450
Gly

Asp

Glu

195

Ser

Val

Asp

Tyr

275

Val

Arg

Gln

Glu

Asp

3hh

Asn

Pro

Asn

His

Ser

135

Leu

Ile

Met

Ala

Gly
Gln
Glu
Leu
Ile
Phe
Val
Val
Ala
340
Ala
Cys
Met
Asp
Gln
420
Pro
Gly

His

Phe

Glu

Asp
His
Val
Ala
Phe
Gln
Asp
bly
Glu

326

Ser

Pro
Asn
Lys
405
Glu
Gly
Lys
Val
Ala

485
Ala

Arg

Thr

His

230

Thr

Glu

Thr

Leu

Lys

310

Gln

Ala

Arg

Tyr

Val

390

Ser

Val

Asp

Gln

Glu

470
Arg

Gly

Tyr

215

Ile

Lys

Ser

Met

Thr L

295

Leu

Ala

Asp

Tyr

Ala

375

Asn

Tyr

Trp

Val

Pro

455

Gly

Val

s His

Thr
200
Lys

Lys

Ile

Thr

280

Val

Ala

Pro

Arg

360

Ser

Gly

Ser

Asn

Asp

440

Gly

Ala

Asp

Ala

Pro
Trp
Thr
Ala
Gln

265
Glu

5 Val

Leu

Phe

Val

345

Leu

Lys

Asn

Tyr

Gly

426

Gln

Cys

Lys

Ala

3/7
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Ala

Ser

Asn

Gly

Ser

Gln

Trp

Asn

Ala

330

Leu

Gly

Phe

Phe

Ile

410

Pro

Val

Gln

Pro

Gly

490
Glu

Ser

Ser

Gln

235

Ser

Gly

Glu

Pro

Glu

315

Pro

Gln

Pro

Phe

Gly

395

Gln

Ala

Gln

Lys

Gly

475

Leu

Leu

Tyr

Lys

220

Gly

Asn

Asn

Ala

Gln

300

Asn

Ser

Ala

Asn

Asn

380

Gln

Ile

Ala

Asn

460

Ile

Ser

Ser

Arg Asn
205
Asn Gly

Val Lys
Pro Asp

Tyr Pro
270

Lys Asn

285

Lys Gln

Pro Leu
Thr Thr

Arg Leu
350

Phe His

365

Pro Ala

- Glu Pro

Glu Arg

Pro Tyr
430

Arg Asn

445

Leu Ala

Gln Gln

Asp Ala

Asn Asn

PCT/JP2006/326309

Met His

Asp Trp

Asn Leu
240

Tyr Cys

255

Ser Trp

Leu Pro

Phe Pro

Asn Phe
320

V¥al Pro

335

Phe Ser

Gln Tle

Thr Tyr
400

Pro Ile

415

His Trp

Leu Tyr

His Asn

Arg Val
480

Ile Lys

495

Ser Lys
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500

Phe

210> 3
<211> 1h48.
<212> DNA

213> Saccharomyces sp.

<400> 3
atgtcgaaat
gttgtgacaa
gaacatggce
agggaaaata
gaagtaaccg
‘agaacgaaat
gttcgtgatc
gtctacaata
cacacacaga
ctcaccacte
ggtaccecetg
aataaaaacg
aatttgacca
gatttatitg
atgaccgaac

ceteagggge

aacttetteg

gaagcaageg
tacaggctag
ttcaatceceg
acatattigg
caccaagagg
gtagatttcg
aagaacttgg
cgeglttatg

getgaggeaa
<210> 4
<211> b51b

tgggacaaga
actccactgg
ctptgctttt
ttcctcaaag
atgacattac
gtctaacaag
caaggggett
atacaccggt
agagaaacce
ctgaaaatca
ccaactaccg
gagattggca
tagaagaggc
aggctattca
gegatgecaa
adtteccttt
cacaggtgga
ctgatccagt
gtcctaaclt
ctatcagaga
ccaatgataa
tatggaatgg
tgcaagcaag
catataacat
atatgtttge

aacatgettc

aaaaaatgaa
taatccaatc
gcaagattat
gaatccacat
tgatatctge
attttegact
tgccaccaaa
attctttate
acaaaccaac
ggtggecatt
tagtatgcat
ttatgtltgcaa
taccaaaatt
gaatggaaac
aaaattacca
acggcgtgtg
acaagctgec
attacaggcece

ccalcaaala

tggaccgatg

atcgtacacg
gcecagetate
aaatctctat
cggecatteat
tecgtgttgat
tgagettteg

505

gtaaattcct
aatgaaccat
aacttaattg
gctcatggtt
gggtetgeta
gtgggtegty
Lictacactg
agagaccctt
ctaagggatg
catcaagtaa
ggttattetg
gttcatatca
gcgggatcca
tatccttecet
ttttcagtct
ggtaagattg
ttcgeeceea
cgtttgtttt
cecgladact
aatgttaacg
taﬁatccaac
ccttatcatt
cgegltttgg
gtagaaggeg
aagggactat

agtaactcca

47

-42-

510

ctgatgtaag
ttgtcacccé
attctttgge
ctggtgectt
tgttiaglaa
ataaaggtag
aagaagglaa
ccaagttcce
ctgacatgtt
tgatcctttt
gtcataécta
aaaccgatca
atccagatia
ggacagttta
ttgatttgac
ttttgaacga
gtaccacggt
catatgcgga
chcaLaLéc
gcaacttecgg
aggacagacce
gggeaacatc
gtaaacaacc
cctgtcctea
ctgaggeaat
aattttga

PCT/IP2006/326309
agaggataga 60
acgtattgga 120
teatttcaac 180
cggetatttt 240
aatlgggaaa 300
tgccgacacg 360
tltagattgg 420
tcactttate 480
ttgggattic: 540
ttcagaccgt 600
taaatggtce 660
aggaataaag 720
ctgccagcag 780
tattcaaaca 840
taaagtatgg 900
gaatccacty 960
tccttaccaa 1020
tgetcataga 1080
atclaaalll 1140
ctcagaacct 1200
callcaacaa 1260
cecaggtgat 1320
tggacagcaa 1380
aatacagcag 1440
taaaaaagta 1500

1548
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(212> PRT
(213> Saccharomyces sp

400> 4
Met Ser Lys Leu Gly Gln Glu Lys Asn Glu Val Asn Ser Ser Asp Val
1 5 10 15
Arg Glu Asp Arg Val Val Thr Asn Ser Thr Gly Asn Pro Ile Asn Glu
20 125 30
Pro Phe Val Thr Glu Arg Ile Gly Glu His Gly Pro Leu lLeu Leu Gln
35 40 45
Asp Tyr Asn Leu Ile Asp Ser Leu Ala His Phe Asn Arg Glu Asn Ile
50 55 60
Pro Gln Arg Asn Pro His Ala His Gly Ser Gly Ala Phe Gly Tyr Phe
65 70 75 30
Glu Val Thr Asp Asp Ile Thr Asp Ile Cys Gly Ser Ala Met Phe Ser
‘ 85 So90 95
Lys Ile Gly Lys Arg Thr Lys Cys Leu Thr Arg Phe Ser Thr Val Gly
100 105 110
Gly Asp Lys Gly Ser Ala Asp Thr Val Arg Asp Pro Arg Gly Phe Ala
115 120 125
Thr Lys Phe Tyr Thr Glu G6lu Gly Asn Leu Asp Trp Vai Tyr Asn Asn
T 130 135 140
Thr Pro Val Phe Phe Ile Arg Asp Pro Ser Lys Phe Pro His Phe Ile
145 150 155 160
His Thr Gln Lys Arg Asn Pro Gln Thr Asn Leu Arg Asp Ala Asp Met
' 165 170 175
Phe Trp Asp Phe Leu Thr Thr Pro Glu Asn Gln Val Ala Tle His Gln
: 180 185 190
Val Met Ile Leu Phe Ser Asp Arg Gly Thr Pro Ala Asn Tyr Arg Ser
195 200 ’ 205
Met His Gly Tyr Ser Gly His Thr Tyr Lys Trp Ser Asn Lys Asn Gly
210 215 220
Asp Trp His Tyr Val Gln Val His Ile Lys Thr Asp Gln Gly lle Lys
225 230 235 240
Asn Leu Thr Ife Glu Glu A
245 250 ‘ 255
Tyr Cys Gln Gln Asp Leu Phe Glu Ala lle Gln Asn Gly Asn Tyr Preo
260 265 270
Ser Trp Thr Val Tyr Ile Gln Thr Met Thr Glu Arg Asp Ala Lys Lys

a Thr Lys Tle Ala Gly Ser Asn Pro Asp

-43-
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Phe

306

Val

Phe

Gln

Tle

385

Thr

Pra

‘Leu

Tyr
465

Ile:

Ser

275 280 285
Pro Phe Ser Val Phe Asp Leu Thr Lys Val Trp Pro
290 1295 300
Pro Leu Arg Arg Val Gly Lys Ile Val Leu Asn Glu
310 ' 315
Phe Phe Ala Gln Val Glu Gln Ala Ala Phe Ala Pro
3256 330
Pro Tyr Gln Glu Ala Ser Ala Asp Pro Val Leu Gln
340 345
Ser Tyr Ala Asp Ala llis Arg Tyr Arg Leu Gly Pro
355 360 ' 365
Ile Pro Val Asn Cys Pro Tyr Ala Ser Lys Phe Phe
370 375 380
Arg Asp Gly Pro Met Asn Yal Asn Gly Asn Phe ny
390 395
Tyr Leu Ala Asn Asp Lys Ser Tyr Thr Tyr Ile Gln
405 410
Tle GIn Gln His Gln Glu Val Trp Asn Gly Pro Ala
420 425
Trp Ala Thr Ser Pro Gly Asp Val Asp Phe Val Gln
435 440 445
Tyr Arg Val Leu Gly Lys Gln Pro Gly Gln Gln Lys
450 455 460
Asn Ile Gly Ile His Val Glu Gly Ala Cys Pro Gln
470 © 475
Vél Tyr Asp-MelL Phe Ala Arg Val Asp Lys Gly Leu
485 490
Lys Lys Val Ala Glu Ala Lys His Ala Ser Glu Leu
500 506
Lys Phe
515

<210> 5

211> 21

<212> DNA

<213> Artificial Sequence

220>
223> Primer

6/7
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Gln
Asn
Ser
Ala
350
Asn
Asn
Ser
Gln
Ile
Ala
Asn
Ile
Ser

Ser
510

PCT/JP2006/326309

Gly Gln

Pro Leu

320
Thr Thr
3356

Arg Leu

Phe His

Pro Ala

Glu Pro
400

Asp Arg

415

Pro Tyr

Arg Asn

Leu Ala

Gln Gln

480
Glu Ala
495

Ser Asn
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{400>

5

gagetcalgt caggacaaga g

{210>
211>
212>
213>

<2202
223>

<400>

6
23
DNA

Artificial Sequence

Primer

-6

geggeepetyg actlelttac tte

<2105
211>
<212>
<213>

<2202
223>

<400>

7
36
DNA

Artificial Sequence

Primer

7

gagctcatgt cgaaatiggg acaagaaaaa aatgéa

<2102
211>
212>
213>

220>
223>

<400>

8
38
DNA

Artificial Sequence

Primer

8

gcggeegete aaaatttgga gttactcgaa agectcaga

m

-45-

PCT/JP2006/326309

23

36

38
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