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DESCRIPTION

[Technical Field]

[0001] The present invention relates to a method for producing a nucleic acid-based
seasoning such as a yeast extract as defined in the claims. The present application claims
priority based on Japanese Patent Application No. 2016-199543 filed on October 7, 2016.

[Background Art]

[0002] Nucleic acid-based seasonings typified by yeast extracts are used in various foods and
the like for imparting or enhancing umami (delicious taste) and rich taste. Yeast extracts are
roughly classified into those of high amino acid type rich in amino acids and those of high
nucleic acid type having a high nucleic acid content. The main taste components in the latter
yeast extracts are 5'-guanylic acid (GMP) and 5'-inosinic acid (IMP). Various studies focusing
on these taste components have been made in order to enhance their effect (see, for example,
PTL 1 to PTL 3). EP 0825261 A2, EP 3502249 A1 and EP 0753572 A1 describe nucleosidases
and their use in producing foods, in particular of beer, with a reduced purine compound
content.

[Citation List]

[Patent Literatures]

[0003]
[PTL 1] JP H06-113789 A
[PTL 2] WO 2015/141531

[PTL 3] WO 2003/055333

[Summary of Invention]

[Technical Problem]
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[0004] In light of the current situation where nucleic acid-based seasonings are used in a wide
range of foods and beverages and the consumers' desire for more delicious foods and new
flavors, it is desired to further enhance the taste of nucleic acid-based seasonings. In order to
respond to such a demand, it is an object of the present invention to provide a nucleic acid-
based seasoning improved in taste.

[Solution to Problem]

[0005] GMP, one of the taste components of yeast extracts of high nucleic acid type, is
produced by causing a nuclease to act on nucleic acids in yeast. Therefore, the amount of
GMP in the yeast extracts depends on the amount of nucleic acids originally contained in the
raw material yeast, and its content is naturally limited even if the production efficiency is
enhanced, for example, by optimizing the acting conditions of the enzyme. On the other hand,
IMP is produced by converting 5'-adenylic acid (AMP) produced by nuclease treatment with an
AMP-deaminase. Therefore, like GMP, the content of IMP also depends on the raw material
yeast. Therefore, the present inventors have made further studies from a viewpoint different
from conventional ones. Specifically, the inventors, focusing on the nucleotide produced in the
process of producing a yeast extract, have studied whether the incorporation of a process of
treatment with a nucleosidase as an enzyme potentially capable of acting using the nucleotide
as a substrate could make it possible to enhance the taste and to impart a new taste. As a
result of studies, it has been surprisingly found that nucleosidase treatment is effective for
improving or enhancing the taste. From the expectation that the amounts of the taste
substances GMP and IMP will be decreased by the action of the nucleosidase, in addition to
the fact that purine bases (adenine, guanine, hypoxanthine, etc.) which are reaction products
of the nucleosidase have not been recognized as taste substances, this result can be said to
be quite unexpected.

[0006] The present invention relates to the embodiments as defined in the claims.

[Brief Description of Drawings]

[0007]

[Fig. 1] Operative temperature range of a nucleosidase derived from a Penicillium multicolor
IFO 7569 strain. An enzymatic reaction was carried out under each temperature condition in
the presence of seven kinds of purine bodies, and the free purine base ratio was determined.

[Fig. 2] Operative pH range of the nucleosidase derived from the Penicillium multicolor |IFO
7569 strain. An enzymatic reaction was carried out under each pH condition in the presence of
seven kinds of purine bodies, and the free purine base ratio was determined.

[Fig. 3] Purification of the nucleosidase from the Penicillium multicolor IFO 7569 strain. This
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figure shows the results of DEAE HP column chromatography.

[Fig. 4] Measurement results of the molecular weight of each purified enzyme (peaks 1 to 3)
(SDS-PAGE). The left shows the results of peaks 1 and 2. The right shows the results of peak
3. A sample after PNGase F treatment ("sugar chain absent” lane) and an untreated sample
("sugar chain present" lane) were electrophoresed and stained with CBB. The leftmost lane
shows molecular weight markers (myosin (200 kDa), B-galactosidase (116.3 kDa),
phosphorylase B (97.4 kDa), BSA (66.3 kDa), glutamate dehydrogenase (55.4 kDa), lactic acid
dehydrogenase (36.5 kDa), carbonate anhydrase (31.0 kDa), trypsin inhibitor (21.5 kDa),
lysozyme (14.4 kDa), aprotinin (6.0 kDa), insulin B chain (3.5 kDa), and insulin A chain (2.5
kDa)).

[Fig. 5] Molecular weight of each purified enzyme (peaks 1 to 3). This figure also shows the
results of N-terminal amino acid analysis.

[Fig. 6] Probe sequences used for gene cloning. Upper: probe sequence for PN1 (SEQ ID NO:
18) and Lower: probe sequence for PN2 (SEQ ID NO: 19).

[Fig. 7] Results of gene cloning. This figure shows a genomic sequence (upper, SEQ ID NO: 4)
encoding the enzyme (PN1) of peak 3 and a genomic sequence (lower, SEQ ID NO: 6)
encoding the enzyme (PN2) of peaks 1 and 2.

[Fig. 8] Results of gene cloning. This figure shows a cDNA sequence (upper, SEQ ID NO: 3)
encoding the enzyme (PN1) of peak 3 and a cDNA sequence (lower, SEQ ID NO: 5) encoding
the enzyme (PN2) of peaks 1 and 2.

[Fig. 9] Results of gene cloning. This figure shows the amino acid sequence of the enzyme
(PN1) of peak 3 (upper, SEQ ID NO: 1) and the amino acid sequence of enzyme (PN2) of
peaks 1 and 2 (lower, SEQ ID NO: 2).

[Fig. 10] Results of gene cloning. The enzyme (PN1) of peak 3 and enzyme (PN2) of peaks 1
and 2 were compared in terms of the number of cDNA bases, number of introns, amino acid
length, molecular weight, and estimated pl.

[Fig. 11] Optimum temperature of the purified enzyme (PN1).

[Fig. 12] Thermal stability of the purified enzyme (PN1).

[Fig. 13] Optimum pH of the purified enzyme (PN1).

[Fig. 14] pH Stability of the purified enzyme (PN1).

[Fig. 15] Results of electrophoresis of the recombinantly produced enzyme (PN2).
[Fig. 16] Optimum temperature of the purified enzyme (PN2).

[Fig. 17] Thermal stability of the purified enzyme (PN2).

[Fig. 18] Optimum pH of the purified enzyme (PN2).
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[Fig. 19] pH Stability of the purified enzyme (PN2).

[FIG. 20] Result of sensory evaluation.

[Description of Embodiments]

1. Method for producing nucleic acid-based seasoning

[0008] The present invention relates to the embodiments as defined in the claims. A first
aspect of the present invention relates to a method for producing a nucleic acid-based
seasoning. The nucleic acid-based seasoning means a composition comprising a nucleic acid
and/or a nucleotide as a taste component and used for seasoning. The seasoning referred to
herein includes adjustment, change, and enhancement of taste. The raw material for the
nucleic acid-based seasoning is not particularly limited as long as it contains a ribonucleic acid
and/or a ribonucleotide, and there are preferably used natural products abundantly containing
a ribonucleic acid such as yeast, eggs (for example, fish eggs), milt of fish (for example,
salmon or blowfish), fish and shellfish, and soybean, or processed products thereof.
Ribonucleic acids are polymers in which ribonucleotides are linked by phosphodiester bonds. A
ribonucleotide as a constituent of ribonucleic acids is a substance composed of a phosphate
group, D-ribose, and a nucleic acid base (purine base or pyrimidine base). Those having a
purine base are referred to as purine nucleotides, and those having a pyrimidine base are
referred to as pyrimidine nucleotides. Examples of the purine nucleotides include 5'-adenylic
acid (AMP), 5'-guanylic acid (GMP), 5'-inosinic acid (IMP), 5'-xanthylic acid (XMP), and the like.
Examples of the pyrimidine nucleotides include 5'-cytidic acid (CMP), 5'-uridic acid (UMP), and
the like. The taste component or taste substance is a substance which causes a taste.

[0009] In the production method of the present invention, a step of treating a ribonucleotide-
containing material with a nucleosidase is carried out. The ribonucleotide-containing material is
not particularly limited as long as it contains a ribonucleotide. It may contain a ribonucleotide
alone or may contain a ribonucleic acid, a deoxyribonucleic acid, a deoxyribonucleotide, or the
like, in addition to a ribonucleotide. The ribonucleotide to be contained is preferably a purine
nucleotide. Also, it is preferable that the ribonucleotide-containing material contain taste purine
nucleotides GMP and/or IMP. According to the invention, the ribonucleotide-containing material
is obtained by treating a ribonucleic acid-containing material with a ribonuclease. Examples of
preferred ribonucleic acid-containing materials can include a yeast lysate.

[0010] In the present invention, treatment with a nucleosidase is carried out based on the
surprising finding that the taste was improved or enhanced by incorporating a nucleosidase
treatment process in the process of producing a yeast extract. Nucleosidases are used to
produce purine bases. Various nucleosidases can be used as long as they exhibit an action of
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producing purine bases using purine nucleotides as substrates. Preferably, this step is carried
out using the novel nucleosidase which will be described below. The nucleosidase has been
confirmed to have an action of producing purine bases using purine nucleotides as substrates.
As mentioned in the past reports, it has been found that several nucleosidases (specifically,
nucleosidase derived from Ochrobactrum anthropi used in the experiments described in the
article Appl Environ. Microbiol. 67, 1783-1787 (2001), nucleosidase derived from Aspergillus
niger used in the experiments described in the article Can. J. Biochem. 56, 345-348 (1978),
etc.) have the above action.

[0011] As the ribonucleotide-containing material, a ribonucleic acid-containing material treated
with a ribonuclease is used. In this case, for example, the following steps (1) and (2) are
carried out:

1. (1) providing a ribonucleotide-containing material obtained by treating a ribonucleic acid-
containing material with a ribonuclease; and

2. (2) treating the ribonucleotide-containing material with an AMP-deaminase and a
nucleosidase separately or simultaneously.

[0012] In step (1), a ribonucleotide-containing material obtained by treating a ribonucleic acid-
containing material with a ribonuclease is provided, but it is also possible to acquire a
ribonucleic acid-containing material treated with a ribonuclease in advance and use it as the
ribonucleotide-containing material to be used in this step, or to treat a ribonucleic acid-
containing material with a ribonuclease when implementing the present invention.

[0013] As the ribonucleic acid-containing material, a yeast lysate is preferably used. In this
preferred embodiment, a yeast extract as a nucleic acid-based seasoning is produced using
yeast as a raw material. The raw material yeast is not particularly limited unless it is not
suitable for use in foods. For example, there can be employed yeasts used in the food industry,
including yeast of the genus Saccharomyces such as Saccharomyces cerevisiae or
Saccharomyces pastorianus; yeast of the genus Candida such as Candida utilis; yeast of the
genus Kluyveromyces such as Kluyveromyces lactis or Kluyveromyces marxianus, yeast of the
genus Pichia such as Pichia pastoris; yeast of the genus Debaryomyces such as
Debaryomyces hansenii; and yeast of the genus Zygosaccharomyces such as
Zygosaccharomyces mellis. Also, it is possible to use a yeast collected after brewing beer,
sake, or the like. It is also possible to use a yeast subjected to drying treatment (dried yeast)
after collection.

[0014] A yeast lysate can be prepared by lysing a yeast. For example, the yeast after culture
can be crushed or lysed by an enzymatic decomposition method, a self-digestion method, an
alkaline extraction method, a hot water extraction method, an acid decomposition method, an
ultrasonic crushing method, crushing with a homogenizer, a freezing-thawing method, or the
like (two or more thereof may be used in combination), whereby a yeast lysate can be
obtained. Yeast may be cultured by a conventional method.
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[0015] In one preferred embodiment, the yeast after culture is heat-treated and then treated
with a lytic enzyme to obtain an enzyme lysate. The conditions for the heat treatment can be,
for example, 80°C to 90°C for 5 minutes to 30 minutes. As the lytic enzyme used for the
enzymatic decomposition method, various enzymes can be used as long as they can lyse the
cell wall of yeast. Specific examples of the lytic enzyme can include YL-T "Amano" L (Amano
Enzyme Inc.). The reaction conditions may be set so as to be optimum or suitable for the Iytic
enzyme to be used, and specific examples thereof can include a temperature of 50 to 60°C
and a pH of 7.0 to 8.0. The reaction time is also not particularly limited, and can be, for
example, 3 hours to 5 hours.

[0016] By treating the ribonucleic acid-containing material with a ribonuclease, the ribonucleic
acids in the ribonucleic acid-containing material are decomposed, so that nucleotides such as
GMP, which are taste substances, are produced. The ribonuclease to be used is not
particularly limited, and Enzyme RP-1G (Amano Enzyme Inc.), nuclease "Amano” G (Amano
Enzyme Inc.), and the like can be used. The reaction conditions may be set so as to be optimal
or suitable for the ribonuclease to be used, and specific examples thereof can include a
temperature of 65 to 70°C and a pH of 5.0 to 5.5. The reaction time is also not particularly
limited, and can be, for example, 3 hours to 16 hours.

[0017] The ribonucleotide-containing material provided in step (1) is subjected to treatment
with an AMP-deaminase and treatment with a nucleosidase (step (2)). Before step (2), there
may be removed part or all of unnecessary components, for example, cell bodies (e.g., yeast
cell wall) when a yeast lysate is used as the ribonucleic acid-containing material. For removal
of insoluble components, for example, a solid-liquid separation method, centrifugation
treatment, sedimentation, filtration, decantation, compression, and the like can be used.

[0018] The AMP-deaminase is used to convert AMP produced by the ribonuclease treatment
to IMP. In other words, taste IMP is produced by AMP-deaminase treatment. On the other
hand, purine bases (adenine, guanine, xanthine, hypoxanthine, etc.) are produced from purine
nucleotides by nucleosidase treatment.

[0019] The AMP-deaminase is an enzyme that hydrolyzes AMP to produce IMP and ammonia.
The AMP-deaminase to be used is not particularly limited, and Deamizyme G (Amano Enzyme
Inc.) or the like can be used.

[0020] The treatment with an AMP-deaminase and the treatment with a nucleosidase are
carried out separately or simultaneously. That is, in one embodiment (the first embodiment),
the treatment with one enzyme is performed, and then the treatment with the other enzyme is
performed. In another embodiment (the second embodiment), these two enzymes are caused
to act simultaneously. In the case of the first embodiment, preferably, the AMP deaminase
treatment is followed by the nucleosidase treatment. That is, the following steps (2-1) and (2-2)
are carried out in this order:
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(2-1) treating the ribonucleotide-containing material with an AMP-deaminase, and

(2-2) treating the treated product after step (2-1) with a nucleosidase.

[0021] In this way, it is possible to avoid a decrease in AMP (substrate of the AMP-deaminase)
before the AMP-deaminase treatment, and the enzymatic reaction of the AMP-deaminase, i.e.,
the conversion of AMP to IMP, progresses in the state where the substrate is abundantly
present. As a result, a nucleic acid-based seasoning having a high IMP content can be
produced.

[0022] In the case of the first embodiment, the conditions for each enzyme reaction may be set
so as to be optimum or suitable for the enzyme to be used. The reaction conditions are, for
example, a temperature of 50 to 55°C and a pH of 5.0 to 6.0 for the AMP-deaminase
treatment, and a temperature of 50 to 60°C and a pH of 4.5 to 5.5 for the nucleosidase
treatment. The reaction time is also not particularly limited. For example, the time for the AMP-
deaminase treatment is set to 3 hours to 5 hours, and the time for the nucleosidase treatment
is set to 1 hour to 3 hours.

[0023] The second embodiment in which the AMP-deaminase and the nucleosidase are
caused to act simultaneously can be said to be advantageous particularly in simplicity of
operation. The reaction conditions in this embodiment are not particularly limited as long as
both the enzymes can act. Examples of the reaction conditions can include a temperature of
50 to 55°C and a pH of 5.0 to 6.0. An example of the reaction time is 1 hour to 5 hours.

[0024] The product obtained in step (2) can be applied as it is to various uses as a nucleic
acid-based seasoning (for example, a yeast extract), but a purification process (for example,
filtration or centrifugation), a concentration process (for example, evaporation concentration,
freeze concentration, or membrane concentration), a drying process (for example, freeze
drying or spray drying), or the like may be additionally carried out.

[0025] Also in the case where a ribonucleic acid-containing material subjected to ribonuclease
treatment and AMP-deaminase treatment is used as the ribonucleotide-containing material, it
is possible to acquire a ribonucleic acid-containing material treated with a ribonuclease and an
AMP-deaminase in advance and use it as the ribonucleotide-containing material to be used in
this step, or to treat a ribonucleic acid-containing material with a ribonuclease and an AMP-
deaminase when the present invention is implemented, similarly to in the above case (in the
case of using a ribonucleic acid-containing material treated with a ribonuclease as the
ribonucleotide-containing material).

[0026] According to the production method of the present invention, it is possible to obtain a
liquid or solid (typically powdery, granular, etc.) nucleic acid-based seasoning. The nucleic
acid-based seasoning obtained by the production method of the present invention can be used
for enhancing and adjusting the taste of various foods and beverages. Examples of applicable
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foods and beverages include processed marine products (chikuwa (tube-shaped fish paste
cake), kamaboko (boiled fish paste), hanpen (pounded fish cake), sakiika (shredded and dried
squid), dried fish, shiokara (salted fish guts), fish sausage, tsukudani (preservable food boiled
down in soy sauce), canned products, etc.); processed meat products (ham, bacon, sausage,
jerky, corned beef, restructured meat, etc.); processed vegetable products (pickles, daily
dishes, etc.); breads (breads, sweet buns, etc.); confectionery (snacks, bean confectionery,
rice crackers, frozen desserts, etc.); seasonings (dipping sauce, broth, dressing, sauce, etc.);
soups; roux (curry roux, stew roux, etc.); dairy products; carbonated drinks; non-alcoholic
drinks; milk drinks; coffee drinks; fruit drinks; and tea-based beverages.

[0027] Here, typical taste substances in nucleic acid-based seasonings are GMP and IMP. Also
in the nucleic acid-based seasoning obtained by the production method of the present
invention, these two taste substances are important in defining the taste, but, in light of the
experimental results presented in the Examples which will be described later, substances other
than these substances (specifically, purine bases) also contribute to the overall taste. The
nucleic acid-based seasoning obtained by the production method of the present invention is
characteristic in this respect, and is different from those obtained by conventional production
methods in terms of the components constituting the taste.

2. Nucleosidase and producer bacterium for the nucleosidase

[0028] The present inventors have succeeded in acquiring two kinds of nucleosidases
(hereinafter referred to as "PN1" and "PN2" corresponding to the indications in the Examples;
in addition, these two nucleosidases are collectively referred to as "the present enzyme" in
some cases) from Penicillium multicolor, and identified the gene sequences and amino acid
sequences thereof. Based on the results, the present enzymes have a characteristic feature of
including the amino acid sequence of SEQ ID NO: 1 or the amino acid sequence of SEQ ID
NO: 2, or an amino acid sequence equivalent to either one of these amino acid sequences.
The amino acid sequence of SEQ ID NO: 1 corresponds to PN1, and the amino acid sequence
of SEQ ID NO: 2 corresponds to PN2.

[0029] The term "equivalent amino acid sequence” in this case means an amino acid
sequence which is partially different from the reference amino acid sequence (i.e. the amino
acid sequence of SEQ ID NO:1 or the amino acid sequence of SEQ ID NO:2), but the
difference does not substantially influence the function of the protein (nucleosidase activity).
Thus, an enzyme having a polypeptide chain of the equivalent amino acid sequence shows a
nucleosidase activity. The degree of the activity is not particularly limited as long as the function
of a nucleosidase can be exhibited, but is preferably equivalent to or higher than that of the
enzyme having a polypeptide chain of the reference sequence.

[0030] The term "partial difference in the amino acid sequence" typically means mutation
(change) in the amino acid sequence caused by deletion or substitution of one to several (up
to, for example, 3, 5, 7, or 10) amino acids composing the amino acid sequence, or addition,
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insertion, or combination thereof of one to several (up to, for example, 3, 5, 7, or 10) amino
acids. The difference in the amino acid sequence is acceptable as long as the nucleosidase
activity is maintained (the activity may be varied to a degree). As long as the conditions are
satisfied, the position of the difference in the amino acid sequence is not particularly limited,
and the difference may arise in a plurality of positions. As to the amino acid sequence of SEQ
ID NO:1, the term "plurality” means, for example, a number corresponding to less than about
15%, preferably less than about 10%, more preferably less than about 5%, even more
preferably less than about 3% of the total amino acids, and most preferably less than about
1%. As to the amino acid sequence of SEQ ID NO:2, the term "plurality” means, for example, a
number corresponding to less than about 12%, preferably less than about 10%, more
preferably less than about 5%, even more preferably less than about 3% of the total amino
acids, and most preferably less than about 1%. More specifically, in a case where the amino
acid sequence of SEQ ID NO:1 is the reference amino acid sequence, the equivalent protein
has, for example, about 85% or more, preferably about 90% or more, more preferably about
95% or more, much more preferably about 98% or more, and most preferably about 99% or
more identity with the reference amino acid sequence, whereas in a case where the amino
acid sequence of SEQ ID NO:2 is the reference amino acid sequence, the equivalent protein
has, for example, about 88% or more, preferably about 90% or more, more preferably about
95% or more, much more preferably about 98% or more, and most preferably about 99% or
more identity with the reference amino acid sequence. The difference of the amino acid
sequence may arise in a plurality of positions. As to SEQ ID NO:1, it is preferable that histidine
(H) at position 331, which is deduced to form the active center, and aspartic acid (D) at position
11, aspartic acid (D) at position 15, aspartic acid (D) at position 16 and aspartic acid (D) at
position 332, which are deduced to be involved in catalysis, are not subjected to deletion or
substitution.

[0031] Preferably, the equivalence protein is obtained by causing conservative amino acid
substitution in an amino acid residue which is not essential for nucleosidase activity. The term
"conservative amino acid substitution” means the substitution of an amino acid residue with
another amino acid residue having a side chain with similar properties. Amino acid residues
are classified into several families according to their side chains, such as basic side chains (for
example, lysine, arginine, and histidine), acidic side chains (for example, aspartic acid and
glutamic acid), uncharged polar side chains (for example, glycine, asparagine, glutamine,
serine, threonine, tyrosine, and cysteine), nonpolar side chains (for example, alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, and tryptophan), B branched side
chains (for example, threonine, valine, and isoleucine), and aromatic side chains (for example,
tyrosine, phenylalanine, tryptophan, and histidine). Conservative amino acid substitution is
preferably the substitution between amino acid residues in one family.

[0032] The identity (%) between two amino acid sequences or two nucleic acid sequences
(hereinafter, the term "two sequences"” are used for representing either of two sequences) can
be determined by the following procedure. Firstly, two sequences are aligned for optimum
comparison of the two sequences (for example, a gap may be introduced into the first
sequence so as to optimize the alignment with respect to the second sequence). When a
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molecule (amino acid residue or nucleotide) at a specific position in the first sequence and a
molecule in the corresponding position in the second sequence are the same as each other,
the molecules in the positions are defined as being identical. The identity between two
sequences is a function of the number of identical positions shared by the two sequences (i.e.,
identity (%) = number of identical positions / total number of positions x 100). Preferably, the
number and size of the gaps, which are required to optimize the alignment of the two
sequences, are taken into consideration.

[0033] The comparison and determination of the identity between two sequences can be
carried out by using a mathematical algorithm. A specific example of the mathematical
algorithm that can be used for comparing the sequences includes an algorithm described in
Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-68 and modified by Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77. However, the algorithm is not
necessarily limited to this. Such an algorithm is incorporated in NBLAST program and XBLAST
program (version 2.0) described in Altschul et al. (1990) J. Mol. Biol. 215: 403-10. In order to
obtain an equivalent nucleic acid sequence, for example, BLAST nucleotide search with score
= 100 and word length = 12 may be carried out by the NBLAST program. In order to obtain an
equivalent amino acid sequence, for example, BLAST polypeptide search with score = 50 and
word length = 3 may be carried out by the XBLAST program. In order to obtain gapped
alignments for comparison, Gapped BLAST described in Altschul et al., (1997) Amino Acids
Research 25(17): 3389-3402 can be utilized. In using BLAST and Gapped BLAST, the default
parameters of the corresponding programs (e.g., XBLAST and NBLAST) can be used. In
detail, see http://www.ncbi.nim.nih.gov. Another example of the mathematical algorithm that
can be used for comparing sequences includes an algorithm described in Meyers and Miller
(1988) Comput. Appl. Biosci. 4: 11-17. Such programs are incorporated into the ALIGN
program that can be used for, for example, GENESTREAM network server (IGH Montpellier,
France) or ISREC server. When the ALIGN program is used for comparison of the amino acid
sequences, for example, PAM120 weight residue table can be used in which a gap length
penalty is 12 and a gap penalty is 4.

[0034] The identity between two amino acid sequences can be determined by using the GAP
program in the GCG software package, using Blossom 62 matrix or PAM250 matrix with the
gap weight of 12, 10, 8, 6, or 4, and the gap length weight of 2, 3, or 4. The identity between
two nucleic acid sequences can be determined by using the GAP program in the GCG software
package (available at http://www.gcg.com), with the gap weight of 50, and the gap length
weight of 3.

[0035] The present enzyme may be a portion of a larger protein (for example, a fused protein).
Examples of the sequence added to a fused protein include the sequences useful for
purification of multiple histidine residues, and addition sequences which ensures stability in
recombination production.

[0036] The present enzyme having the above-described amino acid sequence is readily
prepared by a genetic engineering technique. For example, an appropriate host cell (for
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example, Escherichia coli) is transformed by a DNA encoding the present enzyme, and the
protein expressed in the transformant is collected, and thereby preparing the present enzyme.
The collected protein is treated as appropriate according to the intended use. The present
enzyme thus obtained as a recombinant protein may be subjected to various modifications. For
example, the present enzyme composed of a recombinant protein linked to any peptide or
protein can be obtained by producing a recombinant protein using a vector into which a DNA
encoding the present enzyme has been inserted together with other appropriate DNA. In
addition, modification for causing addition of a sugar chain and/or a lipid, or N- or C-terminal
processing may be carried out. These modifications allow, for example, extraction of a
recombinant protein, simplification of purification, or addition of biological functions.

[0037] The present inventors have revealed the enzymological properties of the novel
nucleosidases PN1 and PN2 which were successfully acquired. Therefore, the present
enzymes PN1 and PN2 can also be characterized by the following enzymological properties.

<Enzymological properties of PN1>

(1) Action

[0038] PN1 is a nucleosidase and catalyzes a reaction of hydrolyzing purine nucleosides into
D-ribose and purine bases. The purine nucleoside is a glycoside in which a purine base and a
reducing group of sugar are bound by an N-glycoside bond. Examples of the purine nucleoside
include adenosine, guanosine, and inosine. In addition, the purine base is a generic term for
bases having a purine skeleton, and specific examples thereof include adenine, guanine,
hypoxanthine, and xanthine. In addition to purine nucleosides and purine bases, compounds
having a purine skeleton including purine nucleotides and the like are collectively referred to as
purine bodies.

[0039] PN1 shows activity even in the presence of adenosine, adenine, inosine, hypoxanthine,
guanosine, guanine, and xanthine. In other words, PN1 is not subject to substantial inhibition
by decomposition products. This characteristic feature is particularly important in applying the
present enzymes to the production of foods and beverages. According to PN1 exhibiting this
characteristic feature, it is possible to efficiently decompose the purine nucleosides derived
from the raw materials in the production process of foods and beverages.

(2) Molecular weight

[0040] PN1 contains a sugar chain (i.e., PN1 is a glycoprotein) in its natural form, and the
molecular weight before removal of N-linked oligosaccharides was about 53 kDa (molecular
weight measured by SDS-PAGE). The molecular weight is about 126 kDa when measured by
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gel filtration chromatography, and PN1 is presumed to form a dimer. On the other hand, the
molecular weight, when measured by SDS-PAGE after removal of N-linked oligosaccharides,
was about 49 kDa. Therefore, the molecular weight of the present enzyme when not containing
N-linked oligosaccharides is about 49 kDa (molecular weight measured by SDS-PAGE).

(3) Optimum temperature

[0041] The optimum temperature of PN1 is 55°C to 60°C. This high optimum temperature as
described above is advantageous in the application of PN1 to the production of foods and
beverages through a treatment process at a relatively high temperature. The optimum
temperature can be evaluated by using an acetate buffer (pH 4.3) and also using guanosine as
a substrate for quantitating the reaction product ribose.

(4) Thermal stability

[0042] When treated in an acetate buffer (pH 4.5) for 60 minutes, PN1 maintains 80% or more
activity under temperature conditions of 45°C or lower. Therefore, for example, when the
temperature during treatment is in the range of 5°C to 45°C, the residual activity after the
treatment becomes 80% or more.

[0043] On the other hand, when PN1 is treated in a phosphate buffer (pH 6.0) for 30 minutes,
PN1 maintains 80% or more activity under the temperature conditions of 55°C or lower.
Therefore, for example, when the temperature during treatment is in the range of 5°C to 55°C,
the residual activity after the treatment becomes 80% or more.

[0044] PN1 which exhibits such excellent thermal stability can show high activity even under
relatively high temperature conditions.

[0045] PN1 can be further characterized by the following enzymological properties (5) and (6).

(5) Optimum pH

[0046] The optimum pH of PN1 is 3.5. The optimum pH is determined based on the
measurement results, for example, in a citrate buffer for the pH range of 2.5 to 3.5, in an
acetate buffer for the pH range of 3.5 to 5.5, and in a potassium phosphate buffer for the pH
range of 5.5 t0 6.5.

(6) pH Stability
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[0047] PN1 shows stable activity in a wide pH range. For example, if the pH of the enzyme
solution to be treated is within the range of 3.5 to 7.5, PN1 shows 80% or more of the
maximum activity after treatment at 30°C for 30 minutes. Also, in the case of the treatment at
50°C for 60 minutes, if the pH of the enzyme solution to be treated is within the range of 3.5 to
7.5, PN1 shows 80% or more of the maximum activity after the treatment. The pH stability is
determined based on the measurement results, for example, in a citrate buffer for the pH
range of 2.5 to 3.5, in an acetate buffer for the pH range of 3.5 to 5.5, and in a potassium
phosphate buffer for the pH range of 5.5 t0 6.5.

<Enzymological properties of PN2>

(1) Action

[0048] PN2 is a nucleosidase and catalyzes a reaction of hydrolyzing purine nucleosides into
D-ribose and purine bases.

[0049] PN2 also shows activity in the presence of adenosine, adenine, inosine, hypoxanthine,
guanosine, guanine, and xanthine. In other words, PN2 is not subject to substantial inhibition
by decomposition products. This characteristic feature is particularly important in applying the
present enzymes to the production of foods and beverages. According to PN2 exhibiting this
characteristic feature, it is possible to efficiently decompose the purine nucleosides derived
from the raw materials in the production process of foods and beverages.

(2) Molecular weight

[0050] PN2 contains a sugar chain (i.e., PN2 is a glycoprotein) in its natural form, and the
molecular weight before removal of N-linked oligosaccharides was about 51 kDa (molecular
weight measured by SDS-PAGE). The molecular weight was about 230 kDa when measured
by gel filtration chromatography. On the other hand, the molecular weight, when measured by
SDS-PAGE after removal of N-linked oligosaccharides, was about 40 kDa. Therefore, the
molecular weight of the present enzyme when not containing N-linked oligosaccharides is
about 40 kDa (molecular weight measured by SDS-PAGE).

(3) Optimum temperature

[0051] The optimum temperature of PN2 is 50°C to 55°C. This high optimum temperature as
described above is advantageous in the application of PN2 to the production of foods and
beverages through a treatment process at a relatively high temperature. The optimum
temperature can be evaluated by using an acetate buffer (pH 4.3) and also using guanosine as
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a substrate for quantitating the reaction product ribose.

(4) Thermal stability

[0052] When treated in an acetate buffer (pH 4.5) for 60 minutes, PN2 maintains 80% or more
activity under temperature conditions of 65°C or lower. Therefore, for example, when the
temperature during treatment is in the range of 5°C to 65°C, the residual activity after the
treatment becomes 80% or more.

[0053] On the other hand, when treated in a phosphate buffer (pH 6.0) for 30 minutes, PN2
maintains 80% or more activity under the temperature conditions of 55°C or lower. Therefore,
for example, when the temperature during treatment is in the range of 5°C to 55°C, the
residual activity after the treatment becomes 80% or more.

[0054] PN2 which exhibits such excellent thermal stability can show high activity even under
relatively high temperature conditions.

[0055] PN2 can be further characterized by the following enzymological properties (5) and (6).

(5) Optimum pH

[0056] The optimum pH of PN2 is 4.5. The optimum pH is determined based on the
measurement results, for example, in a citrate buffer for the pH range of 2.5 to 3.5, in an
acetate buffer for the pH range of 3.5 to 5.5, and in a potassium phosphate buffer for the pH
range of 5.5 t0 6.5.

(6) pH Stability

[0057] PN2 shows stable activity in a wide pH range. For example, if the pH of the enzyme
solution to be treated is within the range of 3.5 to 7.5, PN2 shows 80% or more of the
maximum activity after treatment at 30°C for 30 minutes. In addition, in the case of the
treatment at 50°C for 60 minutes, if the pH of the enzyme solution to be treated is within the
range of 4.5 to 7.5, PN2 shows 80% or more of the maximum activity, after the treatment. The
pH stability is determined based on the measurement results, for example, in a citrate buffer
for the pH range of 2.5 to 3.5, in an acetate buffer for the pH range of 3.5 to 5.5, and in a
potassium phosphate buffer for the pH range of 5.5 to 6.5.

[0058] The present enzyme preferably is nucleosidase derived from Penicillium multicolor.
Here, by "nucleosidase derived from Penicillium multicolor" is meant a nucleosidase enzyme
produced by a microorganism (of either a wild-type strain or a mutant strain) which is classified
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into Penicillium multicolor, or a nucleosidase enzyme obtained by genetic engineering
procedures using the nucleosidase gene from a microorganism (of either a wild-type strain or a
mutant strain) which is classified into Penicillium multicolor. Therefore, "nucleosidase derived
from Penicillium multicolor” encompasses a recombinant enzyme that is produced by a host
microorganism into which the nucleosidase gene (or a modified gene thereof) obtained from
Penicillium multicolor has been introduced.

[0059] A strain of Penicillium multicolor from which the present enzyme is derived is referred to
as a producer strain for the enzyme, for the purpose of description.

[0060] As shown in Examples described below, the present inventors have succeeded in
isolating and purifying nucleosidases having the above properties from a Penicillium multicolor
IFO 7569 strain. The Penicillium multicolor IFO 7569 strain is a bacterial strain (published as
NBRC 7569 in the NBRC Culture catalog) stored in the National Institute of Technology and
Evaluation (2-5-8 Kazusakamatari, Kisarazu, Chiba), and can be obtained through prescribed
procedures.

3. Gene encoding nucleosidase, recombinant DNA, and transformant

[0061] Herein described is also a gene encoding the present enzyme. The gene includes a
DNA that encodes an amino acid sequence of SEQ ID NO: 1 or 2. Specific examples are the
base sequence of SEQ ID NO: 3, which corresponds to the cDNA encoding the amino acid
sequence of SEQ ID NO: 1, the base sequence of SEQ ID NO: 4, which corresponds to the
genome DNA encoding the amino acid sequence of SEQ ID NO: 1, the base sequence of SEQ
ID NO: 5, which corresponds to the cDNA encoding the amino acid sequence of SEQ ID NO: 2,
and the base sequence of SEQ ID NO: 6, which corresponds to the genome DNA encoding the
amino acid sequence of SEQ ID NO: 2.

[0062] The gene encoding the present enzyme is typically used in preparation of the present
enzyme. According to a genetic engineering procedure using the gene encoding the present
enzyme, the present enzyme in a more homogeneous state can be obtained. Further, the
method can be a preferable method also in the case of preparing a large amount of the
present enzyme. Note that uses of the gene encoding the present enzyme are not limited to
preparation of the present enzyme. For example, the nucleic acid can also be used as a tool
for an experiment intended for clarification of action mechanisms of the present enzyme or a
tool for designing or preparing a mutant (modified form) of the present enzyme.

[0063] The "gene encoding the present enzyme" herein refers to a nucleic acid capable of
obtaining the present enzyme when it is expressed, and includes, as a matter of course of a
nucleic acid having a base sequence corresponding to the amino acid sequence of the present
enzyme, also a nucleic acid obtained by adding a sequence that does not code for an amino
acid sequence to such a nucleic acid. Degeneracy of a codon is also considered.
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[0064] The gene can be prepared in an isolated state by using a standard genetic engineering
technique, a molecular biological technique, a biochemical technique, a chemical synthesis, a
PCR method (e.g. an overlap extension PCR) or a combination thereof, with reference to
sequence information disclosed in the present specification or attached sequence list.

[0065] In general, when a part of DNA encoding a certain protein is modified, a protein
encoded by the modified DNA may sometimes have the equal function to that of a protein
encoded by the DNA before modification. That is to say, the modification of the DNA sequence
does not have a substantial effect on the function of the encoded protein, so that the function
of the encoded protein may be maintained before and after the modification. Thus, described
herein is also DNA encoding a protein having a base sequence equivalent to the reference
base sequence (i.e., any one of SEQ ID NOs: 3 to 6) and having the nucleosidase activity
(hereinafter, which is also referred to as "equivalent DNA"). The "equivalent base sequence"
herein denotes a base sequence which is partly different from the reference base sequence
but in which the function (herein, nucleosidase activity) of the protein encoded by the sequence
is not substantially affected by the difference.

[0066] A specific example of the equivalent DNA includes DNA that hybridizes to the
complementary base sequence of the reference base sequence under stringent conditions.
Herein, the "stringent conditions" are referred to as conditions in which a so-called specific
hybrid is formed but a nonspecific hybrid is not formed. Such stringent conditions are known to
persons skilled in the art. Such stringent conditions can be set with reference to, for example,
Molecular Cloning (Third Edition, Cold Spring Harbor Laboratory Press, New York) and Current
protocols in molecular biology (edited by Frederick M. Ausubel et al., 1987). An example of the
stringent conditions can include a condition in which a hybridization solution (50% formamide,
10 x SSC (0.15 M NaCl, 15 mM sodium citrate, pH 7.0), 5 x Denhardt solution, 1% SDS, 10%
dextran sulfate, 10 ug/ml denatured salmon sperm DNA, and 50 mM phosphate buffer (pH
7.5)) is used and incubated at about 42°C to about 50°C, thereafter, washed with 0.1 x SSC
and 0.1% SDS at about 65°C to about 70°C. Further preferable stringent conditions can
include, for example, a condition in which a hybridization solution 50% formamide, 5 x SSC
(0.15 M NaCl, 15 mM sodium citrate, pH 7.0), 1 x Denhardt solution, 1% SDS, 10% dextran
sulfate, 10 yg/ml denatured salmon sperm DNA, and 50 mM phosphate buffer (pH 7.5)) is
used.

[0067] Another specific example of the equivalent DNA can include DNA encoding a protein
having a base sequence which includes substitution, deletion, insertion, addition or inversion in
one or a plurality of bases (preferably one to several bases) in the reference base sequence,
and which has a B- galactosidase activity. The substitution, deletion, or the like, of the base
may occur in a plurality of sites. The "plurality" herein denotes, for example, 2 to 40 bases,
preferably 2 to 20 bases, and more preferably 2 to 10 bases, although it depends upon the
positions or types of the amino acid residue in the three-dimensional structure of the protein
encoded by the DNA.

[0068] The equivalent DNA shows a 70% or more identity for example, preferably a 80% or
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more identity, more preferably a 90% or more identity, more and more preferably a 95% or
more identity, and most preferably a 99 % or more identity with the reference base sequence
(i.e., any one of SEQ ID NOs: 3 to 6).

[0069] The above-mentioned equivalent DNA can be obtained by modifying the reference DNA
so as to include substitution, deletion, insertion, addition and/or inversion of base by using
treatment with a restriction enzyme; treatment with exonuclease, DNA ligase, etc; introduction
of mutation by a site-directed mutagenesis (Molecular Cloning, Third Edition, Chapter 13, Cold
Spring Harbor Laboratory Press, New York) and random mutagenesis (Molecular Cloning,
Third Edition, Chapter 13, Cold Spring Harbor Laboratory Press, New York), and the like.
Furthermore, the equivalent DNA can be also obtained by other methods such as irradiation
with ultraviolet ray. A further example of the equivalent DNA can include DNA having difference
in base as mentioned above due to polymorphism represented by SNP (single nucleotide
polymorphism).

[0070] Described herein is also a nucleic acid having the complementary base sequence to the
base sequence of the gene encoding the present enzyme. Further described is a nucleic acid
having a base sequence with an identity of at least about 60%, 70%, 80%, 90%, 95%, 99%, or
99.9% to the base sequence of the gene encoding the present enzyme or the complementary
base sequence thereto.

[0071] Described herein is also a recombinant DNA containing the gene encoding the present
enzyme. The recombinant DNA is provided in, for example, a form of a vector. The term
"vector" in the present specification refers to a nucleic acid molecule that can transfer a nucleic
acid inserted in the vector to a target such as a cell.

[0072] A suitable vector is selected according to its intended use (cloning, expression of a
protein) and in consideration of a kind of a host cell Examples include a M13 phage or an
altered form thereof, a A phage or an altered form thereof, and pBR322 or an altered form
thereof (e.g., pB325, pAT153, pUCS8), etc. as a vector having Escherichia coli as a host,
pYepSec1, pMFa, and pYES2 as a vector having a yeast as a host, pAc, pVL, etc. as a vector
having an insect cell as a host, and pCDM8, pMT2PC, etc. as a vector having a mammal cell
as a host.

[0073] The vector is preferably an expression vector. The "expression vector" refers to a
vector capable of introducing a nucleic acid inserted in the expression vector into a target cell
(host cell) and expressing it in the cell. The expression vector generally contains a promoter
sequence necessary for expression of a nucleic acid inserted, an enhancer sequence for
promoting expression, and the like. An expression vector containing a selective marker can
also be used. When such an expression vector is used, presence or absence (and its degree)
of introduction of the expression vector can be confirmed using a selective marker.

[0074] Insertion of DNA into the vector, insertion of a selective marker gene (if necessary),
insertion of a promoter (if necessary), and the like can be performed by using a standard
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recombinant DNA technique (for example, a known method of using a restriction enzyme and a
DNA ligase, which can be referred in Molecular Cloning, Third Edition, 1.84, Cold Spring
Harbor Laboratory Press, New York).

[0075] Further described herein is a transformant into which the recombinant DNA, which
contains the gene is introduced. In the transformant, the gene exists as an exogenous
molecule. Preferably, the transformant can be preferably prepared by transfection or
transformation using the vector mentioned above. The transfection and transformation can be
carried out by, for example, a calcium phosphate coprecipitation method, electroporation
(Potter, H. et al., Proc. Natl. Acad. Sci. U.S.A. 81, 7161-7165(1984)), lipofection (Felgner, P.L.
et al., Proc. Natl. Acad. Sci. U.S.A. 84,7413-7417 (1984)), microinjection (Graessmann, M. &
Graessmann, A., Proc. Natl. Acad. Sci. U.S.A. 73,366-370 (1976)), a method by Hanahan
(Hanahan, D., J. Mo1 Biol 166, 557-580 (1983)), a lithium acetate method (Schiestl, R.H. et al.,
Curr. Genet. 16, 339-346 (1989)), protoplast - polyethylene glycol method (Yelton, M.M. et al.,
Proc. Natl. Acad. Sci. 81, 1470-1474 (1984)), and the like.

[0076] The host cell is not particularly limited as long as the present enzyme can be
expressed, and it can be selected from, for example, Bacillus genus bacteria (e.g. Bacillus
subtillis, Bacillus licheniformis, Bacillus circulans, etc.), lactic acid bacteria (e.g. Lactococcus,
Lactobacillus, Streptococcus, Leuconostoc, Bifidobacterium, etc.), other bacteria (e.g.
Escherichia, Streptomyces, etc.), yeast (e.g. Saccharomyces, Kluyveromyces, Candida, Torula,
Torulopsis, etc.), and filamentous fungi (Eumycetes) (e.g. Aspergillus genus fungi such as
Aspergillus oryzae and Aspergillus niger, Penicillium genus fungi, Trichoderma genus fungi,
Fusarium genus fungi, etc.).

4. Method for producing nucleosidase

[0077] Described herein is also a method for producing a nucleosidase. For example, the
production method involves the step (step (1)) of culturing a producer microorganism for the
present enzyme and the step (step (2)) of collecting the nucleosidase from the culture solution
and/or the cell bodies after culture. The producer microorganism for the present enzyme is, for
example, Penicillium multicolor, preferably a Penicillium multicolor IFO 7569 strain or a mutant
strain thereof. The mutant strain can be obtained, for example, by irradiation with ultraviolet
rays, X rays, y rays, or the like and treatment with nitrous acid, hydroxylamine, N-methyl-N'-
nitro-N-nitrosoguanidine, or the like. The mutant strain is not limited as long as it produces the
present enzyme. Examples of the mutant strain include strains with improved productivity of
the present enzyme, strains with reduced productivity of contaminants, strains which are easily
cultured, and strains which are easily collected from a culture solution.

[0078] Conditions and methods for culturing cells of Cryptococcus terrestris are not particularly
limited, as long as the inventive enzyme is produced. Thus, methods and culture conditions
that are suitable for culturing a microorganism to be used can be set as appropriate, with the
proviso that the enzyme is produced. Although the culturing may be by either liquid culture or
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solid culture, liquid culture is preferably employed. Taking liquid culture as an example,
culturing conditions therefor will be described below.

[0079] As the medium, any medium can be used as long as microorganisms to be used can
grow. For example, a medium supplemented with a carbon source such as glucose, sucrose,
gentiobiose, soluble starch, glycerin, dextrin, molasses, and organic acid; and further, a
nitrogen source such as ammonium sulfate, ammonium carbonate, ammonium phosphate,
ammonium acetate, or peptone, yeast extract, corn steep liquor, casein hydrolysate, bran, and
meat extract; and furthermore, an inorganic salt such as potassium salt, magnesium salt,
sodium salt, phosphate salt, manganese salt, iron salt, and zinc salt, and the like, can be used.
In order to promote the growth of transformants to be used, vitamin, amino acid, and the like,
may be added to the medium. The medium is cultured under the aerobic conditions such that
the pH of the medium is adjusted to, for example, about 3 to 8 (preferably about 4 to 7), and
the culture temperature is generally about 20°C to 40°C (preferably about 25°C to 35°C) for 1
to 20 days (preferably 3 to 10 days). An example of the culture method may include a shake
culture method, and an aerobic submerged culture method by using ajar fermenter.

[0080] After culturing under the above conditions, the target protein is collected from the
culture solution or the cell bodies (step (2)). When it is collected from the culture solution, the
present enzyme can be obtained by separation and purification by removing insoluble matters
by, for example, filtration of culture supernatant, centrifugation, and the like, followed by
carrying out, for example, concentration by ultrafiltration membrane, salting out by ammonium
sulfate precipitation, dialysis, various types of chromatography of an ion-exchange resin or an
appropriate combination thereof. On the other hand, when it is collected from cell bodies, the
target protein can be obtained by pulverizing the cell bodies by pressuring treatment, ultrasonic
treatment, or the like, followed by separation and purification thereof similar to the above. After
collection of the cell bodies from a culture solution by filtration, centrifugation, etc., a series of
processes (pulverizing, separation, and purification of cell bodies) mentioned above may be
carried out.

[0081] Alternatively, the nucleosidase is produced by using the above-mentioned transformant.
In the production method the transformant is cultured under the conditions such that a protein
encoded by a gene introduced therein is produced (step (i)). The culture conditions of
transformant are known as to various vector-host systems, and a person skilled in the art can
easily set an appropriate culture condition. Following to the culturing step, the produced protein
(nucleosidase) is collected (step (ii)). Collection and following purification can be conducted in
the same manner as the above embodiment.

[0082] The purification degree of nucleosidase is not particularly limited. Furthermore, the final
form of the B-galactosidase may be a liquid state or a solid state (including a powdery state).

[0083] The purified enzyme obtained as described above can be provided after being
powdered, for example, by freeze dry, vacuum dry, or spray dry. In this time, the purified
enzyme may be previously dissolved in a phosphoric acid buffer solution, a triethanol amine
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buffer solution, a tris-hydrochloric acid buffer solution, or a GOOD buffer solution. Preferably, a
phosphoric acid buffer solution and a triethanol amine buffer solution can be used. Note that,
for the GOOD buffer solution herein, PIPES, MES or MOPS is exemplified.

5. Enzyme composition

[0084] The present enzyme is provided, for example, in the form of an enzyme composition.
The enzyme composition contains the present enzyme as an active ingredient. The purification
degree of the enzyme composition is not particularly limited. The enzyme composition may
contain other ingredients as long as they do not have an influence on the effects of the present
invention. Examples of the other ingredients include those derived from the medium and
contaminating proteins. The form of the enzyme composition is not particularly limited.
Examples of the form of the enzyme composition include liquid, powder and granule.

[0085] In order to obtain an enzyme composition through simple operations, an enzyme
composition is produced by a production method including the following steps (1) and (ll):

1. () culturing a producer microorganism for the present enzyme; and
2. (Il) removing the cell bodies after culture.

[0086] Since step () is similar to the above step (1) in the method for producing the present
enzyme, the explanation thereof will be omitted. In step (Il) following step (I), the cell bodies
are removed by centrifugation, filtration, filter treatment, or the like. The thus-obtained culture
solution containing no cell body is used as an enzyme composition as it is or after further
treatment (i.e., the step (step (Ill)) of purifying the culture solution after removing the cell
bodies). Examples of the further treatment referred to herein can include concentration with an
ultrafiltration membrane. The liquid enzyme composition obtained in the above step (Il) or step
(Ill) may be subjected to a drying step (step (IV)) to prepare an enzyme composition in a
powdery form, a granular form, or the like. Examples of the drying treatment here can include
freeze drying, vacuum drying, spray drying, and the like.

6. Enzyme preparation (nucleosidase preparation)

[0087] The present enzyme is provided, for example, in the form of an enzyme preparation
(nucleosidase preparation). The enzyme preparation may contain an excipient, a buffer agent,
a suspending agent, a stabilizer, a preservative, an antiseptic, saline, and the like besides the
active ingredient (i.e. the present enzyme). The degree of purification of the present enzyme
as the active ingredient is not particularly limited. Thus, the present enzyme may be a crude or
purified enzyme. Examples of other enzymes include nucleosidases other than the present
enzyme, amylases (a-amylase, p-amylase and glucoamylase), glucosidases (a-glucosidase
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and B-glucosidase), galactosidases (a-galactosidase and B-galactosidase), proteases (acidic
protease, neutral protease and alkaline protease), peptidases (leucine peptidase and
aminopeptidase), lipases, esterases, cellulases, nucleases, deaminases, oxidases,
dehydrogenases, glutaminases, pectinases, catalases, dextranases, transglutaminases,
protein deaminases, and pullulanases. As the excipient, lactose, sorbitol, D-mannitol,
maltodextrin, white soft sugar, and the like can be used. As the buffer agent, phosphates,
citrates, acetates, and the like can be used. As the stabilizer, propylene glycol, ascorbic acid,
and the like can be used. As the preservative, phenol, benzalkonium chloride, benzyl alcohol,
chlorobutanol, methylparaben, and the like can be used. As the antiseptic, benzalkonium
chloride, paraoxybenzoic acid, chlorobutanol, and the like can be used.

[0088] In order to obtain a liquid enzyme preparation through simple operations, an enzyme
preparation is produced by a production method including the following steps (I) and (lI):

1. () culturing a producer microorganism for the present enzyme; and
2. (Il) removing the cell bodies after culture.

[0089] Since step () is similar to the above step (1) in the method for producing the present
enzyme, the explanation thereof will be omitted. In step (Il) following step (I), the cell bodies
are removed by centrifugation, filtration, filter treatment, or the like. The thus-obtained culture
solution containing no cell body is used as an enzyme preparation as it is or after further
treatment (i.e., the step (step (Ill)) of purifying the culture solution after removing the cell
bodies). Examples of the further treatment referred to herein can include concentration with an
ultrafiltration membrane. The liquid enzyme preparation obtained in the above step (Il) or step
(Il may be subjected to a drying step (step (IV)) to prepare an enzyme preparation in a
powdery form, a granular form, or the like. Examples of the drying treatment here can include
freeze drying, vacuum drying, spray drying, and the like.

[Examples]

1. Acquisition of new nucleosidase

[0090] More than 10,000 kinds of microorganisms were screened in order to find a novel
nucleosidase. As a result, four strains of microorganisms, i.e., a Penicillium multicolor IFO 7569
strain, a Bacillus brevis IFO 15304 strain, a Brevibacillus linens IFO 12141 strain, and a Mucor
javanicus 4068 strain were identified as promising candidates. The nucleosidases produced by
these microorganisms were evaluated in terms of the action and effect.

(1) Method for culturing Penicillium multicolor IFO 7569 strain
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[0091] A Penicillium multicolor IFO 7569 strain was inoculated into 100 mL of the following
culture medium B and cultured with shaking in a Sakaguchi flask with a volume of 500 mL at
27°C for 48 to 72 hours. This preculture solution was transferred to 2L of the following culture
medium B and cultured with aeration and agitation at 27°C for 120 to 188 hours. This culture
solution was filtered through diatomaceous earth to remove cell bodies. The culture
supernatant obtained after removal of the cell bodies was concentrated with an ultrafiltration
membrane to obtain a lyophilized powder.

<Culture medium A>

[0092]

1% Lustergen FK (Nippon Starch Chemical Co., Ltd.)
1% Yeast extract (Difco)

0.5% NaCl

pH7.0

<Culture medium B>

[0093]

1% Lustergen FK (Nippon Starch Chemical Co., Ltd.)
1% Yeast extract (Difco)

2% Cornmeal (Matsumoto Nosan K.K))

0.5% NaCl

pH6.5

(2) Method for culturing Bacillus brevis IFO 15304 strain, Brevibacillus linens IFO 12141
strain, and Mucor javanicus 4068 strain

[0094] A Bacillus brevis IFO 15304 strain and a Brevibacillus linens IFO 12141 strain were
each inoculated into 10 mL of the above culture medium A and cultured with shaking at 30°C
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for 48 hours in a test tube. On the other hand, a Mucor javanicus IFO 4068 strain was
inoculated into 10 mL of the above culture medium B and cultured under the same conditions.
The culture solutions were each transferred to 50 mL of the main culture medium having the
same composition and cultured with shaking at 30°C for 120 hours. The culture solutions were
centrifuged to remove cell bodies, and freeze-dried powders were obtained from the
supernatants after removal of the cell bodies.

(3) Measurement of nucleosidase activity

[0095] The nucleosidase activity was defined by quantitating ribose produced by a reaction
using guanosine as a substrate. In 1 mL of a reaction solution, a 0.1M acetate buffer (pH 4.3),
8 mM of guanosine, and an appropriate amount of an enzyme are contained. The reaction
started with addition of guanosine, and carried out at 55°C for 30 minutes. The reaction was
stopped by adding 1.5 mL of a 0.5% dinitro salicylic acid solution, and then the solution was
boiled for 10 minutes. The absorbance at 540 nm of the reaction solution after cooling was
measured, and the activity value was calculated from the value obtained by subtracting the
absorbance of an enzyme-free reaction solution. The amount of the enzyme producing 1 umol
of ribose in 30 minutes was defined as 1 U of enzyme activity.

(4) Study on properties of nucleosidase derived from Penicillium multicolor IFO 7569
strain (P. multicolor nucleosidase)

[0096] In order to investigate the properties of the P multicolor nucleosidase, a purine body
solution having the following composition was used to study the operative temperature range
and the operative pH range.

Adenosine 0.08 mmol/L
Adenine 0.43 mmol/L
Inosine 0.49 mmol/L
Hypoxanthine 0.08 mmol/L
Guanosine 0.67 mmol/L
Guanine 1.45 mmol/L
Xanthosine 0.00 mmol/L

Xanthine 0.08 mmol/L

(4-1) Operative temperature range
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[0097] To 2 mL of the purine body solution, 9 U of the P multicolor nucleosidase was added to
cause a reaction at pH 5.5 for 1 hour at each temperature, then diluted 10 times with a 150
mM sodium phosphate buffer (pH 2.5) as the mobile phase of HPLC, and quantitatively
analyzed by high performance liquid chromatography. The free purine base ratio was
calculated based on the following calculation formula. At the reaction temperature of 50°C to
60°C, the free purine base ratio became 90% or more (Fig. 1).
Free purine base ratio (%) = {purine base/(purine nucleoside + purine base))

x 100.

(4-2) Operative pH range

[0098] To 2 mL of the purine body solution, 9 U of the P multicolor nucleosidase was added to
cause a reaction at 55°C for 1 hour at each pH, then diluted 10 times with a 150 mM sodium
phosphate buffer (pH 2.5) as the mobile phase of HPLC, and quantitatively analyzed by high
performance liquid chromatography. A citrate buffer was used when the pH was 4.5 t0 6.0, and
an MES buffer was used when the pH was 6.0 to 6.5. As in the case of the study on the
operative temperature range, the free purine base ratio was calculated. In the citrate buffer,
the free purine body ratio was 80% or more when the pH was 4.5 to 5.5. In the MES buffer, the
free purine body ratio was 80% or more when the pH was 6.0 to 6.5 (Fig. 2).

(5) Purification of nucleosidase derived from Penicillium multicolor IFO 7569 strain

[0099] The nucleosidase was purified by hydroxyapatite column, anion exchange column,
hydrophobic column, and gel filtration column chromatographies. A series of purification
processes will be shown below. First, 0.1g of the lyophilized powder prepared from the culture
solution of the Penicillium multicolor IFO 7569 strain was dissolved in 5 mL of a buffer (5 mM
potassium phosphate buffer (pH 6) + 0.3M NaCl), and the solution was applied to a
hydroxyapatite column (BioRad) equilibrated with the same buffer. The adsorbed protein was
eluted with a phosphoric acid gradient of 5 mM to 300 mM, and an active fraction was
collected. The obtained active fraction was dialyzed against a buffer (20 mM potassium
phosphate buffer (pH 5.5)) and applied to a DEAE HP column (GE Healthcare) equilibrated
with the same buffer. When the adsorbed protein was eluted with an NaCl gradient of 0 mM to
500 mM, three peaks were observed (Fig. 3). Fr. 2 was defined as peak 1, Fr. 8 and Fr. 9 as
peak 2, and Fr. 14 and Fr. 15 as peak 3.

[0100] The collected peak 3 was dialyzed against a buffer (20 mM acetate buffer (pH 4.5) +
30% saturated ammonium sulfate), and applied to a Phenyl HP column (GE Healthcare)
equilibrated with the same buffer. The adsorbed protein was eluted with an ammonium sulfate
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gradient of 30% saturation to 0%, and the active fraction was collected. The obtained active
fraction was dialyzed with a buffer (20 mM sodium phosphate buffer (pH 6)) and then
concentrated to 0.5 mL using an ultrafiltration membrane. The concentrated active fraction was
applied to HiLoad 16/60 Superdex 200 (GE Healthcare) equilibrated with the same buffer, and
an active fraction was collected. The obtained purified enzyme was confirmed to show a single
band by SDS-PAGE (Fig. 4). The molecular weight was estimated to be about 53 kDa by SDS-
PAGE and about 126 kDa by gel filtration chromatography (Fig. 5). The sugar chains of the
resultant purified enzyme were removed with PNGase F (New England BiolLabs). The
treatment method was in accordance with the attached protocol. By SDS-PAGE after the
treatment, it was shown that the molecular weight decreased from about 53 kDa to about 49
kDa by removal of the N-linked oligosaccharides (Figs. 4 and 5). The collected peaks 1 and 2
were similarly purified, and their molecular weight was determined by SDS-PAGE and gel
filtration chromatography. The molecular weight was estimated to be about 51 kDa by SDS-
PAGE and about 230 kDa by gel filtration chromatography (Fig. 5). The sugar chains of the
resultant purified enzyme were removed with PNGase F (New England BioLabs). By SDS-
PAGE after the treatment, it was shown that the molecular weight was reduced from about 51
kDa to about 40 kDa by removal of the N-linked oligosaccharides (Figs. 4 and 5).

[0101] When the N-terminal amino acid sequence of the respective purified enzymes (peaks 1
to 3) were analyzed with a protein sequencer (Shimadzu Corporation), the following sequences
were estimated.

N-terminal amino acid sequence of peak 1: ADKHYAIMDNDWYTA (SEQ ID NO: 7)
N-terminal amino acid sequence of peak 2: ADKHYAIMDNDWYTA (SEQ ID NO: 8)

N-terminal amino acid sequence of peak 3: VETKLIFLT (SEQ ID NO: 9)

[0102] Peak 1 and peak 2 had the same molecular weight and N-terminal amino acid
sequence, and thus were estimated to be the same enzymes (Fig. 5). In the subsequent study,
the enzymes were called PN2, and the enzyme of peak 3 was called PN1.

2. Gene cloning

[0103] The following degenerate primers were designed from the determined N-terminal
amino acid sequences and nucleosidase conserved sequences, and PCR was carried out
using the P multicolor genomic DNA as a template.

<Degenerate primer for PN1>
FW: ACIAARTAYMGNTTYYTIAC (SEQ ID NO: 10)

RV: CATNCCNCKNGTCCAYTGNCC (SEQ ID NO: 11)
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<Degenerate primer for PN2>
FW: GCNATHATGGAYAAYGAYTGGTAYAC (SEQ ID NO: 12)

RV: GCNGCNGTYTCRTCCCARAANGG (SEQ ID NO: 13)

[0104] The obtained amplified fragments were subcloned into pMD20-T (TaKaRa) and
sequenced. Southern blotting and colony hybridization were carried out using the probes
shown in Fig. 6. The obtained fragments were sequenced to identify the base sequences (Fig.
7) in the genomes of PN1 and PN2.

[0105] Next, cDNA was prepared from mRNA prepared from the P multicolor genomic DNA
using SMARTER RACE 5'/ 3' (TaKaRa). Then, PCR was carried out using the following
primers, and the amplified fragments were sequenced to determine the base sequences of
PN1 and PN2 in the cDNA (Fig. 8). From the determined base sequences, amino acid
sequences of PN1 and PN2 were identified (Fig. 9). In Fig. 10, PN1 and PN2 were compared.

<PCR primer for PN1>
FW: ATGGCACCTAAGAAAATCATCATTG (SEQ ID NO: 14)
RV: TTAGTGGAAGATTCTATCGATGAGG (SEQ ID NO: 15)
<PCR primer for PN2>
FW: ATGCATTTCCCTGTTTCATTGCCGC (SEQ ID NO: 16)

RV: TCAACGCTCATTTCTCAGGTCGG (SEQ ID NO: 17)

3. Study on various properties of enzyme PN1

(1) Optimum temperature

[0106] The optimum temperature of the nucleosidase (PN1) of peak 3 collected from the DEAE
HP column was analyzed. The results at the respective temperatures are shown in Fig. 11. The
optimum temperature under the conditions was 55°C to 60°C.

(2) Thermal stability
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[0107] The thermal stability of the nucleosidase of peak 3 collected from the DEAE HP column
was analyzed. PN1 showed residual activity of 80% at up to 45°C when treated at pH 4.5 for 60
minutes and at up to 55°C when treated at pH 6.0 for 30 minutes (Fig. 12).

(3) Optimum pH

[0108] The optimum pH of the nucleosidase of peak 3 collected from the DEAE HP column
was analyzed. A citrate buffer was used for pH 2.5 and pH 3.5, an acetate buffer was used for
pH 3.5, pH 4.5, and pH 5.5, and a potassium phosphate buffer was used for pH 5.5 and pH
6.5. The optimum pH was 3.5 (Fig. 13).

(4) pH Stability

[0109] The pH stability of the nucleosidase of peak 3 collected from the DEAE HP column was
analyzed when treatment was carried out at 30°C for 30 minutes and at 50°C for 60 minutes,
respectively, at each pH. The same buffers were used as those used for the study on the
optimum pH, and a potassium phosphate buffer was used for pH 7.5. PN1 showed residual
activity of 80% or more at a pH of 3.5 to 7.5 when treated at 30°C for 30 minutes and a pH of
3.5 to 7.5 when treated at 50°C for 60 minutes (Fig. 14).

4. Recombinant production of enzyme PN2

[0110] The cDNA fragment of PN2 was inserted into the cloning site of an expression vector to
construct a PN2 expression vector. The expression vector was used to transform Aspergillus
oryzae (A. oryzae (pyrG-)). The obtained transformant was cultured in liquid for 4 days (30°C,
300 rpm). The culture supernatant was collected to measure the nucleosidase activity. As a
result, it was revealed that a transformant showing activity was obtained. In addition, when the
culture supernatant was subjected to sugar chain removal treatment and electrophoresis, a
band having a size consistent with the estimated molecular weight was confirmed (Fig. 15).

5. Study on various properties of enzyme PN2

[0111] Recombinantly produced PN2 was used to study various properties. Experiment
method, conditions, etc. were the same as in the case of the study on PN1.

(1) Optimum temperature
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[0112] The optimum temperature was 50°C to 55°C (Fig. 16).

(2) Thermal stability

[0113] PN2 showed residual activity of 80% at up to 65°C when treated at pH 4.5 for 60
minutes and at up to 55°C when treated at pH 6.0 for 30 minutes (Fig. 17).

(3) Optimum pH

[0114] A citrate buffer was used for pH 2.5 and pH 3.5, an acetate buffer was used for pH 3.5,
pH 4.5, and pH 5.5, and a potassium phosphate buffer was used for pH 5.5 and pH 6.5. The
optimum pH was 4.5 (Fig. 18).

(4) pH Stability

[0115] The pH stability was analyzed when treatment was carried out at 30°C for 30 minutes
and at 50°C for 60 minutes, respectively, at each pH. The same buffers were used as those
used for the study on the optimum pH. PN2 showed residual activity of 80% or more at a pH of
3.5 to 7.5 when treated at 30°C for 30 minutes and a pH of 4.5 to 7.5 when treated at 50°C for
60 minutes (Fig. 19).

6. Change in taste by nucleosidase

[0116] It was studied whether a nucleosidase could be used to increase the taste of a yeast
extract and to impart a new taste.

(1) Method

[0117] A 1.5% ribonucleic acid (Wako Pure Chemical Industries) solution (pH 5.5) was
prepared, and nuclease "Amano"” G (Amano Enzyme Inc.) was added thereto in a proportion of
2% relative to the weight of the ribonucleic acid to carry out a reaction at 70°C for 3 hours.
Subsequently, the reaction solution was adjusted to have a pH of 6.0, and Deamizyme G
(Amano Enzyme Inc.) was added thereto in a proportion of 0.4% relative to the weight of the
ribonucleic acid to carry out a reaction at 50°C for 3 hours. Thereafter, boiling treatment was
carried out for 20 minutes to deactivate the enzyme. To the reaction solution was added the
above-described nucleosidase (mixture of PN1 and PN2) (4,000 U/g) in a proportion of 0.4%
relative to the amount of the reaction solution to carry out a reaction at 50°C for 1 hour. For
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deactivation of the nucleosidase, the reaction solution was boiled for 10 minutes. The reaction
solution to which a heat-deactivated nucleosidase was added was used as a control. The taste
of the sample prepared by the above method was evaluated. The amount of the enzyme
producing 1 pymol of ribose in 30 minutes using guanosine as a substrate is defined as 1 U of
nucleosidase activity.

(2) Result

[0118] When sensory evaluation was carried out by 8 panelists, the result that the
nucleosidase-added group was stronger in taste than the control group was obtained (FIG.
20).

[0119] In addition, as a result of HPLC analysis, it could be confirmed that purine nucleotides
(GMP, AMP, and IMP) were decomposed into purine bases (adenine, guanine, and
hypoxanthine) by the nucleosidase treatment. This result also supports that the nucleosidase
used catalyzes the reaction of hydrolyzing purine nucleotides into purine bases and D-ribose-
5-phosphate.

[0120] From the above results, it was suggested that a yeast extract improved in taste or
enhanced in umami could be obtained by adding nucleosidase treatment to the yeast extract
production process.

[Industrial Applicability]

[0121] According to the production method of the present invention, a nucleic acid-based
seasoning having a characteristic taste can be obtained. The nucleic acid-based seasoning
obtained by the production method of the present invention can be used for enhancement and
adjustment of the taste of various foods and beverages.
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Patentkrav

1. Fremgangsmade til fremstilling af et nukleinsyre-baseret krydderi, omfattende
fglgende trin (1) og (2):
(1) behandling af et ribonukleinsyre-holdigt materiale med en ribonuklease
for at opnd et ribonukleotid-holdigt materiale; og
(2) behandling af det ribonukleotid-holdige materiale med en nukleosidase.

2. Fremstillingsfremgangsmaden ifglge krav 1,
hvor det ribonukleotid-holdige materiale behandles med en AMP-deaminase og en
nukleosidase separat eller samtidigt i trin (2).

3. Fremstillingsfremgangsmaden ifglge krav 2, hvor trin (2) omfatter fglgende trin
(2-1) og (2-2):
(2-1) behandling af det ribonukleotid-holdige materiale med en AMP-
deaminase, og
(2-2) behandling af de behandlede produkt efter trin (2-1) med en
nukleosidase.

4. Fremstillingsfremgangsmaden ifglge krav 1, hvor det ribonukleotid-holdige
materiale er et ribonukleinsyre-holdigt materiale behandlet med en ribonuklease
og en AMP-deaminase.

5. Fremstillingsfremgangsmaden ifglge et hvilket som helst af kravene 1 til 4,
hvor det ribonukleotid-holdige materiale omfatter purinnukleotider.

6. Fremstillingsfremgangsmaden ifglge et hvilket som helst af kravene 1 til 5,
hvor det ribonukleinsyre-holdige materiale er et geerlysat.

7. Fremstillingsfremgangsmadden ifglge et hvilket som helst af kravene 1 til 6,
hvor nukleosidasen omfatter aminosyresekvensen af SEQ ID NO: 1 eller en

aminosyresekvens, som er 85% eller mere identisk med aminosyresekvensen,
eller aminosyresekvensen af SEQ ID NO: 2 eller en aminosyresekvens, som er

88% eller mere identisk med aminosyresekvensen.
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8. Fremstillingsfremgangsmaden ifglge krav 7, hvor aminosyresekvensen af
nukleosidasen er en aminosyresekvens, som er 90% eller mere identisk med
aminosyresekvensen af SEQ ID NO: 1 eller aminosyresekvensen af SEQ ID NO: 2.

9. Fremstillingsfremgangsmaden ifalge et hvilket som helst af kravene 1 til 6,
hvor nukleosidasen har fglgende enzymologiske egenskaber:
(1) funktion: katalysering af en reaktion til hydrolyse af purinnukleosider til
D-ribose og purinbaser;
(2) molekylevaegt: omtrent 49 kDa ved SDS-PAGE nér nukleosidasen ikke
indeholder N-bundne oligosaccharider;
(3) optimal temperatur: 55°C til 60°C; og
(4) termisk stabilitet: stabil ved 55°C eller lavere ved pH 6,0, i
30 minutter.

10. Fremstillingsfremgangsmaden ifglge krav 9, hvor nukleosidasen yderligere har
folgende enzymologiske egenskaber:

(5) optimal pH: 3,5; og

(6) pH-stabilitet: stabil i omradet fra pH 3,5 til 7,5 ved 30°C, i 30 minutter.

11. Fremstillingsfremgangsmaden ifglge et hvilket som helst af kravene 1 til 6,
hvor nukleosidasen har fglgende enzymologiske egenskaber:
(1) funktion: katalysering af en reaktion til hydrolyse af purinnukleosider til
D-ribose og purinbaser;
(2) molekylevaegt: omtrent 40 kDa ved SDS-PAGE nér nukleosidasen ikke
indeholder N-bundne oligosaccharidee;
(3) optimal temperatur: 50°C til 55°C; og
(4) termisk stabilitet: stabil ved 65°C eller lavere ved pH 4,5, i
60 minutter.

12. Fremstillingsfremgangsmaden ifglge krav 11, hvor nukleosidasen yderligere
har fglgende enzymologiske egenskaber:

(5) optimal pH: 4,5; og

(6) pH-stabilitet: stabil i omradet fra pH 3,5 til 7,5 ved 30°C, i 30 minutter.
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13. Fremstillingsfremgangsmaden ifglge et hvilket som helst af kravene 7 til 12,
hvor nukleosidasen er afledt af Penicillium multicolor, fortrinsvis hvor naevnte

Penicillium multicolor er en IFO 7569-stamme eller en muteret stamme deraf.
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Reaction pH (reaction temperature 60°C)
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Peak 1 Peak 2 I*cak 3
SDS-PAGE | Sugar chain | About 50 kDa About 50 kDa About 53 kDa
molecular present
weight Sugar chain | About 40 kDa About 40 kDa About 48 kDa

absent

Gel  filtration  molecular | Abont 230 kDa About 230 kDa About 126 kDa
weight
N-terminal amino  acid | ADKITYAIMDNDWYTA | ADKHYAIMDNDWYTA | VIITKLIFIT
sequence

SEQ ID NO: 7 SEQ IN NO: 8 SEQID NO: 9
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6T ONAIOAS 2121VYVOLI0LVOI09D1001101919VYDDLI0VI0UDVYOOL0DIVIVYDLLIVDO1IBOYIVYODIDODIVYOLY L
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L DOYI0DDOD00VIDVYOVIDLIOOLYIVOOLDOLYOLLIOVVIODL0D1LD1IVOVYIVOVYVYOVYVOODODVYODDDVYVYIOOTLLIDDVYYID
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PN
Genomic soquence A TGGUAGGTAAGAAAA TOATOA T TGACAGTOACOCGATAAG T TGO TA TAGA TAAG TGAAGA TA TG TAG T0G TAGAGA TG
SEQIDNOI) 5 p a7 GAATGATTAGGGTATCGATGACA TGO TGCCAC TGO TGE TGO TC TG TCATO TAAGCGAGAGGA TGTTGAGATTCT]
AGTTATCTCTTTAACA TTTGGAAACA TTGAGGTGAAGAAGTGAGTGCTACCT TTGTGAAAGTCAAGTCAGAAAGGAGT TG
AGCGTATTTATTTIGGTTACAGE TGTCTTCGAAATGTGGTO TCCATGT TTCATATCG TCGAGOGCTAGA TCCAGTEGUGTA
GTGGTAAGGGCAAGTGOGAAGGG TATGGOACTATACGTGCT TTCCGCCCAGTAGTAGCCGTGGGAGEGGAAGATOCOTTG
GAAGACCAGAAGATGCTCGOTGATTATTTCCGTAAGTGCTTTGTGGT TTTGAAAGTCAATCACGTCGC TGAGAATTACCT
CGCAGATGGAAGCGATGGCOTTGGTGGCATCOATGC TAGTG TAGGC TAAACGCCCACC TTATTCGACCAATGATCTACCT
ATTTTGTAAGACTATG TGGACAGOACCCACATOTCGACTCOAAGCAAGGCGTGGGAGOATCTATTCACCCCGGCCGTABAT
CGOCAGGGGATCGAGCETATGCAAACGGGAGCTGGTOCCGACGACCATTCCTTTATCOCATCAAGACTACCTGCACACAA
GGAGATTGTTCGTGCACTGOGOGAGAATGAGCCTGAGACCG TGACTCTCGTGGCAGTTGGTCOACTGAGCAAC TTGGCTT]
T GGOAGGAGCAGAGGA TGCCGAAAGCTTCCTACG TGTCAAGGAGGTOGTTGTGATGGGTGGAGCAATCAACCAGCT THGA
AATGTATGAACGCCG TCGAAACACCCAT TTGATAATAAGTCATTAAGEGCGA TTGACTAGGTCACCCCOGTTGGAGAATT
CAACGCCTACGCAGAGGCCGTTGOAGCTGCGCGAGTCTTTGCGCTGACATCACCTAATCCCAACTCGACTCTACCACDGA
CGACGAGTCCACTAGTTGAGCTGTACCOTGOAAAGCTCAGCCGACAATTGACTETGOGTCTC TTOGCGE TGAACA TOACT
CTGCGGCATAAGCTGTGAOGCGGOCAAT TCOGOCAAGOAGT TGAGCO TG TOCTGGOAACAGGE TOACGOCTCGETGAATG
GGTGAGAGCATTCATGGGACACACGTTCOGAACCCTGGAACGCCTGOACECCGGECATGAGGGCGATGAAGCCCAGCTGA
GTCTCCAGGACECTATCTGTATGTAGTATGECCT TACAGCAGAGGAT TCGCACTGGACTCCC TCCGCCAATTCCCCAGAG
GACATTCGTGTTGAGACA TTGGGCCAGTGOACGOGTGBTATGTGOGTAATCGA TGGCCGAAACCAOCA TAAGA TTOATGG
CGAGGAGGAAAGGTOGAGTGATGATOGTCTGTGG TTGAGTGCTCGTGCAGGAAACCGCAT TTTGCGAATGGATGGA TCGE
CAGCCGAACACACGTTCGGCAAGATCCTCATCGATAGAATC TTCCAGTAA

PNZ

(Genomic sequence . A TGCATTTCCCTGTTTCATTGCCGOTGTTGTGCGGCTOTTTGCTGOCGTCTCATCGACGCGGCACCCTGGCAGTGCCGCAAGGT
(SEQIDND:6) 6 TCGCGTGCCGACAAGCACTATGCCATCATGGACAATGATTGGTACACAGCGGGTTTCGTGCCTTACCTGATCGCCCTOG
ATGGCOOATCTGGAGGTTCTAGGCOTAGOG TCTGG TTAGTGT TGATCOGCATCOATACCGATTTTCO TTCAAGG TC TROAG
TGGTAACTTGGATGTGATATCAGAGACCGCAAACACC TGGCAGCC TCAGGTCGGTCTGOAGGC TGTCGGOAACTC TGGAAG
GTGGCAACTTGAGCTGTATCCCGGTTTAGECAGGGTCGACA TGGCCGCTCATCAAGACCECCAACCGC TTCCAGGEGTGE
GAAATGGTTCATGGCAAGCTGCCATGGGAGGGTGCTTTTGCGCCGGAGAACAAGACTCTCGAGGCCGAGGGTAACGATCE
TAGCTCTGCCAAGCGGAACCGTATCGTCAAGGCCGC TTTCAAGGAAGGG TTCOGCAAGGGCAAGCGCBAGAACACAACAT
¢ TGOTGCCAACTTCATGGTCGAGATGGTGCACAAGTACCCCGGCCAGGTCTCGATCTACTCTGCTGGAGCCCTGACCAAT]
GTTGEGCTCGCTGTGCGCATGGATCCCCAGTTTGOATCTCTGGCTAAGGAGT TGGTTATCATGGGTGGATACGTCGATTT]
GAATATGOTCCAGGUCACTGGAAGTGTCTTGCTEGCTICATC TTCAATCTGATGTATCGTTITCATTCCCGGCTTOTATCAGO
TCTCTTCATCTGOCTAACTTICTCTTTACATCAACTTCATCATTCGATCOCCCACCCCTCCAAGATCCCATTCACTGCCCAATT]
COCCAATATCACCATCGCCGGTAACGTCGCCAACCAGGTCT TTGC TACCAAGGAGTTCGTCGACGAGATCGCCTCCETTL
CAAACCCCTACAGCAAGCTCTTCCACGACTACTACGATCTGTCCTTCCCCTTCTGGCATGAGACGGCTGCCGCECTRATG
GTTGACCCTACTCTTGOTACCAACCAGACCTCTOGTGAGTTTAATCTCOGCATTGACACTTGTATGAACAAATCTAACAGC
TTATAGTCTTCCTCGAGGTGGATACCGC TTATGGTAGCCCCAAGTATGGTAACATTCACGTTTACCAGAAGGCTCTTGCG
CCTGTTGGTATCCGGGAGGTCAACTTTGTCTTCCAGGTTGATGGGGATAGAC TTAAGCAGCGCATCAAGCACTCTCTGCA
G FTACCCCAAGTOATGCGCOGACCTGAGAAATGAGCGTTIGA

Fig. 7
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PN1

cDNA sequence |A TGGCAGGTAAGAAAATCATCATTGACAGTGACCCGGGTATCGATGACATCCTGGOACTGC TGO TAGCTCTGTCATCTAA
(SEQIDNO: 3} |GCCAGAGGATGTTGAGATTCTACTTATCTCTTTAACATTTGCGAAACATTGAGGTGAAGAACTGTCTTCGAAATGTGGTCT]
CCATGTTTCATATCCTOCGAGCGOGAGATCCAGTGGCGTOGTGGTAACGGCAAGTCOGAAGGOTATGGCACGTATGCGTGET
TTCCGCCCAGTAGTAGGCGTGGGAGCGGAAGATGCCTTGGAAGACCAGAAGATGCTCGCTGATTATTTCCATGGAACCGA
TGGCCTTGGTGGCATCCATGCTAGTCACCCACATCTCACTCCAAGCAAGGCCTGGGAGCATCTATTCACCCCGGCCGTGE
ATCOCCAGGGUATCGAGCCTGTGCAAACGGGAGCTGGTUOCGGCGACCATTCCTTTATCCCATCAAGACTACC TGCACAC
AAGGAGATTCTTICGTCGCACTGCGCCAGAATGAGCCTGACACCGTGACTCTCGTGGCGGTTGGTCCACTGACCAAGTTGGT
CTTGGCAGCAGCAGAGGATCCCGAAACCTTCCTACGTGTCAAGGAGGTCGTTGTGATGGGTGGAGCAATCAACCAGCCTG
GAAATGTOACCCGCGTTGGAGAATTCAACGCCTACGOAGACGOCGTTGCAGCTGOGCLAGTCTTTGCGOTGACATCALET
AATCCCAACTCGACTCTACGACCGACCACGAGTCCACTACTTGGCCTGTACGCCTGCAAAGCTCAGGCGACAATTGACTCT]
GCGTCTCTTCCCGCTGGACATCACCCTGGGCCATAACCTGTCCCGCGGCCAATTCCGOCAAGCAGTTGAGCCTCOTCCTCH
CAACAGGCTCACUOCTCGCTCGAATGGGTGACAGCATTCATGUGACACACGTTCOGAACCC TGGAACGCC TGCACGCCGGU
CATGAGGGOGATGAAGOOCAGOTGAGTATCCACGAGOOTGTOTGTOTGTGGTATGOCOTTACAGCAGAGGATTGGGACT(
GACTCCCTCCGCCAATTCCCCAGAGGACATTCGTGTTGAGACATTGGGCCAGTGGACGCGTGGTATGTGCGTAATCGATH
GCCGAAACCGCCATAAGATTGATGGOGACGAGGAAAGOTCGAGTGATCATGGTCTGTGGTTGAGTGCTCGTGCAGGAAAC
CGCATTTTGCGAATGGATGGATOGOCAGCCGAACACACGTTCGGCAAGATCCTCATCGATAGAATCTTCCACTAA

PNZ

¢DNA sequence |ATGGATTTGCCTGTTTCATTGCGGOTGTTGTGC CGOTGTTTGCTGCCTGTCATCACGCGGGACCCTGGCAGTGCTCGAAGG(
(BEQIDNOG:5) 101CGCGTGOOGACAAGCACTATGOCATCATGGA CAATGATTGGTACACAGCGGGTTTCGTGCCTTACCTGATCGOCCTOG
ATGGCGATGTGGAGGTTCTGGGCCTAGCCTCTG ACACCGCAAACACC TGGCAGCCTCAGGTCGCTC TGCACGC TG TCGCA|
ACTCTGGAAGCTGGCAACTTGAGCTGTATCCCC CTTTACROAGGC TCBACATGGCCGOTCATCAACACCCRCAACGCGETT
CCAGGCGTGGGAAATGGTTCATGGCAAGCTGCC ATGGGAGGGTGCTTTTGCGCCGGAGAACAAGACTCTCGAGGCCGAGH
GTAACGATCCTAGCTC TGGCAACCCCAACCGTATCGTCAAGGCOGCTTTCAAGGAAGGGTTOCCCAAGGGOAAGCLCGAG
AACAGAACATCTGCTGGCAACTTCATCGTCGAG ATGGTGCOACAAGTACCCGCGGOLAGGTOTGGATCTACTOTGC TGGAGD]
CCTGACCAATGTTGCGCTGGCTGTGCGCATGGATCCCCAGTTTGCATCTCTGGC TAAGGAGTTGGTTATCATGGGTGGAT]
ACGTCGATTTGAATATGCTCCAGGCCACTGGAA GTGTCTTGCTAGC TGATCTTCAATCTGATATCAACTTGATGATTGAT)
COCGAGGGGTCCAAGATOGCATTGACTGGCGAA TTCCCCAATATCACCATCGGCGGTAAGGTCGCCAACCAGGTGTT TG
TACCAAGGAGTTCGTCGACGAGATCGCCTCCGT TCCAAACCCCTACAGCAAGCTCTTCCACGACTACTACGATCTGTCCET
TCCCCTTCTARAGATGAGACGGCTGCOGCGCTAATGATTRACCCTACTCTTGCETACCAACCAGACCTCTGTCTTCCTCGAC
GTGGATACCGCTTATGGTAGCCCCAACTATGGT AACATTCACGTTTACCAGAAGGCTCTTGCGCCTGTTGGTATCCGGGA
GGTCAACTITGTCTTCCAGGTTGATGCGGCGATAGACTTAAGCAGCGCATCAAGCACTCTCTGCAGTACCCCAAGTCATGEH
CCGACCTGAGAAATGAGCRTTGA

Fig. 8
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PN1 (peak 3) (SEQ ID NO: 1)

MAPKKIITIDTDPGIDDILALLLALSSKPEDVEILLISLTFGNIEVKNCLRNVYVSMFHILE
REIQWRRGNGKSEGYGTMRAFRFVVAVGAEDPLEDQKMLADYFHGTDGLGGIHASHPHLT
PSKAWEHLFTPAVDPQGIEPVQTGAGPGDHSFIPSRLPAHKEILRALRQNEPDTVTLVAY
GPLTNLALAAAEDPETFLRVKEVYVVMGGAINQPGNVTFPVCEGEFNAYADAVAAARVYFALTSP
NPNSTLPPTTSPLLGLYPAKLSRQLTLRLFPLDITLRHNLSRGQFRQAVEPLLATGSPLA
EWVTAFMGHTFRTLERLHPGHEGDEAQLSLHDPVOVWYALTAEDSHWTPSANSPEDIRVE
TLGAQWTRGMGCVIDGRNRHKIDGDEESSSDHGLWLSARAGNRILRMDGSPAEHTFGKILID
RJIFH*

PN2 (peaks 1 and 2) (SEQ ID NO: 2)

MHFPVSLPLLCGSLLPLITGTLAVPKASRADKHYAIMDNDWYTAGFVPYLIALDGDVEVL
GLASDTANTWQPQVALHAVAT LEAGNLSCIPVYPGSTWPLINTPNRFQAWEMVYHGKLPWE
GAFAPENKTLEAEGNDPTSGNPNRIVKAAFKEGFPKGEKPENRTSAANFMVEMYHKYPGQV
SIYSAGALTNVALAVRMDPQFASLAKELVIMGGYVDLNMLGQATGSYLLADLQSDINLMID
PEASKIALTAEFPNITIAGNVANQVFPTKEFVDEITASVPNPYSKLFHDYYDLELSFRPFWDET
AAALMVDPTLATNQTSYFLDYDTAYGSPNYGNIHVYQKALAPVGIREVNFVFQVDGDRLK
QRIKHSLQYPKSCADLRNER®
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PN1 PN2
Number of bases (¢cDNA) 1,275 bp 1,143 bp
Number of introns 5 3
Amino acid length 424 aa 380 aa
Estimated molecular 46 ,400 41 ,600
weight
57 5.0

Estimated pl

Fig. 10
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Panelist A B G D E F G H
Evaluation O o O O O O O O

O: Umami increased in nucleosidase-added group
A Unchanged

x: Umami decreased in nucleosidase-added group

Fig. 20
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