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associated D-Amino Acid Oxidase from Candida tropicalis”,
Agricul. and Biol. Chemistry, 1986, Vol. 50, No. 10,

page 2637

Non-Patent Reference 2: “Characterization and High-level
Production of D-Amino Acid Oxidase in Candida boidinii”,
Biosci. Biotechnol. Biochem., 2001, Vol. 65, No. 3, page
627 .
Non-Patent Reference 3: “Production of D-Zmino Acid
Oxidase by Candida tropicalis”, J. Ferment. Technol.,
1877, Vol.

55, No. 1, page 13
Non—-Patent Re

ference 4: “"Enzymatic Conversion of Racemic
Methicnine to the L-Enantiomer”, J. Chem. Soc. Chem.
Commun., 1980, Vol. 13, page 947
Non-Patent Reference 5: “Enzymatic synthesis of chiral
intermediates for Omapatrilat, an antihypertensive drug”,
Biomolecular Engineering, 2001, Vol. 17, page 167
Disclosure -ef-the--Invention-

Problems to be Sclved by-the-Invention-

[ooos]

D-amino acid oxidase obtained in the present

] mventiondisclosure is an enzyme that oxidizes D-amino acid in the

presence of oxygen, and produces hydrogen peroxide, 2-
oxo acid and ammonia. Moreover, it is a useful enzyme
utilizable for a stereo inversion reaction by which
racemic amino acid is guantitatively converted to L-
amino acid via keto acid or imino acid, by using D-amino
acid oxidase and amino acid dehydrogenase, or amino acid
dehydrogenase and an enzyme having a coenzyme-
regenerating activity.

[oo10]

An object of the present embodiments disclosed hereininvention is to provide

novel a D-amino acid oxidase. 1In addition, an object of

the present inwentiondisclosure is to clarify the amino acid
segquence of the D-amino acid oxidase and the base

sequence of the gene, and provide a microorganism or
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transformant having an ability to produce the enzyme.
[oo11]

In addition, the object of a preferable embodiment
of the present inventiondisclosure is to provide a transformant
that highly produces D-amino acid oxidase and
simultaneously produces amino acid dehydrogenase, and an
enzyme having a coenzyme-regener

[o012]

ting activity.

]

Moreover, the present iventiondisclosure provides an
efficient production method of L-amino acid, 2-oxo acid
or cyclic imine, which utilizes the above D~amino acid
oxidase or the above transformant.
Means of Solwving the Problems
[0013]
In view of the above-mentioned problems, the

’

present inventors isolated and purified D-amino acid

oxidase from Candida intermedia, achieved isolation of
D-amingo acid oxidase gene and expression in a host

microorganism, and prepared a transformant having high
activity. In the case of D-amino acld oxidase obtained
in the present imventiendisclosure, high production was possible
even when a transformant was cultured without using a
means such as suppression of expression, addition of an
inducer and the like. By reacting, with the racemic
amino acid, D-amino acid oxidase obtained in the present
invention, solely or in combination with an amino acid
dehydrogenase and an enzyme having a coenzyme-
regenerating activity, production of 2-¢xo acid or L~
aminec zacid has been enabled, which resulted in the
completion of the present inventiondisclosure.
foo14]

The present inventors have further conducted
intensive studies and prepared a transformant having a
D-amino acid oxidase gene, and respective genes encoding

amino acid dehydrogenase and an enzyme having a

5
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coenzyme-regenerating activity. In general, a
transformant having plural and different enzyme genes is
expected to show decreased prouction volume of each
enzyme, as compared to transformants independently
having respective enzyme genes. Surprisingly, however,
they have found that, in a preferable embodiment of the
present snventendisclosure, a transformant having a D-amino acid

cxidase gene, and genes encoding amino acid
dehydrogenase and an enzyme having a coenzyme-
regenerating activity shows an increased activity value
for one culture medium of D-amino acid oxidase by not
less than 50-fold as compared to a transformant having =z
D~amino acid oxldase gene alone (corresponding to
Example 12 mentioned below).

[o015]

Heretofore, with regard to a transformant having a
D-amino acid oxidase gene and one or more genes of
polypeptide having a different enzyme activity from that
of D-amino acid oxidase {(e.g., amino acid dehydrogenase,
and coenzyme-regenerating enzyme), an embodiment wherein
the activity of D-amino acid oxidase markedly increased
as compared to a transformant having a D-amino acid

oxidase gene alone is not known. For example, the

-aforementioned Patent Reference 6 (WO05/080950) does not

disclose an embodiment wherein the activity of D-amino
acid oxidase of a transformant having genes of D-amino
acid oxidase, amino acid dehydrogenase, and an enzyme
having a coenzyme-regenerating activity increased as
compared to a transformant having a D-amino acid oxidase
gene alone.
[o016]

The fact that the above-~mentioned transformant
having respective genes shows a remarkably improved D-
amino acid oxidase activity as ccmpared to a

transformant having a D-amino acid oxidase gene alone

6
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was found by a special attempt in the present inventor.
Moreover, an efficient production of L-amino acid has
become possible by reacting a transformant having genes
of D-amino acid oxidase, amino acid dehydrogenase and an
enzyme having coenzyme-regenerating activity, which is
obtained in a preferable embodiment of the present
invention, with racemic amino acid, which resulted in
the completion of the present inventiondisclosure.
[o017]

Accordingly, the present inventiondisclosure has the
following one or plural characteristics.
[1] One of the characteristics of the present inventiondisclosure
is a polypeptide derived from Candida intermedia and
having a D-amino acid oxidase activity, which has the
following physicochemical properties:
(1) molecular weight
melecular welght about 252, 000
molecular weight of subunit about 42,000;
{2} range of operative temperature
temperature range at least 20°C - 60°C:
(3) range of operative pH
pH range at least 6 - 10.5.
[2] One of the characteristics of the present inventiondisclosure
is a polypeptide of the following (a), (b) or (c):
(a) a polypeptide having the amino acid sequence shown
in Seguence Listing SEQ ID NO: 1;
{b} a polypeptide having an amino acid seguence wherein
one or a few amino acids of the amino acid seguence
shown 1in Sequence Listing SEQ ID NO: 1 are substituted,
inserted, deleted and/or added, and having a D-amino
acld oxidase activity;
(c) a polypeptide having an amino acid seguence having a
homology of not less than ©6%% with the amino acid
seguence shown in Seguence Listing SEQ ID NO: 1, and

having & D-amino acid coxidase activity.

7



[3] One of the characteristics of the present invention
is a DNA encoding the polypeptide of the aforementioned
{11 or [27.

[4] The DNA of preferable embodiments of the present
iventieadisclosure is a DNA of the following (d), (e) or (f):

(d) a DNA having a base sequence shown in Seguence
Listing SEQ ID NO: 2;

{e) a DNA having a base seguence wherein one or a few
bases of the base sequence shown in Sequence Listing B5EQ
ID NO: 2 are substituted, inserted, deleted and/or added,
and esncoding a polypeptide having a D-amino acid oxidase
activity:

(£} a DNA having a base seguence having a homology of
not less than 67% with the base sequence shown in
Seguence Listing SEQ ID NO: 2, and encoding a

polypeptide having a D-amino acid oxidase activity.

[4a] In one aspect, there is provided a polypeptide of the following (a), (b) or (c):

(a) a polypeptide having an amino acid seguence shown

E

in Sequence Listing SEQ ID NO: 1;

(b} a polypeptide having an amino acid sequence wherein

one or a few amino acids of the amino acid seguence

shown in Seguence Listing SEQ ID NO: 1 are substituted,

inserted, deleted and/or added, and having a D-amino

acid oxidase activity;

(c) a pozypeptide having an amino acid seguence showing

a homeclogy of not less than 90% with the aminc acid

sequence shown in Segquence Listing SEQ ID NO: 1, and

having a D-amino acid oxidase activity.




[4b] In another aspect, there is provided a DNA encoding the polypeptide as defined

above.

[4c] In another aspect, there is provided a DNA of the following (d), (&) or ():

(d} a DNA having a2 bese seguence shown in Seguence
Listing SEQ ID NO: 2;

(e) a DNA having a base segqguence wherein one or a few

bases of the base seguence shown in Seguence Listing

SEQ ID NO: 2 are substituted, inserted, deleted and/or

added, and encoding a polypeptide having a D-~amino acid

oxidase activity:

(f) a DNA having a base seqguence showing z homology of

not less than 90% with the base seguence shown in

Seguence Listing SEQ ID NO: 2, and encoding a

L
polypeptide having a D-amino acid oxidase activity.

| [5] One of the characteristics of the present inventisadisclosure

[P

s a recombinant plasmid obtained by inserting the DHA
of the aforementioned [3] or [4] into a vector.
{6] The recombinant plasmid of a preferable embodiment
I of the present inventiondisclosure is a recombinant plasmid
wherein a DNA encoding a polypeptide having a different
enzyme activity from D-amino acid oxidase is
additionally inserted into a wvector.
‘ [7] Another aspectOne-ofthe-characteristies of the present imventiondisclosure

is a transformant obtained by transforming a host

microorganism with the recombinant plasmid of the
aforementioned [5].

; [8] A preferable embodiment of the present inwentiendisclosure is
the transformant cof [7], into which a DNA encoding a
polypeptide having an enzyme activity other than that of
D-amino acid oxidase has been additionally introduced.

) [9] Another aspectOneof-the-characteristies of the present inventiondisclosure

is a method of producing D-amino acid oxidase,

comprising culturing a microorganism having an ability

8a



to produce the polypeptide of the aforementioned [1) or

[2}, accumulating the polypeptide in the culture, and

recovering same.

[9a] In another aspect, there is provided a method of producing D-amino acid oxidase,

comprising culturing a microorganism having an ability to produce the polypeptide as

defined above, accumulating the polypeptide in the culture, and harvesting the

polypeptide.

l [10] Another aspect :s of the present inventiondisclosure

is a method of producing L~amino acid represented by the
formula (2):
R COOH

T e

NH,

wherein R represents a C1l-20 alkyl group optionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s), or a C6-20 aryl group optionally
having substituent(s), or 2-oxo aéid represented by the
formula (3):

R COOH

T (3)

O

wherein R represents as defined above, which comprises
reacting the polypeptide-oftheforementioned Hlor

as defined abovel23, or a microorganism having an ability to produce the
polypeptide, with a racemic amino acid represented by

the formula {(1):

R COOH

Y (1)

NH,



wherein R represents 2s defined above.
[11] Another aspectOne-of-the-characteristies of the present inventiondisclosure
is a method of producing cyclic L-amino acid represented

by the formula (5):

COOH
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wherein R’ is.-a CZ-7 alkyl chain optionally having
substituent(s), or a cyclic imine represented by the

formula (6):

COOH

A
N ®)
wherein R’ is as defined above, which comprises reacting

lmquwmh%&ﬁmd%ww%%w%ﬁwaMwmmmmnmmg

an ability to produce the polypeptide with a cyclic

amino acid represented by the formula (4):

COOH
R”j7//
Y @
H
wherein R’ is as defined above.
[12] Another aspectOne-ofthe istics of the present inventiendisclosure

is a methed of producing L-amino acid represented by the

formula (2):

R _COOH

(2)

NH,

wherein R represents a Cl-20 alkyl group optionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s), or a C6-20 aryl group optionally
having substituent(s), which comprises reacting, in the
presence of an amino acid dehydrogenase and an enzyme
having a coenzyme-regenerating activity, the polypeptide

as defined aboveefHH-er{21, or a microorganism having an ability to

produce the polypeptide with a racemic amino acid
represenited by the formula (1):
R COOH

(1)

NH,

wherein R represents as defined above.

] [13] Another aspectOne-of the-characteristies of the present iventiondisclosure

1G
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is a method of producing cyclic L~amino acid represented

by the formula (5):

COOH

RTN7/ (5)

H

wherein R’ is a C2-7 alkyl chain optionally having
substituent(s), which comprises reacting, in the
presence of an amino acid dehydrogenase and an enzyme
having a coenzyme-regenerating activity, the polypeptide
as defined abovee# 1012} or a microorganism having an ability to

produce the polypeptide with a cyclic amino acid

represented by the formula (4):
COOH

R<&7// "

wherein R’ is as defined above.

[14] One of the characteristics of the present inventiendisclosure

is a method of Increasing a production amount of D-amino
acid oxidase, which comprises transforming a host
microorganism with a DNA encoding D-amino acid oxidase
and a DNA encoding at least one kind of polypeptide
having an enzyme activity different from that of the D-
amino acid oxidase.

[15] One of the characteristics of the present inventiondisclosure

is a recombinant plasmid comprising a DNA encoding a
polypeptide having a D-amino acid oxidase activity and a
DNA encoding a polypeptide having an enzyme activity
different from that of the D-amino acid oxidase as
insertion fragments, which plasmid shows an improved
production amount of D-amino acid oxidase as compared to
a2 recombinant plasmid containing only a DNA encoding a
polypeptide having the aforementioned D-amino acid

oxidase activity as an insertion fragment.

30} [16] One of the characteristics of the present isventiendisclosure

il
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is a transformant obtained by transforming a host
microorganism with a DNA encecding a polypeptide having a
D~amino acid oxidase activity and a DNA encoding a
polypeptide having an enzyme activity different from
that of the D-amino acid oxidase, which transformant
shows an improved D-~amino acid oxidase activity as
compared to a transformant transformed with only a DNA
encoding a polypeptide having the aforementioned D-amino
acid oxidase activity.

[17] One of the characteristics of the present inventiondisclosure

is a method of producing D~amino acid oxidase, which
comprises culturing the transformant of [16],
aécumulating D-amino acid oxidasé in a culture, and
recovering same.

[18] One of the characteristics of the present inventendisclosure

is a method of producing the aforementioned L-amino acid
represented by the formula (2) or the afo;ementioned
cyclic L-amino acid represented by the formula (5},
which comprises reacting the transformant of [16] with
the aforementioned racemic amino acid represented by the
formula (1) or the aforementioned cyclic amino acid
represented by the formula (4).

{o038]

Other characteristics and the effects thereof of
the present isventiondisclosure can be clarified by the following
embodiments and drawings. |

Effects of the Invention
[0039]

The present invention has the aforementioned
constitution, and can produce novel D-amino acid oxidase
efficiently. Moreover, L-~amino acid, 2-oxc acid, or
cyclic i@ine can be efficiently produced by utilizing
the Dwaméno acid cxidase, or a transformant or
microorganism that produces the D-amino acid oxidase.

[oo40]}
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Glaims

[1] A polypeptide having D-amino acid oxidase activity
derived from Candida intermedia and the following
physicochemical properties:
(1) molecular weight

molecular weight about 252,000

molecular welight of subunit about 42,000;
(2) range of operative température

temperature range at least 20°C - 60°C
(3) range of operative pH

pH range at least 6 - 10.5.

[2] The polypeptide of claim 1, whigh is derived from

Candida intermedia NBRC0761 strain.

[3] 2 polypeptide of the following (a), (b) or (c):
(a) a polypeptide having an amwinc acid seguence shown
in Segquence Listing SEQ IDKygz 1;

(b) a polypeptide having amino acid seqguence wherein

one or a few amino acids/of the amino acid seguence
shown in Seguence Listing SEQ ID NO: 1 are substituted,
inserted, deleted and/or added, and having a D-amino
acid oxidase activi '
{c) a polypeptide/having an amino acid sequence showing
a homology of ngt less than 69% with the amino acid
sequence showry in Seguence Listing SEQ ID NO: 1, and
having a D-afmino acid oxidase activity.
[4] =a A encoding the polypeptide of any one of

claims/1 to 3.

[5/ A DNA of the following (d), (e} or (f):
(&) a DNA having a base seguence shown in Sequence

Listing SEQ ID NO: 2;

8.0.




g y—g—-DNA—-Traving—a—base—seguence—wherein—one—or—a—few—

bases of the base sequence shown in Seguence Listing
SEQ ID NO: 2 are substituted, inserted, deleted and/o
added, and encoding a polypeptide having a D-amino gcid
5 oxidase activity;
(f) a DNA having a base sequence showing a homoldbgy of
not less than 67% with the base seguence shown/in
Sequence Listing SEQ ID NO: 2, and encoding
polypeptide having a D-amino acid oxidase
10
[6] A recombinant plasmid obtained by Anserting the

DNA of claim 4 or 5 into a vector.

[7] The recombinant plasmid of c)aim 6, wherein the
15 vector is pUC18, pUC19%, pBR322, PACYCLB84, pSTV2SE,
pSTV29, pS8SCl0l, pT7Blue or pUCNT, or a derivative

thereof.

[8] The recombinant plaségd of claim 6, which is
20 pPCDAO03 identified by a/restriction enzyme map of Fig.
1.

[3] The recombinaht plasmid of claim 6, wherein a DNA

encoding a polypgptide having an activity different
25 from that of DYaminc acid oxidase is further inserted

into the vectdOr.

fio0] Th

DNA encgding a polypeptide having an activity different

recombinant plasmid of claim 9, wherein the

30 from fhat of D-amino acid oxidase is a DNA encoding an
amin®o acid dehydrogenase and/or a DNA encoding an

yme having a coenzyme~regenerating activity.

[11] The recombinant plasmid of claim 10, wherein a

DNA encoding an amino acid dehydrogenase and a DNA

8-
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activity are inserted as the DNA encoding a polypeptid
having an enzyme activity different from that of D-

amino acid oxidase.

[12] The recombinant plasmid of claim 10 or 11
wherein the amino acid dehydrocgenase is a leucdne

dehydrogenase or a phenylalanine dehydrogenage.

[13] The recombinant plasmid of any cone /of claims 10
to 12, wherein the enzyme having a coenZyme-
regenerating activity is a formate dellydrogenase or a

glucose dehydrogenase.

[14] The recombinant plasmid of/claim 11, which is
pFTLRBDA identified by a restri
7 or pFTPBDA identified by a
Fig. 8.

ion enzyme' map of Fig.

estriction enzyme map of

[15] A transformant ob¥ained by transforming a host

microorganism with the/recombinant plasmid of claim 6.

[16] The transformant of claim 15, wherein the host

microorganism is Escherichia coli.

[17] The trafsformant of claim 15, wherein the
is Escherichia coli HB101l (pCDAQO3) (FERM

r JM109 (pCDAOO3) (FERM BP-10638).

transforman

BpP-10638)

[18]

enco

he transformant of claim 15, into which a DNA
ng a polypeptide having an enzyme activity other

that of D-amino acid oxidase is further introduced.

[19] The transformant of claim 18, wherein the DNA

encoding a polypeptide having an activity different

2.2
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amino acid dehydrogenase and/or a DNA encoding an

enzyme having a coenzyme-regenerating activity.

5 [20] The transformant of claim 19, into which
encoding an amino acid dehydrogenase and a DNA é&ncoding
an enzyme having a coenzyme-regenerating actiyity are
introduced as the DNA encoding a polypeptidg having an
enzyme activity different from that of D-agmino acid

10 oxidase.

[21] The transformant of claim 19/9 20, wherein the

aminoc acid dehydrogenase is a leucine dehydrogenase or

a phenylalanine dehydrogenase.

15
[22] The transformant of any one of claims 19 to 21,
wherein the enzyme having a/coenzyme~regenerating
activity is a formate dehydrogenase or a glucose
dehydrogenase.

20

[23] 7The transformaht of any one of claims 18 to 22,
which is obtained Yy transforming a host microorganism
with the recombigant plasmid of claim 6 and a
recombinant pla&smid comprising a DNA encoding a

25 polypeptide having an enzyme activity different from

that of th

D-amino acid oxidase as an insert.

[24]

by trgnsforming a host microorganism with the

e transformant of claim 18, which is obtained

30 binant plasmid of any one of claims 9 to 14.

The recombinant plasmid of any one of claims 18

to 24, wherein the host microorganism is Escherichia
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comprising culturing a microorganism having an ability

to produce the polypeptide of any one of claims 1 to
accumulating the polypeptide in the culture, and

5 harvesting the polypeptide.

127] The production method of claim 26, where¢in the
microorganism is the transformant of any one/sof claims
15 to 25 or a microorganism belonging to thle genus

10 Candida.

[28)] 2 method of producing L-amino agids represented
by the formula (2):

R COOH

(2)
NH,

15 wherein R represents a Cl- alkyl group optionally
having substituent{s)., i/ 7-20 aralkyl group optionally
having substituent(s)

of a Ce~20 aryl group optionally

having substituent(s)/ or 2-oxo acid represented by the

formula (3):

T

O

R COOH

20

wherein R pepresents as defined above, which comprises

reacting /the polypeptide of any one of claims 1 to 3 or
a microbrganism having an ability to produce the
polypéptide, with racemic amino acid represented by the

formula (1):

COOH

(1)
NH
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{29] A method of producing cyclic L-amino acid

represented by the formula (5):

COOH

R'<7/ (%)

N
H

wherein R’ is a C2-7 alkyl chain optiocnally/ having
substituent{s), or cyclic imine representéd by the

formula (6):

COOH

Rl\‘/7/ (6)

N

wherein R’ is as defined above,/ which comprises

reacting the polypeptide of any one of claims 1 to 3 or
a2 microorganism having an ility to produce the
polypeptide, with a cyclif amino acid represented by

the formula (4):

COOH

R‘T/ (4)

wherein R’ is #&s defined above.

[30] The yYroduction method of claim 28 or 2%, in which

the transformant of any one of claims 15 to 17 1is used.

[31} /The production method of any one of claims 28 to
30,

of/ catalase.

wherein the reaction is performed in the presence

[32] 2 method of producing L-amino acids represented

by the formula (2):

0
71
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(2)

wherein R represents a C1-20 alkyl group optionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s) or a C6~20 aryl group coptiodally
having substituent(s), which comprises reacting,/ in the
presence of an enzyme having an amino acid
dehydrogenase and an enzyme having a coenzymg-
regenerating activity, the polypeptide of y one of
claims 1 to 3 or a microorganism having a ébility to
produce the polypeptide with récemic am¥no acid

represented by the formula (1):
R COOH

(1
NH,

wherein R represents as defined above.

[33] 2 method of producing/cyclic L-amino acid

represented by the formu {(5):

COOH

R'v/ (5)

H

wherein R’ is a ¢2-7 alkyl chain optionally having
substituent(s),/which comprises reacting, in the
presence of ap amino acid dehydrogenase and an enzyme
having a coehzyme-regenerating activity, the
polypeptidgé of any one of claims 1 to 3 or a
microorggnism having an ability to produce the
polypeptide with cyclic amino acid represented by the

formula (4):




- //COOH

R

N (4)
H

wherein R’ i1s as defined above.

[34) The production method of claim 32 or 33, wKerein
5 the amino acid dehydrogenase is a leucine dehydrogenase

or a phenylalanine dehydrogenase.

[35] The production method of any one of/ claims 32 to
34, wherein the enzyme having a coenzyme-regenerating
10 activity is a formate dehydrogenase ¢r a glucose

dehydrogenase.

[36) The production method of any one of claims 32 to
35, which comprises use cof thg€ transformant of any one

‘15 of claims 15 to 25.

[37)] The production metXod of claim 36, which

comprises use of a trafisformant coexpressing 3 enzymes
of a D-amino acid oxdAdase, an amino acid dehydrogenase

20 and an enzyme havifdg a coenzyme~regenerating activity.

[38] The prod

transformant /is used without disruption of a microbial

tion method of claim 37, wherein the

cell there
25
[39)] The production method of any one of claims 32 to
38, wHerein the reaction is performed in the presence
atalase.
s0 /{40] A method of increasing a production amount of D-
amino acid oxidase, which comprises transforming a host

/// microorganism with a DNA encoding D-amino acid oxidase

[
o7
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having an enzyme activity different from that of the D

amino acid oxidase.

[41) The method of claim 40, wherein the DNA encbdding

a polypeptide having an enzyme activity differe from

that of the D-amino acid oxidase is a DNA encoding
amino acid dehydrogenase and/or a DNA encodigg an

enzyme having a coenzyme-regenerating activity.

[42] The method of claim 41, wherein the amino acid
dehydrogenase 1s a leucine dehydrogengse or a

phenylalanine dehydrogenase.

{43] The method of claim 42, whérein the leucine
dehydrogenase is derived from Bacillus sphaericus

NBRC3341 strain.

[44] The method of claim/42,
from Bacillus badius IAM11058

wherein the phenylalanine
dehydrogenase is derive

strain.

{45} The method o

the enzyme having/a coenzyme~-regenerating activity is a

any one of claims 41 to 44, wherein

formate dehydrogenase or a glucose dehydrogenase.

[46] The m
dehydrogengse is derived from Thiocbacillus sp. KNK6DMA
ERM BP-T7671).

thod of claim 45, wherein the formate

strain (
{47}/ The method of any one of claims 40 to 46, wherein
a DNA encoding an amino acid dehydrogenase and a
encoding an enzyme having a coenzyme-regenerating
ctivity are used for transformation as the DNA

encoding a polypeptide having an enzyme activity

B.L.

$2)



b ifferent from-that—of-Deamino—acid-oxnidasges

[48] The method of any one of claims 40 to 47, wherein

the host microorganism is Escherichia coli.

[49] A recombinant plasmid comprising, as inserfs, a
DNA encoding a polypeptide having a D-~amino acid
oxidase activity and a DNA encoding a polypeptide
having an enzyme activity different from that of the D-
10 amino acid oxidase, and showing an improvgd production
amount of the D-amino acid oxidase as caééared to a

recombinant plasmid comprising a DNA coding the

polypeptide having the D-amino acid /Sxidase activity
alone as an insert.
15

[50] The recombinant plasmid &f claim 49, wherein the

DNA encoding the polypeptide /having an enzyme activity
different from that of the AM~amino acid oxidase is a

DNA encoding an amino acid dehydrogenase and/or a DNA

20 encoding an enzyme havidg a coenzyme~-regenerating

activity.

{51] The recombipant plasmid of claim 50, wherein the
amino acid dehydfogenase 1s a leucine dehydrogenase or
25 a phenylalaning dehydrogenase. ’
{521 The

leucine

gcombinant plasmid of claim 51, wherein the
ehydrogenase is derived from Bacillus

sphaeriftus NBRC3341 strain.

30

Is¥}] The recombinant plasmid of claim 51, wherein the
pHenylalanine dehydrogenase is derived from Bacillus

adius IAM11059 strain.

[54] The recombinant plasmid of any one of claims 50

20

153
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to—53y—wherein-the enzymehavipg—a—COORZPRE =

regenerating activity is a formate dehydrogenase or a

glucose dehydrogenase,

[55] The recombinant plasmid of claim 54, wherei
formate dehydrogenase is derived from Thiobacill

KNKE5MA strain (FERM BP-7671).

{s sp.

[56] The recombinant plasmid of any one of/claims 49

to 55, into which both a DNA encoding an @&mino acid
dehydrogenase and a DNA encoding an enzyme having a
coenzyme-regenerating activity are intfoduced as the
DNA encoding a polypeptide having an/enzyme activity

oxidase.

different from that of D-amino aci
[57) 2 transformant obtained by transforming a host
microorganism with a DNA encoding a polypeptide having
a D~amino acid oxidase actiyity and a DNA encoding a
polypeptide having an enzyme activity different from
that of the D-amino acid/gxidase, and showing an
improved D-amino acid #xidase activity as compared to a
transformant transfoymed with a DNA encoding the
polypeptide having /Ahe D-amino acid oxidase activity

alone.

[58] The tr@ﬂé;ormant of claim 57, wherein the DNA
encoding the/polypeptide having an enzyme activity
different from that of the D-~amino acid oxidase is a
DNA encoding an amino acid dehydrogenase and/or a DNA
encoding an enzyme having a coenzyme-redgenerating

activaty.

59} The transformant of claim 58, wherein the amino
acid dehydrogenase is a leucine dehydrogenase or a

phenylalanine dehydrogenase.
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—ebp b Fhe—transformant—ofetaim 59 —whereip-the—teveine—;

dehydrogenase is derived from Bacillus sphaericus

1o

15

25

30

3

NBRC3341 strain.

[61]

phenylalanine dehydrogenase is derived from Baci

The transformant of claim 59,

badius IAM11059 strain.

[62]

whereiﬂ the

The transformant of any one of claims/58 to 61,

wherein the enzyme having a coenzyme-regeperating

activity is a formate dehydrogenase or

dehydrogenase.

[63]

The transformant of claim 62

glucose

wherein the formate

dehydrogenase is derived from Thi¥obacillus sp. KNKGOMA

strain (FERM BP-7671).

[64]

The transformant of

y one of claims 57 to 63,

which is obtained by trangforming a host microorganism

with

polypeptide having a

a recombinant plas

d comprising a DNA encoding a

amino acid oxidase activity as

an insert and a recommbinant plasmid comprising a DNA

encoding a polypepfide
different from tikat of

insert.

[65]

into

The

whic

having an enzyme activity

the D~amino acid oxidase as

ransformant of any one of claims 57 to 64,

both a DNA encoding an amino acid

dehydrogenase and a DNA encoding an enzyme having a

coenzyme-regenerating activity are introduced as the

DNA

ncoding a polypeptide having an enzyme activity

different from that of D-amino acid oxidase.

[66]

The transformant of claim 57,

which is obtained

&t
g



byt ransforning—a—host--Hicroorganisn—with—the

recombinant plasmid of any one of claims 48 to 56.

[67] The transformant of any one of claims 57 to

5 wherein the host microorganism is Escherichia colj

[68] A method of producing D-amino acid oxidgse,
comprising culturing the transformant of any/one of
claims 57 to 67, accumulating D-amino acid/oxidase in

10 the culture, and harvesting the D-amino atid oxidase.

[69] A method of producing L-amino
the formula (2):

R COOH

Y o

NH,

id represented by

iy

wherein R represents a Cl-20 alkyl group opticnally

Fua

having substituent(s), a £7-20 aralkyl group optionally
having substituent(s) oy a C6-20 aryl group optionally
having substituent(s) or cyclic L-amino acid

represented by the rmula {(5):

R'Y

wherein R’

20

COOH

is a C2-7 alkyl chain optionally having
substitvent (s), which comprises reacting the
transfbrmant of any one of claims 57 to 67 with racemic

25 aming acid represented by the formula (1):

R COOH

(1)
NH,




—Rereirn—R-represents—as—defined-above;—or-eyetie—amino—;y;

acid represented by the formula (4):

COOH

R’E/ (4)

wherein R’ is as defined above.

[70] The production method of claim 69, which
comprises using a transformant coexpressipg 3 enzymes
of a D-amino acid oxidase, an amino acid¢/ dehydrogenase

and an enzyme having a coenzyme-regenefating activity.




CLAIMS

1. A polypeptide of the following (a), (b) or (c):

{a) a polypeptide having an amino acid seguence shown
in Sequence Listing SEQ ID NO: 1;

(b} a polypeptide having an amino acid seqguence wherein
one or a few amino acids of the amino acid sequence
shown in Seguence Listing SEQ ID NO: 1 are substituted,
inserted, deleted and/or added, and having a D~amino
aclid oxidase activity;

(c) a poly?eptide having an amino acid sequence showing
a homology of not less than 90% with the amino acid
seguence shown in Seqguence Listing SEQ ID NO: 1, and

having a D-amino acid oxidase activity.
2. A DNA encoding the polypeptide of claim 1.

3. A DNA of the following (d), (e) oxr (f):

(d) a DNA having a base seguence shown in Sequence
Listing SEQ ID NO: 2:;

(e) a DNA having a base sequence wherein one or a few
bases of the base sequence shown in Seqguence Listing
SEQ ID NO: 2 are substituted, inserted, deleted and/or
added, and encoding a polypeptide having a D-amino acid
oxidase activity;

(f) a DNA having a base sequence showing a homology of
not less than 90% with the base seguence shown in
Sequence Listing SEQ ID NO: 2, and encoding a

polypeptide having a D-amino acid oxidase activity.

4. A recombinant plasmid obtained by inserting the DNA

of claim 2 or 3 into a vector.
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5. The recombinant plasmid of claim 4, which 1s pCDA0O3

identified by a restriction enzyme map of Fig. 1.

6. The recombinant plasmid of claim 4, wherein a DNA
encoding a polypeptide having an activity different
from that of D-aminoc acid oxidase is further inserted

into the vector.

7. The recombinant plasmid of claim 6, wherein the DNA
encoding a polypeptide having an activity different
from that of D-amino acid oxidase is a DNA encoding an
amino acid dehydrogenase and/or a DNA encoding an

enzyme having a coenzyme-regenerating activity.

8. The recombinant plasmid of claim 7, wherein a DNA
encoding an amino acid dehydrogenase and a DNA encoding
an enzyme having a coenzyme-regenerating activity are
inserted as the DNA encoding a polypeptide having an
enzyme activity different from that of D-amino acid

oxidase.

9. The recombinant plasmid of claim 7 or 8, wherein the
amino acid dehydrogenase is a leucine dehydrogenase or

a phenylalanine dehydrogenase.

10. The recombinant plasmid of any one of claims 7 to 9,
wherein the enzyme having a coenzyme-regenerating
activity is a formate dehydrogenase or a glucose

dehydrogenase.

11, TheArecombinant plasmid of claim 8, which is
pFPTLBDA identified by a restriction enzyme map of Fig.
7 or pFTPBDA identified by a restriction enzyme map of

Fig. 8.
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12. A transformant obtained by transforming a host

microorganism with the recombinant plasmid of claim 4.

13. The transformant of claim 12, wherein the
transformant i1s Escherichia coli HB101 (pCDA0O03) (FERM
BP-10639) or. JM10% (pCDAOO3) (FERM BP~10638).

14. The transformant of claim 12, into which a DNA
encoding a polypeptide having an enzyme activity other

than that of D-amino acld oxidase is further introduced.

15. The transformant of claim 14, wherein the DNA
encoding a polypeptide having an activity different
from that of D-amino acid oxidase is a DNA encoding an
amino acid dehydrogenaserand/or a DNA encoding an

enzyme having a coenzyme-regenerating activity.

16. The transformant of claim 15, into which a DNA
encoding an amino acid dehydrogenase and a DNA encoding
an enzyme having a coenzyme-regenerating activity are
introduced as the DNA encoding a polypeptide having an
cenzyme activity different from that of D-amino acid

oxidase.

17. The transformant of claim 15 or 16, wherein the
amino acid dehydrogenase is a leucine dehydrogenase or

a phenylalanine dehydrogenase.

18. The transformant of any one of claims 15 to 17,
wherein the enzyme having a coesnzyme-regenerating
activity is a formate dehydrogenase or a glucose

dehydrogenase.
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19. The transformant of any one of claims 14 to 18,
which is obtained by transforming a host microorganism
with the recombinant plasmid of claim 4 and a
recombinant plasmid comprising a DNA encoding a
polypeptide having an enzyme activity different from

that of the D-amino acid oxidase as an insert.

20. A method of producing D-amino acid oxidase,
comprising culturing a microorganism having an ability
to produce the polypeptide of claim 1, accumulating the
polypeptide in the culture, and harvesting the

polypeptide.

21. The production method of claim 20, wherein the
microorganism is the transformant of any one of claims
12 to 19 or a microorganism belonging to the genus

Candida.

22. A method of producing L-amino acids represented by

the formula (2):
R COOH

(2)

NH,

wherein R represents a Cl-20 alkyl group cptionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s) or a C6-20 aryl group optionally
having substituent(s), or 2-oxo acid represented by the

formula {3):

R COOH

W/ 3)

O

wherein R represents as defined above, which comprises
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reacting the polypeptide of claim 1 or a microorganism
having an ability to produce the polypeptide, with

racemlic amino acilid represented by the formula (1):

R COOH

(1

NH,

wherein R represents as defined above.

23. A method of producing cyclic L-amino acid

represented by the formula (5):

COOH
R<7f/

N 5)

H
wherein R’ 1is a C2-7 alkyl chain optionally having
substituent (s), or cyclic imine represented by the

formula (6):

COOH

Rksaf//

N ()

wherein R’ is as defined above, which comprises
reacting the polypeptide of claim 1 or a microorganism
having an ability to produce the polypeptide, with a

cyclic amino acid represented by the formula (4):
COOH
?—j7//
N\
N

H

(4)

wherein R’ is as defined above.

24. The production method of claim 22 or 23, in which

the transformant of claim 12 or 13 is used.
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25. A method of producing L-amino acids represented by
the formula (2):

R COCH

(2)

NH,

wherein R represents a C1l-20 alkyl group 6ptionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s) or a C6-20 aryl group optionally
having substituent(s), which comprises reacting, in the
presence of an amino acid dehydrogenase and an enzyme
having a coenzyme-regenerating activity, the
polypeptide of claim 1 or a microorganism having an
ability to produce the polypeptide with racemic amino

acid represented by the formula (1):
R COOH

(1)
NH,

wherein R represents as defined above.

26. A method of producing cyclic L-amino acid

represented by the formula (5):

: COOH

7 (5)
N

wherein R’ is a C2-7 alkyl chain optionally having
substituent(s), which comprises reacting, in the
presence of an amino acid dehydrogenase and an enzyme
having a coenzyme-regenerating activity, the
polypeptide of claim 1 or a microorganism having an

ability to produce the polypeptide with cyclic amino

85



acid represented by the formula (4):

COOH
7

N )
H

wherein R’ is as defined above.

27. The production method of claim 25 or 26, wherein
the amino acid dehydrogenase is a leucine dehydrogenase

or a phenylalanine dehydrogenase.

28. The production method of any one of claims 25 to 27,
wherein the enzyme having a coenzyme-regenerating
activity i1is a formate dehydrogenase or a glucose

dehydrogenase.

29. The production method of any one of claims 12 to 19,
which comprises use of the transformant of any one of

claims 25 to 28.

30. The production method of claim 29, which comprises
use of a transformant coexpressing 3 enzymes of a D~
amino acid oxidase, an amino acid dehydrogenase and an

enzyme having a coenzyme-regenerating activity.
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