\;

SPOOR & FISHER

REPUBLIC OF SOUTH AFRICA

PATENTS ACT, 1978

FORMP.8

(To be lodged in duplicate)

PUBLICATION PARTICULARS AND ABSTRACT

OFFICIAL APPLICATION NO.

LODGING DATE

(Section 32(3)(a) — Regulation 22(1)(g) and 31)

ACCEPTANCE DATE

21

0;\ ° 2@@?@{63%’?%

22

1 AUG 2005

B Izeocs ook

INTERNATIONAL CLASSIFICATION

NOT FOR PUBLICATION

51

C12N; C12P

CLASSIFIED BY: WIPO

FULL NAMES OF APPLICANT

7"

KANEKA CORPORATION

FULL NAMES OF INVENTORS

72

. KIZAKI, NORIYUKI

. YANO, MIHO

. FUNAKI, MASAHIRO
. TAKESUE, TERUAKI

. MORIKAWA, SOUICHI
. NAKAI, TAKAHISA

. KATAOKA, MICHIHIKO
. SHIMIZU, SAKAYU

OQOO~NOOEWN-=

. YASOHARA, YOSHIHIKO

COUNTRY

33

JP

I3

EARLIEST PRIORITY CLAIMED

NUMBER

DATE

31

2004-231226

32 6 AUG 2004

TITLE OF INVENTION

NOVEL CARBONYL REDUCTASE, GENE THEREOF AND METHOD OF USING THE SAME

57

ABSTRACT (NOT MORE THAT 150 WORDS)

NUMBER OF SHEETS

If no classification is finished, Form P.9 should accompany this form.

The figure of the drawing to which the abstract refers is attached.




ECGILEITBE

ABSTRACT

A polypeptide which is isolated from a microorganism belonging to the genus
Ogataea and has an activity of asymmetrically reducing (3S)-1-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone  to  form (2R,3S)-1-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol; a DNA encoding this polypeptide; a
transformant producing this polypeptide; and a method of producing (2R,3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanol with the use of the above-
described polypeptide or transformant. By using the polypeptide or the transformant
as described above, an optically active alcohol such as (2R,3S)-1-chloro-3-tert-

butoxycarbonylamino-4-phenyl-2-butanol can be efficiently produced.



DESCRIPTION
NOVEL CARBONYL REDUCTASE, GENE THEREOF AND METHOD OF
USING THE SAME
Technical Field

s [oo001]}
The present invention relates to a polypeptide

(carbonylreductase) having an activity to asymmetrically
reduce (3S)-1l-chloro-3-tert-butoxycarbonylamino-4-
phenyl-2-butanone represented by the following formula
10 (1):
[0002]

HN Cl
o)%o © (1)

[0003]
to produce (2R, 3S)-1-chloro-3-tert-butoxycarbonylamino-

15 4-phenyl-2-butanol represented by the following formula
(2):
[0004]

HN _ Cl
)\3 H )

[0005]
which is isolated from a microorganism having the

O

O

20
activity, a DNA encoding the polypeptide, a vector

containing the DNA, and a transformant transformed with

the wvector.



10

15

20

25

30

35

{oo006]

The present invention also relates to a production
method of an optically active alcohol, particularly
(2R, 3S)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanol represented by the aforementioned formula (2),
using the polypeptide or the transformant.

[0007]

(2R,38)—1-Chloro—3—tert—butoxycarbonylamino—4—
phenyl-2-butanocl is a compound useful as a synthetic
starting material for a pharmaceutical agent and the
like.

Background Art
[0008]

As the production method of (2R, 3S8)-1-chloro-3-
tert-butoxycarbonylamino-4-phenyl-2-butanol, a method
comprising chemically reducing amino-protected (3S)-1-
halo-3-amino-4-phenyl-2-butanone derivative with a
reducing agent such as sodium borohydride and the like
is known (patent reference 1, non-patent reference 1).
However, this method requires a comparatively expensive
reducing agent, and the stereoselectivity thereof is not
practically sufficient.

[0009]

As a method using a microorganism, moreover, a
method comprising allowing a microorganism belonging to
the genus Candida and the like to act on a (38)-1-halo~-
3-amino-4-phenyl-2-butanone derivative to produce a
(2R, 3S)-1-halo-3-amino-4-phenyl-2-butanol derivative
(patent reference 2), and a method comprising bringing a
microorganism belonging to the genus Rhodococcus and the
like in contact with (3S)-1-halo-2-oxo-3-protected
amino-4-substituted butane to produce (2R,3S)-1-halo-2-
hydroxy-3-protected amino-4-substituted butane (patent
reference 3, non-patent reference 2) are known. By these

methods, however, the concentration of the product that
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" 9687/09856
can be accumulated in the reaction mixture cannot be
practically sufficient.
patent reference 1: JP-A-2-42048
patent reference 2: JP-A-9-285
patent reference 3: W02002/014528
non-patent reference 1: Tetrahedron, 50, 6333 (199%4)
non-patent reference 2: Tetrahedron:Asymmetry, 14, 3105
(2003)

Disclosure of the Invention

Problems to be Solved by the Invention

[0010]

In view of the above, the present invention aims at
providing a polypeptide useful for the production of
(2R, 3S) -1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanol, a DNA encoding the polypeptide, a vector
containing the DNA, and a transformant transformed with
the vector.

[o011]

In addition, the present invention aims at
providing an efficient production method of various
optically active alcohols including (2R,3S)-l-chloro-3-
tert-butoxycarbonylamino-4~-phenyl-2-butanol, using the
polypeptide or the transformant.

Means of Solving the Problems
[0012]

The present inventors have isolated a polypeptide
having an activity to asymmetrically reduce (3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanone to
produce (2R, 3S)-l-chloro-3-tert-butoxycarbonylamino-4-
phenyl-2-butanol from a microorganism having the
activity. Moreover, they have succeeded in clarifying
the base seguence of a DNA encoding the polypeptide and
generating a transformant that highly produces the
polypeptide utilizing the sequence. 1In addition, they

have found that various useful optically active alcohols
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such as (2R,3S)—1—chloro—3—tert—butoxycarbonylamino—4—
phenyl-2-butanol can be efficiently produced by
utilizing the polypeptide or the transformant, which
resulted in the completion of the present invention.
[0013]

That is,'the present invention is directed to a
polypeptide having an activity to asymmetrically reduce
(3S)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone to produce (2R,3S)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol.

[0014]

Moreover, .the present invention provides a DNA
encoding the polypeptide. Furthermore, the present
invention provides a vector containing the DNA. In
addition, the present invention provides a transformant
containing the vector. Further, the present invention
provides a production method of optically active
alcochols including (2R,3S)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol, using the
polypeptide or the transformant. ‘

Effect of the Invention
[0015]

According to the present invention, a practical
production method of useful optically active alcohols
including (2R,3S)—1—chloro—3—tert—butoxycarbonylamino—4—
phenyl-2-butanol can be provided.
Brief Description of the Drawing
[0016]

Fig. 1 shows a production method and a structure of
a recombinant vector pNTOM4Gl.

Best Mode for Embodying the Invention
[0017]

The present invention is explained in detail in the

following.

(3S)-1-Chloro-3-tert-butoxycarbonylamino-4-phenyl-
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2-butanone described in the present specification can be
prepared, for example, by the method disclosed in JP-A-
62-126158 or JP-A-2-42048. In addition, unless otherwise
specified, isolation of DNA, preparation of vector, gene
manipulation such as transformation described in the
present specification can be performed by methods
described in books such as Molecular Cloning 2nd Edition
(Cold Spring Harbor Laboratory Press, 1989) and the
like. Moreover, “%” used in the description of the
present specification means “%(w/v)” unless otherwise
specified.

[o018]

The polypeptide of the present invention is a
polypeptide having an activity to asymmetrically reduce
(38)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone to produce (2R,3S)-l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol. Such polypeptide
can be isolated from a microorganism having the
activity.

[o019]

While the microorganism to be the origin of the
polypeptide of the present invention is not particularly
limited, for example, a yeast belonging to the genus
Ogataea can be used. Particularly preferred is Ogataea
minuta var. minuta, NBRCO0975 strain. The microorganism
can be obtained from the Incorporated Administrative
Agency, National Institute of Technology and Evaluation,
Biological Resource Center (NBRC: 2-5-8 Kazusakamatari,
Kisarazu-shi 292-0818 Chiba, Japan).

[0020]

As a medium for cultivating a microorganism to be
the origin of the polypeptide of the present invention,
general liguid nutritional media including carbon
sources, nitrogen sources, inorganic salts, organic

nutrients and the like can be used as long as the
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microorganism grows.
[0021]

The polypeptide of the present invention can be
isolated from the microorganism to be the origin of the
polypeptide by appropriately combining generally known
protein purification methods. For example, the isolation
can be performed as follows. |

[o022]

First, the microorganism is cultured in a suitable
medium, and the cells are collected from the cultured
medium by centrifugation or filtration. The obtained
cells were disrupted by a physical means using an
ultrasonic disintegrator, glass beads and the like, and
the cellular debris was removed by centrifugation to
give a cell-free extract. Then, the polypeptide of the
present invention is isolated from the cell-free extract
by a method such as salting-out (ammonium sulfate
precipitation, sodium phosphate precipitation and the
like), solvent precipitation (protein fractionation
precipitation by acetone, ethanol and the like}),
dialysis, gel filtration chromatography, ion exchange
chromatography, reversed-phase chromatography,
ultrafiltration and the like, alone or in combination.

[0023]

The activity to reduce (3S)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone can be
determined, for example, by adding a 0.2 mM substrate,
(3S)~-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone, a 0.25 mM coenzyme, NADPH and a crude enzyme
to a 100 mM phosphate buffer (pH 6.5) containing 0.33%
(v/v) dimethyl sulfoxide, reacting the mixture at 30°C
for 1 min and calculating the activity from the
decreasing rate of absorbance at a wavelength of 340 nm
after the reaction.

[0024]
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In addition, the determination of absoclute
configuration and measurement of diasterecmeric excess
of (3S)-l-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-~
butanol produced by the above-mentioned reaction can be
performed by high performance ligquid chromatography
(column: COSMOSIL 5C8-MS (@4.6 mmx250 mm; manufactured
by Nacalai Tesque), eluent: 10 mM agueous phosphoric
acid solution/acetonitrile=1/1 (v/v), flow rate: 1
ml/min, detection: 210 nm).

[0025]

The DNA of the present invention is a DNA encoding
the aforementioned polypeptide of the present invention,
and may be any as long as it can express the polypeptide
in a host cell transformed according to the below-
mentioned method, and may contain any untranslated
region. Once the polypeptide can be acquired, those of
ordinary skill in the art can obtain such DNA by a known
method from a microorganism to be the origin of the
polypeptide. For example, it can be obtained by the
following method.

[0026]

First, an isolated polypeptide of the present
invention is digested with a suitable endopeptidase, and
the resulting peptide fragments are fractionated by
reversed-phase HPLC. Then, for example, using an ABI492
protein sequencer (manufactured by Applied Biosystems),
a part or the whole amino acid sequence of the peptide
fragments are determined.

[0027] |

Based on the information of the amino acid sedguence
obtained in this way, PCR (Polymerase Chain Reaction)
primers for amplifying a part of a DNA encoding the
polypeptide are synthesized. Then, a chromosomal DNA of
a microorganism to be the origin of the polypeptide is

prepared by a general DNA isolation method, for example,
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the method of Visser and the like (Appl. Microbiol.
Biotechnol., 53, 415 (2000)). Using the chromosomal DNA
as a template and the aforementioned PCR primers, PCR is
performed to amplify a part of the DNA encoding the
polypeptide and determine the base sequence thereof. The
base sequence can be determined, for example, using
ABI373A DNA Sequencer (manufactured by Applied
Biosystems) and the like.

[0028]

Once a part of the base sequence of the DNA
encoding the polypeptide is clarified, the full-length
sequence can be determined, for example, by i-PCR (Nucl.
Acids Res., 16, 8186 (1988)).

[0029]

Examples of the DNA of the present invention
obtained in this way include a DNA containing the base
sequence shown in SEQ ID NO: 1 and a DNA containing the
base sequence shown in SEQ ID NO: 2. In addition, a DNA
that hybridizes to a DNA consisting of a base sequence
complementary to the base sequence shown in SEQ ID NO: 1
or SEQ ID NO: 2 under stringent conditions, which
encodes a polypeptide having an activity to
asymmetrically reduce (3S)-l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone to produce
(2R,3S)—1—chloro—3—tertQbutoxycarbonylamino—4—phenyl~2—
pbutanol, is also encompassed in the DNA of the present
invention.

[0030]

The DNA that hybridizes to a DNA consisting of a
base sequence complementary to the base sequence shown
in SEQ ID NO: 1 or SEQ ID NO: 2 under stringent
conditions refers to a DNA that specifically forms a
hybrid with a DNA having a base sequence complementary
to the base sequence shown in SEQ ID NO: 1 or SEQ ID NO:
2, when colony hybridization method, plague

8
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hybridization method, Southern hybridization method and
the like are performed.
(0031]

As used herein the stringent conditions refer to,
for example, the conditions under which hybridization in
an aqueous solution of a composition of 75 mM trisodium
citrate, 750 mM sodium chloride, 0.5% sodium
dodecylsulfate, 0.1% bovine serum albumin, 0.1%
polyvinylpyrrolidone and 0.1% Ficoll 400 (manufactured
by Amersham Biosciences) is performed at 65°C, followed
by washing with an agueous solution of a composition of
15 mM trisodium citrate, 150 mM sodium chloride, and
0.1% sodium dodecylsulfate’at 60°C. Preferably, they
refer to the conditions under which washing with an
aqueous solution of a composition of 15 mM trisodium
citrate, 150 mM sodium chloride, and 0.1% sodium
dodecylsulfate is performed at 65°C after hybridization
under the above-mentioned conditions. More preferably,
they refer to the conditions under which washing with an
aqueous solution of a composition of 1.5 mM trisodium
citrate, 15 mM sodium chloride, and 0.1% sodium
dodecylsulfate is performed at 65°C after the
hybridization in the same manner as above.

[0032]

Examples of the polypeptide of the present
invention include a polypeptide having the amino acid
sequence shown in SEQ ID NO: 3 encoded by the base
sequence shown in SEQ ID NO: 1 and a polypeptide having
the amino acid sequence shown in SEQ ID NO: 4 encoded by
the base sequence shown in SEQ ID NO: 2.

[0033]

In addition, a polypeptide showing at least a
certain level of homology to either of these two kinds
of polypeptides and having an activity to asymmetrically

reduce (3S)-1l-chloro-3-tert-butoxycarbonylamino-4-
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phenyl-2-butanone to produce (2R,3S)-l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol is functionally
equivalent to these two kinds of polypeptides and
encompassed in the present invention.

{0034]

As used herein, the homology of the sequence is
expressed, for example, by the value of Identity
relative to the whole sequence when two amino acid
sequences are comparatively analyzed using a homology
search program FASTA (W.R. Pearson & D.J. Lipman; Pro.
Natl. Acad. Sci. USA, 85, 2444-2448 (1988)). Examples of
the polypeptide equivalent to the polypeptide shown in
SEQ ID NO: 3 or SEQ ID NO: 4 include a polypeptide
showing not less than 78% (a homology between the
polypeptide shown in SEQ ID NO: 3 and the polypeptide
shown in SEQ ID NO: 4 is 78%), preferably not less than
80%, more preferably not less than 85%, still more
preferably not less than 90%, of homology to either of
these two kinds of polypeptides.

[0035]

Such polypeptide can be obtained, for example, by
ligating a DNA that can be hybridized to a DNA
consisting of a base sequence complementary to the base
sequence shown by the aforementioned SEQ ID NO: 1 or SEQ
ID NO: 2 under stringent conditions, into a suitable
vector and introducing the vector into a suitable host
cell to allow expression. Moreover, such polypeptide can
be obtained, for example, by causing substitution,
insertion, deletion or addition of amino acid in a
polypeptide having the amino acid sequence shown in SEQ
ID NO: 3 or SEQ ID NO: 4, according to a known method
described in Current Protocols in Molecular Biology
(John Wiley and Sons, Inc., 1989) and the like.

[0036]
Examples of the polypeptide obtained by the latter

10
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method include a polypeptide obtained by substituting
the 42nd alanine with glycine, the 43rd glutamic acid
with alanine, the 46th lysine with glutamic acid and/or
the 49th asparagine with lysine in the amino acid
sequence shown in SEQ ID NO: 4. A polypeptide having all
these four mutations (mutant polypeptide 1) is shown in
SEQ ID NO: 16, and a DNA encoding the polypeptide

(mutant DNA 1) is shown in SEQ ID NO: 15.

(0037}

The vector to be used for introducing the DNA of
the present invention into a host microorganism to allow
expression of the DNA in the host microorganism is not
particularly limited as long as the DNA can express the
encoded gene in a suitable host microorganism. Examples
of the vectors include plasmid vector, phage vector,
cosmid vector and the like. 1In addition, a shuttle
vector capable of gene exchange with other host cells
can also be used.

[0038]

Such vector generally contains a regulator such as
lacUV5 promoter, trp promoter, trc promoter, tac
promoter, lpp promoter, tufB promoter, rechA promoter, pL
promoter and the like, and can be preferably used as an
expression vector containing an expression unit operably
linked to the DNA of the present invention. For example,
pUCNT (W0O84/03613) can be preferably used.

[0039]

The term “regulator” used in the present
specification refers to a base seguence having a
functional promoter and any related transcriptional
element (e.g., enhancer, CCAAT box, TATA box, SPI moiety
and the like).

[0040]
The term “operably linked” used in the present

specification means that various regulatory elements
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such as a promoter, an enhancer and the like, that
control the gene expression, and a gene are connected in
an operable state in a host cell. It is a well known
matter to those of ordinary skill in the art that the
type and kind of regulator can vary depending on the
host.
{oo41]

Examples of the expression vector of the present

invention include pNTOM3 wherein the DNA shown in SEQ ID

NO: 1 has been introduced into pUCNT, pNTOM4 wherein the

DNA shown in SEQ ID NO: 2 has been introduced into
pUCNT, pNTOMS5 wherein the DNA shown in SEQ ID NO: 15 has
been introduced into pUCNT, which are mentioned below,
and the like.

[0042]

As the host cell, into which a vector containing
the DNA of the present invention is introduced,
bacterium, yeast, filamentous bacterium, plant cell,
animal cell and the like can be used. Since introduction
and/or culture are/is easy, bacterium is preferable, and
Escherichia coli is particularly preferable. The vector
containing the DNA of the present invention can be
introduced into a host cell by a known method. When
Escherichia coli is used as a host cell, for example, a
commercially available E. coli HB10l competent cell
(manufactured by TAKARA BIO) can be used to introduce
the vector into the host cell.

[0043]

Examples of the transformant of the present
invention include E. coli HB101 (pNTMO3) FERM BP-10368
wherein the aforementioned pNTMO3 has been introduced
into E. coli HB101l, E. coli HB101l (pNTOM4) FERM BP-10369
wherein the aforementioned pNTMO4 has been introduced
into E. coli HB10l, E. coli HB10l1 (pNTOMS) FERM BP-10370

wherein the aforementioned pNTMOS5 has been introduced
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into E. coli HB101l, which are mentioned below, and the
like. These transformants have been respectively
deposited under the aforementioned accession numbers in
the National Institute of Advanced Industrial Science
and Technology, International Patent Organism Depositary
(IPOD: Central 6, 1-1-1, Higashi, Tsukuba, Ibaraki, 305-
8566 Japan) (date of original deposit in Japan on June
3, 2004, the national deposit strains were transferred
to the international deposit based on Budapest Treaty on
July 6, 2005).

{0044]

When a compound having a carbonyl group is
asymmetrically reduced to produce an optically active
alcohol using the polypeptide of the present invention,
a coenzyme such as NADH, NADPH and the like becomes
necessary. However, the amount of an expensive coenzyme
to be used can be drastically reduced by carrying out
the reaction in the co-presence of a polypeptide capable
of converting the oxidized coenzyme to a reduced form
(hereinafter to be referred to as a coenzyme
regenerating capability) a compound to be a substrate of
the polypeptide, and the polypeptide of the present
invention.

[0045])

As the polypeptide having the coenzyme regenerating
capability, for example, hydrogenase, formic acid
dehydrogenase, alcohol dehydrogenase, aldehyde
dehydrogenase, glucose-6-phosphate dehydrogenase,
glucose dehydrogenase and the like can be used.
Preferably, glucose dehydrogenase is used.

[0046])

The optically active alcohol can be produced using
the polypeptide of the present invention as follows.
First, a compound having a carbonyl group to be the

substrate, a coenzyme such as NADPH and the like, and
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.°5007/01836

the polypeptide are added to a suitable solvent, and the
mixture is stirred under an adjusted pH to carry out the
reaction. When the reaction is carried out using the
polypeptide of the present invention and a polypeptide
having a coenzyme regenerating capability in
combination, a polypeptide having a coenzyme
regenerating capability (e.g., glucose dehydrogenase)
and a compound (e.g., glucose) to be its substrate are
further added to the above-mentioned reaction
composition.
[0047]

An agqueous solvent may be used for the reaction or
a mixture of an aqueous solvent and an organic solvent
may be used for the reaction. Examples of the organic
solvent include toluene, ethyl acetate, n-butyl acetate,
hexane, isopropanol, diisopropyl ether, methanol,
acetone, dimethyl sulfoxide and the like. The reaction
is carried out at a temperature of 10°C - 70°C, and the
pH of the reaction mixture is maintained at 4 - 10. The
reaction can be carried out by a batch process or a
continuous process. For a batch process, the reaction
substrate is added at a charge concentration of from
0.1% to 70% (w/v). Examples of the compound having a
carbonyl group to be a substrate include (3S)-1l-chloro-
3-tert-butoxycarbonylamino-4-phenyl-2-butanone. However,
the compound is not particularly limited as long as it
can be reduced under the aforementioned reaction
conditions and converted to an optically active alcohol.
[0048]

The reaction can be carried out similarly even when
a transformant containing a DNA encoding the
polypeptide, or a treated product thereof is used
instead of the polypeptide of the present invention.
Moreover, the reaction can be carried out similarly even

when a transformant containing both a DNA encoding the
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polypeptide of the presént invention and a DNA encoding
a polypeptide having a coenzyme regenerating capability,
or a treated product thereof is used. The “treated
product of transformant” means, for example, a cell
treated with a surfactant or an organic solvent, a dried
cell, a disrupted cell, crude extract of a cell and the
like, as well as those fixed by a known means.

[0049]

Particularly, when a transformant containing both a
DNA encoding the polypeptide of the present invention
and a DNA encoding a polypeptide having a coenzyme
regenerating capability or a treated product thereof 1is
used, an enzyme for regenerating a coenzyme does not
need to be separately prepared and added, and an
optically active alcohol can be produced efficiently.

[0050]

A transformant containing both a DNA encoding the
polypeptide of the present invention and a DNA encoding
a polypeptide having a coenzyme regenerating capability
can be obtained by incorporating both the DNA encoding
the polypeptide of the present invention and the DNA
encoding a polypeptide having a coenzyme regenerating
capability into a single vector, and introducing the
vector into a host cell, or respectively incorporating
these two kinds of DNAs into two kinds of vectors
belonging to different incompatible groups, and
introducing the two kinds of vectors into a single host
cell.

[0051]

Examples of the vector incorporating both a DNA
encoding the polypeptide of the present invention and a
DNA encoding a polypeptide having a coenzyme
regenerating capability include pNTOM3Gl, pNTOM4Gl and
pNTOM5G1l, wherein a glucose dehydrogenase gene derived

from Bacillus megaterium has been introduced into each
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and pNTOM5, and the like. Examples of the transformant
containing both the DNA encoding the polypeptide of the
present invention and the DNA encoding a polypeptide
having a coenzyme regenerating capability include E.
coli HB101l (pNTOM3Gl), E. coli HB101 (pNTOM4Gl) and E.
coli HB101 (pNTOMS5Gl), wherein E. coli HB101l has been
transformed with these vectors, and the like.

[0052]

The activity of a polypeptide having a coenzyme
regenerating capability in a transformant can be
determined by a conventional method. For example, the
activity of glucose dehydrogenase can be calculated from
the rate of increase in the absorbance at a wavelength
of 340 nm, when 100 mM glucose, 2 mM coenzyme NADP or
NAD, and the enzyme are added to 1M Tris-HCl buffer (pH
8.0), and the mixture is reacted at 25°C for 1 min.

[0053]

A transformant containing a DNA encoding the
polypeptide of the present invention can be cultured in
a conventional liguid nutritional medium containing
carbon sources, nitrogen sources, inorganic salts,
organic nutrients and the like, as long as it grows.

[0054]

An optically active alcohol resulting from a
reaction can be purified by a conventional method. For
example, when the optically active alcohol resulting
from a reaction is (2R,38)-1-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol, the reaction
mixture is extracted with an organic solvent such as
ethyl acetate, toluene and the like, and the organic
solvent is evaporated under reduced pressure. Moreover,
it can be purified by a treatment such as crystal
precipitation, chromatography and the like.

[0055]
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For guantitation of (3S)-l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone and (2R,3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanol, as
well as for measurement of diastereomeric excess of
(2R, 3S)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanol, high performance liquid chromatography (column:
COSMOSIL 5C8-MS (¢ 4.6 mmx250 mm; manufactured by
Nacalai Tesque), eluent: 10 mM agqueous phosphoric acid
solution/acetonitrile=1/1, flow rate: 1 ml/min,
detection: 210 nm) can be used.

[o056]

As mentioned above, according to the present
invention, the polypeptide of the present invention can
be efficiently produced and, utilizing the polypeptide,
a superior production method of various useful optically
active alcohols including (2R,3S)-1-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol can be provided.

Examples
[0057]

The present invention is explained in detail in the
following Examples, which are not to be construed as
limitative. The detailed operation method and the like
relating to the recombinant DNA technigue used in the
following Examples is described in the following books:
Molecular Cloning 2nd Edition (Cold Spring Harbor
Laboratory Press, 1989),

Current Protocols in Molecular Biology (Greene
Publishing Associates and Wiley-Interscience).
[o058]

(Example 1) purification of polypeptide

According to the following method, a polypeptide
having an activity to asymmetrically reduce (3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanone to
produce (2R, 3S)~1-chloro-3-tert-butoxycarbonylamino-4-
phenyl-2-butancl was isoclated and purified from the
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Ogataea minuta var. minuta NBRCOS75 strain. Unless
otherwise specified, the purification was performed at
4°C.

[0059]

The reduction activity on (38)-l1-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone was determined
by dissoclving, in 100 mM phosphate buffer (pH 6.5)
containing 0.33%(v/v) dimethyl sulfoxide, a substrate
[(3S)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone] to a final concentration of 0.2 mM and a
coenzyme NADPH to a final concentration of 0.25 mM,
further adding a crude enzyme solution, carrying out the
reaction at 30°C for 1 min and calculating from the rate
of decrease in the absorbance of the reaction mixture at
a wavelength of 340 nm. The activity to oxidize 1 umol
of NADPH to NADP for 1 min under said reaction
conditions was defined to be 1 unit.

[0060]}

(culture of microorganism)

A ligquid medium (18L) (pH 6.5) containing glucose

%, polypeptone 0.5%, yeast extract 0.1%, dipotassium
hydrogen phosphate 0.1%, potassium dihydrogen phosphate
0.2% and magnesium sulfate heptahydrate 0.02%, was
prepared in a 30L jar-fermentor (manufactured by B.E.
Marubishi Co., Ltd.) and sterilized with vapor at 120°C
for 20 min.

[0061]

To this medium was inoculated 180 ml of a cultured
medium of the Ogataea minuta var. minuta NBRCO0975 strain
precultured in the same medium in advance, and the
mixture was cultured under the conditions of stirring at
250 rpm, airflow amount 5.0 NL/min, 28°C for 48 hr.

[0062]
(preparation of cell-free extract)

The cells were collected from the above-mentioned
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cultured medium by centrifugation and washed with 2000
ml of 10 mM Tris-HCl buffer (pH 7.5) to give 907 g of
the cells of the strain. The cells were suspended in
1800 ml of 10mM Tris-HCl buffer (pH 7.5) containing 0.1
mM dithiothreitol (DTT), and disrupted using a UH-600
ultrasonication dispersion machine (manufactured by
SMT). The cell debris was removed from the disrupt by
centrifugation to give a cell-free extract.

[0063]

(ammonium sulfate fractionation)

The pH of the cell-free extract obtained above was
adjusted to 7.5 with agueous ammonia, ammonium sulfate
was added and dissolved to 40% saturation while
maintaining the pH, and the resulting precipitate was
removed by centrifugation. Ammoniﬁm sulfate was further
added to the supernatant and dissolved to 60% saturation
while maintaining at pH 7.5 in the same manner as above,
and the resulting precipitate was collected by
centrifugation. The precipitate was dissolved in 10 mM
Tris-HCl buffer (pH 7.5) containing 0.1 mM DTT, and
dialyzed against the same buffer overnight to give an
active fraction.

[0064]
(DEAE-Sephacel column chromatography)

The active fraction obtained by ammonium sulfate
fractionation was applied to a DEAE-Sephacel
(manufactured by Amersham Biosciences) column ($29%290
mm) equilibrated in advance with 10 mM Tris-HCl buffer
(pH 7.5) containing 0.1 mM DTT to allow adsorption of
the active fraction. After washing the column with the
same buffer, the active fraction was eluted with the
linear gradient {(from 0 M to 1 M) of sodium chloride.
The active fraction was collected and dialyzed against

the same buffer overnight.

[0065]
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(MonoQ HR column chromatography)

The active fraction obtained by DEAE-Sephacel
column chromatography was applied to a MonoQ HR 10/10
column (manufactured by Amersham Biosciences)
equilibrated in advance with 10 mM Tris-HCl buffer (pH
7.5) containing 0.1 mM DTT to allow adsorption of the
active fraction. After washing the column with the same
buffer, the active fraction was eluted with the linear
gradient (from 0 M to 1 M) of sodium chloride. The
active fraction was collected and dialyzed against the
same buffer overnight.

[o066]
(Phenyl-Superose column chromatography)

Sodium chloride was dissolved in the active
fraction obtained by MonoQ HR column chromatography to a
final concentration of 4M and the solution was applied
to a Phenyl-Superose HR 10/10 column (manufactured by
Amersham Biosciences) equilibrated in advance with 10 mM
Tris-HC1l buffer (pH 7.5) containing 4 M sodium chloride
and 0.1 mM DTT to allow adsorption of the active
fraction. After washing the column with the same buffer,
the active fraction was eluted with the linear gradient
(from 4 M to 0 M) of sodium chloride. The active
fraction was collected and dialyzed against 10 mM Tris-
HC1l buffer (pH 7.5) containing 0.1 mM DTT overnight.

[o0067]
(MonoQ HR column chromatography)

The active fraction obtained by Phenyl-Superose
column chromatography was applied to a MonoQ HR 5/5
column (manufactured by Amersham Biosciences)
equilibrated in advance with 10 mM Tris-HCl buffer (pH
7.5) containing 0.1 mM DTT to allow adsorption of the
active fraction. After washing the column with the same
buffer, the active fraction was eluted with the linear

gradient (from 0 M to 1 M) of scdium chloride. The
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active fraction was collected and concentrated using
Centricon YM-10 (manufactured by Millipore).

[o068]

(gel filtration chromatography)

The active fraction obtained by the aforementioned
MonoQ HR column chromatography was applied to a Superdex
200 HR 10/30 column (manufactured by Amersham
Biosciences) equilibrated in advance with 10 mM Tris-HC1l
buffer (pH 7.5) containing 0.2 M sodium chloride and 0.1
mM DTT and the active fraction was eluted at a flow rate
of 0.5 ml/min using the same buffer. The active fraction
was collected and concentrated using Centricon YM-10
(manufactured by Millipore). This was applied to a
Superdex 200 HR 10/30 column (manufactured by Amersham
Biosciences) equilibrated in advance with the same
buffer and the active fraction was eluted at a flow rate
of 0.5 ml/min using the same buffer. The active fraction
was collected and used as a purified standard sample of
the polypeptide.

[o069]

(Example 2) gene cloning

(preparation of PCR primers)

The purified polypeptide obtained in Example 1 was
denatured in the presence of 8M urea and digested with
lysyl endopeptidase derived from Achromobacter
(manufactured by Wako Pure Chemical Industries, Ltd.).
Then, the amino acid sequence of the obtained peptide
fragment was determined by ABI492 protein sequencer
(manufactured by Perkin Elmer). Based on the DNA
sequence predicted from the amino acid sequence, primer
1: 5’"-acngtntayttyathgcngg-3’ (SEQ ID NO: 5) and primer
2: 5"-atnggdatrtcraaytgrtc-3’ (SEQ ID NO: 6) for
amplifying a part of the gene encoding the polypeptide
by PCR were synthesized.

[0070]
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(gene amplification by PCR)

Chromosomal DNA was extracted from the cells of
Ogataea minuta var. minuta NBRC0975 strain cultured in
the same manner as in Example 1 according to the method
of Visser (Appl. Microbiol. Biotechnol., 53, 415 (2000}))
and the like. Using the DNA primers 1 and 2 prepared
above and the obtained chromosomal DNA as a template,
PCR was performed. As a result, about 700 bp DNA
fragment considered to be a part of the object gene was
amplified. PCR was performed using TaKaRa Ex Tag
(manufactured by TAKARA BIO) as a DNA polymerase, where
the reaction conditions followed the instruction manual
thereof. The DNA fragment was cloned to a plasmid
pT7Blue T-Vector (manufactured by Novagen), and the base
sequence thereof was analyzed using ABI PRISM Dye
Terminator Cycle Sequencing Ready Reaction Kit
(manufactured by Perkin Elmer) and ABI 373A DNA
Sequencer (manufactured by Perkin Elmer). As a result of
the PCR, it has been clarified that two kinds of DNA

fragments having different base sequeﬁces were

amplified. The base sequences thereof are shown in SEQ
ID NO: 7 and SEQ ID NO: 8.
[o071]

(identification of full-length sequence of object gene
by i-PCR)

The chromosomal DNA of Ogataea minuta var. minuta
NBRC0975 strain prepared above was completely digested
with a restriction enzyme Xbal, a mixture of the
obtained DNA fragments was intramolecularly cyclized
with T4 ligase. Using this as a template, the full-
length base sequence of the gene containing the
aforementioned base sequence shown in SEQ ID NO: 7 was
determined by i-PCR (Nucl. Acids Res., 16, 8186 (1988)).
The results are shown in SEQ ID NO: 1. i-PCR was
performed using TaKaRa LA Tag (manufactured by TAKARA
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BIO) as a DNA polymerase, where the reaction conditions
followed the instruction manual thereof. The full-length
base sequence of the gene containing the aforementioned
base sequence shown in SEQ ID NO: 8 was also determined
by a similar operation, and the results thereof are
shown in SEQ ID NO: 2. In addition, the amino acid
sequence encoded by the base sequence shown in SEQ ID
NO: 1 is shown in SEQ ID NO: 3, and the amino acid
sequence encoded by the base sequence shown in SEQ ID
NO: 2 1is shown in SEQ ID NO: 4.

[0072]

(Example 3) construction of expression vector

Using primer 3: 5'-gtgcatatgaccaagactgtttatttca-3’
(SEQ ID NO: 9) and primer 4: 5'-
gtcgaattcttattaaaatggaatgtcgaa-3’ (SEQ ID NO: 10) and
the chromosomal DNA of the Ogataea minuta var. minuta
NBRCO0975 strain obtained in Example 2 as a template, PCR
was performed. As a result, a double stranded DNA
wherein an Ndel recognition site is added to the
initiation codon and an EcoRI recognition site is added
immediately after the termination codon of a gene having
the base seguence shown in SEQ ID NO: 2 was obtained.
PCR was performed using TaKaRa LA Taqg (manufactured by
TAKARA BIO) as a DNA polymerase, where the reaction
conditions followed the instruction manual thereof. The
DNA was digested with Ndel and EcoRI, and inserted
between the Ndel recognition site and the EcoRI
recognition site in the downstream of the lac promoter
of plasmid pUCNT (WO94/03613) to construct a recombinant
vector pNTOM4.

[0073]

Similarly, using primer 5: 5'-
gtgcatatggctaagactgtctatttca-37 (SEQ ID NO: 11) and
primer 6: 5’-gtcgaattcttactagaatggaatgtcaaa-3’ (SEQ ID
NO: 12), a double stranded DNA wherein an Ndel
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recognition site is added to the initiation codon and an

EcoRI recognition site is added immediately after the

termination codon of a gene having the base sequance

shown in SEQ ID NO: 1 was obtained. The DNA was inserted
into plasmid pUCNT in the same manner as above to

construct a recombinant vector pNTOM3.

{0074]
(Example 4) preparation of mutant gene

Using Mutan-SuperExpress Km (manufactured by TAKARA

BIO) and following the operation method described in the

instruction manual thereof, a mutant gene wherein, in

the gene having the Dbase sequence shown in SEQ ID NO: 2,

the 125th C was subétituted by G, the 128th A was

substituted by C, the 136th A was substituted by G, and

the 147th C was substituted by G, was prepared. The

mutant gene encodes a polypeptide wherein, in the amino

acid seguence shown in SEQ ID NO: 4, the 42nd alanine 1is

substituted by glycine, the 43rd glutamic acid is

substituted by alanine, the 46th lysine is substituted

by glutamic acid, and the 49th asparagine is substituted

by lysine. The base seguence of the mutant gene is shown
in SEQ ID NO: 15, and the amino acid seqguence of the
mutant polypeptide encoded by the gene is shewn in SEQ
ID NO: 16. The mutant gene was inserted into a vector
pUCNT in the same manner as in Example 3 to construct a
recombinant vector pNTOMS.

[0075]
(Example 5)

containing glucose dehydrogenase gene

construction of expression vector further

Using primer 7: 5'-

gccgaattctaaggaggttaacaatgtataaa—B’ (SEQ ID NO: 13) and

primer 8: 5’ -gcggtcgacttatccgecgtectgettgg-3Y (SEQ ID NO:

14) and plasmid pGDK1l (Bur. J. Biochem., 186, 3883

(1989)) as & template, PCR was parformed to give 2

(U

double stranded DNA wherein, in glucose dehydrogenase

24

AMENDED SHEET 2008 -06- 0 4



10

15

20

25

30

35

(hereinafter to be referred to as GDH) gene derived from
Bacillus megaterium IAM1030 strain, an Escherichia coli
ribosome binding sequence is added at 5 bases upstream
of the initiation codon, an EcoRI cleavage point is
added immediately before the ribosome binding seguence
and a Sall cleavage point is added immediately after the
stop codon, was obtained.

[0076]

The obtained DNA fragment was digested with EcoRI
and Sall, and inserted into the EcoRI and Sall sites of
PNTOM3, pNTOM4 and pNTOM5 constructed in Examples 3 and
4 to construct recombinant plasmids pNTOM3Gl, pNTOM4G1l
and pNTOM5Gl. As an example, the production method and
structure of pNTOM4Gl are shown in Fig. 1.

[0077])

(Example 6) preparation of transformant

Using the recombinant vectors pNTOM3, pNTOM4 and
PNTOM5 constructed in Examples 3 and 4, E. coli HB101
competent cell (manufactured by TAKARA BIO) was
transformed to give E. coli HB10l1 (pNTOM3), E. coli
HB101l (pNTOM4) and E. coli HB101l (pNTOMS). These
transformants have been deposited under accession
numbers FERM BP-10368, FERM BP-10369 and FERM BP-10370,
respectively, in the National Institute of Advanced
Industrial Science and Technology, International Patent
Organism Depositary (IPOD).

[0078]

Similarly, using the recombinant vectors pNTOM3G1,
pNTOM4G1l and pNTOM5G1l constructed in Example 5, E. coli
HB101 competent cell (manufactured by TAKARA BIO) was
transformed to give E. coli HB101l (pNTOM3Gl), E. coli
HB101 (pNTOM4Gl) and. E. coli HB101l (pNTOM5G1).

[0079]

(Example 7) gene expression in transformant

Six kinds of transformants obtained in Example 6
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and E. coli HB1l0l (pUCNT), which is a transformant
containing a vector plasmid pUCNT, were inoculated to 50
ml of 2xYT medium (tryptone 1.6%, yeast extract 1.0%,
NaCl 0.5%, pH 7.0) containing 200 pg/ml ampicillin, and
cultured with shaking at 37°C for 24 hr. The cells were
collected by centrifugation, and suspended in 50 ml of
100 mM phosphate buffer (pH 6.5). The cells were
disrupted with a UH-50 ultrasonication homogenizer
(manufactured by SMT), and cell debris was removed by
centrifugation to give a cell-free extract. The (3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanone
reduction activity and GDH activity of the cell-free
extract were measured and expressed as the specific
activity in Table 1. 1In all of the 6 kinds of
transformants obtained in Example 6, expression of the
(3S)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone reduction activity was observed. In E. coli
HB101 (pNTOM3Gl), E. coli HB101l (pNTOM4Gl) and E. coli
HB101 (pNTOM5G1l), containing a GDH gene, expression of
the GDH activity was also observed. The (3S)-l-chloro-3-
tert-butoxycarbonylamino-4-phenyl-2-butanone reduction
activity was measured by the method described in Example
1. The GDH activity was calculated from rate of increase
in the absorbance at a wavelength of 340 nm, when 0.1 M
glucose, 2 mM coenzyme NADP, and a crude enzyme solution
were added to 1M Tris-HC1l buffer (pH 8.0), and the
mixture was reacted at 25°C for 1 min. The enzyme

activity to reduce 1 pmol of NADP to NADPH for 1 min

under said reaction conditions was defined to be 1 unit.
In addition, the protein concentration in the cell-free
extract was measured using a protein assay kit
(manufactured by BIO-RAD).

[o080]
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Table 1

strain CBPB* reduction GDH activity
activity (U/mg)
(U/mg)
féUggéj HB101 0.0 0
o :
ionny :
oy :

CBPB*: (3S)-l-chloro-3-tert-butoxycarbonylamino-4-
phenyl-2-butanone

[o081]

(Example 8) reaction using transformant

Glucose dehydrogenase (manufactured by Amano
Enzyme) 2000 U, glucose 2 g, NADP 6 mg, (3S)-1l-chloro-3-
tert-butoxycarbonylamino-4-phenyl-2-butanone 2.5 g were
added to 50 ml of a cell-free extract of E. coli HB10O1l
(pNTOM3) prepared in Example 7, and the mixture was
stirred at 30°C for 22 hr while adjusting to pH 6.5 by
dropwise addition of 5 M sodium hydroxide. After
completion of the reaction, the reaction mixture was
extracted with toluene, desolvated and the extract was
analyzed. As a result, (2R,3S)-l-chloro-3-tert-
butoxycarbonylamino-4~-phenyl-2~-butanol (yield 86.3%,
diastereomeric excess 96.4%d.e.) was obtained.

[o0082]

For guantitation of (38)-1-chloro-3-tert-

butoxycarbonylamino-4-phenyl-2-butanone and (3S)-1-

chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanol, as
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well as for measurement of diastereomeric excess of

(2R, 3S)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanol, high performance liquid chromatography (column:
COSMOSIL 5C8-~-MS (¢ 4.6 mmx250 mm; manufactured by
Nacalai Tesque), eluent: 10 mM agueous phosphoric acid
solution/acetonitrile=1/1, flow rate: 1 ml/min,
detection: 210 nm) was used.

[0083]

(Example 9) reaction using transformant

Glucose dehydrogenase (manufactured by Amano
Enzyme) 1250 U, glucose 3 g, NADP 4 mg, (3S)-1l-chloro-3-
tert-butoxycarbonylamino-4-phenyl-2-butanone 0.25 g were
added to 22.5 ml of a cell-free extract of E. coli HB101
(pPNTOM4) prepared in Example 7, and the mixture was
stirred at 30°C while adjusting to pH 6.5 by dropwise
addition of 5 M sodium hydroxide. (3S)-~1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone (0.25 g) was
added at 2 hr, 4 hr and 6 hr from the start of the
reaction and 1.25 g thereof was added at 8 hr from the
start of the reaction, and the mixture was reacted for
31 hr. After completion of the reaction, the reaction
mixture was extracted with toluene, desolvated and the
extract was analyzed in the same manner as in Example 8.
As a result, (2R,3S)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol (yield 99.0%,
diastereomeric excess 99.8%d.e.) was obtained.

[o084]

(Example 10) reaction using transformant

Glucose 3 g, NADP 3 mg, toluene 0.25 ml, and (38)-
l-chloro-3-tert~butoxycarbonylamino~-4-phenyl-2-butanone
2.5 g were added to 25 ml of a cultured medium of E.
coli HB101 (pNTOM4Gl) prepared in the same manner as in
Example 7, and the mixture was stirred at 30°C for 40 hr
while adjusting to pH 6.5 by dropwise addition of 5 M

sodium hydroxide. After completion of the reaction, the
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reaction mixture was extracted with toluene, desclvated
and the extract was analyzed in the same manner as in
Example 8. As a result, (2R,3S)—1—chloro-3—tert—
butoxycarbonylamino-4~phenyl-2-butanol (yield 99.1%,
diastereomeric excess 99.8%d.e.) was obtained.

[o085]

(Example 11) reaction using transformant

Glucose 6 g, NADP 1.4 mg, toluene 0.25 ml, and
(3S)~1-chloro~-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone 2.5 g were added to 50 ml of a cultured medium
cf E. coli HB101l (pNTOM5Gl) prepared in the same manner
as in Example 7, and the mixture was stirred at 30°C
while adjusting to pH 6.5 by dropwise addition of 5 M
sodium hydroxide. One hour after the start of the
reaction, 2.5 g of {(3S)-1l-chloro-3~-tert-
butoxycarbonylamino-4-phenyl-2-butanone was added, and
the mixture was reacted for 20 hr. After completion of
the reaction, the reaction mixture was extracted with
toluene, desolvated and the extract was analyzed in the
same manner as in Example 8. As a result, (2R,3S)-1-
chloro-3-tert-butoxycarbonylamino-4~-phenyl-2-butanol
(yield 99.6%, diastereomeric excess 99.8%d.e.) was
obtained.

[o086]
(Example 12) substrate specificity of polypeptide

In 100 mM phosphate buffer (pH 6.5) containing
0.33% (v/v) dimethyl sulfoxide were dissolved a carbonyl
compound to be a substrate to a final concentration of 1
mM, and a coenzyme NADPH to a final concentration of
0.25 mM, respectively. Thereto was added a cell-free
extract of E. coli HB101l (pNTOM4) or E. coli HB101
(pNTOM3) prepared in Example 7, and the mixture was
reacted at 30°C for 1 min. The reduction activity on
each carbonyl compound was calculated from the rate of

decrease in the absorbance of the reaction mixture at a
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wavelength of 340 nm, and shown in Table 2 as a value
relative to the activity on (3S)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone as 100%. The
polypeptides consisting of the amino acid sequences
shown in SEQ ID NO: 3 and SEQ ID NO: 4, which were
produced by the transformants, both showed reduction
activity on a wide range of carbonyl cémpounds.

[0087]

Table 2
Substrate specificity of polypeptides produced by
transformant
relative activity (%)
E. coli HB101
substrate (carbonyl compound) (pNTOM3) (pNTOM4)
CBPB* 100 100
2—acetylpyridine. 29 0
3-acetylpyridine 15 0
4-acetylpyridine 98 0
acetylpyrazine 185 0
acetophenone 215 0
3’ ~-hydroxyacetophenone 33 0
3’-nitroacetophenone 273 31
4" -chlorocacetophenone 35 | 9
4’ -fluoroacetophenone 28 1
37,4’ -dimethoxyacetophenone 51 4
4’ -methylacetophenone 41 1
2-hydroxyacetophenone 32 1
2-chloro-1-(3'-
chlorophenyl)ethanone 1301 >3
l-phenyl-2-butanone 285 2
propiophenone 183 2
benzoin 4018 5
benzylacetone 66 0
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ethyl benzoylformate 296 20
ethyl 2-oxo-4-phenylbutyrate 127 106
acetone 47 0

2-butanone 22 0

2-hexanone 11 0

2-heptanone 102 0

2-octanone 808 3

chloroacetone 100 1

hydroxyacetone 51 0

diacetyl 444 5

acetylacetone 23 0

cyclopentanone 8 0

7-methoxy-2-tetoralone 599 6

l-tetoralone 146 1

ethyl 3- 484 12
oxocyclopentanecarboxylate

methyl pyruvate 674 5

ethyl pyruvate 1067 23
methyl acetoacetate 8 0

ethyl acetoacetate 137 0

tert-butyl acetocacetate 1330 2

ethyl 2-methylacetoacetate 619 4

ethyl 2-chloroacetoacetate 3309 40
ethyl 2-eteneacetoacetate 2013 10
ethyl 2-oxodecanocate 985 5

ethyl 4-chlorcacetoacetate 4547 22
n-octyl 4-chloroacetoacetate 466 24
ethyl 4-bromcacetoacetate 476 7

ethyl 4-azideacetoacetate 659 1

ethyl 4-benzyloxyacetoacetate 1259 8

ethyl 4-acetoxyacetoacetate 465 1

benzyl acetoacetate 883 4

ethyl benzoylacetate 1233 0

ethyl 2-chloro-3-oxo-3- 716 5

phenylpropionate
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benzaldehyde 81 1
2-pyridinecarbaldehyde 56 1
pyridine-4-aldehyde 571 2
o-chlorobenzaldehyde 269 17
m-chlorobenzaldehyde 344 17
p-chlorobenzaldehyde 21 12
o-nitrobenzaldehyde 1621 89
m-nitrobenzaldehyde 851 29
p-nitrobenzaldehyde 1166 21
propionaldehyde 99 0
n-butylaldehyde 168 0
n-hexylaldehyde 265 3
2-phenylpropionaldehyde 479 3
3-phenylpropionaldehyde 2410 7
glutaraldehyde 80 1

CBPB*: (3S)-1l-chloro-3-tert-butoxycarbonylamino-4-

phenyl-2-butanone
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Claims

1. A DNA of the following (a) or (b):

5 (a) a DNA comprising a base sequence shown in SEQ ID NO:
1,
(b) a DNA hybridizing to a DNA consisting of a base
sequence complementary to the base sequence shown in SEQ
ID NO: 1 under stringent conditions, and encoding a

10 polypeptide having an activity to asymmetrically reduce
(38S)~1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-

butanone represented by the following formula (1):

o/go © (1)

15 to produce (2R,3S)-1-chloro-3-tert-butoxycarbonylamino-
4-phenyl-2-butanol represented by the following formula
(2):

HN : Cl

A O @)

O

20
2. A DNA of the following (a) or (b):

(a) a DNA comprising a base sequence shown in SEQ ID NO:
2,
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(b) a DNA hybridizing to a DNA consisting of a base
sequence complementary to the base sequence‘shown in SEQ
ID NO: 2 under stringent conditions, and encoding a
polypeptide having an activity to asymmetrically reduce
(3S8)~1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-
butanone represented by the aforementioned formula (1)
to produce (2R,3S)-1l-chloro-3-tert-butoxycarbonylamino-
4-phenyl-2-butanol represented by the aforementioned

formula (2).

3. The polypeptide encoded by the DNA of claim 1 or 2
and having an activity to asymmetrically reduce (3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanone
represented by the aforementioned formula (1) to produce
(2R, 38)-1-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-

butanol represented by the aforementioned formula (2).

4. A polypeptide of the following (a) or (b):

(a) a polypeptide comprising an amino acid sequence
sho&n in SEQ ID NO: 3,

(b) a polypeptide comprising an amino acid sequence
showing not less than 78% homology with the amino acid
sequence shown in SEQ ID NO: 3 and having an activity to
asymmetrically reduce (3S)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanone represented by
the aforementioned formula (1) to produce (2R,3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanol

represented by the aforementioned formula (2).

5. A polypeptide of the following (a) or (b):

(a) a polypeptide comprising an amino acid sequence
shown in SEQ ID NO: 4,

(b) a polypeptide comprising an amino acid sequence
showing not less than 78% homology with the amino acid

sequence shown in SEQ ID NO: 4 and having an activity to
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asymmetrically zreduce (3S8) -1-chloxo-3-tert-

butozycarbonylamino-4-phenyl-2-butanona represented by

forementioned formula (1) to produce

cThe

U

(2R, 38)-1-

chloro—3—tert—butoxycarbonylamino—4-phenyl—2~butanol

represented by the aforementioned formula

6.
SEQ ID NO: 4, but with at least one mutation

from‘the following 1) to 4}):

(2).

A bolypeptide having the amino acid sequence shown in

the 42nd alanine is substituted by glycine,

glutamic acid is substituted by alanine,

2) the 43rd
3) the 46th lysine 1is substituted by glutamic acid,
4) the 49th asparagine is substituted by lysine.

7. The polypeptide of claim 6,

mutations 1) to 4).

8. A DNA encoding the polypeptide of any one of claims 4

comprising all of the

to 7.
9. A vector comprising the

The vector of claim 9,
coll HB10O1

10.
‘obtainable from FE.

The vector of claim 9,

11.
obtainable from E. coli HB101

of claim 9,
coli HB10O1

12. The vector
obtainable from E.

13. The vector of claim 8,

[t

nc

t

ctivi

Y.

v

f claim 13,

0

14. vactor

The

having a glucose dehydrogen

dshydrogenase derived from

DNA of claim 1, 2 oxr 8.

which is a plasmid pNTOM3
(pNTOM3) FERM BP-10368..

which is a plasmid pNTOM4
(pNTOM4) FERM BP-10369.

which is a plasmid pNTOMS

(pNTOMS) FERM BP-10370.

further comprising a DNA

oding a polypeptide having a glucose dehydrogenase

ase activity

Bacillus megaterium.

AMENDED SHEET  2008-06- 04
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15. A transformant obtained by transiorming a
with the vector of any one of claims 9 to 14.

16. The transformant of claim 15, wherein the host cell

is Escherichia coli.
17. The transformant of claim 16, which is E. coli HB1O0O1
(pNTOM3) FERM BP-10368.

18. The transformant of claim 16, which is Z. coli HB101

(pNTOM4) FERM BP—10369..

19. The transformant of claim 16, which is E. coli HR101

(pPNTOMS5) FERM BP-10370.

20. A method of producing an optically active alcohol,
which comprises reacting the polypeptide of any one of
claims 3 to 7 or the transformant of any one of claims

15 ﬁo 19, or a treated product thereof, with a compound

having a carbonyl group.

21. The method of claim 20, wherein the compound having

a carbonyl group is (38)-1-chloro-3-tert-

butoxycarbonylamino-4~phenyl-2-butanone represented by

the aforementioned formula (1), and the optically active
alcohol is (2R,38)—1—chloro—3—tert—butoxycarbonylamino—

4-phenyl-2-butanol represented by the aforementioned

formula (2).

AMENDED SHEET  2008-06- 0 4



FIG. 1

Ogataea minuta var.
minuta NBRCO975 strain

Cchromosomal DNA

Restriction enzyme
recognition sites were added
and the DNA was amplified by

GDH gene

PCR.

EFORI

lﬂdel

DNA of SEQ ID NO:2

Ndel

EcoRI
Sall

Ndel g oRT
Sall

DNA of SEQ ID NO:2

Sall

Restriction enzyme
recognition sites
were added and the DNA
was amplified by PCR.

EY?RI m Sall

TS SRR T R LT W

GDH gene

DNA of SEQ
ID NO:2

pNTOM4G1

42 kb) EcoRl

- 'GDH gene

Sall
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