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DESCRIPTICN

NOVELALCOHOLDEHYDROGENASE,GENEEﬁX{THEALCOHOLDEHYDROGENASE,
VECTOR, TRANSFORMANT, AND METHOD FOR PRODUCTION OF OPTICALLY
ACTIVE ALCOHOL BY USING THEM

FTELD OF THE INVENTION
[oool]

The present invention relates to a novel alcohol
dehydrogenase, a gene for the alcohol dehydrogenase, a vector
includingiﬂnaqene,aatransformarﬂ:transformedwﬂjjlthe'vector,
and a method for producing an optically active alcchol by

utilizing them.

BACKGROUND OF THE INVENTICN
[0002]

Alcohol dehydrogenases that react with secondary alcohol
compounds, such as Z-butanol, are useful enzymes in syntheses
of optically active alcohol compounds through stereoselective
reduction reaction of carbonyl compounds or syntheses of
optically active secondary alcohol compounds through
stereoselective oxidation reacticon of racemates of secondary
alcohols.

[00G3)]

Among alcohol dehydrogenases yielded by microorganisms,
there are many reports on alcohol dehydrogenases fhat reguire
nicotinamideadeninedinucleotide(hereaftertokxaabbreviated
as "NAD') as a coenzyme, and oxidize 2-mutancl. There are,
however, few reports on alcohol dehydrogenases that
preferentially oxidize (3)-2-butancl in comparison with
(R} -2-butanol and whose corresponding structural gene (a DNA
coding for an enzyme) has been acquired.

[GO04]

As such an alcohol dehydrogenase, enzymes derived from

Gordonia sp. strain TY-5, and Candida parapsilosis IFO 1326
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strain have been known.
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Among the above enzymes, ADHI, which 1s an enzyme derivec

10

from Gordonia sp. strain TY-3, is characterized in that i1t ha
a molecular weilght of approximately 35,000 as determinead by
SDs-polvacrylamide electrophoresis, and has an okt imumn
temperature of 30°C and an optimum pH of 10 in oxidation of
Z-propanol. ADH3, which 1s an enzyme derived Irom the same
strain, is characterized in that it has a molecular waeight of
approximately 58,000 as determined by SDS-polyacrylamide
electrophoresis, and has an optimum temperature of 60°C and an
optimum pHE of 10 in oxidation of Z-propanol (See the Patent
Document 1 listed below).
[Gooe]

an enzyme derived from Candida parapsilosis IFO 1396

strain is characterized in that it has a molecular weight of
approximately 40,000 as determined by SD3-polyacrylamide
electrophoresis, a stable pH range of 8.0 toe 10.0, and an
appropriate temperature range for action in oxidation of
(8)~2-buthancl is 25°C to 535°C. This enzyme has a character
that activity of the enzyme is inhibited by 2-mercaptoethanol
or dithiothreitol, whereas i1t is not inhibited by
ethylenediaminetetraacetic acid (See the Patent Document 2
listed below).

[0007]

Thus, there are few alcohol dehydrogenases that
preferentially oxidize (8)-2-butanol in comparison with
(R)-2-butanol and whose corresponding structural gene (a DNA
coding for an enzyme) has been acquired. In view of the state
of the art, acqguisition of novel enzymes Or thelr corresponding
structural gene has been desired. If the structural gene of
such enzymes is acquired, the enzyme can be produced through
a genetic engineering technique in a large amount, and thereby
enables to establish a process that can produace useful compounds,

for example, optically active alcochols, with the enzyme Iin a
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remarkably efficient manner.

Patent Document 1:JP-A~2005-102511
Patent Document 2:JP-B-3574682

DISCLOSURE OF THE INVENTION

PROBLEM WHICH THE INVENTION IS TO SCLVE
10008]
itiszﬂzobject(ﬁfthepreS@rﬁ:inveﬂtion%xaprovideainovel
alcohol dehydrogenase, a gene for the alcohol dehydrogenase,
a vector including the gene, a transformant transformed with
the vector, and a method for producing an optically active

alcohol by utilizing them.

MEANS FOR SOLVING THE PROBLEM
[0009]

The present invention has one or a plurality of the
following technical feature(s):

One of the features of the present invention is a
polypeptide having the following physicochemical properties:
[001o]

(1) Action:

The polypeptide oxidizes an alcchol with NADT as a
coenzyme to produce a ketone or an aldehyde. Furthermore, the
polypeptide reduces a ketone cor an aldehyde with NADH as a
ccenzyme Lo produce an alcohol.

[0011]
(2) Substrate specificity:

A substrate in oxidation reaction is an aliphatic alcohol
which may have an aromatic substituent. The polypeptide
preferentially oxidizes (8)-2-butancl in comparison with
(R)-2-butanol; a substrate in reduction reaction is a keltone
or an aldehyde. The polypeptide reacts with acetophenone o

reduce into (3)-1-phenylethanol.
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(3} Molecular welght:

ThEJnol@cular‘waightcﬁfthe‘polypeptidejf;approximately
39,000 as determined by reducing $DhS-polyacrylamide
electrophoresis.

[6013]
(4) Stability in pH:

Stable pH range of the polypeptide is 5.5 fto 7.5.
f0014)]

(5) Optimum temperature:

Optimum temperature of the polypeptide for oxidation
reaction of (8)-2-butancl is 45°C to 70°C.

[6015]
(6) Inhibitor: _

Enzyme activity of the polypeptide is inhibited by
ethylenediaminetetraacetic acid, o-phenanthroline, mercury
chloride, copper sulfate or zinc sulfate, whereas 1t is not
inhibited by 2-mercaptoethancl or dithiothreitol.
[ooie]

Another‘featuretaftjmapresemt,inventionliSalpolypeptide
which is any one of the following polypeptides (a), (b), and
{cy
100173
(a} Apolypeptide including the amino acid sequence shown under
SEC ID NO:1 in the sequence listing;

(b) A polypeptide including an amino acid sequence that results
from deletion, insertion, substltution and/or addition of one
amino acid residue or a plurality of amino acid residues in the
amine acid sequence shown under 5EQ ID NO:1 in the ssguence
listing, and having activity To react with acetophenone to
reduce into (S)-l-phenylethanol; and

{¢) A polypeptide having sequence identity of 85% or higher to
the amino acid sequence shown under SEQ ID NO:1 in the seguence
listing, and having activity to react with acelophenons to

reduce into (S)-i-phenylethanol.
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[0018]

5till another feature of the present invention is a DNA
coding for the above polypeptide.
[0019]

Still another features of the present invention are a DNA
which is either one of the following DNAs (A) and (B), a vector
inciuding this DN&, and a transformant produced by
transformation of a host cell with this vector.

(A} 2 DNA including the base sequence shown under SEQ ID NO: 2
in the sequence listing;

(B} a DNA hybridizable under a stringent condition with a DNA
that includes the base sequence complementary to the base
seguence shown under SEQ ID NO:Z in tThe sequence listing, and
coding for a polypeptide that has activity to react with
acetophenone to reduce into (8)~1l-phenvyliethanol;

(Cy a DNA having sequence identity of 85% or higher to the base
sequence shown under SEQ ID NO:2Z in the sequence listing, and
coding for a polypeptide that has activity to react with
acetophenone to reduce into . {S)-1-phenylethanol; and

(D) a DNA including a base sequence that results fromdeletion,
insertion, substitution and/cr addition of one base or a
plurality of bases in the base segquence shown under SEQ ID NO: 2
in the segquence listing, and coding for a polypeptide that has
activity to react with acetophencne to reduce into
(S)~1-phenylethanol.

[0020]

S3till another feature of the present invention is amethod
for producing an alcohol, particularly an optically-active
alcohol, the method including reacting the polypeptide of the
present invention, or the transformant of the present invention,
in which the DNA is introduced, and a processed product of the

transformant with a carbonyl group-containing compound

]

EFFECT OF THE INVENTION
[0021]
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The present invention provides a novel alcchol
dehydrogenase, a gene for the alcochol denhydrogenase, a vectol
includingijxagene,eatransformant,transfozmedx&ithéjuevector,
and a method for producing an optically active alcchol produced

by utilizing any of these.

BRIE® DESCRIPTION OF THE DRAWINGS
00221
[Fig. 1]
Fig. 1 illustrates a method for constructing recombinant

vectors pNCM, pNCMG and pNCMET, and structures of them.

BEST MODE FOR CARRYING CUT THE INVENTION
[0023]
The present invention will be dezcribed below in detaill
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with reference to specific embodiments. The present y
is, howaver, not limited to the following embodiments.
[0024]

Regarding”various}ghysica&.propertiescaftjmapolypeptidecﬂfthe

present invention

Tn the present invention, the polypeptide, which is
isclated by a method mentioned below, has the following
rhysicochemical properties (1) to (€}

[0025]
(1) Action:

The polypeptide oxidizes an alcohol with NAD' as a
coenzyme to produce a ketone or an aldehyde. Furthermore, the
polypeptide reduces a ketone ©Or an aldehyde with NADH as a
coenzyme to produce an alcochol.

[opz2e]
(2) Substrate specificity:

A substrate in oxidation reaction is an aliphatic alcohol
which may have an aromatic substituent. The polypeptide
preferentially oxidizes (s)-2-butanol in comparison with

(R) -2-butancl. A substrate in reduction reaction is a kstone
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or an aldehyde. The polypeptide reacts with acetophenone to
reduce into (8)-1-phenylethanol.

[0027]

(3) Molecular weight:

The molecular weight of the polypeptide 1s approximately
39,000 as determined by reducing SD3-polyacrylamide
electrophoresis.

(0028]
(4) Stability in pH: |

Stable pH range of the polypeptide 1is 5.5 Lo 7.5,
[0029]

(5) Optimum Temperature:

Optimum temperature of the polypeptide for action is 45°C
to 70°C.
[0030]

(6} Inhibitor:

Enzyme activity of the polypeptide is inhibited by
ethylenediaminetetraacetic acld, o-phenanthroline, mercury
chloride, copper sulfate or zinc sulfate.

[0031]

The apove physicochemical properties (1) To {6) are
explained in the followings.
[oo3z]

Regarding (1) Action

The polypeptide of the present invention has ability to
oxidize, under the presence of NAD", a secondary alcohol
compound to covert into a ketone conpound. Furthermore, the
polypeptide of the present invention has ablility to oxlidize an
primary alcohol compound to convert into an aldehyde compound.
[0033]

The ablility to oxidize an alcohol compound may be
evaluated in the following manner, for example.

(00341
‘Method for evaluating oxidizing abllity to an alcohol

compound]
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Progress<Ifoxidization.reactioninaykmaeasily evaluated
by, atfirst,preparing51reactionnﬂxtureincludingZ.BzﬂéNADﬂ
a 50 mM target alcohol compound, oxidation activity of which
is to be evaliuated, and a polypeptide of the present invention
in 50 mM tris-HC1 buffer (pH 2.0), then allowing the reaction
mixture to react at 30°C and finally observing lncrease of
sbsorbance at the wavelength of 340 nm, which is accompanied
by increase of NADH level. If the absorbance is increased, the
polypeptide of the present invention has apility to oxidize &
target alcohol compound. Rapid increasing rate of the
absorbance reflects high ability of the polypeptide of The
present invention to oxidize a target alcohol compound. The
oxidizing ability of a polypeptide may be expressed in terms
of numerical values. Thus, oxidizing activity 1 U is defined
as an enzyme level that catalyzes generation of 1 ypmol of NADH
per minute.

[0035]
huaddition,thepolypeptidecﬁfthepresentinventimlhas

another ability to reduce a ketone or aldehyde compound into

an alcohol compound in the presence of NADH.

(0036}

The ability to reduce a ketone or aldehyde compound may

he evaluated in the following manner, for example.

(00373

[Method for evaluating reducing abllity to a ketone or aldehyde
compound]

Progress of reduction reaction may be easily evaluated
by, at first, preparing a reaction solution including 0.25 mM
NADH, a 50 mM ketone or aldehyde compound, reduction activity
of which is to be evaluated, and a polypeptide of the present
invention in 100 mM potassium phosphate buffer (ph 6.5%) that
contains 0.3% (v/v) of dimethyl sulfoxide, and then allowing
fhe reaction solution to react at 306°C with monitoring decrease
of absorbance atTﬁuawavelenqthe3f3401ﬁm-whichjxsaccompanied

by decrease of NADH level. If the absorbance 1s decreased, the
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rarget ketone or aldehyde compound. Rapid decrease of the
absorbance reflects high ability of the polypeptide of the
oresent invention to reduce a target ketone or aldehyde compound.
The reducing‘abilitytafazpolypeptidezﬂaykxaexpressed.in terms
of pumerical values. Thus, reduction activity 1 U 1is defined
as an enzyme level that catalyzes consumption of 1 umol of NADH
per minute.

(00387

(2) Regarding substrate specificity

A substrate in oxidation reaction is an aliphatic alcohol
which may have an aromatic substituent. The substrale
specificity may be evaluated in accordance with the [Method for
evaluating oxidizing ability to an alcchol compound], as
described in the apove {1} Action.

[0039]

The polypeptide of the present invention preferentially
oxidizes(S)~2—butanolincxm@arisonwith(R)w2—butanol. This
preference means that ability to oxidize (8y-2-butanocl is
higher than that to oxidize (R} —2~butanol. The fact that the
ability to oxidize (s) ~2~butancl is higher than that to oxidize
(R} -2-butancl may be easily confirmed by evaluating oxidizing
ability to each of (R)-2-butanol and (S}-2-butancl in
accordance with the [Method for evaluating oxidizing abllity
to an alcohol compound], as described in the above (1) Action.
[0040]

Furthermore, the polypeptide of the present invention
reacts with a ketone and aldehyde substrate In reduction
reaction. The substrate specificity may be evaluated in
sccordance with the [Method for evaluating reducing abllity to
s ketona or aldehyde compound!, as described in the above (1)
Action.

(00413
The polypeptide of the present invention has ability to

react with acetophenone to reduce into (3} ~1-phenylethanol.
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The reducing ability may be tested in the following manner, for
example.
(00423

Tn a 100 mM phosphate buffer (pH 7), acetophenone, NADH
and the polypeptide of the present invention are added, and then
the mixture is allowed to reachk at 30°C while stirring. After
completion of the reaction, the reaction mixture is extracted
with an organic sclvent such as ethyl acetate. The extract was
analyzed by gas chromatography under the following conditions.
Thereby, generation of l-phenylethanol, configquration thereof,
and optical purity thereol may be determined.
[0043]
[Analysis condition (1} for gas chromatography]
Column: CHIRALDEX G-PN {30 m, 0.25mm ID) {a product of RESTEK) ,
Column temperature: 100°C
Injection temperature: 150°C
Detection temperature: 150°C
Detector: FID
Carrier gas: He, 130 kPa
Eilution time: acetophenone (2.2 min.)
(3} ~1l-phenylethanol (14.5 min.)
{(R)~l-phenylethanol (15.2 min.)
[0044]
Regarding (3) Molecular welght

The molecular weight of the polypeptide of the present
invention is approximately 39,000 as determined by reducing
SDS-polvacrylamide electrophoresis. The molecular welght may
be determined by reducing SDhS-polyacrylamide electrophoresis
in accordance with a known method, for example, a method Taught
in a textbook "Seibutsu-kagaku Jikken no Teblki Z,
Tanpakushitsu no Bunri-Bunseki hou” (Guide for Biochemical
experiments vol. 2, Method for isolating or separating
proteins)(publish@dkx{Kagaku“dojinPublishingCompany,Inc.,
Tokyo, Japan). The molecular welght of the polypeptide may be

caleculated from the difference between the polypeptide and a
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molecular weight standard proteln in their mobility.
[0045]
Regarding (4) Stabllity 1in pH

Stable pH range of the polypeptide of the present
invention is 5.5 to 705, The stable pH range may be determined
in the following manner, for example. Apolypeptidewas treated
in some Britton-Rebinson buffers, each pH of which is varied,
at 20°C for 20 minutes. Then, the oxidizing ability to
(9)-2-butanol is determined in-accordance with the [Methed for
evaluating oxidizing ability to an alcohol compound] as
nentioned above. Stable pH range ig defined as a pH range where
remained activity after the treatment is 80% or higher of the
activity of the untreated polypeptide.

[0046]
Regarding (5) Optimum tCemperature:

The polypeptide of the present inventlon has an optimum
temperature for action of enzyme activity of 45°C to 70°C. The
optimum temperature for action may be measured by the following
manner, for example. In the above [Method for evaluating
oxidizingabilitytoenzalcoholcompound},oxidizingactivities
to (S)-2-butancl are determined at some different temperatures.
Theoxidizingactivityzﬂ:thetemperaturethatshowsthe%ﬂghest
activity is defined as 100%. Activity at each temperature 1s
expressed as relative activity to the highest activity. Then,
optimum tenperature for action is defined as a temperature range
+that shows 50% or nigher relative activity.

[oo4a7]
Regarding (6) Inhibitors

Fnzyme activity of the polypeptide of the present
invention is inhibited by ethylenediaminetetraacetic acid,
o-phenanthroline, mercury chloride, copper sulfate or zinc
sulfate, whereas it is not inhibited by Z-mercaptcethanol or
dithiothreitol. Whether or not a compound inhibits enzyme
activity of the polypeptide may be evaluated in the following

manner, for example. In 1 mM concentration solution or mixture
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f various compounds, a polvpeptide is treated at 30°C for 30
minutes. Then, oxidizing activity to (5)-Z-butanol 1is
detearmined in accordance with the above-menticned [Method for
evaluating oxidizing ability to an alcohol compound]. When
remained activity after the treatment is 30% or lower of enzyne

ctivity of the untreated polypeptide, the compound used in the
treatment may be regarded as an inhibltor of the enzyme activity
of the polypeptide. On the contrary, when remained activity
after the treatment is 90% or higher of enzyme activity of the
untreated polypeptide, the compound used in the treatment may
not be regarded as an inhibitor of the enzyme activity of the
polypeptide.

[0048]

Reqardingisolationcﬁfthepolypeptideof1ﬂmapresentinvention

The polypeptide of the present invention may be selected
from polypeptides that has ability to preferentially oxidize
{8y -2-butanol in comparison with (R}-Z-butanol.
Alternatively, the polypeptide of the present invention may be
selected from polypeptides that have activity to reduce a
carbonyl group~containing compound to produce an alcohoi,
preferably polypeptides that have activity to asymmetrically
reduce asymmetric ketones to produce an optically active
alcohol,and1jmemostpreferablypmlypeptides1ﬁuﬁ:hasactivity
to asymmetrically reduce acetophenone tTo produce
{(3)-l-phenylethanol.

[0049]

The polypeptides mentioned above may De igolated from
organisms such as microorganisms having the above-mentioned
activity. The enzyme may be found, for example, in a
microorganism according to the following manner. A
microorganism 1n an appropriéte medium is cultivated. Cells
are collected, and then the cells are reacted with acetophenone
in a buffer under the presence of nutriments, such as glucose.
After the reaction, the reaction mizture is extracted with a

solvent or the like. The resultant extract may be analyzed
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under a condition described in the above [Analysis condilition
(1) for gas chromatographyi, to monitor generation of
I-phenyiethancl.

[0050]

The medium for cultivating microorganisms may be a common
liquid nutrient medium which contains carbon sources, nitrogen
sources, inorganic salts and organic nutriments, provided that
the microorganism can proliferate in the medium. Cultivation
may be conducted by shaking the medium or aerating the medium
at a temperature within the range of 25°C to 37°C, and at a pH
within the range of 4 to 3.

[0051]

The polypeptide of the present invention may be lsolated
from polypeptide source microorganisms by appropriately
combining some known methods for purifying proteins. For
example,iﬁuaisolationwnaykxaconductada&sfoilows. Tirst, such
aﬁdcroorgani&niscultivatedjjlanappropriatenwdium,andthen
cells are collected from The culture fluid by centrifugation
or filtration. Thus-collected cells are disrupted by a
physical process, such &s sonication with an ultrasonic
disintegrator or milling with glass beads, and then remove
residue of the cells by centrifugation. Cell-free extract is
thereby obtained. The polypeptide of the present inventicn is
igolated from the cell-free extract by a single or conbined
technique (s) selected from thermal treatment, salting out
(ammonium sulfate precipitation, sodium phosphate
precipitation, etc.}), solvent precipitation (method for
precipitating protein fraction with acetone or ethanol),
dialysis, gel filtration chromatography, ion exchange
chromatography, reversed phase chromatography, and
ultrafiitration.

[0032]

The polypeptide of the present invention may be derived

from any microorganisms and is not particularly limited.

Preferable one is a microorganism that belongs to the genus
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candida. Preferable examples include Candida maltcsa, and

more preferable one may be Candida maitosa IFO 1977 strain.

candida maltosa IFD 1977 strain 1s available from the

Tncorporated Administrative Agency National Institute of
Technology and Evaluation, Biotechnology Field, Exploiting the
power of Microorganisms for the Developuent of Bioindustries
(NBRC; 2-5-8 Kazusakamatari, Kisarazu-shil, Chiba, 292-0818
JAFPAN) .

[0053]

Regarding the amino acid sequence of the polypeptide of the

present invention

The polypeptide of the present inventlion may be any one
of the following polypeptide {a), (o), and (c}.
[G0o4]
(a) A polypeptide including the amino acid sequence shown under
SEQ ID NO:1 in the seguence listing;
(b} A polypeptide including an amine acid sequence that results
from deletion, insertion, substitution and/or addition of one
amino acid residue or a plurality of amino acid residues in the
amino acid segquence shown under SEQ ID NO:1 in the seguence
listing, and having activity to react with acetophenone to
reduce into {8)-l-phenylethancl; and
(¢) A polypeptide having sequence identity of 85% or higher to
the amino zcid sequence shown under SEQ ID NO:1 in the seguence
listing, and having activity to react with acetophenone To
reduce into (8)-1-phenylethanol.
[0055]

Three types of polypeptides (a) to (¢} are each explained
in detail in the followings.
[0058a]
Regarding the polypeptide ({a)

Examples of aninoc acid seguence of the polypeptide of the
present invention include the amino acid sequence shown under
SEG ID NO:1 in the sequence listing, which is encoded by the

base seguence shown under SEQ ID NCG:Z in the sequence listing.
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[0GL7]
Regarding the polypeptide (b)

The polypeptide (b), which includes an amino acid
seguence that results from deletion, insertion, substitution
and/or addition of one amino acid residue or a plurality of amino
acid residues in the amino acid seguence shown under SEQ IDNO:1
in the seguence listing, may be prepared in accordance with a
known method such as a method described in Current Protocols
in Molecular Biology (John Wiley and Sons, Inc., 12839). The
polypeptide (b} encompasses such a polypeptide having activit
to react with acetophencne to reduce into (8)-l-phenylethanol.
roos8;

In the amino acid seguence shown under SEQ ID NC:1 in the
SequenceliSting,Siteswhereaminoacidsareix>besubstituted,
inserted, deleted, and/or added are not particularly limited,
put preferably, highly conserved regions should be avolded.
Here,the%xaﬁn“highlyconservedpregion”ﬁmanseapositionhmere,
among a plurality of enzymes derived from different scurces,
amine acids in one sequence coincide with those in other
sequences under a condition that amino acid sequences are
optimally arranged in line. Highly conserved regions may be
determined by comparing, with a tool such as CGENETY¥X, the amino
acids&quenceshownunderSEQIDEMM]“wiHQanaminoacidsequence
of alcohol dehydrogenase that derives from a known
microorganism.

[0052]

The aminc acid sequence modified by substitution,
insertion, deletion and/or addition may include a sitemodified
through one type of modificaticn process (for example,
substitution), or may include a site or sites modified through
two or more modification process (for example, substitution and
insertion) . ‘

[0060]
When the amino acid sequence is modified by substitution,

an amino acid for substituting a part of the amino acid sequence
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is preferably an amino acld having a similar characteristic
(homologous amino acids) to the amine acid to be substituted.
In this applicaticn, amino acids belonging to the same Jroup
as illustrated below are considered as homologous anino aclds.
[0061)]

(First group: neutral nonpolar amino acids; Gly, Ala, Val, Leu,
Ile, Met, Cys, Pro, Phe

(Second group: neutral polar amino acids) Ser, Thr, Gln, Asn,
Trp, Tyr

(Third group: acidic amino acids) Glu, Asp

(Fourth group: basic amino acids) His, Lys, Arg

[0062]

The ferm "a plurality of amino acid residues” means, for
example, 50 or less, preferably 30 or less, more preferably 15
or less, still more preferably 10 or less, 5 or less, 4 or less,
3 or less, or 2 or less amino aclds.

[0063]
Regarding the polypeptide (]

The polypeptide of the present invention also includes
a polypeptide having sequence identity of 85% or higher to the
amino acid segquence shown under SEQ ID NO:1 in the sequence
listing, and having activity to react with acetophenone Co
reduce into (8)-l-phenylethanol. Although a polypeptide
having sequence identity of 85% or higher to the amino acild
sequence shown under SEQ ID NO:1 in the seguence listing may
bemﬂthinthe:ﬂxxmaofthepoiypeptidecﬂftbepresentiHVQntion,
the seqguence identity is preferably 30% or higher, more
preferably 95% or higher, still more preferably 98% or higher,
and the most preferably 9%% or higher.

(0064}

Sequence identity of an amino acid sequence is expressed
2s a value determined by, while comparing the amino acid
sequence shown under SEQ ID NO:1 in the sequence listing with
a target amine acid seguence, dividing the number of positions

where amino acids coincide between the two amine acld seguences
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by the total number of amino acids in the target amino acid
sequence, and further multiplying the result by 100.
[0065]

Additional amino acid sequences may be coupled with the
amino acid sequence shown under SEQ IDNO: 1 as long as the coupled
amino acid seguences have activity to react with acetophencne
to reduce inteo (8)-l-phenylethanol. Tor example, Lag
sequences, such as a histidine tag or a HA tag, may be added.
The polypeptide of the present invention may be used in a form
of fusion protein in combination with ancther protein. Also,
the polypeptide (c) may be a peptide fragment, as long as the
fragment has an activity Lo react with aceftophencne to reduce
into (8)-1l-phenylethancl.

0066}

The polypeptide of the present invention also includes
a polypeptide having sequence identity of 85% or higher to the
amino acid seguence shown under SEQ ID NO:1 in the sequence
listing, and having activity to react with acetophencne Lo
reduce into (S)-l-phenylethanocl.

(00671
Regarding cloning of DNA coding for the polypeptide of the

present invention

A DNA coding for polypeptide of the present invention may
be any DNA that can express the enzyme in a host cell into which
the DNA is introduced in a manner described below, and may
contain any untranslated region. When the enzyme 1is obtained,
a person skilled in the art would produce such a DNA from an
organism that produces the enzyme in a known manner. For
example, such a DNA may be obtained in a manner mentioned below.
[0068]

Gene manipulations such as DNA cloning, construction of
a vector, and transformation, which will be described hereafter
in this description, may be conducted in accordance with a
manner described in literatures such as Molecular Cloning Znd

Edition (Cold Spring Harbor Laboratory Press, 1982) unless
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otherwlse indicated. The "2" used hereinmeans "% (w/v) " unless
otherwise specified.
[0069]

First, a polypeptide of the present invention, which has

been isolated by a method described in the "Regarding isclation

of the polypeptide of the present invention,” are digested with
¥ E ’ g

an appropriate endopeptldase, and the resultant peptide
fragments are batched off with reverse phase HPLC. Then, the
amino acid sequence of part of or whole of these peptide
fragments are determined with, for exemple, a type ABRTI492
protein seguencer (a product of Applied Blosystems) .

[G070]

Based on thus—obtained information about amino acid
sequence, PCR (Polymerase Chain Reaction) primers for
amplifying a part of a DNA that codes for the polypeptide 1s
synthesized. Then, a chromoscomal DNA of a microorganism that
produces the polypeptide are prepared in accordance wWith a
common method for isolating DNA, such as a method taught by
Visser et al. (Appl. Microbiol. Biotechnol., 53, 415 (2000)) .
DCR is carried out from these chromosomal DNA templates with
the above PCR primers, to amplify a part of the DNA that codes
for the poiypeptide, and then the base sequence thereof is
determined. The base sequence may be determined with, for
example, Applied Bicsystenms 3130%] Genetic Analyzer {(a product
of Applied Biosystens).

[0071]

If part of the base seqguence of a DNA coding for
polypeptide is revealed, the whole sequence may be determined
by, for example, Inverse PCR method (Nucl. Acids Res., 16,
B1BG6(1988) .

[0072]

rxamples of the rhus-obtained DNA coding for the
polypeptideof!ﬂuapresentinventionincludeeaDNAthatincludes
the base seguence shown under SEQ ID NO:2 in The seguence

listing.
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[(0G73]
ThebasesequenceShownUﬁdexSEQiUDNO:Zwill}xaexplained

below.

[0074]

Regarding the DNA coding for the polypeptide of the present

Exanples of the DNA coding for the polypeptide of the
present inventicon include:

A DN& including the base sequence shown under SEQ ID NC:2 in
the sequence listing;

A DNA hybridizable under a stringent condition with a DNA that
includes the base sequence complementary to the base sequence
shown under SEQ ID NO:2 in the sequence listing, and coding fox
a polypeptide that has activity to react with acetophenone to
reduce inte (S)-1l-phenylethanol;

A DNA having sequence identity of 85% or higher to the base
sequence shown under SEQ ID NC:2 in the sequence listing, and
coding for a polypeptide that has activity to react with
acetophenone to reduce into (3)~1l-phenylethanol; and

A DNA including a base sequence that results from deletion,
insertion, substitution and/or addition of one base or a
plurality of bases in the base sequence shown under SEQ ID NG:2
in the seguence listing, and coding for a polypeptide that has
activity to react with acetophenone to reduce into

() -1-phenylethanol.

[D075]

Here, the "DNA hybridizable under a stringent condition
with a DNA that includes the base sequence complementary to the
base sequence shown under SEQ ID NO:Z in the sequence listing,
and coding for a polypeptide that has activity to react with
acetophenone to reduce into (5)~1l-phenylethancl” means a DNA
obtainable by colony hybridization technique, plague
hybridization technique, Southern hybridization technigue, or
the like under a stringent condition with a DNA that includes

thebasesequencecomplementarytothebaseSequenceshownunder
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SEQ ID NO:2 in the seguence listing as a probe, and codes for
a polypeptide that has activity to react with acetophenone to
reduce into (38)-~1-phenylethanol.
1007673

Hybridization may be conducted, for example, according
to amethod described inMolecular Cloning, A laboratorymanual,
second edition (Cold Spring Harbor Laboratory Press, 18897 .
Here, examples of "a DNA hybridizable under a stringent
condition” include DNAs, which are obtainable through
hybridization with a filter, onto which a colony- or
plagque-derived DNA is immobilized, in the presence of 0.7 to
1.0MNaCl, at 65°C, followed by washing the filter with a 2-fold
concentration of SSC solution (ecne-fold concentration of the
gqac solution consists of 150 mM NaCl and 15 mM sodium citrate}
at 65°C. Preferable examples of the DNA include DNAs obtainable
by washing with half-fold concentration of the $5C sclution at
£5°C, More preferable examples thereof include DNAs
obtainable by washing with 0.2-fold concentration of the S5C
solution at 65°C., Still more preferable examples thereotf
include DNAs obtainable by washing with 0.1~fold concentration
of the $3C solution al 65°C.
(00771

Conditions for hybridization are described above, but the
condition is not limited to the above described ones.
Conceivable factors affecting to stringency in hybridization
include a variety of factors, such as temperature conditions,
or salt concentrations. A person skilled in the art could
attain an optimum stringency by appropriately controlling the
above factors. \
[0078]

Examples of such a DNA hybridizable under the abhove
condition include DNAs having sequence identity of 70% or higher,
preferably 85% or higher, more preferably 20% or higher, still

ore preferably 95% or higher, and most preferably 28% or higher

=1

to the base sequence shown under SEQ ID NO:Z. As leng as a
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oolypeptide encoded by a DNA has activity te react with

a

cetophenoneix)reduceinto(S)Ml—phenylethanol,theiﬁﬂ%codinq

for the polypeptide is encompassed within The abowve DNA.

{

d
d
A

00791

Fere, the "sequence identity (3)" is expressed as a value
etermined by arranging two DNAS to be compared with one ancther,
ividingtﬁuaﬁumbercﬂfpositionsiNhefeIﬂjCl@ob&S@S (for examnple,

, T, C, G, U, or 1) coincideAbetweerrboth.sequences;by”the‘total

number of the bases in the target DNA, and further multiplying

7
i

3

the result by 100.
0]

008
The seguence identity may be calculated by the following

equence analyzers: GCG Wisconsin Package (Progran Manual for

The Wisconsin Package, Version 8, September 1994, Genetics

Computer Group, 575 Seience Drive Medison, Wisconsin, USA

5
R

371i1: Rice, P. {1326} Program Manual for EGCG Package, Peter

ice, The Sanger Centre, Hinxton Hall, Cambridge, CB1O 1IRQ,

England),andtheEEPASyWoxldWideWebn@lecularbiologyserver

(Geneva University Hospital and University of Geneva, Geneva,

Switzerland) .

[

00817 )
Here, if a DNA having seguence identity of 85% or higher

to the base sequence shown under SEQ ID NO:2 in the sequence

1

isting codes for a polypeptide that has activity to react with

acetophenone to reduce into (8) -1-phenylethanol, the DNA is

encompassed\dithin%ﬂm&rangetaftﬁuaDNAcﬂfthepresent.invention.

nlthough a DNA having seguence identity of 85% or higher to the

b

i

ase sequence shown under SEQ ID NO:2 in the sequence listing

s encompassed within the range of the DNA of the present

invention, the sequence identity ls preferably 90% or higher,

more preferably 95% or higher, still more preferably 98% or

h
[

kY

igher, and the most preferably 99% or higher.
0082
Sequence identity of a base sequence is expressed as a

aiue determined by comparing the base sequence shown under SEQ
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Th NO+2 in the seguence listing with a target bhase saduence,
dividing the number of positions where bases coincide between
the two base sequences}aytﬁmatotal_number‘of}aasesjjlthe target
base sequence, and further multiplying the result by 100.
roos3)

Here, "a DNA including z base sedquence that results from
deletion, insertion, substitution and/or addition of one base
or a plurality of bases in the base sequence shown under SEQ
ID NO:2 in the sequence listing, and coding for a polypeptide
that has activity to react with acetophencne To reduce into
(S)mlmpheny}ethanol”Jﬁaykmaprepared:ﬂzaccordances&ithe&known
method, such as described in Current Protocols in Molecular
Biology (John Wiley and Sons, Inc., 1282). As long as a DNA
codes for a polypeptide that has activity to react with
acetophenone to reduce into (5)-1l-phenylethancl, the DNA 1s
encompassed within the above DHNA.

[0Gg4]

In the base sequence shown under SEQ ID NO:Z in the
sequence listing, sites where bases are to be substituted,
inserted, deleted, and/or added are not particularly limited,
butpreferably,highlyconservedzegionsShoukjbeavoided,and
frameshift should also be aveided. Here, the Term Thighly
conserved region” means a position where, among a plurality of
enzymes derived from different sources, bases in one ssaguence
coincide with those in other sequences when base sequences are
optimally arranged in line and compared with one another.
Highly conserved regions may be determined by comparing, with
4 ool such as GENETYX, the base sequence shown under SEQ 1D
NO:2 with a base sequence of an alcohol dehydrogenase that
derives from a known microorganisn.

[ooss]

A base seqguence modified by substitubion, insertion,
deletion and/or addition may include a site modified through
one type of modification process (for example, substitution),

or may be include a site or sites modified through two or more
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modification process (for example, substitution and
inserftion).
[0086]

The term "a plurality of bases” as mentioned above means,
for example, 150 or less, preferably 100 or less, more
preferably 50 or less, still more preferably 20 or less, 10 ox
less, 5 or less, 4 or less, 3 or less, or 2 or less bases.
roo87]

Regarding host-vector systems and transformants

Inserticn of a DNA that codes for the polypeptide of the
present invention into an expression vector may glive a
polypeptidewexpression.vector. Then, the transformant, which
is obtainable by transforming a host organism with this
polypeptide—expressionvector,zﬁaykmacultivatedﬁxyexpressthe
polypeptide of the present invention. Alternatively, a method
including introducing a polynucleotide that codes for the
polypeptide of the present invention into a chromoscme may De
utilized.

0088]

Txpression vectors which may e used in the above
insertion are not particularly limited as long as the vector
can express a polypeptide that is encoded by the DNA. Examples
0of such expression vectors include plasmid vectors, phage
vectors, and cosmid vectors. Sshutrtle vectors which can
exchange a gene with anothex host strain may also be used.
[00ga]

Sucheavectorgenerallyincludes,forexample,inthecase

of Escherichia coli, regulatory factors such as lacUVh promoter,

trp promoter, trc promoter, tac promoter, lpp promoter, tuth
promoter, recA promoter, and pL promcter. The vector may e
appropriately used as an expression vector that inciudes

expresshmlunitsC@eratablyconnectedtotjﬁlﬂﬂ&ofthe§mesent
invention. Examples of the vector include pUCN1S8 (See Example
5), pSTV28 (a product of Takara Bic Inc.), and pUCNT (see Wo
94/03613) .
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[G020]

The term "regulatory factor{s)”, which is used hesrein,
means a base sequence that has a functional promoter and
arbitraryrelat@dtranscriptimlelements(@,g,enhancer,CCAAT
box, TATA box, and SPI site).

(G091 ]

Theterm"operatablyconnectaﬁ'asusedhereinmeansthat
a gene, and various regulatory elements such as promolter and
enhancer, which regulate expression of a gene, are linked
together each in a state operative in a host cell. It would
be well known Lo a person skilled in the art that the type and
species<}fthe:regulatory’factorﬂmay'varywaccordingﬁxathelmast,
rocezl

Vectors, promoters, and the like, which is suitably used
for sach of a variety of organisms, are described in detail in,
for example, "Biseibutsugaku Kisokoza 8, Idenshi-Kogaku”
(Basic course of microbilology vol. 8, Gene engineering;
published by Kyocritsu Shuppan Co., Ltd., Tokyo, Japan).
[0093]

Host organisms which may be used for expressing
polypeptides are not particularly limited provided that the
organismscxﬂzbetransformedknmapolypeptidewexpressionvector
“hat includes a DNA coding for each polypeptide, and can express
a polypeptide which the introduced DNA coded for. Examples of
microorganisms which may be used in the present invention
include bacteria whose host-vector system has been develcoped,

such as bacteria belonging To the genus Eecherichia, the genus

Bacillus, the genus Pseudomonas, the genus Serratia, the genus

Brevibacterium, the genus Corynebacterium, the genus

Streptococcus, and the genus Lactobacillus; actinomycetes

whose host-vector system has been developed, such as

actinomycetes belonging to the genus rhedococcus and the genus

Streptomyces; yeasts whose host-vector system has been

devaloped,suchemsyeastsbelonging1&>thegenusSaccharomyces,

the genus Kluyveromyces, The genus Schizosaccharomyces, the
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genus Zygosaccharomyces, the genus Yarrowia, the genus

Trichosporon, the genus Rhodosporidium, the genus Pichia, and

developed, such as molds belonging to The genus Neurospora, the

genus Aspergillius, the genus Cephalosporium, and the genus

Trichoderma. Other than microorganisms, various host-vecltor

systemshavekmﬂﬂldeveloped;haplantsCHTanimalS. Inparticular,
systems expressing a great amount of heterogeneous proteins in
insects such as silkworm (Nature, 315, 5G2-584 (1985)), or in

plants such as coleseed, corn, and potato have been developed,

"and the system may be preferably utilized. Among these,

bacteria are preferable in view of introduction and expression
efficacy, and Escherichia coli is particularly preferable.
[0094]

The polypeptide~expression vector including a DNA Chat

codes for the polypeptide of the present invention may be

infroduced into a host microorganism by a known method. For
exanple, explained is a case where the polypeptide-expression
vector is plasmid pNCM (See Example %), which 1s one of the
vectors of the present invention, obtained by introducing the
INA shown under SEQ ID NO:2Z into the above expression vector

pUCNlS,andthehostndcroorganismisEﬁcherichiacoli. Inthis

case,lx{introducinqTﬂuapolypepﬁide—expressionvectorzﬂxithe
nost microorganism according to the protocol of
commercially-available . coll HB101 competent cell {(a product
of Takara Bic Inc.), a transformanft k. coli HB101l (pNCHM) (See
Example B) may be obtained.

[0095]

A transformant may be bred, in which both of the
polypeptide of the present invention and a polypeptide having
ability?xjreproducea,reducedcoenzyme,whichvﬂll%&ementioned
below, are expressed in an identical cell. That 1is, the
transformant may be produced by inserting a DNA that codes for
the polypeptide of the present invention and a DNA that codes

foreapolypeptickahavingabilitytx)reproduceeareducedcoenzyme
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into one vector, and then introducing the vector into a host
cell. Rlternatively, such a transformant may he cohtained by
separately inserting these two Lypes of DHNAs into two different
vectors, whose incompatible groups are different, and then
introducing the vectors into one host cell. Examples of a
transformant which may be produced in such a manner include k.
ggi}AHBlOl(pNCMG) (see Example 8). Ei_ggiilﬁBlOl(pNCMG) is a
transformantproducaﬁbyintroducinqatxensformedvectorpNCMG
(seec Example 6) inteo E. coli HB101l competent cell (a product
of Takara Bio Inc.). The transformed vector pPNCMG may be
produced by introducing both the DNA shown under SEQ ID NO:Z
and a DNA coding for glucose dehydrogenase, one of a polypeptide
that has ability'mjreproduceaareducaﬂcoenzyme,intotﬁmzabove
expression vector pUCNI1E8. Examples of the transformant also
include E. coli HBLOL (pNCMET) (see Example 8). E. coll
HR101 (pNCMFT) is a transformant produced by introducing a
transformed vector pNCMET (see Examples 7) into EL.EQ;;‘HBIOZ
competent cell (a product of Takara Bio Inc.). The transformed
vector pNCMFT may be produced by inserting both the DNA shown
under SEQ ID NO:2 and a DNA coding for formate dehydrogenase,
one of a polypeptide that has ability to reproduce a reduced
coenzyme, into the above expression vector pUCN1G .

[0096]

Method for producing an alcohol or an aldehyde with polypeptide

or transformant

[Reaction condition]
A‘carbonyl,group—containing‘compoundﬁnaykxareduced into
an alcohol or an aldehyde in the following manner in the presence
of the polypeptide of the present invention or a transformant
in which the polypeptide of the present invention is expressed.
The present invention, however, is not limited to the pelow
methods.
[0097]
A carbonyl compound substrate, such as acetophenone, is

addedjjxanappropriatesolvent,suchemsIOOmMgmosphatebuffer
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(pH 6.5). Then, a coenzyme such as NADH and NRD', and culture
of the transformant and/or a processed product of the cuiture
are added in the phosphate buffer mixture, and the mixture is
stirred to allow reaction while regulating pH of the mixture.
[oosg]

Here, a processed product means a processed substance
havingremainedenzymaticcatalyticactivitycﬂfthepolypeptid@.
Examples of the processed substance include a crude extract,
cultivatedcells, reezewdriedorganisms,organismsdriedover
acetone, disrupted cells, or materials on which the above cells
or organisms are immobilized.

[0099]

The reaction may be carried out at 57C o 80°C, preferably
10°C to 60°C, and mere preferably 20°C Co 40°C. During the
reaction, pH of the reaction mixture is 3 to 10, preferably 4
to 9, and more preferably 5 to 8. The reaction may be carrvied
cut by batch reaction or sequential reaction. For batch
reaction, a reaction substrate may be added at a concentration
in total volume of the loaded reaction mixture of 0.01 to
100% (w/v), preferably 0.1 to 70%, and more preferably 0.5 to
50%. For batch reaction, another portion of the reaction
substrate may be further added in the course of the reaction.
r0100]

For the reaction, an agueous solvent may be used, or
otherwise, a mixture of an agueous solvent and an organic
solvent may be used. Examples of the organic solvent incliude
toluene, ethyl acetate, n-butyl acetate, hexane, isopropanol,
diisopropyl ether, methanol, acetone, and dimethyl sulfoxide.
[0101]

Here, a processed product of the transformant means a
crude enzyme extract, cultivated cells, freeze-dried cells,
organisms dried ovey acetone, ©r a disrupted product of these
substances, or a mixture of them. The processed product may
bexnﬁxiasanjﬁmmbilizedfOrmcﬂfthepolypeptidecn:cells. The

immobilized form may be prepared in a known technigue. In the
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reaction, a transformant producing both the polypeptide of the
present invention and a polypeptide that has ability Lo
reproduce a reduced coenzyme may significantly reduce a
required amount of the coenzyme. Txamples of such a
transformant include EL‘QQEE_HBIOI(pNCMG) (See Example 8) and
E. coll HB101 (pNCMFT) (See Example &). Polypeptides having
ability to reproduce a reduced coenzyme will be described below
in detail.

(01021

iPolypeptide having ability to reproduce a reduced coenzyme ]

NADH is necessary as a Coenzyme in a synthesis of an
alcoholcompoundthz@mﬁmareductioncyfacarbOHylcompoundwitb
a transformant that can produce the polypeptide of the present
invention. As mentioned above, the synthesis may be conducted
byaddingwarequiredlevel<yENADHjJ1thereactionnﬂxture. The
amount of expensive coenzyme to be used may be decreased,
however, by ubtilizing an enzymne with ability to convert an
oxlidized coenzyme (NAD™) into reduced NADH (hersafter, the
ability is referred to as "ability to reproduce a reduced
coenzyme) 1in combination with its substrate, that is, by
conducting the synthesis In the presence of a combination of
coenzymereproductimnSyst@nandfjuapolypeptideof1juapresent
invention. Examples of the enzyme with ability to reproduce
the reduced coenzyme, which may be used in the above synthesls,
include hydrogenases, formate dehydrogenase, alcohol
dehydrogenase, glucose—6—phospbateedehydrogenase,5ﬂm1g1ucose
dehydrogenase. Preferable examples include glucocse
dehydrogenase and formate dehydrogenase.

[0103]

This reaction may be conducted by adding a coenzyme
reproductionsystemﬁxaanasymm@tricreductionreactionsystem.
This reactiocn, however, may be efficlently conducted with a
transformant catalyst, which i transformed by both a DNA that
codes for the enzyme of the present invention and a DNA that

codes for a polypeptide having ability to reproduce tne reduced
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coenzyme, without adding another portion cf an enzyme having
ability to reproduce the reduced coenzyme. Such a transformant
may be obtained in accordance with the method as described in
the above "Regarding host-vector systens and transformants”
section. Examples of such a transformant include E. coli
HBLO1 (pNCMG) (See Example 8). E. coli HBL0L (pNCHMG) is a
transformant produced by inserting a transformed vector pNCMG
(see Example 6) into E. coll HB1OL competent cell (a product
of Takara Bio Inc.). The transformed vector pNCMG may be
produced by inserting both the DNA shown under SEQ ID NO:Z and
a DNA coding for glucose dehydrogenase, one of a pelypeptide
that has ability to reproduce a reduced coenzymne, intc the above
expression vecter pUCNI1S. Examples of the transformant also
include E. coli HBLOL (pNCMET) (see Example 8). E. coll
HB10L1 (pNCMET) is a transformant produced by inserting a

transformed vector pNCMFT (see Examples 7) into E. coli HB1OL

compelbent cell (a product of Takara Bio Inc.}. The transformed
vector pNCMET may be produced by inserting both the DNA shown
under SEQ ID NO:2 and a DNA coding for formate dehydrogenase,
one of a polypeptide that has. ability to reproduce a reduced
coenzyme, into the above expression vector pUCNLS.

[01G4]

[Regarding a carboenyl group-containing compound, and a product
alcohol]

2 substrate carbonyl compound is not limited in a
production of an alcohol or an aldehvyde by reducing a carbonyl
group-contalning compound with the polypeptide of the present
invention or a transformant in which the polypeptide of the
present invention is expressed. The reaction 1s exceedlingly
valuable in the case where the carbonyl group~centaining
compound is an asymmetric ketone because the product of the
reaction is a useful optically active alcohol.

[0105]
When a carbonyl group-containing compound is

i-phenvlethanone derivative, which is one of an asymmetrilc
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ketone, represented by the following formula (1):
(0106}

[Chemical formula 5]

0
R o3

fﬁf' g
RZM—\ E )

[01L07]

wherein R} and R? are each independently a hydrogen atom, a

halogen atom, a hydroxy group, & substituted or unsubstituted
alkoxy group, a substituted or unsubstituted alkyl dgroup, an
amino group or a niltro group, and R' and R* may be the sane as
or different from cne ancther; R° is a hydrogen atom, a halogen
atom, a hydroxy group, or a substituted oxr unsubstituted alkyl

group;

the product is an optically active i-phenylethanol derivative
represented by the following formula (Z):

[0L08]

[Chemical feormula 6]

1 OH
R 3
R
ol
R {2)

\\
[0109]
wherein R', R®?, and R’ is the same as defined above.
f0110)]

When R* and R? is an substituted alkoxy or alkyl group,
ﬁhesubstituentlnaybeaahaloqeneﬂxmh<ahydroxylgromp,(mlamino

group, or a nifro group.

R? is a hydrogen atom, a halogen atom, a hydroxyl group,
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or @ substituted or unsubstituted alkyl group, and preferably
a hydrogen atom.
o112z

The above "halogen atom” means a fluorine, chlorilne,
bromine, or iodine atomn.
[0113]

When a compound having a carbonyl group is an asymmetric
methyl ketone compound represented by the following fTormula
{3):

[c114]

[Chemical formula 7]

O

A e
R

[0115]

wherein RY is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group, or & substituted
or unsubstituted alkynyl group,

the product is an optically active l-substituted-l-ethanol

derivative represented by the following formula (4):

[0116]

[Chemical formula 8]

OH
)\ @
R4
[G117]
wherein R' is the same as defined above.
[0118]

! ig a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group, or a substituted

or unsubstituted alkynyl groﬁp. RY 15 preferably a Cio alkyl
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group which may be substituted by a halogen atom, & hyvdroxyl
group, an alkoxy group, an alkoxycarbonyl group, an amino group,
or a nitro group. When the substituent 1s an alkoxy group, a
Ci.s alkoxy group is preferable. When the substituent i3 an
aikoxycarbonylgroup,51C35alkoxycarbonylgroupjjspreferable.
Examples of such a C:-s alkoxycarbonyl group include
methoxycarbonyl group and ethoxycarbonyl group.

[0119]

Vinyl is aiso preferable as an example of R°.
[0120]

[Tsolation and purification of an alcohol]

No particular limitation is put on a way for recovering
an alcohol or aldehyde compound from a reactlon mizture atter
the reaction. A highly-pure alcohol compound may caslly be
obtained by directly extracting, or extracting, after removing
cells,etc.,thealcoholcompoundfromthereactionnﬂxturewith
a solvent such as ethyl acetate, toluene, t-butyl methyl ether,
hexane, or methylene chloride, then dehydrating the extract,
and purifying the extract by distillation, recrystallization,

silica gel column chromatography, or the like.

EXAMPLES

[0121]

The present invention will be described below in detail
ent:

rt

with reference to Examples, but the scope of the prese
invention is not limited to these Examples. Detalled
procedures and so on concerning the recombinant DNA technolcgy
used in the following Examples are described in the following
Literatures:

Molecular Cloning 2nd Edition (Cold Spring Harbor Lamhoratory
Press, 1989}, Current Protocols in Molecular Biology (Greene
publishing Associates and Wiley-Interscience).

fo1zzi

(Example 1) Purification of a polypeptide

A polypeptide having ability to asymmetrically reduce
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acetophenone to produce (8) ~phenylethanol was separated from

candida maltosa LFO 1977 strain, and purified to isclate the

polypeptide in the following protocols. Purification was
performed at 4°C unless otherwise noted. Reducing activity To
acetophenone was determined in accordance with the procedures
describedpul[Methodikurevaluatingreducingabilitytoaaketone
or aldehyde compound].

(01233

(Cultivation of a microorganlsi

A liguid medium (400 mL, pH 7) containing LU g/T meat
extract, 10 g/L peptone, 5 g/L yeast extract, 3 g/L sodium
chloride, and 0.1 g/L ADEKA NOL LG-102 {a product of ADERA
CORPORATION) was prepared in a Z-L Sakaguchi flask and
steam-sterilized at 120°C for 20 minutes. This medium was
inoculated with 4 ml of culture fluid of the strain Candida
maltosa IFO 1977, which had been prepared in advance DY
preculture in the same medium, and the medium was
shake—-cultivated at 30°C for 60 hours.

[0124]
(Preparation of a cell-free éxtract)

Cells were collected by centrifugation from the above
culture fiuid, and washed with 0.8% aqueous sodium chloride.
These cells were suspended in 20 mM phosphate buffer (pH 8.0},
which contained 5 mM B-mercaptoethanol, and then the cells were
ultrasonically disrupted by SONIFIER 250 ultrasonic
disintegrateor (a product of BRANSON) . The cell residues were
removed from the resultant extract by centrifugation, whereby
a cell-free extract was chtained.

[0125]
(Thermal treatment)

The cell-free extract obtained according to the above
manner was treated at 60°C for 30 minutes, and then centrifuged
to remove inscluble matters. Thus, a thermally~treated
cell~free extract was obtained.

[0126]
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(DEAF-TOYOPEARL column chromatography)

The cell-free extract obtained according to the above
manner was applied to a DEARE~TOYOPEARL 650M column (25 ml;: a
product of Tosoh Corporation), which had been equilibrated in
advance with 20 mM phosphate buffer (pH 6.5) that contained 5
mM B-mercaptoethanol. Unnecessary fractions were thereby
adscrbhed.

101271
(Phenyl-TOYOPEARL column chromatography)

In active fractions, which were not adsorbed by the
DEAE~TOYOPEARL column chromatography, ammonium sulfate was
disscived so that the final concentration of ammonium sulfate
in the solution should be 0.92 M, and then precipitate was
renoved by centrifugation. Resultant supernatant was applied
to a Phenyl-TOYOPERRL 650 M column (60 ml; a product of Tosoh
Corporation), which had been eguilibrated in advance with 20
mM phosphate buffer (pH 6.5) that contained 0.02 M ammonium
sulfate and 5 mM P-mercaptoethancl. Active fractions were
thereby adsorbed. The column was washed with 20 mM phosphate
buffer (pH 6.5) that contained 0.66 M ammonium sulfate, and
active fractions were eluted with a linear gradient of ammonium
sulfate {(from 0.66 M to 0.26 M). The active fractions were
combined and dialyzed overnight with 20 mM phosphate buffer (pH
6.5) that contained 5 mM f-mercaptoethanol.

[01z28]
(Butyl-TOYOPEARL column chromatography)

in active fractions obtained by Phenyl-TOYOPEARL column
chromatography, ammonium sulfate was dissolved so that the
final concentration of ammonium sulfate in the solution should
be 0.92 M. Thus-obtained scolution was applied to a
Butyl-TOYOPEARL 650 M column (23 ml; a product of Tosoh
Corporation), which had been equilibrated in advance with 20
mM phosphate buffer (pH 6.5) that contalned 0.82 M ammonium
sulfate and 5mM B-mercaptoethanol, to adsorb active fractions.

The column was washed with the same buffer, and active fractions
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were eluted with a linear gradient of ammonium Sulfaté (fTrom
0.92Mto OM) . Electrophor@ticallywpure;polypeptidej;urified
sample was thereby obtained.
[0129]

Hereafter, this polypeptide is referred to as "RMA".
[013C]
(Example 2) Physicochemical properties of RMA

Physicochemical properties of RMA as obtained in the
above manner were studied. Each activity was determined in
accordancex&itheamethodsnsdescribedjjaIMethod for evaluating
oxidizing ability to an alcohol compound] .

[0131]
[Substrate specificity]

The activity of the RMA to oxidize (sy-2-butanol was
defined as 1003. Relative activity of the RMA to each substrate
was calculated as a percentage of oxidizing activity fTo a
substrate based on the oxidizing activity to (gy-2-hutancl
(100%). The results are shown in Table 1. Concentration of
each substrate under a condition for measuring oxidizing
activity was set as 1lllustrated in Table 1.
(01327
[Table 1]
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Substrates i Relative Activity (%)

(81 -2-butanol 50 100
(R)~Z~butancl 50 38
2-Propanol 100 Go
Z2-Pentanol 160 183
3-Pentanol 100 40
Z-0Octanol 5 134
Cyclohexanol 20 30
(8} -1-Phenylethanol 50 307
(sy-1,3~-RButandiol 50 9.5
(R) -1, 3-Butandiol 50 1.3
2, 4-Pentandicl 100 34
(2R, 4R) -2, 4-Pentandiol 50 0.5
(5)~1l-Amino-2Z~propanol >0 2.0
2-Hydrexybutyric acid 100 4.9
Methanol 100 0.6
Ethanol 100 5.0
1-Propanol 100 4.3
1-Butanci 100 6.0
(S} -1, 2=propandiol 50 0.7
(Ry-1,2-Propandiol 56 0.7
[0133]

[Optimum temperature]

Oxidizing activity to (S} -Z-butanol was determined under
4 standard reaction condition except that the temperature was
varied. The oxidizing activity at 60°C, which showed the
highest activity, was defined as 100%. Relative activity of
the BMA at a temperature was calculated as a percentage of
oxidizing activity at the temperature based on the oxidizing
activity at 60°C (100%). The results are shown in Table 2. The
temperaturenﬁﬂmﬁathatshowadz&alativeaativityofrmﬂ:lessthan
£0% was 45°C to 70°C.
[0134]

[Table 2]
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Temperature (°C) Relative BRctivity{3)

25 17
30 24
37 39
40 45
45 63
50 80
55 T 88
60 100
65 91
70 o0
75 29
80 9

85 o

10135]

(Stable range of temperaturel
In 50 mM tris-HC1 buffer (pH 8.0), RMA was treated at a
5 temperature of 30°C to 70°C for 10 minutes. Then, oxidizing
activity fo (3)-2-butancl was measured. The oxidizing
activity at 30°C was defined as 100%, and relative activity at
each temperature was calculaﬁéd as a percentage of oxidizing

activity at a temperature based on the oxidizing activity at

10 30°C (100%). The results are shown in Table 3.
[Cl36]
[Table 3]
Temperature (°C) Relative Betivity (%)
30 100
35 96
40 95
50 75
&0 37
70 9.4
[CL137]

15 [Optimum pH]
(s)~2-Butanocl-oxidizing activity was determined with 5C
mM peotassium phosphate buffer (pH 7 to pH 9), 50 nM tris-HCI
buffer (pH 6 to pH 8) or 50 mM glycine-sodium hydrozxide buffer

(pH 9 topH 10.5) while varying pH in the reaction mixture.- The
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highest,oxidizing‘activity'in.potassiUﬂiphosphate buffer at pd
9 was defined as 100%, and relative activity for each bulfer
andeach}ﬁiwascaiculatedaseapercentage<Jfoxidizingactivity
of a buffer at a certain pH based on the oxidizing activity in
potassium phosphate buffer at pH 9 (100%). The results are
shown in Table 4. The pH range that showed relative activity

of not less than 60% was pH 7.5 to pH 2.5.

[0138]
[Table 41
Buffer pH Relative activity (%)
Tris-HCl 7 47.5
buffer 7.5 60.2
8 B4.6
£.5 87.8
S 100.0
Potassium phosphate 8 41,1
buffer 6.5 44 .3
7 52.9
7.5 69,8
8 76.5
Glycine~sodium hydroxide 9 &7.7
buffer 9.5 61.¢9
10 39.0
1G.5 34.1
(01391

[Stable range of pH]

BMA was treated in 50 mM tris-HCl buffer (pH 8.0 to pH
9.0) and in 50 mM Britton-Robinscon buffer {pH 5.0 to pH 12.0)
at 30°C for 30 minutes. Then, oxidizing activity To
(5y-2-Butancl was determined. Activity of the untreated RMA
was defined as 100%, and relative activity for a treated sample
was calculated as a percentage of oxidizing activity of the
treated sample based on the oxidizing activity of the untreated
EME (100%). The results are shown in Table 5. The pH range
rhat showed relative activity of not less than 80% was pH 5.5
to pH 7.5.
(0140]
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{Table 5]
Buffer pH rRelative activity (%)
4 . 21
Britton-Robinson 5 56
huffer 5.5 31
o 87
6.5 g9
7 583
7.5 g1
3 42
8.5 5
9 1
9.5 )
Tris-HCL 8 59
bhuffer 8.5 32
S 16
[0141]
[Inhibitor]

RMA was treated at 30°C for 30 minutes in the presence
of agents as shown in Table 6. Concentrations of agents at the
time of treatment are illustrated in Table 6. Then, oxidizing
activity to (8)-2-Butanol was determined in accordance wilith a
methoda&:describedjjl[Methodjiﬁfevaluatingoxidizingability
to an alcohol compound]. Activity of the untreated RMA was
defined as 100%, and relative activity for each treated sample
was calculated as a percentage of oxidizing activity of the
treatedsamplebasedcthh@activityofiﬁmauntreat@jRMA(IOO%).
The results are shown in Table 6. Ethylenediaminetetraacetic
acid, o-phenanthroline, mercury chloride, copper sulfate, or
sinc sulfate inhibited RMA, whereas Z2-mercaptoethanol,
dithiothreitol did not.

[(0142]
[Tabhle 6]
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Treatment
Inhibitor concentration of
inhibitor (md)

Relative
activity (%)

Crotonic acid 50 10.4
Phenylmethanesulfonyl fluoride 1 96,0
N-Ethylmaleimide 1 94,7
Iodoacetic acid 1 78.9
Ethylenediaminetetraacetic acid i 12.2
o-Phenanthroline 1 G.0
HgCl, 1 0.0
Cuso, 1 28.5
Znso, 1 23.1
Dithiothreitol 1 9z .2
p~Mercaptoethanocl 1 895.4
p-Hydroxybenzoic acid 1 91.5
p-Chloromercuribenzoate 0.05 6.3
NH,OH 0.01 96.1

[0143]
{Molecular weight]

Molecular weight of RMA in reducing sDhS-polyacrylamide
electrophoresis was determined as approximétely 39,000 based
on the difference between RMA and a molecular weight standard
protein in their mobility.

01447
(Example 3) Substrate specificity of RMA in carbonyl reducing

activity

Tn 100 mM phosphate buffer (pH 6.5), which contained 0.3%
(v/v) dimethyl sulfoxide, a substrate carbonyl compound and a
coenzyme NADH were dissolved s0 that final concentration of the
carbonyl compound should be 1.5 mM and that of the NADH be 0.25
mM. In the resultant solution, an appropriate amount of
purified RMA, which had been prepared in Example 1, was added,
and then allowed to react at 30°C for 3 minutes. Reducing
activity to each carbonyl compound was determined from reducing
rate of absorbance for a reaction mixture at the wavelength of
340 nm. Reducingamtivityﬁx)acetophenonexMaSdefined‘asEOO%,

and determined reducing activity was converted Lo a relative
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value to reducing activity to acetophenone. The results are
shown in Table 7. As is apparent from Tabie 7, RMA showed
reducing activities to a wide variety of carbonyl compounds.
[0145]

[Table 7]
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relative Relative
Carponyl compounds activity Carbonyl compounds activity
(%) (%)

Acetone 28 2—Phenypropionaldehyde 37
2-Butanone 54 3-Phenypropionaldehyde 112
Z-Pentanone 141 Propicnaldehyde 39
Z-Hexanone 87 n-Butyraldehyde 117
2-Heptanone B2 n-Hexylaldehyde 117
Z-0Octanone 95 Zlutaraldehyde 5
3-Cctanone 3 Benzaldehyde 29
Chloroacetone g2 m~Chlorobenzaldehyde 87
4~Methyl-Z-pentanone 70 p-Chlorobenzaldehyde > 1
Methyl iso-propyl ketone 4 o-Hitrobenzeldehyde 29
Methyl vinyl ketone 94 m-Nitrobenzaldehyde 28
Cyclopentanone 10 p-Nitrobenzaldehyde 27
Acetophenone 100 2-Pyridinecarbaldehyds 11
o-Chlorocacetophenone 2 4-Pyridinecarbaldehyde 5
o—Methoxyacetophenone 10
o-Hydrozyacetophenone 9 Methyl pyruvate 71
m-Chloroacetophenone 130 mthyl pyruvate 87
m-Methoxyacetophenone 111 Methyl Z-oxodecanate 2
m-Hydroxyacetophenone 1z Ethyvl 4-chloroacetoacetate 52
m-Nitroacetophenone 89 Methyl d-chlorcacetcacstate 35
p-Chloroacetohenone 130 Ethyl 3-oxcbutanocate ]
p-Flucreacetophencne 110 Ethyl 3-oxohexanate 2
p-Methylacetophenone a1l Benzyl acetocacetate 115
Ethyl 4-acetylbenzoate 70 n-octyl 4-chlorcacetoacetate 24
i;g?i;ig;ii;i;ganome 20 Ethyl 4-azideacetcacetate 21
Benzylacetone 33 Ethyl 4-benzyloxyacetoacetate 1

Ethyl 2-chloroacetoacetate 26
Z-Rcetylpyridins 53 rert-~Butylacetoacetate 88
3-hAcetylipyridine 19 Methyl acetoacetate 66
4-pcetylpyridine 83
5—Ace?y}zuroiz.j— 63 Acetoaceteanilide 1
cipyridine
Acetypyrazine 7a o-Beetoacetanisidide 35
Z2-hAcetyrfuran 8 N-Acetoacetyl-p-toluidine 2
Tetrahydrothiophen-3-one 4 4'—-Chroloacetoacetanilide 4

21 ,5'-Dichloro acetoacetanilide 24
3-Chloro-2,4-pentadicne 43 Acetcacetamide 10
Acethylacetone 19
diacethyl 24
[014d6]

(Example 4) Acguisdition of a DNA coding for RMA
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(Construction of PCR primers)

Purified RMA, which had been cbtained in Exampie 1, was
denatured in the presence of 8 M urea, and then digested with
schromobacter-derived lysyl endopeptidase (available from
Wake Pure Chemical Industries, Ltd.). Then, the amino acid
sequence of thus-obtained peptide fragment was determined by
ABI4A92-type proteln sequencer (a product of PerkinElmer).
Based on a DNA seguence which was expected from the aminc acid
seguence, primer 1: 5t —GGTGATTGGTTYGETTTRGG-3" (SEQ IDNC:3 in
the sequence listing), and primer 2
51 -QWAGCACCYARACCAACTGG-3" (SEQ ID NO:4 in sequence listing) ,
which were for amplifving a part of a gene that codes for RMA
in PCR, were synthesized.

(01473
(Amplificaticn of a gene through PCR})

Chromosomal DNA was extracted from cells of Candida

maltosa IFO 1277 stralin, which had been cultivated in a similar

™

manner to Example 1, with GENtorukun (a product of Takara Blo
Inc.) in accordance with the condition illustrated in an
instruction manual. Then, FCR was carried out with the DNA
primers 1 and 2, which nhad been prepared in the above manner,
in the presence c¢f the cbtained chromosomal DNA as a template.
As a result, an about 0.5 kbp DNA fragment assumed to be a part
of a target gene was amplified. PCRwWas carried out with TaKaRa
Ex Taqg (a product of Takara Bio Inc.) as a DNA polymerase under
s reaction condition as illustrated in an instruction manual.
ThisDNAfragmentwassubject@jtodirectsequencingwithBigDye
Terminator Cycle Sequencing Kit (a product of Applied
Biosystems) and Applied Biosystems 3130x1 Genetic Analyzer (a
product of Applied Biosystens), and thereby the base sequence
of the DNA fragment was analyzed. The hase seguence acgulred
ig illustrated as SEQ ID NO:5 in the sedquence listing.
[(0148]

(Determination of complete sequence of a target gene by inverse

PCR method)
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Chromosomal DNA of Candida maltosa IFO 1977 stralin, which

had been prepared in the above manner, Was completely digested
with a restriction enzyme Bgll or Muni or Xbai, and then the
thus—-obtained mixture of DNA fragments was
intramoleculariy-cyclized with T4 ligase. With the cyclized
product as a template, the complete base sequence of RMA gene,
which included the above base sequence shown under SEQ ID NO:5
in the sequence listing, was determined by inverse PCR method
(Nucl. Acids Res., 16, 8186 (1988)). The result is shown under
SEQ ID NO:2 in the seguence listing. Inverse PCR was carried
out with Pyrobest DNA Polymerase (a product of Takara Bio Inc.)
as & DNA polymerase, and the reaction condition was followed
by the condition illustrated in an instruction manual. In
addition, an amino acid sequence coded by the base sequence
shown under SEQ ID NO:2 was illustrated in SEQ ID NO:1.
[0149]

(Example b) Construction of & recombinant vector pPNCM

DCR was carried out with primer 3:
5'—GGGAATTCCATATGTCAATTCCATCTACTCAATAC*3'(SEQ ID NOo:6 in the
sequence listing), primer 4:

S CCOGCRATTCTTATGCGATGGARAACRACTCTACC-3" (BEQ TD NG:7 in the
sequence listing) in the presence of the chromosomal DNA of

Candida maltosa IFO 1977 straln as a template. As a resuit,

adouble-stranded DNA was obtained, inwhich an Ndel recognition

e 4

sife was inserted in a initiation codon positlon, and an EcoRI
recognition site was inserted at a position immediately
downstream of the termination codon, in the gene that consisted
of the base sequence shown under SEQ 1D NO:2 in the seguence
iisting. PCR was carried out with Pyrobest DNA Polymerase (a
product of Takara Blo Inc.) as DNA polymerase, and the reaction
condition was followed by the condition illustrated in an
instruction manual.
[0150]
I&DNAfragmentobtain@dbyﬁjmaabovePCR»ﬁmsdigestedvmtb

Ndel and EcoRI, and then inserted at the site between The Ndel
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recognition site and the BcoRI recognition site, downstream of
the lac promoter of the plasmid PUCNLE {a plasmid constructed
by replacing "T" at the 185th position with "A" of pUCl8 (&
product of Takara Blo Inc., GenBank Accession No. L08136) by
PCR to destroy the Ndel site, and further replacing "GC" at the
47lstand472ﬁdpositionswith"TG“tointtoducee&na&NdeIsite).
Thus, a recombinant vector pNCM was constructed. The method
forconstructing;ﬁEMemmﬁthestructurethereofarejliustrated
in Fig. 1.

[0151]

(Example 6) Construction of a recombinant vector pNCMG that

further contains a glucose dehydrogenase dene

PCR was carried out with primer 5:
5V COGBAT TCTARGGAGGT TARCAATGTATAARG-3" (SEQ ID NO:8 in the
sequence listing) and primer 6:
51 - ACGCGTCGACTTATCCGCGTCCTGCTTGE-3 (SEQ ID NO:% in the
$equencelisting)jjltbepreseﬁcecﬁftheplasmidpGDKl {a person
skilled in the art could acguire or prepare the plasmid in
sccordance with the way as described in Eur. J. Biochem., 186,
389 (1989)) az a template. As a result, a double-stranded DNA

was obtained, in which a ribosome binding site of Escherichia

coli was inserted at & position 5-base upstream Irom the
initiation codon of a glucose dehydrogenase {(hercafter to be
abbreviated as “GDH?) gene that was derived from Bacillus

megaterium ITAM 1030 strain, and an TcoRL recognitlion site was

insertedimmediatelyupstreamcﬁftheribosomebindimgsite,and
further, Sall recognition site was inserted immediately
downstream of the termination codon.
101521

Thus-obtained DNA fragment was digested with EcoRI and
Sali, and then inserted at the site between the FcoRI
recognition site and the Sall recognition site, downstream of
the RMA gene of the plasmid pNCM as described in Example 5 To
construct a recombinant vector pNCMG. The method for

constructing pNCMG and the structure thereof are illlustrated
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(Example 7) Construction of a recombinant vector pNCMET that

1

[

further contains formate dehydrogenase gene

PCR was carried out with primer 7:
5 ACCACCGAATTCTAAGGAGGT TARCAATGGCGARR-3! (SEC ID NO:10 in
the sequence listing), primer 8:
5t _CCACCAGAGCTCTCAGCCGECCTTCTTGARC-3T  (B5EQ D NO:11l in the
sequence listing), primer 9:
51 —TCGECATCCACGAGTTCCTTCTCGARCAC-37 (SEQ 1D NO:12 in the
sequence listing), primer 10:
51 GTGTTCGAGARAGGAACTCGTCGACGCCGA-3" {SEQ 1D NO:13 in the
seguence listing) in the presence of the plasmid p¥FT002 (a
person skilled in the art could acquire or prepare the plasmid
in accordance with the way as described in WO 2003/031626) as
a template. ZAn about 0.3 kbp double-stranded DNA was produced
by combining the primers 7 and g, and an about 0.9 kbp
doublewstrandedlﬁﬁ&wasproduced&x{combining1ﬁuaprimers8 and
10. Then, a combination of primers 7 and 8 was subjected to
PCR with a mixture of these double-stranded DNAs as templates.
As a result, a double-stranded DNA was obtalned, in which a

ribosome binding site of Escherichia coli was inserted at a

position S-base upstrean from the initiation codon of a formate
dehydrogenase (hereafter to be abbreviated as “FDH”) gene of

Thiocbacillus sp., which had peen constructed by replacing "G"

a2t the 354th position of the base sequence that is shown under
SEQ ID NO:3 in sequence listing of WO 20037031626 with "A", and
an EcoRI recognition site was inserted immediately upstream of
the ribosome binding site, and further an sacl recogniticn site
was added immediately downstream of the termination codon.

Thus—obtained DNA fragment was digested with EcoRI and Sacl,
and then inserted at the site between the EcoRl recognition site
and the Sall recognition site, downstream of the RMA gene of
the plasmid pNCM as described in Example 5 fo construct a

recombinant vector pNCMFT. The method for constructing pNCMET
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and the structure thereof are illustrated in Fig. 1.
[0154]

(Exanple 8) Construction of a transformant

E. coll HB1OL (pNCM) was produceclby'transforming‘girgggg
HR101 competent cell{a product of Takara Bio Inc.) with the
recombinant vector pNCM, which had been constructed in Example
5.
(0155}

§;799£3H3101(pNCMG)vmmsproducedknftransforminggilggii
HB101 competent cell (a product of Takara Bio Inc.} with the
recombinant vector pNCMG, which had been constructed in Exampie
G.
[0156]

FE. coli HBLOL{pNCMET] was vroduced by transforming E.

coli HR101 competent cell(a product of Takara Bilo Inc.) with

*he recombinant vector pNCMFT, which had been constructed in
Example 7.
[0157]
(Exanple 2} Expression of DNA in a transformant

Three transformants cobtained in Example 8, and E. coli
HB10L (pUCNL8) (Comparative example), which is a transformant
containing a vector plasmid pUCNILS, were each inoculated into
a 5ml of 2 x YT medium (tryptone 1.6%, yeast extract 1.0%, NaCl
0.5%, and pE 7.0), which contained 200 pg/ml of amplicillin, and
then shake-cultivated at 37°C for 24 hours. Cells weare
collected by centrifugation, and suspended in 5 ml of 100 mM
phosphate buffer (pH 6.5). Cells in the obtained suspension
were disrupted with UH-50 ultrasonic homogenizer {a product of
SMT Co., Ltd), and then cell residue was removed by
centrifugation, to give a cell-free extract. The
acetophenone-reducing activity by RMA, GDH activity, and FDH
activity were tested on this cell~free extract.
[0158]

reducing activity to acetophenone was determined in

accordance with a manner as described in the above [Method for



Ot

10

20

25

48

evaluating reducing ability to a ketone or aldehyde compound] .
The GDH activity was determined by, first, adding 0.1 M glucocse,
2 mM coenzyme NAD, and crude enzyme liguidin 1 M tris-HCI buffer
(pH 8.0), then allowing the mixture to react at 25°C for 1 minute
and calculating the GDH activity from increasing rate of
absorbance for the reaction mixture at the wavelength of 340
nre. The FDH activity was determined by, First, adding 0.5 M
formic acid, 2 mM coenzyme NAD, and crude enzyme liquid in 100
mM phosphate buffer (pH 7.0}, then allowing the nixture to react
at 30°C for 1 minute and calculating the FDH activity from
increasing rate of absorbance for the reaction mixture at the
wavelength of 340 nm. Under these reaction conditions, enzyme
activity 1 U was defined as enzyne activity that reduced 1 um
of NAD to NADH per minute.

[0159]

RMA, GDH and FDH were summarized in Table 8 as specific
activities. As illustrated in Table 8, acetophenone-reducing
activity and RMA expression were observed for three
transformants as obtained in Example 8. Also, GDH expression
was observed Ior @LAQQ;EHHBlOl(pNCMG), which contained the GDX
gene,emndiﬁﬂiexpressiomw&asobservedEﬁnrgigggggﬁBlﬁl(pNCMFT),

which contained the FDH gene.

[0160]
[Table 8]
RMA GDH FDH
. . specific specific specific
strain activity activity activity
(U/mg) (U/mg) (U/mg)
E. coli HB1O1 0 0 0
E. coll HB10Ol (pUCHNL1B) 0 0 0
. coli HBRLOL {pNCM) 21.06 0 0
T. coli HBRIOL (pNCMG) 17.7 42 .5 0
E. coli HB1O1 (pNCMET) 14.7 0 3.4
[o1el]

(Example 10) Productioncﬁf(S)—phenylethanoliﬁiﬂntransformant

E.coll HBLOL (pNCM)
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E. coli HB1O1 (pNCM) was cultivated in a similar manner
to Example 9, and then celis were disrupted with an ultrasonic
homogenizer. Thus,loﬁzMJOfthecell—ireeextractwasproduced,
ina 100-mL portion of this cell-free extract, 700U of a glucose
dehydrog@nase(Tradename:GLUCDH”Amano"II,eaproductofﬁmano
Enzyme Inc.), 17 g of glucose, 3 mg of NADY, and 10 g of
acetophenone were added, and the miwture was stirred at 30°C
for 20 hours while controlling the pH of the reaction mixture
to 6.5 with 5 N aqueous sodium hydroxide, which was added
dropwise to the mixture. After the reaction, the reaction
mixture was extracted with toluene, and combined organic layer
was dried over anhydrous sodium sulfate. Removal of sodium
sulfate, and evaporation of crganic solvents from the organic
layer vielded 9.8 g of (5} -phenylethanol. The product
(S)—phenylethanolv&ﬁsaﬁalyzedjjaaccordancewithtﬂuaIﬁnaiysis
condition (1) for gas chromatographyl as described above, and
found that the optical purity of the product was 82.9%% e.e. OF
higher.

(0162}

(Example 11) producticn of (3)-phenylethanol with transformant
E. coli EBL1OL (pNCMG)

culture fluid was obtained by cultivating E. coll

HB101 {pNCMG) in a similar manner to Example 9. In a 100-mL
portion of the culture fluid, 17 g of glucose, 3 mg of NAD',
and 10 g of acetophenone were added and the mixture was stirred
At 30°C for 20 hours while controlling the pH of the reaction
mixtureix)6,5with5}qaqueousSodimnhydroxide,whidnwasadded
dropwise to the mizture. After the reaction, the reaction
mixture was extracted with toluene, and combined organic layer
was dried over anhydrous sodium sulfate. Removal of sodium
sulfate, and evaporation of organic solvents from the organic
layerumderreducedpressureyielded9.9;;of(S)—phenylethanol.
The product (5)-phenylethanol was analyzed in accordance with
the [Analysis condition (1) ZIor gas chromataography] as

describad above, and found that the optical purity of the
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product was 29%.9%% e.e. or higher.
[0163]
{(Example 12) Production of (3)~phenylethanol with transformant

F. coll HBLO1 (pNCMET)

culture fluid was obtained by cultivating E. coll

HB1O0L (pNCMFT) in & similar manner to Example 9. In a 100-nbL
portion of the culture fluild, 2.8 g of sodium formate, 3 ng of
NADY, and 10 ¢ of acetophenone were added, and the mixture was
stirred at 30°C for 20 hours while controlling the pH of the
reaction mixture to 6.0 with 5 N aquecus formic acid, which was
added dropwise to themixture. Afrer the reaction, the reaction
mixture was extracted with toluene, and combined organic layer
was dried over anhydrous sodium sulfate. Removal of sodium
sulfate, and evaporation of organic sclvents from the organilc
iayerunderredacedpressureyielded9.8g;of(S)wphenylethanol,
The product {(8)-phenylethanol was analyzed in accordance with
the [Analysis conditicn (1} for gas chromatographyl as
described above, and found that the optical purity of the
product was $9.9% e.e. or higher.

[0164]

{(Example 13) Production of (5} -3-buten-2~0l with transformant
coli HB1O1 (pNCM)

F. coli HBLOL (pNCM) was cultivated in a similar manner

]

to Example 9, and then cells were disrupted with an ultrasonic

homogenizer. Thus,100rﬂgofthecell—freeextractwasproduced.
ﬁla100—m&poztioncﬁfthisC@ll—freeeeract,2000(Jofeaqlucose
dehydrogenase(Tradename:GLUCDH“Amano”II,eaproductofAmano
Tnzyme Inc.), 18.4 g of glucose, and 10 mg of NAD" were added,
and the mixture was stirred at 30°C. 1In the mixture, 1.05 g
of methyl vinyl ketone was added and continued stirring at 30°C
while controlling the pH of the reaction mizture to 5.5 with
5 N agueous sodium hydroxide, which was added dropwise to the
mixture. Five more portions of 1.05 g of methyl vinyl ketone
were added every 15 minutes {(total added amount of methyl vinyl

ketonewas 6.3 g) . nfter 19-hour reaction, the reactionmixture
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was repeatedly extracted with 200 ml of methylene chloride five
times, and obtained organic layers were combined, followed by
drying over anhydrous sodium sulfate. Sodium suliate was
removed by filtration and organic solvents were eliminated by
evaporation under an ordinary pressure. The residue was
distilled under an ordinary pressure to yield 4.5 g of
(5} ~3-buten-2-0l (Boiling point: 96°C}). The cptical purity of
the product was 99.6% e.e. Yield of (S)-3-buten~2-ol was
determined from an analysis under the below condition for gas
chromatography.
[0185]
(Analysis condition for gas chromatography]
Column: InertCapb (30mx 0,25 mm; a product of GL Sclences Inc.)
Detector: FID
Carrier gas: Helium
Column temperature: 35°C

Optical purity of the produced 3-buten-z2-cl was
determined by first converting the 3-buten-2-ol into a
corresponding dinitrobenzoyl compound, and then analyzing the
compound by HPLC. Conversion of 3-buten-2-ol into the
corresponding dinitrobenzoyl compound was carried ocut as
follows. 3~Buten-2-ol was extracted from the reaction mixture
with methylene chloride, then triethylamine and
3, 5-dinitrbenzoyl chloride (1.2 equivalents to 3-buten-2-ol)
were added to extracted 3-buten-2-ol, and the mixture was
stirred at a room temperature for 2 hours. The reacticn mixture
waswashedwith}vNaqueousHCl,andthenpurifiedbypreparative
thin~layer chromatography. Thus—cobtained fraction was
dissolved in ethanol, andiﬁuﬂlanalyzmjuﬂderiﬂuzcondition,for
high p@rformance_liquid chromatography as listed bhelow.
[0166]
[Analysisconditioncﬁfhighperformanceliquidchromatography]
Ccolumn: Chiralpak AD-H (250 mm x 4.6 mm, a product of Daicel
Chemical Industries]

#luent: n-hexane/ethanol = 7/3
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Fiow rate: 1.0 ml/min

Detection: 245 nm

Flution time: S form: 17.2 minutes, R form: 11.0 minutes
{0167}

(Example 14) Production of (3)-3-buten—-2-o0l with transformant
E. coli HBL1OL (pNCMG)

culture fluid was obtained by cultivating E. coli

HB101 (pNCMG) in a similar manner to Example 9. In a 100-mL
portion of the culture Fluid, 7.1 g of glucose, 10 mg of NADT,
and 5 ¢ of EMULGEN 810 (a product of Kao Corporation} were added,
and the mixture was stirred at 30°C for 10 minutes. In this
mixture, 2.63g;oflnethyl‘vinyl,ketonewﬁﬁsaddedJ and the mixture
was continued stirring at 30°C while controlling the pH of the
reactionmﬂxturetx>5°5with536aqueoussodiwnhydroxide,which
was added dropwise to the mixture. After 3-hour reaction, the
reaction mixbture was repeatedly extracted with 200 ml of
methylenecﬁloridefivetimes,andobtainedorganiclayerswere
combined, followed by dryving over anhydrous sodium sulfate.
Sodium sulfate was removed by filtration and organic solvents
wereeliminataﬂbyevaporatianunderancmdinarypressure. The
residue was distilled under an ordinary pressure to yvield 2.54
g of (S)-3-buten-2Z~ol. The optical purity of the product was
95.2% e.e. Yield and optical purity of (8)-3-buten-2~0l were
determined;hiaccordanceiﬁith%juamanneramsdescribedilexample
13.

(01687

(Example 15) Production of (5) -3-buten-2-ol with transformant
2. coli HBLOL (pNCMET)

culture Fluid was obtained by cultivating E. coll

HBL1OL (pNCMFT) in a similar manner to Exemple 9. In a 100-mbL
portion of the culture Fluid, 1.94 g of sodium formate, and 10
mg of NAD® were added, and the mixture was stirred at 30°C. In
this mixture, 0.525 g of methyl vinyl ketocne was added, and the
mixture was continued stirring at 30°C while controlling the

pH of the reaction mixture Lo 5.5 with 5 N aguecus formic acid,
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which was added dropwise to the mixture. Seven more portions
of 0.525 g of methyl vinyl ketone were added every 30 minutes
(total added amount of methyl vinyl ketone was 4.2 g). After
19—hourreaction,thereactionmixturewasextractedxep@atedly
Wwith 200 ml of methylene chloride five times, and chtained
organiclayerswerecombined,followedknzdryingoveranhydrous
sodium sulfate. Sodium sulfate was removed by filtration and
organic solvents wers eliminated by evaporation under an
ordinary pressure. The residue was distilled under an ordinary
pressure to vield 3.24 g of (8) -3~buten-2-ol. The optical
purity of the product was 96.3% 2.e. Yield and optical purity
of (S)-3-buten-2-ol were determined in accordance with the
nanner as described in Example 13.
[0169]
(Example 16) Production of (S) —2-hydroxy~S5-pentancl with
transformant T. coli HB1O1 (pNCMG)

Culture fluid was obtained by cultivating E. coli

HB101 {pNCMG) in a similar manner to Example 9. In a 50-mbL
portion of the culture fluid, 21.2 g of glucose, 2.5 mg of NAD',
and 10.0 g of 2-oxo-5~pentanol were added, and the mixture was
continued stirring at 30°C while conftrolling the pH of the
reactionmixture to 6.5with 5N agqueous sodium hydroxide, which
was added dropwise to the mixture. After 45-hour reaction,
cells were removed from the reaction mixture by centrifugation.
The resultant solution was repeatedly extracted with 200 nl of
ethylacetatei%times,and@btainedorganiclayerswerecombined,
followed by drying over anhydrous sodium sulfate. Sodium
sulfate was removed by filtration and organic solvents were
eliminated by evaporation under an ordinary pressure. Then,
solvents were evaporated, to yileld 8.68 g of
(8)~2-hydroxy~5-pentancl. Optical purity of the produced
(S} -2~hydroxy-5-pentancl was 23.2% e.e. vield of
(5)-2-hydroxy-5-pentanol was determined under the following
condition (a) for gas chromatography, and optical purity

thereof was determined under the following condition (b} for
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gas chromatography.

[0170]

[Analysis condition {(a) for gas chromatography]

Column: InertCapb {30mx 0.25mm; a product of GL Sclences Inc.)
Detector: ¥ID

Carrlier gas: Hellum

Column temperature: 80°C

(01711

{Analysis condition (b) for gas chromatography]

Column: InertCap CHEIRAMIX (30 m x .25 mm; a product of GL
Sciences Inc.)

Detector: FID

Carrier gas: Helium

Column temperature: 20°C

Elution fime: S—form: 17.2 minutes, R-form: 18.3 minutes
(01721

(Example 17} Production of methyl (8)~3-hydroxybutyrate with
transformant E. coli HEB1OL {pNCMFT)

culture fluid was obtained by cultivating E. coll

HBLOL (pNCMFEFT) in a similar manner to Example 9. In a 100-mL
portion of the culture fluid, 2.8 g of sodium formate, 3 mg of
NAD", anle(gofﬁ@thylacetoacetatewereadded,andthenﬁxture
was stirred at 30°C for 20 hours while contreolling the pH of
the reaction mixture to 6.0 with 5 N aqueous formic acid, which
was added dropwise to the mixture. After the reaction, the
reaction mixture was extracted with toluene, and combined
orqaniclayerwascﬁiedoveranhydroussodiumsulfate. Removal
of sodium sulfate, and evaporation of organic solvents from the
organic layer under reduced pressure vielded 9.7 ¢ of methyl
(8)-3-hydroxybutyrate. The optical purity of the product was
99% e.e. or higher. VYield of ethyl (S)-3~hydroxybutyrate was
caleculated based on the analysis under the following condition
for gas chromategraphy.

[0173]

[Analysis condition of gas chromatography]
- iy
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Column: TC-WAX {15 m x 0.25 mm; a product of GL Sciences Inc.)
Detector: FID
Column temperature: 85°C
Injector temperature: 200°C
Detector temperature: 200°C
Carrier gas: Helium (70kPa)
Split ratio: 100/1
Elution time: methyl acetoacetate: 2.2 minutes, methyl
3-hydroxybutyrate: 3.8 minutes
[0174]

Optical purity of the produced methyl
(8) -3~hydroxybutyrate was determined by first converting the
methyl {S)-3-hydroxybutyrate into a corresponding
dinitorobenzoyl compound, and then analyzing the compound in
accordance with the following condition feor high performance
liquid chromatography. Conversion of methyl
3~-hydroxybutanocate into the corresponding dinitorcbenzoyl
compound was carried out as follows. Methyvl
3—hydroxybutanoatevwnsextractediﬁxmlthereactionn&xtureu@th
ethyl acetate, then pyridine and 3, 5-dinitrobenzoyl chloride
(1.2 eguivalents to methyl 3-hydroxybutanoate) was added to
extracted methyl 3~hydroxybutancate, and the mixture was
stirred at a roonm temperature for 2 hours. The reactionmixture

waswashedwith]QNaqueousHCl,andthenpmxifiedby§meparative

thin-layer chromatography. Thus-obtained fraction was
dissolvedjjlethanol,anmithenanalyzajundertﬁmefollowingHPLC
condition.

[0175]

[Analysis condition for high performance liguid
chromatography] “
Column:Chiralpak?ﬂ%&I(aproductcﬁ?DaicelChemicalEndustries,
Ltd. )

Detection wavelength: Z30 nm

Column temperature: 20°C

Eluent: n~hexane/ethanol = 3/7
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Flow rate: 0.7 ml/min
Elution fime: (8)-form: 21.7 minutes, (R)-form: 28.8 minutes
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CLAIMS

1. A DNA which is any one of the following DNAs (&), (B), (C),
and (D) :
(A) a DNA comprising the base seguence shown under SEQ ID NO:2 in
the sequence listing;
(B) a DNA hybridizable under a stringent conditicon with a DNA that
comprises the base sequence complementary to the base seguence shown
under SEQ IDNO:2 in the sequence listing, and coding for a polypeptide
that has activity to react with acetophenone to reduce into
{S)~1l-phenylethanocl,

wherein said DNA hybridizable under a stringent condition is
obtainaile by hybridization with a filter in the presence of 0.7 to
1.0 M NaCl at 65 °C, followed by washing the filter with a 0.5-fold
concentration of $3C solution at 65 °C;
(C) a DNA having sequence identity of B85% or higher to the base
sequence shown under SEQ ID NO:2 in the sequence listing, and coding
for a polypeptide that has activity to react with acetophenone to
reduce into ($)-i-phenviethancl; and
(D) a DNA comprising a base sequence that results from deletion,
insertion, substitution and/or addition of one base or 150 or less
bases in the base seguence shown under SEQ ID NC:2 in the seguence
listing, and coding for a polypeptide that has activity to react with

acetophenone to reduce intce (S)-l-phenylethanol.

Z. A polypeptide having the following physicochemical
properties (1) tc (6):

(1) Action:

The polypeptide oxidizes an alcchol with NAD' as a coenzyme
to produce a ketone or an aidehyde, or reduces a ketone cr an aldehyde
with NADH as coenzyme to produce an alcochol;

{Z) Substrate specificity:

A substrate inoxidation reaction isanaliphaticalcohol which
may have an aromatic substituent, and the polypeptide preferentialily
oxidizes (8)~-2-butancl in compariscn with (R)-Z-butancl; and a
substrate in reduction reacticn is a ketone or an aldehyde, and the
polvpeptide reacts with acetophenone to reduce into

{3)~-1-phenylethanol;
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(3) Molecular weight:

The meclecular weight of the polypeptide is approximately
39,000 as determined by reducing SDS-polyacrylamide gel
electrophoresis;

(4) Stability in pH:

Stable pH range of the polypeptide is 5.5 to 7.5;
(&) Optimum temperature:

Optimum temperature of the polypeptide for action is 45°C
to 70°C;

{6} Inhibitor:

Enzyme activity of the polypeptide is inhibited by
ethylienediaminetetraacetic acid, o-phenanthroline, mercury
chloride, copper sulfate or zinc sulfate, whereas is not

inhibited by Z-mercaptoethanol or dithiothreitocl.

3. The polypeptide according to claim 2,
which is derived from a microorganism that belongs to the

genus Candida.

4. The polypeptide according to claim 3,

wherein the micrcorganism 1is Candida maltosa.

9. A polypeptide which is any one of the following

polypeptides (a), (b)), {(c), and {(d):

{a) Apolypeptide comprising the amino acid sequence shown under
SEQ ID NO:1 in the sequence listing;

{b) Apolypeptide comprising an amino acid sequence that results
from deletion, insertion, substitution and/or addition of one
amino acid residue or 50 or less amino acid residues in the amine
acid sequence shown under SEQ ID NC:1 in the seqguence listing,
and having activity to react with acetophenone to reduce into
(S)-1-phenylethancl;

(c) A peolypeptide having sequence identity of 85% or higher to
the amino acld sequence shown under SEQ ID NO:1 in the sequence

listing, and having activity to react with acetophencne to
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reduce into (3)-l-phenylethanol; and

(d) A polypeptide encoded by the DNA according to claim 1.

6. A DNA coding for the polypepiide according to any one
of zlaim 2 to 5.

7. A vector comprising the DNA according to claim 1 or

8. The vector according to claim 7, further comprising
a DNA that codes for a polypeptide with ability to reproduce

a reduced coenzyme.

9. The vector according to claim 8,
wherein the polypeptide with ability te reprocduce a
reduced coenzyme is glucose dehydrogenase or formate

dehydrogenase.

10. & transformant
which is producible by transformation of a host cell with

the vector according to any one of claims 7 to 9.

11. The transformant according to claim 10,

wherein the host cell is Escherichia coll.

12. A method for producing an alcohol comprising

reacting the pelypeptide according to any one of clailms
2 to 5, or the transformant according to claim 10 or 11, and/ox
a processed product of the transformant with a carbonyl

group-containing compound.

13. The method for producing an alcohol according to claim
iz,
wherein the carbonyl group-containing compound is an

asymmetric ketone, and a product therefrom is an optically
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active alcohol.

i4. The method for producing an alcohol according to claim
13,
wherein the asymmetric ketone is a l-phenylethanone
derivative represented by the following formula (1):
[Chemical formula 1]
O
Ri’ “xx’ﬁa
[0
R |

\\\

{1}

wherein R* and R* are each independently a hydrogen atom, a
halogen atom, a hydroxy group, a substituted or unsubstituted
alkoxy group, a substituted or unsubstituted alkyl group, an
amino group or a nitro group, and R' and R® may be the same as
or different from one another; R’ is a hydrogen atom, a halogen
atom, a hydroxy group or a substituted or unsubstituted alkyl
group; and
the product optically active alcohol therefrom is an

optically active l-phenylethanol derivative represented by the
following formula (2):

Chemical formula 2]

; OH
R 3
Py
RZW\ | @)

wherein RY, R? and R® are the same as defined above.

15. The method for producing an alcohol according to claim
14,

wherein R® is a hydrogen atom.
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16. The method for producing an alcohol according toclaim
13,

wherein the asymmetric ketone is a methyl ketone compound
represented by the following formula (3):

[Chemical formula 3]

O

)J\ )

Rff%

wherein R® is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group or a substituted or
unsubstituted alkynyl group, and

the product optically active alcchol therefrom is an
optically active 1-substituted-l-ethanol derivative
represented by the formula (4):

[Chemical formula 4]
OH

4/L @
R

wherein R* is the same as defined above.

17. The method for producing an alcohol according to claim
&,

-

wherein R? is a Ci7 alkyl group which may be substituted
by a halogen atom, a hydroxy group, an alkoxy group, an

alkoxycarbonyl group, an amino group or a nitro group.

18. The method for producing an alcohol according to claim
16,

wherein R* is a vinyl group.



