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ABSTRACT An object of the present invention is to provide
a novel alcohol dehydrogenase, a gene for the alcohol
dehydrogenase, a vector including the gene, a transformant
transformed with 10 the vector, and a method for producing
an optically active alcohol by utilizing them. A feature of the
present invention directs to a novel polypeptide isolated from
Candida maltosa, a DNA coding for the polypeptide, and a
transformant producing the polypeptide. Another feature of the
present invention 15 directs to a method for producing an
optically-active alcohol by reducing a carbonyl compound with
the polypeptide or the transformant. No suitable figure.
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NOVEL ALCOHOL DEHYDROGENASE, GENE FOR THE ALCOHCL DEHYDROGENASE,
VECTOR, TRANSFORMANT, AND METHOD FOR PRODUCTION OF OPTICALLY
ACTIVE ALCOHOL BY USING THEM

ABSTRACT

An object of the present invention is to provide a novel
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. A feature of the present invention
directs to a novel polypeptide'isolated from Candida maltosa,
a DNA coding for the polypeptide, and a transformant producing

the polypeptide. Another feature of the present invention

‘directs to a method for producing an optically-active alcohol

by reducing a carbonyl compound with the polypeptide or the

transformant.

No suitable figure.
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DESCRIPTION

NOVELALCOHOLDEHYDROGENASE,GENEEORTHEALCOHOLDEHYDROGENASE,
VECTOR, TRANSFORMANT, AND METHOD FOR PRODUCTION OF OPTICALLY
ACTIVE ALCOHOL BY USING THEM

FIELD OF THE INVENTION
(00011} ,
The present invention relates to a novel alcohol
dehydrogenase, a gene for the alcohol dehydrogenase, a vector
includingijmzqene,eatransformanttransformedwithtimevector,
and a methbd for producing an optically active alcohol by

utilizing them.

BACKGROUND OF THE INVENTION
[0002]

Alcohol dehydrogenases that react with secondary alcohol
compounds, such as 2-butanol, are useful enzymes‘in syntheses
of optically active alcohol compoungs through,stereoselective
reduction reaction of carbonyl compounds or syntheses of
optically active secondary aslcohol compounds through '
stereoselective oxidation reaction of racemates of secondary
alcohols.

[0003]

Among alcohol dehydrogenases yielded1xgmicroorqanisms,
there are many reports on alcohol dehydrogenases that require
nicotinamideadeninedinucleotide(hereaftertokmaabbreviated
as "NAD'") as a coenzyme, and oxidize 2~butanol. There are,
however, few reports on alcohol dehydrogenases that
preferentially oxidize ($)-2-butanol in comparison with
(R) -2-butanol and whose corresponding structural gene (a2 DNA
coding for an enzyme) has been acquiréd.

[ooec4]
As such an alcohol dehydrogenase, enzymes derived from

Gordonia sp. strain TY-5, and Candida parapsilosis IFO 1396
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strain have been known.
[0005]

Among the above enzymes, ADHL, which is an enzyme derived
from Gordonia sp. strain TY-5, 1is characterized in that it has
a molecular weight of approximately 35,006 as determined by
§DS-polyacrylamide electrophoresis, and has an optimum
temperature of 30°C and an optimum pH of 10 in oxidation of
2-propanol. ADH3, which is an enzyme derived from the same
strain, is characterized in that it has a molecular welght of
approximately 58,000 as determined by sDS-polyacrylamide
electrophoresis, and has an optimum temperature of 60°C and an
optimum pH of 10 in oxidation of 2-propancl (See the Patent
Document 1 listed below).

[0006] ,
' An enzyme derived from Candida parapsilosis IFO 1396

strain is characterized in that it has a molecular weight of
approximately 40,000 as determlned by SDS- -polyacrylamide
electrophoresis, a stable pH range of 8.0 to 10.0, and an
appropriaté temperature range for action in oxidation of _
(3) -2-buthanol is 25°C to 55°C. This enzyme has a character
that activity of the enzyme is inhibited by 2-mercaptoethanol
or dithiothreitol, whereas it 1s not inhibited by
ethylenedlamlnetetraacetlc acid (See the Patent Document 2"
listed below) .

[0007]

Thus, there are few alcohol dehydroqenaées that
preferentially oxidize (8)-2-butancl 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, acquisitioncﬂfnovelenzymescn:theircorresponding
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
enablestoestabllsh@iprocessthatcanproduceusefulcompounds,

for example, optically active alcohols, with the enzyme in 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 SOLVE
[0008] ’ '

' ItisaulobjectoijuapreSentinvention1x>provide;anovel
alcchol dehydrogenase, a gene'for the alcohol déhydrogenase,
a vector including the gene, a transformant transforméed with
the vector, and a method for producing an optically active

alcohel 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:
[0010]

(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 alcohol.

[00117

(2) Substrate specificity:
PLsubstratejjuoxidatiorlreaction!isenlaliphatic alcohol

‘which may have an aromatic substituent. The polypeptide

preferentially oxidizes (§)-2-butanol in comparison with
(R)—2-butanol; a substrate in reduction reaction is a ketone
or an aldehyde. The polypeptide reacts with acetophenone to
reduce into (S)-l-phenylethanol.
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[0012]
(3} Molecular weight:

The:molecular‘Weight.of the polypeptide is approximately
39,000 as determined.by reducing SDS-polyacrylamide
electrophoresis.

[0013]
(4) Stability in pH:

Stable pH range of the polypeptide is 5.5 to 7.5,
[0014]

(5) Optimum temperature:

Optimum temperature of the polypeptide for oxidation
reaction of (S)-2-butanol is 45°C to T0°C.
f0015]

(6} Inhibitor: ‘

Enzyme activity of the polypeptide is inhibited by
ethylenediaminetetraacetic acid, o-phenanthroline, mercury
chloride, copper sulfate or zinc sulfaﬁe, whereas it 1s not
inhibited by 2-mercaptoethanol or dithiothreitol.

{0016]

Another'featurecxfthejpresent.invention,isaipolypeptide
which is any one_of'the following polypeptides (a}, (b}, and

(c):

[0017]

(a) A polypeptide including the amino acld sequence shown under
SEQ ID NO:1 in the sequence listing; '

(b) A polypeptide includingeﬂléﬁdno 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 sequence shown under SEO ID NO:1 in the sedguence
listing, and having activity to react with acetophenone To

reduce into (8)-1l-phenylethanol; and

(c) A polypeptide having sequence identity of 85% or higher to
rhe amino acid sequence shown under SEQ ID NO:1 in the sequence
listing, and having activity to react with acetophenone to

reduce into (S)-1-phenylethanol.
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[0018]
5till another feature of the present invention is a DNA
coding for the above polypeptide.

[0019] o
still another features of the present invention are a DNA

which is either one of the following DNAs (A) and (B), a vector
including this DNA, and a transformant produced by

" transformation of a host cell'with this vector.

(A) a DNA including the base sequence shown under SEQ ID NO:2

in the sequence listing;’
(B} a DNA hybridizable under a strlngent condition with a DNA

that includes the base sedquence complementary To the base

'sequence shown under SEQ ID NO:2 in the sequence listing, and

coding for a polype?tidé that has activity to react with
acetophenone to reduce iﬁto (S}—l—phenylethanol;

(C) a DNA having sequence identity of 85% or higher to the base
geqguence shown under SEQ ID NO:2 in the sequence listing, and
coding for a polypeptlde that has activity to react with
acetophenone to reduce into- (5) -1~ phenylethanol, and
(D)eiDNA.including“a]oase 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 NO:2
in the sequence listing, and coding for a polypeptide that has
activity to react with acetophenone to reduce into
(8)~1l-phenylethanol.

{0020} .
Stillanotherféaturecyfthepresentinventionjf;amethod

for broducing an alcohcl, particularly an optically—-active

alcohol, the method including reacting the polypeptide of the
present:inventicnn 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 CF THE INVENTION
[0021)
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The present invention provides a novel alcohol
dehydrogenase, a gene for the alcohol dehydrogenase, & vector
including1ﬂmagene,eatransformanttransformajwithtjmavector,
and a method for producing an optically active alcohol produced

by utilizing any of these.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]
[Fig. 1] ‘
Fig.]_illustratesalmethod1kn"consﬁructing'recombinaﬁt

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

BEST MODE FOR CARRYING OUT THE INVENTION
[0023] | |
The present.invention.will,be described below in detail
with reference to specific embodiments. The present invention
is, however, not limited to the following embodiments.
[0024] '
Regarding“variouwsphysicalnproperties of the polypeptide of the

present invention
Tn the present invention, the polypeptide, which is

isolated by a method mentioned belew, has the following
physicochemical properties (1) to (6):

[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 retone or an aldehyde with NADH as a
coenzyme to produce an alcohol.

[0026]

' (2) Substrate specificity:

A substrate in oxidation reaction is an aliphatic alcohol
which may have an aromatic substituent. The polypeptide

preferentially'oxidizes (8) —-2~butanol in comparison with

(R)-2-butanol .. A substrate in,reduction.reaction is a ketone
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or an aldehyde. The polypeptide reacts with acetophénone to
reduce into (8)-1-phenylethanol.
[0027]
(3) Molecular weight:
Thenwlecularumightcxfthepolypeptidejisapproximately
39,000 as determined by reducing SDS-polyacrylamide
electrophoresis.
(00281
(4) Stability in pH:
Stable pH range of the polypeptlde is 5.5 to 7.5.
[00291
(5) Optimum temperature:
Optimunltemperature<3ftjmepolypeptide for action is 45°C
to 70°C. '
[0030]

{6) Inhibitor:

Enzyme activity of the polypeptlde is inhibited by
ethylenedlamlnetetraacetlc acid, o-phenanthroline, mercury
chloride, copper sulfate or zinc sulfate.

0031}

The above physicochenical properties (1) to (6) are
explained in the followings. '
[0032]

Regardlng (1) Action
The polypeptide of the present invention has ability to

oxidize, under the presence of NAD', a secondary alcobol
compound to covert into a ketoneé compound. Turthermore, the
polypeptlde of the present inventicn has ability to oxidize an
primary alcohol compound to convert into an aldehyde compound.
[0033]
The ability to oxidize an alcohol compound may be

evaluated in the following manner, for example.

[0034]

[Method for evaluating oxidizing ability to an alcohol

compound ]
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Progress of oxidization reaction may be easily evaluated
by,atfirst,preparingeareactienndxtureincludingZ.SImdNADﬂ
4 50 mM target alcohol compound, oxidation activity of which
is to be evaluated, and a polypeptide of the present invention
in 50 @M tris-HC1 buffer (pH 9.0}, then allowing the reaction
mixture to react at 30°C and finally observing increase of
absorbance at the wavelength of 340 nm, which is accompanied
by increase of NADH level. If the absorbance 1is increased, the
polypeptide of the present invention has ablllty to oxidize a
target alcchol 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 pmol of NADH
per minute.

[0035]

Inaddition,thegmlypeptideofthegmesentinvéntionhas
another ability to reduce a ketone or azldehyde compound 1into
an alcohol compound in the presence of NADH.

10036] ,

The ability to reduce a ketone or aldehyde compound may
be evaluated in the following manner, for example.

{0037]
[Methodpﬁwrevaluating'reducing‘&biliﬂytozaketoneor‘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 dlmethyl sulfox1de, and then allowing
the reaction solutlon to react at 30° deltthonltorlng decrease
of absorbance at the wavelength of 340 nm, which is accompanied

by decrease of NADH lavel. 1If the absorbance is decreased, the
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polypepticde of the present invention has ability to reduce a
target ketone or aldehyde compound. Rapid decrease of the
absorbance reflects high ability of the polypeptide of the
presentinventionix>reduceaitargetketonecmraldehydecOmpound.
The reducing‘ability<3fzipolypeptidenuqrbe expressed in terms
of numerical values., Thus, reduction activity 1 U is defined
as an enzyme level that catalyies consumption of 1 pmol of NADH
per minute. |
[0038]
(2) Regarding substrate specificity
Z&Substratej11oxidation.reaction,isarialiphatic:alcohol
which may have an aromatic substituent. The substrate
spec1f1c1ty1naytxaevaluatedleaccordancexmlth.the [Method for
evaluating oxidizing ability to an alcohol compound] , as’

described in the above {1) Action.

- {0039]

The polypeptlde of the present invention preferentially
oxidlzes(S)ﬂ2—butanol:uucomparlsanwlth( ) ~2~-butanol. This
preference means that ability to oxidize (s)-2-butanol is
higher than that to oxidize (R)- ~2-butanol. The fact that the
ability to oxidize (8)-2- butanol 15h;gherijuﬂ1thattx)ox1dlze
(R)-2-butanol may be easily confirmed by evaluating oxidizing
ability to each of (R) ~2-butancl andr(S)—2wbutanol in
accordance with the [Method for evaluating oxidizing ability
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
accordance with the [Method for evaluating'reducing ability to
a ketone or aldehyde compound], as described in the above (1)
Action.

[0041]
The polypeptide of the present invention has ability to

react with acetophenone to reduce into (8)-1-phenylethanol.
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The reducing ability may be tested in the following manner, for
example. |
[0042]

Tn a 100 mM phosphate buffer (pH 7y, acetophenone, NADH
and the polypeptide of the present invention are added, and then
the mixture is allowed to react at 30°C while stirring. After
completion of the reaction, the reaction mixture is extracted
with an organic solvent such as ethyl acetate. The extract was
analyzed by gas chromatography under the follow1ng'cond1tlons
Thereby, generation of 1- ~phenylethanol, configuration thereof,
and optical purity therecf may be determined.

{60431

[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

Elution time: acetophenone (9.2 min. )
(s)-1-phenylethanol (14.5 min.)

(R} -1-phenylethanol (15.2 mirn.)

[0044] o

Regarding (3) Molecular weight

The molecular weight of the polypeptide of the present
invention 1is approximately 39,000 as determined by reducing
SDS- polyacrylamlde electrophore31s The molecular weight may
be determined by reducing SDS-polyacrylamide electrophoresis
in accordance with a known method, for example, a method taught
in a textbook "geibutsu-kagaku Jikken no Tebiki 2,
Tanpakushitsu no Bunri- Bunsekl hou" (Guide for Biochemical

. experiments vol. 2, Method for isolating or separating

proteins)(publishedln{Kagaku—doglnPubllshlngCompany,Inc.,
Tokyo, Japan) . The molecular weight of the polypeptide may be
calculated from the difference between the polypeptide and a
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molecular weight standard protein in their mobility.
[0045) |
Regarding (4) Stability in pH

Stable pH range of the polypeptide of the present
invention is 5.5 to 7.5. The stable pH range may be determlned
in the following manner, for example. Apolypeptlde was treated
in some Britton—Robinson buffers, each pH of which is ;\raried,
at 30°C for 30 minutes. Then, the oxidizing ability to
(s)-2-butanol is determined in-accordance with the [Method for
evaluating oxidizing ability to an alcohol Compound] as |
mentioned apove. Stable pH range ia defined as a pH range where
remained activity after the treatment is 80% or higher of the
activity of the untreated polypeptide. |
[0046]
Regarding {b) Optimum temperature:

The polypeptide of the present invention has an optimumn
temperature for action of enzyme activity of 45°C to 70°C. The

ptimum temperature for action may be measured by the following

manner, for example. 1In the above [Method for avaluating

coxidizing ability toan alcohol compound], oxidizing activities

to (8)-2-butanol are determined at some different temperatures.
The oxidizing activity at the temperature that shows the highest
activity is defined as 100%. Activity at each temperature is
expressed as relat_UTe activity to the hlghest activity. Then,
optimum temperature for action isdefined asa Temperature range
that shows 60% or higher relative activity. '
[0047] | |
Regarding {(6) Inhibitors

Enzyme activity of the polypeptice of the present
invention is inhibited by ethylenedlamlnetetraacet:Lc acid,
o-phenanthroline, mercury chloride, copper sulfate or zinc
sulfate, whereas it is not inhibited by 2- mercaptoethanol 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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of various compounds, & polypeptide is treated at 30°C for 30
minutes. Then, oxidizing activity to {(8)-2-butanol 1is
determined in accordance with the above—mentioned,{Method for
evaluating oxidizing ability To an alcohol compound}. When
remained activity after the treatment is 30% or lower of enzyme
actiVitycﬂfthe untreated polypeptide, the compound.used.in the
treatment may be regarded as an inhibitor of the enzyme activity
of the polypeptide. On the contrary, when remalned activity
after the treatment is 90% or higher of enzyme activity of the
untréated&polypeptide, the compound used in the treatment may
nct be regarded as an inhibitor of the enzyme activity of the
polypeptide. |
[0048]

Regardlnglsolatlonof1ju3polypeptldecﬁfthepresentlnventlon

'The polypeptide of the present invention may be selected
from polypeptides that has ability to preferentially oxidize
(S)~-2-butanol in comparison with (R)-2-butanol.
Alternatively, the polypeptide oftﬁmapresent 1nventlon.may]3e
selected from polypeptldes that have activity to reduce a

carbonyl group-containing compound to produce. an alcohol,

‘preferably polypeptides that have activity to asymmetrically

reduce asymmetric ketones to produce an optically active
alcohol,and1jmamostpreferablypolypeptldesthatkﬁmsact1v1ty
to asymmetrically reduce acetophenone to produce

(S} -1-phenylethanol .

[0049]

The polypeptides mentioned above may be iscolated 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 in an appropriéte medium is cultivated. Cells
are collected, and then the cells are reacted with dcetophenone

in a buffer under the presence of nutriments, such as glucose.

. After the reaction, the reaction mixture 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 condition
(1) for gas chromatographyl, to monitor gepération of
1-phenylethanol.
[0050]
Tﬂmzmedium:&nfcultivatingndcroorganisﬁsrmurbe51common
liquidrmltrient:mediUﬂlwhich.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 8.

[0051] ,
The polypeptide of the present invention may be isclated

from polypeptide source microorganisms by appropriately

combining some known methods for purifying proteins. For
example theisolationmaybecmnductaiasfollows First, such
amlcroorqanlsnxlscultlvatedJJlanapproprlatenmd;um,Eﬂuithen
cells are collected from the culture fluid by centrifugation
or fFiltration. Thus collected cells are dlsrupted by a
physical process, such as sonication with an ultrasonlc
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 invention is
isolated from the cell-free extract by a single or combined
technigue (s) selected from thermal treatment, salting out
{(ammonium sulfate precipitation, sodium phcsphate
precipitation, etc.), solvent precipitation (method for
precipitating protein fraction with acetone or ethanol},
dialysis, gel filtration chromatography, ion exchange
chromatography, reversed phase chromatography, and
ultrafiltration.

[0052]
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_maltoSa, and

more preferable one may be Candida maltosa ITFO 1977 strain.

Candida maltosa IFO 1977 strain is available from the

Incorporated Administrative Agency National Institute of
TechnologyenuiEvaluation,BiotechnologyEield,Exploitingthe
power of Microorganisms for the Development oleioindustries
(NBRC; 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba, 2922-0818
JAPAN) .

[00531]

Régarding the amino acid sequence of the polypeptide of the

present invention

The polypeptide of the present invention may be any ane
of the following polypeptide (a), (b), and ().
[0054] _ '
(a)]&pélypeptide including the aminoenﬂxiseqﬁence shown under
SEQ ID NO:1 in the sequence listing;
(b) A polypeptide including an amino 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 sequence shown under SEQ 1D NO:1 in the seguence
listing, and having activity to react with acetophenone to
reduce into (S)-1l-phenylethanol; and
{c) A polypeptide having sequence identity of 85% or higher to
the amino acid sedguence shown under SEQ ID NO:1 in the sequence
1isting, and having activity to react with acetophenone to
reduce into (S)-l-phenylethanol. -
[0055]

Three types of polypeptides {a) to (¢) are each explained
in detail in the followings.
[0056]
Regarding the polypeptide (a)

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

base sequence shown under SEQ ID NO:Z in the sequence listing.
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[0057]
Regarding the polypeptide (b)

The polypeptide (b}, which inciudes an amino 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 émino acid sequencé:shownﬁunder SEC IDNO:1
in the sequence 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., 1989} . The
polypeptide (b) encompasses suchzipolypeptideinaving‘activity
to react with acetophenone to reduce into (S) -1-phenylethanol.
[0058]

Tn the amino acid sequence shown under SEQ ID NO:1 in the
sequence listing, sites where amino acids are tobe su.bs'tituted,
inserted, deleted, and/or added are not particularly limited,
but preferably, highly conserved regions should be avoided.
Here, the term "highly conserved region" means a position where,
among a plurality of enzymes derived from different sources,
amino acids in one sequence coincide with those in other
sequences under a'conditién that amino acid sequences are
optimally arranged'in line. Highly conserved regions may be
determined by comparing, with a tool such as GENETYX, the amino
acid sequence shown under SEQ IDNO:1 with an amino acid sequence
of alcohol dehydrogenase that derives from a known
microorganism.

[0059]
The amino acid sequence modified by substitution,

" insertion, deleticn and/or addition may include a site modified

through one type of modification process (rfor example,-
substitution), or may include a site or sites modified through
twoorn@renmdificationprocess(fprexample,substitutionand
insertion) . '
[0060]

When the amino acid sequence 1s modified by substitution,

an amino acid for substituting a part of the anino acid sedquence
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is preferably an amino acid having a similar characteristic
(homo logous amino acids) to the amino acid to be substituted.
In this application, amino acids belonging to the same group
as illustrated below are considered as homologous amino acids.:
[0061]

{Fifst 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, Tyzr

(Third group: acidic amino acids) Glu, Asp

{Fourth grOup: basic amino acids) His, Lys, Arg

[0062]

The term "a plurality of amino acid.residues“}neans; for
example, 50 or less, preferably‘30 or less, more preferablyr15
or less, gtill more preferably 10 or less, 5 or less, 4 or 1e$s,
3 or less, or 2 or less amino acids.

[0063]
Regarding the polypeptide (c)

The polypeptide of the present invention also includes
a polypeptide having seguence identity of 85% or higher to the
amino acid sequence shown under SEQ ID NO: 1 in the segquence
listing, and having activity to react with acetophenone to
reduce into (S8)-1l-phenylethanol. Although a polypeptide
hav1ng sequence identity of 85% or higher to the amino acid
sequence shown under SEQ ID NO:1 in the seduence 115t1ng may
behmthynthescopecﬂfthepolypeptuﬁaofthepresentlnventlon,
the sequence identity is preferably 90% or higher, more
preferably 95% or higher, still more preferably 98% or higher,
and the most preferably 99% or higher.

[0064] | ’

Sequence identity of an aminc acid sequence is expressed
as a value determined by, whlle comparing the amino acid
sequence shown under SEQ 1D NO:1 in the sequence listing with
a target amino acid sequence, dividing the number of positions

where amino acids coincide between the two amino acid sequences
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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
aminoacidsequenceshownunderSEQIDNO:laslongasthecoupled
amino acid sequences.have activity to react with acetophenone
to reduce into (S)-l-phenylethanol. For examplé} tag
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 another protein. Also,
theé polypeptide (c) may be a peptide fragment, as long as the
fragment has an activity to react with acetdphehone to reduce
into (S)-i-phenylethanol.
[0066] '
The polypeptide of the present invention also includes:

a polypeptide having sequence identity of 85% or higher to the

'amlno acid sequence shown under SEQ ID NO: 1 in the sequence

listing, and having activity to react with acetophenone to
reduce into (8)-l-phenylethanol.

[0067] '

Regarding cloning of DNA coding for the polypeptide of the

present invention

E&DNAcmdlng:ﬂn?polypeptldeof1ﬂmepresent1nventlonnmy
be any PNA 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 is obtained,
a perscn skilled in the art would produce such a DNA from an
organism that produces the enzyme in a known manner. For
example, sucheaDNAJnaykmaobtainedjjlaJnanner]ﬂentionecibelow.
[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 2nd

Edition (Cold Spring Harbor Laboratory Press, 1989) unless
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otherwise indicated. The"%”usedhereinmeans"%(w/vw'unless

otherwise specified.
[0069]
First, a polypeptide of the present invention, which has

beenisolatedkgfan@thoddescribedjjlthe"Regardingisolation

of the polypeptide of the present inventicn, " are digested with
an appropriate endopeptidase, and the resultant peptide
fragments are batched off with reverse phase HPLC. Then, the

anino acid sequence of part of or whole of these peptide
fragmenfs are determlned w1th, for example, a Type ART492
protein sequencer (a product of Applied Biosystems) .
[007C]

Baséd on thus-—obtained information about amino acid’
sequence, PCR (Polymerase Chain Reaction) primers for
ampliifying a part of a DNA that codes for the polypeptide is
Synthe51zed Then, a chromosomal DNR.of a microorganism that
produces the polypeptide are prepared 1in accordance with a
common method for isolating DNA, such as a method taught by
Visser et al. (Appl. Microbiol. Biotechnol., 53, 415 (2000)).
PCR is carried out from these chromosomal DNA templates with
the above PCR primers, to amplify a part of the DNA that codes
for the polypeptide, sind then the base sequence thereof is
determined. The base sequence may be determined with, for
example, Applied Biosystems 3130x]l Genetic Analyzer (a product
of Rpplied Biosystemns). '

[0071]

If part of the base sequence of a DNA coding for
polypeptide is revealed, the whole sequence may be determined
by, for ekample, Inverse PCR method (Nucl. Acids Res., 16,
8186(1988) .

[0072]

Examples of the rhus—-obtained DNA coding for the
polypepti&eofthepresentinventionincludeaENAthatincludes
the base sequence shown under SEQ ID NO:2 in the sequence‘

listing.
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ro073]
ThebasesequenceshownunderSEQiH)NO:Zwillbeexplained

below. |

[0074]

Regarding the DNA coding for the polypeptide of the present

invention
Examples. of the DNA coding for the polypeptide of the

present invention include:

A DNA including the base sedquence shown under SEQ ID NO: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 for
a polypeptide rhat has activity to react with acetophencne to
reduce into (S)-1-phenylethanol; |

A DNA having sequence identity of 85% or higher 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 {$)-1l-phenylethanol; and

A DNA including a base sequence that results from deletion,
insertion, substitution and/or addition of one base or a
pluralltycnfbases in the base sequence shcwn4under‘SEQ IDJNO 2
in the sequence listing, and coding for a polypeptide that has
activity to react with acetophenone to reduce into
{8)-1-phenylethanocl.

[0075] ,

Here, the “DﬁA_hybridizable under a stringent condition
with a DNA that includes the base sequence complenentary to the
base sequénce 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 (8) -1-phenylethanol" means a DNA
obtainable by colony hybridization technique, plagque
hybridization technique, Southern.hybridization.technique, or
the like under a stringent condition with a DNA that includes

thebasesequencecomplementarytothebasesequenceshownunder
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SEQ TD NO:2 in the sequence listing as a probe, and codes for
a polypeptide that has activity to react with acetophenone to
reduce into (S)-l-phenylethanol.

[0076]

Hybridization may be conducted, for example, according
toeamethoddescribed:U1MolecularCloning,Z&laboratory&nanual,
second edition (Cold Spring Harbor Laboratory Press, 1989) .
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

plaque-derived DNA 1is 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 (one- fold concentration of the
35C solution consists of 150 mM NaCl and 15 mM sodium 01trate)
at 65°C. PreferableexamplesoftheDNAlncludeDNAsobtalnable
by washing'with.half«fold.concentratlon of the 88C solution at
65°C. More preferable examples thereof include DNAs
obtainable by washing with 0.2-fold concentration of the 55C
solution at 65°C. Still more preferable examples thereof
include DNAS(ﬂjtainablfabyxﬂashing'withAO.l—fold;concentration'
of the SSC solution at 65°C

[o077]

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 above
condition include DNAs having sequence identity of 70% or higher,
preferably 85% or higher, more preferably 90% or higher, still
morepreferably'95%or}ugher,andmostpreferably98%<3rhigher

to the base seguence shown under SEQ ID NO:2. As long as a
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polypeptide encoded by 2 DNA has activity to react with
acetophenone to reduce into (8)-1-phenylethancl, the DNA Céding
for the polypeptide is encompassed within the above DNA.
[0079] '

Here, the "sequence identity (%)" is expressed as a value
determined by arranging two DNAs to be compare'd with'one another,
dividing the number of positions where nucleobases (for example,
A, T,C, G, U, or I) coincide between poth sequences by the total
number of the bases in the ‘target DNA, and further multiplying
the result by 100. o
[0080]

The sequence identity may be calculated by the following
sequence analyzers: GCG Wisconsin Package (Program Manual for
The Wisconsin Package, Version 8, September 1994, Genetics
Computer Group, £7% Science Drive Medison, Wisconsin, USA
53711; Rice, P. (1996} Program Manual for EGCG Package, Peter
Rice,-The Sanger Centre, Hinxton Hall, Cambridge, CB10 1RQ,
England), and the ExPASy World Wide Web molecular bioclogy server
(Geneva University Hospital and University of Geneva, Geneva,
Switzerland) .

[0081] , .

Here, if a DNA having sequence identity of 85% or higher
to the base sequence shown under SEQ ID N0:2 in the sedquence
listing codes for a polypeptide that has activity to react with
acetophenone to reduce into (S)—l—pheﬂylethanol, the DNA is
encompassed within the range of the DNA of the present invention.
Although a DNA having sequence identity of 85% or higher to the
base sequence shown under SEQ ID NO:2 in the sequence listing
is encompassed within the range of the DNA of the present -
invention, the sequence identity is preferably 90% or higher,
more preferably 95% or higher, still more preferably 98% or
higher, and the most preferably 99% or higher.

[0082] ‘

Sequence identity of a base sequence is expressed as a

value determined by c'omparing the base sequence shown under SEQ
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D NO:2 in the sequence listing with a target base sequence,
dividing the number of positions where bases coincide between
the two base sequences by the total number of bases in the target
base sequence, and further nultiplying the result by 100.
[0083] |

Here, "5 DNA including a base sequenc'e 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 Vr;eac:t with acetophenone to reducé'into
(S)—lwphenylethanol"mayixapreparedjjlaccordancewithxaknown
method, such as devscribed in Current Protocols in Molecular '
Biology (John Wiley and Sons, Inc., 1989). As long as a DNA
codes for a polypeptide that has activity to react with
acetophenone to reduce into (s)-1-phenylethanol, the DNA is
encompassed within the above DNA. |
[0084] | |
In the base sequence shown under SEQ ID NO:2 in the
seqﬁence listing, sites where bases are to be substituted,
inserted, deleted, and/or added are not particularly limited,
but preferably, highly conserved regions should be avoided, and
frameshift should also be avoided. Here, the term "highly .
conserved region" means a position where, among a plurality of
enzymes derived from different sources, bases in one sequence
coincide with those in other sequences when base .seguences are
optimally arranged in line and compared with one another.
Highly conserved reglons méy be determined by comparing, with
a tool such as GENETYX, the base sequence shown under SEQ ID
NO:2 with a base sequence of an alcohol dehydrogenase that
derives from a known microorganism.
[0085]

A base sequence nodified by substitution, insertion,
deletion and/or addition may include a site :m'odified 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
insertion) . '
[0086]

The term "a plurality of bases” as menticned above means,
for example, 150 or less, preferably 100 or less, more
preferably 50 or less, still more preferably 20 or less, 10 or
less, 5 or less, 4 or less, 3 or less, or 2 or less bases.
[0087]

Regarding host-vector systems and transformants

Insertion of a DNA that codes for the polypeptide of the

present invention into an expression vector may give a
polypeptide—éxpressionxvector. Then, the transformant, which
is obtainable by transforming a host organism with this
polypeptidewexpressionvector,maybecultivatedtoexpressthe
polypeptide|of'the;present invention. Altermatively, a method
inciuding introducing a polynucleotide that codes for the
pelypeptide of the present invention into a chromosome may be
utilizeqg.

[0088]

Expression vectors which may be 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
of such expression vectors include plasmid-vectors, phage
vectors, and cosmid vectors. Shuttle vectors which cah
exchange a gene with another host strain may also be used.
[0089] '

Suchaavectorgenerallyincludes;forexample,jjlthecase

ofEscherichiacoli,regulatoryfactorssudhaslacUVSpromoter,

trp promoter, trc promoter, tac promoter, lpp promoter, tufs
promoter, rech promoter, -and pL promoter. The vector may be
appropriately used as an expression vector that includes
expression units operatably connected to the DNA of the present
invention. FExamples cf the vector include pUCN18 (See Example
5), pSTV28 (a product of Takara Bio Inc.), and pUCNT (see WO
94/03613) .
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(00201

The term "requlatory factor(s)”, which is used herein,
means a base seduence that has a functicnal promoter and .
arbltraryrelatedtranscrlptlonelements(e g. enhancer, CCAAT
box, TATA box, and SPI site) .

[0091]

The term "operatabl&rconnected" as1lseddnere1n1neans that
a gene, and various Legulatory elements such as promoter 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 to a person skilled in the art that the type and
speCLescﬁftheregulatoryfactormayvaryaccordlnqtx)thehost
100927 '

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

Host organisms which may be used for expressing
polypeptides are not particularly limited provided that the
organianscankmztransformedk&rapolypeptidewexpressiorxvector
that includeseatmﬁxcoding'for'eachgnzlypeptide, 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 developed,

such as bacteria belonging to the genus Escherichia, 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 Rhodococcus and the genus

Streptomyces; yeasts whose host-vector system has been

developed,sucheﬁsyeastsbelongingtx>thegenusSaccharomyces,

the genus Kluyvercmyces, the genus Schizosaccharomyces, the
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genus Zygosaccharomyces, the genus Yarrowia, the genus

Trichosporon, the genus Rhodosporidium, the genus Pichia, and

the genus Candida; and molds whose host-vector system has been

developed, such as molds helonging to the genus Neurospora, the

genus Aspergillus, the genus Cephalosporium, and the genus

Trichoderma. Other than microorganisms, various host-vector

systemshavebeendevelopedinplantsoranimals In particular,
systems expressing a great amount of heterogeneocus proteins in
insects such as silkworm (Nature, 315, 592-594 (1985)), or in

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

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

bacteria arejpreferable in view o introduction and expression
efficacy, and Escherichia coli is particularly preferable.
[6094]

The polypeptide—expression vector inciuding a DNA that
codes for the polypeptide of the present invention may be
introduced into a host microorganism by a known method. For
example, explained is a case where the polybeptidewexpression_
vector is plasmid pNCM (See Example 5), which is one of the
vectors of the present inventibn, obtained by intreducing the
DNA shown under SEQ ID NO:2 into the above expression wvector

pUCNlB,andijmzhostnﬂcroorgani&misEscherichiacoli.' In this

case, by introdupjjm;the:polypeptide—expression.vector‘and.the
host microorganism according to the protocol of '
commercially-available E. coll HB10O1 competent cell (a product
of Takara Bio Inc.), a transformant . ggiirHBlol(pNCMJ (See
Example 8) mayAbe obtained.

[0095] , _ _
A transformant may be bred, in which both cf the
polypeptide of the present invention and a polypeptide having
abllltytoreproduceaareducedcoenzyme whichwill be mentioned
below, are expressed in an identical cell. That is, the
transformant may be produced by inserting a DNA that codes for
the polypeptide of the present invention and a DNA that codes

forapolypeptidehavingabilitytoreproduceareducedcmenzyme
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into one vector, and then introducing the vector intc a host
cell. Alternatively, such a transformant may be obtained by
separately inserting these two types of DNAs into two dlfferent
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 E.
coli HB10L(pNCMG) (see Example 8). E. coli HB101(pNCMG) is a

transformantproducedbyiﬁtroducingatmansformedvectorpNCMG

{see Example 6) into E. coli HBIOL competent cell (a product

of Takara Bio Inc.). The transformed vector pNCMG nay be
produced by introducing both the DNZA shown under SEQ ID NO:2
andaiDNAcodlngi&n:glucosedehydrogenase,onecﬁfapolypeptide
thatkuu;abllltyix)reproduce;areducadcoenzyme,1ntotjmeabove
expre551on vector pUCNI1S8. Examples of the transformant also
include E. coli HB101 (pNCMFT) (see Example 8). k. coll
HB101 (pNCMFT) is a transformant produced by introducing a
transformed vector pNCMET (see Examples 7} into E. coll HBlOl
competent.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 ablllty to reproduce a reduced
coenzyme, into the above expre551on vector pUCN1E.

[0096]
Methodiknrproducinqem1alcohol.orEﬂ1aldehydex~iﬂ1polypeptide

. or transformant

[Reaction conditionl

A carbonyl group-— containing"compoundlnaykxareduced.into

alcoholoreﬂlaldehydelethefollOWIngn@nner1n1ju3presence

of the polypeptide of the present invention or a transformant
lewhlchijmapolypeptlde(aftjmepresent 1nventlonjxsexpressed
The present invention, however, is not limited to the below
metheds.
[G097]

A carbonyl compound substrate, such as acetophenone, is

addedjjlanappropriatesolvent,suchzﬁs100mM§ﬁmsphatebuffer
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(pH 6.5). Then, a coenzyme such as NADH and NAD', 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.
[0098]

Here, a processed prodﬁét-means a processed substance
havingremain@dénzymaticcatalyticactivity&xﬁthepolypeptide.
Examples of the processed substance include a crude extract,
cultivatedcells,freeze~driedorganisms,organismsdriedover
acetone, disrupted cells, or materials onxﬂnich the above cells
or organisms are immobilized. |
[0099]

. The reaction may be carriedout at 5°C to 80°C, preferably
10°C to 60°C, and more preferably 20°C to 40°C. During the
reaction, pH of the reaction mixture is 3 to 10, preferably 4
to 2, and more preferably 5 to 8. The reaction may be carried
out by batch reaction or sequential reaction. For hatch
reaction, a reaction substrate may be added.ét 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.
[0100] '

Tor the reacticn, an agueous splvent may be used, o0t

otherwise, a mixture of an agueous solvent and an organic

solvent may be used. Examples of the organic solvent include

roluene, ethyl acetate, n-butyl acetate, hexane, isopropanol,
diisopropyl ether, methanol, acetone, and dimethyl sul foxide.
[0101] |

Here, a processed product of the transformant means a
crude enzyme extract, cultivated celils, freeze-dried cells,
organisms dried over acetone, oI & disrupted product of these
substances, or a mixture of them. The processed product may
beusedaszﬂ1immobilizedformwyfthepolypeptidecm"cells. The

immobilized form may be prepared in a known technigue. 1In the
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reaction, a transformant producing both the polypeptide of the
present invention and a polypeptide that has ability to
repfoduce a reduced coenzyme may significantly reduce a
required amount of the coenzyme. Examples of such a
transformant include g;vggli_HBlol(pNCMG} (See Example 8) and
E. coli HR101 (pNCMFT) (See Example 8) . Polypeptides having
ability to reproduce a reduced coenzyme will be described below
in detail.

[0102] _

[Polypeptide hav1ng ability to reproduce a reduced coenzyme]

NADH is necessary as a coenzyne in a synthesis of an
alcoholcompoundthrough51reductlonofaacarbonylcompoundWlth
a transformant that can produce the polypeptide of the present
invention. .ASInentloned.above, the synthesis may be conducted
by'addlmgairequlred.level of NADH in the reactlonjnlxture The
amount of expensive coenzyme to be used may be decreased
however, by utilizing an enzynhe with ablllty to convert an
oxidized coenzyme (NAD™) into reduced NADH (hereafteXx, the
ability is referred to as "ablllty to reproduce a reduced
coenzyme") in combination with its substrate, that is, by
conducting the synthesis in the presence of a combination of
coenzyme1epr0ductlonsyst@nandthe;xﬂypeptldeof1jm3present
invention. Examples of the enzyme with ability to reproduce
the reduced coenzyme, which may be used in the above synthesis,
include hydrogenases, formate dehydrogenase, alccochol
dehydrogenase, glucose*6—phosphateciehydrogenase, and glucose
dehydrogenase. Preferable examples include gluccse
dehydrogenase and formate dehydrogenase.

10103} ' _

This reaction may be conducted by adding a coenzyne
reproductidnsystemﬁxaanasymmetricreductionreactiorLsystem.
This reaction, however, may be efficiently conducted with a
transformant catalyst, which is transformed by both a DNA that

odes for the enzyme of the present invention and a DNA that
codes for51polypept1de]1av1ng ability to reproduce the reduced
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coenzyme, without adding another portion of-an enzyme having
ab111tytx>reproduceiimzreducedcmenzyme such a transformant
may be obtained in accordance with the method as described in
the above "Regarding host-vector gsystems and transformants”
section. Examples of such a transformant include E. coli
HB101 (pNCMG) (See Example 8). L. coli HB1O1(pNCMG) is a
transformant produced by inserting a transformed vector pNCMG
(see Example 6) into E. coli HB101 competent cell (a product
of Takara Bio Inc.). The transformed vector PpNCMG may be
produced by inserting both the DNA shown under SEQ ID NO:2 and
a DNA coding for glucose dehydrogenase, one of a polypeptlde
thatlnnsabilityix)reproduceaireducedcoenzyme,1nto1jnaabove
expression vector pUCN18. Examples of the transformant also
inciude E. coli HB10O1 {pNCMET) ({see Example 8). E. coli
EB101 {pNCMFT) is a transformant produced by inserting a
transformed vector pNCMET (see Examples 7) into E. coli HBI101
competent cell UaproductcﬁfTakaLaBloInc y. 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 pUCN1B.

{0104]

[Regardingaicarbonyl grOup*containing'compoundJ and a product
alcohol] ' '

A substrate carbonyl compound is not limited in a
production of an alcohol or an aldehyde by reducing a carbonyl
group-containing compound.w1th.the polypeptide of the present
invention or a transformant in which the polypeptide of the
present invention is expressed. The reaction is exceedingly
valuable in the case where the carbonyl group— containing
conpound is an asymmetric ketone because the product of the
reaction is a useful optically active alcohol.

[0105]
When a carbonyl group-containing compound 1s

l-phenylethanone derivative, which is one of an asymmetric
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kxetone, represented by the following formula {1):
[0106]

[Chemical formula 5]

R’ i
- ‘\\/
Rz—f\ |
N

[0107]

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

halogéen atoﬁ, 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 sanme as
or different from one another; R? is a hydrogen atom, a halogen,
atom, a hydroxy group, Or a substitutedfor unsubstituted alkyl
group; _

the product is an optically active 1-phenylethanol derivative
represented by the following formula (2):

{0108]

[Chemical formula 6]

1 OH
R 3
R
EN/
R | @

\
[0109]
wherein R, R?, and R’ is the same as defined above .
[0110]

When R and R? is an substituted alkoxy or alkyl group,
fhe substituent may be a halogen atom, a hydroxyl group, an amino
group, or a nitro group.

[0111]
R®> is a hydrcgen atom, a halogen atom, a hydroxyl group,
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or a substituted or unsubstituted alkyl group, and preferably
a hydrogen atom.
(0112}

The above "halogen atom” means a fluorine, chlorine,
promine; or iodine atom.
[0113]

When a compound having a carbonyl group is an asymmetric
methyl xetone compound represented by the following formula
(3): |
[0114]

[Chemical formula 7]

0

/ﬂ\\ €}

Rdj

[0115]
wherein R is a substituted or unsubstituted alkyl group, a

substituted or unsubstituted alkenyl group, oI a substituted
or unsubstituted alkynyl group;

the product is an optically active {-substituted-l-ethanol
derivative represented by the following formula {(4):

[0116]

[Chemical formula 8]

OH
)\ @
Rﬁ
o117}
wherein R is the same &s defined above.
[0118]

rR' is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group, of & substituted
or unsubstituted alkynyl group. R’ is preferably a Ci- alkyd
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group which may be substituted by a haldogen atom, a hydroxyl
group, an alkoxy group, an alkoxycarbonyl group, an amino group,
or a nitro group. When the substituent is an alkoxy group, a
C,-s alkory group is preferable. When the substituent is an
alkoxycarbonyl group, aCh_salkoxycarbonyl,groupjjspreferable.
Examples of such -a Ci-s alkoxycarbonyl_group include
methoxycarbonyl group and ethoxycarbonyl group.
101197

Vinyl is also preferable as an example of R,
[0120] ' o
[Isolation and purification of an alcohol]

No particular limitation is put on a way for recovering
an alcohol or aldehyde compound from a reaction mixture after
the reaction. A highly-pure alcohol compound may easily be
obtainedkgfdirectlyextracting,<nrextracting,aftervremoving
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
with reference to Examples, but the scope of The preSent -
invention is not limited to these Examples. Detailed |
procedures and so on concerning the recombinant DNA technology
tsed in the following Examples are described in the following
literatures:
Molecular Cloning 2nd Edition (Cold Spring Harbor Laboratory
Press, 1989), Current Protocols in Molecular Biology (Greene
Publishing Associates and Wiley-Interscience) .
fc122]
(Example 1) Purification of a poiypeptide

A polypeptide having ability to asymmetrically reduce



.10

15

20

25

30

35

33

acetophenone to produce () -phenylethanol was separated from

Candida maltosa IFO 1977 strain, and purified to isolate The

polypeptide in the following protocols. Purification was
performed at 4°C unless otherwise noted. Reduc1ng activity to
acetophenone was determined in accordance with the procedures
describedjil[Method;ﬂx:evaluatingreducingabilitytoEiketone
or aldehyde compound].

[0123]

~(Cultivation of a microorganism)

A ligquid medium (400 mi, pH 7) containing 10 g/ L meat
extract, 10 g/L peptone, 5 g/L yeast extract, 3 g/L sodium
chloride, and 0.1 g/L ADEKA NOL LG-109 {a product of ADEKA
CORPORATION) was prepared in a 2-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 IF0 1977, which had been prepared in advance by
preculture in the same medium, and the medium was
shake—cultivated at 30°C for 60 hours.

[0124]

(Preparation of a cell-free extract)

Cells were collected by centrifugation from the above
culture fluid, and washed with 0.8% agqueous sodium chloride.
These cells were suspended in 20 @M phosphate buffer (pH 8.0),
which.contained.SnﬂﬁB—mercaptoefhahol, and then the cells were
ultrasonically disrupted by SONIFIER 250 ultrasonic
disintegrator (a product of BRANSON) . The cell residues were
removed from the resultant extract by centrifugation, whereby
a cell-free extract was obtained.

[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 insoluble matters. Thus, a thermally—treated
cell-free extract was obtained.

[0126]
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(DEAE-TOYOPEART, column chromatography)

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

[0127]
(Phenyl-TOYOPEARL column chromatography)

In active fractions, which were not adsorbed by the
DEAR~TOYOPEARI, column chromatography, ammonium sulfate was
dissolved so that the flnal concentration of ammonium sulfate
in the solution should be O 92 M, and then precipitate was
removed by centrlfugatlon. Resultant supernatant was applied
to a Phenyl-TOYOPEARL 650 M column (60 ml; a product of Tosch
Corporation), which had been equilibrated in advance with 20
mM phosphate buffer (pH 6.5) that contained 0.22 M ammonium
sulfate and 5 mM p-mercaptoethanol. Active fractions were
thereby adsorbed. The column was washed with 20 mM phosphate
puffer (pH 6.5) that contained 0.66 M ammonium sulfate, and
active fractions were eluted with a linear gradient of ammenium
aulfate {(from 0.66 M to 0.26 M). The active fractions were
combined.and»dialyzed,overnight:with,ZOnmiphosphate'buffer (pH
6.5) that contained 5 mM'B—mercaptoethanol.

[0128]
(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 solution 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 contained .92 M ammonium
sulfate and 5 mM p-mercaptoethanol, to adsorb active fractions.

The column was washed with the same buffer, and active fractions
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0.92M to OM).

{from
Electrophoretically—purepolypeptidepurified
sample was thereby obtained.

[0129]

Hereafter, this polypeptide ig referred to as "RMA".
[0130]

(Fxample '2) Physicochemical properties of RMA

Physicochemical propertles of RMA as obtalned in the
above manner were studied. Fach activity was determined in
accordancevuiilan@thodas descrlbed:u1[Method:&nrevaluatlng
oxidizing ability to an alcohol compound] .

[0131]
[Substrate specificity]

The activity of the RMA To oxidize (8)-2-butanol was

defined as 100%. Relativeactivityof'ﬂmeRMﬁﬂxaeadnsubstrate

was calculated as a percentage of oxidizing activity to a

substrate based on the oxidizing activity to (8)-2~butanol
(100%) . The results are shown in Takle 1.
each substr

Concentration of
ate under a condition for measuring oxidizing
activity was set as jllustrated in Table 1.

(01321

[Table 1]
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Substrates oM Relative Activity (%)
(8)-2-butanol 50 160
(R) -2-butanol 50 38
2-Propanol 100 66
2-Pentanol 100 183
3-Pentanol 100 40
2-0ctanol 5 134
Cyclohexanol 20 30
(s)-1-Phenylethanol 50 307
(8)~1,3-Butandiol 50 9.5
(R)~1,3—Butandiol 5C 1.3
2,4-Pentandiol 100 34
(2R, 4R) ~2, 4~Pentandiol 50 0.5
($)-1-Amino-2-propanol 50 2.0
2-Hydroxybutyric acid - 100 4.9
Methanol 100 0.6
Ethanol ' 100 5.0
1-Propanol 100 4.3
1-Butanol : 100 6.6
(8)-1,2-propandiol - o0 0.7
(R} -1, 2—-Propandiol 50 0.7
[0133]

[Optimum temperature]
Ooxidizing activity to (8) -2-butanol was determined under

a .standard reaction condition except that the temperature was
garied. The oxidizing activity at 60°C, which showed the
highest activity, was defined as 100%. Relative activity df
the RMA 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
temperaturerangethatshowedrelativeadtivibyofnotlessthan
60% was 45°C to 70°C.

[0134]

[Table 2}
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Temperature (°C) Relative Activity(®)

25 17
30 24
37 39
40 45
45 68
50 80
55 " 88
50 i 100
65 .91
70 60
75 29
80 9

85 0

[0135]

[Stable range of temperature] ,
In 50 mM tris-HCL puffer (pH 8.0), RMA was treated at a
5 temperature of 30°C to 70°C for 10 minutes. Then, oxidizing-
activity to (8)-2-butanocl was measured. The oxidizing
activity at 30°C was defined as 100%, and relative aétivity at
each temperature was calculat‘ed 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.

[0136]
[Table 3} ,
Temperature (°C) Relative Activity (%)
30 100
35 96
40 9%
50 75
60 37
| 70 9.4
[0137]

15 [Cptimum pH]
(8)-2-Butanol-oxidizing activity was determined with 50
M potassium phosphate puffer (pH 7 to pH 9}, 50 mM tris-HCL
buffer (pH ¢ to pH 8) or 50 mM glycine-sodium hydroxide buffer
(pH 9 to pH 10.5) while varying pH in the reaction mixture. The
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highest oxidizing'activity:M1potassiunlphosphate buffer at pH
9 was defined as 100%, and relative activity for each buffer
andeach;ﬂ{wascalculatedaseapercentagecﬂfoxidizingactiVity
of a puffer 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 9.5.

[0138]
[Table 4]
Buffer pH Relative activilty (%)
Tris-HCL 7 47.5
buffer 7.5 60.2
8 B4.6
8.5 87.8
. 9 100.0
Potassium phosphate & 41.1
buffer 6.5 44.3
7 52.9
7.5 69.8
8 76.5
Glycine-sodium hydroxide 3 67.7
buffer 9.5 61.9
10 39.0
10.5 34.1
[0139]

[Stable range of pH]

RMA was treated in 50 mM tris- HC1l buffer (pH 8.0 to pH
6.0) and in 50 mM Britton-Robinson buffer (pH 5.0 to oH 12.0}
at 30°C for 30 minutes. Then, oxidizing activity to
(s)-2~Butanol 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

RMA (100%). The results are shown in Table 5. The pH range
that 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 Relative activity (%)
. 4 - 21
Britton-Robinson 5 56
buffer 5.5 81
o 87
6.5 89
7 . 83
7.5 81
3 42
8.5 5
9 1
_ 9.5 0
Tris-HC1l- 8 59
buffer 8.5, 32
' 9 . . 16
[0141]
[Inhibitor]

RMA was treated at 305C for 30 minutes in the presence
of agents as shown in Table 6. concentrations of agents at the
time of treatmént are iilustrated in Table 6. Then, oxidizing
activity to (3)-2-Butanol was determined in accordance with a
methodzmsdescribgdijl{Methodjin:evaluatingcmidizing'ability

to an alcohol compound]. Bctivity of the untreated RMA wWas

defined as 100%, and relative activity for each treated samplie

was calculated as a percentage of oxidizing activity of the
treatedsamplehmsedcﬂltheactivityoftjmauntreatedlﬂﬂA(100%).
The results are shown in Table 6. Ethylenediaminetetraacetic
acid, o~phenanthroline, mercury chloride, copper sulfate, or
zine sulfate inhibited RMA, whereas 2-mercaptoethancol,
dithiothreitol did not.

[(0142]

[Table 6]



10

15

20

40

Treatment
Inhibitor concentration of .
inhibitor (mM}

Relative
activity (%)

Crotonic acid 50 10.4
Phenylmethanesulfonyl fluoride 1 96.0
N-Fthylmaleimide 1 94.7
Iodoacetic acid 1 78.9
Ethylenediaminetetraacetic acid 1 12.9
o-Phenanthroline 1 0.0
HgCl, 1 0.0
Cuso, 1 28.5
zZnS0, 1 23.1
Dithiothreitol 1 92.2
B~Mercaptoethanolv 1 95.4
p-Hydroxybenzolic acid 1 91.5
p—Chloromercuribenzoate 0.05 96.3 -
NH,0H 0.01 96.1

[0143]
[Molecular weight]

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

[0144] ,
(Fxample 3) Substrate specificity of RMA in carbonyl reducing
activity : '

InlOOImﬁphosphatebuffgr(pH6.5),whichcontained0.3%

(v/v) dimethyl sulfoxide, a substrate carbonyl compound and a
coenzyme]ﬁ%ﬁiwere<dissolved:x3thatfinal.concentrationwafthe
Carbonyl.compound.shouldﬁbe 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
activitytx;eacrlcarbonyl compound\was(jetermined.fronxreducing
rate of absorbance for a reaction mixture at the wavelength of
340 nm. Reducing activity to acetophenone‘ﬂas<jefined,as 100%,

and determined reducing activity was converted to a relative
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The results are

value to reducing activity to acetophenone.
RMA showed

‘As is apparent from Table 7,

shown in Table 7.
of carbonyl compounds.

reducing activities to a wide variety
[0145]
5 [Table 7]
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Relative . Relative

Carbonyl compounds activity Carbonyl compounds activify

(%) {%)
Acetone 28 2-Phenypropionaldehyde 37
2-Butanone 54 3-Phenypropicnaldehyde C112
2-Pentanone 141 Propionaldehyde 39
Z2—-Hexanone 87 n-Butyraldehyde 117
2-Heptanone 82 n-Hexylaldehyde 117
2-0Octanone 95 Glutaraldshyde 9
3-Octanone 3 Benzaldehyde 29
Chloroacetone . 92 m~Chlorobenzaldehyde 87
4-Methyl—-2-pentanone 70 p-Chlorocbenzaldehyde 51
Methyl iso-propyl ketone 4 o-Nitrobenzeldehyde: 29
Methyl vinyl ketone a4 m-Nitrobenzaldehyde 28
Cyclopentanone 10 p-Nitrobenzaldehyde 27
Acetophenone 100 2-Pyridinecarbaldehyde 11
o-Chloroacetophenone 2 4-pyridinecarbaldehyde 5
o-Methoxyacetophenons 10 )
o—-Hydroxyacetophencne 9 Methyl pyruvate 71
m~Chloroacetophenone 130 Ethyl pyruvate 87
m~Methoxyacetophenone 111 Methyl 2-oxodecanate 2
m—Hydroxyacetophenone 12 Ethyl d-chloreacetoacetate 52
m-Nitroacetcphenone 89 Methyl i-chlorpacetoacetate 35
p~Chlecroacetohenone 130 Ethyl 3-oxobutanocate a3
p-Fluoroacetophenone 110 Ethyl 3-oxohexanate 2
p~Methylacetophenone 91 Benzyl acetoacetate 115
Fthyl 4-acetylbenzoate 70 n-0ctyl 4-chloroacetoacetate 24
— -] - r_ -
ihzgigizn;l;zthanone Z20 Ethyl 4—azideacetoacetate 21
Benzylacetone ' 33 Ethyl 4-benzyloxyacetoacetate 10

Ethyl 2-chloroacetoacetate 26

2-Acetylpyridine 63 tert-Butylacetoacetate 88
3-Acetylpyridine 19 Methyl acetoacetate 66
4-Acetylpyridine 83
5—Acer%furo[2-3» 63 Acetoacetoanilide 1
clpyridine
Acetypyrazine 76 o-Acetoacetanisidide 35
2-Acetyrfuran 8 N-Acetoacetyl-p-toluidine 2
Tetrahydrothiophen-3-one 4 4'-Chroloacetoacetanilide 4

' 2',5'-Dichloro acetoacetanilide 34
3-Chloro-2,4-pentadione 43 Acetoacetamide 10
Acethylacetone 198
diacethyl 24
[o146]

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

Purified RMA, which had been obtained in Example 1, was
denatured in the presence of 8 M urea, and then digested with
achromobacter-derived lysyl endopeptidase (avallable from
Wako Pure Chemical Industries, Ltd.). Then, the amino acid
sequence cof thus-obtained peptide fragment was determined by
ABIA92-type protein sequencel (a product of PerkinElmer) .
Based on a DNA sequence which was éxpected from the amino acid
sequence; primer 1: 5" —GGTGATTGGTTYGGTTTRGG—3" (SEQiﬁ)NO:S in
the sequence listingj, and primer 2:

51 _SWAGCACCYARACCRACTGG-3" (SEQ 1D NO:4 in sequence listing),
which were for amplifying a part of a gene that ccdes for RMA
in PCR, were synthesized.

[0147]

(Amplification of a'géne through PCR) ,

Chromosomal DNA was extracted from cells of Candida
maltosa IF0O 1977 strain, which.had.been.cultivated;in a simiiar
manner to Example 1, with GENtorukun™ (a product of Takara Bio
Tne.) in accordance with ‘the condition illustrated in an

instruction manual. Then, PCR was carried out with the DNA

: primers 1 and 2, which had been prepared in the above manner,
“in the presence of the obtained chromosomal DNA as a template.
A= a result, an about 0.5 kbp DNA fragment assumed to bhe a part

of a target gene was amplified. PCRwas carried out with TaKaRa
Ex Tag (a product of Takara Bio Inc.) as a DNA polymerase under
a reaction condition as illustrated in an instruction manual.
ThisDNAfragmentwaSSubjectedtodirectsequencingwithBigDye
Terminator Cycle Sequencing Kit (a product of Applied
Biosystemﬁ) and Applied Biosystems 3130x1 Genetic Analyzer (a
product of Applied Biosystems), and thereby the base sequence
of the DNA fragment was analyzed. The base sequence acquired
is illustrated as SEQ ID NO:5 in the sequence listing.
[0148]

(Determination<xfcomplete sequence<3fa‘targetgeneln{inverse

PCR method)



10

15

20

25

30

35

44

Chromosomal_DNAcnfCandidaJnaltosa_IFO 1977 strain, which

had been prepared in the above manner, was completély digested
Wwith a restriction enzyme BglI oxr Munl or Xbal, and then the
thus-obtained mixture of DNA fragments was
lntramolecularly*cycllzed with T4 ligase. Wwith the cyclized
product as a template, the complete base sequence of RMA gene,
which included the above base seduence 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 sequence listing. Inverse PCR was carried
out;with‘Pyrobest‘DNALPolymerase (a product of Takara Bio Inc.)
as a 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 lllustrated in SEQ ID NO:l.
[0149] . '
(Example 5) Construction of a recombinant vector pNCM

PCR was carried out with primer 3:
5'—GGGAATTCCATATGTCAATTCCATCTACTCAATAC—3‘(SEQ TD NO:6-in,the
sequence listing), primer 4:
5'—CCGGAATTCTTATGGATGGAAAACAACTCTACC—3'(SEQ 1D NO:7 in the
sequence listing) in the preseﬁce of the chromosomal DNA of
Candida maltosa IFO 1977 strain as a template. As a result,
adouble—strandedlﬁﬂ&wasobtaimed,jj1whichaHLNdeIrecognition
site was inserted in a initiation codon position, and an EcoR1
recognition site was inserted at a position immediately
downstream of the rermination codon, in the gene that consisted
of the base sequence shown under SEQ ID NO:2 in the sequence
listing. PCR was carried out with Pyrobest DNA Polymerase (a
product of Takara Bioc Inc.) as DNA polymerase, and the reaction

condition was followed by the condition illustrated in an
instruction manual.
[0150]

2 DNA fragment obtained by the above PCR was digested with

NdeT and EcoRI, and then inserted at the site between the Ndel
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recognition site and the mcoRI recognition site, downstream of
the lac promoter of the plasmid pUCN18 (a plasmid_constructed
by replacing "T" at the 185th position with "A" of pUC1S8 (a
product of Takara Bio Inc., GenBank.Acceésion No. L09136) by
PCR to destroy the NdeT site, and further replacing "GC" at the
471st and 472nd positions with "TG" ta introduce a new Ndel site} .

‘Thus, a recombinant'vector pNCM was constructed. The method

for constructing pNCM and the structure thereof are illustrated
in Fig. 1.

[0151]

(Example 6) Construction of a recdmbinant vector pNCMG that

further contains a glucose dehydrogenase dene

PCR was carried out with primer 5:
5'—CCGGAATTCTAAGGAGGTTAACAATGTATAAAG—3'(SEQ ID NO:8 in the
sequence listing) and primer 6:
5'"ACGCGTCGACTTATCCGCGTCCTGCTTGG"3' (SEQ ID NO:2 in the
Sequencelistihg):ﬁlthepreseﬁceofthe;ﬂasmidpGDKl (a person
skilled in the art could acquire or prepare the plasmid in
accordance with the way as described in Eur. J. Biochem., 186,
389 (1989)) as a template. As a regult, a double—-stranded DNA

was obtained, in which a ribosome binding site of Escherichia

coli was inserted at a position 5-base upstream from the

initiation codon of a glucose dehydrogenase (hereafter to be
abbreviated as “GDH") gene that was derived from Bacillus

megaterium IAM 1030 strain, and an EcoRI‘recognition site was

insertedimmediatelyupstremnoftheribosomebindinqsite,and
further, Sall recognition site was inserted immediately
downstream of the termination codon.
[0152]

Thus-obtained DNA fragment was digested with EcoRI and
Sall, and then inserted at the site between the EcoRI
recognition site and the 5alT 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 illustrated
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in Fig. 1.
[0153] ,
(Example 7) Construction of a recombinant vector pNCMET that

further contains formate dehydrogenase gene

PCR was carried out with primer 7:
5'“ACCACCGAATTCTAAGGAGGTTAACAATGGCGRAA¥3' (SEQ ID NO:10 in
the sequence 1isting), primer 8:
5‘—CCACCAGAGCTCTCAGCCGGCCTTCTTGAAC—3' (SEQ ID NO:11 in the
sequence listing), primer 9:
5'—TCGGCGTCGACGAGTTCCTTCTCGAACAC_3' (SEQ 1D NO:12 in the
sequence listing), primer 10:
5'fGTGTTCGAGAAGGAACTCGTCGACGCCGA&3' (SEQ'ID NO:13 in the
sequence listing) in the presence of the plasmid_pFTOOZ (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. An about 0.3 kbp double-stranded DNA was produced

by combining the primers 7 and ¢, and an about 0.9 kbp

double—strandedlnﬂxwas]QroducedknrcombiningtﬂmaprimersEBand
10. Then, arcombination 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 obtained, in which a
ribosome binding site of Escherichia coli was inserted at a
position.S—base'upstreaﬂafrontthe ipitiation codeon of a formate
dehydrogenase,(hereafter to be abbreviated as “EFDH”) gene of
Thiobacillus sp.. which had been constructed by replacing nGn

at the 354th position of +he base sequence that is shown under -
SEQ ID NCO:3 in sequence listing of WO 2003/031626xﬂith "A", and
an EcoRI recognition site was inserted immediately upstream of
the ribosome binding site, and further an Sacl recognition site
was added immediately downstream of the termination codon.

Thus-obtained DNA fragment was digested with FcoRI and Sacl,
andtheninsertedeﬁ:thesitebetwem1theEcoRIrecognitionsite
and the Sall recognition site, downstream of the RMA gene of
the plasmid pNCM as described in Example 5 to construct a

recombinant vector pNCMET. The method for constructing pNCMET
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and the structure thereof are illustrated in Fig. 1.
(0154} |

(Example 8) Construction of a transformant

E. coli HBR101 {pNCM) was produced by transforming E. coli
HB1G1 competent cell(a product of Takara Bio Inc.) with the
recomblnant vector'pNCM, which had been constructed in Examnple
5.
[0155]

: E. collH8101(pNCMG)wasproducajbytransformlngﬁl coll
HB101 competent cell(a product of Takara Bio Inc.) with the
recombinantvectorpNCMG,whichhadbeenconStructedjlexample-
6.

[0156]

| E. coli 1B101 (pNCMFT) was produced by transforming E.
coli HRB101 competent cell (a product of Takara Bio Inc.) with
the recombinant vector PNCMET, which had been constructed ih
Example 7.

[0157]
(Example 9) Expression of DNA in a transformant

Three transformants obtained in Example 8, and . coli
HBlOl(pUCNlS) (Comparative example), which is a transformant
containing a vector plasmid pUCN18, were each inoculated into
a2 5ml of 2 x YT medium (tryptone 1. 6%, yeast extract 1.0%, NaCl
0.5%, and pH 7.0), which contained 200 ug/ml of ampicillin, and
then shake-cultivated at 37°C for 24 hours. Cells were
collected by centﬁifugation, and suspended in 5 ml of 100 mM-
phosphate buffer (pH 6.5). Cells in the obtained suspénsion
were disrupted with UH-50 ultrasonic homogenizer {a product of
SMT Co., Ltd), and then cell residue was removed by
centrlfugatlon, to give a cell-free extract. The

acetophenone- reducing activity by RMA, GDhH act1v1ty, and FDH

activity were tested on this cell-free extract.
[0158]

rReducing activity to acetophenone was determined in

accordance with a mannex as described in the above [Method for
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evaluatlng reducing ability to a ketone or aldehyde compound] .
The(Hﬂ{actlv1tyvum;determlnedknh first, adding 0.1 M glucose,
2 M coenzyme NAD, andcnnmkaenzymellquldJJ11D4trls—HCl}m1ffer
(pH 8.0) , therlallow1ng'theznlxture 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
nm. The FDH activity was determined by, first, adding 0.5 M
formic acid, 2 mM coenzyme NAD, and crude enzyme liquid in 100
mMphosphatebuffer(pH7 ), thenallow1ngthenuxtureijreact
at 30°C for 1 minute and calculating the FDH act1v1ty 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 enzyme activity that reduced 1 um

"of NAD to NADH per minute.

[0159]
" RMA, GDH and FDH were summarlzed.Ln Table 8 as specific

act1v1t1es As illustrated in Table 8, acetophenone— reducing

activity and RMA expression were cbserved for three

transformants as obtained in rxample 8. Also, GDH eXpression
was observed<for'g;_coli HEB101 (pNCMG} , which contained the GDH
gene,andIﬂﬂ{expressionw&aSobservedforgi_coliHBlOl(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 HB1O1l 0 0 0
E. coli HB101 (pUCN18) 0 0 0
E. coli HB101 (pNCM) 21.6 C 0
E. coli HB101 (pNCMG) 17.7 42.5 0
E. coli HB10L (pNCMET) 14.7 0 3.4
[0161]

{(Example 10) Production of (S)

—phenylethanolwithtransformant

E.coli HBR1O1 (pNCM)
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E. coli HB101 (pNCM) was cultivated in a similar manner
to Example 9, and then cells were disrupted with an ultrasonic
homogenizer. Thus,1001M;ofthecell-freeextractwasproduced.
IHlalOD—mLporthmlofthiscellwfreeextract,7001Jofeaglucose
dehydrogenase(Tradename:GLUCDH"Amano"II,a;moductchAmanov
Enzyme Inc.), 17 g of glucose, 3 mg of NAD', and 10 g of
acetophenone were added, and the mixture was stirréd at 30°C
for 20 hours while controlling the pH of the reaction mixture
to 6.5 with 5 N agueous sodium hydroxide, which was added
dropwise to the mixture. After the reaction, the reaction
mixture was extracted with toluene, and combined ocrganic layer
was dried over anhydrous sodium sulfate. Removal of sodium
sulfate, and evaporation of organic solvents from the organic
layer yielded 9.8 g of {5) ~phenylethanol. The product
(S)—phenylethanolxmasanalyzed;hlaccordancewithijma[Analysis
condition (1) for gas chromatography] as described above, and
found that the optical purity of the product was 99.9% e.e. O
higher. ' |
[0162] _
(Example 11) Productioncﬂf(S)thenylethanolwithtransformant
E. coli HB101 (pNCMG)

Culture fluid was obtained by_cultivating E;.ggéi

HB101 (pNCMG) in a similar manner to Example 9. In a 100-nL
portion of the culture fluid, 17 g of glucose, 3 mg of NAD',
and 10 g of acetopheﬁone were added and the mixture was stirred
at 30°C for 20 hours while controlling the pH of the reaction
mixturetx;6J§with5riaqueoussodiwmhydroxide,whhﬂ1wasadded
dropwise to the mixture. After the reaction, the reaction
mixture was extracted with toluene, and combined ocrganic layer
was dried over anhydrous sodium sulfate. Removal of scdium
sulfate, and evaporation of organic solvents from the organic
layerunderreducedpressureyieldaﬂ9.9g;of(S)—phenylethanol.
The product (s) -phenylethanol was analyzed in accordance with
the {Analysis condition (1) for gas chromatography] as
described above, and found that the optical purity of the
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product was 99.9% e.e. or higher.
[0163]
(Example 12) Productionwjf(S)-phenylethanolvﬁij1transformant
E. coli HB101 (pNCMET)
culture fluid was obtailned by cultivating E coll

HB10L1 (pNCMET) 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®, 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 mixture to 6.0 with 5bIaqueous formic acid, which was
added dropwise to the mixture. Afterthereactlon,thereaction
mixture was extracted with toluene, and combined organic layer
was dried over anhydrous sodium sulfate. Remcval of sodium
sulfate, and evaporation of organic solvents from the organic
layeru&derreduceﬂpressurey1elded9 .8 gof {(5)~ phenylethanol.
The product (S) -phenylethanol was analyzed in accordance with
the [Analy51s condition (1) for gas chromatography] as
descrlbed above, and found that the optical purity of the
product was 92.9% e.e. OF higher.
[Clo4]
(Example 13) production of (S)*B«buten—Zmol,with.transformant

F. coli HB10O1 (pNCM)
E. coli HBlOl(pNCM) was cultivated in a similar manner

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

homogenizexr. Thus, 100 mL of thecell- free extract was produced.
In51lOOﬂﬂLportlonxﬁfthlscell free extract, 2000U of a glucocse
dehydrogenase CTradename.GLUCDH“Amano”iEE a product of Amanoc

Enzyme 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 mixture to 5.5 with
5 N aqueous 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 d) . Afterl9—hourreaction,thereactionnﬂxture
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wWas repeatedly“extracted\mﬁjlZOOImLof]ﬂethylene chlecride five
times, and obtained organic layers were conbined, followed by
drying over anhydrous sodium sulfate. Sodium sulfate 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 ¢ of ‘
(S)-3-buten-2-ol (Boilimj point: 96°C) . The optical purity of
the product was 99.6% e.e. Yield of (S)—3ﬂbuten—2-ol was
determined from an analysis under the below condition for gas
chromatography . |
[0165]
[Analysis conditlion for gas chrgmatographfl
Column:InertCapB(SDInxO.ZSImm aproductof(ﬂ;ScieﬁcesInc.)
Deteétor: FID
Carrier gas: Helium
Coiumn temperature: 35°C

Optical purity of the produced 3-buten-2-0l was
determined by first converting the 3-buten-2-ol into =
corresponding dinitrobenzoyl compound, and then analyzing the
compound by HPLC. Conversion of 3-puten-2-ol into the
corresponding dinitrobenzoyl compound was carried out as
follows. 3-Buten-—-2-0l was extracted from the reaction mixture
with methylene chloride, then triethylamine and
3,5-dinitrbenzoyl chloride (1.2 equivalents o 3-puten-2-0l)
were added to extracted 3-huten-2-o0l1, and the mixture was
stirred at a room temperature for 2 hours. The reaction mixture
waswashedwith]ﬁNaqueousHCl,andthenpurifiedbypreparative
thin-layer chromatography. Thus-obtained fraction was
dissolved_inAethanol, and.then.analyzeélunder +he condition for
high performance liquid chromatography as listed below.
[0166] |
{Analysisconditionwxfhighperformanceliquidchromatography]
Column: Chiralpak AD-H (250 mm x 4.6 mm, & product of Daicel
Chemical Industries}

Eluent: n-hexane/ethanol = 7/3
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Flow 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 (S) ~-3-buten—~2-ol with transformant

E. coli HB101 (pNCMG)

culture fluid was obtained by cultlvatlng E. coiil
HB101 (pNCMG) in a similar manner Lo Example 9. In a 100-mL
portion of the culture fluid, 7.1 g of glucose, 10 ng of NAD',
and 5 g of EMULGEN 810 (a product of Kao Corpeoration) were added,
and the mixture was stirred at 30°¢ for 10 minutes. In this
mixture; 2.63 gof methyl vinyl ketone was added, and the mixture
was continued stirring at 30°C while controlling the pH of the
reactionmixture to 5.5 with 5 N aqueous sodium hydroxide, which
was added dropwise to the mixture. After 3—hour reaction, the
reaction mixture was repeatedly extracted with 200 ml of
methylene chloride five times, and obtalned organic layers were
combined, followed by drying over anhydrous sodium sulfate.
Sodium sulfate 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 2.54
g of (s)-3-buten-2-ol. The optical purity of the product was -
99.2% e.e. Yield and optical purity of (8) -3-buten-2-o0l were
determined in accordance with themanner as described in Example
13.
[0168) )
(Example 15) Production of (3) —3-pbuten-2-ol with rransformant
E. coli HB101 (pNCMFT)

Culture fluid was obtained by cultivating E. coll

HBLO1 (pNCMFT) in a cimilar manner to Example 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 nmixture was stirred at 30°C. In
this mixture, 0.525 g of methyl vinyl ketone was added, and the
mixture was continued stirring at 30°C while controlllng the

pH of the reaction mixture to 5.5 with 5 N aqueous formic acid,
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which was added dropwise to the mixture. sSeven more portions
of 0.525 g of methyl vinyl ketone were added every 30 minutes
(tofal added amount of methyl vinyl ketone was 4.2 g). After
l9—hourreaction,thereactionmixturewasextractedrepeatedly
with 200 ml of methylene chloride five times, and obtained
organiclayerswerecmmbined,followedlnfdryingoveranhydrous
sodium sulfate. Sodium sulfate 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 3.94 ¢ of (8)-3-buten-2-ol. The optical
purity of the product was 96.3% e.e. Yield and.opfical purity
of (S)-3-buten-2~-o0l were determined in accordance with the
manner as described in Example 13.
[0169] o
{(Exanple 16) Production of {8)-2-hydroxy-5-pentanol with
transformant E. colil HBlOl(pNCMG) ' ’

Cculture fluid was obtained by cultivating E. coli

HB101 {pNCMG) in a similar manner to Example 9. In a 506-mL
portlon.of the culture fluid, 21. Zg;of glucose, 2.5 mg of NAD",
and 10.0 g of 2—-oxo—-5- -pentanol were added, and the mixture was .
continued stlrrlng at 30°C while controlling the pH of the
reactionmixture to 6. 5w1th51€aqueoussodlmmhydrox1de which
was édded dropwise to the mixture. After 45-hour reaction,
cellswereIemovedgﬁmnnthereactionndxtureknrcentrifugation.
The resultant solution was repeatedly extracted with 200 ml of
ethylacetate:Btimes,andobtainedorganic1ayerswerecombined,
followed by drying over anhydrous sodium sulfate. Sodiunm
sulfate was removed by filtration and organic solvents were
eliminated by evaporation under an ordinary pressure. Then,
solvents were evaporated, to yleld 8.68 g of

(8)-2- hydroxy 5-pentanol. Optlcal purity of the produced
(8) -2-hydroxy-5-pentancl was 99.2% e.e. Yield of
(S)~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:InertCap5(30n1xO.25nmu aproductof(HJSciencesInc.)
Detector: FID ' '

Carrier gas: Helium

Column temperature: 80°C

[0171] '

{Analysis condition (b) for gas chromatography]

Columnh: InertCap CHIRAMIX (30 m X 0.25 mm; a product of GL
Sciences Inc.)

Detector: FID

Carrier gas: Helium

Co Lumn temperature: 90°C

Elution time: S—-form: 17.2 minutes, R-form: 18.3 minutes

[0172]
(Example 17) Production of methyl (8) -3~hydroxybutyrate with

transformant F. coli HB101 (pNCMET)
culture Fluid was obtained by cultivating E. coli

HBE101 (pNCMFT)} in a similar manner to Example 2. in a 100-mL
portion of the cultﬁre fluid, 2.8 g of sodium formate, 3 mg of
NAD', anleg;ofnethylacetoacetatewereadded,andtﬁmemixture
was stirred at 30°C for 20 hours while controlling the pH of
the reaction mixture to 6.0 with.BIJaQueous formic acid, which
was added dropwise to the mixture. After the reaction, the
reaction mixture was extracted with toluene, and combined

organic:layex:was(jrieclover‘anhydrous sodium sulfate. Removal

- of sodium sulfate, and evaporation of organic solvents fronlthe

organic layer under‘reduced‘pressure vielded 8.7 g of methyl
(5) -3-hydroxybutyrate. The optical purity of the product was
99% e.e. or higher. Yield of ethyl (8} -3~hydroxybutyrate was
éalculatedlaased.on the analysis under the following condition
for gas chromatography.

[0173]

[Analysis condition of gas chromatography!
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Column: TC-WAX (15 m x C.25 mm; a product of GL Sclences Inc.)
Detector: FID ' 3
Column temperature: 85°C
Injector temperature: 200°C
Detéétor temperature: 200°C
Carrier gas: Helium (70kPa)
Spiit ratio: 100/1
Elution time: methyl acetoacetate:'2.9 minutés, methyl
3—hydroxybutyrate: 3.8 minutes '
[0174]

Optical purity of the @roduced methyl
(S} -3~hydroxybutyrate was determined by first converting the
methyl (S)-3-hydroxybutyrate intec a corresponding
dinitorobenzoyl compound, and then analyzing the compound in
accordance with the following condition for high performance
liquid chromatography. Conversion of methyl
3-hydroxybutanocate into the corresponding dinitorobenzoyl
compound was carried out as follows. Methyl

3—hydroxybutanoateWasextractedfromthereactianmixturewith

~ethyl acetate, then pyridine and 3, 5-dinitrobenzoyl chloride

(1.2 equivalents to methyl 3-hydroxybutancate) was added to
extracted methyl 3-hydroxybutancate, and the mixture was
StirreClataaroon1temperaturé for 2 hours. The reaction mixture
Waswashedwith]QNaqueousHCl,andthenpurifi@dbypreparative
thin~layer Chromatography. Thus-obtained fraction was
dissolvaﬂinethanol,andthenanalyzedunderthefollowianPLC
condition.

[0175]

[Analysis condition for high performance liquid
chromatography]l ‘

Column: Chiralpak AD-H uaproductofDaicelChemicalIndustries,
Ltd.)

Detection wavelength: 230 nm

Column temperature: 20°C

Eluent: n-hexane/ethanol = 3/7
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Flow rate; 0.7 ml/min

Elution time: (S)-form: 21.7 minutes, (R) ~form: 29.8 minutes
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CLAIMS

1. A DNA which is any one of the following DNAs (A}, (B),
(C), and (D):
(A) a DNA comprising the base sequence shown under SEQ ID NO:2
in the sequence 1isting;
(B) a DNA hybridizable under a stringent condition with a DNA
that comprises the base sequence complementary 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 (S)-l-phenylethanol;
(C} a DNA having sequence identity of 85% 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 redct with
acetophenone to reduce into (8)-Il-phenylethanol; and
(D)eaDNAcomprisingeabasesequencethatresultéfromckﬂetion,
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)-1-phenylethanol.

2. A polypeptide having the following physicochemical
properties (1) to (6):

(1) Action:

The polypeptide oxidizes an alcohol with NAD" as a
coenzyme to produce a ketone or an aldehyde, or reduces a ketone
or an aldehyde with NADH as coenzyme to produce an ailcohol;
(2) Substrate specificity:

A substrate in oxidation reaction is an aliphatic alcohol
which may have an aromatic substituent, and the polypeptide
preferentially oxidizes (8)-2-butancl in comparison with
(R)-2-butanol; and a substrate in reduction reaction is a ketone
or an aldehyde, and the polypeptide reacts with acetophenocne
to reduce into (S)-l-phenylethanol;
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(3) Molecular weight:

The molecular 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;
(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
ethylehediaminetetraacetic acid, o-phenanthroline, mercury
chloride, copper sulfate or zinc sulfate, whereas is not

inhibited by 2-mercaptoethancl cor dithiothreitol.

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 microorganism is Candida maltosa.

5. A polypeptide which is any one of the following
polypeptides (a), (b), (¢}, and (d}:
(a) A polypeptide comprising the amino acid sequence shown under
SEQ ID NO:1 in the sequence listing;
(b) A polypeptide comprising an amino 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 sequence shown under SEQ ID NO:1 in the sequence
listing, and having activity to react with acetophenone to
reduce into (8)-1l-phenylethanol;
(¢) A polypeptide having sequence identity of 85% or higher to
the amino acid sequence shown under SEQ ID NO:1 in the segquence

listing, and having activity to react with acetophenone to
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reduce into (8)~1l-phenyleéthanol; and
(d) A polypeptide encoded by the DNA according to claim 1.

6. A DNA coding for the polypeptide according to any one
of claim 2 to 5.

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

8. The vector according to claim 7, furthex 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 to reproduce a
reduced coenzyme is glucose dehydrogenase oOr formate

dehydrogenase.
10. A transformant
whichjf;producibleiby'transformationwafathost cell with

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

11. The trahsformant according to claim 10,

wherein the host cell is Escherichia coli.

12. A method for producing an alcohol comprising

reacting the polypeptide according to any one of claims
2 tc 5, or the transformant according to claim 10 or 11, and/cr
a processed product of the transformant with a carbonyl

group-containing compound.

13. The method for producing an alcohol according to claim
12,
wherein the carbonyl group-containing compound is an

asymmetric ketone, and a product therefrom is an optically



- 10

15

20

25

30

35

a0
active alcohol.
14-fﬂﬁamethod1kn:producingen1alcoholaccordingtt)claim

13,

wherein the asymmetric ketone is a 1-phenylethanone

‘derivative represented by the following Formula (1}:

[Chemical formula 1]
; O
R vl \\/Ra
I&
R2— | m

wherein R' and R’ are each indepeéndently 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

opticallyactivelfphenylethanoiderivativerepresentedbytﬂm
following formula (2):

[Chemical formula 2]
QH
R? 3
R
f'\/
Re— | @)
\\
wherein RY, R? and R® are the same as defined above.
15. The method for producing an alcohol according to clainm

14,
wherein R® is a hydrogen atom.
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16.ﬁﬁmamethodgﬂyrproducingenlalcohol.accordingtx>claim
13, '
wheremﬁtheasymmetrhcketoneiseamethylkEtonecompound'

represented by the following formula (3):

[Chemical formula 3]

Q

A @
R |

rwherein R* ig a substituted or unsubstituted alkyl group, a

substituted or unsubstituted alkenyl group or a substituted or
unsubstituted alkynyl group, and |

the product optically active alcohol therefrom 1is an
optically active 1—substituteﬂ—1-ethanol derivative
represented by the formula (4):

[Chemical formula 4]

OH

m/l\\ @
R

whérein R* is the same as defined above.

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

wherein R? is a Ci.7 atkyl 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. TheInethodpﬂm:producing4ﬂ1alcohol.according'maclaim
16,

wherein R? is a vinyl group.
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SEQUENCE LISTING

110> Kaneka Corporation

¢120> NOVEL ALCOHOL DEHYDROGENASE, GENE FOR THE ALCOHOL DEHYDROGENASE, VECTOR, TRANS
FORMANT, AND METHOD FOR PRODUCTION OF OPTICAIJ.Y ACTIVE ALCCHOL. BY USING THEM ‘

<130> BO606BIWOO1-

140> PCT/JP2007/072813

141> 2007-11-27

150> JP2006-321139
151> 2006-11-29

160> 13
© 170> Patentin version 3.1

Q2100 1
11> 336
<N2> PRT

213> Candida maltosa

400> 1
Met Ser lle Pro Ser Thr Gln Tyr Gly Phe Tyr Tyr Thr Lys Glu Lys
1 5 10 15
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Gly Leu Thr Leu Lys GIn Asp Leu Pro Val Pro Lys Pro Ala Ala Gly

20 25 30

Gin Leu Leu Met Lys Val Asp Ala Val Gly Leu Cys His Ser Asp Leu
35 40 45

His Val tle Tyr Glu Gly Leu Asp Cys Gly Asp Asn Tyr Yal Met Gly
50 ' 55 60

His Glu |le Ala Gly Thr Vai Ala Ala Leu Gly Ala Glu Val Asp Gly

65 70 75 - 80 -

Phe Ala Val Gly Asp Arg Val Ala Cys Val Gly Pro Asn Gly Cys Gly
85 90 95

fle Cys Lys His Cys Leu Lys Gly Glu Asp Asn Val Cys Lys Lys Ala
100 ‘ 105 110

Phe Gly Asp Trp Phe Gly Leu Gly Ser Asp Gly Gly Tyr Glu Glu Tyr
1156 120 125

Leu Leu Val Arg Arg Pro Arg Asn Leu Val Lys 1le Pro Asp Asn Val

130 135 140

Thr Thr Glu Glu Ala Ala Ala lle Thr Asp Ala Val Leu Thr Pro Tyr
145 150 155 160

His Ala lle Lys Val Ala Gly Val Gly Pro Thr The Asn Leu lLeu lle
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165 - 10 175

Val Gly Ala Gly Gly Leu Gly Gly Asn Ala lle Gin Val Ala Lys Ala
180 185 190

Phe Gly Ala Thr Val Thr Val Leu Asp Lys Lys Asp Lys Ala Arg Glu -
195 200 205

GIn Ala Lys Ser Leu Gly Ala Asp Asn Val Tyr Asp Glu Leu Pro Ser

210 215 220

Ser Val Glu Pro Gly Ser Phe Asp Val Cys lle Asp Phe Val Ser Val
225 230 235 240

Gin Ala Th Phe Asp Leu Cys Gin Thr Tyr Cys Glu Pro Lys Gly Thr
245 950 | 255

Ile |le Pro Val Gly Leu Gly Ala Ser Asn Leu Ser lle Asn Leu Gly
260 265 270

Asp Leu Asp Leu Arg Glu lle Arg Val Leu Gly Ser Phe Trp Gly Thr
275 280 285

Ser Leu Asp Leu Arg Glu Ala Phe Glu Leu Ala Ala Gln Gly Lys Val

290 295 300

Lys Pro Val Val Ala His Ala Glu Leu Lys Glu Leu Pro Glu Tyr lle

305 310 _ 315 320
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Glu Lys Leu Lys Lys Gly Ala Tyr Glu Gly Arg Val Val Phe His Pro
325 330 335

Q10> 2

211> 1011

212> DNA

<213> Candida maltosa

4o 2

atgtcaattc catctactca atacggttic tattacacta aagaaaaagg tttaacciig
aaacaagatt tacctgtioc taaaccaget gctggteaat tgttgatgaa getcgatece
gitegtttat gteactetga titacatgic atttatgaag ggitagatig tggggatéac
tatgtcatgg gacateaaat tgcceetact ghigetectt teggtectea agttgacegt
ttteotette gtgategigt tgcttgl;g’tt gotccaaatg gtigtegtat ctgtaaacat
tgtttgaaag glgaagataa cgtttgtaag agggctttty gtgattestt tgetttaget
'agtgatgg‘tg gttatgaaga atactigtte gitagaagac caagaaalit ggt{'aaaa‘tc
ccagataatg tcactactga agaagetgcc gotattactg atgotgtttt gactecttac
catpctatta agettgeteg tgttggtcca actactaatc ttttaattgt tggtgctggt
getttegete gtaatgctat ccaagttgec aaagcttttg gtgctacagt tactgtitig
gataagaaag ataaggctcg tgaacaaget aagagti tgg gtectgataa tgtitateat
gaattaccat caagtetcga accaggtict tttgatgtat glattgattt tetetctgtt
caagcaactt ttpacctttg tcaaacatat tglgaaccaa aaggtaccat cattccagltt
getttagete cttcaaatct ticcatcaac cttggtegatt tagatcticg tgaaatcaga
gttttggeta gtttctegeg tacctottig gacttgagag aagotttiga attagecect
caaggtaaag tcaaaccagt tgttgcccat gotgaattea aagaattacc agaatacatt

gasaaattea agasagetge ttatgaaget agagttgttt tecatccata a

60
120
180
240
300
360
420
480
540
600
660
720
780

960

1011



<210 3

Q1> 20

<212> DNA

Q213> Artificial

Q20>
223> Primer 1

400> 3
gotgattegt tyggfttrgg

210> 4

Qi 20

212> DMA

213> Artificial

<2200
<223> Primer 2

400> 4

swagcaccya aaccaacteg

Q10> 5
211> 416

5/9

20

20
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<212> DNA

<213> Candida maitosa

400> 5

gtagtgatgg tggttatgaa gaatacttgt tgettagaag accaagaaat ttggitaaaa
tcccagataa tgteactact gaagaagetg ccgotattac tgatgctg{t ttgactectt
accatgctat taaggtﬁgct gotgttegtc caactactaa tettttaatt gttggtecte
gtgglttege tgetaatgct altccaagttg ccaaagelitt tgetectaca gttactettt
tggataagaa agataagect cglgaacaag ctaagagttt gegtecteat aatgtitatg
_atgaattacc atcaagtegtc gaaccaggtt ctttlgategt. atgtattgat tttgtgtcfg

' ttcaagcaac ttttgacctt tgtcaaacat attgtgaacc aaaaggtace ateatt

@105 6

211> 35

Q12> DNA
13> Artificial

<2200
<223> Primer 3

<400> 6

gggaatteca tatgtcaatt ccatctacte aatac

Q10 7
Q11> 33
<212> DNA

60
120
180
240
300
360
416

35



213> Artificial

220>
Q23 Primer 4

400> 7

ceggaattct tatggatega aaacaactct acc

<2}0> 8

211> 33 .
<212> DNA

<{213> Artificial

220>
223> Primer 5

<400> 8

coggaattct aaggagetta acaatgtata aag

<210} 9

Q11> 29

Q212> DNA

213> Artificial

<2200
223> Primer 6

7/9

33

3



<400>

9

acgegtogac ttatccgcgt cctectiee

Q109
Q11
Q1
3

<220
<223

<400>

accaccgaat tctaaggagg ttaacaalgg cgaaa

Q10
Q1>
212
213

220>
<223

<4007

10
35
DNA

Artificial

Primer 7

10

i
31
DNA

Artificial

Primer 8

11

ceaccagage tectcagecgg cottettgaa ¢

8/9

29

35

3l



210
2117
2
213

<2207
223>

<4007

12

29

)
Artificial

Primer 9

i2

teogpegicga cgagttectt ctogaacac

210
211>
Q12

Ik

13
29
DNA

Artificial

<20

(29

Primer 10

400> 13

gltettegaga aggaactc:gt CEAaCELccEa

9/9

29

29
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Fig. 1

FroRl

Candida maltosa 1FO1977 Safl

Chromosomal DNA
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