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1 DESCRIPTION NOVEL ALCOHOL DEHYDROGENASE, GENE FOR
THE ALCOHOL DEHYDROGENASE, VECTOR, TRANSFORMANT,
AND METHOD FOR PRODUCTION OF OPTICALLY 5 ACTIVE
ALCOHOL BY USING THEM FIELD OF THE INVENTION [0001] The
present invention relates to a novel algohol 10 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?%5 BACKGROUND OF THE INVENTION
0002] Alcohol dehydrogenases that react with secondary alcohol

N %B%”f%ﬂ%ﬂ?ﬂ%%%@i@is%’ e upelul-enzymesineyntieses \fROGENASE,
ptically active alcohol compounds thrOé)J]%h stereqs Ie&ﬁwﬁ &[Q r&gu(gg%@mx
VRSEEGBn of RAMBOTYF EBMpouids oFsyi s%g%fP§§tPca yactive - ”
rsecondany .alcabol campeantds thidligh stereoselective oxidation reaction
of racemates of secondary alcohols. [0003] 25 Among alcohol

dehydrogenases yielded by microorganism re many reports on
alcohol dehydrogenase§ Ped%ﬁrgﬁﬁlcoﬁharg\ﬁeﬁ%qenine dinucleotide
(hereafter to be abbreviated as "NAD™) as a coenzyme, and oxidize

2-butang|, There ate however, few repors en aleohol dehydrogenases.

that 30 preferentially oxidize (S)-2-butanol in campayisen with ) t
IR BRARBIAT W gseengorgrgs%ngr'%cﬁng%%r}(l:%u“raiggégg (gg\% l\zlﬁ:@&:1 Sceodiﬁgvei o
fordm éhzynid)has heerd detaired O0OAT-AsStEh & BicgHbt = the Vector,

dehydrogepase, enzymesdervedsiram 35iGardbhia spistrain TYEanl bY
Candida plara,ggilosis IFO 1396 2 strain have been known.
utillzing en.

BACKGROUND OF THE INVENTION
[0002]

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

[0003]

Among alcohol dehydrogenases yielded by microorganisms,
there are many reports on alcohol dehydrogenases that recuire
nicotinamideadeainedinucleotide(hereaftertx;beabbreviated
as "NAD'™) as a coenzyme, and oxidize 2-putancol. There are,
however, few reports on alcohol dehydrogenases that
preferentially oxidize (8)-2-butanol in compariscn with
(R} -2-butancl and whose corresponding structural gene (a DNA
coding for an enzyme) has been acgulred.

[0004]
As such an aicchol dehydrogenase, enzymes derived from

Gordonia sp. strain TY-5, and Candida parapsilosis IFO 1396
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[0005] Among the above enzymes, ADH1, which is an enzyme derived
from Gordonia sp. strain TY-5, is characterized in that it has 5 a
molecular weight of approximately 35,000 as determined by
SDS-polyacrylamide electrophoresis, and has an optimum temperature of
30C 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 weight of 10 approximately 58,000 as determined by
s8bsipolyavsyldritle sleetidphoresis, and has an optimum temperature of
180G and an optimum pH of 10 in oxidation of 2-propanol (See the Patent

Docun}%qt 1 listed be%g\‘/rv)é. LQQ%(;[]D <0 Ahenzyme derived from Lapdidaer i ved

Lar 1
parapsi oss?l_: 139 strain is characterized in that it has mole.qgl [it has
fwelyHier SepdraxiRatelf 4810007 35 detdimmed By S 5§%§&%aépylgm%e thne
-elpetrephoresisya stable pf rangecof8:8 te 19.03 and &h appeoprizteined by
IREL or action in oxidation of 20 (Fhd-huikanel isgsCriar
3 gc]:.p ?%glge%g%%%éai@a %%%g%:tésrg th%t:ctivity ?{ tg% epgyme is%n o
[

Gt
BB b7 Ao Feitdh WAEETt S hof Dbt o0 ©F

ethylenediaminetstisBcetib Aeld (SeexthesPREREDBCIMERER fistdy the same
Jeloy f‘@n ?%&Q%%JQ&E%@?E%@@#W@@M dehydrogenasesithat weight of
preferentially oxidi )-2-butanol in comparison with - (R)-2- élggn_glglggd
AoSE ot %b%d'r%ggt{r)u%ctﬁrsal Cg%-ﬁ%%ﬁ%&l (?)O%Ir% 1’502% esazyme)ohas Z
deentacypired ehiview bl staRe JP6fHE SHRRISHOT Bf AdVRY © anc an
SpEymes qitheir corresponding stiuciurat gerehap beeh desired tifithe?atent
Siruc%Jr%ltgelnelofséggh gnzymes is acquired, the enzyme can be

p%: uced througjh a genetic engineering technique in a large amount, and
{iereby enables to establish a process that can produce useful

compoungse35 fereexamyile coptically. attive atbohplsr aithithe £hzymedn+ 326
gé%ain is characterized in that it has a molecular welght of
approximately 40,000 as determined by SD3-polyacrylamide

electrophoresis, a stable pH range of 8.0 to 10.0, and an

appropriate temperature range for action in oxidation of
(5} -2-buthanol is 25°C to 55°C. This enzyme hag a character
that activity of the enzyme is inhibited by 2-mercaptoethanol
or dithiothreitol, whereas it is not inhibited by
ethylenediaminetetraacetic acid (See the Patent Document 2
listed below) .

[0007]

Thug, there are few alcohol dehydrogenases that
preferentially oxidize (8} -2-butanocl in comparison with
(R)-2-butancl and whose corresponding structural gene {(a DNA
coding for an enzyme) has been acquired. In view of the state
of the art, acquisition of novel enzymes or their corresponding
structural gene has been desired. If the structural gene of
such enzymes 1s acquired, the enzyme can be produced through
a genetic engineering technique in a large amount, and thereby
enablesTx;establishzaprocessthatc:mnproduceusefulcompounds,

for example, optically active alcohols, with the enzyme 1n a
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remarkably efficient manner. Patent Document 1:JP-A-2005-102511
Patent Document 2:JP-B-3574682 5 DISCLOSURE OF THE INVENTION
PROBLEM WHICH THE INVENTION IS TO SOLVE [0008] 10 Itis an
object of the present invention 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. 15 MEANS FOR SOLVING THE
RREBEEM {0009} The presentirmiention has one or a plurality of the
following technical feature(s): 20 One of the features of the present

invention_is a polype t"i% having the fallowing physicochemical
H6p&ties” T@’é)fdﬁl)EA %orjg %%Ogo&%e%\.i e oxidizes an alcohol with
NAB ds 85 soehzymeloProdacé ddetone or an aldehyde.
Furthermore, the polypeptide reduces a ketone or an aldehyde with

NADH as a coenzy zté)ﬁB%ga% an aleahol. {0047 (2)Substrate

specificity: 30 A substrate in oxidation reaction is an aliphatic alcohol
which may have an aromatic substituent. The polypeptide preferentially
oxidizes (S)-ZhutanoMincumparisoh W =R)-258utaBok @ siibistfate in

&?}wi?n reaction is a ketone or an aldehyde. The polypeptide reacts
ith a

Celt?:pjl? g rj’a.or? gl’g% e3 g treodfu %% én%sorgsg é]fl_g hie I{]¥ leezg.@ai%% t4 o) %%102“1 ide a novel

alcohol dehydrogenase, a gene for the alcohol dehvydrogenass,
a vector including the gene, a transformant transformed 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 cne Or a plurality of the
following technical feature(s):

one of the features of the present invention 1s a
polypeptide having the following physicochemical properties:
{00107
{1} Action:

The polypeptide oxidizes an alcohol with NAD" as &
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.

[co11]
(2) Substrate specificity:

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

reduce into (S)-i-phenylethanol.
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(3) Molecular weight: The molecular weight of the polypeptide is
approximately 39,000 as determined by reducing SDS-polyacrylamide 5
electrophoresis. 10013] (4) Stability in pH: Stable pH range of the
polypeptide is 5.5 to 7.5. [0014] 10 (5) optimum temperature: Optimum
temperature of the polypeptide for oxi%ation reaction of (S)-2-butanol is
45C to 70C. [0015] (6) Inhibitor: i5 Enzyme activity of the polypeptide is
inhibited by ethylenediaminetetraacetic acid, o-phenanthroline, mercury
(ehlorige, copper sulfate or zinc sulfate, whereas it is not inhibited by

(%-)mﬁgﬁgtggilgn% gggg@ipthreitol. [0016] 20 Another feature of the
present invention is a polypeptide which is any one of the followin

polypefiides (a2t5). and o7 (0017} 18) A polypepdé ncludig the >
|MinDoacid sequence shaivb underi 25 8EQIDSNDA i ae séquerce

el'ﬂigg;r@&gglg%gtide incIuinng an amino aci'd' sequence tha‘t resullts
from deléetion, insertion, substitution and/or addition of one amino acid

1BEHEE or a plurality of amino acid residues in the amino acid sequence
showihtemderiSEQID MO:1 in the sequence 30 listing, and having activity
to reactwith, acetgphenane to, reduee o (Srkphenylethanolsand (6).A -
Eol pelftide having sequence identity of 85% or higher to the amino acid
%%yﬁé ce shown under SEQ ID NO:1 in the sequence listing, and having
aetivifplolredet WiReetdphehone to 35 reduce into (S)-1-phenylethanol.

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

[0015]

(6) Inhibitor:

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

[o016]

Another feature of the present invention is a polypeptide
which is any one of the following polypeptides {ay, (b}, and
(e
[0017]

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

(b} & polypeptide including an amino acid sequence that results
from deletion, insertion, substitution and/or addition of cne
amino acid residue or a plurality of amino acid residues in the
amino acid sequence shown under SEQ ID NO:1 in the sedquence
listing, and having activity to react with acetophenone to

reduce into (S)-l-phenylethanol; and

(c) A polypeptide having sequence identity of 85% or higher to
the aminc acid sequence shown under SEQ IDNO:1 in the sequence
listing, and having activity to react with acetophenone to

reduce into (8)-1l-phenylethanocl.
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[0018] Still another feature of the present invention is a DNA coding for
the above polypeptide. [0019] 5 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 10 in the sequence listing; (B) a
DNA hybridizable under a stringent condition with a DNA that includes the
(loasessequence complementary to the base sequence shown under SEQ

ID NO:2,in the sequence listing, and; eoding for apolypeptiderthabhass a DA
activity to react with 15 acetophenone to,reduce into (S)-I-phenylethanol;

(RS BN RainG seqadfcd identiiFor'ss% or higher to the base
seguehce shown under SEQ ID NO:2 in the sequence listing, and coding

for a p;)i\emﬁ_pﬁi%ﬁlgk:@wia%gw%é@ r@a&im@ttplmgmpmmmmlme a DNA
into (S)-i-phenylethanol; a 0 DNA .includi nce tha
Tetie ot HEfor rebhion CsaBar il Ariior acdion of one bace o "
mplurdhityof Yases lthe Bask SeducHea oINS SESTD N®: 2 in

the seguence:-listinges and cading foe alpolypeaptite thattrast activity to

[gactwith celophenong to,educe ino2p, (S)dphemyleihang {0921 Sfio: 2
é\n ther feature of tﬁe present invention is a method for producing an

alcohot perfclAafran bptic&ftactive alcohol, the method including
reactingtire potypeptide: b the 30l presemtinvertiont of theltraasformanf o PNA

%r%ea(?refﬁgﬁhiﬁ‘ﬁg Qticﬁ%e i %‘Q{Q'&hat@%@}% ds @&%M@@@rﬁ{&r@r precessedbase
o h Lo UR AR 0NN, o
coding for a polypeptide that has activity to react with
acetophenone to reduce into {8)-1-phenylethanol;
(C) a2 DNA having sequence identity of 85% or higher to the base
sequence shown under SEQ ID NO:2Z in the sequence listing, and
coding for a polypeptide that has activity to react with
acetophenone to reduce 1nto ($}~1-phenylethanol; and
(D) a DNA including a base sequence that results from deletion,
insertion, substitution and/or addition of one base or a
plurality of bases in the base sequence shown under SEQ ID NO:2
in the seguence listing, and coding for a polypeptide that has
activity to react with acetophencne to reduce into
($)-1-phenylethanol.
(00207

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

transformant with a carbonyl group-containing compound.

EFFECT OF THE INVENTION
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The present invention provides 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 produced 5 by utilizing any of these. BRIEF DESCRIPTION

OF THE DRAWINGS [0022] [Fig. 11 10 Fig. 1 illustrates a method for
constructing recombinant vectors pNCM, pPNCMG and pNCMFT, and
structures of them. BEST MODE FOR CARRYING OUT THE

INVENTHN {0023} 15 Fhespresent inventictewillzbe described5Elew in

tail_with reference eGifi odiments, 1The present nveationaisiector

o R R ded 10 e oy omb din%entsf[gmz% Regarding . . .-,
irribed Py S8t Bpen Esidithe E%%%B ide’ot'the 20 present invention '
4ndhe present invention,the polypeptids \whith isasbldied 8 FrdtHor cuced
rg,e[&tgnfgzqggwaﬁg‘s the fallowing physicochemical properties (1) to (6):
kf 025] 25 (1) Action: The polypeptide oxidizes an alcohol with NAD' as a
coenzyme to produce a ketone or an aldehyde. Furthermore, the

polypeptide redussia KeldheCorai Aldéhyde With NABEAS S coenzyme

) praduce an alcohol. 30 [0026] (2) Substrate specificity: A substrate in
oxidation reaction is an aliphatic alcohol which may have an aromatic
StbStitudnt. The polypeptide preferentially oxidizes (S)-2-butanol in binant
compari§bg with:35- (R)E-23Rand A e ifTRAGCon reaktion IS o
ketoner’ anan-gldehyde: Thedpalyipeptide readtsawithiaceophendné fem -

BREST MODE FOR CARRYING QUT THE INVENTION
[0023]

The present invention will be described below in detall
with reference to specific embodiments. The present invention
is, however, not limited to the following embodiments.
[0024]

Regardimgvariousphysicalpropertiescﬂfthepolypeptidezafthe

present invention

In the present invention, the polypeptide, which is
isolated by a method mentioned below, has the following
physicochemical properties (1) to (6):

(002513
(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.

[0026]

' (2) Substrate specificity:

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

\ . . . . .
(R)~2-butancl. A substrate in reduction reactlion is a ketone
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reduce into (S)-I-phenylethanol. [00271 (3) Molecular weight: 5 The

molecular weight of the polypeptide is approximately 39,000 as

determined by reducing SDS-polyacrylamide electrophoresis. [0028] (4)
Stability in pH: 10 Stable pH range of the polypeptide is 5.5 to 7.5. [00291

(5) Optimum temperature: Optimum ter,pperature of the polypeptide for

action is 45C to 70C. 15 [0030] (6) Inhibitor: Enzyme activity of the
polypeptide is inhibited by ethylenediaminetetraacetic acid,

orphenantbeolings merchiey whloritey coppersufate or Zire suliierdpnone to

100311 T hle&lgp\g%gh}ﬁs_igggzg&eamig%lﬁgggrﬁes (1) to (6) are explained in
the followings. [0032] Regarding (1) Action 25 The polypeptide of the
préseht invention has ability to oxidize, under the presence of NAD+, a

saconadry aldehml weongpaund to covert into a ketone compound.
Furthermgre, ihe. polypentideff theprasensdnvention has abiliyteroximately
Gt SEnd SO TR sty o Sai3S 2 Mloshol Corpbune iaay be
evaloaterbincthe $alfowing manner, for example. [0034] [Method for

evalyating oxidizing ability to an alcohol 35 compound] S

(4} Stability in pH:

Stable pH range of the polypeptide is 5.5 to 7.5.
[0022]

(5) Optimum temperature:

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

(6} Inhibitor:

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

(00317

The above physicochemical properties (1) to (&) are
explained in the followings.
[0032]

Regarding (1} Action

The polypeptide of the present invention has ability to
oxidize, under the presence of NAD", a secondary alcohol
compound to covert into a ketone compound. Furthermore, the
polypeptide of the present Invention has ability to oxidize an
primary alcohol compound to convert intc an aldehyde compound.
F00331

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, at first,

preparing a reaction mixture including 2. 5 mM NAD+, a 50 mM target

alcohol compound, oxidation activity of which is to be evaluated, and a
polypeptide of the present invention 5 in 50 mM tris-HC1 buffer (pH 9.0),

_then allowing the reaction mixture to r%act at 30C and finally observing
increase of absorbance at the wavelength of 340 nm, which is

accompanied by increase of NADH level. If the absorbance is increased,

the polypeptide: ef tequresantinventior: has ability 2@ dxidizessl 10 targetiated

bg\léiqggl Jf@?h%”&co,“ nd.Rapid increasing.rate of the absorhanee reflestsshighvan™,
ility of the polypeptide of the present jnvention to.oxidize a.target .
ledhPEoRpOUY, T BRiGIENGABIT of & pobebtle My be. * °° "<l
iexpresseddn sanms of numericabvalyes Thuds oxidizig BERAGTU-RTention
%‘?Af 'ggdng‘e?rergﬂ%%&%yorgglﬁ%\@ﬂ gfg%&ﬁp@aw?s gengrationefihyj mekokeaction
ADH inute. n.addition, the polypeptide of re
ITH\?@?]“EIBH has ahsth r%%ih!?f/} to-rediice %lfga (‘H)r% o?%? e%%%%:or%%%%%%se ?f
ifrte 020 an adceholdompeoitd- prhs preSerdd oFNADIE [BD36FTHE GBifR ™ 1 &4

%l@ﬁ!&%%@t@@?@mm@ compound mpy che evaluatedintheased, the
ollowing manner,.for. example. [0037 for Tp[oNy ek
BBitiKP %% a{Cn &fore or afd é?nry%see %%m]b%‘ﬂ%%%%%?ggsg _o%ggt%%%tégégig}r% =
hraydtse- easifyobvalu s By at firsh réfarinya Feactvh Sotltiord = -7
inclucling, 025 MM INABRK, mishmib ketone arfaldelydecdompetridie of the
reduction activity, 30 of which is:t:be.eyaluated, and:a-pelypeptide.ofthe.  The
Bre_sen? invention in 100 mM potassium phgsphate buffer (pH 6.5Ag1at

EETitaING 10:996 i) S diffethy PSUR IR 28 ey a% Xg’) 556 feaction ~=T

2 e
salutiom.éa-teact at-30@ with fMonitoring detrebise @ﬁgévgg{banée%titﬁede"ﬁin@d
wavelength of 340.nan which is acgampanies-3% by desreage DANADHo £ NADH
level. If the absorbance is decreased, the
per minute.
[0035]

in addition, the polypeptide of the present invention has
another ability to reduce a ketone or aldehyde compound into
an alcohol compound in the presence of NADH.
[0036]

The ability to reduce a ketone or aldehyde compound may
be evaluated in the following manner, for example.
[0037]
Method for evaluating reducing ability to a ketone or aldehyde
compound]

Progress of reduction reaction may be easily evaluated
by, at first, preparing a reaction solution including 0.25 mM
NADH, a 50 mM ketone or aldehyde compound, reduction activity
of which is to be evaluated, and a polypeptide of the present
invention in 100 mM potassium phosphate buffer (pH 6.53) that
contains 0.3% (v/v) of dimethyl sulfoxide, and then allowing
the reaction solution to react at 30°C with monitoring decrease
of absorbance at the wavelength of 340 nm, which is accompanied

by decrease of NADH level. If the absorbance is decreased, the
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9 polypeptide of the present invention has ability to reduce a target
ketone or aldeh.y_de compound. Rapid decrease of the absorbance
reflects high ability of the polypeptide of the present invention to reduce a
target ke_tone or aldehyde compound. 5 The reducing ability of a
polype_ptlde may be expressed in terms of numerical values. Thus,
reduction _actlvity 1 Uis defined as an 8nzyme level that catalyzes
consumption o_f ;_p mol of NADH per minute. [0038] 10 (2) Regarding
ﬁlU@ %tﬁt%%f'f@ﬁyﬁ%@uﬁs%@%@@ oxidation reactionsissan aliphatico reduce &
alcohol ‘which may have an.aramatic substituent. .substr £+
BBBNGin ey o SValA(et 1 Sboor e wath (e fisthod o > °F £h®
svaluating oxiding aphity 1o ah aidohel sompdundicaB b dedbibeg P T =he
H?ef%[@e@l\/@ {1),Astiann [0039 Thepalypeptide bithenpreseat wkntiencompound.
clerenfially gidizes (3) 2butaneljpcomparison with (), 2sautanol
e requcing abl il o) . 104 1 n terms
?hls pre%lerenge means that aé:l y tcl)}}gﬁtzmé (S}%g%%utanol ?% iool?i her )
tharm e i 6726 (RIR2-butaRdIs ThEFaEE thatthe® ability to/ oxi 'zgfsfieflm’id
Zsbutanalisdhigherthare that toaoddige o(R o2abutanolimaye ledsip 1 of NADH
COI‘]lIII’ erglutEy gvaluating oxidizing ability to each of (R)-2-butanol and
FS -2-Bytano?|n accordance with the [Method for evaluating oxidizing
a ﬁ’@/ 25 to an alcohol compound], as described in the above (1) Action.
[O@%OREqﬁh@mmjesmwyp@ptm@@mﬁé%@s@nt invention reacts with a
kemr_‘f‘? ?Q%Q@%Byg%§QQ§%§t§daﬁ§6%CH@@dea@&ipmsTahe substrateic alcohol
specificity may be evaluated in 30 accordanpce with.the [Methad for,
Wi%ﬁ%dﬁéﬁﬁ% EITVATRE:Y éﬁ)n%dcl)arsa%:[h%/é eédom%éng%%s?rate
crameribéd i thie apVes( B Aetion SRO41 T pIPEptite of theprédehf o =0~
inventionhasabilitydezing ability to an alcchol compound], as
described in the above (1) Action.
[0039]

The polypeptide of the present invention preferentially
oxidizes {5)-2-butanol in comparisonwith (R)-2-butanocl. This
preference means that ability to oxidize (8)-2-butanocl 1is
higher than that to oxidize (R)-2-butancl. The fact that the
ability to oxidize (S)-2-butanocl is higher than that to oxidize
(R) -2-butancl may be easily confirmed by evaluating oxidizing
ability to each of (R)-2-butanol and (8y-2-butanol in
accordance with the [Method for evaluating oxidizing ability
to an alcohol compound], as described in the above (1) Action.
[0040]

ryrthermore, 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
s ketone or aldehvde compound], as described in the above (1)
Action.

100417
The polypeptide of the present invention has ability to

react with acetophencone to reduce into (8} -1l-phenylethanol.
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reducing ability may be tested in the following manner, for example.
[0042] In a 100 mM phosphate buffer (pH 7), acetophenone, NADH 5 and
the polypeptide of the present invention are added, and then the mixture
is allowed to react at 30C while stirringl. éAfter completion of the reaction,
the reaction mixture is extracted with &n organic solvent such as ethyl
acetate. The extract was analyzed by gas chromatography under the
following conditiens. 110- Theseby egenerationiof Liphdnyléthraholy manner, for
confi Liration thereof, and optical purity thereof may be determined.
%{Analysis condition (1) for gas chromatography] Column:
DEX G-PN (30 m, 0.25 mm ID) (a product of RESTEK) 15
Columntempérature 100C:njectionttemperatire: 750C2 Detagtippnone, NADH

lemperat @%}gggtPgézeS@rﬁf(%%@l@é%%{tg?ﬁﬁﬁ%ﬁlﬁ%ﬁlégﬁé@&l@@nand then
time: acetophenone (9.2 min. -1-phenyletha  min.) "
Eﬁﬁl‘lﬁﬁﬁ}ﬁﬁ@th’aﬁo&f%ﬁ.‘ﬁ%inf [%%QE]tRaé%aﬁrginrg(é? Jl\;_fdle%ul%ljf Weighit 28 fLer
Themiclecolar weightof trecpdlypeptide of Biecpregentiifvertion & extracted
@Fz@@@mh%;ﬁlya%%%ﬁr@@tfrgu@ﬂaw reduging -SDStpalyathdamideact was
electrophoresis. The molecular wei rmj ine: .. : i
eSO aoe e I S arie wiha Knowin neined. 2"
o exaliplegatrathb taught 130 HEa Yo RbboK SeibuftkayHid - JikRen = 5° T 1
Re.d ebjki 2cFanpalkushitsy merBurtri-Bunseki hoet ¢Guidesfor Biochemical
)&Rﬁ[iﬁnents vol. 2, Method for isolating or separating proteins) (published
Kagaku-dojin Publishing Company, Inc.,

[Ang%ysis condition (1) for gas chromatographyl
Column: CHIRALDEX G-PN (30 m, 0.25 mm ID) (a product of RESTEK},
Column temperature: 100°C
Injection temperature: 150°C
Detection temperature: 150°C
Detector: FID
Carrier gas: He, 130 kPa
Flution time: acetophencne (9.2 min.)
(3) ~l-phenylethanol (14.5 min.)
(R}~1-phenylethancl (15.2 min.)
00441
Regarding (3} Molecular weight

The molecular weight of the polypeptide of the present
invention is approximately 39,000 as determined by reducing
aps-polvacrylamide electrophoresis. The molecular welght may
be determined by reducing SDS-polyacrylamice electrophoresis
in accordance with a known method, for example, a method taught
in é textbook "Seibutsu-kagaku Jikken no Tebiki Z,
Tanpakushitsu no Bunri-Bunseki hou" {Guide Zfor Biochemical
experiments vol. 2, Method for isolating or separating
proteins)(publishedknfKagaku-dojinPublishingCompany,Inc.,
Tokyo, Japan). The molecular weight of the polypeptide may be

calculated from the difference between the polypeptide and a
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Tokyo, Japan) . The molecular weight of the polypeptide may be 35
calculated from the difference between the polypeptide and a molecular
weight standard protein in their mobility. [0045] Regarding (4) Stability in
pH Stable pH range of the polypeptide of the present 5 invention is 5.5 to
7.5. The stable pH range may be detegmined in the following manner, for
example. A polypeptide was treated in some Britton-Robinson buffers,
each pH of which is varied, at 30C for 30 minutes. Then, the oxidizing
mbility 10 68) “Refiuthiiolss deterritingd fi-adcordande with tHeMethbd for
19mvajuating oxidizing ability to an alcohol compound] as mentioned
bove. Stable pH r i fined.as @ pH range where remained activity
%ﬁ%?ﬁ%ﬁgatﬁg nt |s]rg %%&7?2? Ri %qler %ﬁthe activity of the untreated 5
polypeptiflalfod46il 1%@?@@&%%@@ OPtinERREnfpRrathre the T esent
pelypeptide of ¢he Fesert inventitnehas anleptifiunartemperatore fortermined

?ﬁt@@@%‘éﬁj{%@%ﬁ&%@}{ﬁﬁﬁggg £0GnFhe optimum femperaiiredart reated

action maé be measured by the followmr? manney, for example. kn the varied
aBoveTRethad FsHevaR Rtihg 3o BRinizing abfityto B alcolo “compéund], T
axidizirig activities) to{8)1{2:butaritiare deteemirtebatzsigre differélity o

L%ipg&g%fggn d D%%;(@é? @gﬁ%ﬂ\é@/ ahthe m@%ﬁ@ﬁ&eﬂﬁ’\@ﬁ showstherhod for
ighest activity is defined as 10Q%, Activity at e temperature i

S5 oR5b0 B8 1BRATE BN O Mo ACtay Thes, 26 St =
tesnperanad fopeicton iS defihedrds ettt idifé Ahat Shows sl here
Q;emghﬁ%@la@\t%@qt'ﬁﬁtyaEQQA:?]tR@gaf@agzﬁ@)rﬂﬂhﬁtmﬁmme@hﬁvitmf the
of the polypeptide.of the prese i ion.is jnhibited by
&%yféﬁleaxlgn(ﬁée%%r%a%&glg %%i%%gso%#eyr%r%%}o iﬁ%f mercury chloride,

doppe? sulfate or zinc sulfate, whereas it is not inhibited by

2-mereaptogthanol o dithiathreitohaihéthes or not a compound inhibits

eNzyme ry e polypeptide of the present invention has an optimum
temperature for action of enzyme activity of 45°C to 70°C. The
optimum temperature for action may be measured by the following
manner, for example. In the above [Method for evaluating
oxidizing ability to an 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 relative activity to the highest activity. Then,
optimum temperature for action is defined as a temperature range
that shows 60% or higher relative activity.
[0047]
Regarding (6) Inhibitors

Enzyme activity of the polypeptide of the present
invention ig inhibited by ethylenediaminetetraacetic acid,
o-phenanthroline, mercury chloride, copper sulfate or zinc
sulfate, whereas it is not inhibited by 2-mercaptoethancl or
dithiothreitol. Whether or not a compound inhibits enzyme
activity of the polypeptide may be evaluated in the following

manner, for example. In 1mM concentration solution or mixture
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activity of the polypeptide may be evaluated in the following 35 manner,

for example. In 1 mM concentration solution or mixture 12 of various
compounds, a polypeptide is treated at 30C for 30 minutes. Then,

oxidizing activity to (S)-2-butanol is determined in accordance with the
above-mentioned [Method for evaluating oxidizing ability to an alcohol
compound]. When 5 remained activity Hfter the treatment is 30% or lower

of enzyme activity of the untreated polypeptide, the compound used in
%Eevg?@@%n@gﬁoﬁﬁﬁﬂgggrt@gq} as ﬁ@é@l@i@&@r @dtstf&@raaza/emie aetiyity offor 30

1e polypeptide. On the contrary, when. remained activity., & :

We%ﬁ%ggt' is 5%‘?@& 5§ I%é%lgfl ér?y%y?ncgﬁégtllv?ty oe? th e?%\é) ﬁ%ir%%%egc}?Ol S
Potypeptidecthieicompounansedinthe tréatiisiit MaE Hot BeTegaltdd'qs! T0*
andnhibitoref theenzymeaetivity of the: palypeplide h[D48p:Regarding  When
isolatian.of the-polypeplide of the preseatinvention Bythe palypeptide o yme
the present invention'may be selected from polypeptides that has ability to
preTe el okidr e (5) 22t Y BsmbaRson With (RF2%btitansr =2 +» =e
Alternatively nthe pelypepiideof the presemtiinvention may: berselectegct lvity
from.paly. 88@%%%@%ﬁgavedﬁnWﬁ¥t%&%%%@f%?OWEﬁgpmﬂmained activity
group-contairiing compound to %Eoduce an alcohog, referab!%/ N £t
BolyBEphites thadavedetivity 1o aSymmethedily” reé)ﬂggggym%éﬁ%ty of the
ketones te produce am optically:activeoratcotiof, asdthe ostprefegabyent may
pelypgptides, that has.activity; to.asyremetrdcallyreduce pestephengnetoo £ the
produce 25. g-l-phenylethanoi. [0049] The polypeptides mentioned

RE0ve Ry Betisolated from organisms such as microorganisms having
theledldbve-mentioned activity. The enzyme may be found, for example, in
a 39 vigroofgadtis acearding teethe foltowing manmethd miemanganisnention
in an approprals mediyms culivated, Cells e follapted,And {168 e ccred

cells arereacte acetophenone . .
from polypeptides that has ability to preferentially oxidize

(5)-2-butanol in comparison with (R)-2-butanol.

Alternatively, the polypeptide of the present invention may be
selected from polypeptides that have activity to reduce a
carbonyl group-containing compound to produce an alcohol,
preferably polypeptides that have activity to asymmetrically
reduce asymmetric ketones to preduce an optically active
alcohol, and the most preferably polypeptides that has activity
to asymmetrically reduce acetophencne to produce
{3)~l-phenylethanol.

[0049]

The polypeptides mentioned above may be isolated 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 appropriate medium is cultivated. Cells
are collected, and then the cells are reacted with acetophenone
in a buffer under the presence of nutriments, such as glucose.
After the reaction, the reaction mixture is extracted with a

solvent or the like. The resultant extract may be analyzed
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in a buffer under the presence of nutriments, such as glucose. After the
reaction, the reaction mixture is extracted with a 35 solvent or the like. The
resultant extract may be analyzed 13 under a condition described in the
above [Analysis condition (1) for gas chromatography], to monitor
generation of 1-phenylethanol. [0050] 5 The medium for cultivating
microorganisms may be a common ligkfd nutrient medium which contains
carbon sources, nitrogen sources, inorganic salts and organic nutriments,

%%Qe%t%@hﬁ%%qwﬁoggggeﬂﬁé@nJﬂOME%aEﬁeﬁeenmaamqels condition
Cultivation may be conducted b lilakggt medium or aera n%w

MedidFata ?%B@@a?ﬁr%%ﬁjh e Fange of 25C to'37C, and at a pH
Withirethie lranyerof 4.to 8. [0051] The polypeptide of the present invention
may=fg isolated from polypeptide source microorganisms by

APPIOPTIALEl L5 CMINNG Some oW Hethods [ NUGRPIBINS: common
For examp e I%ie fgolation m may be condUcte ollows. First, stich a
ﬁﬁ@eeﬁbaﬁ%m@”@m@ﬁéemnwéwﬁﬁpﬁ?&ﬁ%é PSe iR dhd e SaNlstarbrogen
collected: | Qﬁcﬁﬁ%@ﬂﬁlﬂ%ﬁmdsb)aﬁartmﬁggaﬂmnnﬂlt&ltram]ts provided that

Tguscogeggd(: éh,é&g%&g§i9¥@f§%8h¥ﬂcgh@mﬁéﬁ§u§90h@§lt1vatlon
ra

sonlca ion wit an ultrasonic “disintegrator or milling with glass, beacjaﬂ3 9 o

e Fetn60e FesitRe Srthecais By cattriftigation. ChllGtee extratt 1
tiﬂereby@b@amadu'ﬁ’mae\potypeptldeeefrtheweeéwtanv@nﬁ@n$§7‘i§ola@étii at a pH
from;the cal{greLedeggéacg py.a single or combined 25 technique(s) selected

from thermal treatment, salting out (ammonium sulfate precipitation,

1phosphate precipitation, etc.), solvent precipitation (method for
precipitaling proleip fraction with beetore srathddonerdiaygigiyelbe isolated

filtration.shremategraphysignexchange Sochromatogrgphyseversedtely
%Eﬁffﬁgﬁga§§ﬁap@é nda%&%ﬁ@&%“%%r purifying proteins. For
example,thelsolatlonnmqrbeconductede&sfollows. First, such
an&croorqani&niscultivatedjjlanappropriatenﬁdium,andthen
cells are collected from the culture fluid by centrifugation
or filtration. Thus-collected cells are disrupted by a
physical process, such as sonication with an ultrasonic
disintegrator or milling with glass beads, and then remove
residue of the cells by centrifugation. Cell-free extract is
thereby obtained. The polypeptide of the present invention is
isolated from the cell-free extract by a single or combined
technique (s) selected from thermal treatment, salting out
(ammonium sulfate precipitation, sodium phesphate
precipitation, etc.), solvent precipitation (method for
precipitating protein fraction with acetone or ethanol},
dialysis, gel filtration chromatography, ilon 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 thait belongs to the genus
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[0052] The polypeptide of the present invention may be derived from any
microorganisms and is not particularly limited. 35 Preferable one is a
microorganism that belongs to the genus 14 Candida. Preferable

examples include Candida maltosa, and more preferable one may be
Candida maltosa IFO 1977 strain. Candida maltosa IFO 1977 strain is
available from the Incorporated Admintétrative Agency National Institute

of 5 Technology and Evaluation, Biotechnology Field, Exploiting the

powel of Microarganismsfos thenPevelopment of Biindusides {NBRG;, and

2 Kemaegkamplar, Kispaguieh e, 292,0918 JARON)-100551, 10,

fé Amino Acid sequence he present

fiediids Thelislggeptite ofRE p%égeﬁfﬂtfﬁn\?e%n%ﬁ%éfﬁé%n?% bf-the
mlk@@maeh/@@pmm@h@randm) 10p54} 151¢e) v palypéptide tute of
W %%ﬁ%@ﬁ%@fgﬂc%ﬁm%%EHﬁ3¥o&?@ﬂQﬁ%)%quﬁﬁtlngthe

sequence ing; polypeptide including an amino acid sequenc tt
RESME fEMIAEIHER SinsertiBn, SHbstittifion Bt/ atditorof %&é)% iho- "+
acidnesidneora plarality: bhamiraacidifésidues inthei20 amidcacid®2-0818
segugnce shown under SEQ ID NO:1 in the sequence listing, and having
activity to react with acetophenone to reduce into (S)-1-phenylethanol;

]A polypeptlde havmg sequence |dent|ty of 85% or higher to the

1 Urdlef SEC chtieaps ipe of the

lﬁﬁt@geﬁ@d mV@gta_LQ{wlty to react W|th acetophenone to reduce into

)L PRGIYICIANG o gyhffeegﬁ/@es O£ @%@}@ggiezaolg@frﬁeem one

explained 'Iin e Iowmgs 30
of the follow1ng polypeptide (a), (b), and (c).

[0054]

(a) A polypeptide including the amino acid sequence 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/cr addition of one
amino acid residue cor 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)-l-phenylethancl; and
() A polypeptide having seqguence identity of 85% or higher to
the amino acid sequence shown under SEQ ID NO:1 in the sequence
listing, and having activity to react with acetophenone to
reduce intec {S)-l-phenylethanol.
[0055]

Three types of polypeptides {(a) to (¢} are each explained
in detail in the followings.
[005e6]
Regarding the polypeptide (&}

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

base sequence shown under SEQ ID NO:2 in the sequence listing.
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Regarding the polypeptide (a) Examples of amino acid sequence of the
polypeptide of the present invention include the amino acid sequence
shown under SEQ ID NO:l in the sequence listing, which is encoded by
the 35 base sequence shown under SEQ ID NO:2 in the sequence listing.
15 [0057] Regarding the polypeptide (b) The polypeptide (b), which
includes an amino acid sequence that¥results from deletion, insertion,
supstitution 5 and/or addition of one amino acid residue or a plurality of
AUNRG, ?cid residues in the amino acid sequence shown under SEQ ID

0:1 in the sequence listing, may be prepared in accordance with a
RAGWH Mathod SchEs® Fr?%iﬁg%gdé%gribed in Current Protocols in

MoleculatBiotagyy(IehniWiey and STnscIncimko8oyepha203blyteptite
Q@f@&ﬁﬁ!@%?% %g@@_@@lypsﬁ@ﬂdgfﬁamlivﬂmst@ﬂeaehwithubstitution
acetophengne to reduce into (S) -1-phenylethangl. 8 in -
388(}5%5@6%%%%%00%%%%8&%?Dgﬁb%yf %Siﬁgﬂge@ggdn%gqﬁg%&%%gsf HmLEe
wheére apsindeeiis arelte be50Bstiftteds e inetet duRBIGAIGH 1P N0
added.are sghpartisulariylimitgd it preferablya highly conservedaegiensi th 2
%{hr?éj\!a%b%e?]t\ﬂ%%ds;uggr%’f}hg ermy highly. conserved regienyMeaRSH-ctocols
posit ion where, among a plurality of enzymes derived from differen
Sourked; eahing aBitiRif Bhe SEiRnle toihcidEwithtRose IHothet %69) - The
W@@_ﬁﬂ@der@ cenditinp dlsateamine hcid Bed wercest dre hoptimallp ctivity
aJEaQ%%%E%UE%*HQ@W&&QéEB&?Q regipns mpay pe- determinedhyn ylethanol .

comparing, with a tool such as GENETYX, the amino acid sequence
shotrdnder SEQ ID NO: 1 with an amino acid sequence of alcohol
dehydrogenasethatiderivesi florea kaown 25 ericrovrganistin 2 [0059F ‘The » the
aming acidsepuense modified by substitution Apsertien«detetiensanséar tuted,
aricioninay ndiyde 2 site MoATPd Ry Q"GP A OGO 11 e,
but preferably, highly conserved regions should be avoided.
Here,theterm"highlyconservedregion"meansagxsitionwhere,
among a plurality of enzymes derived from different sources,
amino acids in one sequence coincide with those in other
sequences under a condition that amino acid sequences are
optimally arranged in line. Highly conserved regions may be
determined by comparing, with a tool such as GENETYX, the amino
acidsequenceshownunderSEQiH)NO:lwiUmanaminoacidsequence
of alcohol dehydrogenase that derives from a known
microcrganism.

[0059]

The amino acid sequence modified by substitution,
insertion, deletion and/or addition may include a site modified
through one type of modification process (for example,
substitutrion), or may include a site or sites modified through
two or more modification process (for example, substitution and
insertion}. «
ro0e0]

When the amino acid sequence is modified by substitution,

an amino acid for substituting a part of the amino acid sequence



10

15

20

25

30

35

30 substitution) , or may include a site or sites modified through two or
more modification process (for example, substitution and insertion).
[0060] when the amino acid sequence is modified by substitution, 35 an
amino acid for substituting a part of the amino acid sequence 16 is
preferably an amino acid having a similar characteristic (homologous
amino acids) to the amino acid to be sdisstituted. In this application,
amino acids belonging to the same group as illustrated below are

considered as homolo ino.acids, 5 ] §Eirstigrouprneutraleristic
fion 5@?%%%2 %cf?s)g% Y, ,%gg]\gg?i%e%v%%%%%t%mz gE[rob’?he e(;ror]cd ed
GRS HRURAFpBIak Amito atids) -Ser A B ASH, 'frg,oTyrelﬁé?F 1%
groupy: acidipamine acids) GluiAsp A(Edusthigrbapobasic Bmiksacidg)e group
is,;Lys, Arg 100§2] The ferm."a plusality of amismagid Tesiguesimeansicids .

or exa%mple, 50 or less, preferably 30 or less, more preferably 15 15 or
I6$4 24t more preferably 10 or less, 5 or less, 4 or less, 3 orless, or 2 or

|eBs aminoracigs. {0063} sReyarding thepolype prideie) Tie polygeptide- of 1/
tf]geqreﬁ%%t,in@gti,orp@@g includes 20 a polypeptide having sequence

identity of 85% or higher. to the_amino acid sequence,shown upder SEQ = aqn,
Ibsﬁ@glnifg tﬁléos%%Ue%%%tﬁsatﬁ% And having %C%L\é?%y t%) react with -
doatephieffone to reduce into (S)-1-phenylethanol. Although a polypeptide
hening- sequengs: ideatityief 85% o highed 0 thelamiresacid 25 sequence

shown under SEQ.ID NO:1 in the sequengee listing may. be witin the
scope of the polypeptide of the present invention, the sequence identity is
préfebably 90% or higher, more preferably 95% or higher, still more

preferably:@8%camhighes i urality of amino acid residues" means, for
exanple, 50 or less, preferably 30 or less, more preferably 15
or less, still more preferably 10 oxr less, 5 or less, 4 or less,
3 or less, or 2 or less amino acids.

(00637}

Regarding the polypeptide (<)

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 sequence
listing, and having activity to react with acetophenone to
reduce into (8)-l-phenylethanol. Although a polypeptide
having seguence identity of 85% or higher to the amino acid
sequence shown under SEQ ID NO:1 in the sequence listing may
bemﬂthinthescopecﬁfthepolypeptidecﬂfthepresentinvention,
the sequence identity is preferably %0% or higher, more
preferably 95% or higher, still more preferably 98% or higher,
and the most preferably 92% or higher.

[0064]

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

where aminc acids coincide between the two amino acld sequences
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and the most preferably 99% or higher. 30 [0064) Sequence identity of an
amino acid sequence is expressed as a value determined by, while

comparing the amino acid sequence shown under SEQ ID NO:l in the
sequence listing with a target amino acid sequence, dividing the number

of positions 35 where amino acids coincide between the two amino acid
sequences 17 by the total number of arhino acids in the target amino acid
sequence, and further multiplying the result by 100. [0065] Additional

Bnine acid-sequences smay be caupledwithithei 5 amimotacid sequencer acid
shown_under SE ch%e]r aﬁd Qqﬁg@ e o%gd T%@macﬂg, 100.
seauences have ac V|ty to react etophenone to reduce into
{SYfphenylethanol. For example, tag sequences, such as a histidine tag

or a HA#ag,imay beladded.o The ipblypeptidecaf thepresentimventonwmay: the

Qgﬂ%s%&% fQ&%éB@é fyﬁ&%ﬁﬁ%&l@ﬁ@ffﬂ@%@ ydth anotherprotein.p 1 o
so, the pogpeptlde (c) may be a peptlde ragment, as long as the
)

Wagheri b i SEHGAD AACEWith SetopharbR® T fedlce’ ftoe CoPherone
(3)-kphenyethanol. [0066] -15:Fhg botypeptide of fhe peesenit iventiod

alsg.includes apolypeptide-having sequence identityiaf 83%, orhighes tadded.
the” amino acid se%ue% e shown unde;cr SEQQID NO: 1 in thebseguen

&ﬁ&%‘éﬁ? ?C:m a form

}ilo rga& aceto enone 0] re uce Into

(8)-LEplsénylethanok 20 F(I@G:F]fﬂ@gai@lh@fblb’ﬁlﬁé GFONATBdING fotthe 2150y

@@J&p@etl%@w@d@rq&gntma@em@@ﬁalagﬂﬁ\lm|mgi@rmype@waeh@eas the
esent |nve tlon may be aoy DNAt at can expres yme.in a host 4

ceﬁﬁ%? %5afhe DNA'is |¥troaugg n aﬁmgnngsr eﬁsO cribed be%low, nee

aﬁ)diﬁlaﬂlsdonhlﬁwlijfﬁrtéﬁs}l‘é’céd region. When the enzyme is obtained,

g perseon skilled in the art would produce such a DNA from an

The polypeptide of the present invention also includes
a polypeptide having sequence identity of 25% or higher to the
amino acid sequence shown under SEQ ID NO:1 in the sequence
listing, and having activity to react with acetophenone to
reduce into (3)-l-phenylethanol.
[CG067]
Regarding cloning of DNA coding for the polypeptide of the

present invention

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

Gene manipulations such as DNA cloning, construction of
a vector, and transformation, which will be described hereafter
in this description, may be conducted in accordance with a
manner described in literatures such as Molecular Cloning 2nd

Edition (Cold Spring Harbor Laboratory Press, 19839) unless
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organism that produces the enzyme in a known manner. For example,
such a DNA may be obtained in a manner mentioned below. 30 [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 35 Edition (&8ld Spring Harbor Laboratory
Press, 1989) unless 18 otherwise indicated. The 'W' used herein means

% (wiy) L unless; ofherwise specifieds 0069]iest rarpolypeptide.ofithe unless

present invention, which has S been isolated by a method described in

te REGRTinFEoration “of the polypeptide of the present invention,” are

digestad with an appropriate endopeptidase, and the resultant peptide

fragmengs are batched pfwith reversephage-BPEC: Thersithe camingiich has

acid sequence of part of or whole of the plide 10 fragments akeisolation

lag%?n%%%d%ﬁ%f% e%g‘r%%rlog %%%%&B?%%e protein seqUencer. (a -

. & \ : 2 AIELELRH BT "-mﬁﬁ%& gested with
orma out @ning @sid sequence :PCR{(Relymeradé Qhaipeprtide

%gactrh%r;)&*’gm%fes ﬁgé&%@%fymm@@ ofa @%Egﬁ%ts@dﬁsﬁ@t thehen, the

[

polf“/gep e is synthesized. Then, a chromosomal NAgf;gh o cide
RiTCroer gaishn TRaBrsdices thE bolypeptide RS plepared i accordance
with qrsamman metlock for isaldting. DNA, Suth @ssamethod tatight b§= 1 422

Eé'@a%%a's@%ﬁfénwécgoqigl-ﬁe@&beob@%@@@@omo%@ms) :

arried out from these chromosomal DNA templates with the above PCR
Hr%gr%], to amplify a part of the DNA that codes for the polypeptide, and
then the base Geguehbe Sereshisn detemlied The Base Xguehtd iray*c 14

he determinedawith, for example AppliedhBiosysiems 3130xInGesetivor
@%%X??}?ﬁgoguga§§9%5%@5%55%E¥%BHEEQQO¥&L the polypeptide is
synthesized. Then, a chromosomal DNA of a microcorganism that
produces the polypeptide are prepared in accordance with a
common method for isolating DNA, such as a method taught oy
Visser et al. (Appl. Microbiol. Biotechnol., 53, 415 (2000737 .
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, and then the base sequence thereof 1is
determined. The base sequence may be determined with, for
exanple, Applied Biosystems 3130xl Genetic Analyzer (a product
of Applied Bilosystems).

(00711

I1f part of the base sequence of a DNA coding Tor

polypeptide is revealed, the whole sequence may be determined
by, for example, Inverse PCR method (Nucl. Acids Res., 16,
8186(1988) .

[0072]

Examples of the thus-obtained DNA coding for the

polypeptide<x€thepresentinventionincludealﬂﬁkthatincludes
the base sequence shown under SEQ ID NO:Z in the sequence

listing.
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If part of the base sequence of a DNA coding for polypeptide is revealed,

the whole sequence may be determined by, for example, Inverse PCR

method (Nucl. Acids Res., 16, 30 8186(1988). [0072] Examples of the

thus-obtained DNA coding for the polypeptide of the present invention

include a DNA that includes the base sequence shown under SEQ ID

NO:2 in the sequence 35 listing. 19 [GG¢73] The base sequence shown

under SEQ ID NO: 2 will be explained below. [0074] 5 Regarding the

g%ﬁ g?g@ng ;or :Ee po:ypept@ge o; tEe present invention Examples of the
coding for the polypeptide of the present invention include: A DN .

includinakfﬁebﬁé&%%%%ﬁg@ %‘&N“h“d%ﬁ%%é@léq\%?é%nwigiﬁe 2Mplained

sequence listing; A DNA hybridizable under a stringent condition with a

@Mgﬁat includes the base sequence complementary to the base

sequence hg undr SOE I in tQ? récetlisé@gon

e 0B Lo P BRI N O, S0 L LhE PO I ypent 1 Te = FOUING. sent

' | tntey(S)-1-phenylethanol; A DNA having sequence identity of 85%

or hlghem%mlé%seg§eg1o1@n@@mh@,wam@eﬁ§ﬂh[éM@izma@&ide of the
sequence listing, and _coding, for a,polypeptide that has activity to react
ﬁ/ﬁ%sggeﬁoﬁﬁgr%lr%el%nre]dﬁ%?n 8'(8)-I-phenylethanol; and 20 A DNA ,
ihcliiing A basdisegehee RRaEr c3RIE FoRT dEREYR, kkfoy 22 1D NO:2 in
substittipn-and/on additiag of one base_or a plurality of bases in the base
f%?%%“% BE‘E‘gE‘ %‘S%é SEQJR NQ::2 in the sequence listing, and coding that
or a polypeptide that has activity to react with acetophenone tobreduce

iRRE 25 §Ff¥ﬁéﬁﬁ@%dﬁﬁ?mﬂmﬁ compiementary to the

ase seguence
shown under SEQ ID NO:2 in the seguence listing, and coding for

Yasd AWt

a polypeptide that has activity to react with acetophenone to
reduce into (8)~1l-phenylethanol;

A DNA having seguence identity of 85% or higher to the base
sequence shown under SEQ ID NO:2 in the seduence listing, and
coding for a polypeptide that has activity to react with
acetophencne to reduce into (8)-1-phenylethanol; and

A DNA including a base sequence that results from deletion,
insertion, substitution and/or addition cf one base or a
plurality of bases in the base sequence shown under SEQ ID NG:2
in the sequence listing, and coding for a polypeptide that has
activity to react with acetophenone to reduce into
(8)-1-phenylethanol.

[0075]

Here, the "DNA hybridizable under a stringent condition
with a DNA that includes the base sequence complementary to the
base sequence shown under SEQ ID NO:Z2Z in the sequence listing,
and coding for a polypeptide that has activity to react with
acetophenone to reduce into (S)-l-phenylethanol” means a DNA
obtainable by colony hybridization technigque, plaque
hybridization technique, Southern hybridization technigue, or
the like under a stringent condition with a DNA that includes

the base sequence complementary to the base seguence shown under
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[0075] Here, the "DNA hybridizable under a stringent condition with a
DNA that includes the base sequence complementary to the base
sequence shown under SEQ ID NO:2 in the sequence listing, 30 and
coding for a polypeptide that has activity to react with acetophenone to
reduce into (S)-1-phenylethanol” means a DNA obtainable by colony
hybridization technique, plaque hybricg®ation technique, Southern
hybridization technique, or the like under a stringent condition with a DNA

'?B'L!N H"&R%S%é_ uenee %@@Phef%e%%t%%féaS%@aq@@@%% for
St

own un 2 in the sequence listing as a pro QCO
=

%o@@% Y@ﬁ%%?p@ﬁﬁ’db Bt (RRAchiv iy th Peattifith Estophenone 1 o =°
redimeenﬁm(fm) l{Ehenytethanot 1 0761 6L Hybridization may be conducted,
Sxam ple, according to a method described inMolecular Cloning,

aborator manual, second edjtion Cé)ﬂi r| g Harbor Laboratory.
Press, 1989 - Frefé, eaimpied of“a r| izable- unéergﬁe’ Aaforaing

strlngent
conglitienhindldde mwvhmﬁcal@@@ﬁaiﬁa@ﬁ@@hmﬂgh% HybHaizatigneanual,

Wgt%c?nfditeédgﬁtﬁo\?{g'gb@l‘%@'@@tﬂfgpm%tﬂﬁﬂﬂaﬁﬁ%ch:y’nrR’Iﬁbdlzed 1989} .
In the presence o f
RSt S 53R el[ B M‘oﬂ@%& 635G followed by washing the. n+

concenfaatlon UtIOI"I one-fold concentration of

then$5G-sollitibh ebhdists BP0 wmwéc%ﬁdq SanrebdimtGiatei s
aleRG Rreferable examples of the: DN/bmtudeNAsaobtwhabte— by

washing with haitfold eeneentation,of he-35C solutin gt 856, Morer 0.7 to
5) eferable examplest ereof include DNAs obtainable b ashin
G.2%afdeoneertrafion of the SStyesbhuisi &8st stift r%lb Srefgrabl g 2-fold

examples thereoh 26 inclade DNAS bbtainable byowdshing vhthg ol of the

Q&%gzgy?ﬁeﬁogfHE%%%Q%%NH§0@5@(ﬁﬁ:mg@z7£§@nﬂmﬂﬂﬁdelum,CLtrate)
hybridizaton sre descrived above, but the, congtion 12 RGUIMIEAIAME, 1w 1

by washing with half-fold concentration of the SSC sclution at
65°C. More preferable examples thereof include DNAs
cbtainable by washing with 0.2-fold concentration of the S5C
solution at 65°C. Still more preferable examples thereof
include DNAs obtainable by washing with 0.1-fold concentration
of the S$SC solution at 65°C.

[0077]

Conditions for hybridization are described above, but the
condition is not limited fo 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.

o078}

Examples of such a DNA hybridizable under the above
condition include DNAs having segquence identity of 70% or higher,
preferably 85% or higher, more preferably 90% or higher, still
morepreferably95%<m:higher,anuimostpreferably98%rarhigher

to the base sequence shown under SEQ ID NO:Z. As long as a
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25 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. 30 [0078] Examples of such a
DNA hybridizable under the above condition include DNAs having
sequence identity of7000r higher, pref&rably 85% or higher, more
preferably 90% or higher, still more preferably 95% or higher, and most

referably 982 of higher; 33 jo the hase, sequence,shown Undar:SEQDxr
2. %\ LIong asa polypeptide encaoded by a DNA has ctjE ity fQ. s
rERCWINE BeRfopRETRIMETS fetite o %Sﬁﬁﬁﬁéhfﬁéﬁﬂ%% Sthe DNA-: ©o9
eadingn foribe polpeptide is ercampassetbwithin the aboke DNARY 03729 -
%O'd%r&]’ the "sequence identity (%) " is expressed as a value determined

by arranging two DNAs to be compared with other, dividi
rumber Gt i Wi FOGRIUGRas (of srimple, A G (U ary ™ e

deineideibatwéenoth seduentes BYie totah cnaRTHe? e the basedin e ther:
gggﬁgggéggﬂﬂﬁuﬁ@@ﬁﬁyﬁ?@émlﬂ%?@ﬁmﬁﬂ%ithDQoﬁﬁﬁﬂﬂhéorexample,
identity may, be calculate the followi £
Enalyrtre ol e B ian e (tpelt S SRAUELEE by che rotal
Package Versionis: Septémbita 997, Ténélitd 15 Compater Srdlipy 57579
$eienge Drive Medison, Wisconsin, USA 53711, Rice, P. (1996) Program
C!\élgg%%_lgor EGCG Package, Peter Rice, The Sanger Centre, Hinxton Hall,
ambridge, CBIO 1RQ, England), and the ExPASﬁWorId Wide Weh

moleculatiofsyy sdiver {(Gehieva URRSISE FSparand Univerety o~ ™9
Geneva denevd,y26 Switzatiand) s[0081] Here dkaBNAPFaving™ Manual for

?qéeﬁgg&%‘?{ggﬁoffé%%a@eh'gk}%&éqm? basessgausnseshovwundemetics
EQ ID NO:2 in the sequence . . ,

Computer Group, 575 Scilence Drive Medison, Wisconsin, USA
53711; Rice, P. (1996) Program Manual for EGCG Package, Petex
Rice, The Sanger Centre, Hinxzton Hall, Cambridge, CBlO 1RQ,
England),andtheExPASyWorldWideWebn@lecularbiologyServer
(Geneva University Heospital and University of Geneva, Geneva,
Switzerland).

[o081]

Here, if a DNA having sequence identity of 85% or higher
to the base sequence shown under SEQ ID NO:2 in the seduence
listing codes for a polypeptide that has activity to react with
acetophenone to reduce into (3) ~1-phenylethancl, the DNA 1is
encompassadwithmntherang@ofthelﬁﬂaofthepresentinvention.
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.

(00827
Sequence identity of a base sequence is expressed as a

value determined by comparing the base sequence shown under SEQ
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listing codes for a polypeptide that has activity to react with 25
acetophenone to reduce into (S)-1-phenylethanol, the DNA is
encompassed within the range of the DNA of the present invention.
Although a DNA having sequence identity of 850 or higher to the base
sequence shown under SEQ ID NO:2 in the sequence listing is
encompassed within the range of the BRIA of the present 30 invention, the
sequence identity is preferably 90% or higher, more preferably 95% or

igher, stil referably 98% or .highe the eferahl
o, ot S el oy o b Sl e

BEWeid detiining SrhpaniRg tHE DasE seh0enas Shown dhders
22¢IDN@i2sn thesseruenselisting wit a targetibase Sepuencel ndiigingrroet
fhe. number, of pasitigns; where Rages caincide peiween dhedwalbasey 100.

sea;:g:}nces by the total number of bases in the target base sequence, and
1muItipIying the result by 100. 5 [0083] Here, "a DNA including a
base sefaerce thabsultscfiord Laeletior: e S sstitigdn BRdkorts from

8@3@92&%9?&%&% Qézﬁ,plyﬁ@'&yt of bases.insthe hase sequence stiowne base
under NO:2 in the sequence.listing, an i r | '

16 tﬁ‘atprf ‘ﬁg‘wf t%fr]e%l%tsv%ﬁh Ja%e%b e%%ﬁ% t%%%%gcgéé%tg IE(’%}QPQ%Q& SEL
IDphenyleimaiele niay b Prepared in BECORTACEWItR 8 Kitbwr RithdPt14e
sugh-as deseribedintGurrent-Rrotacols imMalesutarhBiotogy (Johnawiley into

Sons, Inc.,.1989). As Ip s.for | ide. thath
iy 18 Seakvith 18 2etBakere 16 Eaueo s (o) ooyt
6§%q§) in Molecular

R INA s SeHtorisasseaSkittin the Bbove BRIX [0 & bade
segienge showmuidersSEQRD NOrZin thecsequdtite!listinys skeg Whepe & PNA

hases.are to be substitited ; 20 insgried, deleted ;and/or added:arecneti th

VGRO6s SR A ESHoad Js0 be Aol Bbro. the S Anighyy T S
encompassed within the above DNA.
[oo84]

In the base sequence shown under SEQ LD ND:2 in the
sequence listing, sites where bases are to be substituted,
inserted, deleted, and/cr added are not particularly limited,
butpreferably,highlyconserijregions5houhjbeavoided,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 seguence
coincide with those in other sequences when base seguences are
optimally arranged in line and compared with one another.
Highly conserved regions may be determined by comparing, with
a2 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 modified by substitution, insertion,
deletion and/or addition may include a site modified through
one type of modification process (for example, gsubstitution),

or may be include & site or sites modified through two or more
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conserved region” means a position where, among a plurality of enzymes
derived from different sources, bases in one sequence 25 coincide with
those in other sequences when base sequences are optimally arranged
in line and compared with one another. Highly conserved regions may be
determined by comparing, with a tool such as GENETYX, the base
sequence shown under SEQ ID NO:22agith a base sequence of an alcohol
dehydrogenase that 30 derives from a known microorganism. [0085] A
base sequence modified by bstltutlon |nsert|o eti agg/

BRditioh Thay Heldde 5 St rj LIJ& fied Xhro}agﬁ oner:& %/%ikoﬁ‘grg c%?o%
pracess {(forlexample, substitution), 35 or may be include a site or sites
madified through two or more 23 modification process (for example,

SUbStltuE!'% %nd msem @%L?gfgiampfg%@é P pA‘é""i‘d@ﬁ@EQﬁ%%? a®®ve means,

mentioned abiove mean 150 or less, preferab 100 or

fess, friorErpreferably %oﬁ%%éfstﬁlrlﬁg%ﬁ%}é’rakﬂ/ 26°6r I‘e%g 5107+ °

less £ O 1ESS, Z00blesss 8=0r less,10r Ror dessbdses: H{DV87P Regardiry 1 C o

thOSt vector syste égg and trgnsformants 10.Insertion of a DNAthateedesases .

oF The olypeptide of the present invention into an expression vector may

give &’ polypeptide-expression vector. Then, the transformant, which is

chiainabieby transformiripa hogt brganism Withrthiss formants

po:ypeptigr?sSf%l%hf?éﬁi%'fvgcﬁmfﬁﬁ@%l@él&i@eﬁ:d@ %Xwerg]sédm@élﬁtide of the
olypeptide of the present invention. Alternative t udi

mﬁﬁaﬁ(ﬁﬁg ?ﬁ(ﬁ%%@éot}réle that Codés for the o %eé:p?tl e of Qﬁe pr?e%ent

|pv}énfcmplmoiathmﬁ@%m@fm‘a@'cb@%tlhz@@e{ﬁa DO EpTésSgREt, which

vecters whigh may be used s therabove insestion areyaotipartioulady this

mn%?%%%@ns§%§¥&%%§%%nvector,maybecultivatedtoexpressthe

polypeptide of the present invention. Alternatively, a method
including introducing a polynucleotide that codes for the
polypeptide of the present invention into a chromosome may be
utilized.

fooss]

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 can
exchange a gene with another host strain may also bhe used.
[0089]

Such¢avectorgenerallyincludes,forexample,:nlthecase

of Escherichia coli, regulatory factors such as lacUV5 promoter,

trp promoter, trc promoter, tac promoter, lpp promoter, tufB
promoter, rech promoter, and pL promoter. The vector may be
appropriately used as an expression vector that includes
expressionlmnitsoperatably’connectedtxzthe]ﬁﬁ%of1ﬂu&present
invention. Examples of the vector include pUCN18 (See Example
5y, pSTV28 (a product of Takara Bio Inc.), and pUCNT (see WO
94/03613) .
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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 can 25 exchange a gene with another host
strain may also be used. [0089] Such a vector generally includes, for
example, in the case of Escherichia coli, regulatory factors such as
lacUVS promoter, trp promoter, trc proddoter, tac promoter, lop promoter,
tufB 30 promoter, recA promoter, and pL promoter. The vector may be

a {Prggriately used as an expression vector that includes expression units
ogeg a]oly connected to the DNA of the present invention. Examples of

the vectdtiacludepUCNIB{SECEXafpRE 5y, (5312814 prodidetored hereins
Takara Bic ingde- and PUGNT (see WQa35 H4/023618).24: {0090} FHestermnd
‘regulatory factor(s)", %V*%"EQ:% used berein, ;means a hase;segugnee that ccant
hasa ﬁmcﬁgna?promoter and arbitrary related transcription elements

(Bex enRadcertCOART S BB, TATAbox, and SPI site). [0091] The term "

operadably connected" as used herein means that a gene, and various

regulatory-glements ‘Sé‘ﬁ@%@W%ﬁﬂgc%%@“ﬁgu‘g@@m@%ﬂ@%eans that

expression of a gene, are linked 10 together.each |§ astate o grativg na. . .ng
h8sEEEIF 1t WBGIdY BEWRIFKAGRH G A PefsSit SKIfE fn the art that tﬁen%)i/pe
andhspevies, ofithe regulatoryFactor mayasty agcording e hgsee 1inked

[09%&}/1%99(%&!%”&9{%%@Mt@edﬂsgrwg"md@és (jﬁﬂitalb@df@dcéEIor Tt would
each of a variety of organisms, are described in detail in, Jo , on
"é??e%%&d%%s%%o%apéﬁégﬁs Ci{fkﬁ%"l f {ﬁ%@”{@{% type and

ogaku asic course o

mirebibioyy T0L1S; Gerielarigineefing ptBIRHEtFBY KRS Shpgart e Post -
Co4btgh; Tokyo, Japan). [0093] 20 Host organisms which may be used

foremmes§ggkors, promoters, and the like, which is suitably used
for each of a variety of organisms, are described in detail in,
for example, "Biseibutsugaku Kisokoza &, 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 iimited provided thalt the
orqanismscaﬁlxatransformedkmuapolypeptide-expr@ssionvector
that includes a DNA coding for each polypeptide, and can express
a polypeptide which the introduced DNA coded for. Exanmples 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 genusg
Streptomyces; veasts whose host-vector system has been

developed,suchasy@astsbelongingtx>thegenusSaccharomyces,

the genus Kluyveromyces, the genus Schizosaccharomyces, the
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polypeptides are not particularly limited provided that the organisms
canbetransformed by a polypeptide-expression vector that includes a
DNA coding for each polypeptide, and can express a polypeptide which
the introduced DNA coded for. Examples of 25 microorganisms which
may be used in the present invention include bacteria whose host-vector
system has been developed, such as¥@acteria belonging to the genus
Escherichia, the genus Bacillus, the genus Pseudomonas, the genus

Serratia, the genus Brevibacterium, the genus o%qpf\gter%, [
Behts %@?&&%@Wﬁe %%é%ug %%g%bggi%mhomyce es.

118 88 4efHbmycsmser 2nd

Whosedristyettor SystanTies BeeRHsuEbped S
belonging todthe genys Rhedacactusand the.genus &Streptomyesy. has been
g%%%t_%ﬁ"&%?e QSE&&@%%%%@%%LE%&Q?@% developed, suchias ygastsra, the

elonging to’'the genus Saccharomyces, 35 the genus Klu VWnus
genus SehRasdicnatémytBs, the v MB%%\%m?@ the ©°
genus. Yagonia, theenus: xichosporer; diengemss Rhodosporidinft; thector

g&@%seggc hia, and. é%%&%g@ﬁdi% and molds M‘Qﬁg thost-veetesrticular,
system has been developed, such as mo|ds lge}llor]cglrf%%lto the genus
a

RBEIEpBra eSS §endsAIp&Yil e genus Eep 828&%%,%%%%%% j‘"n
genus: Tsichoderma. Othewthan rileroorganisms, vartousidstivetior ) » ©F 1
systems @%\éﬁlbgénc@ﬁvm@fﬂﬁirt@h%Is o animalst in patticWak nsysterisped,
expressing a great amount of heterogeneous prot iR in u
RO T 318 S0 S0 (TOBB o LM BAe Such b solesead
torntand potate haed bk Hevelopéay ahel fHeSRten may eid expression
rreferably:ptilized. Amengthese,zbactetia are preferabls in-vigwoofe ferable.
ner%?%% tion and expression efficacy, and Escherichia coli is particularly
preferable. [0094) 15 The polypeptide-expression vector incl di{r}g a DEB\IN% Fhat
that cod&&foPtheypst RIESSThE PreSnt Tfverition May be* fhtrsduced -2
it Bostonicroerganisym by aikivoverf metkod For caxamplec ekplainggis 0o

aﬁ%%%\&ﬂ%@&*l&ﬁ%!ﬂfﬂﬁa@;!cemr@%@@ga%qgﬁi%@agm@@mﬁmsaed. For
Eexgarl?npg!% e5, ’ \évggjcfalgr?gg (;Efsthae case where the polypeptide-expression

vector is plasmid pNCM (See Example 5), which is one of the
vectors of the present invention, obtained by introducing the
DNA shown under SEQ ID NO:2 inte the above expression vector

pUCN18, and the host microorganism is Escherichia coli. Inthis

case, by introducing the polypeptide-exzpression vector and the
host microorganism according to the protocol of
commercially-available E. coli HB101 competent cell {a product
of Takara Bio Inc.), a transformant E. coli HBIOI (pNCM) (See
Example 8) may be obtained.

[0095]

A transformant may be bred, in which both of the
polypeptide of the present invention and a polypeptide having
ability to reproduce a reduced coenzymne, whichwill be mentioned
below, are expressed in an identical cell. That ig, the
transformant may be produced by inserting a DNA that codes fox
the polypeptide of the present invention and a DNA that codes

for a polypeptide having ability to reproduce a reduced coenzyme
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20 vectors of the present invention, obtained by introducing the DNA

shown under SEQ ID NO:2 into the above expression vector pUCN18,

and the host microorganism isEscherichia coli. In this case, by

introducing the polypeptide-expression vector and the host

microorganism according to the protocol of 25 commercially-available E.

coli HB101 competent cell (a product a@fkTakara Bio Inc.), a transformant

E. coli HB101(pNCM) (See Example 8) may be obtained. [0095] A
transformant may be bred, in.which both of the 30 polypeptide of the, . . o5t
pre<ert iveritioh4nd ﬁ%%lytp%%rﬁdém%ﬁ%u%ﬁmg Ft%c(;tzl ép%% lice a redl?ged °°
cedrizyma ] whichawilltrelmentished “hélow) BrcexBEsEdh AR identicared PY
cellh Jhat is, then, transformant eray becpragueecbliyninserting:a DNA that ferent
codes for the polypeptide of the present invention and a-PNA.that cades then
35 (foroarpsdlyf)dep %%p hlz:{\l/(fr?gm gﬁ%ty%%%reggodﬁe a rLeducéd coenzgmel% ¢
ibd- 5REVEERT, ARctHErrRRBAUGIHG e VEctoP fto Bhost c&fff="P-e° ©F @
Alternatively asuch/airansfesmaat mayibe eBtdined by separatety include E.
inserting-11e5e e fyes, aL BNA ipin v different eciorss whosencie) is
mcompatible groups are different, and then. 5 |ntrogucmgfthe vggtggclgé% NOMG
S RESCNEEXAMPIES O A WahBforHant which may be produced in -~ ©
stchea Mamnet incude £t ccdli. HBADL (PRC MG (@B F@iiple 8) 1E. dofproduct
lg%l%(g&é%!\ﬂ(;@és %téar}sff?rr%%@t @Mg@lg bydnatreduciag aptbalfi(ﬁoqu be
vector pNCMG (see Example 6).into E. coli 01 compete A0 D NO:2
Aot of ¥a &Térlﬁglfﬁ%&%ﬁ)g trAns opfm% ve%%ogrwﬁgN eI‘\I/I%Geclr‘e}lay %e_ ,
produeedBydnttoducigrbalhtrsBNE BHOWALMHRE SEQND N0 2 Pand/gertide
DNA codinafor giuspse-debydingenase reae okal palypeptide, thathashe above
ability to reproduce a redu enz into.the abave. expression-nant also
v@éfg%% TBYE%E%EI&%%% irarlgs%%nrrlé?a(r%tE also 15 include E. ol
HBXOER CMF EPke BaplENMEL coliSHB1OFENCRFT) is a2
transtormant produced by intradedingres transformiedadctor pNEMETY(seRT &
E@%)Q%%%Qn@go\%gggﬁ%ﬁwpm@%@%sm@eoductiqfﬁ@@a&i@.i_ 5B101

e transforme . N
competent cell (a product of Takara Bio Inc.). The ftransformed

coll

vector pNCMFT may be produced by inserting both the DNA shown
under SEQ ID NO:2 and a DNA coding for formate dehydrogenase,
one of a polypeptide that has ability to reproduce a reduced
coenzyme, intc the above expression vector pUCNILS.

[0696]
Method:ﬂn:producingamaalcoholCﬂran.aldehydevﬂjﬁlpolypeptide

or transformant

[Reaction condition]

A carbonyl group-containing compound may be reduced into
an alcohol or an aldehyde in the following manner in the presence
of the polypeptide of the present inventicn or a transformant
in which the polypeptide of the present invention is expressed.
The present invention, however, is not limited to the below
methods.

[0097]
A carbonyl compound substrate, such as acetophenone, is

addedjxlanappropriateSolvent,suchemsIOOz@éphosphatebuffer
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vector pPNCMFT may be produced by inserting both the DNA shown 20
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 pUCN18. [0096] Method for producing an
alcohol or an aldehyde with polypeptide 25 or transformant [Reaction
condition] A carbonyl group-containinggGompound may be reduced into
an alcohol or an aldehyde in the following manner in the presence of the

olypeptide of the present invention or a trans 30 igwhich.the - ;¢
E% r?e'g%d‘e ol&Eh%nﬁrease%??ﬁ%/ze%ﬂ%n%%pgegsskgggﬁrrﬁe CE}:{esent’in\/,enti(c:;r'%1 e
hbviver: Retimited fo BReEIbw? REtoES TO07T Atiboyl the cuiture
compouhsubstrate, sueh pisacetoptchane; isc B5raddechih ane mixture is

saE’EE‘%pé!é"t&soa'#%RﬁSg%%é%M o Phasphate buffer 27 pH 6.6} Ihenxdure .
as

coenzyme suc DH and NAD-, and culture of the transformant
andfot la processed product of the culture are added in the phosphate
buffer mixtuee, andothedaixture i rsiiired-torationsreactior while ¢dgalalisg ance

HE‘v‘MBeﬁ@}!?ét%%d%@??ﬁh'é@&%é@é%%%sﬁ%&%tm@am polypeptide.

grocessed substance hav%lqg re aln%d gnzymatl% gﬁtgl etlcaacct%tg é)f éQ%ract,

BREpfide ° Exanies Of e frocesss dlibstance incllidé a crude
extracty cuktivatet icellst freeze-dheticst gaifismd, Orgaf&Hs dHal Drerifd over
acetopgedistyupted-cells, o malerials:oncwhich thecabave eellsher above cells

orlganlsms are imrgobilizad. OO?%]ZTge reaction may be carried out at 5C
fb'86C Spretéianly ™ 16C o é&f, and more preferably 20C to 40C. During

the0 25 reaction, pH of the reaction mixture is 3 to 10, preferably 4 to 9,

and morerpreferably 5tord. The reactior inay bexcakriédt out bybateheferably

§%§E°@8r§895?m§§ée%§§g'Egé g%%bly 20°C to 40°C. During the

reaction, pH of the reaction mixture is 3 to 10, preferably 4
to 9, and more preferably 5 to 8. The reaction may be carried
out by batch reaction or sequential reaction. For batch
reaction, a reaction substrate may be added at a concentration
in total volume of the loaded reaction mixture of 0.01 to
100% (w/v), preferably 0.1 to 70%, and more preferably 0.5 to
50%. For batch reaction, another portion of the reaction
substrate may be further added in the course of the reaction.
(010073

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

Here, a processed product of the transformant means a
crude enzyme extract, cultivated cells, freeze-dried cells,
organisms dried over acetone, or a disrvupted product of these
substances, or a mixture of them. The processed product may
be used as an immobilized form of the polypeptide or cells. The

immobilized form may be prepared in a known technigque. In the
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reaction, a reaction substrate may be added at a concentration in total
volume of the loaded reaction mixture of 0.01 to 20 100%(w/v), preferably
0.1 to 70%, and more preferably 0.5 to 500. For batch reaction, another
portion of the reaction substrate may be further added in the course of the
reaction. [0100] For the reaction, an aqueous solvent may be used, or 25
otherwise, a mixture of an aqueous sohgent and an organic solvent may
be used. Examples of the organic solvent include toluene, ethyl acetate,

n-butyl acetate, hexane, isopropanol, diisopropyl ether, h e . E
%%%Fd%ﬂje?%n@dﬂﬁéﬂﬁrgﬁﬁﬁ?&epf(?f%ﬁjﬁb egéé,ha b%cg]s%e%fo%ﬁgF of £he
e transfoimant meansan EradCenzane ekGactt balivaRd cals 1ty to
%f%@%%ees-&iﬁ@gb%fll%cgﬁg@@sw@{@ﬁ@f efagetong, Of adlisruptedrprodaet a

ese substances, or a mixture of t .T r
BEIeotib A1 Hobizer 1o o7 e Sapopide oy sell Tho So.
imeobllizeddoimimay B Bpased-in AkhowhreEHGueS fftigagple 8) and
angigmagmio«mm{quu@r@btkekhp]p@lﬁo)eptio[éocSmhepﬁr‘e@eﬁt having
nven E%ng/ and a| Q_JX%%%IQ% thathas gbility ip, d\'/’ﬁ@r%q%c?@ Bdeduced: ped below
coenzyme may significantly reduce a required amount of the coenzyme.
Examplesiof-such a 5 transformant include E. coli HB101(pNCMG) (See
Example 8) and E. co-li HB1OI(pNCMET) (See Example 8). Polypeptides

ﬁ%vi@g,_? ity t reproduce.a reduced:coenzymenillbes desetibestbelown z yme |
in detail. 0%021 10 [Pogépeggtlde having abilit%to reproduce fe ‘é%%ds £
coenzy NABPH i€ b¥y 35 atoenzymé in als%/n?hess?s otan = - afn
altaholcompopndihrchgly agsductioh ot earbony| CoRpotint GPgund W th
%a@%gﬁg@a%%ﬁﬁEa@Hﬁ@dﬁ§%$B§@@hﬁ£@ﬁdepﬁﬂ@ﬂmpsemekw@mﬁ&npresent
\s mentioned ahove, the synt sismay b i

required feve! of Aﬁﬁ%ltﬁgﬁga%%gﬁ? énlw'ix?ﬁg. e%%%%%%qggger?s?\?edmted
d@@ﬁzyﬁkﬁﬁﬁbéQ@@éWﬁ@y%@%ﬁ&ﬁ%%&&?ﬂiUltbe reaction mixture., The

amount of expensive coenzyme to be used may be decreased,
however, by utilizing an enzyme with apility to convert an
oxidized coenzyme (NAD') inte reduced NADH {hereafter, the
ability is referred to as "ability to reproduce a reduced
coenzyme") in combination with its substrate, that is, by
conducting the synthesis in the presence of a combination of
coenzymereproductionsystemewmithepolypeptide<ﬁfthepresent
invention. Examples of the enzyme with ability to reproduce
the reduced coenzyme, which may be used in the above synthesis,
include hydrogenases, formate dehydrogenase, alcohol
dehydrogenase,g&ucose—6—ph0sphatedehydrogenase,andglucose
dehvydrogenase. Preferable examples include glucose
dehydrogenase and formate dehydrogenase.

[0103]

This reaction may be conducted by adding a coenzyme
reproductionSystemiXBanasymmetricreductionreactionsystem.
This reaction, however, may ke efficiently conducted with a
transformant catalyst, which is transformed by both a DNA that
codes for the enzyme of the present invention and a DNA that

codes foreapolypeptide‘havingzﬂailityix)reproduce the reduced
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however, by utilizing an enzyme with ability to convert an oxidized

coenzyme (NAD’) into reduced NADH (hereatfter, the ability is referred to

as "ability to reproduce a reduced 20 coenzyme") in combination with its
substrate, that is, by conducting the synthesis in the presence of a
combination of coenzyme reproduction system and the polypeptide of the
present invention. Examples of the enzgme with ability to reproduce the
reduced coenzyme, which may be used in the above synthesis, 25

include hydrogenases, formate dehchrggena%ef%%ohol _!deggdéq&e}%;ehaving
SRICEETE phBSphiate déitoderase and giicose. dehydrogenase. N
Preferable-exanplestintiutegyuedse WbRyGB§eRsse andIBringternstornant
Igspyg@gﬁ@@mam% 30 hisikeaction:may becondusted by atiding abed in
coenzyme reproduction system to an u I f
CheteR s SACTOn TOGYRT ey b Sicently concucteq i o<
ransformant Batalystewhich is #ahsformed s Botha DN et Codes f6E=>
the enzymeefthe presenkinventiorsand &DNActhat BB Todésfer&) is a
a%g & 5%’%%'T?é%%@%48T89“¥H§5¥P9ﬂ8d50695§%§8§ﬂéﬂﬂ@e@@89uchme

ing another portion of an enzyme having' ability to reproduce.th
retRe el EoBRZFMe) Stithta franSfotrmant May Bg%ﬁ%ﬁgé i gg&or@%n{égodmt
with the:methad as Tesclibed T ethe aibové SRegdrditg AOS-WEIHIC may be
PALABE ool ABLOTNCMS) (a8 Example S E. sal BL0LNICHGY. -+
mclude E. coli ee Example 38). E. caqll I :
i N A N
(See Example 6) inty EC cOltHIBIOLE eompetint 88IN@BIodley of Tdkdra® 2207
Biodne) 3 Iahﬁ té@:sif,@rfn@dwmt@r. PNGMEmay hﬁl@ipﬂéodueﬁttstggxmagjt also
inserting both the DN erSEQ, 1D NO: A cading for
dlﬁ&is%%ﬁe dréger Q{egio%}w\%q&ﬁgbg?gep %%etﬁa%%ggla@b%y{ to | 5
rEpcULCR N Tl Torn YRS G TE Ab&e SXpReSsioh vectsr T10d @
PUYGCNL8 Examplesettheransformantaseainclude Bl colto T. coll HBLOL
HBIOUPEG Mgg ) foeg %@?‘%ﬁ%‘f&&?ﬁﬂé HBIQUPNCMFT)iS @rans formed
vector pNCMFT may be prodiced by ingerting both the DNA shown

under SEQ ID NC:2 and a DNA ceding for formate dehydrogenase,
one of a polypeptide that has ability to reproduce a reduced
coenzyme, into the above expression vector PUCN1LS.

[0104]

[Regarding a carbonyl group-containing compound, 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 with the polypeptide of the present
invention or a transformant in which the polypeptide of the
present inventicn is expressed. The reacticn is exceedingly
valuable in the case where the carbonyl group-containing
compound 1is an asymmetric ketone because the product of the
reaction is a useful optically active alcohol.

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

1-phenylethanone derivative, which is one of an asymmebtric
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transformed vector pPNCMFT (see Examples 7) into E. coli H3101
competent cell (a product of Takara Bio Inc.) . The transformed vector
PpNCMFT may be produced by inserting both the DNA shown under SEQ
ID NO:2 and a DNA coding for formate dehydrogenase, 20 one of a
polypeptide that has ability to reproduce a reduced coenzyme, into the
above expression vector pUCN18. [0168)] [Regarding a carbonyl
group-containing compound, and a product alcohol] 25 A substrate
garhonyl compound is-not limited,in & produstion afan.alcehahar.an
aldehyde by reducing a carbonyl group-containing compound with the
;5893/B§|5tide of the present invention or a transformant in which the
polypeptidel of thempiesent invention is expressed. The reaction is
exceedingly 30 valuable in the case where the carbonyl group-containing
compound is an asymgnetric ketone because the product of the reaction
is a useful o&ﬁcally adtive alc%hol. [010s] When a carbonyl
group-contairy 0 equﬁs 35 1-phenylethanone derivative, which is
ric 30 keton ,}represented by the following formula
(1): [01061 Khendical formula 5] 50 R'R3 R21(t) 10 [0107] wherein R’
and R2 are each independently a hydrogen atom, a halogen atom, a
hydroxy group, a substituted or unsubstituted alkoxy group, a substituted
aroarisupstituted alkyl group, an amino group or a nitro group, and R and
Remay be the sameas 5.ocdifferent fropane apether; R3ds 8gen atonm, a

hydogen atom. a alogen glom, 8 ydrory gioup, 012 S4PSUNIEL s coees

alkoxy group, a substituted or unsubstituted alkyl group, an

aminc group or a nlitro group, and ®* 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;

the product is an optically active l-phenylethanol derivative
represented by the following formula {2)}:

[0108]

[Chemical formula 6]

; OH
R\/ R3
Rz-—f\ ! @)
[0109]

wherein R, R?, and R’ is the same as defined above.
(01107

When R' and R® is an substituted alkoxy or alkyl group,
the substituent may be a halogen atom, a hydroxyl group, an amino
group, or a nitro group.
[0111]

R’ is a hydrogen atom, a halogen atom, a hydroxyl group,
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the product is an optically active 1-phenylethanol derivative represented

by the following formula (2): 20 [0108] [Chemical formula 6] OH R~ 3 25

~a ~. {(2) [0109] wherein R2, R2, and R' is the same as defined above.

30 [0110] When R' and R2 is an substituted alkoxy or alkyl group, the
substituent may be a halogen atom, a hydroxyl group, an amino group, or

a nitro group. [0111] 35 R3 is a hydrogén atom, a halogen atom, a

hydroxyl group, 31 or a substituted or unsubstituted alkyl group, and

preferab hydrogen ato NN “hal fomnmeansrarabl
Cflﬁo?‘in%?%ﬁ?ojﬁnléfi b%m?r%%%%%e&%gfn%%ﬂ% g%ﬁehr?? ar(?ompound !
havirgra eabonyPgroup is an asymmetric methyl ketone compound

rearesented by the following formula (3) : 10 [0114] [Chemical formula 7]
0 (3) l?h%d' L%]t;\?él th%'?&%bgﬁl isa.substituted of uasubstituted atkylorine,

group, a substituted or unsubstituted alkenyl group, or a substituted 20 or

PRSTBStRuted A §Foldd: e product is an optically active
1ssubstituted-l-ethanol

When a compound having a carbonyl group is an asymmetric
nethyl ketone compound represented by the following formula
(3}

[0114]

[Chemical formula 7]

0

/[k @
R4

0115
Lherein Y is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group, or a substituted
or unsubstituted alkynyl group,
the product is an optlcally active l-substituted-l-ethanol
derivative represented by the following formula (4):

[0116]

[Chemical formula 8]

Ok
)\ @
R4
[0117]
wherein R? is the same as defined above.
10118}

R is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group, or a substituted

or unsubstituted alkynyl group. R* is preferably a Cy.r alkyl
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derivative represented by the following formula (4): [0116] [Chemical
formula 8] 25 OH (4) H! 30 [0117] wherein R4 is the same as defined
above. [0118] R4 is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group, or a substituted 35 or
unsubstituted alkynyl group. R4 is preferably a C,_7 alkyl 32 group which
may be substituted by a halogen atom3a hydroxyl group, an alkoxy
group, an alkoxycarbonyl group, an amino group, or a nitro group. When

e substituent is an alkoxy.group..a £&_B.alkoxy-group;is preferablen yaroxyl

hen the substituéent is an 5 alkoxycarbonyl group, aC1 5 :
KB et By K roN s IS PRt At “BXE M O&%%&{S@'_?n amino group,
alkaxycarhonyd group. indfiide: methoxgicarsonykgroubsand: ethosxyEHArigoprr , 2
group, 19119 Vinyhis also preferaple-as an exampleof R4:pkd 04200t is an

Isolation and purification of an,alcohol] No particular.limitation. is put an a
g O FEEOVERNG 2 ooty ARbF i Comea Root S e ore e te.
Friixtors aftee the radctionCA highlyapire aiéohiol éovipeuRd ridy - 84Sily be
45 ohtained by directly extracting: asexdragting:iafter rempoying. cells, etc.
i’@f}iﬂgghol compound from the reaction mixture with a solvent such as

thyl acetate, toluene, t-butyl methyl ether, hexane, or methylene
chlorideY thenlderydrdtiiy thesearaet ! ana Huilyirfg tiecetratt by -

distitkation, recrystallization, 20 silica gel column chromatography, or the
w@%é?gngﬁEgﬁd purification of an alcohol]

No particular limitation is put on a way for recovering
an alcohol or aldehyde compound from a reaction mixture alfter
the reaction. A highly-pure alcohol compound may easily be
obtained by directly extracting, or extracting, after removing
cells, etc., the alcohol compound from the reactionmixture with
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. Detalled
procedures and o on concerning the reccmbinant DNA technology
used in the following Examples are degcribed.in,the following
literatures:

Molecular Cloning 2nd Edition (Cold Spring Harbor Laboratory
Press, 1989), Current Protocols in Molecular Bieclecgy (Greene
Publishing Associates and Wiley—Interscience).

(01227

(Fxample 1) Purification of a polypeptide

A polypeptide having ability to asymmetrically reduce
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[0121] The present invention will be described below in detail 25 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 used in the following Examples are
described in the following literatures: 30 Molecular Cloning 2nd Edition
(Cold Spring Harbor Laboratory Press33989), Current Protocols in
Molecular Biology (Greene Publishing Associates and

erscience). [012 Ex Iel Purifi t [
O R R B By Aty T sy SESYEEpIiS o £rom

M@(@E&Eﬂ%tﬁ&ﬁoﬂﬁ&g separatid f@ﬁ@ CHfdida fealtssaliFer ate the
297 4strain.andi purified todsolateithe polypeptidesin titesfollowing: ion was

}%s d]%(:ms Purlflcggen WNas, %rfqgwgg\ﬁtsdécﬂgjceéé Otﬁ@%@?ﬂ@tggtlvﬁy to

cing act|V|ty to'5 aceto enone was determined in accordance wit
e PRICEERES &&%r%@ﬁﬁﬁfﬂl\lﬂ%ﬂ%dw&m&&ﬁ?ﬁdﬁcﬁ’g Sbfity 6 Oged‘“res
ketonei oealdahyde gompound}{0123] (Eyltivationiof g ahicioorganismje tone

%9 %H%élg\;'&%dlg E%’QAH'T 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

2I§(}:‘-109 (a product of ADEKA CORPORATION) was prepared in a
24uSakaguchiflask and msteamestetifizedrat 120C for 20 minutes. This

medium;was 15 inpgrlatedwithud ml:of cuarerfiuid of theistiaip Candida. meat

maltosa IFO_ 1977, which had been pr pared in.advance r
%téﬁ'ﬁ@méoou%/%na?ﬁ %ed’ug Z s\ﬁaﬁe% ﬁ?\(/ate(?)aﬁt go% (gj‘r*re%dluyl
koursr [0124] 226Y(Preparatibn’ St & Celifée BRIty Colis Wetd tofflectbgMPFRA

by eenfrifugation frem the-abaved 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 TFO 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.

(01243

(Preparation of a cell-free extract)

Cells were collected by centrifugation from the above
culture fluid, and washed with 0.8% aquecus sodium chloride.
These cells were suspended in 20 M phosphate buffer (pH 3.0},
which contained 5 mM B-mercaptoethanol, 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 obtalned.

[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 cbtained.

(0126}
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culture fluid, and washed with 0.8% aqueous sodium chloride. These
cells were suspended in 20 mM phosphate buffer (pH 8.0) , which
contained 5 mM(-mercaptoethanol, and then the cells were 25
ultrasonically disrupted by SONIFIER 250 ultrasonic disintegrator (a
product of BRANSON) The cell residues were removed from the resultant
extract by centrifugation, whereby a céfl-free extract was obtained. [0125]
30 (Thermal treatment) The cell-free extract obtained according to the

abexe_ManneEwas treated at 60¢ Jor. 30 Mminwes, and then centrifuged

to remoye insoluble matters. Thus, a thermally-treated cell-free extract
s Do A5 0 BB A A DS TV ODEAR S P 6 BHE apove

rchromatographyoThe celt-free Strdct BBEsTEd Bécdraiy tothedbove> mli 2
mannerwas applied to A REAETOYOPEARL65QM calemne(@5imtilarated in

roduct of Tosoh Corppration) , which had.bee ujlibrated.in.5
D T T e B8¥A e 5
1B nfereapteetiafitBRAdcesSH RaBHGAS Weld tHetdby idebrfed-Rereby
27 Ehenyl-TOYOPEARL column chromatography) 10 In active

f[rggt};%s, which were not adsorbed by the DEAE-TOYOPEARL column
chromatogra \%h% ammonium sulfate was dissolved so that the final

¢ BREGHEETBN O Armonfi Shfate Pz SRR Should be 0.92 M, and
then pretipitate was feraovech by centrifugationr Resaltantdtpensatahty the

wag:applied goigra Phenyl-T O OREARL 6501 colmin (6Q.ml: i Prodst was
of Tosoh Corporation ,%hlc had.been egun%bra;ed in a(%vance with 20 1fat
IV PROYSAatE b URE(pHT 8. 5) that contATTRH0.92 M ammaohium. sultate

and BimMsR SurhersaptdsthanolPActive fratdtions Weiid iereb¢ adBorbeds Was
The solunpwas yvashedyith 20, mMephesphate: 20 dfer {pH:6:5)thatapplied
%%P%m¥¥£%§%1¥6¥8¥€ﬂﬂﬁné%HQWx%Q%mul(60 ml; a product of Tosoh
Corporation), which had been equilibrated in advance with 20
mM phosphate buffer (pH 6.5} that contained 0.9%2 M ammonium
sulfate and 5 mM p-mercaptoethanol. Active fractions were
thereby adsorbed. The column was washed with 20 mM phosphate
buffer (pH 6.5%) that contained 0.66 M ammonium sulfate, and
active fractions were eluted with a linear gradient of ammonium
sulfate (from 0.66 M to 0.26 M). The active fractions were
combined and dialyzed overnight with 20 mM phosphate buffer (pH
6.5) that contained 5 mM.B~mercapto@thanol.

t0128]

(Butyl-TOYOPEARL column chromatography)

In active fractions obtained by Phenyl-TOYOPEARL column
chromatography, ammonium sulfate was dissolved so that the
final concentration of ammenium sulfate in the sclution should
be 0.22 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 0.92 M ammonium
sulfate and 5 M B-mercaptoethanol, to adscorb active fractions.

The column was washed with the same buffer, and active fractions
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active fractions were eluted with a linear gradient of ammonium sulfate
(from 0.66 M to 0.26 M). The active fractions were combined and dialyzed
overnight with 20 mM phosphate buffer (pH 6.5) that contained 5 mM
(3-mercaptoethanol. 25 [0128] (Butyl-TOYOPEARL column
chromatography) In active fractions obtained by Phenyl-TOYOPEARL
column chromatography, ammonium sififate was dissolved so that the
final concentration of ammonium sulfate in the solution should 30 be 0.92

M. Thus;obtained solution V@sa%ppg}@gc%%uyﬁ%gﬁgﬁﬁLs@m&e (from

corumnn ml; a productlo]f osoh “Corporation) , which had been £ied
eqéfibfated in'ddvarde(iith P0P RNt phosphate BuferpHE By fhet ® >5 ¢
sentained.0.92:M ammoniunt :suffate.and 5 mM (3-mercaptoethanol, to
?ggcyg}active fractions. 35 The column was washed with the same buffer,

and active fractions 35 were eluted with a linear gradient of ammonium, .,
sulfate (FFBRF L2 Mto BT . BecifopRorétically:plre polypeptide purified
samplelwas thereby obtained. [0129] 5 Hereatfter, this polypeptide is

tq.as yRNA;S[0130], Gexample ) fhysicoeBemicatiproperties of

sicochémical properties of RMA as obtained | t%%@ﬁ’??{gd ‘1 the
manner %é}@% 8§ Bach a&ﬁ/ﬂ?%\%sl&estergmin%lggm g:IL% accordance with

amethodhasdescrbed irF [Nethed for Bealtafing okdizingHbilfy teapined in
aleehal comnoundls [91331 {Substrate specifieity} Thevactivity dfthesRMAIat ing
to oxidize (S)-2:butanol was 15 defined as 100%, Relative activity of the

RRTA :cL)zéLaI(‘c s%b‘l:s%rla%é/ Vv%éi)s ca cda a(tge(? asa perggntagé of oxidizing

dctivity fo a substrate based on the oxidizing activity to (S)-2-butanol

(180%) Thetresstts ater shawr In Table 1. Concentration of each
SUbS”a“%H%d%E%59@@@08EOW@saﬁﬂﬂKk%ﬂggﬂﬁhze (S)-2-butancl was
defined as 100%. Relative activityof the RMA to each substrate

was calculated as a percentage of oxidizing activity to a
substrate based on the oxidizing activity to (S)-2-butanol
(100%) . The results are shown in Table 1. Concentration of
each substrate under a condition for measuring oxidizing
activity was set as illustrated in Table 1.

(01321

[Table 1]
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20 activity was set as illustrated in Table 1. [0132] [Table 1] 36
Substrates mm Relative Activity (%) (S)-2-butanol 50 100 (R)-2-butanol
50 38 2-Propanol 100 66 2-Pentanol 100 183 3-Pentanol 100 40
2-Octanol 5 134 Cyclohexano'_ 20 30 (S)-1-Phenylethanol 50 307
(S)-1,3-Butandiol 50 9.5 (R) -1, 3-Butandiol 50 1.3 2,4-Pentandiol 100 34
(2R,4R)-2,4-Pentandiol 50 0.5 (S)-I-ArAfo-2-propanol 50 2.0
2-Hydroxybutyric acid 100 4.9 Methanol 1000 . 6 Ethanol 100 5.0

-Propanal. 100 4 -Butanol 100.6.6 N3 .
R)- Profpafdiot 5H-0 101, .AH--'.. -uﬁ .iru J,V ._ D) y

téS(QEZJB’aFaﬁfWP%vaS determined unddt 5 a standard rea]c%n condition
edicept that fiefemperature was varigd. The oxidizing ac?i@ity at 60C,
Whielshewed the highest activity, was'defined as 100%. Felative activity
of -therRMAcdL a temperature was cdlé@lated as a percentage of oxidizing
activity: aktheltemperature based on 1@ oxidizing 10 activity at 60C
(200%) = Ahe results are shown in Taldle 2. The temperafuied range that

showedelative activity of not less than 30
{Sy~1-Phenylethanol 50 307
(3)-1,3-Butandicl 50 9.5
(R}~-1,3-Butandiol 50 1.3
2,4-Pentandicl 100 34
(2R, 4R} ~2,4-Pentandiol 50 0.5
(8) ~1-Amino-2~propanol 50 2.0
2-Hydroxvbutyric acid 100 4.9
Methanol 100 G.6
Ethanol 100 5.0
1-Propanol 100 4.3
1-Butanol 100 6.6
{Sy-1,2-propandiol 50 0.7
(RYy-1,2-Propandiol 50 0.7
[0133]

[Optimum temperature)
Oxidizingaﬁtivitytxa(S)~2—butanolwasckﬁﬁrminedunder
=z standard reaction conditiocn except that the temperature was
varied. The oxidizing activity at 60°C, which showed the
highest activity, was defined as 100%. Relative activity of
the RMA at a temperature was calculated as a percentage of
oxidizing activity at the temperature based on the oxidizing
activity at 60°C (1L00%) . The results are shown in Table 2. The
temperaturerangethatshowedrelativeactivityofnotlessthan
60% was 45°C to 70°C.
(01341
[Table 2]



60% was 45C to 70C. [01341 [Table 2j 37 Temperature(C) Relative
Activity(o) 2517 3024 37 39 4045 4568 5080 5588 60100 6591
7060 7529 809 850 [0135] [Stable range of temperature] In 50 mM
tris-HC1 buffer (pH 8.0), RMA was treated at a 5 temperature of 30C to
70C for 10 minutes. Then, oxidizing activity to (S)-2-butanol was
measured. The oxidizing activity at 30&7was defined as 100%, and
relatlve act|V|ty at each temperature was calculated as a percentage of

. , ; telizing activity at 10
GEME@ - The. are" showr 0136 Table 3]
Temperatu%é((:) Relative Activity (%) é?) 100 3596 40 95 50 75 60 37

37 39
40 45
45 68
50 30
55 M
&0 100
65 .91
70 60
75 29
80 9
85 0

[0135]
[Stable range of temperature]
In 50 mM tris-HC1l buffer (pH 8.0}, RMA was treated at a

temperature of 30°C to 70°C for 10 minutes. Then, oxidizing

&3]

activity to (8)-2-butancl was measured. The oxidizing

activity at 30°C was defined as 100%, and relative activity at

each temperature wags calculated 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 a5
50 75
&0 37
70 9.4
[C137]

15 [Optimum pH]
(3} -2~Butanol-oxidizing activity was determined with 50
mM potassium phosphate buffer (pH 7 to pH 9y, 50 mM tris-HCL
buffer (pH 6 to pH 8) or 50 mM glycine-sodium hydroxide buffer
(pH 9 to pH 10.5) while varying pH in the reactien mixture. The
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15

20

70 9.4 [0137] 15 [Optimum pH] (S) -2-Butanol-oxidizing activity was
determined with 50 mM potassium phosphate buffer (pH 7 to pH 9), 50

mM tris-HC1 buffer (pH 6 to pH 8) or 50 mM glycine-sodium hydroxide

buffer (pH 9 to pH 10.5) while varying pH in the reaction mixture. The 38
highest oxidizing activity in potassium phosphate buffer at pH 9 was

defined as 100%, and relative activity 8% each buffer and each pH was
calculated as a percentage of oxidizing activity of a buffer at a certain pH

besed on eadizing aetvbind potassumahosahale bufet slprea: o oo

are shown in Table 4. The pH ran showe
?eﬁaﬁﬁe%%ﬁ\ltw%f%t ]ré%%c’thaﬁréb%%aistf;ﬁ@/ @?&b aéﬁ Aot rer

éﬂ@l@féeﬂpﬁmeéaetwﬁ activity-(6) 2 Eris-pSL? mzﬁyeb@ffewl%@ 121“81834‘36 ivity

%55 18, £ 100( %Pgt%%%@lwgwlﬂ%@e@i‘%il ffer6:2 44:3 o 82890i ViS5 v in

6.5 Glycine-sodium h rOX|de96 7 b ff 956L 10.39
e HER- i e R Lt L
trissHC1ibuffer(pH 8.0 tdpH pH range that showed relative activity

of not less than 60% was pH 7.5 to pH 9.5.

[0138]
[Table 4]
Buffer oH Relative activity (%)
Tris-HCL 7 47.5
buffer 7.5 60.2
8 84.6
8.5 B7.8
9 100.0
Potassium phosphate 6 41.1
buffer 6.5 44 .3
7 52.9
7.5 69.8
8 76.5
Glycine-sodium hydroxide 3 67.7
puffer 9.5 61.9
10 39.0
10.5 34.1
[0139]

[Stable range of pHI

RMA was treated in 50 mM tris-HC1 buffer (pH 3.0 to pH
9.0) and in 50 mM Britton-Robinson buffer (piH 5.0 to pH 12.0)
at 30°C for 30 minutes. Then, oxidizing activity to
(8)-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 rangs
that showed relative activity of not less than 80% was pH 5.5
to pH 7.5.
[0140]
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15

9.0) and in 50 mM Britton-Robinson buffer (pH 5.0 to pH 12.0) 15 at 30C
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 20
RMA (100). The results are shown in B&ble 5. The pH range that showed
relative activity of not less than 80% was pH 5.5 to pH 7.5. [0140] 39
Ej;a%lieS] uffer pH Relative activity(o) 4 21 Britton-Robinson 5 56 buffer
5'81%6 6.589 783 7581842 855 91 9.50 Tris-HCI 8 59

Buffer 85.3% O-16 [0141] BrNiDitan: 1 RMAs was treated/ a630C for 30

minutes in the presence oragents as shown ig Table 6. Concentrations of
agents:at.the ftime of freatment are illustrated gsTable 6. Then, oxidizing
activity tg. (S}2-Butanol was getermined in acgprdance with a method as
described in [Method for evaluating oxidizing apility 10 to an alcohol
compound] . Activity of the&rgreated RMA was,

7 83
7.5 81
3 42
8.5 5
9 1
8.5 G
Tris-HCL 8 59
buffer 8.5 32
9 i6
(01411
[ Inhibitor]

RMA was treated at 30°C for 30 minutes in the presence
of agents as shown in Table 6. Concentrations of agents at the
time of treatment are illustrated in Table 6. Then, oxidizing
activity to (S)-2-Butanol was determined in accordance with a
method as described in [Method for evaluating oxidizing ability
to an alcohol compound]. RActivity of the untreated RMA was
defined as 100%, and relative activity for each treated sample
was calculated as a percentage of oxidizing activity of the
treatedsamplebas&jontheagtivitycﬁftheuntreatedRMA{lOO%}.
The results are shown in Table 6. FEthylenediaminetetraacetic
acid, o-phenanthroline, mercury chloride, copper sulfate, or
zinc sulfate inhibited RMA, whereas 2-mercaptoethancl,
dithiothreitol did not.

[0142]
[Table 6]



defined as 100%, and relative activity for each treated sample was

calculated as a percentage of oxidizing activity of the . treated sample

based on the activity of the untreated RMA (100%) The results are shown

in Table 6. Ethylenediaminetetraacetic 15 acid, o-phenanthroline,

mercury chloride, copper sulfate, or zinc sulfate inhibited RMA, whereas
2-mercaptoethanol, dithiothreitol did net [01421 [Table 6] 40 Treatment

Relative Inhibitor concentration of activity(o) inhibitor (mM) Crotonic acid

50 10.4 Phenylmethanesulfony! fluoride 1 96.0. N-Ethylmaleimide-1-94-7
lodoacetic acid 1 78.9 Ethylenediaminetetraacetitraeid her2.9 Relats
o-Phenanthrolinent 0:0 #4gC12 1 0.0 CUSQ#:1 2815 ZnS128.1 A

Dithiothreitol 1 92.2 (3-Mercaptoethanol 1 95 #nipifdydroxybefFoic élaccllcliE Jith( 2

P IHUIud gbuuoenzoa[e 0.0596.3 NHZOHU.0496.1 [0143] 10.4
@o ec nIar Wﬁfg‘éaMgf e@r \Aéelggtrqfé%MA in reducing 9% .0
acr ylami trophore3|s was determined as approximatelys 4 , 7
39,66 % @gd onth e S difference between RMA and a molecular weight -~ g
ﬁﬁﬁﬂ’%eﬁ}&eﬁclﬁ%elr mObI|It¥ [0144] '
Ethylenediaminetetraacellic ac 1 12.9
o-Phenanthroline 1 0.0
HgCl, 1 0.0
Cuso, 1 28.5
Znso, 1 23.1
Dithiothreitol 1 92 .2
B-Mercaptoethanol 1 95.4
p-Hydroxybenzoic acid 1 91.5
p-Chloromercuribenzoate 0.05 896.3
NH,OH 0.01 96.1

[06143]
Molecular weight]

Molecular weight of RMA in reducing Shs-polyacrylamide
electrophoresis was determined as approximately 39,000 based
on the difference between RMA and a molecular welght standard
proftein in their mobility.

(01441
(Example 3) Substrate specificity of RMA in carbonyl reducing
activity

Tn 100 mM phosphate buffer (pH 6.5}, which contained ¢.3%
(v/v) dimethyl sulfoxide, a substrate carbonyl compound and a
coenzyme NADH were dissolved so that final concentration of the
carbonyl compound should be 1.5 mM and that of the NADH be 0.25
oM. 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>e&dncarbonylcon@oundvﬁnsdeterminediﬁxnﬁreducing
rate of absorbance for a reaction mixture at the wavelength of
340 nm. Reducing activity to acetophenone was defined as 100%,

and determined reducing activity was converted to a relative



(Example 3) Substrate specificity of RMA in carbonyl reducing 10 activity

In 100 mM phosphate buffer (pH 6.5) , which contained 0.3% (v/v)

dimethyl sulfoxide, a substrate carbonyl compound and a coenzyme

NADH were dissolved so that final concentration of the carbonyl

compound should be 1.5 mM and that of the NADH be 0.25 15 mM. In the
resultant solution, an appropriate amodht of purified RMA, which had

been prepared in Example 1, was added, and then allowed to react at

30C for 3 minutes., Reducipng._ activity to e om s are
HetdtmihBdfrom rediicing Qr%tfel %IY atggor %ﬁcgeﬁ o:% g{%%%ﬁor??h&%:%g@gtlﬁe
savelerigth B 20=340-n- ReduchiPASRAY 16 BeBtophenane was defifred” - ©
25d:00%.; andrdeterminedueducingactivity ivasycanyerted-tora/ el atvergrnads .
z{ﬁlglﬁgjt;) reducing activity to acetophenone. The results are shown in

able’7. As is apparent from Table 7, RMA showed reducing activities to

aliidevariety of carbonyl compounds. [0145] 5 [Table 7] 42 Relative
Relative Carbonyl compounds activity Carbonyl compounds activity (%)

(0) Acetone 28 2-Phenypropionaldehyde 37 2-Butanone 54
3-Phenypropionaldehyde 112 2-Pentanone 141 Propionaldehyde 39
2-Hexanone 87 n-sutyraldehyde 117 2-Heptanone 82 n-Hexylaldehyde

117 2-Octanone 95 Glutaraldehyde 9 3-Octanone 3 Benzaldehyde 29
Chloroacetone 92 m-Chlorobenzaldehyde 87 4-Methyl-2-pentanone 70
p-Chlorobenzaldehyde 51 Methyl iso-propyl ketone 4

o-Nitrobenzeldehyde 29 Methyl vinyl ketone 94 m-Nitrobenzaldehyde 28
Cyclopentanone 10 p-Nitrobenzaldehyde 27



Acetophenone 100 2-Pyridinecarbaldehyde 11 o-Chloroacetophenone 2
4-Pyridinecarbaldehyde 5 o-Methoxyacetophenone 10
o-Hydroxyacetophenone 9 Methyl pyruvate 71 m-Chloroacetophenone
130 Ethyl pyruvate 87 m-Methoxyacetophenone 111 Methyl
2-oxodecanate 2 m-Hydroxyacetophenone 12 Ethyl 4-chloroacetoacetate
52 m-Nitroacetophenone 89 Methyl 4-gbloroacetoacetate 35
0-Chloroacetohenone 130 Ethyl 3-oxobutanoate 93
p-Fluoroacetophenone 110 Ethyl 3-oxohexanate 2

p-Methylacetophenone 91 Benzyl acetoacetate 115 Ethyl

4-acetylbenzoate 70 n-Octyl % ' Relative
éﬁﬁﬂofy)éjzlaglﬁ%%%%%etatetzf f?;ﬁ ?ziﬁsﬁcé%tfﬁ%;iﬁig e rcetone 33 Y
ylacetone 33 (3)
Ethyl 4-benzyloxyacetoacetate 10 Ethyl 2-chloroacetoacetate 26
ZAcelylpyridine 63 tert-Butylacetbacetate 88:3zAcetyipyAdiie’ 49 Methyl 317
acetoacetate 66 4-Acetylpyridinet 83 5-Acéhafurpf28iega idehyde 112
Acetoacetoanilide 1 cipyridine Atktypyrézine 7&6%AeétSacetanisidide 35 3%
2+Acetyrfuran 8 N-Acetoacetyl-pifoluidine BuFes HRiophen-3-one 4 17
H-Ghroloacetoacetanilide 4 2',5Dichlofy Atetdacetarifite 34 e
FcHiore2:4-pentadione 43 AcetGacetarfitdé aﬂflﬁééﬁﬁﬁacetone 19 ’
diaCéetriyio?# [0146; (Example 4) Acquisifi cp for RMA 43 2
(EBHSTAICESAST PCR primers) Pu2r|f|ed F?M wﬁo 1 ha éje % gbtained in i
E%(a'vfﬁbl'l‘é(]l 2\/\/%% 1"daéﬁ’ﬁ‘feured in th% prese c Obe zyégf‘de é en ;"2;
digésten b "Aghfdmiobacter-desved ysyl ndopeplidas (avaiable rom 26
Cyclopentanone 1¢C p-Nitrobenzaldehyde 27
Acetophenone 106 2-Pyridinecarbaldehyde 11
o-Chlorecacetophenone 2 4-Pyridinecarbaldehyde 5
o-Methoxyacetophenone 10
o-Hydroxyacetophenone 9 Methyl pyruvate 71
m-Chlorcacetophenone 130 Ethyl pyruvate 87
m-Methoxyacetophencne 111 Methyl 2~oxodecanate 2
m-Hydroxyacetophenone 12 Ethyl 4~chloroacetoacetate 52
m-Nitroacetephenone 8% Methyl 4-chlorcacetoacetate 35
p-Chloroacetohenone 130 Ethyl 3-oxcbutanoate 93
p~Flucroacetophenone 110 Ethyl 3-oxohexanate 2
p~Methylacetophenone 91 Benzyl acetcacetate 115
Ethyl 4-acetylbenzoate 70 n-0Octyl 4-chloroacetoacetate 24
i%iiigiz;;i;i;;anone 20 Ethyl 4-azldeacetoacetate 21
Benzylacetone 33 Ethyl 4-benzyloxyacetcacstate 10
Ethyl Z2-chlorocacetoacetate 28
2-BAcetylpyridine 63 tert-Butylacetoacetate 88
3-Acetylpyridine 13 Methyl acetcacetate 66
4-Acetylpyridine 83
5—Ace?y%furo[2.3— 63 hcetoacetoanilide 1
¢lpyridine
Acetypyrazine 76 o-Zcetoacetanisidide 35
2-BAcetyrfuran 8 N-Acetoacetyl-p-toluldine 2
Tetrahydrothiophen~-3-one 4 4'—Chroloacetcoacetanilide 4
21',5'-Dichlore acetcacetanilide 34
3-Chloro-2, 4-pentadione 43 Acetoacetamide 10
Aceathylacetone 18
dliacethyl 24

(0146}
(Example 4) Acquisition of a DNA coding for RMA
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5 Wako Pure Chemical Industries, Ltd.). Then, the amino acid sequence

of thus-obtained peptide fragment was determined by AB1492-type

protein sequencer (a product of PerkinElmer). Based on a DNA sequence
which was expected from the amino acid sequence, primer 1:
5-GGTGATTGGTTYGGTTTRGG-3' (SEQ ID NO:3 in 10 the sequence

listing), and primer 2: 5-SWAGCACCY¥AAACCAACTGG-3' (SEQ ID NO:4

in Zequence 'listing), which were for amplifying a part of a gene that

codes for RMA in FOR, were synthesized. [0147] 15 (Amplification of a
é%ﬁ@?ﬁﬁb%ﬁﬁlﬁ@m)%ﬁgmcgg%%? BR{A was extracted(fronﬁ) cells of
Candidaumalfdsadl FOA0 #hstein PwRICTERaY BRER Eiftivated ' 8imffar VoS

&@@@&g%@ﬁm%ﬁ%mm&wowmﬁ (@mpredust.of TakaraBigekiod with
in accordance with the condition illustr I instruetj .

T B R o oy DDA R g Zrom
Beer pPéWeamWégO\;@%ﬁéﬁeﬁlfttheéencg Bffhe ottaingl no 2<td
ghremasomalDNARSs ademplate. psca ebelt; anabout 0:5:kbg ONATIned by
Hﬁ%@@?lﬁﬁgg‘%&%% part, of atargetgeneuas-amplified RECRWas r) .

carried ou aKaRa 25 Ex Ta [
g (a product of Take§s Bl%lr%%zeaasma ho acid

BRECFoRéradFuREEH SYA B Condrforea® sk ate

ted M an instruction _
maguak cEhisRAfragment wes Eibjasted 1 Girct BEeaeAcingPWih D N0 31in
g&g@yste%@ﬂ@gt%ﬁ%x%ﬁ : e,qugﬂaingﬁi%@rggduct of Applied

losystems) and Applied Bigsystems etic Analyzer (a .30 ; .-
&rot’:l B P@%A@I%g%(éﬁé , §nd I(r%e%r:éb?/l%h% 'aése* Islea%g?w{gf C:oéf tﬁés Findly
BNAdragment s amalzdd/ The Base s8qadnde 85@rédas ikriafedor B

as,SEQRID NO:5 inthe-seguence listing. [0148] (Determination of

complgéi sequence of a target gene by inverse 35 PCR method) 44

éﬁ)r%ﬁn somal DNA of Candida maltosa IFO 1977 strain, which had been
praparkdfin thé hpove anriet NFas BeRIpIEtely digested with a restriction
enzyme Bght exndiuntor Xhal, andsthenithected from cells of Candida

maltosa IF0O 1977 strain, which had been cultivated in a similar
manner to Example 1, with GENtorukun™ {(a product of Takara Bio
Inc.) 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.
As a result, an about 0.5 kbp DNA fragment assumed to be a part
of a target gene was amplified. PCRwas carried out with TaKaRa
Fx Tag (a product of Takara Bio Inc.) as a DNA polymerase under
4 reaction condition as illustrated in an instruction manual.
ThisDNAfragmentwassubjectedtocﬁr@ctsequencingwithBigDye
Terminator Cycle Sequencing Kit (a product of Applied
Biosystems) and Applied Biosystems 3130x1 Genetic Analyzer (&
product of Applied Biosystens), and thereby the base sedquence
of the DNA fragment was analyzed. The base sedquence acguired
is illustrated as SEQ ID NO:5 in the sequence listing.
[0148]

(Determination of complete sequence of a target gene by inverse
PCR method)
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th.us-obtqined mixture of DNA fragments was 5 intramolecularly-cyclized
with T4 ligase. With the cyclized product as a template, the complete
base sequence of RNA gene, which included the above base sequence
_shown under SEQ ID NO:5 in the sequence listing, was determined by
inverse PCR method (Nucl. Acids Res., 16, 8186 (1988) ) . The result is
shoyvn under ;O SEQ ID NO:2 in the seguence listing. Inverse PCR was
carried out with Pyrobest DNA Polymerase (a product of Takara Bio Inc. )
as a DNA polymerase, and the reaction condition w I .
conditiorTiGEtrREE T an nstiu 2 @ﬁiﬁ%&ﬁﬁ%ﬁdﬁ%g‘g&d wnien
isequesee codeukythe basesequenea s shown-trilérSEEPIEPND:21 9 ested
\/Vi\iaﬁl'll%_s%tfgf@ éﬁ%z?éﬂ@i%e[%@]ﬂ(%@Mﬂ@ﬁb@omstiuctimdf &hen the
recombinant vector pNCM PC carried o ith primer 3:
‘S%?s@ﬁi@r%@%“ﬁé%eﬁ%@T%ﬂ@%f _%ng (SEQIDNO: .
imttes20lsequenes istng)L parera: th T4 ligase. With the cyclized
%Q&ﬁ%%ﬂ?ﬁ FATGEATGCEAARACAACT CIAEGBYSEQ DN gene,
e. sequence listing) in-the | RNA ofsm NO: 5
g&%ﬁldc;lIr%cajc[%gg#F%?EQ%‘Os%e:%?%gga%gérﬁglgge@:sg g%g?ult, a PISEQ 1o o:
doubleespanden DNA Wes'atbtairets iff WHicH art Ritet fecOgimitio JE e thed
wasdnserted insaripiiafionscodas HosItiET; ahd alm EeoRIsreldogritioh®ite under
%’ﬁc; inserted at a position immediately; downstream,gtthedepmination carried
codon, in the gene thgt c9n5|sted of the base segge_n es Qfer\(und (o T
SED 1B No2ViRthe $Eduénce 1igting. PER iad 'Carried out with @?géégt ne.)
BA/AsPDiymerasei(a 899mrodentiof TakaraBit ing!) 8SBNA Helyrigmased L owead
Ayl hereasiion t?“}?l';%mﬁ@% followediby the condlorcilusuatedinah. I
instruction manual. [Q DNA fragment obtaine t bave.PC
36 gt it =38 Reh 500 SLoRT ot e e S e e - oauence

,éln&then inserted at the site
etwesnthe NdebES fdeolftiontsite anelthe Ecorteddgnifion SiteNO* * -

dayyngiream of the lac promoter of the plasmid pUCN18 (a plasmid

C . .
§§HB g 5) Construction of a recombinant vector PNCH

PCR was carried out with primer 3:
5 -GGGRATTCCATATGTCAATTCCATCTACTCAATAC-3! (BEQ ID NO:6 in the
sequence listing), primer 4:
5 —CCGGARTTCTTATGGATGEAAAACRACTCTACC-3" (SEQ ID NO:7 in the
sequence lisfting) in the presence of the chromosomal DNA of

Candida maltosa IFO 1977 strain as a template. As a result,

adoubleﬂstrandedJEH&wasobtained,:ulwhicheM1NdeIrecognition
site was inserted in a initiation codon position, and an EcoR1
recognition site was inserted at a position immediately
downstream of the termination codon, in the gene that consisted
of the base sequence shown under SEQ ID NO:2 in the sequence
listing. PCR was carried out with Pyrobest DNA Polymerase (a
product of Takara Bio Inc.) as DNA polymerase, and the reaction
condition was followed by the condition illustrated in an
instruction manual.
[0150]
}xDNAfragmentobtainedknrtheabovePCvansdigestedvmth
NdeT and FcoRI, and then inserted at the site between the Ndel
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by replacing "T" at the 185th position with "A" of pUC18 (a product of

Takara Bio Inc., GenBank Accession No. L09136) by 5 PCR to destroy

th_e Ndel site, and further replacing "GC" at the 471st and 472nd positions

with "TG" to 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. 10 [015%] (Example 6) Construction of a
recombinant vector pNCMG that further contains a glucose

dehydrogenase gene PCR was _car '%ﬁAQ%Jt with primer 5. . .

B BOANTTE TARGEAGET ARG TCTATARAG. 3 (€0 T NE T = o
Umg;misegmemggﬁgmg§gmﬁpﬁhﬁﬁmﬁd pUCN18 (a plasmid constructed
éﬂ;@&@@gg@“ﬁ’f?%@%@@fﬁﬁmﬁgﬁc&& (SEQHD'NO:9 in thec1s (=
sequence listing) in the presence of t %?E@!d (aperson ski

thgeh ?fc%ﬁlglg e%ic}aaujfraé grlgr:g%}:é fhée % asmid ir%i? %c%%d%%eﬁ,@vgiihj?eg?%m oy
Wiy as desetibed in Euride Bigdfiem. 218b D207 386 11888) Fas Adentplaté - P¢
As asfesult: a toublesyanded DN was @btained,inwhick & risosoimel site) .
9%?19{'5”9 %.'t?:gﬁzgﬁﬁ'l‘?{éﬁb@ Soliwas inserted At aposition,5:hase The method
upstréam from the Tinitiation codon of a glucose dehydrogepase (hereafter
o brevikten a8 OB §rc at wS Hfvett g Batiids 2 1~ ~ "o
megaterium [AM 1030 strain, and an EcoRI recognition site was inserted
|mggh_$tely upstream of the ribosome binding site, and further, Sall

s ) . : : oL

; cogr.n ion st wgs%:eted |e| tIn aaL f‘tj_,e termi that
gnd: (Sally andher insestedlatehe sité peipesifieEcoRIE¥Ecognition site

and the Sal regognition sitey dewnsfream pf- theRMA gene of the plasmid

NCM as ihed i | recombi - L
ST e e G e i
thersotafeillusFatedde anEigrimer ©:

5'—ACGCGTCGACTTATCCGCGTCCTGCTTGG-3" (SEQ ID NO: ¢ in the

sequencelisting).n1thepresencecﬂftheplasmidpGDKl (a person

A

N

skilled in the art could acquire or prepare the plasmid in
accordance with the way as described in Bur. J. Biochem., 186,
389 (1989)) as a template. As a result, 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

inserted immediately upstream of the ribosome binding site, 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 Sall recognition site, downstream of
the RMA gene of the plasmid pNCM as described in Example 5 to
construct a recombinant vector pNCMG. The method for

constructing pNCMG and the structure thereof are illustrated
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[0153] (Example 7) Construction of a recombinant vector pNCMFT that
further contains formate dehydrogenase gene 5 PCR was carried out with
primer 7: 5'-ACCACCGAATTCTAAGGAGGTTAACAATGGCGAAA-3
(SEQ ID NO:10 in the sequence listing), primer 8:
5'-CCACCAGAGCTCTCAGCCGGCCTTCTTGAAC-3' (SEQ ID NO:ll'in
the sequence listing), primer 9: 10 46
5-TCGGCGTCGACGAGTTCCTTCTCGAACAC-3' (SEQ ID NO:12 in the
sequence listing), primer 10:

B GTETTCGAGAAGGAACTCGTCGACGCCGA-3' (SEQ ID NO:13in the
$éq@éﬁce listing) in the presence of the plasmid pFT002 (a person skilled
in:the.-ayt could acquire-erprepare the plasidi Srinmccordance Wit that
¥ 3 edescélbgl ?r§é3]c%% ) 85,8 g%rgggat%.e,%g about 0.3 kbp
glsiels afdetr-DNA-Was-produced by combining the primers 7 and 9,

and an &b3ut'CS kBp Lddisle SirandtBDRA W produced by combining
the-primers-8 anylT 10 AT GLOTRbIH0n &f prfters 7 afitFe wes NO:10 in
t%%%elgttgd &gﬁggeP%‘ﬁSl\@% }rpi%qrgngggh%s_e double-stranded DNAs as
emplates. - [ | [

plate S a result, a double-stranded DNA was é)%f@;n?g, oV:V‘i"Ehlan the

ABOSOThE biMes Site oF ESE&ichia colf Wasinserte position
éwbqsemp@trkaﬁtfmm)t_hepmﬁim €odon of a formate dehydrogenase
g?a%%%e%egcé@@@t@@g%@&%?@&@bﬁh@aﬁgﬁza Fhipbagillus spz whichhe
onstructed by replacing "G" at the 354th position of the base
s%@é%@?h&ﬁé%ﬁ%%%’ur%%}fmég&% NO:3 in sequence listing of WO
Z00SI0BIBZEWEP AT HHET R ECTRIGEe6gion $tEWaSTinsérid *» e
'QE@R{Q?@JN 94@%;%@% of i%ﬂeﬂmspmbiﬂwmgcsﬁethedgﬁam s&En02 {a
recognition sit was added | jatel stre inati o ]
GBI TR S(anes ONR TAGER Wee dGESoa i EaoRl an sach
aviel BreRainSemet at i sité BetiAder The EoRH racbdnition sita aﬁ§€r.lfe626) as
Salt kegogaition site, dewnstream bbthe RNA gene vhithe laskhid premeduced

s.described jn Ex le.5 truct a: 3 bi
%é CO;[‘%BOH%%%E ample,p g coastiuct ;35 recgrabinantyeaier pNEMED

me onstructing pNCMFT 47 . .
double-stranded DNA was produced by combining the primers 8 and

10. Then, a combination of primers 7 and 8 was subiected 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 5-base upstream from the initiation codon of a formate
dehydrogenase (hereafter to be abbreviated as “FDH”) gene of

Thiobacillus sp., which had been constructed by replacing "G"

at the 354th position of the base sequence that is shown under
SEQ ID NO:3 in sequence listing of WO 2003/031626 with "A", and
an EcoRI recognition site was inserted lmmediately upstream of
the ribosome binding site, and further an Sacl recognition site
was added immediately downstream of the termination coden.

Thus-obtained DNA fragment was digested with EcoRI and Sacl,
andtheninsert@iatthesitebetwemmtheEcoRIzecoqnitionsite
and the Sall recognition site, downstream of the RMA gene of
the plasmid pNCM as described in Example 5 to construct a

recombinant vector pNCMFT. The method for constructing pHNCMET
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and the structure thereof are illustrated in Fig. . [0154] (Example 8)
Construction of a transformant E. coli HB101(pNCM) was produced by
transforming E. coli 5 HB101 competent cell(a product of Takara Bio Inc.)
with the recombinant vector pNCM, which had been constructed in
Example S.[0155] E. coli HB101(pNCMG) was produced by transforming
E. coli 10 HB101 competent cell(a protiuct of Takara Bio Inc.) with the
recombinant vector pNCMG, which had been constructed in Example 6.
[0156] E. coli HB! 01%9 MFT) was_pro ? ransforming, E. 15 coli
Oih@orﬁégt%% &3 (%%Fo%%%o? %kagrﬂaﬁg% %é)él\%v%h%:?lie%c}m%inam
VEatof pPNCMFT, which had been constructed in Example 7. [0157]
(Examplec9)Expressionof DA ind teansformant 20:Fhree transformants
ontained I Examale  A1d ol HBI0UPICNIS) (Comparive e £. cols
0 n

exampléey; is a'transformant co amws{g a vector plasmid ?N%JS_—‘

U o
WRIe babRTRstLRaed Fitb L% Mf 8E3X By P metilif (fypt ﬂejlr%o, yeaslffl the
extractdi 0%, NaGk 05%erd, pHEzZ. 6, mich eontained R00cwgim|igf Example
ampicillin, and 25 then shake-cultivated at 37C for 24 hours. Cells were
collected by centrifugation, and suspended in 5 ml of 100 mM phosphate
Blglf%eEfS(bH 6.5) . Cells in the obtained suspension were disrupted with ,
UH-SO éiltrasohicHhicgenizaida prodiotof SHa ©o L Ea)SaRd e den colt
%W@h%ﬁﬁ%%ﬁ@ by 30 (%ertgﬁb@@&@n Je giveracelldree extract. Theh the
acetophenone-reducing activi EA, GDH, actiyit it :
WE RIS G tﬂ%cce#ﬂ%%agér’aégfocfé% I—%%%é?élgg g@%&é@%e@f@ﬂ ¥xarple
dcetophenone was determined in 35 accordance with a manner as
described in the above [Method for

%, coli HRLOI (pNCMFT) was produced by transforming E.

coli HBLO1l competent cell{a product of Takara Bio Inc.) with

the recombinant vector pNCMFT, which had been constructed 1n

Example 7.
[0157]
(Example 9) Expression of DNA in a transformant

Three transformants obtained in Exanple 8, and E. coli
HB101 (pUCN18) (Comparative example), which is a transfcormant
containing a vector plasmid pUCN1E, were each inoculated into
a5ml of 2 x YT medium (tryptone 1.6%, yeast extract 1.0%, NaCli
0.5%, and pH 7.0), which contained 200 pg/ml of ampicillin, and
then shake-cultivated at 37°C for 24 hours. Cells were
collected by centrifugation, and suspended in 5 ml of 100 mM
phosphate buffer (pH 6.5). Cells in the obtained suspension
were disrupted with UH-50 ultrasonic homogenizer (a product of
SMT Co., Ltd), and then cell residue was removed by
centrifugation, to give a cell-free extract. The
acetophenone~reducing activity by RMA, GDH activity, and FDH
activity were tested on this cell-free extract.
[0158]

Reducing activity fo acetophenone was determined in

accordance with a manner as described in the above [Method for
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48 evaluating reducing ability to a ketone or aldehyde compound] The
GDH activity was determined by, first, adding 0. 1 M glucose, 2 mM
coenzyme NAD, and crude enzyme liquid in 1 M tris-HC1 buffer (pH 8.0) ,
then allowing the mixture to react at 25C for 1 minute 5 and calculating the
GDH activity from increasing rate of absorbance for the reaction mixture
at the wavelength of 340 nm. The FDHegactivity was determined by, first,
adding 0.5 M formic acid, 2 mM coenzyme NAD, and crude enzyme liquid

in 100 mM phosphate buffer. (oH 7 ..0) , the ! .
T I 1 § TGt o SAE LG e PO Sty o moresong
Phte GPEbSOSaHceToERe RlaREBh HRSGH af the® wadélength of 346 ?ﬁr‘rf’ose '

Ynger these reaction, cenditionsd enzymenadtivity 1dU waséfinettas L buffer
&%{é@g;ﬂg%gg reduced 1 um, of NAD.tq NADK per minute; 15 {0150]nute

were summarized in Table 8 as specific, activities.

ARl AT TRBEIe 8 adetbhienbné redudihgmactVit) Bha siaa - ot
expressionvermebserved dorthiee: trensformarits ashebtamedignath of 340

Example 8. Also, GDH.expression 20pwas observed forkreal, adding 0.5 M
HB101(pNCMG), which contained the GDH gene é:md EEZ)H expre ﬁ@p@ in 100
WAEBhSeRadfor ELOIFEBR 6T TENCMET) - Which c%n?aln%%helF%H

geneh (0460} T ablé B RNMAHGD K FDH: Straih spétiie specitit’speefico react
agtivity actiyity. agtivity {Lmg) (d/mg) (:ime). im.colitdBI0H 0-8 ik icoli from

IO 000 L BN AL 0D E sty oo e
miﬁgﬁength<yf3401mn. TTnder these reactlion 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 summarized in Table & as specific
activities. As illustrated in Table 8, acetophenonse-reducing
activity and RMA expression were observed for three
transformants as obtained in Example 8. Also, GDH expression
was observed for E. coli HB1OI1 (pNCMG), which contained the GDHE
gene,andFDHexpresshxlwasobservedforEﬁigzkgH3101(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 HB1CL 0 0 0
E. coli HBLOL{pUCN1Z) 0 0 {
E. coli HBLO1 ({pNCM) 21.6 0 0
E. coli HB1O1 (pNCMG) 17.7 42.5 0
F. coli HEBLCL (pNCMFET) 14,7 Q 3.4
[01e1]

(Example 10) Productioncﬁf(S)—phenylethanolwithtransformant
E.coli HBLOIL (pNCM)
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(Example 10) Production of (S) -phenylethanolwith transformant E.coli
HB101(pNCM) 49 E. coli HB101(pNCM) was cultivated in a similar

manner to Example 9, and then cells were disrupted with an ultrasonic
homogenizer. Thus, 100 mL of the cell-free extract was produced. In a

100-mL portion of this cell-free extract, 700 U of a glucose 5

dehydrogenase (Trade name:GLUCDH 8Amano"ll, a product of Amano
Enzyme Inc.), 17 g of glucose, 3 mg of NAD', and 10 g of acetophenone
were adgded, and ixtur s stirred at 30C _for 0{}9 s whil .
controlloilgrlgt 2 t%%@efrg%%#)% MIXtUre to 6.5 \a/v?t?lg‘s aLgueé[o\ill?}s](?sl(()al um
hydFesade Mhith Wad added 26 drspiisetsithermitae. Affer the ultrasonic
rRAGtigan thereaction Bjixture was exttected Wit toluene tand combipetbduced.
proanisiaver wepdiad ovenanhydious sodlura eulfate, ReMOVRLl & g1ucose

Sodium’ sulfate,”and evaporation of organic solvents from the organic p
i7eY STeRdRr e 8y (S D hémAct NS Dihe/fadtct 15+ @ Product of Amano
tS):zphen. yiethanolwas anal§zed ircaceardanceywith théPAnalysis 10 g of

condition (1) for. gas chromatography] as.described.abayes and i found that 30°c
the optical purity of the product was 99.9% e.e. or %lgﬁgr. 0162] 20
ans

6 .
Esample P rotuction srtsy Sphier fetharoklit? %r%%%? Fpprrtrre
HEB1616NCME)Chilture:fiidiwas wbtained by cottivaiing E: kel was added
%ﬁ&ﬂ%@p&éﬁb{'@)ﬂﬂ@ similan mannet to £xample e ra 1600;mkhportiea®fion
the culture fluid, 17 g of glucose,.3 of NAD', 25.and 10 g o 5
JdSt5préntAg ﬁéﬁé%&&ge an ﬁlegn%g e Was %%rr%o at g&é for 26" ° la.yer
heuts Wwhieccoritolling et e FtHeréadlior hikede to 6'5TftRS N T sodium
aquepussodium bydrexieer which wasragdded: dropwisette thedixtire. organic
Aferdhe feaqlion, the feartion miluiguas extacleg With felueReand:«
combined organic layer 30 was dried over anhydrous sodium sulfate. .
REmopaIsTSoRlidT suiffes ahd eVASSTatibit Of OrgaHic Soverits fromt e - Y=+ 2
etrgadict layer undef sedyeed pressuse yigtdath9. Dgef (B)sphenytethaholve, and
found that the optical purity of the product was 22.9% e.e. or
higher.
[c1e2]
(Example 11) Production of (S)-phenylethanol with transformant

F. coli HBL1OL (pNCME)

Culture fluid was obtained by cultivating E. coli
HB101 (pNCMG) in a similar manner to Example 9. In a 100-mL
portion of the culture fluid, 17 g of glucose, 3 mg of NADT,
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 6.5 with 5 N agqueous sedium hydroxide, which was added
dropwise to the mixture. After the reaction, the reaction
mixture was extracted with toluene, and combined organic layer
was dried over anhydrous sodium sulfate. Removal of sodium
sulfate, and evaporation of organic solvents from the organic
layerunderreducedpressureyielded9.9<gof{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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The product (S) -phenylethanol was analyzed in accordance with the
[Analysis condition (1) for gas chromatography] as 35 described above,
and found that the optical purity of the 50 product was 99.9% e.e. or
higher. [0163] (Example 12) Production of (S) -phenylethanol with
transformant E. coli HB1O1(pNCMFT) 5 Culture fluid was obtained by
cultivating E. coli HB101(pNCMFT) in®Psimilar 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 acetgphenaq re.added, and the mixture was
%]t’i(r)re]dcz% 3%%ng%%(%l%é}%v'hiI(g}%(\)gr{grgﬂiﬁ%dvthe pH of the 10 reaction
niikterfe to 6.0 with 5 N aqueous formic acid, which was added dropwise
t@ thenmbéure ) Aftesdhe reactiart. the) repotion eixhrewas Bidrdcied Gprrant
ﬁqlu%%%,ia%gqml‘()' ( @gnic layer was dried over anhydrous sodium

: Fsodium sulfate, and ti f ' | )
from the-SHGANEL5 146 e Fouk it PloCine SIS B8 g o Lot
{S):phenylethanol. i The produict ¢8)-phenyiethamol Wasihlyzed i & 10070
%ggg?bée%cé gv'%éhédiﬁﬂébéétigmﬁdiﬁoa (3|) for.gass slrnmatdgraphyt as3 mg of
above, and foun t the opti ity..Qf th
3305 S0 NAher 20 (0168, (EXample-L3) ProMlh 3 T am cuce ves

roducfion of

(3)i3-baters2-61 With FansfOfmantEs coll HEBLCHPREM) ERgolFne PH oF the
HB10LNCM):was sultivated ina-sindilar mannentocExample 9} dndthéah was
celis wete distupted with ag.iiiaspoic. 25-hamagenizet Jitisy 100l ofaction
fhe"ce -gfireepex]fract was prodyuced. Ina 100-mL portion af this cell-free .

BATECt 2000 oF AGIGGSe "oty rBUBASe (HAOG HAME 6 GEDH - © 17"
“amannllea preductofrAmane Erzydieinc) 1845 of gheseserang1osodium
e
A0 WG ECHONT R BPEST oL B ML 16 S w1/ oharoL.
The product (S)-phenylethanol was analyzed in accordance with
the [Analysis condition (1) for gas chromatcgraphy] as
described above, and found that the optical purity of the
product was 99.9% e.e. or higher.

[0164]

(Example 13) Production of (8)~3-buten~2-o0l with transformant
E. coli HBLOL {pNCM)

E. coli HB101 (pNCM) was cultivated in a similar manner

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

homogenizer. Thus,lOOIﬂ;ofthecell—freeextractwasproduced.
ElaIOO—mLportimnofthiscell—freeextract,2000EIofagﬁucose
dehydrogenase(Tradename:GLUCDH“Amamy’EI,aproductofﬁmano

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 agueous sodium hydroxide, which was added dropwise To the
mixture. Five more portions of 1.05 g of methyl vinyl ketone
were added every 15 minutes (total added amount of methyl vinyl

ketone was €.3 g . Afrer 19-hour reaction, the reactionmixture
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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 35 ketone was 6.3
g) . After 19-hour reaction, the reaction mixture 51 was repeatedly
extracted with 200 ml of methylene chloride five times, and obtained
organic layers were combined, followe@dby drying over anhydrous sodium
sulfate. Sodium sulfate was removed by filtration and organic solvents

Wereellmln te rdinar _Therr o
PR G LR et Y S vaporation unders an ordinary nressure. Theytesidye £1ve

r-an ordinary pressure to yield 4.5 g of (S) -3-buten-2-ol

Baifg poir: ggéﬁlwo(ﬁﬁ@%wl@/ﬂetﬁé [3?35@0?%@ 9o56ty, & @l -owed by
Yield 0F (S)y3-butem2niwas sletermined frfmtan anddydiswinderithete was

E%k%% %E}O@J%Q%%l%came@gg@ﬂ@ 401651 JAnglysis conditioR ted by

orgasc romatograp hy] Column; InertCapS %30 m X O. %%mm a Crioduc‘:[? .

EFEPEGERCES eI ePefdttor- ‘%Jr@al%ycgﬁ‘ae gas: Heliurm® C%Efum ue W

temperaturd: 350 Optival purty oitle produced3-batenizbiiwas® ¢ ©oF
%@%@9@@@%9”@8@%; %@Pﬁ?ﬂ'@@oi@m a @@.@SQSPQ@&@Q purity of
Initrobenzo compo then a i ompou HP

EBfvESIIN Gt 3-Bife % i?t‘%tg the c%?rééép%gn dihg g glt%ﬁ%ngo DhCas

@tﬂhﬁmﬂ@sfcwﬂedfom@sl folfowwsi Bt 2- &%@e%ﬁ&&é&%}nfor gas

@gggg@t@gmggge with methylene chloride, then triethylamine and

SIJ %I rbenzoyl chloride (1.2 equivalents to 3-buten-2-oi) 25 were added

t ex racted 3-buten-2-ol, and the mixture was stirred at a room

tePpREABIE fOT ROtEC FhE S Badtioh MKIATA WA HeEEhel with 1 N

agupeds HEl: anddhenpurified by preparativer thindayert GL Sciences Inc.)
Cﬁé%@gttocggap%DThus -obtained fraction was dissolved in ethanol, and
en analyzed under the condition for 30 high performance liquid

&%ﬁéﬁ)@rﬁﬁﬁy adfidtedbelow.

Column temperature: 35°C

Optical purity of the produced 3-buten-Z-ol was
determined by first converting the 3-buten-2-ol into a
corresponding dinitrobenzoyl compound, and then analyzing the
compound by HPLC. Conversion of 3-buten-2-ol into the
corresponding dinitrobenzoyl compound was carried out as
follows. 3-Buten-2-ol was extracted from the reaction mixture
with methylene chloride, then triethylamine and
3, 5-dinitrbenzoyl chloride (1.2 equivalents to 3-buten-2-o0l)
were added to extracted 3-buten—-2-0l, and the mixture was
stirred at a room femperature for 2 hours. The reaction mixture
was washed with 1 N aqueous HC1l, and thenpurifiedby preparative
thin-layer chromatography. Thus-obtained fractlion was
dissolved in ethanol, and then analvzed under the condition for
high performance liguid chromatography as listed below.
[0166]
{Analysiscoadition(ﬁfhighperformanceliquidchromatography}
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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[01661 [Analysis condition of high performance liquid chromatography]
Column: Chiralpak AD-H (250 mm x 4.6 mm, a product of Daicel
Chemical Industries) 35 Fluent: n-hexane/ethanol = 7/3 52 Flow rate: 1.0
ml/min Detection: 245 nm Elution time: S form: 17.2 minutes, R form: 11.0
minutes [0167] 5 (Example 14) Production of (S) -3-buten-2-ol with
transformant E. coli HB101(pNCMG) €&lture fluid was obtained by
cultivating E. coli HB101(pNCMG) in a similar manner to Example 9. In a
%Qé);énlfa%o%rtiog péé?@gw%re fluid, 7.1 g of glucose, 1.0 mg of NAD', 10
and 5 g of EMUL 10 (a product of Kao Corporation) were added,
BR8 eke hrikture asStirred at 30C for 10 minutes. In this mixture, 2. 63 g
nf methyl vinyhketohefwas addéd 2and.thetmixture wasicontihuéd Blifiage S
%%QSQ }While _controlling the pH of the reaction mixture to S. 5 with 5 N

| ous sogljlm ?y_xl%,hcp 1 vv_eéjnoygp S%;Eﬁh% WES. 1ant

200 mi of meiHylelglEMeride five times, and obtained organic layers were

Colrpbi”e@lﬂi@@f!\éedf@xlQB/im&QV%@@M@U&:godiunrmuﬁaﬁten@oyymo1i
sulfate wa i i i imi
SRR ieNe oved fy Tiralion and prganic sgivepla,ed weje elmngterbo-ne
vap nder an‘ordinary pressure. The residue was distilled .

wreddriarmordinaiPpross e fo Gior 854 grof(S)E3bHieR 2501, THeGpfidal >
Ruitysof the praduckwas 99 2%-e euYieldand opticappurityiofn) were added,
) 3-buten:2-l were, defeypinedn agcordanceqyih the maRAess 1o this
escribed in xample 25 13.[0168] (Example lk?%;rrog cg’on of (%%3 o
BUtsR 26t with raAstraht £: Eofit MB IGTERENFTS tire O i e
ehtainesHhy eultidating £ toli at 30°C while controlling the pH of the
reactionnﬁxturetx>5.5with51€aqueoussodiumhydroxide,which
was added dropwise to the mixture. After 3-hour reaction, the
reaction mixture was repeatedly extracted with 200 ml of
H@thyleneChloridefivetimes,andcﬁﬁﬂinedorganic1ayerSwere
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 cptical purity of the product was
99.2% e.e. Yield and optical purity of (8)-3-buten-2-ol were
determined in accordance with the manner as described in Example
13.

(0168]

(Example 15) Production of (S)-3-puten—-2-ol with transformant
E. coli HB1OL {pNCMET)

culture fluid was obtained by cultivating E. coll
HB101 (pNCMFT) in a similar manner to Example 9. 1In a 100-mL
portion of the culture fluid, 1.94 g of sodium formate, and 10
mg of NAD' were added, and the mixture was gstirred 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 controlling the

-~

pH of the reaction mixture to 3.5 with 5 N aquecus formic acid,
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30 HB101(pNCMFT) in a similar manner to Example 9. in a 100-mL
portion of the culture fluid, 1.94 g of sodium formate, and 10 mg of NAD'
were added, and the mixture was stirred at 30C. In this mixture, 0.525 g
of methyl vinyl ketone was added, and the mixture was continued stirring
at 30C while controlling the 35 pH of the reaction mixture to 5.5 with 5 N
agueous formic acid, 53 which was added dropwise to the mixture. Seven
more portions of 0.525 g of methyl vinyl ketone were added every 30

minutes, (total added;amaunt of methyl.vinyl ketone wag:4-2- 0} After vortions

19-hour reaction, the reaction mixturewasextracted rggﬁ%ted 5 Wl% 200

‘ﬁ'ﬁ & méthylerid cRbHAE five'fivies &nd BBtdiied 6t Byersware U EeS
combiriedy dakioived dyrdrymg oeetanhydrous. sodiomsutfate sSediam  After
§Hﬁ%t§mia§é§%%@f4 bxﬁig@ga@@Dgn%g%}%@ﬁ@h&g@t@w%@Fﬁma@%wedly
evaporaton eran o ressure e resiaue was distiie

dl%gle %p?gsgﬁ%t? § Csﬁl %?§)- -ﬁuteen o?sTheaggtlcq?&med
pmma/rnfcthbap'r@dacffm %Hg%re?é Yﬁaalah‘d%@éaﬁﬁu’my%fvef anhyarous
()3-buten-2ralwere determineshinraccordance sithvtbe marfierasation and

?g)scrlbead in I_:]é7am[%|e 1310163113 E)Eaérgp§y’l_6%vPa g!tlg.ttq_rbgf under an

f%y roxy- -penfc’an0| with“fransformant E.col H 101(pN

cufdrAMIicPWaS btaned ByecuRvARIHG E %W%@i@i@%éﬂﬁ@f.ﬁ% ordinary
similes mannes tg Exampe 94 Inja&0-mt ) pértion nféthe eulture flid, 2b2ical

%&%9 oc?‘ %2 Mg O NAD;, 20 and 10.Q 9 0f 2-0xa-bapgntanglwesg purlty

the mixture was continued stirring at 30C while controllin IC th
A of %He %‘eﬁ@t’ﬁﬁﬁlnﬁxtaﬁe 1586 %5 WithB R %%oﬁg s%a‘rfﬁr?%%ro?(l&& ©

wlamhewasaddiedcdmpwﬁaelﬁ@ theanixture LAfter 45-hour reaction, cells

weresiemoved from the reaction mixture by centrifugation. 25 The

r sultant solutic _n vg\)/as re%atedly e_g<tr gedzw th 500 mI %f eth;ﬂE %%t;"ﬁ‘t%\;%th

St Pn-Kidfate Was removed by filtration
and(“Q%%Q@@W@”@BM&@ Was obtalned by cultivating E. coli

HB101 (pNCMG) in a similar manner to Example 2. In a 50-mk

portion of the culture fluid, 21.2 g of glucose, 2.5 mg of NAD',
and 10.0 g of 2-oxo-5~pentanol were added, and the mixture was
continued stirring at 30°C while controlling the pH of the
reaction mixture to 6.5 with 5N agueous sodium hydroxide, which
was added dropwise to the mixture. After 45-hour reaction,
cells were removed from the reaction mixture by centrifugation.
The resultant solution was repeatedly extracted with 200 ml of
ethyl acetate 3 times, and cbtained 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. Then,
solvents were evaporated, to vield 8.68 g of
(Sy-2-hydroxy-5-pentanol. Optical purity of the produced
(8)~2~hydroxy-5-pentancl was 99.2% e.e. Yield of
(Sy-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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eliminated by evaporation under an ordinary pressure. Then, 30 solvents
were evaporated, to yield 8.68 g of (S)-2-hydroxy-5-pentanol. optical
purity of the produced (S)-2-hydroxy-5-pentanol 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 35 thereof was determined
under the following condition (b) for 544as chromatography. [0170]
[Analysis condition (a) for gas chromatography] Column: InertCap5 (30 m
x.0.25.mm: a.pr GL Sciences Inc.) 5 Detector: FID Carrier gas:
q—?eﬁiu%“@&%‘n%n%%%ggéture: 80C [0171] [Analysis condition (b) for gas
chtoatography] 10 Column: InertCap CHIRAMIX (30 m x 0.25 mm; a
preduct of Slc Seidncesingd \Detectopzfl Do ICapriertgas: Hakiim Column

ture: 9 £lution time: Ssform: ] 3 es Inc.
%{ggg@%gﬁ%ﬁa usion time: Ssfarm: 17,2 minutes, Reforan: ik8,3es Inc. )

_ 1 mple 17) Production of methyl (S)-3-hydroxybutyrate
Ythe transformahit E. coli HB101(pNCMFT) Culture fluid was obtained by

caltivatimg &2 s0li 26 HBXIO1(pNCMFT) in a similar manner to Example 9.
n,2.3:00-mkpertiop gfdhe guktare fluid, 2.8 g of sodium formate, 3 mg of
NAD, gnd 10 g of methyl acetoacetate were added, and the mixture was
ét?ljrg& t 30C for 20 hours while controlling the pH of the reaction mixture
{6 0Wih 5 N-agiésds foritic adir which S5 WadHduRadBpWise to the
mixture, After dhe reaction; the, reaction mixture was extracted withict of GL
tsoluerl}gad asndﬁlocgnl:}ined organic layer was dried over anhydrous sodium
giifate. Removal

Detector: FID

Carrier gas: Helium

Column temperature: 90°C

Flution time: S-form: 17.2 minutes, R-form: 18.3 minutes
[0172]

(Example 17) Production of methyl (8)-3-hydroxybutyvrate with
rransformant E. coli HBLO01 (pNCMET)

Culture fiuid was obtained by cultivating E. colil
HB101 (pNCMFT) 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*,andlog;ofnmthylacetoacetatewereadded,andthen&xture
was stirred at 30°C for 20 hours while controlling the pH of
the reaction mixture to 6.0 with 5 N agueous formic acid, which
was added dropwise to the mixture. After the reaction, the
reaction mixture was extracted with toluene, and combined
organiclayerwasdriedoveraﬂhydroussodiumsulfate. Removal
of sodium sulfate, and evaporation of organic sclvents from the
organic layer under reduced pressure vielded 2.7 g of methyl
($)~3-hydroxybutyrate. The optical purity of the product was
992 e.e. or higher. Yield of ethyl (S)-3-hydroxybutyrate was
calculated based on the analysis under the following cenditicn
for gas chromatography.
[(0173)

Analysis condition of gas chromatography]
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of sodium sulfate, and evaporation of organic solvents from the organic
layer under reduced pressure yielded 9.7 g of methyl 30
(S)-3-hydroxybutyrate. The optical purity of the product was 99% e.e. or
higher. Yield of ethyl (S)-3-hydroxybutyrate was calculated based on the
analysis under the following condition for gas chromatography. [0173] 35

[Analysis condition of gas chromatogragghy] 55 Column: TC-WAX (15 m x
0.25 mm; a product of GL Sciences inc.) Detector: FID Column

emperafure: 8aC, Injector temperaiire: 200G .5 Dategtordemperaiie’s nc. |
éﬁrg%%érr% @%:(H(e&ﬁ:ﬁrlﬁn (§O@P§$Splft ratio: CiOO/l Elution time: methyl
Beéfoatetate 2.9 minutes, methyl 3-hydroxybutyrate: 3.8 minutes 10

{H 74O pticabpuatyof the prdduced methyl (S)-3-hydroxybutyrate was
datermined by first copveding:the smethyl (S)-3-hydroxybutyrate into a
corre%)ondingﬁ initorobenz_oyg E%8g1d;)ound, and then analyzing the
£6mpouRd irr T8 ccardanes With the following condition for high

Perforhtances Jiquitt Ehtsmatography. Conversion of methyl
3rhydroxybutanoate into the corresponding dinitorobenzoyl compound

was carried out as follows, Meth -hyd bu@@%wﬁgg;raﬁ% 1
ngr%ttﬁgr}edgéﬁ‘(?n' mql"L)((etﬁerl \}vitﬁ%%\g&%)%gac%%é, then pyridine and /

3 shdifitropeRzEyIchicride’ (2. 2%dtdEnts to methyl
3-hydroxybutanoate) was added to extracted methyl 3-hydroxybutanoate,

and the gixtute, wag, siitted 8L rpmpaRatallre o & ours. The

reaction mixture was washed with 1 N aqueous HC1, and tjjencpu\;rriggiggibly the
preparatvE DB i tayet Shfoafbdtaphy Tt obtined fraction was g+
dissived irpéthanbly dnd:tifen analy/zed under thecfolls®iiPHRLEY

dinitorobenzoyl compound, and then analyzing the compound in
accordance with the following condition for high performance
liquid chromatography. Conversion of methyl
3-nydroxybutancate into the corresponding dinitorcbenzoyl
compound was carried out as follows. Methyl
B—hydroxybutanoatewasextractedfromthereactionnﬂxturewith
ethyl acetate, then pyridine and 3,5-dinitrobenzoyl chloride
(1.2 equivalents to methyl 3-hydroxybutanoate) was added to
extracted methyl 3-hydroxybutancate, and the mixture was
stirred at a room temperature for 2 hours. The reactlonmixture
was washed with 1 N aqueous HCLl, and then purified by preparative
thin-layer chromatography. Thus-obtained fraction was
dissolved in ethanol, and then analvzed under the following HPLC
condition.

[0175]

[Analysis condition for high performance liguid
chromatography]

Column: Chiralpak AD-H (a product of Daicel Chemical Industries,
LLd.)

Detection wavelength: 230 nm

Column temperature: 20°C

Eluent: n-hexane/ethanol = 3/7



condition. [0175] [Analysis condition for high performance liquid 30
chromatography] Column: Chiralpak AD-H (a product of Daicel Chemical
Industries, Ltd.) Detection wavelength: 230 nm Column temperature:
20C 35 Eluent: n-hexane/ethanol = 3/7 56 Flow rate: 0.7 ml/min Elution
time: (S)-form: 21.7 minutes, (R)-form: 29.8 minutes 57 CLAIMS 1. A
DNA which is any one of the following BNAs (A) , (B), (C), and (D): 5 (A)
a DNA comprising the base sequence shown under SEQ ID NO:2 in the

seguencs listing; {B).a RNA hybridizable under a stringent condition with a
DNA that comprises the base sequgznce cpmglemi?{f%torme Ba}selB minutes
Eehidnce 5hdiwn unter SES iDNO:2 R seguence "Listing, and 10"
coding for a polypeptide that has activity to react with acetophenone to
reduce into (S)-I-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 react
with 15 acetophenone to reduce into (S)-lI-phenylethanol; and (D) a DNA
comprising a base sequence that results from deletion, insertion,
substitution and/or addition of one base or a plurality of bases in the base
sequence shown under SEQ ID NO:2 in the sequence listing, and coding
for a polypeptide that has 20 activity to react with acetophenone to reduce
into (S)-1-phenylethanol. 2. A polypeptide having the following
physicochemical properties (1) to (6):
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25 (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 alcohol; (2) Substrate
specificity: 30 A substrate in oxidation reaction is an aliphatic alcohol

which may have an aromatic substituent, and the polypeptide

preferentially oxidizes (S)-2-butanol in @8mparison with (R) -2-butanol;

and a substrate in reduction reaction is a ketone or an aldehyde, and the
polypeptide reacts with acetophenogpe 3%;ke reduce into

(S)-I-phenylethanol; 58 (3) Molecular weight: The molecular weight of the
polypeptide is approximately 39,000 as determined by reducing
SDS-polyackyRidide gelhelettraphoresis; & @) Stabilityinipl: Sidsle g (3,
range ofifhe pelypeptide is 5.5 to 7.5; (5) Optimum temperature: Optimum
temperature of the polypeptide for action is 45C. to 70C; 10 Inhg%' o o2
If:gzrggy gtggti\%}ymgfr th%ypgo?yr%glp i§ea F’s%nﬁ?b?t%ﬁpbgle S g '
éthyleredininetattaaceti€ Bell, o-phenanthroline, mercury chloride,

qepper suifate @s zinci slfate, wheareassissiot iinbibiteddyndition with a DNA
#mercapipetanol of dINUVENQL, dach D RAAEPIR ALCOMdIND e base
claim 2, which i$ derived from a microorganism that belongs t6 the genus
CEARERC20 N THR PEIYBEPEaL attottiing td Blain3 S GREtsiAhe 1 5cing, and
miefaerganism is Cahdidagnhakiesa:ba A palypeptidewitiigh isamg en€ of i th
theollowingcpalypeptdes,@). G(6). and (D-25(a) Analypeptide
c{ocr?pgs]gn hea*\afrﬁpzllréosae(s:clzuzg%uequiee%t%vi\égruc?geg?a% or higher to the base
sequence shown under SEQ ID N0:2 in the seqguence listing, and
coding for a polypeptide that has activity to react with
acetophencne to reduce into (8)-1l-phenylethanol; and

(DY a DNA comprising a base sequence that results fromdeletion,
insertion, substitution and/or addition of one base or a
plurality of bases in 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

{(8)-1l-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 alcohol;
{(2) Substrate specificity:

A substrate in oxidation reaction is an aliphatic alcchol
which may have an aromatic substituent, and the polypeptide
preferentially oxidizes (S)~2-butanol in comparison with
(R) -2-butancl; and a substrate in reduction reaction is a ketone
or an aldehyde, and the polypeptide reacts with acetophenone
to reduce into (S)~l-phenylethanol;
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SEQ ID NO:l 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 30 amino acid sequence shown under SEQ ID NO:l in the
sequence listing, and having activity to react with acetophenone to
reduce into (S)-1-phenylethanol; (c) A BBlypeptide having sequence
identity of 85% or higher to the amino acid sequence shown under SEQ

I3 NQ4 in-the-sequence: 35 Ilstlng and having activity to react with
e{hanol a

acetophenone to 59 reduce I%A rgg ror lmatel

polypeplid& &fcoded By the b £ setor mg}Z ORIy 167 A f)ﬁﬁp !
tor thé polpeptitie aeedrling 1o afylonens oﬁ@l&wﬁ@ltb%iwlﬁe%éiér g 1

g@@@f@@gﬂg%%ug according to claim 1 or 6. 10 8. The vector according
Iag‘r% 7 f.LirtZCer compr ing a DNA that codes for a polypeptide with

b ity ot repro uced coenzyme. 9. The vector according to
claim 8, %Wﬁ@r@ﬁﬁt@ﬁ@?p@ﬁtld@%ltﬁ%bﬁiﬁﬁﬁtr%%d&e a Jedticdd °/
ceenzyms isglucesg dehydrogenase or formate dehydrogenase. 10. A

transforry @&%%gvle é.P&%@%%%@g%@gﬂ@%%ateaf@qs%eeak.wghlS 45°¢C

the vecto according to any one of claims The transformant
5@co7rgln%'to claim 10, wherein the host cell is Escherichia coli. 25 12. A
rmethachtot ipiaducing an alcohol comprising reacting the polypeptide

according oy gpa ellaims 2 o ey @ﬁ@ﬁlﬁ@aﬂéa;@@@fﬂmﬂt@d by

claim 10 or and/or a processed product of transf t with a
BB GO AR Erpodad & o ohenan CHoBI ! rercury

chloride, copper sulfate or zinc sulfate, whereas 1s not
inhibited by 2-mercaptoethancl or dithiothreitol.

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

genus Candida.

4, The polypeptide according to claim 3,

wherein the micreocorganism is Candida maltosa.

5. A polypeptide which is any one of the follewing
polypeptides {(a), {(b), (c), and (d):
(a) Apolypeptide comprising the amino acid sequence shown under
SEQ ID NO:1 in the sequence listing;
(b) Apolypeptide comprising an amino acid sequence that results
from deletion, inserticn, 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 {S)}~l-phenylethancl;
(c} A polypeptide having sequence identity of 85% or higher to
the amino acid sequence shown under SEQ ID NO:1 in the sequence

listing, and having activity to react with acetophenone to
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13. The method for producing an alcohol according to claim 12, wherein
the carbonyl group-containing compound is an 35 asymmetric ketone,
and a product therefrom is an optically 60 active alcohol. 14. The method
for producing an alcohol according to claim 13, 5 wherein the asymmetric
ketone is a 1-phenylethanone derivative represented by the following
formula (1): [Chemical formula 11 0 RRR3 10 ri~~/ R2-~t,) a wherein
R1 and R2 are each independently a hydrogen atom, a halogen atom, a

hydraxy group, a §'}'b3_tj1k!§?@n?/l@§‘f'§§gtﬁe%ﬂ§ alkoxy group, a

substituted or unsupstituted alkyl group, an O group ar. a nitro group,

TG o LA Tl B U SAR o b s SO o S e R g -
hydrogen atom, a halogen atom, a hydroxy group or a substituted or
unsubstituted alkyl aroupyang-2Q the praduct ppticallypaciivesalaghob any one
thFref{og]mis 2an_op ically active 1-phenylethanol derivative represented by

fhe Cfé‘l?ong formula (2): [Chemical formula 2] OH 25 R1 ~~RI{(2) 30
wherein R1, R2 and R3 are the same as defined above. 15. The method

for prodacing an-aleeholkaccerdingra claim t¥AwhereindR3:g ahydiogen 1 or
atom.

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

a reduced coenzyme.

9, The vector according to clalim 8,

wherein the polypeptide with ability to reproduce a
reduced coenzyme is glucose dehydrogenase or formate
dehydrogenase.

16. A transformant
which is producible by transformation of a host cell with

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

11. The transformant according te claim 10,

wherein the host cell is Escherichia coli.

12. A method for producing an alcchol comprising

reacting the polypepitide according to any one of claims
2 to 5, or the transformant according to claim 10 or 11, and/or
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 compeund 1s an

asymmetric ketone, and a product therefrom is an optically
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3561 16. The method for producing an alcohol according to claim 13,
wherein the asymmetric ketone is a methyl ketone compound
represented by the following formula (3): 5 [Chemical formula 3] 0 (3) R
4 10 wherein R9 is a substituted or unsubstituted alkyl group, a
substituted or unsubstituted alkenyl group or a substituted or
unsubstituted alkynyl group, and the pré®luct optically active alcohol
therefrom is an 15 optically active 1-substituted-l-ethanol derivative

mcp{e%@tgg@%tgg formula (4): [Chemical formula 4] OH 20 Wj,, (4)

wherein R4 is the same as defined above. 17. The method for producing

an alcohol according to claim 25 16, wherein R9 is a C I-7 alkyl group

which may bésabstituted byahatogen atomnahydriory grooprdiatkogyclalim
greup, an alkoxycarbonyl group, an amino group or a nitro group. 30 18.

;r\‘,?nr;leé?"d for; progucing an aiconol ageording tq claim, 16, Wherein R, e

derivative represented by the following formula (1):
[(Chemical formula 1] '

0
R R3
[9/ S
Rr— | 65

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

optically active 1-phenylethancl derivative representedby the
following formula (2):

[Chemical formula 2]
OH
1
R 3
R
r/\/
| @
N
wherein RY, R? and R® are the same as defined above.
15. The method for producing an alcohol according to claim

14,

wherein R’ is a hydrogen atom.
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16. The method for producing an alcchol according to claim
13,

wherein the asymmetric ketone is amethyl ketone compound
represented by the following formula (3}:
[Chemical formula 3]

G

@
R

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

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

[Chemical formula 4]

QH

4//1\\ @
R

wherein R! is the same as defined above.

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

wherein R* is a Ciy alkyl group which may be substituted
by a2 halogen atoem, a hydroxy group, an alkoxy group, an

alkoxycarbonyl group, an amino group or a nitro group.

18. The method for producing an alcchol according toclaim
16,

wherein R' is a vinvl group.



