DESCRIPTION PROCESS FOR PRODUCING OPTICALLY ACTIVE SECONDARY ALCOHOL
‘Technical Field [0001] 5The present invention relates to a method of producing an optically active
secondary alcohol, including an optically active (% %&ﬁ%@éﬁ pharmaceutical intermediate, from an
-enantiomer mixture thereof. Background Art io[0 onventionally, as methods of producing an

optically active secCBRUEREE|CHNBI, HREIUEROGREh OPTTAIRLAGHVRGRSYH oREER @Rt oATE? G ure
thereof, the mgthads.described.helow are known. is 1) A method comprising degrading one isomer of
racemic 3- chloro-1,2-propanediol using a microorganism to obtain an residual optically active
3-chloro-1,2-prop&Ré&dibl. (Patent document 1). 2) A method comprising allowing cells of Candida
parapsilosig 20 to act gnl.2:penanedighracemate 1o1praduce {S)- Lestpemanedighata pereenty
recovery exceeding 50% (non-patent documents 1 and 2). 3) The S form of racemic 1, 3-butanediol is
oxidized to 4- AFEFGEL2-DIASHONE uSRG A EEEhEHGRE Thil tRAIDrodiEss e 955kE8hd4ry alcohol
dehydrogenase-gerinedsfram, Cagdidaiparapsilesis.-and then theicellsof Hhe migraorganism are
removed. Thereafter, an Escherichia coil that produces the (R)-2,3-butanediol dehydrogenase derived
from KluyveroRRes 13T isaddet fo thacdisive-described reaction product to 30 reduce the
4-hydroxy-2-bgtanenesidiegeaction product to the R form, whereby (R)-1,3-butanediol is produced
(patent document ?{g C%003] However, in the method 1), the percent recovery is up to 35 50%.
Additionalf)?, thel% 9 of alcohols to which itis applicable is limited. In the method 2), because the
percent recovery excerds/a0¥; itris pogtulate dthatenantiomer-reversat dasrocgutreds However, in
non-patent document | 110, detells,of the gxidizing enzyme and redycing.epayme Inyolyed in fre 5
reaction are cli ied, and in ﬁon-B’atent docurhent , sore of the eﬁzymeé"l olved in the reattion are
deduced; however, becatsericthraethods tonspridecoxdizing-ae afsohobtisa ketone. aad reducing the
ketone to an algahql.haying the reverse configuration in cells of a single microorganism, a combination
/o of an oxidizing enzyme and a reducing enzyme is fixed, so that the choice of alcohols to which this
method istapplitableris Hinsite - Furthesiote dsaiaBe theFBactiGiPEgihstberaffieiekBly berformed

using the oxidatjyg rgagtion apd/or they feductivejgagtiqn i-ephinglion wWith a,cogpzyme regeneration

residual optically active 3~chlecro-1,2Z2-propanedicl. (Patent

document 1). _
2} A method comprising allowing cells of Candida parapsilosis
20 to act on 1,2-pentanedicl racemate, to produce (8)~1,2-
pentanedicl at a percent recovery exceeding 50% (non-patent
documents 1 and 2).
3) The S form of racemic 1, 3-butanedicl is oxidized to 4-
hydroxy-~2-butanone using an Escherichia coli that produces the
25 secondary alcohol dehydrogenase derived from Candida
parapsilosis, and then the cells of the microorganism are
removed. Thereafter, an Escherichia coli that produces the
(R) -2, 3-butanedicl dehydrogenase derived from Kluyveromyces
lactis is added to the above-described reaction product to
30 reduce the 4-hydroxy=-Z-butancne in the reaction product to the
R form, whereby (R}=1,3-butanediol is produced {patent document
2).
[0003]

However, in the method 1), the percent recovery is up to

M

35 50%. Additionally, the choice of alcochols to which it is
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15 system, the productivity is insufficient. In the method 3), the theoretical percent recovery is 100%,
but because it is necessary to remove the cells utilized for the oxidative reaction before performing the

reductive reaction, the steps.are,complicated, Furthermore, because,a ketone Gampoun isn%o once
‘ accumulated,aﬁé%é‘ %?(lgdﬁa%vlésregzé%ﬁ’ %er?derg%es{; g?oéhec{f%ir%ci?b%‘}ojh, Bf%%gfse%uctlve%%é’l%tleon
undergoes substrateeinhibitioreecithe Gkidizingienzypid ahdiordhéheducing ehzyneraresinactvdted, d)

if the ketone iﬁé%@%%@%z}%%@i?”%%%%%ﬁd%?%%‘ﬁ%%Q%ﬂ‘@dc%i%n?ér‘itae ketqne, and.qther . ¢

problems 25 arise. [0004 As stated above, all these methods have prob[em_s to be solved for
industrial prod¢éssesxindivding | perceiiracd Gy Clow produdtivityistep cainplexifand the like. 30

Patent dogument 1; JP-A:63:231098 Patent docyument 2, 1R:Ar2002-3454:43n Nop:patent.dggument 1:
Agric. Biol. Chem., 54(7), 1819-1827, 1990 Non-patent document 2: Organic Process Research &

Developmentt35 82y pues251 (2008 DidtIdsifte GTARé Hverition PrbeRE to Besoiféd by the

invention [000R]4A.yiew 9f the abeve-descrbed: cikeumstancess i is AN ebjest ot thespreseste
invention to provide a method of producing an optically active alcohol useful as an intermediate for a

pharmaceutical o ehantibhfer FEikRIFE therddt cOhvERRhUY 2NGT M HiGR pefd&HtF8covery. Means

of solving theqrablems 10[0006]n ceThe psesentinventors conducted:diliggntanvestigations of the

above-described problems and, as a result, found a method comprising converting an enaptiomer
St s A hp

mixture otseSdnddty HicoHof 164 SbaYAItialy Sifgle ebretical 95/ péitenf fecovery
of 100% and eaavenientty by fising-isheombinatioh arhoxidizingrenkynie sousge and abducihg enzyme
source having particular properties. and deyeloped the present VENIoN: nnot be
efficiently performed using the oxidative reaction and/or the
reductive reaction in combination with a coenzyme regeneration
15 system, the productivity is insufficient. In the method 3),
the theoretical percent recovery 1s 1060%, but because 1t is
necessary to remove the cells utilized for the oxidative
reaction before performing the reductive reaction, the steps
are complicated. Furthermore, because a ketone compound is
20 once accumulated, a) the oxidative reaction undergoes product
inhibition, b) the reductive reactibn undergoes substrate
inhibition, <) the oxidizing enzyme and/or the reducing enzyme
are inactivated, d) if the ketone is unstable, percent yield is
reduced due to degradation of the ketone, and other problems
25 arise.
[0004]

As stated above, all these methods have problems fTo be
solved for industrial processes, including low percent recovery,
low productivity, step complexity and the like.

30 Patent document 1: JP-A-63-251098
Patent document 2: JP-A~2002-345479
Nen-patent document 1: Agric. Biol. Chem., 54{7), 1818-1827,
1980

Non~patent document 2: Organic Process Research & Development,

35 8(2), 246-251 (2004)



[0007] 20An outline of the present invention is given in the following scheme. [0008]
Oxid!zingReducing OOH enzymeenzyme R(ILR2 R(R2 R2
OxidizedRedycedReducedOxidized formfoemnigrmform coenzymecoenzymecoenzymecoenzyme

NAD+NADHNADPHNADP+
Problems to be solved by the invention

[0005]

OH

In view of the above-described circumstances, it is an
5 object of the present invention to provide a method of
producing an optically active alcohol useful as an intermediate
for a pharmaceutical from an enantiomer mixture thereof
conveniently and at high percent recovery.
Means of solving the problems
i0 [0006]
The present inventors conducted diligent investigations
of the above-described problems and, as a result, found a
method comprising converting an enantiomer mixture of secondary
alcohol to a substantially single enantiomer at a theoretical
percent recovery of 100% and conveniently by using in
combination an oxidizing enzyme source and reducing enzyme
source having particular properties, and developed the present
invention.
[GOGT]
20 An outline of the present invention is given in the

following schene.

[ooee]
Scheme 1 OH
R1 * Rz
Oxidizing Reducing
OH
/J\‘ enzyme /ji\ enzyme /ji?
Ry Ro //”_ “““\\ R "Rp //’W_ “&\\\ Ry « Ry
Oxidized Reduced Reduced Oxidized
form form form form
COBNZYINS CoOenzymes COeNnZyme coenzyme
NAD+ NADH NADPH NADP+
{NADP+) {NADPH) {NADH) {NAD+)
[0009]

The present

invention is a method of
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(NADP+)(NADPH)(NADH)(NAD+) [0009] 25The present invention is a method of producing an
optically active alcohol by, as shown in scheme 1, converting an enantiomer mixture of secondary

alcohol 0 a syhsiantiafly single pantomer t 2 fhearetical peroent tesovery of 1003 bRt isy,
deracemizing the mixture, in the co-presence of an B oxidizing enzyme source having the cap%blllty of
selectively oxitizingzone enantiormer o thecdnartiormeiamixtarecof secondary alebhdleardia réducing

enzyme source having the reverse enantio-selectivity; to.that of the gxidizing enzyme: squyce, and
having the capability of reducing the ketone compound resulting /o from the oxidative reaction to an
optically active:sécorfdary alcohan{0010] the ArhSGgH therélis allhovin Rietiied e6mpHsiig

performing an.oxidative feagtion,and & reductive [eactiondn two separate 15rstages as inyihe foregoing
patent document 2, the method of the present invention, unlike it, is characterized in that the reactions
are performettin thé cBDre8Enca 8far ORRIZIAG eh2§me stiirdeand dietiuchiy erizyhre Sbdrcey that

is, the oxidativesgastion andihe geguctive reaction are, pedermed; 20 simyltanequshy, J0011] Here,
it should be noted that the deracemation of the present invention cannot be achieved simply by
allowing an dXidizingBrzynie Sodrts ana rédlcifg en2Fme soltée tPhER6YD5 presericAsThe
enzyme actinginithg above-desaribed oxidativeonredugtivenreaction in the presentiinvestion ing
(oxidizing enzyme source, reducing enzyme source), oxidoreduyctases such as dehydrogenase,
Claosifieq L nGPE B DA sett (R it AR ooy es Gl s ACHHAIde adenine
30 dinucleotide{MAdI+ (NADH)) and nicotinamide adenine dinucleotide phosphate (NADP+ (NADPH)),
and generally rg;sgrf' ly catalyze the reactions (catalyze both the oxidative reaction and the reductive

reaction). Thereforé, to efficiently perform deracemation, it is necessary to establish 35 conditions that
cause the reactions tolproceeth steaclily from stherlefito thethight indhe foregongoscheme: 11{00:2]

tézlﬁg)i/ﬁgv&?g%a%i%w% gaction,is herformediusing fhese dehydrogenases, itis desirable that

15 stages as in the foregoing patent document 2, the method of the
present invention, unlike it, is characterized in that the
reactions are performed in the co-presence of an oxidizing
enzyme source and a reducing enzyme source, that is, the
oxlidative reaction and the reductive reaction are performed

20 simultanecusly.

F0011]

Here, it should be noted that the deracemation of the
present invention cannot be achieved simply by allowing an
oxidizing enzyme source and a reducing enzyme source to be co-

25 present. As the enzyme acting in the above-described oxidative
or reductive reaction in the present invention {(oxidizing
enzyme source, reducing enzyme source), oxidoreductases such as
dehydrogenase, classified under E.C.1.1.1, are used; these
enzymes require coenzymes such as nicotinamide adenine

30 dinucleotide (NAD+ ({NADH}} and nicotinamide adenine
dinucleotide phosphate (NADP+ (NADPH)), and generally
reversibly catalyze the reactions {(catalyze both the oxidative
reaction and the reductive reaction). Therefore, to
efficiently perform deracemation, it 1is necessary to establish

25 conditions that cause the reacticons to proceed steadily from
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5 coenzymes used, the oxidized form (NAD+ or NADP+) be present in excess to the reduced form
(NADH or NADPH); on the other hand, when the reductive reaction is performed, it is desirable that

regarding the.goenzymes, the tedyaed form be present inexcess tojthe oxidized form. However, if the

coenzyme specificities /o for the oxidizing enzyme and the reducing enzyme are the same in the
deracemation re&éfien shown by scheme 1, the oxidized form and the reduced form of coenzymes that

can be used by bothignzymes oceuEiN ¢ensiderable amounisinithefeaction.sysieny dhereforg, the
reverse reactions to the desired reactions is (oxidative and reductive reactions) also proceed

simultaneoushess ate8uE THE erscsinatidn ieadion dogs ot pré e BRERRHI. f0F3] Hence, the
present inyentges, diligently, investigated withi 20 4he airof salving the aboyve-deseribedprebtems and,
as a result, found that by using in combination an oxidizing enzyme source and a reducing enzyme
source having’différent Spedificitis S forcberihel ihs  deradéiation’ reddtion procesded éificiently,
and developegh the prasentinvention. 2% Herecihavingdifferentspecificities fadeedenzymes!imeans
that if the oxidizing enzyme source is g%acific f%rl NAD+, theée ucing enzgme source is sgecgfi%for
NADPH, or th&Ffite 6Rdizity ERshie Soirceiaspetiie for NADPY Hhe tedicing enzyiie source is
specific for NADHh30[0014]. z e Irf other walkalss terpresent inwentien refate sstocar metliod ok producing
an optically active secondary.alcohol by convertin enantiomer mixture of secon alcqhol into an
optically f’;{%:/tiv%D gegsgr?daori} %%:%%%?go%%ﬁﬁngeofa QOgS%SQuebs]trgrﬁ%W%?ngﬁg % a%ti%%n%r(,{%%gm%ﬁ%%g
performing thie: convertimgareaction. imtheseo:piesencemfranoxidizingrenzymé sourcevbvirngithe
following property, (h).anq geducing ehzyma.surce havigdhe following-property (el € e cr
oxidizing enzyme source exhibits specificity for one of 5 thé oxidized form coenzymes NAD+ or
NADP+, and 4rasyan: activity1o selectivelyiokidize lohezémalitiomerrofthe STotm-erR f6ins F8écondary

alcohol to prodyce.a copresponding ketane compeynd.: (2)hexeducing enzyme.sourge exhibits

specificity for one of the reduced form coenzymes NADPH and NADH (here, if the /o oxidizing enzyme
source is! §petFficifEr NAD+3ha reddding eryhe SR I spedific FBINABPH:; if the oxidizing

enzyme sourge;is, specific fariNADR4, the reducing enzyme souEsesis ispecHic-for NADH), hasibe
reverse enantio-selectivity to that of the oxidizing enzyme source, and has an activity to reduce /5 the
foregoing keﬁﬁ%%ﬁp&%ﬂﬁ&%ﬁﬁ@e the S form (or R form) of secondary alcohol.

[0013]
Hence, the present inventors diligently investigated with

20 the aim of solving the above-described problems and, as a
result, found that by using in combination an oxidizing enzyme
source and a reducing enzyme source having different
specificities for coenzymes, the deracemation reaction
proceeded efficiently, and developed the present inventicn.

25 Here, “having different specificities for coenzymes” means that
if the oxidizing enzyme source ls specific for NAD+, the
reducing enzyme source is specific for NADPH, or that if the
oxidizing enzyme source 1s specific for NADP+, the reducing
enzyme source 1s specific for NADH.

30 rcoi4dn

Tn other words, the present invention relates to a method
of producing an optically active secondary alcohol by
converting an enantiomer mixture of sécondary alcohol inte an
optically active secondary alcohol consisting of a

35 substantially single enantiomer, comprising performing the

5



[0015] Thus, in the production method of the present invention, the oxidative reaction and the
reductive reaction can be 20 simultaneously performed, and there is no need for removing the

oxidizing enzyme hefore, starting. the,reductive reaglian, solhatthg steps a1e simplified. Begause the
resulting ketone compound Is rapidly reduced, an optically active secondary alcohol can be produced
extremely efffeiahtlye whildiavdiding 25theabhove-deseriDet Yafkibus proéblenisdue i ketonayme

accumulation, Effect of the; invention Q0161 » Accordingitg the method of the present invention, an

optically active alcohol, including an optically active diol, 30 useful as a pharmaceutical intermediate,
can be produted convefiiehtly at higIeyieldssfram diren&riomer it thetest: paktictlahFfrerh an

inexpensive racemate (BrietDescriptionofhe drawings [001¢hBoIFigureddAr ilkistratien shewing
how to prepare the recombinant vector pNTNX. [Figure 2] A restriction enzyme map of the

recombinant VBctf pTSO8 fcorpsrtingthadenyaroderaia gene detived fromOERrdbattifh sp.
KNKc71-3, 5BestMedeifor Frabedying the Inventiond0018-khe: present inyvention:s hergipalier,
described in detail, As mentioned above, the present invention relates to a method of producing an
optically activesecdHdlary atkohdf by Iiﬁ%%v‘g?tﬁ{gcgn %‘?‘%ﬁﬁ&%@r THixture i)?%gé;or%al[r)y%ﬁdmohoo% into an
optically activensecontlary alcohokconsistingnetasubstantially single eéhantigmer; comprising
performiqg the ccgwerti% rea{_}ction in Ct)pﬁ go-p{es%nceecgf an, o%(igizir&% nzyme source (I’:laving the
following proﬁé{ﬁy %f)‘lél g%ééﬁ&nﬁ enzyr%e 15 sgurcefhavin“g the fol oWwing property (b?:g (1) the
oxidizing enzymeyseurseexhibitssspaeicity for dne ofitig tixidizeéd form coedzymes NAD¥er NADP+,

o e o S el e S SORIOTELOLR g i koo
specific for NADH), has the reverse enantico-selectivity to that
of the oxidizing enzyme source, and has an activity to reduce

15 the foregoing ketone compound te produce the S form (or R form)
of secondary alccohol.
fo01s]
Thus, in the production method of the present invention,
the oxidative reacticon and the reductive reaction can be
20 simultanecusly performed, and there i1s no need for removing the
oxidizing enzyme before starting the reductive reaction, so
that the steps are simplified. Because tThe resulting keltone
compound ig rapidly reduced, an optically active secondary
alcchol can be produced extremely efficiently, while aveiding
25 the above-described various problems due to ketone accumulation.
Effect of the invention
{0c1e]
According to the method of the present invention, an
optically active alcohel, including an optically active diol,
30 useful as a pharmaceutical intermediate, can be produced
conveniently at hich yvields from an enantiomer mixture thereof,
particularly from an inexpensive racemate.
Brief Description of the Drawings
[GOLT]

35 [Figure 11 An illustration showing how to prepare the
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20 (2) the reducing enzyme source exhibits specificity for one of the reduced form coenzymes NADPH
and NADH (here, if the oxidizing enzyme source is specific for NAD+, the reducing enzyme source is

- specific for NADPH; if the oxidizing enzyme source is specific for NADP+, the reducing enzyme source
- is 25 specificfercNnDH)z has the teverst Biantio-selectivity to that of the oxidizing enzyme source,

and has an activity odlae 2he foreaping ketape componl o pradyce the S form (or R form) of

secondary alcohol. [0019] 30The gist of the present invention resides In areac ion syst‘Lenrralln

(deracemizatiB-eaEtiod 39 Btemcedpabie bl produting ah wpticaky: actversecontiary atebhotom
consisting of 3. ;substantially, sg%gale fgRptiemer, irrespective of the type of secondary alcohol, from an
enantiomer mixture thereof, at a 35 theoretical percent recovery of 100%. Therefore, the present
invention is Motfimitéadsy &aF nieerRrbiiie dHiscd BY sB&mdary alcohol produced, and by the
derivation and foomiaf the enzyme sources used for the oxidative and reductive reactions. 5[0020]

In the present invention, "an enantiomer mixture of secondary alcohol" generically means alll

secondary alcohols wWiBs&g5tia? burifVGodsi Abt ekt idtirerreridsFihEnteridediade 1A -

addition to racemateg,fomexamplesdf amR):10 forn of 99%, e.6; is,dgmanded. sgeqndary alcohols
having an (R?achrgtw1 8ont%nt of less than 90% e.e,, including (S) forms of high optical purity, are all
encompassed in e scope bF HE predertintRhtiGh 1Ugudly: bR aiss PaGE died &reliRdxpahsive and

easily availatlentherefiect of the presentinventibptis 15 maximized wdep a racemate;isusess [0021]

In the present invention, "an optically active secondary alcohol consisting of a substantially single
enantiomer” néelz%a%%aa?ggcgﬁﬂ?a%%lc‘é"(l)%%?r\}v%%%\é gpﬁ%%%gri@oﬁgé%ttﬁ% eagirément 20 for the
intended usesahddoesinot laways aéed ¢o Mave arcopticabporitysoh 0% e e rhonexample, for a
pharmaceutical jnptermediate the.qptical putity of the desired enantiomer is not less than 90% e.e.,
preferably not less than .%ee.e., more pre ggbﬁ/oné)ﬁggg than & %‘—j‘él.e?,xalndl 5F E6Urse HE'Ss
requirement 8HES depéiiding difactsrs suchras opticat puyity(impravabitityriadhe supsequenissteps.
[0022] ;s Irgg@rgr@sggg,imgngg@ "the reducl EP&%S@P&PU@% has the reverse enantio-selectivity to

that of the oxidizing enzyme 30 source” means that if the oXidizing enzyme source selectively oxidizes
the R form oft & setBRd&r &léshoI%0 Prédiice aKereTe esmpoiha, tieaetifitingtenAme soarcet

reduces the ketone;compaund-to-selestivelyneadugethe.$ fwm?ﬂ,hea%%?‘%@é%&'%‘@l’ﬂé@at if the

oxidizing enzgme source selectively 35 oxidizes the S form of a secondary alcohol to producea ketone
o selectively oxidize one enantiomer of the § form or R form

of secondary alcohol to produce a corresponding ketone compound,

26 (2) the reducing enzyme source exhibits specificity for one of
the reduced form coenzymes NADPH and NADH {here, if the
oxidizing enzyme source is specific for NAD+, the reducing
enzyme source is specific for NADPH; if the oxidizing enzyme
source is specific for NADP+, the reducing enzyme source is

25 specific for NADH), has the reverse enantio-selectivity to that
of the oxidizing enzyme source, and has an activity te reduce
the foregoing ketone compound to produce the S form {or R form)
of secondary alcohol.

[ocLe]

30 The gist of the present invention resides in a reactiocn
system (deracemization reaction system) capable of producing an
optically active secondary alcchol consisting of a
substantially single enantiomer, irrespective of the type of
secondary alcohol, from an enantiomer mixture thereof, at a

35 theoretical percent recovery of 100%. Therefore, the present

=



compound, the reducing enzyme source reduces the ketone compound to selectively produce the R
form of the secondary alcohol. [0023] 5The enzymes acting for the enantio-selective oxidative reaction
and reductive reaction in the present invention are, as described above, oxidoreductases such as
dehydrogenasevetassified undep E.Cimi e dnlihe presemt mvention tifeselehztnesfare called

"oxidizing enzyme (gxidizing epgyTeSAUICe) L0 when ysed indhg oxidativesieagtion,and; regucing
enzyme (reducing enzyme source)" when used in the reductive reaction. [0024] In the present
invention, "thElsxidiRALShZME BEspetifcior NAD R o P RATP-HY tnédits IRt HNADE (or NADP+) is
is used as the ggenzyne, higher activity is exhibited (specificity is exhibited) than if the other is used
as the coenzyme. The ratio of the activity with the use of the coenzyme exhibiting specificity and the
activity with the WE&SFkthe other coenzyme is normally not less than 100/50, preferably not less than
z0 100/10, more preferably:notlessdhan 100£2:10025] » anlnstherpresentinvertion; < thefreducing
enzyme is specific for NADPH (or NADH)" has the same meaning as that described above, and the
ratio of the activit§ when’ ugiﬁﬁcfﬁg gé S AIEE §133¥ eXRibits s%%%if%ﬁ?%rﬁ fthé a%?igfft)%/u\?v en using
the other coenzye iswisathe samétas that deseribec-atiover40026]u i r eihe defacermization reaction

of the present inventjon can be performed hy adding the substrate enantiomer mixture of 30 secondary
alcohol, nicotHarRASHENHE AriCIBChE (TRD . (NAGRYR Hedtin e S ditacote
phosphate (NARP+{KABPRH)) , and ike dbovadedcribed oxitizing ®hzyinelsoures and reducing

enzyme Sourgs 19,20 ARPLARNAE Sl ANK SUBNLWRYS aiisting g P 2 preieraliedhghine

optical purity, are all encompassed in the scope of the present
invention. Usually, because racemates are inexpensive and
easily available, the effect of the present invention is

15 maximized when a racemate is used.

[0021)]
in the present invention, “an optically active secondary

alcohol consisting of a substantially single enantiomer” means
a secondary alcohol whose optical purity meets the requirement

20 for the intended use, and deoes not always need to have an
optical purity of 100% e.e. For example, for a pharmaceutical
intermediate, the optical purity of the desired enantiomer 1is
not less than 90% e.e., preferably not less than 95% e.e., more
preferably not less than 98% e.e., and of course the

25 requirement varies depending on factors such as optical purity
improvability in the subsequent steps.

[0022]
In the present invention, “the reducing enzyme source has

the reverse enantio-selectivity to that of the oxidizing enzyme

30 source” means that if the oxidizing enzyme source selectively
oxidizes the R form of a secondary alcohcl to produce a ketone
compound, the reducing enzyme source reduces the ketone
compound to selectively produce the $ form of the secondary
alcohol, or that if the oxidizing enzyme source selectively

35 oxidizes the S form of a secondary alcchol to produce a ketone

8



35 performed using coenzyme regeneration systems in combination. [0027] Usually, the oxidative
reaction and the reductive reaction using dehydrogenase require stoichiometric amounts of an
oxidized form coenzyme and a reduced form coenzyme, 5 respectively; by using in combination an
oxidized fornteoenzyme NAR+ (6ONADRI aegEnerdion sySteinahersr & reddeddidtm coenzyme

NADPH (or NADH) regeneratian systep, the. aments of expgnsive.coepzymes isedicanbe

remarkably reduced. Therefore, it is preferable to combine the oxidative reaction and/or /0 reductive
reaction that Z6fistittiles the above-described deracemation reaction with a coenzyme regeneration
system; it is moye gpyeferable to combine both the oxidative reaction and the reductive reaction with
respective coenzyme regeneration systems. 15[00281 As a. coenz%/me regeneration system, first,

a method Ttilizing the 86erRiE Fsyéiaration capabilify iR e microbiit £af fb¥ 8xarmbte: G ificrobial

cell that prodyges the-abaverdeseribed oxidiziag engymercarke prenionedi Mher thenceanzyme 20
regeneration capability in a microbial cell, for example, a recombinant Escherichia coil cell that
produces oxiafiftFEnZyhE SisTth&d 18 FegEe gkgcgﬁ%%dizc’éjdc or%scé%e Yite 3hd dxidative reaction
of alcohol and1he ©xitlized foraeeoenzyme tegenerationtsystern sse separated from outside:by the 25

cell membran% %hereforgi even ifithg coenzyme. s ecéiaflilcgt mo@ft e e%ygfnof th redléce% forgwe o
coenzyme re%ené’%?i%n system-is fow or absent, eré are adv n%ages such as fre’ unlﬁ<elﬁﬁooél of the

above-describedrfailureduertotthe conjugdationeofrthe oxidized fardh Coedzyme gegerrsraton system
and the reduced [Rrm 30 cgenzyiie sqengranan systqIn. 003 oo A aliethielgogRaNeon.

regeneration system, a od utilizing an" énzyme for regenerating an oxidized form coenzyme
and/or a reducdd’fotrhlcoenzyme, other than the oxidizing enzyme 35 and reducing enzyme for the

deracemation reaction, can be., mentioned, In.thig gase,«f fhe reaction forregeneratingzan oxidized

form coenzyme and the reaction for regenerating a reduced form coenzyme are conjugated via the

coenzymes aErpeliftermediatiaithe regeléftioh of thetesirdd tobhz)es dbes S\ReEHrbcééd

efficiently ;Thetefore, dt isprefesahle that the ghaymes used for the cognzyme.tegengeation systems
exhibit high specificity for the respective coenzymes. That is, it is preferable that if the oxidizing

enzyme is NAD+Spetitt 81 entyiie ¥6r tHeCodiReY férin B8Rz e TREeREElioN S sterhBe in

NADH specifig; and the ergymefor he (educed fora ceanzymertegensatiomsystemibs NARP+
specific; likewise, it is preferable that if the oxidizing e,nzg'm is NADP+_sp%(e:eirf1ic,FtT?ée enz?gme for the
oxidized forntB6&HZyhTe Fegetibtatioht s§Stehy bé NAD PH-SPSCHE St the $h A for tRE Hedliced

form coenzyme normally not less than 100/50, preferably not less than
20 100/10, more preferably not less than 100/2.
[0025]

In the present invention, “the reducing enzyme 1is
specific for NADPH (or NADH)” has the same meaning as that
described above, and the ratic of the activity when using the

25 coenzyme that exhibits specificity and the activity when using
the other coenzyme is also the same as that described above.
i002¢]

The deracemization reaction of the present invention can
be performed by adding the substrate enantiomer mixture of

30 secondary alcohol, nicotinamide adenine dinuclectide (NAD+
(NADH) ), nicotinamide adenine dinucleotide phosphate (NADP+
{(NADPHY), and the above-described oxidizing senzyme source and
reducing enzyme source to an appropriate solvent, and stirring
while adiusting the pH; it is preferable that the reaction be

35 performed using coenzyme regeneration systems in combination.

9



Is regeneration system be NAD+-specific. [0030] As the enzyme having the capability of
regenerating an oxidized form coenzyme, NADH oxidase, NADPH dehydrogenase, and amino acid
~ dehydrogenase can be mentioned; among them, NADH 20 oxidase is preferable because of its
features such as%fé Availability of oxygen as the substrate for the coenzyme regenerative reaction,

the specificity of manyQf them for NARK; and the irreversibility of e ieactiopcatalyzed. Two types of
MACH oxidase are known: one producing water (water-producing 25 MACH oxidase) and one

producing hyBFGGEn: Feroxide thydrE e pefdxdde: pFediting NABH Sxidae) Hydrdgehbetokitie is

known to have,an adverseeftectonenzymesanddhe likesovhern hydregendgeeraxiae; producing MADE
oxidase is used, it is preferable to add catalase to the reaction system {o thereby 30 decompose

hydrogen peroxidéand Fedice B elifitiate the SOTESREHEE tHiteSt: BEcatide thE Pro@ction st
hydrogen pergxide per-serisavoided dbisemate. preferatiieto nse ivateeprodilcingIMAGH oxidase.

[0031] 35Although the organi '[r{:ulats as the source of the abhove-described water-praducing
NADH oridad ot St 8 oo i FHA GG o b oS or B MgF S TG, and
microorganismgosuchias bactetiayfurgiardlyeast are suitable; préferalblyhbacteria thrbeimeationed.

For example, 3 5,mictoorganissy belonaing o he ggpus Suspiocaecys, the genus Laeigbacillus, the
genus Lactococcus, fhie genus Leuconostock, the genus Entrococcus, the genus Pediococcus, the
genus Methanedocdus]the genus Serpiliria, the gents Mycoplasmaooethéagenusi@iardia can be

mentioned; Peeleranly aTitooaANsNg 14 Afithe ety s aplogasaliz. M ele/ably trgptococaus

mutans, particularly preferably Streptococcus mutans NCI1311723, can be mentioned. Regarding the

water-producirfy NATH pxidasesddrivedfromrbtastoestéusimatans NEIB YE7 23 ahé Hphineratid

sequence thereof and the bage §@QH%@%%0€&%D%§@&€%@0'% dnibe samebave aiready been
reported (JP-A-8-196281). [0032] As the enzyme having the capability of regenerating a reduced

form coenzyféS§Rié8se dehydrogenase, formic acid dehydrogenase, and glucose 6-phosphate
dehydroggnasejeayy he 20 mentioned; preferably glucose dehydrogenase, more preferably
NADP+-specific glucose dehydrogenase, can be mentioned. [0033] _.  Although the organism that

serves as the source’tt tHe GBBVE-AESchEAE Yichst derdFogahase s Hot stbjket i595 limitation,
and may be amicropiganismeorca BighgtorgarisSAkration capability in a microbial

cell, for example, a microbial cell that produces the above-
described cxidizing enzyme can be mentioned. When the coenzyme
20 regeneration capability in a microbilal cell, for example, a
recombinant KEscherichia celi cell that produces oxidizing
enzyme, is utilized to regenerate an oxidized form coenzyme,
the oxidative reaction of alcohol and the oxidized form
coenzyme regeneration system are separated from outside by the
25 cell membrane; therefore, even if the coenzyme specificity of
the enzyme of the reduced form coenzyme regeneration system 1is
low or absent, there are advantages such as the unlikelihood of
the above-described failure due to the conjugation of the
oxidized form coenzyme regeneratfion system and the reduced form
30 coenzyme regeneration system.
[0029]
As another coenzyme regeneration system, a method
utilizing an enzyme for regenerating an oxidized form coenzyme
and/or a reduced form coenzyme, cother than tThe oxidizing enzyme

35 and reducing enzyme for the déracemation reaction, can be

10



and microorganisms such as bacteria, fungi, and yeast are suitable; preferably a bacterium can be

mentioned. For example, a microorganism of the genus Bacillus, preferably Bacillus megaterium, can
be mentioned. 30[0034] Although the organism that serves as the source of the above-described
NADP+-specifit: gluooseé delydrogésaseismotistibjéct todignitation, and niaobaarmickdsrgahism or a

higher organism;and mierogrganisms. sheh.as,bacteria. fungj andrysast 3a.are suitable. for example,

a microorganism belonging to the genus Cryptococcus, the genus Gluconobacter, or the %enus
Saccharomyées'eanhe  mentisRed AFeterably, GomicIBdEGhiSThbeldifgifg $6 1@ §ends Criitococcus

can be mentioned. Asthe naicroqrganispy af the.genys Cryntaeocrus; Exyptosaseysalbiduse
Cryptococcus humicolus, Cryptococus terrevs, and Cryptococcus unreuttulatus can be mentjoned;

preferably CRAtoE3ERAIGUTUIAR  fote preférabh e Cribtdcddehs Lttt fatte 3ENM 3687
strain, can bexaeationed: {0035] 1o the Crypiogoteus upigutiulatys JCMIB8Tsirainng stored aithe
RIKEN Japan Collection of Microorganisms (JMGC: 2-1, Hirosawa, Wal% -shi, Saitama,,351-0198
Japan), and S8R BeLdBtanEdrIm thE fAGIRECT0036] 1576VidRE Tat the'sarm& reaction as described
above is performpshusing atcuiture. praduct @f adrecompirant ymierdorganism preparéd by intrteducing
an oxidizing enzyme gene %nd a(g{eng.for an.enzyme h%\éin éh% ca abi}lrig/togrgggng%aetingothe oxidized
form coenzy "SR WhicH thidEnFyime depents (%rcfdeex mple: NADH oxidase) o cells of the same
host, or adregtmentpeodiCt of therculttine prodyotantbthetlike, tdsiunnecdssany to separately prepare

the enzyme saurce necessary for coenzym neration;.therefor . qptically active alcohol can be
evgener%giqﬁeﬁigggg%v%edﬁéégg %{ﬁéggqu& 9?&:@%@% a %é

produced at fower cos that the same reaction as déscribed above is

performed using Zeculture probductiof attecombidantimicreovganisn préPared Hrntrodiicingafreducing
enzyme gen 9ene foran gnzyme V%‘?fﬂhecg%%a}%}l'&' iy of regensrating the, reducedjorm
coenzyme o% w |c%th?§%n?$%e8d%§ld%or example, glucose S?dehydrégenase) into cells of the
same host, SFPirEatrmstit productasidhé kaltare priut Bnditfe TREUERUATEER SSARNESparately

prepare the enzyme squrce-necessary for aeenzymedegeneration; therefore, an optically active diol
can be produced at lower costs. 35[0037]
(00307
As the enzyme having the capability of regenerating an

oxidized form coenzyme, NADH oxidase, NADPH dehydrogenase, and
amino acid dehydrogenase can be menticoned; among them, NADH

20 oxidase is preferable because of its features such as the
availébility of oxygen as the substrate for the coenzyme
regenerative reaction, the specificity of many of them for NADH,
and the irreversibility of the reaction catalyzed. Two types
of NADH oxidase are known: one producing water (water-producing

25 NADH oxidase) and one producing hydrogen peroxide (hydrogen
peroxide-producing NADH oxidase). Hydrogen peroxide 1s known
to have an adverse effect on enzymes and the like; when
hydrogen peroxide-producing NADH oxidase is used, it is
preferable to add catalase to the reaction system to thereby

30 decompose hydrogen peroxide and reduce or eliminate the adverse
effect thereof. Because the production of hydrogen peroxide
ver se is avoided, it is more preferable to use water-producing
NADH oxidase.

[0031]

35 Although the organism that serves as the source of the
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Provided that for the oxidative reaction system (alcohol oxidation and oxidized form coenzyme
regeneration system) or the reductive reaction system (ketone derivative reductive reaction and
reduced form coenzyme regeneration system), or 5 both, the enzymes involved are expressed in cells
of the same héstas-desutibdocabove’ the pxidative andidriHe vaddctive reaction systens wouldbe

separated from,eachatiier by the host eell mepbrans and, asa result, the abgve-deserine failure due
to conjugation of the oxidized form coenzyme regeneration 30 system andthe reduced form coenzyme
regeneration 3y3téin @oes HbtbEels of bdtoffeanlikel fo odéttJas adesdulfeévidn FHife coenzyme
specificity of the; enzyme invalyed in,the epenzyme;regenesation.systemis lowsdhe seagtiondnay
proceed well. [0038] 150n the other hand, it is preferable for streamlining the production process that
the reactidn Be pEFfoRHAgE tsihd 8 ctltdrd Brdatict BEaF8ESRbINGRERTICIOOFGARs M- pre parett By

introducing apQxidizing enzyse geee aad a reducing enzyie gene igte,cellsrefihe same hst
microorganism; a recombinant 20 microorganism prepared by introducing, in addition to an oxidizing
enzyme gené ARd EFEHRICIG ETANE BEne -3 Yo ¥or ah WhLgre i ating the cdpabifity of
regenerating the reducast-fonm, caenzyme.as Whichy the: reducing:-eazyme depends intadhesame host
microorganism, or a recombinan{ microorganism repareﬁoby 25 ]i?ntro u%cin , In addition to an oxidizing
enzyme gené%ﬁd%e%%cﬁlgagﬁgﬁngﬁ%n Calene 13l B ernZy e having the BapABIRAGF L0
regenerating dhie oixidizechformscaenzyme-onwhichthe oxidizing ehzyme idegendsdntothe same host
microorganism, or a treatment product of the culture product and the like. It 30 is m le that
the reacion B DO B 1S S e BOTHEL B & rECh TEMAnt P b o e B
introducing aft nzymergerieésfordn oXididngiéngyrhke anehzymeraling te Baphbitityiclase
rege”era“”%@%%!edézef_rl}%%%féﬁ’g&e%%M"é"%&@%?‘i@&%ﬁ gnzyme,depends, a reduging 35

enzyme, and an enzyme having the capability of regenerating the reduced form coenzyme on which

the reducing engiariecdeperissntd thecsaiie Hose microdrgarismosr Atredtiient prdd Rt o d%Sculture

product gnd thedike. This,patent isalsa intendgd toprovide sygh asregombinantmicroorganism.
5[0039] Such a recombinant microorganism can be produced by incorporating 2 to 4 DNAs
selected from tHé'§féup consisting of a DNA that encodes the oxidizing enzyme used, a DNA that

encodes the reducing gnzymelsesha@ gene: that epeodes ap enzyme/p haviag die eapapility of
regenerating the oxidized form coenzyme, and a DNA that encodes an enzyme having.the capability of

regenerating 2 ed0REd o COBRARMEGntothe e SBEIHT FATF MStuCT Y TRt Veéttdfinto a host.

Alternatively cstiehca tecombisantmicrodrgarnism carhalspibet/b pietdyced hyrincarporating«these 2 to 4
kinds of DNA intq a plurality of vectors.in different incompatibility groups, respectively, and.introducing
these vectors’ %??)t%hc%lggmetﬁ% N [6?)32)}%%%%(?&%n{ge&g\é(é/rrnoe?%ggﬁé)hgHé%rz%/n%%%%é |zaed1 form 20
coenzyme refjébératiomeenizyime ghd cedecetbfornrcornzyate regeneratioresystentenzyme used in
the present invi%%r}nay be totally or partially purified enzymes, and a culture product of a
microorganism having the capability of producing these enzymes or a treatment product thereof can
also be used. Here, 25 eultivetprodadsiceie Alicrobidasisy afeans & taltgrebroth eénfairfing cells

or cultured cells; ;2 trgatment prpdyict thereofi means, Jarexample, acrudgextiact, @ freeze-dried
microbial cell, an acetone-dried microbial cell, or a milling product of the cell and the like. Furthermore,
they can e limitation, and may ke a microorganism or a higher organism,

and microorganisms such zas bacteria, fungi, and yeast are
sultakle; preferably a bacterium can be mentioned. For example,
a microorganism of the genus Bacillus, preferably Bacillius
megaterium, can be mentioned.

30 [0034}

Although the organism that serves as the source of the
above-described NADP+-specific glucose dehydrogenase is not
subject to limitation, and may be a micreoorganism or a higher
organism, and microorganisms such as bacteria, fungi, and veast

35 are suitable. For example, a microorganism belonging to the

iz



30 used after being immobilized as the enzyme or cells as is by a commonly known means. The
immobilization can be performed by a method obvious to those skilled in the art (for example,
crosslinkage method, physical adsorption method, inclusion method and the like). 35[0041] The
above-descrised: mictourganismdiaving the capalsility-ofprodicing afrervZ/ntd fadFBea wild strain or
a mutant strain, or a fegombinant prepared by inserting ,ANA,Qfithe. enzyme e a veelarand

introducing the vector into a host. s[0042] Next, the secondary alcohol used or produced in the
present invehtidntisdascrised: MoWeTeFS tHergRE GFPEPrasBARInvEniiGH FdSaESs n, 45dédGibed

above, a methiod-gf producing ar optically-active segondany-aleohok sopsising:2Q using s,
combination an oxidizing enzyme source and a reducing enzyme source haying different coenzyme
specificitiés éfﬁd’%aﬁféi@ﬁtfé?ﬁaﬁt@%él@éﬁ\ﬁtie§réﬁ§ﬂﬁﬁfé%%fl%§€ﬁtﬁpéomf’)ﬂﬁ]n LEERZgme’S
regeneration systemwith, thesoxidative reasction-andithe reductive reaction-tsjo@43jus  Therefore, the
enantiomer mixture of secondary alcohol used in the present inv§ntion IS not subggeucgf"g%igntitggon, as

long as it is & BoAPbEREHA g BEeRoRbaN ROy Gioup ad OVE

é<eribed above? as representative
examples thegreof ok 2-diek2Q andZalkasoheart bermentioned. [0044] As the 1,2-diol, a 1,2-diol
represented by th XL neral formula (1): [0045] OH (1) 25 [0046] (wherein R represents an alkyl group
having 1 to 10 égﬁ)oﬁatoms, and optionally having a substituent, or an aryl group having 5 to 15
carbon atems, and optienalty/baving@-3G substituent).canse d@htiopédstrain is stored

at the RIKEN Japan Collection of Microorganisms (JMC: 2-1,
Hirosawa, Wako-shi, Saitama, 351-0198 Japan}, and can be
cbtained frem the facility.

[0036]

15 Provided that the same reactlon as described above is
performed using a culture product of a recombinant
microorganism prepared by introducing an oxidizing enzyme gene
and a gene for an enzyme having the capability of regenerating
the oxidized form coenzyme on which this enzyme depends (for

20 example, NADH oxidase) intec cells of the same host, or a
treatment product of the culture product and the like, it is
unnecessary to separately prepare the enzyme scource necessary
for coenzyme regeneration; therefore, an optically active
alcohol can be produced at lower costs. Likewise, provided

25 that the same reaction as described above is performed using a
culture product of a recombinant microorganism prepared by
introducing a reducing enzyme gene and a gene for an enzyme
having the capability of regenerating the reduced form coenzyme
on which this enzyme depends (for example, glucose

30 dehydrogenase) into cells of the same host, or a treatment
product of the culture product and the like, it is unnecessary
to separately prepare the enzyme source necessary for coenzyme
regeneration; therefore, an optically active diol can be
produced at lower costs.

35 [0G37]
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[0047] As the 2-alkanol, a 2-alkanol represented by the general formula (2): [0048] OH [0049] 5
(wherein R represents an alkyl group having 1 to 10 carbon atoms, and optionally having a substituent,
or an aryl group having 5 to 15 carbon atoms, and optionally having a substituent) can be mentioned.
[0050] 10 The opticallyactivesecohdaryfaicohibleprodiiced ivtherpresehrinveliticeis netsiibjedt to

limitation, as lgn itisac mpo [ e I nan o ctive 1,2-diol
represented%yjt 6elg:'(aor%ra %rrﬁu#&(g%%or%%gHgg%%%%%y%g %]r%v%%eerﬁr?l Rglgs}%tﬁe%ﬁs%mafas above.

* represents Freasyarimetricearbon) bherarsaptically detiver2alkaholiepidseried vy thEyeneral
fOHHUKiGD'%%EE@§Lg)dE%lféhuced form coenzyme regeneration system), or

5 both, the enzymes involved are expressed in cells of the same
host as described above, the oxidative and/or the reductive
reaction system would be separated from each other by the host
cell membrane and, as a result, the above-described failure due
to conjugation of the coxidized form coenzyme regeneration

ic system and the reduced form coenzyme regeneration system does
not occcur, or becomes unlikely to cccur: as a result, even if
the coenzyme specificity of the enzyme involved in the coenzyme
regeneration system is low, the reaction may proceed well.

[0038]

15 On the other hand, it is preferable for streamlining the
production process that the reaction be performed using a
culture product of a recombinant microorganism prepared by
introducing an oxidizing enzyme gene and a xeducingrenzyme gene
intoc cells of the same host microorganism; a recombinant

20 microorganism prepared by introducing, in addition to an
oxidizing enzyme gene and a reducing enzyme gene, a gene for an
enzyme having the capability of regenerating the reduced form
coenzyme on which the reducing enzyme depends into the same
host microorganism, or a recombinant microorganism prepared by

25 introducing, in addition to an oxidizing enzyme gene and a
reducing enzyme gene, a gene for an enzyme having the
capability of regenerating the oxidized form coenzyme on which
the oxidizing enzyme depends intc the same host microorganism,
or a treatment product of the culture product and the like. It

20 is more preferable that the reaction be performed using a
culture product of a recombinant microorganism prepared by
introducing all enzyme genes for an oxidizing enzyme, an enzyme
having the capability of regenerating the oxidized form
coenzyme on which the oxidizing enzyme depends, a reducing

35 enzyme, and an enzyme having the capability of regenerating the
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[0054] (wherein R is the same as above. * represents an asymmetric carbon) can be mentioned. In the
foregoing general formulas 25 (3) and (4), * represents an asymmetric carbon, whose absolute
configuration may be the (R) form or the (S) form. [0055] That is, an optically active 1,2-diol
represented Iuyzdhe:gdnéltahfrormﬂz@t&ﬁt@o@%]@&lC@H@qoesapmeﬁn@mmeis@m abdve.), or

the general faiulg (L RG] Ok I 1aR0S8L (whereln s e aime & apiover,.and an
optically active anol represented by the general formula (7): [0060] 15[0061] (wherein R is the

same as abo«?é))}:@ﬁfmeﬁg”éﬁéraltfo@m@@(&). fogs2] OMhis patent is also intended to
provide such a recombinant microorganism.
5 [0039]
Such a recombinant microorganism can be produced by
incorporating 2 to 4 DNAs selected from the group consisting of
a DNA that encodes the oxidizing enzyme used, a DNA that
encodes the reducing enzyme used, a gene that encodes an enzyme
10 having the capability of regenerating the oxidized form
coenzyme, and a DNA that encodes an enzyme having the
capability of regenerating a reduced form coenzyme into the
same vector, and introducing the vector into a host.
Alternatively, such a recombinant microorganism can also be
15 produced by incorporating these 2 to 4 kinds of DNA into a
plurality of vectors in different incompatibility dgroups,
respectively, and introducing these vectors into the same host.
[0040]
The oxidizing enzyme, reducing enzyme, oxidized form
20 coenzyme regeneration enzyme and reduced form coenzyme
regeneration system enzyme used in the present invention may be
totally or partially purified enzymes, and a culture product of
a microorganism having the capability of producing these
enzymes or a treatment product thereof can also be used. Here,
25 “a culture product of a micrcorganism” means a culture broth
containing cells or cultured cells; “a freatment product
therecf” means, for example, a crude extract, a freeze-dried
microbial cell, an acetone-dried microbial cell, or a milling
product of the cell and the like. Furthermore, they can be
30 used after being immobilized as The enzyme or cells as is by a
commonly known means. The immobilization can be performed by a
method cbvicus to those skilled in the art (for example,
crosslinkage method, physical adsorption method, inclusion
method and the like).
35 [0041]



(8) [0063] 20 (wherein R is the same as above.), and derivatives thereof can be mentioned. [0064]

In the foregoing formulas (1) to (8), as the alkyl group having 1 to 10 carbon atoms, and optionally
having a 5 substituent, a methyl group, an ethyl group, an n-propyl group, an isopropy! group, an
n-butyl group, a sec-Butyl giowpe adertcbutipbgroups anaepentybgroupy anch-hbrylgrpap,ian hectyl, or a
nalomethy) aronR.gadhinie i gan be usatianed s the falamethy group a chigrametiul giawp, a
bromomethyl groﬁp, 7%) or an’ iodomethyl group can be mentioned. As the aryl group having 5 to 15

carbon atomsrarid aptisnailyHevingpaemstitidnt, d pRemylgreup, ahlo-cHlolfgphehPrgftiptana

mbromophenyl.giquip, & p-fugraphenyl.group, igp-pitraphenyhgroup, gJ-cyanophenyl group, or a
p-methoxyphenyl group and 15 the like can be mentioned. [0065] Specifically, as the 1,2-diol

representéd by thé farégoing formula (1), (3), (5), or (6), 3-chloro-1,2- butanediol, 1,2-butanediol,
1,2-pentanediol, 1,2-hexanediol. 45 204nethyl; 12-pentanediold-phepyl-hi2-ethanedihand derivatives
thereof can be mentioned. [0066] Specifically, as the 2-alkanol represented by the foregoing
formula (2), (BF. ¥75:70r (8}?‘2‘38%%I,lz‘s-p@ﬁt%%,{j?ﬁz-h@%‘?ﬁ%ﬂ%phéﬁﬁeﬁfﬁ%l,%f-h)tza‘l%xy-z-butanol
and derivatives thergef can bgumentioned.dee67lh, aNeakihe oxidiziagenzyme saurheanddeducing
enzyme source used in the presept ian{ltion re described.dlzgrthe SP préagfnt in(\jlgnggré,i%s the
oxidizing enzyie d5urRE afd (REE1CaLLY active secondary alcohol, comp El
170 using in combination an oxidizing enzyme source and a reducing
enzyme source having different coenzyme specificities and
different enantioc-selectivities, and further efficiently
combining a coenzyme regeneration system with the oxidative
reaction and the reductive reaction.
15 [C043]
Therefore, the enantiomer mixture of secondary alcohol
used in the present invention is not subject to limitation, as
long as it is a compound having a secondary hydroxyl group as
described above; as representative examples therecf, 1,2-diol
20 and 2-alkanol can be mentioned.
[oc44]
As the 1,2-diol, a 1,2-diol represented by the general

formula {1):

[0045]

OH

R)\/OH (1)

[oo4e]

25

{wherein R represents an alkyl group having 1 to 10 carbon
atoms, and opticonally having a substituent, or an aryl group
having 5 to 15 carbon atoms, and coptionally having a
3¢ substituent)] can be mentioned.
[0047]
As the 2~alkanol, a 2-alkanol represented by the general
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reducing enzyme source, dehydrogenases classified under EC.1.1.1 are used. A combination of an
oxidizing enzyme source and a reducing enzyme source may be selected as appropriate according to
the desired secondary alcohol. 35[0068] Enzymatic asymmetric reduction is one of the most
useful techni§aesin-thelgynthesis of an optically active alcohol, and dehydrogenases derived from
various mlcroorg@@ms or animal tissues have been reported along with their substrate 5 specificities
and enantio-selectivities. With reference to these pieces of information, an oxidizing enzyme source
and a reducing enzyme source having an enantio-selectivity and a coenzyme specificity suitable for
the method of the ivention of this application may be selected. 20[0069] If no known information
is available on the desired se@r)dary alcohol, an oxidizing enzyme source and a reduced form
enzyme sourcef¢an beselected as described below. 1) A ketone compound corresponding to the
desired secondary /5 alcohol, for example, a ketone compound represented by the general formula
(9): [0070] OH(c 3 50071] 20 (wherein R is the same as above), or the general formula (10): [0072] O
R)c(10) [0073] %/v}q féin R is the same as above) is obtained or prepared.

5 f{wherein R represents an alkyl grcoup having 1 to 10 carbon

atoms, and optionally having a substituent, cor an aryl group
having 5 to 15 carbon atoms, and optionally having a
substituant) can be mentioned.

[0050]

10 The optically active secondary alcohel produced in the
present invention is not subject to limitation, as long as it
is a compound having a secondary hydroxyl group; an optically
active 1,2-diol represented by the general formula (3}:

[0C51]

OH

< )*\/OH (3)

[0052]

15

(wherein R is the same as above. * represents an asymmebric

carbon) and an optically active 2-alkancl represented by the

general formula (4):

20 roos3]

OH

R/acK 4)

[0024]

(wherein R is the same as above. #* represents an asymmetric

carbon) can be menticned. In the foregoing general formulas

25 (3) and (4), * represents an asymmetric carbon, whose absoclute

configuration may be the (R} form or the (8} form.
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25 2) Next, using various commercially available dehydrogenases or microorganisms, the ketone
compound is reduced into a secondary alcohol, and the enantio-selectivity is confirmed. 3) Several
kinds of enzyme sources exhibiting good (R) selectivity and several kinds of enzyme sources
exhibiting good { (8)=selectivity are selected, and their coenzyme specificities are confirmed. 4) On the
basis of the enantio-sglegtivities and caenzyme specificities; and g;combination of an oxidizing..
enzyme and a 5 reducing enzyme is determined. [0074] Oxidizing enzyme sources and reducing
enzyme souréés gt cah@tdéd irthie present invention are hereinafter described. As described
above, the gist efthesgresent invention resides lo in a method of producing an optically active
secondary alcohol, comprising using in combination an oxidizing enzyme source and a reducing
enzyme source havjng different coenzyme specificities and different enantio-selectivities, and further
efficiently combinin oxidative reaction and the reductive 15 reaction with a coenzyme
regeneration systeny Ther@ﬁ, the %g%sent invention is not limited by any means by the oxidizing
enzyme source @nd retucing enzyme source used. [0075] Regarding oxidizing enzyme sources and
reducing enzyme 20 sources that can be used in the present invention, as an example of the enzyme
source having thS C zlbility of selectively oxidizing an enantiomer of a 1,2-diol represented by the
foregoing formuﬁa ?39 nd having specificity for NAD+, an enzyme source derived from a
microorganisrifwheloadgmgrtoithe 25%genrus:Ceblulanroras) carcioe thentipaedr pieféralily;ian énzyme
source derived rgg%g: llulomonas sp. KNK0102 (W005/123921) can be mentioned. [0076] As the
enzyme source avmg?the capability of selectively 30 oxidizing an enantiomer of a 1,2-diol
represented by the foregoing formula (6), and having specificity for NAD+, an enzyme source derived
from a microorganismpglected from the group consisting of the genus Candida and the genus
Ochrobactrum can b& mentioned; preferably, an enzyme source 35 derived from Candida malls

NBRC10003 (W001 05996qu an
R/D\/ (6)

10 10059]
(wherein R is the same as above.), and an optically active 2-
alkanol represented by the general formula (7):

10060]

OH

I N

15 [0061)
{(wherein R is the same as above.), or the general formula ({8):

[00e2]

H
R (8

-IJIIO

[0063]

20 {wherein R 1s the same as above.), and derivatives thereof can
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enzyme source derived from Ochrobactrum sp. KNKc71-3 can be mentioned. [0077] As the enzyme
source having the capability of selectively 5 oxidizing an enantiomer of a 2-alkanol represented by the
foregoing formula (7), and having specificity for NAD+, an enzyme source derived from a
microorganiskeb&leh§iHg®dhe genus Ochrobactrum can be mentioned; preferably, an enzyme
source derived frags@¢chrobactrum sp. KNKc71-3 can be mentioned. 20[0078] As the enzyme
source having the capability of selectively oxidizing an enantiomer of a 2-alkanol represented by the

foregoing formula (8)Bndhaviryr§eEeifithty ToF NAGE ait ényind $burédéffed frothta 9% OUP
microorganisrukeleggingte the 15-genus cangida caibementionedy preferally -an enzyme source
derived from Candida malls NBRC10003 can be mentioned. [0071923 As the enz§/me source having
the capabflity B teaUENG H keonBToMpotH Hpre&&ntat by thd fot8yoild fotmia {8y intd 28%n

enantiomer ofa 1;2«liclaeplesentes by dhe foregoiny formuts, (6), ard-Havinglspecifigity far NAHPH,
an enzyme s%%rgg_%eéi%/efl from a microor anisrgpglelor%%in% to theéglggus andida can be mentioned,;
L B a

preferably, an eénzyme sburce defived from £ah r%aglrl] fiaé'N (%@%?03%5? can be

mentioned. 26[0080] cr As thelenzymhy Soyrcadipaving thié eapabititycsfredacingre- ketone .cohpound
represented by he foredolog formula, (8) into aenantiomenof.a L 2xdiolrepresenies by theforedoing
an f or ourc derive

formula (5), aving specificit ADBH, an enzyme e ved from a microorganism
belonging o the genusRhodbtordlacsan e mientionedepireferatsly, ad-enzimesstukrce devived from

Rhodotorula gluois NGRC415(WQ0B093477) 6o b mERanSl 0B . AS he enzyme sowrce

having the capability of reducing a 35 ketone compound represented by the foregoing formula (10) into

an enantiomerdta2-EieiHol répiesehted 1By theforégoingFermular(Byand HEGRE speeifigity for
NADPH, an enzyme-sQiice d@;@y@lg ffr%[nﬁ_miqggmlbe&qgjgg tgt@gg@@g@&@&@ﬂa can be
mentioned; preferably, an enzyme source derived from Candida 5 magnoriae N8RC0705 can be
mentioned. 9roup, a p-cyanophenyl group, or a p-methoxyphenyl group and
15 the like can be mentioned.
[0065]

Specifically, as the 1,2~diol represented by the
foregoing formula (1), (3), (b)), or {6}, 3-chloro-1,2-
butanediol, 1,2-butanediol, 1,2-pentanedicl, 1,2-~hexanediocl, 4-

20 methyl-1,2-pentanediol, l1-phenyl-1,2-ethanediocl and derivatives
thereof can be menticned.
[0066]
Specifically, as the 2-alkanol represented by the
foregoing fermula (2), (4), {(7), oxr (8), Z-butancl, Z2-pentanocl,
25 2-hexancl, l-phenylethanol, 3-hyvdroxy-2-butanol and derivatives
thereof can be mentioned.
[0067]

Next, the oxidizing enzyme scurce and reducing enzyme

source used in the present invention are described. In the

30 present invention, as the oxidizing enzyme source and the
reducing enzyme source, dehydrogenases classified under
ECvl.l;l are used. A combination of an oxidizing enzyme source
and a reducing enzyme source may be selected as approprilate
according to the desired secondary alcohol.

35 [0068]
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[0082] As the enzyme source having the capability of reducing a ketone compound represented
by the foregoing formula (10) into an enantiomer of a 2-alkanol represented by the foregoing 10
formula (7), and having specificity for NADPH, a enzyme source derived from a microorganism
belonging to the genug Rhouotorula sanbelmentiorsthPréferably, anenzymid'sodtes defivadrom

Rhodotorula glutinis NBRC415 can be mentioned. Je083] La¢ombinafions of an axidizing enzyme

source and a reducing enzyme source, suitable for the present invention, are described. An oxidizing
enzyme sourdelapapiedrsiantitesesetvely SRidiand BE 2TdiSFRPFESEHEH Bythe 38rélbing formula

(5) 20 to produce.a ketane compaung sepresented by the foregeing fermulas(9} is-eombined with a
reducing enzyme source that enantio-selectively reduces the ketone compound g%%%groduce a

1,2-diol represepted by ite foregBmgTormble (8 CLiREWISE: BhfokidiZing BnZythé e t8pable of

enantio-seleatively=25 oxidizing the 1:2-¢igl (8)is combiped avith: a feducing.enzymecsouree capable of
enantio-selectively reducing the ketone (9) to produce the 1,2-diol §5§). [E)O%# Ar%oxidizgw%enzyme
source capabié Bf ehaft5 5eIEEivERI 30 DxIdZiHG A SRIKAROT refteSéntad by ‘thefofegoi

foregoing formula (7)
to produce a ketoneeempound representad: by the-fofegoingdommuladd0p is combinedanith arreducing
enzyme sourc% caﬁable of nantig.—selectivel reduci'n%ygeedketone compound (10) to produce the
2-alkanol (8) Lik&Wise, ARFoxidizing en2yie 35 source capable of enantio-selectively oxidizing the
2-alkanok ¢ (8) ig colined with a reducing enzyme source capable of enantio-selectively reducing the

ketone (10) to produce the 2, alkandl ({08l aln all.combinaigns dsscuhed aboye.Jis preferable
that the oxidizing enzyme source and the reducing enzyme source have different coenzyme
specificities. Thatisdif the axidizing enzynerdolired igispacific fordNADSS tHe reducliiff8rAfne source
's specific for AARFHL I e QUUZINg gy Jo spusels sReclior MARPs .t educing enzyme
source is NAPE-specific. ’

1} A ketone compound corresponding to the desired secondary

15 alcohol, for example, a ketone compound represented by the
general formula (9):

[0070]

O

RJ\/OH ©

[0071]

20 (wherein R is the same as above), or the general formula (10}:

[0072]

O

R)k (10)

[0073]
(wherein R is the same as above) is obtained or prepared.

25 2) Next, using various commercially available dehydrogenases or
microorganisms, the ketone compound is reduced into a secondary
alcohol, and the enantio-selectivity is confirmed.

3} Several kinds of enzyme sources exhibiting good (R)

selectivity and several kinds of enzyme sources exhibiting good
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[0086] Particularly, a combination of an NAD+-specific oxidizing enzyme source and an
NADPH-specific reducing enzyme source is 15 preferable because it allows the use of an NAPE

- oxidase in the oxidized form coenzyme regeneration system, and an NADP+- specific glucose
dehydrogenasé jin tiel reduicetitform coerzymetredenaratior syste e (00871226 Sofid éxampis
combinations,of an.gXdizing anzyme source and a reducing enzyme source are given below, which,
however, are not to be construed as limiting the present invention. [0088] To produce an optically
active 1,2-diol teplesEhtedinp25 tie fdregoRigifokmarss (6) Sfor Bxahiié, @ eontbiPatoA'St an oxidizing

enzyme sourge detiyed from g microorgapism, belonging torthegepusielulomanassmpreferably
Cellulomonas sp. KNK0102, and a reducing enzyme source derived from a microorganism belonging
to the genfis EXRHIE} PréfefaBlf Cahdia Ridyrdfae 30 NBRCO705, can be mentioned. [0089] To
produce an optically; agtive 1,2-diol represented by the foregoing formula (5), for example, a
combination of an oxidizing enzyme source derived from g microorganism belongi_nq%lSS to tq:%g%nus
Candida or the genu$OtHrdbattuit préferabiy” €5 mais NBRE 1606307 Othtb6&Strim sp.
KNKc71-3, arda reducingenzymasogrcestetiveti-fremta microorganismibeldnging de the: gends

Rhodotorula, Ef;ej‘grabI%Rho otgrula gIL%%?]is NBREC_A(S]fS, can be mentioned. 5%9919_811 JCeTo produce an

optically active™2 AfkaPot rsiSteSanad by the fategoing formula (8] Tor example. & combination of an

oxidizing enzymessowkcedeérivéd fromiamicgoenganisim belongirg: toi the genusOehrobattreng, 1 ,
preferably Ochrapactium sn, KNG 73 Ja.and.a Leducing efgyme,squrcg deriyed QM A ang
microorganism belongingto the genus Candida, preferably Candida magnoriae NBRCO0705, can be
mentioned. [(0914 Joprodues areptivally active 2ialkanol Féprssehted by 2 yme
specificities and different enantio-selectivities, and further
efficiently combining the oxidative reaction and the reductive
15 reacticn with a coenzyme regeneration system. Therefore, the
present invention is not limited by any means by the oxidizing
enzyme source and reducing enzyme source used.
[O075]
Regarding oxidizing enzyme sources and reducing enzyme
20 sources that can be used in the present invention, as an
example of the enzyme source having the capability of
selectively oxidizing an enantiomer of a 1,2-dicl represented
by the foregoing formula (5), and having specificity for NAD+,
an enzyme source derived from a microorganism belonging to the
25 genus Cellulomonas can be mentioned; preferably, an enzyme
source derived from Cellulomonas sp. KNK0102 (WC05/123921) can
be mentioned.
[0076]
As the enzyme scurce having the capability of selectively
30 oxidizing an enantiomer of a 1,2-diol represented by the
foregoing formula {(6), and having specificity for NAD+, an
enzyme source derived from a microorganism selected from the
group consisting of the genus Candida and the genus
Ochrobactrum can be mentioned; preferably, an enzyme source

35 derived from Candida malis NBRC10003 (WOG1/0059%6) and an
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is the foregoing formula (7), for example, a combination of an oxidizing enzyme source derived from a
microorganism belonging to the genus Candida, preferably Candida malis NBRC10003, and a

~ reducing enzyme source derived from a microorganism belonging to the genus Rhodotorula,
preferably Rhrodotorula glutinis 2@ NBRG4I5otawbe méativned: [Q92]XNKcOt the abovésdescribed
microorganis%&%}gé% malis NBRC1003, Candida magnoriae NBRC0705, and Rhodotorula glutinis
NBRC415 have been stored at the MITE Biological Resource Center, 25 Department of
Biotechnology, N&ti6nal Institute of Technology and Evaluation (NBRC: 2-5-8, Kazusa-Kamatari,

Kisarazu-shi, Chiba 292-0818). and.are availablefromthe organization. 9093L, ¢ s 1celulomapas
sp. KNK0102 was isolated and identified from 30 soil by the present inventors, and how it was

acquired dndthédike 5re deRchibed i WiTo5/22362F 100401 TRETRIEFSOIGANIRNM hafing the

capability of produgingthe oxidizing enzyme: grreducingiepzune tised:dn the present 35iavention may
be any of a wild strain or a mutant strain, Alternatively, a microorganism derivatized by a genetic

technique su€h A¥LRIIFGSIbA Dr Yenk Hdnipittich Bt alkSHePtded AGenesmaripttatdd®
microorganisgethat preducssdbe ahovedesssibeeanzymes; carbe obsained byn ferexample, a 5

method comprising a step for isolating and/or purifying these enzym d determining a partial or the
entire amino ﬁﬁi‘ﬁir%u%‘cﬁ%évo?%agﬁoé%z%ég &%f)é Woﬁ%iniﬁgécgilifsé@% ce t%%%gﬁ%&&gs" the

enzyme an the basisadf this amino acid sequence, a step for introducing this DNA to another host Jo

microorganism to yield a recombinant microorganism, and a step for culturing this re 'ng ]
microorganism to yie th|£s% gn?ﬁﬁ%@%ﬁ%ﬁfﬁﬁﬁe ﬁ(l)%t, %?:?5‘%&5: Jyjcegsﬁ #Silg)r%?gt%b%%s f%ngi and
the like can bexméntiomed  sandeEschierichia colf isspartisllarlypreferables ¢5[0095py thks examples of

recombinant piropraanisips arsformaed with 2 plRsg haying:s DA hal sngages hs.,
ea oxiaizi

above-descri g enzyme or reducing enzyme,the following recombinant microorganisms
can be mentieR&dR0 ay Escherdshia ¢oil HBTOL fpTSCSYFERN: BRu1 0624 BaRsfbrived Wit the

glycerol dehygrogenase (bereinafter aferred {9 asdehydrogenase; oxidizing engyme) gene derived
from Cellulomonas sp. KER0102 (W005/123921). b) Escherichia coli HB101 (pNTFP) FERN

BP-7116 trandfsriePwith 28 théHéhyardtjenasd @kidiARg engimd)yenerderied¥rom Candida malis
NBRC10003 (W0Q1/695996).

As the enzyme source having the capability of reducing a
ketone compound represented by the foregoing formula (2) into
20 an enantiomer of a 1,2-dicl represented by the foregoing
formula (6), and having specificity for NAHPH, an enzyme scurce
derived from a microorganism belonging to the genus Candida can
be mentioned; preferably, an enzyme source derived from Candida
magnoriae NBRCOT705 (WO98/035025) can be mentioned.
25 [c080]

As the enzyme source having the capability of reducing a
ketone compound represented by the foregoing formula (2} into
an enanticmer of a 1,2-diol represented by the foregoing
formula (5), and having specificity for NADPH, an enzyme source

30 derived from a microorganism belonging te the genus Rhodotorula
can be mentioned; preferably, an enzyme source derived from
Rhodotorula glutinis NBRC415 (WO03/093477) can be mentioned.

(o081}
As the enzyme source having the capability of reducing a

35 ketone compound represented by the foregoing formula (10) into
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c) Escherichia coli HB101 (pTSOB) FERM BP-10461 transformed with the dehydrogenase (oxidizing
enzyme) derived from Ochrobactrum sp. KNKc71-3. 30 d) Escherichia coli HB101 (pNTS1) FERN
BP-5834 transformed with the dehydrogenase (reducing enzyme) gene derived from Candida

magnoliae |IFB07653W0IBIG35075) 2e L ESéffarichia EBF HBEIIC@N TRGY FERN BRLY85% transformed

with the dehygdrogenase (educing enzyme) 9§§§&%’E¥@£’H§DVE&5 RAsdatoryla qlutinis NBRGAda
(WO003/093477). [0096] The above-described recombinant microorganisms have been deposited

under the foré§sinttespectivetadeessionTuinbars with R interationaFPEREHt Drganidht Depdsitary,
National 5 Inglitute-efrAdvanceddndustriah Seience ang: Jeehnology{PQR: GeptrakG. -2, Higashi,
Tsukuba, Tbaraki, 305-8566%. Dewposition dates] Escherichia coli HB101 (pTSCS) FERN BP-10024:
May 12, 2604 E8EREricHTa CoR HBTOL (GNITES) BERN BR27116: April 11, 2000 lo Escherichia coli
HB101 (pTSOB) #HERN BP-10461: November 30, 2005 Escherichia coli HB101 (pNTS1) FERN

BP-5834: February 24, 1%%7 Esgrzlerichiaggg I—éB%%%g%NTﬁgg FERNbBl%jZ"SS%%an%%’gc%Zd 20392
[0097] In the present inverition: a récombinant microorggnism 15 that smui‘[gneousﬁy expres%es 2to 4

enzymes out lof anraxidizingcenzymes @mneerzyime having thetapability of fegenelating. &h oxidized
form coenzyme, & feduicing,enzyrpe. and ayjederd form cagngumeas described ahoue pan be
suitably used. A recombinant microorganism fhat produces these enzymes can be B pr%pared by an
ordinary gene regomlsindfion techholoyyl udlizing an ‘okidiZirg erzy i §éne 2a retiicing enzyifie gene,
SR WS G S s R M R it
mentioned in a) to e) above. Details of the Oxidizing enzyme gene or reducing enzyme gene, 25 and
recombinant PRI3MHIE, EsHtAinedda the Fecsmblnbnt niierodrgamsmetHERtoEd ke faregbing a) to

e), are descripad in the reference documepigdnentioned inthe Jggpective sections. [0098]

300chrobactrum sp. KNKc71-3 is a microorganism isolated and identified from soil by the present
inventors. The d égenase (oxidizing enzyme) derived from Ochrobactrum sp. KNKc71-3 has been

introducegkto the foregeing recombirantimigroerganism fschgrchia i tB101 (el ORI ERRMNg
BP-10461 asenzyme source, suitable for the present invention, are
described.
An oxidizing enzyme source capable of enantio-selectively
oxidizing a 1,2-diol represented by the foregoing formula (5)
20 to produce a ketone compcound represented by the foregoing
formula (9) is combined with a reducing enzyme source that
enantico-selectively reduces the ketone compound (9) to produce
a 1,2-diol represented by the foregoing formula (6). Likewise,
an oxidizing enzyme source capable of enantio-selectively
25 oxidizing the 1,2-dicl (6} is combined with a reducing enzyme
source capable of enantio-selectively reducing the ketone (9)
to produce the 1,2-diol (5}.
[0084]
An oxidizing enzyme socurce capable of enantio-selectively
30 oxidizing a 2-alkanol represented by the foregoing formula (7}
to produce a ketone compound represented by the foregoing
formula (10) is combined with a reducing enzyme source capable
of enantio-selectively reducing the ketone compound (10) to
produce the 2-alkanol (8). Likewise, an oxidizing enzyme

35 sgource capable of enantio-selectively oxidizing the Z-alkanol
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35 the recombinant vector pTSOB shown in Figure 2. Those skilled in the art can isolate the
recombinant vector pTSOB from the recombinant microorganism by a conventional method, and utilize
the same for introducing an additional gene and the like. [0099] 5The culture medium for the
microorganisriBuseidas tivgs Enzyimeisturee issnotcsubjectrio Yamtationy as |lorrg as itsalloivs the

microorganis, o, groy. For example, an ordinanyiquid medium.compyising saccharides puch as
glucose and sucrose, alcohols such &s ethanol and glycerol, fatty acids 10 such as oleic acid and
stearic acid and esters théteof, and oils such as rapeseed oil and soybean oil as carbon sources;
ammonium sulf@@@@gium nitrate, peptone, casamino acid, corn steep liquor, bran, yeast extract and

the like as nitrogen sources; magnesium sulfate, sodium chloride, calcium carbonate, 15 Eotassium

monohydrégen phospiiate; potaeiaiii dihyefgélt pRospridte Hrfelpe like dSindFGdfie 2aks; and malt

extract, meatextract anddhe ke aspther pultient seuicesnean he used. Cultivation s perormed
under aerobic conditions; usually, cultivation time is about 1 to 5 days, the pH of the 20 medium is 3 to

9, and cultivafiBN teMpefatfdis £6 05008 [FRT: L e fdactio ditfons-for tHE deracemization
of the presenginvention yagy. dependingarcthesenzymes ised JricRROrganiame of adreatment product
thereof, substrate 25 concentration and the. like; usually, the substrate congentration is about 0.1 to
100% by wei§ht’ pretersbly 10 6095 By wéight, the rafio ot éo & NED(P)+ B th&'30E ate is
0.0001 tar 10G:s % prefesatly 00Q0 K to-OMnmPIop, ahd the:ratioi ofccoanzyme MADR(PYH te the
substrate is OR&%%_to 100 30 mol%, preferably 0.0001 to 0.1 mol%. The reaction can be carried out at
a reaction temperatl?lxr)a(:”(()jfl to 60C, preferably 20 to 50C, at a reaction pH of 4 to 9, preferably 5 to 8,
and for a reactidri fif€] of 1 to 120 hours, preferably 1 to 72 hours. [0101] 35The substrate may be

added at one fime or configuously., Jhe feacfion gap psperiormied iy, haieh pracess,g1A goglipuous
process. When the NAD+ regeneration capability of an oxidizing enzyme-%o ucing microorganism or
NADH oxidaseig wisedsfor retferierating aliFaxdiz et forhf toerAfHE 1ILE Spreferalsle wrgtethe Feaction

be performed jphe presengs.ofait or relatively.pure 0xygen under.aerebigiconditigns. T fagiitate the
dissolution of oxygen in the reaction mixture, the reaction is preferably performed under shaking or
stirring conditions FirthefMibre A pEHBIEiHEIRE PEACHSIT URYE & 10 3RcteaBelPrESsure of more

than atmosphgricpressure; the selubilityaf-exygeisin the reaetion-mixiure maLingrease sthat the
reaction proceeds more efficiently.
regeneration system.
0087
20 Some example combinations of an oxidizing enzyme source
and a reducing enzyme source are given belcow, which, however,
are not to be construed as limiting the present invention.
[0088]
To produce an optically active 1,2-diol represented by
25 the foregoing formula (6), for example, a combination of an
oxidizing enzyme source derived from a microorganism belonging
to the genus Cellulomonas, preferably Cellulomeonas sp. ENK0O10Z,
and a reducing enzyme source derived from a microorganism
belonging to the genus Candida, preferably Candida magnoriae
30 NBRCO705, can be mentiocned.
[0089]
To produce an optically active 1,2-dicl represented by
the foregoing formula (5), for example, a combination of an

oxidizing enzyme source derived from a microcorganism belonging

35 to the genus Candida or the genus Ochrobactrum, preferably
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[0102] The optically active secondary alcohol resulting from the 15 deracemation reaction can be
purified by a conventional method. For example, optically active 3-chloro-1,2-propanediol can be
purified by making treatments such as centrifugation and filtration as required to remove the
suspension of eelis aad:thd like WAtEhla GiiGroorgamismoand the:likesare HSEd; And3themr20 extracting

with an organic sglvent such as ethyl acetata or folugne, removing the organic sqlvent upder, reduced

pressure, and making a treatment such as distillation under reduced presSure or chromatography.
[0103] 25Thetsrebbat invantomriserbitiaitet dastrbed i mbr& et by Wearglofthsfsllowing
examples, whighchowever; are,not.tohe gaastrued as limiting the present invention. Examples [0104]
30The present invention is hereinafter described in more detail by means of the following examples,
which, however! 3 Rdt to be construed as limiting the present invention. [0105] (Example 1)

Synthesis of (R)-3-chieyopl2-prepanedieh(@n-3a pyidized fatnpceenzyme reganesation systeim using
Escherichia coli cells and a reduced form coenz¥me regeneration system based on a glucose

dehydrogenasB Svera & Torbiftitén) L ¢/ EXRoIi BB T SCSPRRRA BERT0674 ffAs
inoculated to SO ¢1l:0f2x Yanmgedium {Bacto Breypianed.6%oRaatony eastdrdeact 40%e Naii85%, pH

7.0) sterilized in a 500 ml capacity Sakaguchi flask, and subjected to shaking culture at 37C for 18
nours. 50 il OP S e AL e BRot b CoRt gt Gt ahEreHarvEMtSe drd
suspended ine5@ina of d@chivypbeosphate buffec solitiony(ptl &0Pprlof0106] roodg=coilsHB101

(PNTS1) FERN EPT{5834 as ig??gulaé%ql to %% m&locfz a2xYT m Egli:ua (Trygeg(tjgln d%.@g/g, %%:Sit ae{g}tract
1.0%, NaC1 5 }3, ﬁ%%) Sterifizedin 4500 t?/?a %?‘Zﬂa K

capdci aguc sK,
NBRCO705, can be mentioned.
[00381]
To produce an optically active Z-alkanol represented by
15 the foregoing formula (7}, for example, a combinaticn of an
oxidizing enzyme source derived from a microorganism belonging
to the genus Candida, preferably Candida malis NBRC10003, and a
reducing enzyme scurce derived from a micrceorganism belonging
to the genus Rhodotorula, preferably Rhodotorula glutinis
20 NBRC415, can be mentiocned.
[0092]

Of the above-described microorganisms, Candida malis
NBRC1003, Candida magnoriae NBRC0705, and Rhodotorula glutinis
NBRC415 have been stored at the NITE Biological Resource Center,

25 Department of Biotechnology, National Institute of Technology
and Evaluation (NBRC: 2-5-8, Xazusa-Kamatari, Kisarazu-shi,
Chiba 292-0818), and are available from the organization.

[0093]

Cellulomonas sp. KNK0102 was isolated and identified from

30 scil by the present inventors, and how it was acquired and the
like are described in WO05/123921.

[0094]

The microcorganism having the capability of preducing the

oxidizing enzyme or reducing enzyme used in the present

35 inventicn may be any of a wild strain or a mutant strain.
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and subjected to shaking culture at 37C for 18 hours. 50 ml 15 of this culture broth was centrifuged,
and cells were harvested and suspended in 50 ml of 100 mM phosphate buffer solution (pH 8.0), and

homogenized by sonication using a U1-I-50 model ultrasonic homogenizer (manufactured by SMT
. Company) oV edi-fradextrach-Io[0 26 PR L 57 fPGTHa abbve-dusciibe8 stspension of E. coli

HB101 (pTSES)0 me:ofsraeemie 3cchlororh2rpropanediolel mlof the abever-deseribad eli-free
extract of E. coli HB101 (pNTS1), 10 U of glucose dehydrogenase g%anufactured by Amano Enzyme
Inc.), 25 0.2 HEFSFNADPEHRIAG Hig OF gfiidoBé Wt et ® d SrdbpBrétftest fud and while
adjusting to pit 8v@ withs2-Mi sediuamhygrexide:agieous-selutien] tbig, mixiurearasstiedat 30C for 20
hours. Aftgr corg[élegon of the reaction, tr%e rea tion.mixIILurg was saturated Witf}z%mmonigy sulfate and
then subjectéﬁae 16 extraction with the addition of éLt%?/ gcejt%%,?ﬁle é(?é‘iwlgrlf)]i, -%Zr%1 nedicl content
remaining in thergxteactawals dnalyzed:by capillaryigasschromatagraphy,iard theiperceot decovery (%)
was calculated. After triflugroacetylation, the above-described product was a zed by capillary gas
chromatogra;s)ﬁg),a‘ﬁf%gﬁd ?(r%:a %%ﬁg;lleﬁluzrwef%e?ei%v?é fﬁgulgf]%%?%\%lél ?es%I%ﬂ%espee%gﬁt%%covery
was 90%, antithé opticallpurityvwas 96 1% ever (R §0088]I[€onferittanalyticahcondifions] 5 Column:

HP-5 30 m x0.32, mm .D. (manufactured py Agilent Technolagiss,Cormpany) Deteqion; FID Initial

column temperature: 50C Final column temperature: 200C 10 Heating speed: 6C/minute Injection
temperatiffe MEBUC Detédtioritehiperate: 300€ CaFE gas: Ralftife (7T RPAFSplitfatioz 100£P15

Detection time; 3-¢chlora;1.Z:8ropanedial 1.2 minutes,[9103HQpticakpurity apabytical geaditions]
enzyme (W0O98/35025). As the host, bacteria, vyeast, filamentous
fungi and the like can be mentioned, and Escherichia coli is
particularly preferable.

15 [0025]

As examples of recombinant microorganisms transformed
with a plasmid having a DNA that encodes the above-described
oxidlzing enzyme or reducing enzyme, the following recombinant
microcrganisms can be mentioned.

20 a) Escherichia coli HB10l (pTSCS) FERM BP-10024 transformed
with the glycerocol dehydrogenase (hereinafter referred to as
dehydrcgenase: oxidizing enzyme) gene derived from Cellulomcnas
sp. KNKO102 (Wo05/123921).

" b) Escherichia coli HB101 (pNTFP} FERM BP-7116 transformed with

25 the dehydrogenase (oxidizing enzyme) dgene derived from Candida
malis NBRC10003 {(WOC1/005996).

c) Escherichia coli HB101l (pTSOB) FERM BP-10461 transformed
with the dehydrogenase (oxidizing enzyme) derived from
Ochrobactrum sp. KNKcT71-3.

30 d) Escherichia coli HB10l (pNTS1) FERM BP-5834 transformed with
the dehydrogenase (reducing enzyme) gene derived from Candida
magnoliae IFC0OT705 (WO98/035025).

@) FEscherichia coli HB101l (oNTRG} FERM BP-7857 transformed with
the dehydrogenase (reducing enzyme) gene derived from

35 Rhodotorula glutinis NBRC415 (WO03/093477).
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Column: Chiradex G-PN (30 m x 0.25 mm) (manufactured by ASTEC Company) zo Column
temperature: 90C Injection temperature: 150C Detection temperature: 150C Carrier gas: helium (130
kPa) Split ratio: 100/1 25 Detection time: R form 10.0 minutes, S form 10.6 minutes. Optical purity

: (%e.e.)-(A-B)/(Apgf%?LbO (A and B indicate the amounts of corresponding enantiomers and meet the

requirement of A>B) [0 0430, (Example: -3y nibesiaaf{R)8-ghleresd 2 propanedial fanoxidized

form coenzyme regeneration system using a hydrogen peroxide-producing NADH oxidase and a
reduced fornF Eo&hzy s regitieratoit sy SteRrbaséd bR PGIOECYE dRRGATYENaAsE Ware isedihl
combination)t36S Q@ milafithe tulure broth.of Eoeeh MBI IDEISC S ) optained infxample 1 was
centrifuged, and cells were harvested and suspended in 50 ml of 100 mM phosphate buffer solution
(HB.0) ThelBater I oalh GOEHE FoU LDy Sonmigh LS R Ul e R A I EoE
homogenizerdmrenufacttired by SMT s=Companyptoipield dlceltfice exivact3[odd ] 1 ml of the
above-descri%g cgg-f%eeoext&%% é)f . con HB101 (pTSCS), 20 mg of racemic
3-ch|oro-1,2-pro§%1ne%1|03[, 0.2 mg of AD+, 1 U of NADH oxidase (manufactured by SIGMA Company),
lo 20 U of catalages(mariufacturdd bySBIGMACemPpanyy; RndsE mil ©f tHe cel-frebextiaed 6f E. coll

HBL01 (:NTSH lainedn Exempiestcl0 W shalusose dehycrogengse (manyfagiuregdoy Amano

Enzyme Inc.), 0.2 mg of NADP+, and 40 mg of glucose were added to a s test tube, and while
adjustinglto pF 8/0ewWith/21 85 W dadidhi RYdroxideOByuetidisBiatidn Athis nitkturenvas stifred?4tB0C for

20 hours. After.completion.of the reagfion, ap.analysis wasperformed by fae mefhad described in

Example 1; as a result, the percent recovery was 67%, and the optical purity was 71.2% e.e.(R).
20[0112] (EXaffpie3)Synthesid of (R)-3lchisfbi RSl propaitelivt (8 oxidiZsd Fm coenzyhie
regeneration systemusing Escherich a coil cells and a reduced form coenzyme regeneration system
based on a glucose dehydrogenase were used in combination) 25500 ml of the culture broth of E. coli

HEIDI (pNTS1) obtaif8d HExBRpTER wad EERGHEGed, Attt ERF fraf L STeChfd BdSBended in 25
ml of 100: MM phesphate buites sakiipnpkt-¢.03 < Ehereadter, tha cells werehamrogenized by

sonication using & UN;S0 fodel dirasonic homogenizer (manufactured BY SMT,
regenerating an oxidized form coenzyme, a reducing enzyme, and
a reduced form coenzyme as described above can be suitably used.
A recombinant microorganism that produces these enzymes can be

20 prepared by an ordinary gene recombination technology utilizing
an oxidizing enzyme gene, a reducing enzyme gene, or a
recombinant plasmid incorporating them, contained in the
recombinant microorganisms menlioned in a) to e} above,

Datails of the coxidizing enzyme gene or reducing enzyme gene,

25 and recombinant plasmid, contained in the recombinant
microorganisms mentioned in the foregoing a) to e}, are
described in the reference documents mentiocned in the
respective sections.

[00ss]

30 Ochrobactrum sp. KNKc71-3 is a microorganism isclated and
identified from soil by the present inventors. The
dehydrogenase (cxidizing enzyme) derived from Cchrobactrum sp.
KNKc71-3 has been introduced to the foregoing recombinant
microorganism Escherichia coli HB10L {p7TSCOB) FERM RBP-10461 as

35 the recombinant vector pTSOB shown in Figure 2. Those skilled
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30 Company) to yield a cell-free extract. [0113] 2 ml of the culture broth of E. coli 1-iB101
(pTSCS) obtained in Example 1, 100 mg of racemic 3-chloro-1,2- propanediol, 200 pl of the
above-described cell-free extract of 35 E. coil HB101 (pNTS1), 10 U of glucose dehydrogenase
(manufactureéd: by mand: Epzymesinedt 0. Xy ofaNADPY ant 8Cmigraf §liEese Wepsallliéd to a

stoppered tegt.tubey,and while;adjusting. 1o pH 7,0 V‘é“{b%%éﬁ@%mdﬁ@@ﬁ)égu%%% selutionthis

mixture was stirred at 30C for 28 hours. After 5 completion of the reaction, an analysis was performed
by the methdd'@estiibRdiRExXdrled &s'd résult te perdent r@(%%r?%stég%zg//& hd the optical
purity was 98.60p € (R). [0114] (Example 4) Synthesis of (S)-1,2-butanediol (an oxidized form Jo
coenzyme regeneration system using Escherichra coil cells and a reduced form coenzyme

regeneration system Ba&2doh ByiGcdse dERy drogefitse Thré Geed iR E5mbiiadm s  “NYsing

racemic 1,2-butanediotca deracemation rasiionwas perfermed byihe same-methed as Example 3.
After completion of /5 the reaction, the reaction mixture was saturated Vj{ith ammoniﬁm sulfate and

then subjectéd (& Btradtior With 95 4a8itish ofetiyiitetate; thé 1 Butinetiol Tohtétt rémaining in
the extract was@analy zesdiy:th ecmethad: describked-infrXatapleslicandhthegpercentrexotery (%) was

calculated. After 20 trifluorfaclelt iati(_)ndt e gsbog%-}gggcﬂbed grogucé was an X%%d b)c{l c%gglary gas
chromatogra%Hﬁ?,r ahad fheaoﬁt?ca%/p%n?y ﬁ’% €.e.) was Calculatéd. As'a Fesu f, the pe¥cen recovery was
83%, andasthesoptical puritewas09.2%ned. (8)ef0dils] 2610 ptivdl purityamalyticakcdnditions] Column:
Chiradex G-TA {20 m,x,0-23 mm). (manyfactyred by ASTEE Gompanyl Galumaemperature: 60C
ammonium sulfate, sodium nitrate, peptone, casamino acid, corn
steep liguor, bran, yeast extract and the like as nitrogen
sources; magnesium sulfate, sodium chloride, caliciuwn carbonate,
15 potassium monohydrogen phosphate, pctassium dihydroegen
phosphate and the like as inorganic salts; and malt extract,
meat extract and the like as other nutrient sources, can be
used. Cultivation is performed under aercbic conditions;
usually, cultivation time is about 1 to 5 days, the pH of the
20 medium is 3 to 9, and cultivation temperature is 10 to 50°C.
{0100]

The reaction conditions for the deracemization of the
present invention vary depending on the enzymes used,
microorganism cr a freatment product therecf, substrate

25 concentration and the like; usually, the substrate
concentration is about 0.1 fo 100% by weight, preferably 1 to
60% by weight, the ratio of coenzyme NAD(P}+ to the substrate
is 0.0001 to 100 mol%, preferably 0.0001 to 0.1 mol%, and the
ratio of coenzyme NAD(P)H to the substrate is 0.0001 to 100

30 mol%, preferably 0.0001 to C.1 moil%. The reaction can be
carried out at a reaction temperature of 10 to 60°C, preferably

20 to 50°C, at a reaction pH of 4 to 9, preferably 5 to 8, and

for a reaction time of 1 to 120 hours, preferably 1 to 72 hours.
101011

35 The substrate may be added at one time or continuously.

28



Injection temperature: 150C 30 Detection temperature: 150C Carrier gas: helium (130 kPa) Split ratio:
100/1 Detection time: 1,2-butanediol R form 5.0 minutes, S form 5.8 minutes. 35[0116] (Example 5)
Synthesis of (S)-1,3-butanediol (an oxidized form coenzyme regeneration system using Escherichia
coil cells andra eeducedform coenzymermgensration systelmbasedon@eglacese dehydrogenase

were used incombinalion psinglacenind,S butanediql. Adinacemation reaglian was peprmed by

the same met as Example 3. After completion of the reaction, an analysis was performed by the
method descibed:ii Exahmsle 4 asve resiciiie parcert FECovery Was Pr 296 dhdthéSptieal Surity

was 72.3% e£:£3)- 0I01 L7 Fxample §) Synthesis of (R)r3-chlorezh2 prapanedigk(an oxidized form

coenzyme regeneration system using Escherichia coil cells and a reduced form coenzyme

regeneratforisyaterh Baked G glicosesdétydtogeitase werd g8d il combirionF 15208 nl of the

culture broth.of £. £pli;HB1Q% (RESCS) ebtained im Example def@holdacemiG tions. To
3-chloro-1,2-propanediol, 10 ml of the cell-free extract of E. coli H13101 (pNTS1) obtained in Example

3, 500 U of idéyarbgénase fRamirhiured by ARaRo BhAife M. 1o brNADB:, and
11.4 g 20 of glusose wereadded tora:560 sl imicre-jar, andwvhiledadiustinag: topHoE0 with-3@%gsodium

hydroxide aqueous solution, this mgture was stirred a}gf?;OrCmforr1 64t oeurségggi%rrq, aer ti]_gné% ml/min).
After complefiBA Of e Fsaction” tHe Feakion mixtufeSias s&tutdted WWith BATmonium Sultate and 25
subjectedsto extraetiarewithithe additionofrethyl atetate; anddhbexiracbwasconeentrated under

reduced pressure, after which the concentrate, was distilled under reduced esgure t ield 6.8 g of a
colorless trar?fp{z;ll%"g%ftﬁ'ol’l yysu ?stgﬁ{gec{%n %lal%les was %]Lér %Irlmlé%l%%ﬁ 6 r%gw;od% ges%?pig%dgilr? Example
1; as 30 a restly thelpercentaetovenywas: 6%, rarckthe [opticabpirdty was 98.6% e.e.(R). [0118]
(Example 7) Syﬂg GEQ of (5)-3-chloro-1,2-propanediol (an oxidized form coenzyme regeneration

system using Escherichia 35 C011 cells and a reduced form coenzyme regeneration system
The optically active secondary alcohol resulting from the

15 deracemation reaction can be purified by a conventional method.
For example, optically active 3-chloro-1,2Z-propanedicl can be
purified by making treatments such as centrifugation and
filtration as required to remove the suspension of cells and
the like when a microecrganism and the like are used, and then

20 extracting with an organic solvent such as ethyl acetate or
toluene, removing the organic solvent under reduced pressure,
and making a treatment such as distillation under reduced
pressure or chromatography.

[0103]

25 The present invention is hereinafter described in more
detail by means of the following examples, which, however, are
not to be construed as limiting the present inventiocon.
Examples

[0104]

30 The present invention is hereinafter described in more
detail by means of the following examples, which, however, are
not to be construed as limiting the present invention.

[0105]
(Example 1) Synthesis of {R)-3-chlore-1,2-propanedicl (an

35 oxidized form coenzyme regeneration system using Escherichia
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based on a glucose dehydrogenase were used in combination) E. coli HB101 (pNTFP) FERN
39-7116 was inoculated to 50 ml of 2xYT medium (Bacto Trypton 1.6%, Bacto Yeast Extract 1.0%,
NaC1 0.5%, pH 7.0) sterilized in a 500 ml capacity Sakaguchi 5 flask, and subjected to shaking culture
- at 37C for 18hourscfdll9] and E. coliiHB1019pNTRGFERM BR:7867 wds! imocalaté@to 50 ml of

2T mediug {Bagto, rpran 1896 BAcka, Kead Fdract 1%, Nagd. 9:3%-pH Ak slgfjzed in & 500

ml capacity Sakaguchi _to flask, and subjected to shaking culture at 37C for 18 hours. 50 ml of this
culture broth was cerfrifugfebl! i icels (Fdretidrvasidd atd-duspehdedsin 215 fille 2o hv 50

phosphate byffersolytian (R 4:10) Thereafterrthecells wereshomegenized hyrsanieation-using 8,
UH-50 model ultrasonic homogenizer is (manufactured by SMT Company) to yield a cell-free extract.

[0120] 5 2¥AIf the Zbovetdebchibed icetiite BRSEh Bt B cofl 1- 131 0P HNTER), B0 S racemic

3-chloro-1,2-propapediol42Q0,pk et the ahovesdasaribed.calk-free extragtof Er goli HB10:2Q (PNTRG),
10 U of glucose dehydrogenase (manufactured by Amano Enzyme Inc.), 0.2 mg of NADP+, and 80 mg
of glucose were Bddé&d td-G&tsppered t6sTubes &V\ﬁﬁl‘é%%j%ﬁ% 0 ﬁ@%ﬂ;ljgwggdiuﬁ}nd
hydroxide aqueous seksiony this siixtue avas stirsecatidaC far 20 haurs: After completion o tes
reaction, an 25 analysis was performed by the method described in Example 1; as a result, the percent
recovery wasbéfg.%/g asrﬁjdlfh%eg i %ué)tyo\xas 43.8% e.e.(S). [0121] (Example B) Preparation of a
recombinant vectaricamprising the 30 NADH oxidase gene and preparation of a recombinant

Escherichia coli Eo exgﬁeis%%]f vyatﬁirﬂ\pfg %lCiE]EIEMBrE{—%%%S% Q%ri\{%% from Streptocoggus
mutans in Escherichi coli, 4 recom%ma vector for transformation was preparecf irst, a
double-strandéd DNA 85Thandry. an Ndal witerddded totthe initiatién siéoithe stRicturdigéne of the

water producing, ADW oxidgse, and 2l50, 0aving &inewsian cadenand,a Bsflieadefhjysiarter the

original stop co as acquired by the method described below. Using a combination of synthetic
primers, primend 5(gdgydttideatatgapddaatcgttatigrSEQUDINT: 1 and tinerizs . 50 ml

(atgaaaacatgtgaaticecattgacatate | SEQ D, NG 2). and 2 cambinationof-synthetic pimers arirmes3
(gatatgtcaatgggaattcacatgttttcat; SEQ ID NO:3) and primer-4 (tttct ca'\g&ﬁat_catttagottttaatgct: SEQ ID
140:4), with thEJo PIERRRIEISWE 1°CoriprisihgtHE WateRp \HH kidst e (see Biosci.

Biotech, Biochen)., 606k, 89:i3ydQ96)-as the template, iRGRwas geHouned do syatesize
double-stranded DNAs (a) and (b), respectively. Furthermore, usingﬁ%e foregoin S)ér(gth?gcéggma?rs,

primer-1 and pHerE8 \ith ATRREHR ‘ofthe (manutactured by Compan

celi~-free extract.

20 [0LG71

1 ml of the above-described suspension of E. coli HB1O1

(pTSCSY, 20 mg of racemic 3-chloro-l,2-propanediol, 1 ml of the
above-described cell-free extract of E. coli HBLO1 {pNTS1), 10
U of glucose dehydrogenase (manufactured by Amano Enzyme Inc.},

25 0.2 mg of NADP+, and 40 mg of gluccse were added to a stoppered
test tube, and while adjusting to pH 8.0 with 2 M sodium
hydroxide agquecus solution, this mixture was stirred at 30°C
for 20 heours. After completion of the reaction, the reaction
mixture was saturated with ammonium sulfate and then subljected

36 to extraction with the addition of ethyl acetate, the 3-chloro-
1, 2-~propanediol content remaining in the extract was analyzed
by capillary gas chromatography, and the percent recovery (%}
was calculated. After trifluorcacetylation, the above-
described product was analyzed by capillary gas chromatography,

35 and the optical purity (%e.e.) was calculated. As a result,
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15 double-stranded DNAs (a) and (b) obtained above as the template, PCR was performed to yield a
double-stranded DNA. The DNA fragment obtained was digested with Ndel and Pstl, and inserted to
the Ndel and Pstl sites downstream of the lac promoter in the plasmid pUCNT (see W094/03613) to
yield the recdrhbinant 20 plasmieopRTNXYThedhdthcuef peparatiorrand Bttéttve 62 PNTNX are
shown in Figure,1.,¢sing this recombinant vector pNTNX, E. coil HB101 (manufactured by Takara
Shuzo Co., Ltd.) was transformed to yield E. coli HB101 (pNTNX). [0122] 25 (Example 9) Expression
of a water-produkhtPNADH oxidase by a recombinant Escherichia coli The E. coli HB101 (pNTNX)

obtained in Exapple 8iwas, sulfuredan a-3x¥T imegdiym (Bacto Trypton 1.6%(w/v), Bacto Yeast Extract
1.0%(w/v), NaCl 0.5%(w/v), pH 7.0) containing 10% ug/ml 30 ampicillin and 0.8%(w/v) glycerin, and
d

cells were’harfestél affér which they wré SuSPBended in 166 WM PotasSuip buffer

solution (pH 7&)1anslkemegenized oy sonication to yield a cell-free extract. The NADH oxidase
activity of this cell-frge extract was measured as described below. The measurement 35 of the NADH
oxidase acth)ﬁ%%é's Eré’ﬁOrn?é[é) by measuring the reduction in the absorbance at a wavelength of 340

mm at 30C int4.0-mé of adeagtion-mbgurescomprisingd00 mM phosphate buffer solution (pH 7.0), 0.17
mM NADH, 0.2 mM EDTA, 0.02 mM FAD and O %5 ml of an enzyme solution. Under these reaction 5

conditions, the-GAZyrTe la‘éﬁ%f%”t?ﬁ&ﬁ@%ﬁﬁwo‘? PNFADH into NAD+ in 1 minute was defined as 1 U.

As a resuli, thie speeific activity: obtine’ NADH ©xidase in the above-described cell-free extract was 30
U/mg protein. [0123] 10 (Example 1}9 Coen selectivities of the glucose dehydrogenase derived
from Bacilluslrééggtgejﬁﬁ% gﬁﬁlﬁ%ﬁ % uzé%%é d%%@%rogenase derived from Cryptococcus uniguttulatus
Regarding thesglecusieodehydmgeadse derivéd fibm Bacillus megaterium (manufactured by Amano

Enzyme Inc.&%g@fN@Qﬁ+ﬂé spegifieglugese dehydrogenase of Cryptococcus uniguttulatus

(manufactured by SIGMA Company), activities on the coenzymes NAD+ and NADP+ were examined.
To 980 ul of &Féadtiontrhb@ureldhprising 100 mM phosphate buffer solution, 75 mM glucose, and 2

mM NAD# oiNADR+; the glugose slehydragenase derivad.ftam-20 Bacillug megaterium or the glucose
dehydrogenase derived from Cryptococcus uniguttulatus was added; the reaction was performed at

30C, and with the inérdase in the absorption at
[Optical purity analytical conditions]

Column: Chiradex G-PN (30 m x 0.25 mm) (manufactured by ASTEC
Company)

2¢ Column temperature: 90°C
Injection temperature: 150°C
Detection temperature: 150°C
Carrier gas: helium (130 kPa)

Split ratio: 100/1

25 Detection time: R form 10.C minutes, $ form 10.6 minutes.
Optical purity (%e.e.)=[A-B)/(A+B}x100
(A and B indicate the amounts of corresponding enanticmers and
meet the reguirement of A>B)

[0110]

30 (Example 2} Synthesis of (R)~-3-chloro-1,2-propanediol (an
oxidized form coenzyme regeneration system using a hydrogen
percxide-producing NADH oxidase and a reduced form coenzyme
regeneration system based on a glucose dehydrogenase were used
in combination)

35 50 ml of the culture broth of F. ceoli HB101l (pTSC3)
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340 nm as the index, the activity was measured. The results are shown in Table 1. As is evident from
Table 1, the glucose 25 dehydrogenase derived from Bacillus megaterium is non-specific for the
coenzymes, whereas the glucose dehydrogenase derived from Cryptococcus uniguttulatus is specific
- for NADP+. [0b24]i[Tablel1] Enzymé dRdlatives actvity: NARRE NAD4 GBHIdervetrdrmBaciivs]

megaterium 100,9 -specific erive rypt UDigLt :0.(1
Table, GDH r%é%criesée%%%%dc%gfe%er%%%ggeégsg)ﬁ%%%] %ﬁ%%r%%% %1) Syn%#:;%s? élf@pl%n n(ﬂ’}lﬁ
(R)-3-chloro-8,20propaiieeliciq AnoxidiEEe foied t6eA/ife PeETERlidR SyBiens 0Bikgad 1on

water-producing NADH gxidase and.a reduced. form cognzyme, regeneralion, systefusing arsy r

NADP+-specific/non-specific glucose dehydrogenase were used in combination) Cells were harvested
by centrifigafiofif@nY the-eulireld & cell-free extract.

(01117
1 ml of the above-described cell-free extract of E. coli
HR101 (pTSC8), 20 mg of racemic 3-chlcro-1,2-propanediol, 0.2
mg of NAD+, 1 U of NADH oxidase {(manufactured by SIGMA Company},
10 20 U of catalase (manufactured by SIGMA Company), and 1 ml of
the cell-free extract of E. coli HB1Ol {pNTS1) cbtained in
Example 1, 10 U of glucose dehydrogenase (manufactured by Amano
Enzyme Inc.), 0.2 mg of NADP+, and 40 mg of gluccse were added
to a stoppered test tube, and while adjusting to pH 8.0 with 2
15 M sodium hydroxide agueous solution, this mixture was stirred
at 30°C for 20 hours. After completion of the reaction, an
analysis was performed by the method described in Example 1; as
a result, the percent recovery was 67%, and the optical purity
was 71.2% e.e. (R).
20 (01123
(Example 3) Synthesis of (R}-3-chloro-1,2-propanediol (an
oxidized form coenzyme regeneration system using FEscherichia
coll cells and a reduced form coenzyme regeneration system
based on a glucose dehydrocgenase were used in combination)
z5 500 ml of the culture broth of E. coli HR10I (pNTS1)
obtained in Example 1 was centrifuged, and cells were harvested
and suspended in 25 ml of 100 mM phosphate buffer solution (pH
7.0). Thereafter, the cells were homogenized'by sonication
using a UH-50 model ultrasonic homogenizer (manufactured by SMT
30 Company) to yield a cell-free extract.
[0113]
2 ml of the culture broth of E. coli HB10l (pTs5CS)
obtained in Example 1, 100 mg of racemic 3-chloro-1,2Z-
propanadiol, 200 nl of the above~described cell-free extract of

35 FE. coli HB101 (pNTS1l), 10 U of glucose dehydrogenase
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lo broth of E. coli HB101 (pTSCS) and culture broth of E. coil HB101 (pNTS1) obtained by the same
method as Example 1, and the culture broth of E. coli HB101 (pNTNX) obtained in Example 9, and
suspended in 100 mM phosphate buffer solution (pH 7.0). Thereafter, the cells were homogenized by

- sonication usifgaUSgEL5E thdelditeasoriic Agmpgenizer (manufacured BYBRIT Comparty)nthe cell

residue was E?f“%‘i%@)é&%@%%%&o Prepare e NARA -spacific dely dragenase, fqxidizing
enzyme) derived from Cellulomonas sp., the NADPH-sEecn‘lc dehydr(jncggase (reducing enzyme)

derived from TaHHide fitagrioliBE ahdthéiwatef- 20 p B @ABhAMe hading the
capability of rggenerating an oxidized form.coenzyme)-derved ffom,sireptogoecus mutans,

respectively. [0126] The following 3 kinds of deracemation reaction mixtures 25 were prepared, 1 ml of
each was $hakeaf20€ N AlteSTubETOF 2o Houré WHikdts 5 i Sdjosted o™ Riths MSodium
hydroxide. (HelBmnM potassium phosphate-beffer;selytien (pH710), 30HB01©f Facemic
3-chloro-1,2-propanediol, 49 of glucose, 0.71 mg 30 of NAD+, 0.15 mg of NADP+, 50 U of the
foregoing NATSE SSEHe Ry dibubact s B EhIGREL S Brdaneaiol dtatbn bty 300°U of the
foregoing NADPHaspecific dehydrogenase (as 3- chloro-I-hydroxyacetone reduction activity), and 60 U

of the foregoing water-producing NADH oxidasg. (glucase dehydrogenase 35 not added). . (2
Composition ET{ﬁé{ go%ﬁz&rﬁ%%é%%ﬁec#? ﬁioﬁé%je 1)}%%%%8”%%% d&-:‘arllr\l/eaﬁ?ﬁ"o%ﬁ %eagcil uérgn
megaterium (manufackired pyrAmanodnzyns e 35 Wy  £3Cempositiondd) + theINADRdspecific

glucose dehykagensec. 5 derved fiam Crvalpenecus ualauilatus, (magufpciired by SiGH

Company) 35 U. [0127] ] loro-1,2-propanediol oxidizing activity measurement conditions] io
Determined Beeasodag dse indesasaliethelabsorbande at alwavelength of 340 nm at 30C in 1.0 m

of a reaction mixture gomptising.10Q mM 3-chiorosl.2-prapanedial, 9 d4,mM NAD+..and 0,05, mk of an

enzyme solution in 100 mM phosphate buffer solution (pH 7.0). Under these reaction conditions, the
enzyme /5 adtiRAty 6 BRibiZY 1 PrfolSoFADRGRESNAD £ iiliRute wasidefihegcagi ¢fion of

[3-chloro;shyerexyacetane redueing acthvty imaasurerment cenditionsh Petenmined by-megsyring the
decrease in the absorbance at a 20 wavelength of 340 nm at 30C in 1.0 ml of a reaction mixture
comprising 26 HFES-2hiRRE--HYaToS e fone= 9. £ nit NASPHR NG 6-85 iforifei2yiie Sbiution in
100 mM phosphate huffer seltionpH17.9)HJnderdhese reaetiomeonditions: the enzymesactivity to
Oﬂdhe].mﬂgggggé F%Egjggglggg rggug%gagethod described in Example 1, and
the percent recovery (%) was calculated. After
20 triflucrcacetylation, the above-described product was analyzed
by capillary gas chromatography, and the optical purity (%
e.e.) was calculated. As a result, the percent recovery was
83%, and the optical purity was 92.2% e.e. (8).
[0115]
25 [Optical purity analytical conditions]
Column: Chiradex G-~TA (20 m = 0.25 mm) (manufactured by ASTEC
Company)
Column temperature: 60°C
Injection temperature: 150°C
30 Detection temperature: 150°C
Carrier gas: helium (130 kPa)
Split ratio: 100/1
Detection time: 1,2-butanediol R form 5.0 minutes, S form 5.8

minutes.

35 [0116]
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25 defined as 1 U. [0128] After completion of the reaction, an analysis was performed by the
method described in Example 1, and the percent recovery and optical purity were calculated. The
results are 30 shown in Table 2. [0129] [Table 2] Percent recovery (96) Optical purity(%) No addition
85 19.1 GDH deriveelfeorh) Batillismegateriuth 18815.2-NADPIssECc GBH défided fdnform

10

15

20

25

30

35

coenzyme regeneration system using Escherichia coli cells and a
reduced form coenzyme regeneration system based on a glucose
dehydrogenase were used in combination)

Using racemic 1,3~butanedicl, a deracemation reaction was
performed by the same method as Example 3. After completicn of
the reaction, an analvsis was performed by the method described
in Example 4; as a result, the percent recovery was 77.2%, and
the optical purity was 72.3% e.e. {(3).

[0117]
(Example 6) Synthesis of (R}-3-chloro-1,2-propanedicl (an
oxidized form ccenzyme regeneration system using Escherichia
coll cells and a reduced form coenzyme regeheration system
based on a glucose dehydrogenase were used in combination)

100 ml1 of the culture broth of E. coli HB101l (pTSCS)
obtained in Example 1, 7 g of racemic 3-~chlero-1,2-propanedicl,
16 ml of the cell-free extract of E. coli HB1O1l {(pNTS1)
obtained in Example 3, 500 U of glucose dehydrogenase
(manufactured by Amano Enzyme Inc.), 10 mg of NADP+, and 11.4 g
of glucose were added to a 500 ml micro-jar, and while
adjusting to pH 7.0 with 30% sodium hydroxide aqueous scolution,
this mixture was stirred at 30°C for 64 hours (350 rpm,
aeration: 1 ml/min). After completion of the reaction, the
reaction mixture was saturated with ammonium sulfate and
subijected to extraction with the addition of ethyl acetate, and
the extract was concentrated under reduced pressure, aflter
which the concentrate was distilled under reduced pressure to
yvield 6;8 g of a coleorless transparent oily substance. An
analysis was performed by the method described in Example 1; as
a result, the percent recovery was 96%, and the optical purity
was 98.6% e.e. (R).

[0118]
(Example 7) Synthesis of (5)-3-chloro-1,Z-propanedicl (an
oxidized form coenzyme regeneration system using Escherichia

coli cells and a reduced form coenzyme regeneration system
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94 100 Cryptococcus uniguttulatus  (In the Table, GDH represents glucose dehydrogenase.) [0130] 5
(Example 12) Synthesis of (R)-3-chloro-1,2-propanediol (5% charge: an oxidized form coenzyme
regeneration system using a water-producing NADH oxidase and a reduced form coenzyme
regeneration &8s AUsing &n NADR -+ Epeciiecslaeese dekydrogehRglsé Wetezedan tembination)

_tol ml of a reaction mixiure comprising 309 MM peRgsiHpLRRqsPhale bulfer selution, $Q mg of
racemic 3-chloro-1,2- propanediol, 81 mg of glucose, 0.71 mg of NAD+, 0.15 mg of NADP+, 50 U (as

. U (
3-chloro-1,2BtopEnetidl oxristiorractRay | 6f theRABR-dpetific d8Rydrogehase toxidizing énfine)
derived fromis €ellulomgnagssp. abtaiges:in Exagaplenl 1a 300dJfas 3=ghlerocinydeoxyasetone
reduction activity) of the NADPH-specific dehydrogenase (reducing enzyme) derived from Candida

magnoriad, 300°8'%f thEVateRgddtiemg NADIE bxitase HetivES ffom Streptbebedis Rftitdss (an

enzyme for regeperating an oxidized 20 form coenzyme), and 100 U of the NADP+-specific glucose

dehydrogenase derived from Cryotococcus unigut S ctured by SIGMA C any. an
30 FarT SR Y Wehaken n 4 Test ibe AL 20 and red

enzyme for regeneraﬁng% rm meyWwas shaken in ¥tést tlibe a arid reacted for
22 hours, whil¢ adfustingitongH Yuwith{ Bavt isoditmi2&chy droxide. Aftet compietiorfafttheaeadtidry an

analysis wa ormed,by t ethod rihed in Exampl d the percent ver d the
optical purith\%Z{r% (gﬂ:q%iétepgls A@'a&?es%?tgf %&}%Zc C?orlol?l,51-prgcﬂg)ga?;f({alclio BI'E'!?\[/‘%ljrjfgg gngg%]g% %l%’%y of 100%
was producediatsipercent racoyery:-eft05%. 0E3nExanple k3) Synihésisiaf(S)4, 24vatanediol (an

oxidized form Gognzymme regeneration, sysiem psing a watereproguging NADH 5.0xdasg.and a reduced

form coenzyme regeneration system using an NADP+-specific gluCose dehydrogenase were used in
combinationtarvested and suspended in 2.5 ml of 100 mM phosphate buffer

solution (pH 7.0). Thereafter, the cells were homogenized by
sonication using a UH-50 model ultrasonic homogenizer
15 (manufactured by SMT Company! to vield a cell-free extract.
[0120]
2 ml of the above-described culture broth of E. coli
HB1C1l (pNTFP), 60 mg of racemic 3-chloro-1,2-propanedicl, 200
nl of the above-described cell-free extract cof E. coli HB1OI
20 (pNTRG), 10 U of glucose dehvydrogenase {(manufactured by Amano
Enzyme Inc.), 0.2 mg of NADP+, and 80 mg of glucose were added
to a stoppered test tube, and while adjusting to pH 7.0 with 2
M sodium hydroxide agqueocus solution, this mixture Was atirred
at 30°C.for 20 hours. After completion of the reaction, an
25 analysis was performed by the method described in Example 1; as
a result, the percent recovery was 28.7%, and the optical
purity was 43.8% e.e. (8).
(01213
(Example 8) Preparaticn of a recombinant vector comprising the
30 NADH oxidase gene and preparation of a recombinant Escherichia
coli
To express the water-producing NADH oxidase derived from
Streptococcus mutans in Escherichia coli, a recombinant vector
for transformaticn was prepared. Filrst, a double-stranded DNA

35 having an Ndel site added to the initiation site of the
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The reaction was performed for 23 hours by the same method as Example 12 except that racemic
1,2-butanediol was 10 used in place of racemic 3-chlorol,2-propanediol. After completion of the
reaction, an analysis was performed by the method described in Example 4, and the percent recovery
and the opticalpuitywerk cedatdd. Ba veddlE (BFa1 BiitanédioPhavihg arcoptriafpaditof 100%

was produced 8§ f-2p pereant secpyvery @b 9920 101321 (Example 44) ythesis.eter the

(S)-1-phenylethanol (an oxidized form coenzyme regeneration system using a water-producing NADH

oxidase and 8 réddéed fothPEo&IAMRe réGenctaitn 55SteRy usihg JtPaR NABPESpkefit HitcoY%

dehydrogenase weye:usedinicembination) syn&ells wereharwesieddy:eentrifugation from the culture
broth of E. coil HB101 (pNTF%_3 and culture broth of E. coll. HB101 (bNTRG) obtained by the same

method as EXSRPIET - 355 upehasd i 186 Wi BHosphate Butter Solufisi (B 76) Thereatfter,
the cells werg homogenizediby sanication tisiig-a tH-60 madeliuitrasonic hamagenizer
(manufactured %SMT Compafnggraln%the disrl]J:ption residue was rgmoved by centrifugation, to

rog

prepare the NA ELsﬂpalei%:llﬁ)cndghy Engé% §0Eio>%faﬁaz]fr§g eﬁ%ﬁr%ﬁg)raerived from Candida maris and the

NADPNspecifig dehydtagenaseqaedicing £ngyme) detive & fioni Rhwdofgrukanglutinisneespéctively.
[0133] | of a reaction mixtur risin m tassium, 35 phasphate, buffer solution,
10 mg of race{rl%}[;c[:]E %%%%%Ee%ﬂ%gﬁcﬁ%gﬁ i?g{%% gﬁ%%%ggd%% %ﬁ\ﬁ%ﬁdl‘g%&% o] E?O\DP+, 40 U (as
1-phenylethanbbexiddtion adtity) olithé fdregoingeNADe spetifidwehydrogéiihser ¥04s agene
acetophenone Jedugtion.activiy) of the foregaing NADPH;specific dehydrogenase .40 0.5 of the
water-producing NADH oxidase derived from Streptococcus mutans obtained in' Example 8 (an

enzyme for régaticrafing aRGxidized #6ri eERAZyrhE), AriTIT BigrRthd NRDPISSFedificglubbie
dehydrogenasg,defived fram Grypiacoceys upigutiylatus(manufactyesd, by SIEMA Lompajy: an

enzyme for regenerating a _to reduced form coenzyme) was shaken in a test tube at 20C and reacted

for 8 hours, whilttadGdfin g to- BRTE with B-NESGdiuAPRy diBx i L After 1H6°p f THe fedctiof mixtife was

saturated, with aayneniin shHate, dxphenylethanel was extrastedwith 70| HF et agetate ;anrd the
optical purity and percent is recovery of 1-§heglethanol in this extract were analaﬁzed blﬁéHPCL. As a
v ofth pér

result, (S) fornt=RpHeéryRHao Fadinga 1Ry Br66 754 WALSstotlited nt recovery
of 98%. [0134}HA-phenylethanohexidizing adtivtytradasurementicondittons} 20 ,Thenshme asrthed

oxidizing actyly measyrerpent condiions deseried in PraRie H exeR el kphspyietianol wes

the plasmid pUCNT (see W0O94/03613) to yield the recombinant

z0 plasmid pNTNX. The method of preparation and structure of
pNTNX are shown in Figure 1. Using this recombinant vector
PNTNX, E. coli HB1Cl (manufactured by Takara Shuzo Co., Ltd.)
was transformed to yield E. coli HBLO1 (pNTNX).

[0122]

25 (Example 9) Expreszsion of a water-producing NADH oxidase by a

recombinant Escherichia coll
The E. coli HB1C0l (pNTNX) obtained in Example 8 was

cultured in a 2xYT medium (Bacte Trypton 1.6%{(w/v), Bacto Yeast
Extract 1.0%{w/v), NaCl 0.5% (w/v), pH 7.0) containing 100 pg/ml

30 ampicillin and 0.8% (w/v) glycerin, and cells were harvested,
after which they were suspended in 100 mM potassium phosphate
buffer scolution (pH 7.0) and homogenized by scnication tc yield
a cell-free extract. The NADH oxidase activity of this cell-

free extract was measured as described beslow. The measurement

35 of the NADH oxidase activity was performed by measuring the
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[0135] [Acetophenone reducing activity measurement conditions] 25 The same as the reducing activity
measurement conditions described in Example 11 except that acetophenone was used in place of
3-chloro-1-hydroxyacetone. [0136] [1-phenylethanol HPLC analytical conditions] 30 Column:
manufactured bf\BiceirChemicat |rdustriesiriad., ThiraleeivODHA BB X 254 B okimi 0°C

temperature: 25G, Fluent: nrhexane/2-propanglz9/1Elovsrate: Q. biygl/minutendSEltisn dime: (R)
form-12.2 minutes, (S) form-13.3 minutes. [0137] (Example 15) Preparation of a recombinant
Escherichia dftitfarsiemed With thetNApPhesfediic HilcdfiEnydrogelis&bithe Eryhto&bcus
uniguttulatus JGM3687 straim &u(1)Rudficatiop.efenzyme: i on To a-liquid mediimcensisiing of the
composition of 5 aﬁggeast extract (manufactured b)é Nihon Pharmacerubtical quus%rial Ca., Lt%é% 7 g of

polypeptonie {4 Rited by RinonPREmsceulical Industiat Co’ SLtd. 3% g BF potassiai
dihydrogen phasphdte, 1.0ng0f ammasiutz chlosidea.0.g0f sadium chtaride; 0.33:g of watcidrc
chloride dihydrate, 0.0005 g of. ferrj fate heptahydrate, 0.5 g of magnesium sulfate heptahydrate,
and 10 g of sﬁgé%%l(%ﬁ poegl%ehr ) %?#(J)f qcunre b%c?th%o thé r‘nytB%%Eéﬁé rf&]ﬁfgu ﬁellaljtlaé.? JCM3687
strain, 15 preccuittred using the $ame npediamiin.advance, was aseptically inoculated; the strain was
subjected to shalfigg ture at 30C for 50 hours. From 500 ml of the culture broth obtained, cells were
harvested by centrifugation and washed with 50 mM phosphate buffer solution (pH 7.0), after which
they were 20 strspended k¥ 200mirofithe samebiiferisolator fAférthis celb&diture broth was

homogenzed,iplng.a Mini:ReadiBeagermanyfaghited fy SIDRREC Gompany). (e ol eaigue was

removed by centrifugation to acquire 250 ml of a cell-free extract. [0138]
dehvydrogenase derived from Cryptococcus uniguttulatus

Regarding the glucose dehydrogenase derived from Bacillus
megaterium {manufactured by Amano Enzyme Inc.} and the NADP+-~
15 specific glucose dehydrogenase of Cryptococcus uniguttulatus
(manufactured by SIGMA Company), activities on the coenzymes
NAD+ and NADP+ were examined. To 880 pi of a reaction mixture
comprising 100 mM phosphate buffer solution, 75 mM gluccose, and
2 mM NAD+ or NADP+, the glucose dehydrogenase derived from
20 Bacillus megaterium or the glucose dehydrogenase derived from
Cryptococcus uniguttulatus was added; the reaction was
performed at 30°C, and with the increase in the absorpticn at
340 nm as the index, the activity was measured. The results
are shown in Table 1. As is evident from Table 1, the glucose
25 dehydrogenase derived from Bacillus megaterium is non~specific
for the coenzymes, whereas the glucose dehydrogenase derived
from Cryptococcus uniguttulatus is specific for NADP+.
[0124]
[Table 1]

Relative activity
NADP+ NAD+

Enzyme

GDHE derived from
Bacillus megaterium
NADP-specific GDH
derived from
Cryptococcus
uniguttulatus

100 88

100 g
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25To this cell-free extract, while stirring with a stirrer under ice cooling, a predetermined amount of
ammonium sulfate was added; the protein precipitated by ammonium sulfate (70- 100% saturation)
was collected by centrifugation. The protein obtained was dissolved in 50 mM phosphate buffer

* solution (pH 3G 7.0)4hd eialzedagainstihe samte bUffeF 9616t haftramsich $his was applied to a
column of CIM DEAE-B (manufactured by BIA Separations Company), previously equilibrated with the
same buffer solution, to adsorb the enzyme, and the active fraction was eluted by a linear density
gradient of sodiuh? tAfotide from 350 M to 1.0 M. The enzyme solution obtained was dialyzed against

50 mM phosptate:buiffer solution(phi-£ 0} apd applied-terar elumn, of 6 9f ResodrceQn
(manufactured hy Amed(asham Biosciences K}é\é Ereviousﬁ%e uilibrated with the same buffer solution,
. b)?

to adsorb the“8nzyhié and tHe SRR HARiohSHAS BTélutsd by & Tine%r U8ASE Gratiiérit'of sodium
chloride fromgQ-Miio-Q.54VINADIthe ehzyae soldtien obtained, aramoniua:suifate wasaddedtoobtain a

concentration_of %‘gmMﬁ then, the 5&}%{3@ was aggl&d&o a columq :fL ResourcePHE (manufactured by

Amersham BioSciences K K ,%rrlewous'ly_e%%ﬁ%rated Wﬁﬁzﬁg% ospﬁat% SUffer solution comprising
1.5 M ammoniainysulfate {pHe7 . 0% an d thedeflue ntcfir&ctiontwas collected as the active fraction. [0139]

When this active fractign was subleslef e fonsienatuied 19 Aphacriamide gel lecligppgiseis, a
single band was formed. When this enzyme was subjected to %-polyacry amide gel electrophoresis,
a single Bandoeortésponding toa-mobletalar Weightcof 58000 was forenéd: §01D40]220 (2)cClbhing of

glucose dehyﬁé@%”%%lﬁﬁ%gﬂﬁ%ﬁa%?‘ inthepresenceof § Murea,the-purified glicese,
dehydrogenase of the Cryptococcus uhiguttulatus JCM3687 strain was digested with the lysyl

endopeptidaséidétivid frisat-Achionfobatter (MBrirhcturdd By Walké 25 RarelChBiagal addstries,
Ltd.), and the sequance-n{ihe peptide dragiop:obiainedwas, determined,py the Edman method.

Considering the DNA sequence deduced from this amino acid sequence, 2 kinds of PCR primers,
primer-5 (gagaXtagé Hehaghaargdyca: ‘SEG IDNOBY HiPprifér-8L g 38giatgtraaytg:
SEQ ID N©:G)ywere syathesizeer [l c ndQdphafa bufferselation fordxTag semprising 50 pmol

of each of the above-descqgi?led tw ;IL<inds o,fC[Jrimers, 800 ngvoticrgomosotl;ne QNA, 20 nmol of each
dNTP,andZEF@Qﬁ%%ﬁhq e ce reslcue was remcve ¥y centrirfugation, to

prepare the NAD+-specific dehydrogenase {oxidizing enzyue)
derived from Cellulomonas sp., the NADPH-specific dehydrogenase
(reducing enzyme) derived from Candida magnoliae and the water-
20 producing NADH oxidase (an enzyme having the capability of
regenerating an oxidized form coenzyme) derived from
Streptococcus mutans, respectively.
[0126]
The following 3 kinds of deracemation reaction mixtures
25 were prepared, 1 ml of each was shaken at 20°C in a test tube
for 20 hours while its PH was adjusted to 7 with 5 M scdium
hydroxide.
(1y 100 mM potassium phosphate buffer solution (pH 7.0), 30 ng
cf racemic 3-chloro-1,2Z2-propanedicl, 49 mg of glucose, 0.71 mg
30 of NAD+, 0.15 mg of NADP+, 50 U of the foregoing NAD+-specific
dehydrogenase (as 3-chlore-1,2-propanediol oxidation activity),
300 U of the foregoing NADPH-specific dehydrcogenase {as 3~
chloro~i-hydroxyacetone reduction activity), and 60 U of the
foregoing walter-producing NADH oxidase {(glucose dehydrogenase

25 not added).
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35 (manufactured by Takara Bio Inc.) was prepared, thermal denaturation (94C, 30 seconds),
annealing (55C, 30 seconds), and elongation reaction (72C, 1 minute) were performed in 25 cycles,
the about 750-base amplified fragment obtained was subcloned into pT7Blue-2 Vector (manufactured
by Novagen I6¢}), Bupd its segueride was-tetenniiedt(SEQID-NOSH) L [0U42) Luconext, to determine

the ful lengthiasrsemuance.and he lhe ot e SANAaenendes.ipe.glucese gebudiogerass, on

the basis of the base sequence determined here (SEQ ID NO:7), two 20 kinds of gene
sequence-splEifie priviersTprimef-7) (agftggecgagtacgttcagggagegtatga: SEQ ID NO:8) and primer-8
(9gaaagcctc atoctegicatacgetosetg; SEQ IRNOR)vrare-synthesized; 10443115k, 68 mlefhee
medium described in the foregoing section (1), 3 ml of a culture broth of the Cryptococcus
uniguttulafusFEMI68Y EFaM, ProdelifGREUSIng ¢ Sae R EHRin R BiNAd e st B¥epticai
inoculated; the-strain yyasssuhbjected to shaking culture at 30C for 6 hours. Obtained from the cultured
cells 20 using the RNAgents Total RNA Isolation System (manufactured by Promega K.K.) was 424 pg
of total RNA. The dtal’RNA obtained was purified using an Oligotex-dT30 column (manufactured by
Takara Bio InciHenyield4-jitgrefpnBRdddsing 200irg of the mRNA bbtained, duy-means of the

GeneRacer Kig gna%n%fgct ed by 25 Invitrogen Japan K.K), a cDNA was prepared by the method
described in the proifocorﬁsl 144] 100 pl of a buffer solution for Pyrobest DNA Polymerase

comprising 2%eplaofithe e®NA soktion:obtgineds 50:prmelzof S0ieadhef thefordgoing peimer-7 and the
GeneRacer3 nested primers attached to the Racer Kit (primer-9, cgctacgtaacggcatgacagtg: SEQ
ID NO:10) or%vﬁﬁng tehac ?o? t%qé fg?neg%ng%%ﬂ?né%S {anlqa t g C?e%ne é:ccjéaear Q%e%?e%%ﬁ;cn%e?%ttached
to the GeneRawepKitprimetld, 8% gyadakbtyacatggattyaaggapacSEQ ID NOM 1) A0 -amdref each

dNIP. and 25,14 of Ryroiest DA Ralymesase (aenyfaciied b Takaca 8o Ing), was-prepared.

thermal denaturation (96C, 20 seconds), annealing and elongation reaction (72C, 90 seconds) were

performed in 2oeyEld<CBubBEqUeritly-théthtkt BehBffatisn 8 196C 20 ¥edbhds) anneafinG BAY™MS
elongation, regetion,(20C,:90 seconds) werg-performehinid ¢yales st subsequently thermal

denaturation (96C, 20 seconds), annealing (58C, 30 seconds), and elongation reaction (72C, 90
- seconds) we &fin'2 cycles, and the reaction product was cooled to 4C, after which

[3-chloro-l-hydroxyacetone reducing activity measurement
conditions]
Determined by measuring the decrease in the absorbance at a

20 wavelength of 340 nm at 30°C in 1.0 ml of a reaction mixture
comprising 20 mM 3-chloro-l-hydroxyacetone, 0.17 mM NADPH, and
0.05 ml of an enzyme soclution in 100 mM phosphate buffer
solution (pH 7.0). Under these reaction conditions, the enzyme
activity to oxidize 1 umol of NADH into NAD+ in 1 minute was

25 defined as 1 U.

[0128]

After completion of the reaction, an analysis was
performed by the method described in Example 1, and the percent
recovery and optical purity were calculated. The results are

30 shown in Table 2.

[0129]
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15 each amplified cDNA was identified by agarose gel electrophoresis. Each amplified cDNA was
extracted using the QIAquick Gel Extraction Kit (manufactured by QIAGEN K.K.) and subcloned into
the pCR4Blunt-TOPO vector (manufactured by Invitrogen Japan K.K), and sequencing of the amplified
DNA was /5 ﬂéﬁc?rﬁ?edztb determine the full length base sequence of the cDNA that encodes the
glucose dehlydrogenase. The full length Fase:sequerssard:the dedtced @niinpacid-seqiance
encoded by;the DNA are shown by SEQ {B)NO:12 and 13, respectjvely, in the sequence listing.
20[0145] (3) Reepatdtiari ofirecombinant vector compfising the glugose dehydrbgenase gene To
express the glocost=deydiogenase in [|Escherichia coil, a recombinant vector for use in transformation
was preparedi2bi Eitststhesgene ta be inserted in th@&ector was prepared as desgribed below. On the
basis of the|base sequence determined in the section (2) above, primer-11
(acagacctgccéatdtgtogagca i SEQPHD NQ:14), which has an Ndel site added to the initiation cogon
portion of thedgluceseidélydrogenase structural geng, and 30 primer-12 (ggacqgﬁgtctagatttactgcaaa:
SEQ ID NO} 15 ywhichchiasian Xbal site added just after the stop codon, were synthesized. [0146]
100 pl of a buffergohitiohzforPyrobest DNA Polymerase comprising 50 pmol of each of the
above-described 2-kindg of 35 primersr 2 pkefiibe chNA solutioarpiepated kisthe)section (2) above
as the template, and 2.5 U of Pyrobest DNA Polymerase, was prepared, thermal denaturation (98C,
10 seconds), annealing (57C, 30 seconds), and elongation reaction (72C, 3 minutes) were performed
in 25 cycles, and{thezamplified DNA s fragment obtained was digested with Ndel and Xbal and

inserted to the_Ndel and | sites downstre the la¢ promoter of the plasmid I (see
WO04103613) THE Bmd Dot ol Se e atbd 5T CH 4685 IO 2 Preparation o
recombinant &sgherchiacoilx 1d el EScharichiacoiiidB 1Gh strainawas trapgfiraredusitiithe
foregond PsTid AleL e diansiammanolianed wamcul e n a2t nedip iacto Topton
1.6%(w/v), Bacto Yeast Extract 1.0% W/V?, NaC1 0.5%(w/v), pH 7.0) containing 50 pg/ml is ampicillin,
cells were collegtetaracamifugatibararessuspepid iR BOTRME phédshaté bisfes solution (pH 7.0),
after which they were homogenized by sonjcation.ig.yield-a ¢eli-free extract. This cell-free extract was
treated with SDS and subjected to SDS-polyacrylamide gel electrophoresis; as a 20 result, a band of
the enzyrife protein wastdefiifidd 46a PostiomTor BHh6IeEaEr WeighfofS80007 [BP46]SS1 UThe
recombinant Eiseherichia ceil phtaingd is called Esoharichia coll HELOL (PNTGBEEI3687). Escherichia

coil HB101 ,
propanediol, 81 mg of glucose, 0.71 mg of NAD+, 0.15 mg of

NADP+, 50 U (as 3-chloro-1,2-propanediol oxidation activity) of
the NAD+-specific dehydrogenase (oxidizing enzyme) derived from

15 Cellulomonas sp. obtained in Example 11, 300 U (as 3-chloro-1-
hydroxyacetcne reduction activity) of the NADPH-specific
dehydrogenase (reducing enzyme} derived from Candida magnoriae,
300 U of the water-producing NADH oxidase derived from
Streptococcus mutans (an enzyme for regenerating an oxidized

20 form coenzyme), and 100 U of the NADP+~specific glucose
dehydrogenase derived from Cryptococcus uniguttulatus
(manufactured by SIGMA Company: an enzyme for regenerating a
reduced form coenzyme) was shaken in a test tube at 20°C and
reacted for 22 hours, while adijusting to pH 7 with 5 M sodium

25 hydroxide. After completion of the reacticn, an analysis was
performed by the method described in Example 1, and the percent
recovery and the optical purity were calculated. As a result,

(RYy-3~chlorol,2-propanedicl having an optical purity of 100%
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25 (PNTGDH-J3687) has been deposited under the accession number FERM P-20374 with the
International Patent Organism Depositary, National Institute of Advanced Industrial Science and
Technology (ZlfPOD: Cerz#trali% 1-1, Higashi, Tsukuba, Ibaraki,f?;%%-§566) (Deposition date: January 21,
2005). 30[01481° (Example )a§yr?th SO {R)-3:EMEF6-1, Z2propanediol (an oxidized form coenzyme
regeneration sysfé@mhaiising a water-producing NADH oxidase and a reduced form coenzyme
regeneration system using.the NADP+-specif] ose dehydrogenase derived 35 from the JCM3687
strain were us%é]\j i gr%lr;%’agt]ion H%E)es%ﬁe%c%%ﬁcéih%%%f’lﬁ%l](§|%T aﬁH%}é%%J? I%%REI\C/IJEI%EZ%M
obtained in Examplens wagtoenkitedto SpInkof aigxyT raediine (Bactoduygpton NB%{w/v), Bacto

Yeast Extract.L 036(wiv), Nadi 0,5%(wly), pH,70)-containing 50 palmi ampicilio and. quitred 5 in a

500 ml capacity Sakaguchi flask at 30C for 30 hours. Célls were collected by centrifugation,
suspended irt5 MVEIED0SIRA pbtad st phoSpRateYsUTRsF sHidfo i (pr 7\0)28nd homogenized by
sonication to yigld a.Galkfrge extract, and this was used in the following reaction as the

NADP+-specific 10 glucose de(%{grogenase source. [0150] 1 ml of a reaction mixture comprising
300 mM potassium phBSpF&RBuUfER SBRIGAE BTGB racemic>3 RAIOFS-B2- propandtifol, 81 mg of

glucose, 0.7 g NAR+z Qakmyg af/ SNABPH, BR (s 3=ehierol, 2-propanesial oxidation activity)
of the NAD+-specific dehydrogenase (oxidizing enzyme) derived from Cellulomonas sp, obtained in
Example 71, 889 t&s BXaHi&roothydt6%yacetoné Fedictionadtivity FBFHENADPH - Specific
dehydrogenaserfreducing enzyroey dedved from Candideemagneriae s20:308 dakthexwatereproducing
NADH oxidase %%ri\éeddfrom S regtococ%us mLEan§l obtair&e%\%the sametmethod as ExamdoI%hQ (an
enzyme for ré‘ageene?'atinge An‘oxidized forrt: cE":rf}gnzeymé),aar}ld 'D éftheHbovesdescribéd ™" ©
NADP+-specifictgluedsedehydrogenasedéenveéd from Céyptaroceas unigutitlatlis JEM3687 (an

enzyme for 25 regenerating.a reduced form.coenzy 2 S 935 in g lestiu C ngl while
adjusting to pg—\‘1 vﬁﬁ?% s%%iﬁfﬁ%yapox? g%ﬁg)% v%?elr\ggct%d fo?l% ho%%s%Af?e%‘%éogn%gplééﬁon of the
reaction, &n d@relysis wassperfermed by #¥e hfethod described in Example 1, and the percent recovery
and the optical p%@ﬁq were calculated. As a result, (R)-3-chlorol,2-propanediol having an optical

purity of 100% was produced at a percent recovery of 96%. [0151]  (Example 17) Synthesis of
(R)-3-chloro-1 2zprophfedibl (&YB56xddized forht coensyire régénaation sy3ted udihgea wakam

producing NARH-0xX{dase-and adeduced farp ceenzidng segengration systen: usinodhsy
NADP+-specific glucose dehydrogenase derived from the JCM3687 strain were used in combination:

reaction in a SFaNFREUITHIEN 5 1M 6 a FRAR G RTINS cSRPREMEAIOT M NG BBEERIUH PHdsphate
buffer soltionn 12 grofraseanis 8:ahlIockidse dehydrogenase were used in

combination)

Cells were harvested by centrifugation from the culture
broth of E. coli HBI01 {pNTF) and culture broth of E. coli
HB101 (pNTRG) cbhbtained by the same method as Example 7, and

25 suspended in 100 mM phosphate buffer solution (pH 7.0).
Thereafter, the cells were homogenized by sonication using a
UH-50 model ultrasonic homogenizer (manufactured by SMT
Company), and fhe disruption residue was removed by
centrifugation, to prepare the NAD+-specific dehydrogenase

30 f{oxidizing enzyme) derived from Candida maris and the NADPH-
specific dehydrogenase (reducing enzyme) derived from
Rhodotorula glutinis, respectively.

101331
1 ml of a reaction mixture comprising 300 mM potassium

35 phosphate buffer solution, 10 mg of racemic l-phenylethanol,

41



propanediol, 16 g of glucose, 12 mg of NAD+, 12 mg of NADP+, 3600 U (as 3-chlorol,2-propanediol
oxidation activity) of the NAD+-specific dehydrogenase (oxidizing enzyme) derived from /o
Cellulomonas sp. obtained in the same manner as Example 11, 12000 U (as

3-chloro-1-hydrdxyageftnedretfcictisn attivityy st thé NBRBPH-Speciic@eRydrigeRise foddcings
enzyme) deriveghfreny Candide-magnodae i 4300Q-Viafithe water-preducine NARH axidase derived
from Streptococcus mutans obtained in the same manner is as Examgle 9 (an enzyme for

a
regenerating SROxidiz&d F6Y COERSTAES and3600' @Sofetﬁgif\?ﬁﬁﬁg-éb%c%ﬁd@%&’él dehydrogenase
derived from Eryptotagoussinightiulais:d4Cc M35 87 oltaingakn the sameranhes asdzxamplell 6

(manufactureéiotby %IGM Corﬁn{gan -anen Hfor r%%eneragn a reguc%ed forrr%t 20 coenzyme), was
placed in & 2501 CapAany smaliAEIBASr (Mitsuw RiREGakiFkGy6 Co- Ttd) T ARd Wit %dtisting
to pH 7.5 withn:.5:N ssochiumhyelioxide Bepmspolis solution, theyywere reacted;at 20€tinderaoonditions of

aeration (1 vvm), irri 00.r r 34 hours.-As a result,, (R)-3-chloro- 25 1,2-propanediol
having an opt%afl%%%i%i o%&gﬁgé%@&i’ed@ zﬁ(ﬁa %érc%n%%eé%%n%?%g%% %ﬁ %E ar%%?eSTS)
Preparation of @elredoninarsteyedtorictrprising tife NADespeoific wehydidgehaisesgene derived from

Cellulomonas,5p.30-apd the water-praduging NADH, oxidasg,gene.derived fram. Syeptpcaeeus

mutans, and a recombinant Eschérichia coli (2-enzyme co-producing bacterium) To co-produce 2
enzymes; therRADI=spdcificdehydrogenase {oxidizingenzyme) derived-fibm €éllulbPhorasisp. and

the water-35 producing NADH %&Qﬁﬁ@,d%ﬂﬁﬂéf%@j%%%@ﬁfgowsp@uﬁa%@? eNZYmMefony
regenerating an oxidized form coenzyme) in Escherichia coil, a recombinant vector for use in

transformatioR¥FES Brefrared*0153] $Eitsiia @dubiBStriaf@ed AT § BEHHT3fte shbitHe
Shine-Dalgare sequenea {hereinaftes abprevigtechSD-sequente)addest ta- the: initiafion-sitepef the
structural gene, of the Water-producin%[NADH oxidase derived from, Streptococcus mutans, and also

having a newrsto colbhand& Bstisite &dtfed ikt P aftétheBHghial 1615 cBAGR SWas acquired by

the method desecribed-belowv. [0154ny1 eUsingqirimar-dBis extract were analyzed by
(cgeggatcetagggaggtigacaatgagiaagatcoliatigadagc: PEQP. thanol having an optical
purity of 96.7% was produced at a percent recovery of 298%.
[0134]
[1-phenylethanol coxidizing activity measurement conditions]

20 The same as the oxidizing activity measurement conditions
described in Example 11 except that l-phenylethanol was used in
pilace cf 3-chloro-l, Z-propanediol.

[0135]
{Acetgphenone reducing activity measurement conditions]

25 The same as the reducing activity measurement conditions
described in Example 11 except that acetophenone was used in
place of 3~chloro~l~hydroxyacetone.

[0136]
[1-phenylethancl HPLC analytical conditions]

30 Column: manufactured by Daicel Chemical Industries, Ltd.,

Chiralcell OD-H (0.46 x 25 cm)
Column temperature: 25°C
Eluent: n-hexane/2-propancl=9/1

Fiow rate: 0.5 ml/minute

35 Elution time: (R} form-12.2 minutes, (8) form-13.3 minutes.
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is NO:16) and primer-14 (gcatgcctgcagttatcatttagcttt: SEQ ID NO:17), with the plasmid pNTNX
comprising the water-producing NADH oxidase gene derived from Streptococcus mutans, obtained in
Example 8, as th@%g]@late, PCR was performed to yield a double-stranded DNA. This
double-stranded as digested 20 with BamHI and Pstl and inserted to the BamHI and Pstl sites
of the plasmid FSES eohiprismg:therdehiydrogénase geneldenyed friombelulomenas ¢p. (see

W005/123921), whereby the recombinan r pTSCSNX was obtained. E, coil HB101
(manuiactured By T nig Cor o | L o SrCharEa vk o8 G Bhat ectd T sNX
to yield E. colf HBAGI-(pT SGSNX] gar bacteriums tHaltos prodeices two enzymes, the dehydrogenase
derived fram Gellujomanas,.sp..and the \é[g%oducing NADH oxidase derived from Streptococcus
mutans. [0155] 30 (Example 19) Preparation of a vector comprising the NADPH- specific
dehydrogenase genel@erived-fisiCCaRSIHEMagHGTEE and thd NADP+&peefitiglasoseE ° g

dehydrogenase gene-derived fram CGryploGoccus MiguiulatusJOM368 4, and preparation of a
recombinant expression bacterium ﬁZ-enzyme co-producing 35 bacterium) To co-produce 2

enzymes, the: RABPH Speciiie de denased(redudifd Brepiie) dea ot CHitid®hagnoriae

and the NADR+#n specifis ghacaserdetydragenase-derved from €rypiococousqinigutidatiss@mnenzyme
for regenerating a reduced form coenzymeﬁ in Escherichia cojl, a recombinant vector for use in

transformA4tion Wi prafsared {087 ©¢ 1 First, & dBhbRIEPAEY BRECHAVIAG a Xbdl Site and the SD
sequence added 1atheititiationesitesotithecdNADR+aspeacific ithglieose dehygipgenase genenderiyved
from Cryptocogccys uniguttulatus, and alsp havi Hindlll_site added after the stop.codon, was
acquired by tﬁg r%sgtﬂ%jgcdess%i %Eebng\ﬁ.g 6%%%1%%%&- 5?tg%t%gar35g§1§asgjg%%a%§% fatGtcgagoaccg:
SEQ ID NO:18drahprimer-4dp (agthaygtttatttatigeaaacsagcedtytatecadac: SEQ ID 15 NEX18), with the
plasmid pNIGDH:-J3687 comyprising.the NADP+- specific glucose dehydro engse. derived from
Cryptococcug %%'Fgﬁtﬁlaﬁag éBee% Exg%%:\e%l’ gg e feurﬁpl%ji]e}",gﬁ%ﬁuv%lgst lp‘%rforme , Tjgﬁﬁﬁa& fr
double-stranded DNA. (THis doublestrahde s DNA Wasidigedtedawitte Xbal and HindBbarnd insérted to

20 the Xbal aﬂzd Hirpll%gges f the Igmid&;NTSl mprising. the dehydrogenase gene derived from
Candida magno?l%l% (%ee \/ﬂlong1 35 §5inwh§rseb§%é§?gggrﬁgtin%n%q\}g%%? chglél%ewgg 0 \tﬁai%ed. E.
coli HB101 (rhaRufattired sy Takard ShbEo €b. AkdD\Was trahsformeEatith €S 2ée6Hbinadt ¥ector

PNTS1G-J tqq%wi%gvégﬂw&g}dwﬁk@@a@p@&te&mm@r@zpm%@ gpzymes, the
nai

dehydrogenase derived from Ca & magnoriae and the NADP+-specific glucose dehydrogenase

derived fromYypRicdEEUS BhlgRTuRRGS 102871 BE (ExQrhple3bESymipdsss dfhey were
(R)-3-chlgyo-g:.2speapanedial (200 ml of the same buffer solution. After this

cell culture broth was homogenized using a Mini-Read Beader

(manufactured by BICSPEC Company), the cell residue was removed

by centrifugation to acquire 250 ml of a cell-free extract.
[0138]

25 To this cell-free extract, while stirring with a stirrer
under ice cooling, a predetermined amount of ammonium sulfate
was added; the protein precipitated by ammonium sulfate (70-
100% saturation) was collected by centrifugation. The protein
ocbtained was dissolved in 50 mM phosphate buffer solution (pH

3p. 7.0} and dialyzed against the same buffer solution, after which
this was applied to a column of CIM DEAE-8 (manufactured by BIA
Separations Company), previocusly eguilibrated with the same
pbuffer solution, to adsorb the enzyme, and the active fraction
was eluted by a linear density gradient of sodium chloride from

35 0 Mto 1.0 M. The enzyme solution obtained was dialyzed
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enzyme co-producing bacteria were used in combination) Each of the 2-enzyme co-producing bacteria
E. coil HB101 (pTSCSNX) and E. coil HB101 (pNTS1G-J) obtained in Examples 18 and 19 was
inoculated to 50 ml of 2xYT medium (Bacto Trypton 35 1.6%, Facto Yeast Extract 1.0%, NaCl 0.5%,

pH 7.0) steril283 % 500 Ml tdpaeiy Shidguehifsicant Sa6R ot to stakirg ufie 20 for 36
hours. 50 ml ef asllture broths oheackt oktheabeverdesarihett: Et coik 8 BIP Inpd SCSNX) and E. coil
HB101 (pNTSLG-J) was centrifuged, and cells were harvested and 2 suspended in 4 ml of 100 mM
Phosphate b SISO 7 oy DrBBr T TSl of Becat Rt LambASing S phlcr e
above-described ¢ell suspemsien o 2ach vt EerpiltB 16 H TIESAX) and EregitHEDWENTS1G-J),

300 mM potassi h t fer 10 _solutian, fra ic 3-chloro:1,2-propanedial, mg
of glucoseg,) 1 %%J %%A@En%%%n% o?ﬁ%ﬁ%%? v%/?% rgf%%e{n %?2%5%%%% %?%%Igl%%d%v%ﬁ% g.d]jl\gsting
to pH 7 with 3¥ Sodiuih-hydroxide thay wese $eadsteddor 20 hours Mftereomigiation of flsd eaction,

an analysis was perfprmed.by the methad deseribed 25 in Example 4, gnd the pergent recovery and

the optical purity were calculated. As a result, (R)-3-chIoro-1,2-propanediol having an optical purity of

100% e.e. W PrOBUEEd 4t & FeteeAtrbchler) GIO7UH (A5 R OSAERGHIPIE 2 {1 Preparationest a

recombinant yectanempLiaing: heglysrrokdehydrogenase geng derived from Callllomonas sp., the
dehydrogenase gene derived from Candida magnoriae, and the glucose dehydrogenase gene derived

from CrypfocBEUFRRGGtHIAtIS antla PécSbinaRPESEReTthia colf (BBRYHE e 25 Brotiuchiy
bacterium) 7.0 cosproduse emzyraes. the NAR#rspesificdahysirogenase (oxidizingianzyme)
derived from Cellulomonas sp., the NADPHspecific dehydrogenase (reducing enzyme) derived from
Candida maghofige;"&Rd the NADP+-specific glucose dehydrogenase derived 30 from Cryptococcus
uniguttulatus (aniegrizygie for regenerating a reduced form coenzyme) in Escherichia coil, a
recombinant vector for, use in transformation.was prepared. [0160)] First, a doyble-stranded
DNA having an Ec:oI:\E\)flhéﬁé1 a?%ltﬁe%téﬁesgq%%%tgjéo%d%%stostﬁ%iﬁﬁgﬁé{n Elcfe %?ﬂi—:-g § rﬁgﬂjr:aﬁ gene
15 pelyacrylamide gel electrophoresis, a single band was formed.

When this enzyme was subjected to S5DS-polyacrylamide gel
electrophoresis, a single band corresponding to a molecular
welght of 58000 was formed.
[0140]
20 (2} Cloning cf gluccse dehydrogenase
After denaturation in the presence of 8 M urea, the
purified glucose dehydrogenase of the Cryptococcus
uniguttulatus JCM3687 strain was digested with the lysyl
endopeptidase derived from Achromobacter {manufactured by Wako
25 Pure Chemical Industries, Ltd.), and the sequence of the
peptide fraction obtained was determined by the Edman method.
Considering the DNA sequence deduced from this aminc acid
sequence, 2 kinds of PCR primers, primer-5 (gagaagcagc
acaagatyaargayca: SEQ ID NC:5) and primer-6 {(catgtgrgcr
30 agngargtraaytg: SEQ ID NO:6), were synthesized.
[0141]
100 pl cf a buffer solution for ExTag comprising 50 pmol
of each of the above-described two kinds of primers, 800 ng of
chromosome DNA, 20 nmol of each dNTP, and 2.0 U of ExTag

35 (manufactured by Takara Bilo Inc.) was prepared, thermal
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of the dehydrogenase derived from Cellulomonas sp., and also having a new stop codon and an Xbal
site added just after the original stop codon, was acquired by the method described below. Using
primer-17 (aagcc tccgaggttccegtecg: 5 SEQ ID NQ:20) and primer-18

aattctaa a%%ttgacaat )
(ttgcgtctagatt %Fdﬂbaetg]g% gottgar SEQ IBNGH) withhe pladtfid PrSEs compRsingdRé glycerol
dehydrogenasegenederiyetiiomGeltulomonas p. (Sea VMRQ%/12302%) as ih-teraplate; PGR was
performed to yij do -Str, _gd A. This double-./o_stranded DNA was digested with EcoRI
and Xbal and%fé%ﬁgd to t%e é§§§| a%IHXbaﬁ Ssﬁeg%o]?t}t!ﬁéf lﬁiea%ri%apﬂlﬁ §f cgrénb?ﬁé%n%éth‘ﬁéas
dehydrogenaSelyeherdstiviedtiomICandidamigidrize (SeenWwDosio85825yywherebyathe Tecombinant

vector pNTS1GE was.obtained, 15[0161] 3.+ Nt adouble-stianggd-QNA having an Xbal site and

the SD sequence added to the initiation site of the structural gene of the' NADP+-specific glucose
dehydrogenase dérivied! from Cryptococcus uniguttulatus., and also having a Hindlll site 20 added just

after the stop codon, was:acquiregihy. the: methodsdeseriberbhgjow. Lsing REMEEA9e and the
(aagcctctagataaggaggttaacaatgtcgagcaccgaatttca: SEQ ID NO: 22) and primer-20
(ttgcgaagctttté@é&agggcdiﬁ%gﬁgg& §gﬁétl[5aﬂl@5?§§)? wittEthélpasiid PREGEAI=EBTcomprisiig the
NADP+-specifigszasglic0sa slebydeoganasergenesiaries frem Grpiocaonoys uniguitulatusysee
Example 15) as the template, FOR was performed to yield a double-stranded DNA. This
double-stran RNA a%e&8e§%8Wﬂ$?B§P§ﬁ& Fﬁ%ﬁﬂ%ﬂb%%enﬁ@’d%ﬁﬁé‘ Xbal and HindIll sites of

the above-deseritied pdIEIES rwherebydthe Rrecogahinanty entoneN § §1E5G B was-ebtined.
[0162] Using this recombinant vector pNTS1CSGP, E. coll (g,h:}(j ufactured by Takara Shuzo
Co., Ltd.) wa ?r%an%?o%n%%c, t6 tcyie‘fﬁl&?‘?‘:%ﬁ‘?%ﬁfo‘ic(ﬁ\%s%gé rf]g@ié?zy}ﬁrﬁg %o-producing 35
bacterium. [GLB8]hExamsdle 22) Synthesis of (R)-3-chloro-1,2-propanediol (a 3- enzyme co-producing
bacterium and a @fg:@%ed form coenzyme regeneration system using a water-producing NADH

oxidase were s used in‘"combination) The 3-enzyme co-producing bacterium E% coli HB101
obtainedin Example 22 (pNTS1 CSGP) svarcidbetlatsd -0 el oirRxYTemediten ¢BactosErypiom1.6%,

Bacto Yeast Exyact:1.Q%0. NaGl .59, A-Dsterilized ina s0Q, ml capacity Sakagyehi flask, o
JCM3687 strain, pre-cultured using the same medium in advance,
was aseptically inoculated; the strain was subjected to shaking
culture at 30°C for 6 hours. Obtained from the cultured cells

20 using the RNAgents Total RNA Isolation System (manufactured by
Promega K.K.) was 424 pg of total RNA. The total RNA cbtained
was purified using an Oligotex-dT30 column {(manufactured by
Takara Bio Inc.) to yield 4 pug of mRNA. Using 200 ng of the
mRNA obtained, by means of the GeneRacer Kit (manufactured by

25 Invitrogen Japan K.K), a cDNA was prepared by the method
described in the protocol.

[0144]
100 ul of a buffer solution for Pyrobest DNA Polymerase
comprising 2.5 pl of the cDNA solution obtained, 50 pmol of

30 each of the foregoing primer-7 and the GeneRacer3’ nested
primers attached to the GeneRacer Kit (primer-9,
cgctacgtaacggecatgacagtg: SEQ ID NO:10) or 50 pmol of each of
the foregoing primer-8 and the GeneRacer5’ nested primer
attached to the GeneRacer Kit {primer-10,

35 ggacactgacatggactgaaggagta: SEQ ID NO:11), 20 nmol of each dNTP,
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io and subjected to shaking culture at 30C for 36 hours. 50 ml of the above-described culture broth
was centrifuged, and cells were harvested and suspended in 4 ml of 100 mM phosphate buffer

solution (pH 7.0) (12.5 fold concentrated cells). [0164] 151 ml of a reaction mixture comprising 80 pl of
the above- d@ékc)}ib%d%%c%ﬁtr%%@?&%?%kﬂ)&g%gw pﬁ%@ﬁ#&%%%?éoﬁﬁio%%@ﬁﬁg of
racemic 3-chlore-Ir2propanediok 1dA1ng ©f glicoseal me.of NARLibMoekERADEH, and 300 U of

the water-producing NADH oxidase derived from Streptococcus mutans tained in Example 9,
was shakon T EG Rise A1 B0E A WHTE AN L5EH SR S0 ot hytoR e Thg) were

reacted for 2¥doarssfferconibletiort of thel smctionbar @nalysisywas perfoimedrathearnethod
described in le.1, and the percent recovery and the aptical purity were calcula

oo, (R)23-CRBTGL 2 D SRS Ho iR B0 ot eal By O TOOOA & o R st 24 prcen
recovery of 1069610265 MEs@niRe 23 Syhthiesid of (D)L &2-propahédivk (& 8eieyme cipraaacing
bacterium ang.an.pxidized jorm cgenzyme Legeneation 30, systemisingsadaterpradugiag NADH
oxidase were used in combination) 1 ml of a reaction mixture comprising 80 pl of the concentrated
cells obtaine@ M Exaniple 220300 a3 ipiotassium phoShate tiffé songibn, P MG BReateric20

1,2-propanedigl, 40 35 mg-ofiglucase. 1:mg pf NARG -1 mg of NARRH, and 380 UoHhe: ynicn

water-producing NADH oxidase derived from Streptococcus mutans obtained in Example 9, was

shaken irf % tBECILE" R RHE. HhdWHie HafistiAghS pH-2Withys RE_E8RM Afidroxide, they were
reacted for 2% heuts: Aftercompletionof thergactione the: sieaction mixiute-was satiratedwith
amfnonium sulfate and then s_ub'ec_ted to extraction with the additiop of et %%%ﬁagzgg
1,2-propanediof tBHt&nt réfmairi Bﬁﬁ‘fﬁé%%rﬁ&ttwgg‘%%‘éf%aﬁe a ﬁ’arg}é romatdgrApty, and
the percent rechverynwas dalculatac: After 4aflusroacetdationg the-aliorerdéscribed:id prpduct was
oropanecdiol KAAng S Sohcal Baty o1 L0boA & b ot BICEL L & DescBLt ok eny 5 B9 Tolos]
is [Content apalyticairvenditondd CelumneHPES 30uh X 0.829hm bBsmarsufactured &Y Agitent
TeChndOgm%ﬁ%ﬁP%ﬁ%% encodes the glucose dehydrogenase. The full length

base seguence and the deduced amino acid seguence encoded by

the DNA are shown by SEQ ID NC:12 and 13, respectively, in the

sequence listing.

20 101453
(3) Preparation of recombinant vector comprising the glucose
dehydrogenase gene

To express the glucose dehydrcogenase in Escherichia coll,
a recombinant vector for use in transformation was prepared.

25 First, the gene to be inserted in the vector was prepared as
described below. On the basis of the base sequence determined
in the section (2) above, primer-1l {acagacctgcccatatgtcgagea:
SEQ ID NO:14}), which has an Ndel site added to the initiation
coden portion of the glucose dehydrogenase structural gene, and

30 primer~12 (ggacggcgtctagatttactgcaaa: SEQ ID NC:15), which has
an Xbal site added just after the stop codon, were synthesized.

[01406]
100 ul of a buffer solution for Pyrobest DNA Peolymerase
comprising 50 pmol of each of the above-described 2 kinds of

35 primers, 2.5 pl of the cDNA solution prepared in the section
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Detection: FID Column temperature: 70C 20 Injection temperature: 150C Detection temperature: 150C
Carrier gas: helium (150 kPa) Split ratio: 100/1 [Optical purity analytical conditions] es Column:

Chiradex G-PN, (3Q m x 0.25 (manufactured b TEC Company) Colump temperature: 70C
Injection tempe\eérgau?r%]?X%O&%%Z%)%t%ﬁl?&g%%?étu?eﬁ:/(f!s%tgsg a%rigygé}sgzek%iugnﬁ%l%) Iﬁgg)%%ﬁ'tel’atio:
100/1 [0167] wéExamples2dBynthesisof (83d:a2-butemediol (aBenzymesea=praticjng bacterium and
an oxidized fqr, nzyme regenergtion 35 system using a water-producing NADH oxjdase were
used in com%%%%n 1ryg igﬁﬂ gf agfgagt%r? Ir%ftﬁfe %gr%p%fﬁ% it tﬁ%%%%%gﬁtra@e% §é||\§§
obtained in EXaRipi€ 22, 360 M potassiamh posphate buffer selutloihRE0 aigp bt facethioNA

1,2-butanedig!+48:5-m4 of:0hicases 109 of NARE.d Mg of NdRR+.and 300U of theswatersprgducing

NADH oxidase derived from Streptococcus mutans obtained in Example 9, was shaken in a test tube

at 20C, and Wiile-aGuSiTd tpA 7RAth 5 M 86ditRTRVIBRRIB, tHey Werd Feadte @ st B Ro@s. After
completion of:the feagHeN,ABHUCNT (see WO94/03613). The plasmid obtained was

designated as pNTGDH-J3687.
[0147]
10 (4) Preparation of recombinant Escherichia coli
The Escherichia coli HB101l strain was transformed with
the foregoing plasmid. After the transformant cbtained was
cultured in a 2xYT medium (Bactoc Trypton 1.6%{(w/v), Bacto Yeast
Extract 1.0%(w/v), NaCl 0.5% (w/v), pH 7.0) containing 50 pg/ml
15 ampicillin, cells were collected by centrifugation and
suspended in 50 mM phosphate buffer solution (pH 7.0), after
which they were homogenized by sonication to vield a cell-free
extract. This cell-free extract was treated with SDS and
subjected to SDS-polyacrylamide gel electreophoresis; as a
20 result, a band of the enzyme protein was identified at a
pesition for a molecular weight of 58000.
10148]
The recombinant Escherichia celi obtained is called
Escherichia coli HB101l (pNTGDH~J3687). Escherichia coli HB101
25 (pNTGDH~J3687) has been deposited under the accession number
FERM P-20374 with the Internaticnal Patent Organism Depositary,
National Institute of Advanced Industrial Science and
Technology ({(IPCD: Central 6, 1-1, Higashi, Tsukuba, Ibaraki,
305-8566) (Depositicon date: January 21, 2005).
30 [0149]
(Example 16) Synthesis of (R)-3-chloro~1,2-propanedicl {(an
oxidized form coenzyme regeneration system using a water-
producing NADH oxidase and a reduced form cocenzyme regeneration
system using the NADP+-specific glucose dehydrogenase derived

35 from the JCM3687 strain were used in combination)
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ro analysis was performed by the method described in Example 23, and the percent recovery and the
optical purity were calculated. As a result, (S)-1,2-butanediol having an optical purity of 100% e.e. was
produced at a percent recovery of 98%. [0168é 15 (Example 25) Synthesis of (S)-1,2-pentanediol (a

~ 3-enzyme co-producinghatrimt Afbh 6xdizedroh cb‘%‘fﬁéﬁ%”@%@%?at%%%s?é‘r%%ﬁg a

water-producisigeNARHioXidase averedised mcombivatior):kmlof ageaglion Mixture COMRESNG.S0 ul

of the 20 congentrated cells obtained jn Example 22, 300 m14 potassium phosphate huffer solution, 10
mg OE racem%’ C%—%e%cffa\f%%?&, EO g B EE’CO S,Ci%ﬁ8?&%0%‘1“?%‘@%#@0&1{6’%@ 3654 of the
water-producihgsNABH bxidase tetiveddrom Stieptocdcqus Mmitamspobtainetnn &xanple 9Q; weas

shaken in a test tub 20C, and 25, while adjusting to pH 7 with 5 M sodjum roxide, they were
reacted fof 2 fﬁ%u%.%@tber%%rﬁﬁgﬁgr% %IV tt%%‘:e%% |8ﬁ l ariﬁa?lgll%?stw er#o?ﬁ%b&%ﬁethod
described in Ezdmple23 cartbtheepdre@nbrecovetyr afid dhad dptical purity weéed catcufated. AS a result,

(S)-1,2-pentangdi [ IC ' 0,100% ¢. rodu ercentrecovery of
96%. [0169] ?gga?hhggﬁ%%r%%}és%%#{i )-Q:L%Z%-héigar{%(}jgicis él%&e%%mgsgo%fggdcir%l acterium and

an oxidized fO/PHEEIEHAARE rByerferalion systent Bsinifad WatecprobiuEirRPNADH a%idasevere used in
35 combination): s wadl mkghasraction mixturg comprising8QR! gftheconeeppated cellsqhtained in

Example 22, 300 mM potassium phosphate buffer solution, 10 mg of racemic 1,2-hexanediol, 40 mg of
glucose, 19m§oFRATS+ SERMFEPRARTRS a0 U of the 5 water-producing NADH oxidase derived
from Streptococcusimutans obtained in Example 9, was shaken in a test tube at 20C, and while
adjusting to pH 7 with 5 M sodium hydroxide, they were reacted for 5 hours. After completion of the

reaction, an analysis Was péHorthed By the ethed dEScBPin S aApiY 23 drithiertent
recovery andgthe epltieakprity fiverecalciated, Asa fresultf (Shtd-hexanedioldaying an optical purity

of 100% e.e. was argggge at g p(?nrcercl>ti_re(:ﬁ?i\ﬁ((a:ra/S%]c 9%’{()%21&0] %%iam L? 27 % nthesis of
(S)-4-methyl-}i,rf- &ntanediol (a13- sgenzyn% CO-producing dcteri %%@ an oxidizedFofth coenzyme
regeneration $gstem usingla watersproducinglNABH oxiclase iverewsed=in combkinatien)ty) b#nl of a
:)eoetlggga MiECRRBIngA0: Lt ofihe sencentiated eells ahiAINgd I, SXAmPIea8, 300 Mo
Cellulomonas sp. obtained in Example 11, 300 U (as 3-chloro-1-
hydrozxyacetone reduction activity) cof the NADPH-specific
dehydrogenase {reducing enzyme) derived from Candida magnoriae,
20 300 U of the water-producing NADH oxidase derived from
Streptococcus mutans obtained by the same method as Example 9
(an enzyme for regenerating an oxidized form coenzyme), and 50
U of the abcocve-described NADP+-specific glucose dehydrogenase
derived from Cryptococcus uniguttulatus JCM3687 (an enzyme for
25 regenerating a reduced form coenzyme), was shaken in a test
tube at 20°C, and while adjusting to pH 7 with 5 M sodium
nydrcoxide, they were reacted for 20 hours. After completion of
the reaction, an analysis was performed by the method described
in Example 1, and the percent recovery and the optical purity
30 were calculated. As a result, (R)-3-chlorol,Z-propanediol
having an optical purity cof 100% was produced at a percent
recovery of 96%.
[0151]
{(Example 17} Synthesis of (R)-3-chloro-1,2-propanediol {an

35 oxidized form coenzyme regeneration system using a water-—
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20 phosphate buffer solution, 10 mg of racemic 4-methy1-1,2- pentanediol, 40 mg of glucose, 1 mg of
NAD+, 1 mg of NADP+, and 300 U of the water-producing NADH oxidase derived from Streptococcus
mutans obtained in Example 9, was shaken in a test tube at 20C, and while adjusting to pH 7 with 5 M

sodium 25 hydro: Hg}ﬁ%ﬂﬁ&% EELEEPfor Fh GurS S ARER Cor PRt ST hE T a oIt At At Sis was
performed bysthetraethaoet describedinExanple 23; andtheqereentgegaveryandthedepticat gurity

were calculatgd. As.a res -4-methyl-1,2-pentanediol having an optical purity of 81.3% g.e. was
produced at ag 58%&%&#%%%?3?}/ osf%fd%]f%. fb%}?ei] U(%%(é)mlprfeﬁ yﬁ%wttels SIE) of %aC%lon A
(S)-1-phenyl-dy2-ethanedidlzag- lenzyme co-producing bacterium and an oxidized form coenzyme

regeneration system ysing g water-p | H, pxidase were.35 used, in.combination) . 1ml
of a reactign mixture comprisirfgE 88 &%%fﬁé%ﬁfggﬁfg%g? celcfgn obtained ir:Eli @aﬁ@plé} Saia 020L i
potassium phosphate baffergalation, o0 ngrof, racénic dpharndml 2- tianedini-40 Ing of glucose, 1

mg of NAD+, 1 ma.of NADP+, A §90glieézrgeewaﬁez-a{g_d%inﬁph!ﬁ%%xiﬂg%96{&X%%ir9m _
Streptococcus mutans obtained in Example 9, was shaken'in a test tube at 20C, and while adjusting to

pH 7 with 5 M §B8iuh hgarokide tREY Wwets PeSEBEIEE 27 hotisl akHerconmFletanm v tve rédetion, an
analysis wasperforaeddy-the samednethodas. todaseripeddn Example 23(coptent anglysis:

column temperature 150C, optical purity analysis: column temperature 80C), and the percent recovery

and the dfticaPpdrity WereccalERateth PR FESUID (8112 - ey 1o e faredlidh NG an bptical purity

of 93.3% e.e1was produced at-ampereet 7eegverny 0f 10006501 A2)- (Example:29): Synthesis of
bacterium and an oxidized form coenzyme

(S)-4-phenyl-1,2- iol (a 3- enzyme co-producin y
regeneration %}f/gtehﬁé%%?gbsg Wa?tgﬁﬁro%%?&’r?gr RADH %%id%%%&r’enl%e%“iﬁ%biﬂ%ﬁéﬂf%f hidf a
reaction mixtaeehiniprigingB30-pkef, thegmhtentrated-eellswabtaineshindampl e B0 se

potassium phaclg,lg_){l@te buffer s%!%tlon, 10 m%(})%f racemic 4-pr113eﬁna}/i1-l, - brlfta%?dlol, 40 rén%gf%gllucose, 1

mg of NAD+, 1 mg 8PN Jf)%ut an“taegdi?ﬁoo gv{/nél[g‘ra-%‘?o ucmg]&ﬁ\ bxidase deri 125

Streptoceccussmiitersrolstaihetkin Exarnple 3 avas shakerrinta testdubeat 20€edndavhile adjusting to
pH 7 with 5 W sadim bydraxide. {hgy were seqgled (an21.haurs. After somplglian of the reaction, an
escri [

analysis was perforied by the same method as ed in"Example ﬁ:ontent analysis: column
temperature 8680C: Tpticarpdty dredy sie ol Winprémperatuse 115Gy tandl tioperEeE fécovery

and the optica},purityauere.calpulated, As.a fesult, £3)-4:) yé-ll%og?gﬂ%%w&g ggoptica'

purity of 100% e.e. was produced at a percent recovery of 97%. [0173] 35 (Example 30) Synthesis of
(S}S%ﬂﬂomr%ﬁgﬁ%ﬁaﬁgﬂﬁﬂXénan enzyme for regenerating a reduced form

20 coenzyme)}, was placed in a 250-ml capacity small incubator
(Mitsuwa Rikagaku Kogyc Co., Ltd.), and while adjusting to pH
7.5 with 7.5 N scdium hydroxide agueocus solution, they were
reacted at Z0°C under conditions of aeration (1 vvm) and
stirring (900 rpm) for 34 hours. As a result, (R)-3-chloro-

25 1,2-propanediocl having an cptical purity of 100% was produced
at a percent recovery of 96%.

{0152]
(Example 18) Preparaticn of a recombinant vector comprising the
NAD+-specific dehydrogenase gene derived from Cellulomeonas sp.

30 and the water-producing NADH oxidase gene derived from
Streptococcus mutans, and a recombinant Escherichia coli (2-
enzyme co-producing bacterium)

To co~produce Z enzymes, the NAD+-specific dehydrogenase
{oxidizing enzyme) derived from Cellulomonas sp. and the water-~

35 producing NADH oxidase derived from Streptococcus mutans {(an
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oxidized form coenzyme regeneration system using an NADH oxidase and a reduced form coenzyme
regeneration system using an NADP+-specific glucose dehydrogenase were used in combination)
5Each of E. coil H3101 %)TSOB) FERN BP-10461 and E. coil HB101 (pNTGDH-J3687) FERN
P-20374 (see EXaMble 18) WS clftared ising A S%Y Fhistium BActS TR/PIBR 1.69, Bacto Yeast
Extract 1.0%,3%a@# 0i5%; pH-6.0) coatateing-thpg/mbarapicing anducellsimere harvested, after

which they were sus 8?;95_ ﬂgr%ovgarQM Ilg%)%t_)gggate buffer solution (pH 7.0). Thereatfter, the cells

=] - . .
were homogenlzedsby sonication using a model ultrasonic homogenizer (manufactured by SMT
Company), and thé homogenized residue was removed by centrifugation, to prepare the NAD+-

specific defydrogenape derived fmengbactivipiand e spNA0EssRegl glusre o
dehydrogenase derived from Cryptococcus uniguttulatus. [01741 1 m?o a reaction mixture
comprising 360 i porassitmplissphats Bufféessivtion Lo nipbiacéaiie 3-cloroz¢ize rree )

propanediol, 11480 ef.glucesel Mg, of NADS J-mg:of NADPH. {1 (a3 3-chigro-1,2-pigpanediol

oxidation activity) of the foregoing NAD+-specific dehydrogenase (oxidizing énzyme) derived from

Ochrobactrurti 3p& %00r0as Behidrddhyeirodittsiie iethittibh Aetivity) bt 1R NAD P HugEEeHie 25
dehydrogenase dregusimanaynehdervedsfrom Rhadatoswla glutinis obtained injkxample 44, 300 U
of the water-producing NADH, oxidase derived from Streptococcus mutans obtained in Example 9 (an
enzyme fot rtéagﬁatr%’fagﬁ?ﬁ3 aRoXidizéd fHhPEo&ARRe), Whd 5 GURE 1Gréghblify KB specific
glucose 30 delaydrogenase derived from Cryptococcus uniguttulatus (an enzyme for regenerating a
reduced form coir&zg/ﬂ ), was shaken in a test tube at 20C, and while adjusting to pH 7 with 5 M
sodium hydroxide,t ere reacted for 29 hours. After completion of the reaction, an analysis was
performed by the 35 ihethad deseribedLiin Example 1, and the percent recovery and the optical purity

were calculated, As a result, (S)-3-chlorol,2- propanediol having an,optical purity 2% e.e, was
produced at a? %grcc%%ﬁggovae%g%?%%gﬁ&f %%(%%mapalg qi‘f%%gﬁ Qe%%gfgﬁ%gf-bg%ggé§an oxidized
form coerJ\_Zer@ ré@én@r_ado@s'yﬁtem héin@m%m@s@@@&té@%ﬁbrnﬁ&@emmg .
regeneration gysteq) usipg.an %P%ﬁ'a%&'%%?ﬁﬂs%gﬁg%ﬁ@%gaﬁ%%"%&&%@f%‘?oc&{@i'ﬂ tion) 1

ml of a reaction mixture comprising 300 mM potassium /o phosphate buffer solution, 10 mg of racemic
2-pentanol, 407§ ot glicose, 39n§ ofNAD+A Apof RADRY, ruqas 3-chibrerd2-ropanediol

oxidation actiyity kofthe NABR:+-specific.dehydrogenase (axidizing erizygie) derved from Ochrobactrum

sp. obtained in Example 30, 100 U (as 3-chloro-1-hydroxyacetone is reduction activity) of the

NADPH-spedfiiafydibgBRISE (redticing A%y Hey @é fved- FiaRFCan&idA Miagn8aas sbesined in
Example &1, 3081 ek therwater-producingNAREL@xidase detived from; Streptpeaseds Mutanss ¢

obtained in Example 9 (an enzyme for regenerating an oxidized form coenzyme), and 30 U of the

NADP +- the plasmid pTSCS comprising the dehydrogenase gene derived
from Cellulomonas sp. (see WC05/123%21), whereby the
recombinant vector pTSCSNX was cobtained. E. coli HB101
(manufactured by Takara Shuzo Co., Ltd.) was transformed with

25 this recombinant vector pTSCSNX to yield E. coli HBLO1
{(pTSCSNX), a bacterium that co-produces two enzymes, the
dehydrogenase derived from Cellulomonas sp. and the water-
producing NADH oxidase derived from Streptococcus mutans.

[0155]

30 (Example 19) Preparation of a vector comprising the NADPH-
specific dehydrogenase gene derived from Candida magnoriae and
the NADP+-specific glucose dehydrogenase gene derived from
Cryptococcus uniguttulatus JCM3687, and preparaticon cof a
recombinant expression bacterium (Z2-enzyme co-producing

35 bacterium)
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25 specific glucose dehydrogenase derived from Cryptococcus uniguttulatus obtained in Example 30
~ (an enzyme for regenerating a reduced form coenzyme), was shaken in a test tube at 20C, and while
“ adjusting to pH 7 with 5 M sodium hydroxide, they were reacted for 2 hours. After completion of 25 the

reaction, the reaction'pgtodGcBwaS A naVZ et R e sarmd tndthod Essieschibed if EXaiTne 9@ 8ntent
analysis, opticakpuity qadsismeojuma termperature. 306 handthe-pereentiecovery: aad the optical

purity were calculated. As a result, (R)-2-pentanol having an optical purity of 100% e.e. was 30
Drodiced at FRERT e Vacy BF 1005 TGTHET (BRI 9 Sy B SRS SoSK i rethanol (an

oxidized formuenenzymel eegenetatior:systea tising mryNARH: oXitdase anebiateducstform coenzyme
regeneration sg{sat%n uei g.an %I?(%Fg 3 J§%/?cifi nguca?se de%{o%%gsve were used in comlt_)ii,lnation)
m Si uffer

5 Ci co I‘%CO eCTor Ci]b use .
1 ml of a reaction mixture Comprising potassium phosphate solution, 10 mg of racemic

1-phenylethahok49Tmyrofiglycosez 4 mygafdNAD+, 1 mg of NADP+, 7 U (as 3-chlorol,2-propanediol
oxidation activity)[ @itﬂ_}e} NAD+-specific 5 dehydrogenase (oxidizing enzyme) derived from
Ochrobactrum sp. obtained in Example 30, 100 U (as 3-chloro-1-hydroxyacetone reduction activity) of

the NADPH-specific déiiffrogénaserédusingastythdtderivediffemaCandida nsdgiforiiecobtated in
Example 11, 39044 of, the-waletrqducing NARE: oxidase detved /o, from, gtigREgeoceus muytaps

obtained in Example 9 (an enzyme for regenerating an oxidized form coenzyme), and 30 U of the

NADP+- pedifie GREDsEHEHYaArsTeInRe dSiRdireh CH ptdcdtchis inigRFtiS obtained in

Example 30 (g@hepzyme: forregeneratingsa reducedformicoenzyme)was shaken inra dest/adube at
20C, and while adjusting to pH 7 with 5 M sodium h)édroxide, they were reacted far 2 hours. After

completion oftHateaeioi ar' dRafsRWAE Pehbrmhal BYahe et desifibel St B%amp&ts and
the percent recavesy-and the epticabpurily averecatcidatest Ass resulic R 4-phenyletbanal :neing an
zo optical purity of 99,7% e.e, was produced at a percent recovery of 98%. [0177] (Example 33)
Symhoors of (1R NBhE 40! (BT DRREA B o Sy AE RSt &S (ing S AT
oxidase and #25r2fuced fornt teepiyrar rdgenaralisn 3ystm usimgrars NADRhespedific-glucose

dehydrogenase wer .usedlin combigafit?%mgfel ml of a reacéion.mixﬁtlur com isin%goo mM

potassium ph%%%ﬁé & bu eruscocfﬁtef’on,e r%%gr%ig?[%?but%ﬂle‘é?o , o ?ng o] é/lﬁcoscé),clc%gg of

NAD+, 1 mg oﬁmmgmm(as @ehlo@&@l@-bﬁpmd@&)mmﬁcﬂimtyﬁﬁf thesNAD+-specific
dehydrogenase (pxifizing epzyme) darived from Ochrobaciim sp, obtained inyExample 30, 100 U (as

3-chloro-I-hydroxyacetone reduction activity) of the NADPH-specific dehydrogenase (reducing

enzyme) derigéd Hiohe Caitida afaghoviag ifairetlin B5aExamglein B0 Uagidhé weaesit grbdueing
NADH oxdase.deryetr and HindIII sites of the plasmid pNTS1 comprising the

dehydrogenase gene derived from Candida magnoriae (see
WC98/035025), whereby the recombinant vector pNTS1G-J was
cbtained. E. coli HB101 (manufactured by Takara Shuzo Co.,
Ltd.) was transformed with this recombinant vector pNTS1G—-J to
25 vyield E. coli HB1O1l (pNTS1G-J), a bacterium that co-produces 2
enzymes, the dehydrogenase derived from Candida magnoriae and
the NADP+-specific glucose dehydrogenase derived from
Cryptococcus uniguttulatus.
[0157]
30 {Example 20) Synthesis of {(R}-3-chlorc-1,Z2-propanediol (2~
enzyme co-producing bacteria were used in combilnaticn)

Each of the Z-anzyme co-producing bacteria E. celi HB1D1
(PTSCSNX) and E. celi HB1IOL (pNTS1G~J) obtained in Examples 18
and 19 was inoculated to 50 ml of 2xYT medium (Bactoc Trypton

35 1.6%, Bacto Yeast Extract 1.0%, NaCl 0.5%, pH 7.0} sterilized
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from Streptococcus mutans obtained in Example 9 (an enzyme for regenerating an oxidized form

coenzyme), and 30 U of the NADP+- specific glucose dehydrogenase derived from Cryptococcus

- uniguttulatus obtained in Example 30 (an enzyme (g_?r 5 regeperating a reduced form coenzyme), was

shaken in a teést tﬁbgéépﬁé SRbEHile agj"i%ﬁ%lf EJH‘J%%?IE SR sGHBATHYGOxidR, e/ Ware

reacted for 8 hobrsaAdtes coripletion of ite reaction, advandlysis was-peramraed by the sretbadn

described in Exa 1Qle 4,band the percent recovery and tical_ purity io were, calculated. As a result,
g ablve c?es 8D CF%?.] (é/gzl Iligei 89 jg}'ugcaé%}!g@ and

(R)-1,3-butanediol having an optica purﬁy of 76. e.e.wasp a perce t réco ry of 70%.
[0178] (Examipte-84) Praparafion of adecemiinani weetor contprisiigd thevé5alehydrogenaseagehe

derived from Qetyahagiin sy the dshydipoenasggang deivad.iom,Rugdoipida giuinis, ajd the

glucose dehydrogenase gene derived from Cryptococcus uniguttulatus, and a recombinant
Escherichia coil (8téf/2yme co-producing bacterium) 20To co-produce three enzymes, the

NAD+-specific dehydrogenase @X&d&é@_@f&%yﬁ@{i&ﬂgeg&m%}@b%ﬁ@ SPe the apove-

NADPH-specific dehydrogenase (reducing enzyme) derived from Rhodotorula glutinis, an

NADP+-specitisit EfydrogBAREE Befive® frofif Erystbcdecuzrdrighiftdtus! @PSES EAYyme for

regenerating a¥g@deced-form geenzymelirckscherichisgoila ecomnpinant el fior usein s e
transformation \gas %?ar%d.égl?%First, a double-strgnded DNA having a BamHI site and the 30 SD
sequencéaddé initiatichsife ofthe Shrittaral GERE SF the? dBAYIHOGEAASE defivéd AT
Rhodotorula glutiniss and ialee; havingraaewsstap todgn andian Xbal site adeed just aftes the eriginal
stop codon, was acquired py the method described below. Using sequence primer-21 35
(aagccggatcc?é%&ggdbtga caat &g‘ﬁ%ﬁ%ﬁaﬁéﬂ&&tﬁ%%% P@§:é74)wéh3p imersEsitum
(ttgcgtctagattagticeacggeacggiottge: SEQ4BDNOR 5 pwith Gthe plasmid pRTIKS complising-thes £
dehydrogen ived fr otorula glutinis (see W003/093477) as the template, PCR was
performed tﬁ/%lgd%ag %E’L%ﬁrg’tra%%e%gl%%x% ﬁ%ﬁoﬁ%&i‘ﬁ“ﬁé@%% \(?vansledtltélgsci‘eé[1 %v)siﬁmrégem | and
Xbal andzinséitedirtielBamH|ar@ Xbal sitesefthe plasmigpTSOB ¢omprsingahé dehydmgenase

gene derived, fragm Qchrahactrum spx(see Fi ), wheyel 6 recombinant vector pnTSOBRG was
obtained. i0[0180] Next, a doublé%tr%nﬁ%%%%,& hgﬁng%g% lega‘l Cgltn% 'agnoB t %%%g%%%%gnce added

to the initiatioPPSiteSf the stRick@ial gBHE bF the NADRE- speéificviidc dsecdetsiitiogénaseodar@sd: from
Cryptococcus HRigwttulatys, andkalso having an Sphl site added 15 just after the stop codon, was
acquired by the method described below. Using the foregoing primer-19 (SEQ ID NO:22) and
primer-23 (ttgogd@éta8&actgcaaaccagccgtgt:SEQ ID NO:26), with the plasmid pNTGDH-J3687

comprising theeNARPespegifie ghycoserdeflydigyenase-aens derved For CryRippeacisgnigUttulatus
(see glycerol dehydrogenase gene derived from Cellulomonas sp., the
dehydregenase gene derived from Candida magnoriae, and the
glucese dehydrogenase gene derived from Cryptococcus
uniguttulatus, and a recombinant Escherichia coli (3-enzyme co-
25 producing bacterium) |
To co-produce 3 enzymes, the NAD+-specific dehydrogenase
(oxidizing enzyme) derived from Cellulomonas sp., the NADPH-
specific dehydrogenase (reducing enzyme) derived from Candida
magnoriae, and the NADP+-specific glucose dehydrogenase derived
30 from Cryptococcus uniguttulatus (an enzyme for regenerating a
reduced form coenzyme) in Escherichia coli, a recombinant
vector for use in transformation was prepared.
[0160]
First, a double-stranded DNA having an EcoRI site and the

35 5D sequence added to the initiation site of the structural gene
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20 Example 15) as the template, PCR was performed to yield a double-stranded DNA. This
double-stranded DNA was digested with Xbal and Sphl and inserted to the Xbal and Sphl sites of the
above-described pTSOBRG, whereby the recombinant vector pTSOBRGGP was obtained. Using this
recombinant vécton 254sTSOBREBGRs E. deli HED| fmemufaeidreddnoTalkarstShuzn€oz Itd.) was

transformed, 10 yield the 3:enzyme.co-praducing bagterium E, coil H340I(PTSOBRGGP). {0181]

(Example 35) Synthesis of (S)-3-chloro-1,2-propanediol (a 3.30 enzyme co-producing bacterium and a

water-produchig-SINBH oxfeizeGRsieusethin cotibinaEien PYhé BeeAn/he Godsibaéing baeteiin E.

coil HB101 (RESQBRGGR) phiained inExample 34 yas inosulated 10 5O kol o 24T mediurg (Bacto
Trypton 1.6%, Bac%o east Extractq 1.03/, ISGIaCI 35 0.5%, Iég&?.O) sterilizgd ir?fgaS%% mli ggﬁfﬁ#ﬁ

Sakaguchf flagkl drit SGijelredisHakimFEdltdte at 30C for 36 hours. 50 ml of the above-described
culture broth wasceentrifuges: and celis were fprvested an:suspendediin 42ml of 400 mMMiphosphate

buffer solution (pH 7.0) (12.5 fold concentrated cells). [0182 1 ml of a reaction mixture comprising

cells). [0182]
80 pl of the aBOYETHESCHBEH ConCBRtFaet EeI5 506 WA HotassiGmpHsEpHate BuBEPSolution, 70 mg
of racemic 3-ghlored2-propanediak: 1 sng.of NART, 1 meokiNADPLIII0Q Y eftbetemplate,

water-producing, NADH 30 oxidase.derived from Streptqgcoccus mutans obtained jn Example 9, was
shaken in a tes u%%sat%%go%%ev%hﬁéj agﬁﬁg%?o %%F%%thszmggg%jmgﬁ%drom &,%h f/g\l/v%e%
reacted for 2% hoersicAftentompletion of Hieerbactioh, anaRalysiziwas performetripeathesmetirod

described in Example 1,.an ent recovery is the optical.purity were calculated., As a result,
(S)-3-ch|or01,2-pror§:§)nemdio%1%]\‘/§i<hggs %Cn onb{t%gl gérité%% 9%%0%%85 gggpl{rogﬁéﬁgf étsal%%rgéln% recovery
of 100%. [0188h({Ekanyste 863 Preparationiofedretonbinantdadtoregmprisiag tHe 20 glycerol

dehydrogenagggenesdeyived from.Gellllomonas sp.the NabH axidase geng flegived from

Streptococcus mutans, the dehydrogenase gene derived from Candida magnoriae, and the glucose
dehydrogenad@ getieederived from Cryptococcus uniguttulatus, and a recombinant Escherichia coil
(4-enzymg co- 25pradycing bacterium) To co-produce 4 enzymes, the NAD+-specific glycerol
dehydrogenase derived from Cellulomonas sp. (oxidizing enzyme), the water-producing NADH

oxidase derived from'Stéptofo U mhetans (irFENzyME IErédRReARtingRaT oRitliZe dPfofm<Eenzyme),

SD seguence added to the initiation site of the structural gene
of the NADP+-specific gluccse dehydrogenase derived from
Cryptococcus uniguttulatus., and alsc having a HindIII site

20 added just after the stop codon, was acquired by the method
described below. Using primer-19
(aagcectctagataaggaggitaacaatgtcgageaccgaattitca: SEQ ID NC:22)
and primer-2Z0 (ttgcgaagcttttagggaagcgtgtagecac: SEQ ID NO:23),
with the plasmid pNTGDH-J3687 comprising the NADP+-specific

25 gluccse dehydrogenase gene derived from Cryptococcus
uniguttulatus {see Example 15) as the template, PCR was
performed to vyvield a double-stranded DNA. This double-stranded
DNA was digested with Xbal and HindIII and inserted to the Xbal
and HindIII sites of the above~-described pNTS1CS, whereby the

30 recombinant vector pNTS1CSGP was cbtained.

[0162]
Using this recombinant vector pNTSIC3GP, E. coli HB101

{manufactured by Takara Shuzo Co., Ltd.) was transformed, to
vield E. coli HBLO1 (pNTSICSGP), a 3-enzyme co-producing

35 bacterium.
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30 the NADPH-specific dehydrogenase derived from Candida magnoriae (reducing enzyme), and the
. NADP+-specific glucose dehydrogenase derived from Cryptococcus uniguttulatus (an enzyme for
regenerating a reduced form coenzyme) in Escherichia coil, a recombinant vector for transformation
was prepared. 35{0183] First, a double-stranded DNA having a Hindlll site and the SD
sequence added 19 the injigtios site.akthe structural gepg 0f the waser-producing: NADH, oxidase, and

also having a new stop codon and a Hindlll site added just after the original 5 stop codon, was
acquired by tRBWBR ot HESERBEE befow 205t a o Afifth o nBH<yniirsticisifeFS §himEIe24
(aagccaagotttaaggagaitaasaatgpgtasaategtiajtgl SEQIDNQRA) and PHMEr22i dase were
(ttgccaaaataagtttctcatagcttt; SEQ ID NO:28), and a combination of primer-26
(aaagctatgaghadtttaftt GGt SEG B0 NO:29) and primer-27 (ttgcgaagottttatcatttagottttaatgctg:
SEQ ID NO:30), withThe plasmighpld TNX-goragptisingdhe avader-produsing-NADH BXTRSEe gene as the
template, PCR was performed to synthesjze double- ded DNAs (c) and (d), respectively.
Furthermore,CF)Eféal‘lr“ﬁ?‘gjL eed fo%gggfﬁ%m rllﬂrre?e%S 6 @%‘g% ; 93"3rs1d Jl%otﬁzé%rgeéggoiﬁé) p%%enrl-flé) fCSEQ ID
NO:22), with 2miktueddfithe gbublessranded DNAS §6) ahua-(d) dbtained Bbovess thedgmplate]l FOR

was perform ) yield.a.double-stranded DNA. The fragment obtained was digested with Hindlll
and inserted?g" Eﬁ)e’ H?%{dllféﬁlg o?%?e% ;b(ilalsﬁ pjl\rlll'glgggﬁngeggr%ae%li%%)%grﬁﬁ%ufﬁj“zog v%%%r]t{éby the
recombinant ¥ectos PNESEESGEN X weasiobtamedt Wsing this f8Cormbinaht veotor pPNTSLCSGPNX, E.
coil HB101 was trapsfamed. g vield the 4-enzume copproducing bacterium £, 6ol HBIOL o1 3
(PNTS1CSGENX). [0185] 25 (Example 37) Synthesis of (R)-3-chioro-1,2-propanediol (a 4- enzyme
co-producingsat@efidfisstedd athe ussiiAyaTslcédpréddeing bastdliuml EokeRHBIGL buffer
(PNTS1CSGENX):ontained:in £xample 365was inpculated 1o 50:mhot-2xY & medium (Bacto Trypton
1.6%, Bacto Yeast Extract 1.0%, NaCl 30 0.5%, pH 7.0) sterilized in a 500 ml capacity Sakaguchi
flask, and subjecii@& % Jshaking culture at 30C for 36 hours. 50 ml of the above-described culture broth

of each ofsE. coil HB10% {p B3CENAndibncen HBLQL (INFS16tIwas centrfuged.angd.eelis-were
harvested angﬁsf;s ended in 4 ml of 100 mMé)hosphate 35 buffer solution (pH 0186] 1 ml of

7.0).
a reaction mixfiiFE CORTSHSTHG T30 bf F fife &hoves desdibel srspetsion Bs E.h(?c'):’ﬁ’%ll% ppoutter
(PNTS1CSGEMX)cetlls, 300 mivd pofassidrrphosphate butfer salutiampéh g efiracemic 3 505
chloro-1,2-propanediol, 114 mg o se, 1 mqg of +,and 1 mg P+, was shaken in a test
tube at 20C, %%aﬁvoﬁiee’a julsnt%gogo%(f%wnﬁ 5 g/l gc%%%%fdro%fé%, %Se@l Weroefr(géajlhc?ed’] for20 hours.
After completiore ot thenrpadliDH, ax atdabsisiwas pedfofmed hytthepnethod-describes:ia Example 1,

?S)d ?Tfhllg?%%%z rg Jrecaver d the %ptlé:al_ gurltyS ere calculagedt. ébg,ta fes uelt

-propane%llol %%%lan optlcglspurl f}l or100% &.e-Was pro uégé a% %DSérc%IﬁFrecovery
of 95%. [018F¥ 1 W araparative ExamplE 1) Syrithesishof $RYESwhloroct2x I8lpropgdredicidoxridative
reaction) reacted for 21 hours. After completicn of the reaction, an
analysis was performed by the method described in Example 1,
and the percent recovery and the optical purity were calculated.
25 As a result, (R)=-3-chloro-1,2-propanediol having an optical
purity of 100% e.e. was produced at a percent recovery of 100%.
[0165]
(Example 23} Synthesis of (8)-1,Z-propanedicl {(a 3-enzyme co-
producing bacterium and an oxidized form coenzyme regeneration
30 system using a water-producing NADH oxidase were used in
combination)
1 ml of a reaction mixture comprising 80 pl of the
concentrated cells obtained in Example 22, 300 mM potassium
phosphate buffer sclution, 10 mg of racemic 1,2-propanediol, 40

35 mg of glucose, 1 mg of NAD+, 1 mg of NADP+, and 300 U of the
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1 ml of the cell-free extract of E. coil 1-B101 (pTSCS) obtained in Example 2, 10 mg of racemic
3-chloro-1,2- propanediol, and 35 mg of NAD+ were added to a stoppered test tube, and while
adjusting to pH 8.0 with 2 M sodium hydroxide 20 aqueous solution, this mixture was stirred at 30C for
92 hours. Afteetempletionusfihe réacibre aidasaysis WaspedaeieFby thid samecmetiiodas s

Example 1; as,a tasult the, peesnt recayery, was 6%, anq the, oplical pLity. was 45,620 e,(R).
[0188] 25 (Comparative Example 2) Synthesis of (R)-3-chloro-1,2- propanediol utilizing the NAD

regeneration‘apabiliirorEsdherichia B6il fortégenerdfingsh-sRidizederhtdenzime (Exidative
reaction) 1 mj-gf the-culttge brothef fz.<coil HBIOL (pd5ASK30abtained in Exampied ang.t0 mg of

racemic 3-chloro-1,2- propanediol were added to a stoppered test tube, and while adjusting to pH 8.0
with 2 M sbditff Ry droxide E§He6uL 8SlufiGh YR fitkttire WaS et it sUE f6'62 RodhstAfter
completion okthereactian-an analysistwas petformetdysthei3s same inettioghas Compasative e
Example 1; as a result, the percent re overy was 41%, and thehoeg)tié:}a{lc%ur(i:tg was 99.8"/3 €8 ((iR).

[0189] (Compa ative EXample” ) §)9ﬁ’t 88is o%?ﬁ?—ji}%ﬁ%rol-ﬁ,zt propane&ol ufﬁ%%ngagﬁ a¥n|%o acid
dehydrogendsg faubirégenmgrating arhaxidizeddorpicpenzyniet(oxidative seactior) dvent of theescell-free
extract of E. cali HB101 obtained in Example 2 (pTSCS),,10 mg of racemic 3-chlaro-1,2-propanediol,
1.0 mg of NA‘E)%%)%% ﬁ%ucrl%Jégccfe%y%%g%eﬁua%%%(arﬁgfgﬁég%%ﬁf by%ﬁ I\f% %foemggﬁy?i%?zgmg of
sodium arketpisodaletatez and 53 10aRgiof apapbhiler chiprilecsreraddad toa stoppeteditest tube,

and while adj&'ﬁg'ﬂ%#i pgh%g}:\@ntq\,gg\é sggk%mgg@(jdez@ugoygggﬂtiyon( g@ig mi@d_ure was stirred at

30C for 92 hours. After completion of the reaction, an analysis was performed by the same method as
ComparativelFsapapleds: @b &#65Ul0 teperehtad reesvery wds 3795 ahdithe ohticar paiiySias

97.1% e.e.(R)JO190L {Comparative Exampie 43 Synthesis of (R)-3-chloro-1,2- propanediol utilizing an
NADH oxidase for re%el}nerating an oxidized form coenzyme (oxidative reaction) 201 ml of the cell-free

extract of E. coil HB% (pTSCS)
15 [Content analytical conditions]

Column: HP-5 30 m x 0.22 mm I.D. (manufactured by Agilent
Techneclogies Company)
Detection: FID
Column temperature: 70°C
20 Injection temperature: 150°C
Detection temperature: 150°C
Carrier gas: helium (150 kPa)
Split ratio: 100/1
[Cptical purity analytical conditions]
25 Ceolumn: Chiradex G-PN (30 m x 0.25 mm) {(manufactured by ASTEC
Company)
Column temperature: 70°C
Injection temperature: 150°C
Detection temperature: 15C°C
30 Carrier gas: helium (130 kPa)
Split ratio: 100/1
[0167]
(Example 24) Synthesis of (3)-1,2-butanediol (a 3-enzyme co-
producing bacterium and an oxidized form coenzyme regeneration

35 system using a water~producing NADH oxidase were used in
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obtained in Example 2, 10 mg of racemic 3-chloro-1,2- propanediol, 1.0 mg of NAD+, 1 U of hydrogen
peroxide-producing type NAD H oxidase (manufactured by SIGMA Company), and 20 U of catalase
(manufactured by SIGMA Company) were added to a 25 stoppered test tube, and while adjusting to
pH 8.0 with 2avEodidrhiilroxide aqueous solution, this mixture was stirred at 30C for 92 hours. After

completion of the reagtign, %@faQ%’éM%xE’%@Q@@QéWc@M@%Hbﬂ@@d g‘@ Gompacative Example
1; as a result, the percent recovery was 41%, and the 30 optical purity was 64.9% e.e.(R). 68 Claims

L A method Gt¢R68aGRG sRCoptRally aekiie SeeondaryEdiesmd by convetihddin RmERABHER mixture of

secondary algehelinteran pptically activersasendary algobel eensisting of @ substantially:sipgle
enantiomer, comprising performing the converting reaction in the co-presence of an oxidizingpenzyme

source ha%in§Fh& folbWwiig Propert L) Hnd & réducing En2yme Shuree Aading the foffidwing property

(2): (1) the oxidizeng-enzyine sedreesexhibits speeificity-forsanerafdihe oxidizad taym-ceenzyrmes NAD+
or NADP+, and has an activig to selectively oxidize one enantiomer of the S form qr R form of

secondary alE&iéi 18 Fodtce 3 TBrrespondifiykelbhd Bompbuhd® £2)'thé teduihg eh2zym&Sdurce
exhibits specificity fo=ane: of thegreduced f@rny cokenzyMesddADR HheudMARH therehi# theexilizing
enzyme sourge is. specific forNARY, the reducins enzyme.seyrce js shecific for NADPH If the
oxidizing enzyme source 1S spemﬁc ]For'NA +, the reducing enzyme source IS specn‘ic?or NADH), has
the reverse ermaatigselectivity oahavofithe dxiditing ersdyme sdercer ahddasrakastivityetodéduce the

foregoing ketong compaund to produgs the S form (ofR farm) of secondary alehol, whersin fhe;

converting reaction is performed in combination with an oXidized form coenzyme regeneration system

and/or a redutedolifitebhzy el rejeRekatich SStermh, BEMPHSIRY usSiRG BhcenZywie fof re§enerating

and oxidized forgm ceenzyme andf of @R enzymesforLegenerating & edliced fam coenzyme, other
than the oxidizin% enzgme and reducing enzyme for the converting reaction, wherein the enzyme for

regenerating the éd form coenzyme and/ or the enzyme for regenerating the reduced form
coenzymesis agtally s pasticyary pudfied enzyme. of 2-gudture pERUUST of & Mickeergasisye having
the capability of produycing said enzyme or treatment product thereof, and wherein the microorganism
is a recombir%ﬁ?%&ﬁd%‘?gg’r?igﬁ?ﬁfeﬁﬁréﬁlgy?ﬁ]se?ffﬁgjazﬁﬁAf&r%i&%ﬁ%ﬁ?&efoF Fegererafing the
oxidized formegaenzymesand/ ar saidenzymeior fegenemiing thel seduceshfor eeerzyme into a vector,
and introducing%e vector into a host. 69 2. The production method of claim 1, comprising using
NADH oxidase; &Bﬁ&&@ﬂydnxigenase, or amino acid dehydrogenase for regenerating the
above-described oxidized: faih coernzymte. & Thexirodactiommetbacof aim2, avhdrem the

above-descripes] AR pddase pavalgRIogycing Halboxidase. 4obneAradiclion method of
claim 3, W%ereln t%e water-producing I\CIj = oxidase Is an enzyme derived from a microorganism
belonging to HecgemasStrepfoteccaslution, 10 mg of racemic 1,2-pentanediol, 40

mg of glucose, 1 mg of NAD+, 1 mg of NADP+, and 300 U of the
water-producing NADH oxidase derived from Streptococcus mutans
obtained in Example 9, was shaken in a test tube at 20°C, and
25 while adjusting tc pH 7 with 5 M sodium hydroxide, they were
reacted for 2 hours. After completion of the reactiocon, an
analysis was performed by the method described in Example 23,
and the percent recovery and the optical purity were calculated.
As a result, (S)-1,2-pentanediocl having an optical purity of
30 100% e.e. was produced at a percent recovery of 96%.
[0169]
(Example 26) Synthesis of (8)-1,2-hexanedicl (a 3-enzyme co-
producing bacterium and an oxidized form coenzyme regeneration
system using a water-producing NADH cxidase were used in

35 combination)
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5. The production I-met-I-sod of claim 4, wherein the microorganism of the genus Streptococcus is
~ Streptococcus mutans. 6. The production method of claim 5, wherein the Streptococcus mutans is
Streptococcus mutans NCIB11723. 7. The production method of claim 1, comprising using glucose
dehydrogenase, formic a&idodelydregetidasgronglicose e-phivspraieadeRdibhepasétiér regenerating

the above-desgried reduces form coenzyme, 8. The pradusfion methoskotalaim 7 whetein the

above- described glucose dehydrogenase is NADP+-specific glucose dehydrogenase. 9. The
production melesPEESIEIk 8 itierémlhe IADPIY T spécifie §RithbSe etiydrsarRisedis anténzyme

derived fromgsmicrogrganisia belonging fo thergenus Gayptecaacus: , 10 nthesproducyenpethod of
claim 9, wherein the microorganism of the genus Cryptococcus is Crgococcus uniguttulatus. 11. The

productiorf meEHGE oPARM 4 BEiniPE fe OMBMERt Bt cElf Prepare8my S5 e8It HhéFSlowing
enzy_rpe_s (?)a%% é@b&ﬁthﬁmﬁ@%@ll a&Ae%e @ﬁigégéﬂg @ﬁzsémeé@@r%}.;(é\)_@@l @r@z%meéhat exhibits
specificity for the oxidized form coenzyme +.a as an,activity to selectively oxidize one
enantiomer o“ftrﬁﬁel% f%érﬁuosrtﬁ?grn? 8fé§cé§1d"d}‘§%l§ohol o] %?“(%Tbch ég Egrxréé%adnai‘ll%ﬁ %etone
compound, (Brantenzymerhdvingthe capabiligrotregehnerdting the ohdizeddarm coenayme NAD+.
12. The prodg%gcin gniesthod of c[éslirr?oll W Heprein t}Qg enzyme hg\éig 1:tgnngézgpgbiligl %f regen ting the
oxidized form coeﬁzzyme RrAD¥ S an]i{ld& gxigase. 13 The production method of Glaim , wherein
the NADEb oxidabetisea watareproducingvNADH:0ddabe. ddt The broduction metisod-ef.claimtigd.

wherein a reqamaina0Lieroial e prepated e xArepaipa.ihe allwing enzymes;(Cjapg () In the

same host cell is used as the reducing enzyme source: (0 an enzyme that exhibits specificity for the
reduced forml€6enzynfe NADP HY afd Ststed isele GtREREFddUERS @Vikatineé Eolfifound to produce the S
form or R form ot geeondary alcohol, (0 an enzyme having the capability of regenerating the reduced
form coenzyme NADPH. 15. The production method of claim 14, wherein the enzyme 71 having the

capability of régjeRBRAtthg the rédlieed $ditn ebensymé TEDPHLS la §Iies5E HeRfdrohelfisé

75 enzyme co-producing bacterium and an oxidized form coenzyme
regeneration system using a water-producing NADH oxidase were
used in combination)

1 ml of a reaction mixture comprising 80 pl of the
concentrated cells obtained in Example 22, 300 mM potassium

20 phosphate buffer solution, 10 mg of racemic 4-methyl-1,2-
pentanediol, 40 mg of glucose, 1 mg of NAD+, 1 mg of NADP+, and
300 U of the water-producing NADH oxidase derived from
Streptococcus mutans obtained in Example 9, was shaken in a
test tube at 20°C, and while adjusting to pH 7 with 5 M sodium

25 hydroxide, they were reacted for 27 hours. After ccmpleticn of
the reaction, an analysis was performed by the method described
in Example 23, and the percent recovery and the optical purity
were calculated. As a result, (8)-4-methyli-1,2-pentanediol
having an cptical purity of B1.3% e.e. was produced at a

30 percent recovery of 100%.

[0171]
(Example 28) Synthesis of (S)-l-phenyl~1l,2-ethanedicl (a 3~
enzyme co-producing bacterium and an oxidized form coenzyme
regeneration system using a water-producing NADH oxidase were

35 used in combination)
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16. The production method of claim 15, wherein the glucose dehydrogenase is an NADP+-specific
glucose dehydrogenase. 17. The production method of claim 1, wherein a recombinant microbial cell
prepared by expressing the following enzymes (A)and (C) in the same host cell is used as the

oxidizing enzyme sotrcelarif réd kaiF BASPMBSHIIEE TAfwT bR etRatéxmbits 8Fecificity for the

oxidized form genzyme NADE80d hasalk aclivity-tosglegtively.oxidizemnaepaitiomenef the S form
or R form of secondary alcohol to produce a corresponding ketone compound, éC) an enzyme that

exhibits spediiGEPRR Hie FaUCRH B EokRyme'NBRBPH, &t §-tEo-SeRiEV&I Teddces a ketone
compound te-praguegthe S foymmer Bfogmafseeondarypleshalz b8, The prodifctionynethoskef claim
17, using a recambinant microbial cell prepared by expressing, in addition to the foregoing enzymes
(A) and <€), THE f&lo%n&%‘ﬁzVﬁl%e(%jgfﬁ?raélgé%% N&%lie‘ﬁ;x Can en%&nﬁg%%v%nrgofﬁe capability of
regeneratingdbe exidized-fore geenzymeNAR a9 {Fhe prodiictioh methedofataim 1%, using a
recombinant microbial cell prepared by expressing, in addition to the foregoing.enzymes (A) and (C),
the following HZyme'5) i th @a(%ﬁe%&{(t‘ﬁgﬁ: )%%éir?czicy%lg having h(z c""ajb%a%ill y{(:)?f rseog%ln%rflating
the reduced fordrcesmizyme NADRE 20 rEhe prodctionZiethouref-clafrh Uy usingra edcambinant

microbial cel| prepar expressing, | Ifi I z s{A)an ke fallowing
enzymes (B)taBned g%%?nglﬁ rﬁﬂe%%m%%gﬁg%:qg%;gaﬁgggﬁgégﬁ# g %Egcéﬁﬁébéilit%%%g?er% eg rating the
oxidized fornieseniyrae NAD ¥ xDidre eAZy mMe eVt tHe édpabilty ot PegErierafiig tié Fédifted 5
form coenzy §dy(€‘D%r?t(2L%aﬁ "EeaTbipant goptganis T RePaled by sxpiessigne following
enzyme (A),r{l ), (€) arid (D) in the 'sanie host cell: (A) an enzyme that exhibits speci iéity for the
oxidized fornt EBeRAFRE NADECANE Rds arfadtivity 16 sefecttivel oxidizE e &iﬂafﬁi&a%%the S form

or R form of gecendary@igohol to proguce-s, comrespending ketone eempagndy (Bpanenzyme having
the capability of regeneratin}q thg oxidized form coenzyme NAD+, o
purity of 93.3% e.e. was produced at a percent recovery of 100%.

15 [o0172]

(Example 29) Synthesis of (S)-4-phenyl-1,2-butanediocl {(a 3-
enzyme co-producing bacterium and an oxidized form coenzyme
regeneration system using a water-producing NADH oxidase were
used in combination)

20 1 ml of a reaction mixture comprising 80 pl of the
concentrated cells cbtained in Example 22, 300 mM potassium
phosphate buffer solution, 10 mg of racemic 4-phenyl-1,2-
butanediol, 40 mg of glucose, 1 mg of NAD+, 1 mg of NADP+, and
300 U of the water-producing NADH cxidase derived from

25 Streptococcus mutang obtained in Example 9, was shaken in a
test tube at 20°C, and while adijusting to pH 7 with 5 M sodium
hydroxide, they were reacted for 27 hours. After completion of
the reaction, an analysis was performed by the same method as
described in Example 23 (content analysis: column temperature

30 180°C, optical purity analysis: column temperature 115°C), and
the percent recovery and the optical purity were calculated.

As a result, (8)~4-phenyl-1,2-pentanedicl having an coptical
purity of 100% e.e. was produced at a percent recovery ol $7%.
01731

35 (Example 30) Synthesis of (38)-3-chloro-1,2-propanediol (an
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(C) an enzyme coenzyme NADPH, and stereo-selectively produce the S form or R (D) an enzyme
having form coenzyme NADPH. that of (A), reduces the foregoing ketone compound to form of
secondary alcohol; and the capability of regenerating the reduced SEQUENCE LISTING <110>
Kaneka Corpordtibizef2@> PROCESEFOR PROBUTING :OPTHCALLYSACT \ZE SEGBNDARY

ALCOHOL <1307 80209/ 4WD01s 51007 JR2002:0304 ?%1?(1, 400p:02-2n 100730 5170z Patent
In version 3.1 <210> 1 <211> 31 <212> DNA <213> Artificial <2 0> <223> primer-1 <400> 1
an NADP+-specific glucose dehydrogenase were used in

combination)

5 Fach of E. coli HR1I01 {(pTSOB) FERM BP-10461 and E. coll
HB101 (pNTGDH-J3687) FERM P-20374 (see Example 15) was cultured
using a 2x¥YT medium (Bacto Trypton 1.6%, Bactce Yeast Extract
1.0%, NaCl 0.5%, pH 7.0) centaining 100 ug/ml ampicillin, and
cells were harvested, after which they were suspended in 100 mM

10 phosphate buffer sclution (pH 7.0). Thereafter, the cells were
homogenized by sonication using a UH~30 model ultrasonic
homogenizer (manufactured by SMT Company), and the homogenized
residue was removed by centrifugaticn, to prepare the NAD+-
specific dehydrogenase derived from COchrobactrum sp. and the

15 NADP+-specific glucose dehydrogenase derived from Cryptoceoccus
uniguttulatus.

[0174]
1 ml of a reaction mixture comprising 300 mM potassium
phosphate buffer solution, 70 mg of racemic 3-chloro-1,2-

20 propanedicl, 114 mg of glucose, 1 mg of NAD+, 1 mg of NADP+, 7
U (as 3-chlcro-1,Z-propanediol oxidation activity) of the
foregoing NAD+-specific dehydrogenase (oxidizing enzyme)
derived from Ochrobactrum sp., 600 U (as 3-chloro-i-
hydroxyacetone reduction activity) of the NADPH~specific

25 dehydrogenase (reducing enzyme) derived from Rhodotorula
glutinis obtained in Example 14, 300 U of the water-procducing
NADH oxidase derived from Streptococcus mutans obtained in
Example 9 (an enzyme for regenerating an oxidized form
coenzyme), and 25 U of the foregoing NADP+-specific glucose

30 dehydrogenase derived from Cryptococcus uniguttulatus (an
enzyme for regenerating z reduced form coenzyme), was shaken in
a test tube at 20°C, and while adijusting to pH 7 with 5 M
sodium hydroxide, they were reacted for 29 hours. After
completion of the reaction, an analysis was performed by the

35 method described in Example 1, and the percent recovery and the
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gaggatttgc atatgagtaa aatcgttatt g31 <210> 2 <211>31 <212> DNA <213>Artificial <220> <223>
primer-2 <400> 2 atgaaaacat gtgaattocc attgacatat c31 <210> 3 <211>31 <212> DNA <213> Attificial

<220> <223> primer-3 <400> 3 gatatgtcaa tgggaattca catgttttca t31 <210> 4 <211> 31 <212> DNA
optical purity were calculated. As a result, (S)-3-chlorol,z-

propanediocl having an cptical purity of 99.2% e.e. was produced
at a percent recovery of 92%.
{0175
5 (Example 31} Synthesis of (R})-Z-pentanol (an oxidized form
coenzyme regeneration system using an NADH oxidase and a
reduced form coenzyme regeneration system using an NADP+-
specific glucocse dehydrogenase were used in combination)
1 ml of a reaction mixture comprising 300 mM pctassium
10 phosphate buffer solution, 10 mg of racemic Z2-pentanol, 40 mg
of glucose, 1 mg of NAD+, 1 mg of NADP+, 7 U (as 3-chloroc-1,2-
propanedicl oxidation activity) of the NAD+-specific
dehydrogenase {(oxidizing enzyme) derived from Ochrobactrum sp.
obtained in Example 30, 100 U (as 3-chlorc-l-hydroxyacetone
15 reduction activity) of the NADPH-specifilc dehydrogenase
(reducing enzyme) derived from Candida magnoriae obtained in
Example 11, 300 U of the water-producing NADH oxidase derived
from Streptococcus mutans obtained in Example 9 {an enzyme for
regenerating an oxidized form coenzyme), and 30 U of the NADP+-
20 specific glucoese dehydrogenase derived from Cryptococcus
uniguttulatus obtained in Example 30 (an enzyme for
regenerating a reduced form coenzyme), was shaken in a test
tube at 20°C, and while adjusting to pH 7 with 5 M sodium
hydroxide, they were reacted for 2 hours. After completion of
25 the reaction, the reaction product was znalyzed by the same
method as described in Example 23 (content analysis, optical
purity analysis: column temperature 30°C), and the percent
recovery and the optical purity were calculated. As a result,
(R)-Z2-pentanol having an optical purity of 100% e.e. was
30 produced at a percent reccvery cf 100%.
(01761
(Example 32) Synthesis of (R)-i-phenylethanol (an oxidized form
coenzyme regeneration system using an NADH oxidase and a
reduced form coenzyme regeneraticon system using an NADP+-

35 specific glucose dehydrogenase were used in combination)
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<213> Artificial <220> <223> primer-4 <400> 4 tttotgcagt tatcatttag cttttaatgc t31 <210> 5 <211> 26
<212> DNA <213> Artificial <220> <223> primer-5 <400> 5 gagaagcagc acaagatyaa rgayca26 <210>
6 <211> 24 <212> DNA <213>Atrtificial <220> <223> primer-6

1 ml of a reaction mixture compriging 300 mM potassium

phosphate buffer solution, 10 mg of racemic l-phenylethanol, 40
mg of glucose, 1 mg of NAD+, 1 mg of NADP+, 7 U {as 3-chloro-
1,2~propanediol oxidation activity) of the NAD+-specific

5 dehydrogenase (oxidizing enzyme) derived from Ochrobactrum sp.
obtained in Example 30, 100 U (as 3-chloro-l-hydroxyacetone
reduction activity) of the NADPHE~specific dehydrogenase
{reducing enzyme) derived from Candida magnoriae obtained in
Example 11, 300 U of the water-procducing NADH oxidase derived

10 from Streptococcus mutans obtained in Example 9 (an enzyme for
regenerating an oxidized form ccenzyme), and 30 U of the NADP+-
specific glucose dehydrogenase derived from Cryptococcus
uniguttulatus cbtained in Example 30 {(an enzyme for
regenerating a reduced form coenzyme), was shaken in a test

15 tube at 20°C, and while adjusting to pE 7 with 5 M scdium
hydroxide, they were reacted for 2 hours. After completion of
the reaction, an analysis was performed by the method described
in Example 14, and the percent recovery and the optical purity
were calculated. 2As a result, (R)~l-phenylethancl having an

20 optical purity of 99.7% e.e. was produced at a percent recovery
of 98%.

[0177]

(Example 33) Synthesis of (R)-1,3-butanedicl (an oxidized form
coenzyme regeneration system using an NADH oxidase and a

25 reduced form coenzyme regeneration system using an NADP+-
specific glucose dehydrogenase were used in combination)

1 ml of a2 reacticon mixture comprising 300 mM potassium
phosphate buffer solution, 10 mg of racemic 1,3-butanediol, 40
mg of glucose, 1 mg of NAD+, 1 mg of NADP+, 7 U (a&s 3-chloro-

30 1,2-propanediocl oxidation activity) of the NAD+-specific
dehydrogenase (oxidizing enzyme) derived from Ochreocbactrum sSp.
obtained in Example 30, 100 U (as 3-chloro-l-hydroxyacetone
reduction activity) of the NADPH-specific dehydrogenase
(reducing enzyme) derived from Candida magnoriae cbtained in

35 Example 11, 300 U of the water-producing NADH oxidase derived
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<220> <221> misc_feature <222>(13),. (13) <223> n represents a, t, g or c. <400> 6 catgtgrgcr
agngargtra aytg24 <210> 7 <211> 742 <212> DNA <213> Cryptococcus uniguttulatus <400> 7
atgtttcatc gttggtgaga gcgtetcttt ggaataacgt gttgatatac ccaaagttga60 ctgtattctc ttgccattt caagtgtttg

gagottccgg gfatettgsa aagaagatyyi2Orngagtgtgghaeciptetyc gagatagtod ¢gtgttdgat egotyaegtéor
atcatctcgt18Q cacaacggea caacgioeet geceattces Igaiaacsia cagactice,calgotigaz40.ceaghighc

tccottgatc ttttgcccaa gaggaccaag attgtcggat atotcgatc300 caagatggac aatgaaaagt ttatggacca
atatgtcggt ggapgetta aaghegecq360 hegraagae Hgtghttd Cag cagaryaacghagagaéégtgtacct

aattcatcgg420 agctingll acagicagoaggacaagaag aagaiigaag agitaaaga gilogecgag4so tacgticagg
gagcgtatga cgaggatgag gattocagg taggttgtac atctaatcga540
5 regenerating a reduced form coenzyme), was shaken in a test

tube at 20°C, and while adjusting to pH 7 with 5 M sodium
hydroxide, they were reacted for 8 hours. After completion of
the reaction, an analysis was performed by the method described
in Example 4, and the percent recovery and the optical purity

10 were calculated. As a result, (R})-1,3-butanediol having an
optical purity of 76.8% e.e. was produced at a percent recovery
of T0%.

[0178]
(Example 34) Preparation of a recombinant vector comprising the

15 dehydrogenase gene derived from Ochrobactrum sp., the
dehydrogenase gene derived from Rhodotorula glutinis, and the
gluccse dehydrogenase gene derived from Cryptococcus
uniguttulatus, and a recombinant Escherichia coll (3-enzyme CO-
producing bacterium)

20 To co-produce three enzymes, the NAD+-specific
dehydrogenase {(oxidizing enzyme) derived from Ochrobactrum sp.,
the NADPH-specific dehydrogenase (reducing enzyme) derived from
Rhodotorula glutinis, and the NADP+-specific glucose
dehydrogenase derived from Cryptococcus uniguttulatus (an

enzyme for regenerating a reduced form coenzyme)] in Escherichia

ko
n

coli, a recombinant vectcor for use in transformation was
prepared.
[0179]
First, & double-stranded DNA having a BamHI site and the
30 SD sequence added fto the initiation site of the structural gene
of the dehydrogenase derived from Rhodotorula glutinis, and
also having a new stop codon and an Xbal site added just after
the original stop codon, was acquired by the method described
below. Using sequence primer-21

35 laagccecggatcectaaggaggttaacaatgoccgecageaaagacttas SEQ ID NO:24)
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ctcatgtcct ttgaagctca cactgtgtat cotgcaacac agaaattgga aaaggatttg600 caagagactg cagacaagga
gatggatgga aaggctcatc gagtctacta cgtaagtgtt660 tatgcatctg gacagacctg ggcaacacga ctcatgtcgce
ctgtctgcaa ctttgcacac720 acagettgot gtgcctcctt ct742 <210> 8 <211> 31 <212> DNA <213> Attificial
<220> <223>=pdmer-7eA0E2 8 Sytiggetgd giacytieal gyagegtatg @31 t<2103c9 <A >BD <212> DNA

<213>Artificigl5220p <¢43% pHmer:$ £400% 9 9gaaaacale alectoolea acagioneh9dlenase
gene derived from Rhodotorula glutinis (see WO03/093477) as the
template, PCR was performed o vield a double-stranded DNA.

5 This double-stranded DNA was digested with BamBI and ¥Xbal and
inserted to the RBamHI and Xbal sites of the plasmid pTS0B
comprising the dehydrogenase gene derived from Ochrobactrum sp.
{see Figure 2), whereby the reccmbinant vectcr pTSCBRG was
cbtained.

10 (01807

Next, a double-stranded DNA having an Xbal site and the
SD seqguence added to the initiaticon site of the structural gene
of the NADP+-specific glucose dehvdrogenase derived from
Cryptococcus uniguttulatus, and also having an Sphl site added

15 Just after the stop codon, was accuired by the method described
below. Using the foregoing primer~-19 (SEQ ID NO:22) and
primer—-23 (ttgcggcatgcttactgeaaaccagecgtgt: SEQ ID NO:26), with
the plasmid pNTGDH~J3687 comprising the NADP+-specific glucose
dehydrogenase gene derived from Cryptococcus uniguttulatus (see

20 Example 15) as the template, PCR was performed to yield a
double-stranded DNA. This double~stranded DNA was digested
with Xbal and Sphl and inserted to the Xbpal and Sphl sites of
the above-described pTSOBRG, whereby the recombinant vector
PTSORRGGP was cobtained. Using this recombinant vector

25 PISCBRGGE, E; coli HB10I (menufactured by Tazkara Shuzc Co.,
Ltd.) was transformed, to yield the 3-enzyme co-producing
bacterium E. ceoli HB101 (pTSOBRGGP;.

[C1B1]
(Example 35} Synthesis of (S5)-3-chloro-1, 2-propanediocl (& 3-

30 enzyme co-producing bacterium and a water-producing NADH
oxidase were used in combination)

The Z-enzyme co-producing bacterium E. coli EBiOL
(pTSCBRGGP} cbtained in Example 34 was incculated to 50 ml of
2xYT medium {(Bacto Trypton 1.6%, Bachto Yeast Extract 1.0%, NaCl

35 0.5%, pH 7.0) sterilized in a 500 ml capacity Sakaguchi flask,
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<210> 10 <211>23 <212> DNA <213>Atrtificial <220> <223> primer-9 <400> 10 ogctacgtaa
cggcatgaca gtg23 <210> 11 <211> 26 <212> DNA <213> Artificial <220> <223> primer-10 <400> 11
ggacaotgac atggactgaa ggagta26 <210> 12 <211>1773 <212> DNA

and subiected to shaking culture at 30°C for 36 hours. 50 ml

of the above-described culture broth was centrifuged, and cells
were harvested and suspended in 4 ml of 100 mM phosphate buffer
solution (pH 7.0} (12.5 fold concentrated cells).

5 [0182]

1 ml of a reaction mixture comprising 80 ul of the above-
described concentrated cells, 300 mM potassium phosphate buffer
sclution, 70 mg of racemic 3-chloro-1,2Z2-propanedicl, 1 mg of
NAD+, 1 mg of NADP+, and 300 U of the water~producing NADH

10 oxidase derived from Streptoccoccus mutans obtained in Example 9,
was shaken in a test tube at 20°C, and while adjusting to pH 7
with 5 M sodium hydroxide, they were reacted for 27 hours.
After completion of the reaction, an analysis was performed by
the method described in Example 1, and the percent recovery and

15 the optical purity were calculated. As a result, (8)-3-chloro-
1,2~propanediol having an optical purity of 99.8% e.e. was
produced at a percent recovery of 100%.

[0183]
{Example 36) Preparation of a recombinant vector comprising the

20 glycerol dehydrogenase gene derived from Cellulomonas sp., the
NADH oxidase gene derived from Streptococcus mutans, the
dehydrogenase gene derived from Candida magnoriae, and the
glucose dehydrogenase gene derived froem Cryptococcus
uniguttulatus, and a recombinant Escherichia ccli (d-enzyme CoO-

25 producing bacterium)

To co-produce 4 enzymes, the NAD+-specific glycerocl
dehydrogenase derived from Cellulomonas sp. (oxidizing enzyme),
the water-producing NADH oxidase derived from Streptococcus
mutans (an enzyme for regenerating an oxidized form coenzyme),

30 the NADPH-specific dehydrogenase derived from Candida magnoriae
{reducing enzyme), and the NADP+-specific glucose dehydrogenase
derived from Cryptococcus uniguttulatus (an enzyme for
regenerating a reduced form coenzyme) in Escherichia coli, a
recombinant vector for transformation was prepared.

35 101847
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<213> Cryptococcus uniguttulatus <220> <221> CDS <222>(94)(1620) <223> <400> 12 cttttgacta

~ gtactaccac atcgactott tgtcgtcgca cacgaatcag agctatacce60 ctcgcaagaa cgatatcaaa cagacctgcc aaa atg
tog ago ace gaa ttt cagl14 Met Ser Ser Thr Gin Phe Gin 15 cac gag atc aag gac caa tgt ttc ate gtt gtg
ttt gga got too gggl162His GindledoysAsp SinaTydePheNA Vel Wt Phe GnARISersGhe161520 gat ctt

gca aag aag 2ig.aghc.cog 100-Ug fagicaadly e 0ozl0-Asp bey AlalysdysMet Thrhhe BrgiSer Len
Tyr Gin Len Phe Ser 253035 ctt gat ctt ttg 000 aag agg acc aag att gto gga tat got cga t00258 Leu Asp

Leu Leu Pro E§8Ar§ Th g sie Var B FYEARI AN Ber 25455655 adhtg tae 44t Ghadhay fitHtg gac
caa tat gtc ggi:gga l9-£0300d a HindIII site added just after the original

5 stop codon, was acqguired by the method described belcow. Using
a combination of synthetic primers, primer-24
(aagccaagcetittaaggaggttaacaatgagtaaaategttattgt: SEQ ID ND:27)
and primer-25 (tigccazaataagittctcatagettt: SEQ ID NO:28), and
a combination of primer-26 (asagctatgagaaacttattttggcaa: SEQ ID

10 NO:2%) and primer-27 (ttgcgaagcecttttatcatttagettttaatgetyg: SEQ.
ID NO:30), with the plasmid pNTNX comprising the water-
producing NADH oxidase gene as the template, PCR was performed
to synthesize double-stranded DNAs (c) and (d), respectively.
Furthermore, using the foregoing primer-16 (SEQ ID NC:18} and

15 the foregoing primer-19% {SEQ ID NO:22), with a mixture of the
double-stranded DNAs (c¢) and (d) obtained above as the template,
PCR was performed to yield a double-stranded DNA. The DNA
fragment obtained was digested with HindIII and inserted to the
HindIII site of the plasmid pNTSICSGP described in Example 21,

20 whereby the recombinant vector pNTSICSGPNX was obtained. Using
this recombinant vecteor pNTS1ICSGPNX, E. coli HB1lOl was
transformed, to yield the 4-enzyme co-producing bacterium K.
coli HB1O1l (pNTSICSGPNX).

[0185]

25 [(Example 37} Synthesis of (R)=3~chloro~1,2-propanediol (a 4-
enzyme co-producing bacterium used)

The 4-enzyme co-producing bacterium E. coli HB1C1
(pNTS1CSGPNX) obtained in Example 36 was inoculated to 50 ml of
2xYT medium (Bacto Trypton 1.6%, Bacto Yeast Extract 1.0%, NaCl

30 0.5%, pH 7.0} sterilized in a 500 ml capacity Sakaguchi £flask,
and subjected to shaking culture at 30°C for 36 hours. 50 ml
of the above-described culture broth of each of E. coli HB1O01
(pTSCSNX) and E. coli HB1Cl (pNTS1G-J) was centrifuged, and
cells were harvested and suspended in 4 ml of 100 mM phosphate

35 buffer soluticn (pH 7.0).
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Lys Met Asp Asn Gin Lys Phe Met Asp Gin Tyr Val Gly Gly Len Pro 606570 aaa gac goo gac aag aaa
aag gtt gaa gag ttt aaa aag ttg goo gag354 Lys Asp Ala Asp Lys Lys Lys Val Glu Gin Phe Lys Lys Leu
Ala Gin 758085 tac gtt cag gga gcg tat gac gag gat gag got ttc cag aaa ttg gaa402 Tyr Val Gin Gly Ala
Tyr Asp Gin Aspl@GirBAla Phe Gin Lys Len Olu 9095100 aag gat ttg caa gag act gca gac aag gag atg

gat gga aag got cat430,Lys Asp,LelL Gin Gin Thy Ala Asplys GinsMet AspiGlyiLyseAladis 105110115
cga gtc tac tac Gtt got gtg cct cot tot Gag ttc act tca ttg gcc498 Arg Val Tyr Tyr Len Ala Val Pro Pro

Ser Gin Phe Fhp%er {@ECAIZPER 195380135 @acel tg (i ldaglBAt hacREecddo a8 gat §8¢ bac aag

toa aag546 Hig Metd-enAlas kS ASBASIHES Bra:Lys AspGly Ashkys $er kys 440145254 ~Val-Leu

Ser Ser Arg Leo Val lle Glu Lys Pro Phe Gly LXS Asp Ser 155160165
5 chloro-1,2-propanedicl,” 114 mg of glucose, 1 mg of NAD+, and 1

mg of NADP+, was shaken in a test tube at 20°C, and while
adjusting to pH 7 with 5 M sodium hydroxide, they were reacted
for 20 hours. After completion of the reacticn, an analysis
was performed by the method described in Example 1, and the

10 percent recovery and the optical purity were calculated. As a
result, (R)-3-chloro-1,2-propanedicl having an optical purity
of 100% e.e. was produced at a percent recovery of 95%.

(01871
(Comparative Example 1) Synthesis of (R)-3-chloro-1,2-

15 propanediol (oxidative reaction)

1 ml of the cell-free extract of E. coli HB101l (pTSCS)
cbtained in Example 2, 10 mg of racemic 3-chloro-1,2-
propanedicl, and 35 mg of NAD+ were added to a stoppered test
tube, and while adjusting to pH 8.0 with 2 M scdium hydroxide

20 agueous solution, this mixture was stirred at 30°C for 92 hours.
After completion cf the reaction, an analysis was performed by
the same method as Example 1; as a resullt, the percent recovery
was 60%, and the optical purity was 48.6% e.e. (R}.

[0188]

25 (Comparative Example 2Z2) Synthesis of (R}=-3~chioro-1,Z-
propanediol utilizing the NAD regeneration capability of
Escherichia coli for regenerating an oxidized Zorm coenzyme
(oxidative reaction)

1 mi of the culture broth of E. coli HBIQLl (pTS3C3)

30 obtained in Example 1 and 10 mg of racemic 3-chloro-1,2-
propanediol were added to a stoppered test tube, and while
adjusting to pH 8.0 with 2 M sodium hydroxide aqueous solution,
this mixture was stirred at 30°C for %2 hours. After
completion ¢f the reaction, an enalysis was performed by the

35 szame method as Comparative Example 1; as a result, the percent
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gac tct too oto aag atg atg aag gac att tat gcc goo ggc tgg aag Asp Ser Ser Leo Lys Met Met Lys Asp
lle Tyr Ala Ala Gly Trp Lys 170175180 gac gaa gaa atg tac cga gtg gao cac ttt goo goo gto gag ace gtc
Asp Glu Glu Met Tyr Arg Val Asp His Phe Ala Ala Val Glu Thr Val 185190195 aag caa atg cog tac ttg
ate ttt goa aatTOPEAE D0PERe 163 codtYsiBm Met Pre TyPLslh e Piee ARPABR ProsHisHro lle Ser
Pro 200 205 210215349 act Gtt ttg aac aag gag aat gtc aag got gtc atg atc gag cto Lys Thr Leu Leu

Asn Lys Glu Asn Val Lys Ala Val Met lle Glu Leu 220225230 aag@gag'acg ttt ggt tgt gaa ggt cga ggt
gga tac ttt gac RIEREF B4 Giu FREMESGR) Cyy Bl ety Arg o1y By TyFPHE RSP Glu Phe 235240245

ggt ate gtt cgggat gtetg caaaac: Gl ig,VahArhAsp VialleuGinAsk gas itk Hgreaa gto gtt agt His
Phe Leu Gin Val Val Ser 250255260 atg. ctc gee atg gac cga coc aag tea ctt gat ggt gat cac ttg cgt Met

Leo Ala Mét ASFRRG PHo 133 S& 18RS By MPHRPEET KRG 265370975 Rep Gl dac gda 280Lys
Val Lys Val Leu Lys Alardle Bro ThePhe AsprRea-aaa gta aag gic etc aaa gecgrie toamegitiagac occ

285290 aag in Example 2 (pTSCS), 10 mg of racemic 3-chlero-1,Z-propanediol,
1.0 mg of NAD+, 10 U of leucine dehydrogenase (manufactured by
SIGMA Company), 15.2 mg of sodium o-ketcisovalerate, and 5.3

10 mg of ammonium chloride were added to a stoppered test tube,
and while adjusting to pH 8.0 with 2 M sodium hydroxide agueocus
solution, this mixture was stirred at 30°C for 92 hours. After
completion of the reaction, an analysis was performed by the
same method as Comparative Example 1; as a result, the percent

15 recovery was 37%, and the optical purity was 97.1% e.e. (R).

[0190]
(Comparative Example 4} Synthesis of (R)}-3-chloro-1,2-
propanediol utilizing an NADH oxidase for regenerating an
oxidized form coenzyme (oxidative reaction)

20 1l mli of tThe celli~free extract of E. coli EBIQL (pTSCS)
obtained in Example 2, 10 mg of racemic 3-chloro-1,2-
propanaedicl, 1.0 mg of NAD+, 1 U of hydrogen percxide-producing
type NAD H oxidase (manufactured by SIGMA Company), and 20 U of
catalase (manufactured by SIGMA Company) were added tc a

25 stoppered test tube, and while adijusting fto pH B.0 with Z M
sodium hydroxide agueous sclution, this mixture was stirred at
30°C for 92 hours. After completion of the reaction, an
analysis was perfcrmed by the same method as Comparative
Example 1; as a result, the percent recovery was 41%, and the

30 optical purity was 64.9% e.e. (R).
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Lys 295 gac gag too aag tac att ctt ggt caa tac acg,aag tot gaa gac ggc Asp Glu Ser Lys Tyr lle Leo
Gly Gin Tyr Thr Lys Ser Glu Asp Gly 300305310 Ser Lys Pro Gly Tyr Leu Asp Asp Asp Ser
Val Glu Asn cajga‘d'r&sag ccc ggg tac ctc gat gac gac agt gto gaa aac aag gaa tea Lys Glu Ser 315320325
Arg Thr Gly Thr Phe Ala Glu Met Val Leo agg acg ggc aca ttt gee gaa atg gtc ttg 330335ace gtc gac
aat gac cga Thr Yal,AspAsnAsp.Ar 340 tog-ate ele a3gAde 486 Aag.0elale gaa gagJrp Je Leo Lys
Ser Ala Lys Al Jle Gly Slu. 350355 alt gic cag efe aa0 cap ado gac,gat gat gac lle Val Gin Leo Lys His
Ser Asp Asp Asp G 3&3%5 3/0 3/5 tac aag gao ace aag cco act gcg ett gtc tit Tyr Lés Asp Thr Lys Pro
Thr Ala Leu VAT BRE 7 %"+ 45,560 14 it agh A8 AAc (00 008 63 TyTPHe SeFiie Hr SerArg Lys

single enantiomer, comprising performing the converting reaction in
the co-presence of an oxidizing enzyme source having the following
property {1} and a reducing enzyme source having the following
property (2):

(1) the oxidizing enzyme source exhibits specificity for one of the
oxidized form coenzymes NAD+ or NADP+, and has an activity to
selectively oxidize one enantiomer of the § form or R form of
secondary alcohol to produce a corresponding ketone compound, (2} the
reducing enzyme source exhibits specificity for one of the reduced
form coenzymes NADPH or NADH (here, if the oxidizing enzyme source ig
specific for NAD+, the reducing enzyme source is specific for NADPH;
if the oxidizing enzyme acurce isg specific for NADP+, the reducing
enzyme source is specific for NADH}, has the reverse enantio-
selectivity to that of the coxidizing enzyme source, and has an activity
to reduce the foregoing ketone compound to produce the 8 form (or R

form) of secondary alcohol;

wherein the converting reaction is performed in combination with an
oxidized form coenzyme regeneration system and/or a reduced form

coenzyme regeneration system,

comprising using an enzyme for regenerating and oxidized form coenzyme
and/ or an enzyme for regenerating a reduced form coenzyme, other than

the oxidizing enzyme and reducing enzyme for the converting reaction,

wherein the enzyme for regenerating the oxidized form coenzyme and/ or
the enzyme for regenerating the reduced form coengyme 18 & totally or
particularly purified enzyme, or a culture product of a microorganism
having the capability of producing said enzyme or treatment product

thereof, and

wherein the micrcorganism is a recombinant microorganism prepared by
inserting a DNA of gaid enzyme for regenerating the oxidized form
coenzyme and/ or said enzyme for regenerating the reduced for coenzyme

into a vector, and introducing the vector into a host.



hr 410415 gat acg gaa gaa gee

400405 Goa ggc ttc att ggc ggg ccc acg Pro Gly Phe lle Gly Gly Pro T

Oaa aag gaa %\gsp Thr Glu Giu Ala Gin Lys Glu 425430 Val Val lle Gly Glu Ala 440445 gtg gtt ato gga

gaa gog ctt cgt ggt egg gaa age aac ttt gtg cgt Leu Arg Gly Arg Glu Ser Asn Phe Val Arg 450455 gaﬁ

gac gaa etc gag @aa togrfiggtaga ate:ﬁbcaoefcaggihttg,ca&l(@,}igggéx%giggj kgﬁtéIG&%gif%g%a?rg e
ey taiydri QAL : Hag; CCC aag cct ace '

Phe Thr Pro R #&%46% (9 @E@%W g@‘%gla S A é?ﬁg4%4 %@5 %?cgé'aeaga 00

t1554 Tyr Gi AsPLys. Gly Pro Lys Pro Thr Pro Tyr Ala Tyr :
ggg cag tt())/ a%gﬂé%%éﬁ%aa gg% agg ttt gga tac1602 Ser Glu Gly Pro Glu Gin Phe Lys Glu Phe Glu Lys

Arg Phe Gly Tyr
3. The production method of claim 2, wherein the above-described NADH oxidase

is a water-producing NADH oxidase.

4. The production wethod of claim 3, wherein the water-producing NADH oxidase
ig an enzyme derived from a microorganism belonging to the genus
Streptococcus.

5. The production method of claim 4, wherein the microorganism of the genus

Streptococcus is Streptococcus mutans.

6. The production method of claim 5, wherein the Streptococcus mutans
is Streptococcus mutans NCIBL11723.

7. The production method of claim 1, comprising using glucose denydrogenase,
formic  acid dehydrogenase or gluccse  6-phosphate dehydrogenase  for
regenerating the above-described reduced form coenzyms.

8. The production method of claim 7, wherein the above- described glucose
dehydrogenase ig NADP+-specific glucose dehydrogenase.

2. The production method of claim 8, wherein the NADP+-



490495500 acg got ggt ttg cag taa atgttgacgc cgtccatgtc agttgaatgt1650 Thr Ala Gly Leo Gin 505
atcgtcaggg tattatgtt tgtfitttto cctgattgta tcgtaaaggc aagtagtaaal710 aacaaggcgt ttcatgtggt gtattcaatt
tctcatctcg tcgtcaaaag aaaaaaaaaal770 aaal773 <210> 13 (211> 508 <212> PRT <213>
Cryptococcus uniguttulatus <400> 13 Met Ser Ser Thr Glu Phe Gin His Glu lle Lys Asp Gin Cys Phe
lle 151015 Vabdal Phe Gy Aasser GipAspbenAla LysLysMetsHarRbe Ren-202830SekLeq Tyr Gin

Leu Phe Serd:ouAs;keud:et Eroloys ArgoT i bys 324048 Ils MalGly, Tyr Ala Arg Ser Lys Met Asp
Asn Glu Lys Phe Met Asp 505560 Gin Tyr Val Gly Gly Lou Pro Lys Asp Ala Asp Lys Lys Lys Val Glu

65707580 G'llJoPh%hLQ/Spl‘le* Leu Ala Glu Tyr Val Gin Gly ,gAla Tyr Asp Glu Asp

i
oduction methdd of clain 9, wherein the microcrganism of

the genus Cryptococcus is Cryptococcus uniguttulatus.

11. The production method of claim 1, using a recombinant microbial
cell prepared by expressing the following enzymes (A)and (B} in the
same hosgt cell as the oxidizing enzyme source: (A) an enzyme that
exhibits specificity for the owidized form coenzyme NAD+, and has
an activity to selectively oxidize one enantiomer of the § form or
R form of secondary alcohol to produce a corresponding ketone
compound,

{B) an enzyme having the capsbility of regenerating the oxidized

form coenzymas NAD+.

12. The production method of claim 11, wherein the enzyme having
the capability of regenerating the oxidized form coenzyme NAD+ is

an NADH oxidase.

13. The production method of claim 12, wherein the NADH oxidase ig

a water-producing NADH oxidase.

14. The production wmethod of c¢laim 1, wherein a recombinant
microbial cell prepared by expressing the following enzymes (C)and
(D) in the same host cell is used as the reducing enzyme source:

' an enzyme that exhibits specificity for the reduced form
coenzyme NADPH, and stereo-selectively reduceg a ketone compound to
produce the § form or R form of sescondary alcchol,

0} an enzyme having the capability of regenerating the reduced

form coenzyme NADPH.

15. The production method of claim 14, wherein the enzyme



859095 Glu Ala Phe Gin Lys Leu Glu Lys Asp Lou Gin Glu Thr Ala Asp Lys 100105110 Glu Met Asp
Gly Lys Ala His Arg Val Tyr Tyr Lou Ala Val Pro Pro 115120125 Ser GIn Phe Thr Ser Leo Ala His Met
Lou Ala Lys Asn Asn Lys Pro 130135140 Lys Asp G-Asp Lys Ser Lys Val Leo Ser Ser Arg Lou Val
lle Glu 145150155160 Lys Pro Phe Gly Lys Asp Ser Asp Ser Ser Leo Lys Met Met Lys Asp
165170175 HelyrAlada Sy Jspilys-Asg Ghe &indMet iy ArgiVal-Aspddis 180485190-Phe-Ala Ala

Val Glu Thr Yabkys Sin Met Rro LygLeudle Rhe Ala 195200205 Asn Pro His Pro lie Ser Pro Lys Thr
Leo Leo Asn Lys 6lu Asn Val 210215220 Lys Ala Val Met lle Glu Leu Lys Glu Thr Phe Sly Cys Glu Gly

Arg 225230235240

16. The production wmethod of c¢laim 15, wherein the glucose

dehydrogenase 1s an NADP+-gspecific glucose dehydrogenase.

17. The production method of claim 1, wherein a recombinant
microbial cell prepared by expressing the following enzymes (A)and
(C} in the same host cell is used as the oxidizing enzyme gource
and reducing enzyme source:

& an enzyme that exhibits specificity for the oxidized form
coengyme NAD+, and has an activity to sslectively oxidize one
enantiomer of the 8 form or R form of secondary alcohol to produce
a corresponding ketone compound,

(C}) an enzyme that exhibits specificity for the reduced form
coenzyme NADPH, and stereo-selectively reduces a ketone compound to

produce the § form or R form of gsecondary alcchol.

18. The preduction method of c¢laim 17, using a recombinant
microbial cell prepared by expressing, in addition to the foregeing
enzymes (A) and <C), the following enzyme (B) in the same host
cell:

(Bl an enzyme having the capability of regenerating the oxidized

form coenzyme NAD+.

19. The producticon method of c¢laim 17, wusing a recombinant
microbial cell preparsd by expressing, in addition to the foregoing
enzymes (A} and (C), the following enzyme (D) in the same host
cell:

(D} an enzyme having the capability of regenerating the reduced

form coenzyme NADPH.

20. The production method of c¢laim 17, using a recombinant
microbial cell prepared by expressing, in addition to the

foregoing enzymes (A} and (C), the following enzymes (B) and



Sly Sly Tyr Phe Asp Glu 'lie Sly lle Val Arg Asp Val Leu GIn Asn 245250255 His Phe Leu Gin Val Val
Ser Met Leu Ala Met Asp Arg Pro Lys Ser 260265270 Leu Asp Sly Asp His Leu Arg Asp Glu Lys Val
Lys Val Leo Lys Ala 275280285 lle Pro Thr Phe AspPro Lys Asp Glu Ser Lys Tyr lle Leo Sly Gin
290295300 Tyr Thr Lys Ser Glu Asp Gly Ser Lys Pro Sly Tyr Leu Asp Asp Asp 305310315320 Ser Val
Glu Asn Lys Glu Ser Arg ThrGlyJhr Rbe;Ala Glu Met Val 325330335 Leu Thr Val Asp Asn Asp Arg

Trp Lys Sly Val.Pro Trp lle Leu Lys 340345350 Ser Ala Lys Ala He Glu Gly Asp.lle Cys Arg Val lle Val
S Lo 35 L G PN s Rt B K on Bl (e, ST v o eATy ot SP5580
Lys Pro Thr AlERetP7arBiie 81l 1eo Phe Glu Pro Lys Lys Val Tyr 385390395400

(D) an enzyme having the capability of regenerating the reduced 5

form coenzyme NADPH.

21. A recombinant microorganism prepared by expressing the
following enzyme (A), (B}, (C) and (D} in the same host cell:

& an enzyme that exhibits specificity for the oxidized form
coenzyme NAD+, and has an activity to selectively oxidize ons
enantiomer of the 5 form or R form of secondary alicchol to produce
a corresponding ketone compound,

(B} an enzyme having the capability cof regenerating the oxidized
form ccenzyme NAD+,

(C} an enzyme that exhibits specificity for the reduced form
coenzyme NADPH, has the reversge enantico-selectivity to that of (&),
and stereo-selectively reduces the foregoing ketone compound to
produce the 8 form or R form of secondary alcohel; and

(D) an enzyme having the capability of regenerating the reduced

form coenzyme NADPH.



Phe Ser lie Asn Ser Arg Lys Pro Sly Phe lie Sly Sly Pro Thr Arg 405410415 Ser Lys lle Met Leu Asp
Trp Asp Thr Glu Glu Ala Gin Lys Glu Gly 420425430 Lys Ser Leu Asp Pro Tyr Ser Val Val lle Gly Glu
Ala Leu Arg Sly 435440445 Arg Glu Ser Asn Phe Val Arg Glu Asp Glu Leo Glu Glu Ser Trp Arg
450455460 lle Phe Thr Pro Phe Leu His Tyr Gin Glu Glu Asn Lys Gly Pro Lys 465470475480 Pro Thr
Pro Tyr Ala Tyr Gly Ser GlwEshbro GlwSin Phe Lys Glu 485490495 ‘he Glu Lys Arg Phe Gly Tyr Thr
Ala GlykeuGin SA0RNB 5210>14 <211> 24 <212> DNA <213> Articia <220> <223> primer-11

<200
<130>

<1502
151>

<160>
<70
<2100
<2115
212>
<213%

220>
223>

<400>
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JP2005-050488
2005-02-25

30

Patentin version 3.1
1

31

DNA

Artificial

primer—1

1

gaggattige atatgagtaa zatcegtiati g K3

210>
2117
212>
213>

<220>
£223>

<400>

Z

3

DNA
Artificial

primer-2

2

atgaazacat gigaattcoe attgacatat ¢ 3

<2107
AP
{2122
<2135

{2205
223>

<400>

3

31

ONA
Artificial

primer-3

3

gatatgtcaa tgggaattca caigttttea t 31

210>
<2115
212>
213

<2205
223>

<400>

4
31

DNA
Artificiai

primer-4

4

tttctgoagt tatcatttag cttitaatge t 31

<210>
AR
212>
213>

<220
223>

<400>

5

26

DNA
Artificial

primer-5

5

gagaagcagc acaagatyaa rgayca 26

210>

6



<400> 14 acagacctgc ccatatgtog agca24 <210> 15 <211> 25 <212> DNA <213> Artificial <220>
<223> primer-12 <400> 15 ggacggcgtc tagatttact gcaaa25 <210> 16 <211> 49 <212> DNA <213>
Artificial <220> <223> primer-13 <400> 16 cgcggatcct aaggaggtta acaatgagta aaatcgttat tgttggagc49
<210> 17 <211> 27 <212> DNA <213> Artificial <220> <223> primer-14 <400> 17 gcatgcctgc

agttatcait tagottt27 <210> 18 <211> 37 <212> DNA <213> Atrtificial <220> <223> primer-15
¢ .

212> DNA
<213> Artificial

220>
{223> primer-6

{220>
221> misc_feature

222> (1), (1%
223> n represents a, t, g or ¢

<4000 6
catgigrgcr agngargira aytg 24

AT

211> 742

<212> DNA

<213> Cryptococcus uniguttuiatus

{400 7
atgittcate gitgetgaga gogtototit gaaataacgt gtipatatac coaaagtteza 60

cteglattcte tigeocttttt caagigltite gagolitosge ggatotigea aagaagatsze 120
tgagtgtget tioocletge gagatagtes tetgttesat cgotoacgtc atcatotegt 180
cacaacggca caacgtgoot goocaitcce iggtaaccta cagacttice cgtooctigta 240
ccaattgitc teoccitgate titigeccas gageaccaag atigtegeat atgciogato 300
caagatggac aalgaaaagl tlatggacca atatgtczgt geactgccca aagacgecgt 360
aagtelagac ttgteettiy cagoagalea accggagaga cogtegtacet aattcatcogg 426G
ageitttgtt acaatcaaca ggacaagaaa aaggtigaag aglttasaaa gitggoogag 480
tacgitcage gagogtatea cgaggatgag gotticcage taggtitgtac atctaateoga 540
ctoatgloot tigaageica cactgtetat coipgoaacac agaaatigga aaagpattte 660
caagagactg cagacazgga gatggatgea aagegctoate gagitotacta cgtaagtgtt 660
tatgoatolg gacagacctg gecaacacga ctoatgloge ctgtctgcaa otitgcacac 120
acagotitgoet gtgootoott ot 742
210> 8

211> N

<212> DNA

213> Artificial

{220>
223> primer-7

<400> 8
agltggocega gtacettcag ggagogtatg a 31

210> ¢

211> 3

<212> DNA

213> Artificial

{2200
<223> primer-8

<400> 9
ggaaagoctc atoctogica tascgctcocet g 31

210> 1
Q21> 23
{2)



<400> 18 tgtctagaca cacaggaaac acatatgtcg agcaccg37 <210>19 <211> 39 <212> DNA <213>
Artificial <220> <223> primer-16 <400> 19 agtaagetta tttactgcaa accagccgtg tatccaaac39 <210> 20
<211> 45 <212> DNA <213> Artificial <220> <223> primer-17 <400> 20 aagccgaatt ctaaggaggt
taacaatgtc cgaggttccc gtccgab <210> 21 <211> 34 <212> DNA <213> Atrtificial <220> <223> prime 18
<400=21 ttgm\gtotag| attatcagtg ggcggtgtgc ttga34 <210> 22 <211> 45 <212> DNA <213> Artificial

13D Artificia
<220>
<223>  primer-9
<4G0> 10
cgotacgtaa cggoalgaca glg 23
210 1
211> 28
<212> DNA
213> Artificial
<2200
{223> primer-18
400> 11
ggacactgac atggactgaa ggagts 26
<2100 12
211> 1773
<212> DNA
<213> CGrypiococous unigutiulatus
220>
{221> GBS
222> (84).. (1620}
223>
400> 12
citttgacta gtactaccac atcgactott tgtoetcgoa cacgaatcag asctatacce g0
ctogcaagaa cgatatcaaa cagaccigec aaa atg tog age ace gaa ttt cag 114
Met Ser Ser Thr glu Phe Gln
1
cac gag atc aag gac caa tgl ttc atc git gteg tit gega got icoc gag 162
His Glu ile Lys Asp GlIn Cys Phe lle Val Vai Phe Giy Ala Ser Gly
10 15 20
gat ott gca aag asg atg act tte cog tec ttg tac caa itg ttec tco 210
Asp Leu Ala Lys Lys Met Thr Phe Pro Ser Leu Tyr Gin Leu Phe Ser
25 30 35
ctt gat ctt ttg ooc aag agg acc aag ati gic gga tat got cga too 258
Leu Asp Leu Leu Pro Lys Arg Thr Lys lle Val Gly Tyr Ala Arg Ser
40 45 50 55
aag atg gac aat gaa aag ittt atg gac cas tat gte gei gga oig coo 306
Lys Met Asp Asn Glu Lys Phe Met Asp Gin Tyr Val &ly Gly Leu Pro
60 65 Nt
a@a gac ECG gac aag aaa aag gil gaa gag ittt aaa aag itg goo gag 354
Lys Asp Ala Asp Lys Lys Lys VYal Glu Glu Phe Lys Lys Leu Ala Giu
15 80 85
tac gtt cag gea gog fat gac gag gat gag get tte cag aaa ttg gaa 402
Tyr Val Gln Gly Ala Tyr Asp Glu Asp Giu Ala Phe Gin Lys Leu Glu
90 a5 160
aag gal tlg caa gag act gea gac asg gap atg gat gpe aag got cat 456G
Lys Asp Leu Gin Glu Thr Ala Asp Lys Giu Met Asp Giy Lys Afa His
105 116 115
cga gtc tac tac ott got gig cot oot tet cag ttec act tca tig goc 408
Arg Val Tyr Tyr Leu Ala Val Pro Pro Ser GIn Phe Thr Ser Leu Ala
120 125 130 135
cac atg tig goo aag aac aac aaa coc asa gal ggc gac aag toa asag h46
His Met Leu Ala Lys Asn Asn Lys Pro Lys Asp Gly Asp Lys Ser Lys
140 145 150
gtc otc toa age cgt ote gto att gag aas cot tit ggc aag gac tot 544

{3)



<220> <223> primer-19 <400> 22 aagcctctag ataaggaggt taacaatgtc gagcaccgaa tttca45 <210> 23
<211> 31 <212> DNA <213> Artificial <220> <223> primer-20 <400> 23 ttgcgaagct tttagggaag
cgtgtagcca c31 <210> 24 <211> 45 <212> DNA <213> Artificial <220> <223> primer-21 <400> 24
aagccggatc ctaaggaggt taacaatgcc cgcagcaaag acttads <210> 25 <211> 34 <212> DNA <213>

Artificial €226 s42832 primer-22 640@% 24 tigacgt?t@\,g attastacca cggcacggtce ttgc34 <210> 26 <211>
31 <212> DNA 155

gac tot tec cic aag atg atg aag gac att tat goo goc gec teg aap 642
Asp Ser Ser Leu Lys Met Met Lys Asp ile Tyr Afa Ala Gly Trp Lys
170 175 180
gac gaa gaa alg tac ofa gitg gac cac ttt goc goo gle gag ace gle £90
Asp Glu Glu Met Tyr Arg Val Asp His Phe Ala Ala Val Glu Thr Val
185 190 195
aag caa atg cog tac tig atc LTt geca aac oot cac cooc ats fog coc 738
Lys Gln Met Pro Tyr Leu {le Phe Ala Asn Pro His Pro ile Ser Pro
200 205 210 215
aag act ott tig aac aag gag aat gtc ase got gic atg atc gag otc 786
Lys Thr Leu Leu Asn Lys Glu Asn Val Lvs Ala Yal Met lie Glu Leu
220 225 230
aag gag acg Tt gel tgt gaa gel oga get gea tac tti gac gaa tic 834
Lys Glu Thr Phe Gly Cys Glu Gly Arg Gly Gly Tyr Phe Asp §lu Phe
235 240 245
ggl atc git cega gat gic ttg caa aac cac tit ttg caa gic git agt 882
Gly Ile Val Arg Asp Val! Leu Gln Asn His Phe Leu Gln Val Val Ser
250 255 260
atg clc goc atg gac cga coc aag ica ott gat ggt gat cac tig cgt 930
Met Leu Ala Met Asp Arg Pro Lys Ser Leu Asp Gly Asp His Leu Arg
265 270 275
gac £aa agsa gta aag gic ctc aaa gog atec cocc acg tit gac coc aag 978
Asp Glu Lys Val Lys Val Leu Lys Afa lle Pro Thr Phe Asp Pro Lys
280 285 290 295
gac gag tcc aag tac att ctt ggl cas tac acc aag tot gaz gac ggo 1026
Asp Gfu Ser Lys Tyr Ile Leu Gly Gln Tyr Thr Lys Ser Giu Asp Gly
300 305 310
3BC aag cco gge tac cotc gat gac gac agt gtc gas aac aag gaa tca 1074
Ser Lys Pro Giy Tyr Leu Asp Asp Asp Ser Val &lu Asn Lys Glu Ser
35 320 325
agg acg ggc ace Ltt gec gaa atg gtc tig acc gto gac aat gac cga 1122
Arg Thr Gly Thr Phe Ala Glu Met Val Leu Thr Vai Asp Asn Asp Arg
330 335 340
tgg aag ggo gic coo tgg ate oio aag age goo aag got atc gaa gag 1170
Trp Lys Giy Val Pro Trp Ile Leu Lys Ser Ala Lys Aia lie Glu Glu
345 350 3h5
gac alt tge cga gtc alt gtc caa cte aag cac agc gac gat gat gec 1218
Asp |le Cys Arg Val lle Val Gin Leu lys His Ser Asp Asp Asp Gly
360 365 370 375
aac Ltt gag tol oto tac aag gac acc aag ¢oc act gog ote gho ttt 1260
Asn Phe Glu Ser Leu Tyr Lys Asp Thr Lys Pro Thr Ala Leu Val Phe
380 385 390
gaa otg til gag cocg aaa aag gic tac ttt age atc aac tog cga aag 7314
Glu Leu Phe Glu Pro Lys Lys Val Tyr Phe Ser {le Asn Ser Arg Lys
395 400 405
cca ggc ttoc alt gec ggg cos acg cge age asg ati atg ctc gac feg 1362
Pro Giy Phe tle Gly Giy Pro Thr Arg Ser Lys |le Met Leu Asp Trp
410 415 420
gal acg gaa gaa gCC caa aag gaa gge aaa leg ottt gac cot tas tot 1410
Asp Thr Glu Glu Ala Gin Lys Glu Gly Lys Ser Leu Asp Pro Tyr Ser
425 430 435
gte gtt ato gga paa gog ott cgt ggt cge gaa age aac tit gitg cgt 1458
Val Val lle Giy Glu Ala Leu Arg Gly Arg Giu Ser Asn Phe Val Arg
440 445 450 455
gaa gac gaa clc gag gaa tcg tgg aga aic ttt aco cog tit tig cas 1506

ey



<213> Artificial <220> <223> primer-23 <400> 26 ttgcggcatg cttactgcaa accagccgtg t31 <210> 27
<211> 45 <212> DNA <213> Artificial <220> <223> primer-24 <400> 27 aagccaagct ttaaggaggt
taacaatgag taaaatcgtt attgt45 <210> 28 <211> 27 <212> DNA <213> Artificial <220> <223> pruner 25
<400> 28 ttgccaaaat aagtttctca tagcttt27 <210> 29 <211> 27 <212> DNA <213> Artificial <220>

<223?&!@ﬂ@ﬂ3fh2@e§‘§%l(?%’l3%er Trp Arg éé? Phe Thr Pro Phe Leu His

470
tat caa gag gag 2ac aag gEE oce aag oot ace oot tat gog tat get 1554
Tyr GIn Glu Giu Asn Lys Gly Pro Lys Pro Thr Pro Tyr Ala Tyr Gly
475 480 485
Lot gaa gga oo gag cag tle aag gag LIt gaa aag ageg ittt gga tac 1602
Ser Glu Gly Pro Glu Gln Phe Lys Giuy Phe Glu Lys Arg Phe Giy Tyr
400 495 500

acg get pgt tig cag taa atgligacge cgtocatete agttgaatat 1650
Thr Ala Gly Leu GIn

505
alogtoaggg totttatett tetttttite cotgettgta togtaasagpe aagtagtaaa 1710
aacaaggegt ttoatgtegt glattcaatt totcatotog togtcsaaag asaaaaaaaa 1770
aaa 1773

210> 13

<211> 508

<{212> PRT

<213> Cryptococous uniguttulatus

<400> 13

?et Ser Sar Thr gtu Phe Gin His &lu {ée Lys Asp Gln Cys ?28 | e

Val Val Phe Gly Ala Ser Gly Asp Leu Ala Lys Lys Met Thr Phe Pro
20 25 30

Ser Leu Tyr Gln Leu Phe Ser Leu Asp teu Leu Pro Lys Arg Thr Lys
35 40 45

lte Vai Gly Tyr Ala Arg Ser Lys Met Asp Asn Glu Lys Phe Met Asp
50 55 60

Gin Tyr Yal Giy Gly Leu Pro Lys Asp Ala Asp Lys Lys Lys Val Glu
65 70 75 80

Glu Phe Lys Lys Leu Ala Glu Tyr Val Gln Giy Ala Tyr Asp Glu Asp
a5 90 95

Glu Aia Phe (13(1}3 Lys Leu Gluy Lys Asp Leu Gln Glu Thr i1\ Asp Lys

105

Glu Met Asp Gly Lys Ala His Arg Val Tyr Tyr Leu Ala Va!l Pro Pro
115 120 125

His Met Leu Ala Lys Asn Asn Lys Pro

Ser 8ln Phe Thr Ser Leu Ala
135 140

Lys Asp Giy Asp Lys Ser Lys Val Leu Ser Ser Arg Leu Val lle Giu
145 150 155 160

Lys Pro Phe Gly Lys Asp Ser Asp Ser Ser Leu Lys Met Met Lys Asp
165 17¢ 175

Ite Tyr Ala Ala Gly Trp Lys Asp Glu Glu Met Tyr Arg Val Asp His
180 185 1680

{8



aaagctatga gaaacttatt ttggcaa27 <210> 30 <211> 34 <212> DNA <213> Artificial <220> <223>
primer-27 <400> 30 ttgcgaagct tttatcattt agettttaat gctg34

Phe Ata Ala Val Glu Thr Val Lys Gln Met Pro Tyr Leu lie Phe Alz
195 200 205

Asn Pro His Fro He Ser Pro Lys Thr Leu Leu Asn Lys Glu Asn Va!
210 215 220

iys Ala Vai Met Iie Glu Leu Lys Glu Thr Phe Gly Cys Glu Giy Arg
225 230 235 240

Gly Giy Tyr Phe Asp Glu Phe Gly ile Val Arg Asp Val Leu Gin Asn
245 250 255

His Phe Lsu GIn Val Val Ser Met lLeu Ala Met Asp Arg Pro Lys Ser
260 265 270

Leu Asp Gly Asp His Leu Arg Asp Glu Lys Val Lys Val Leu Lvs Ala
275 280 285

[le Pro Thr Phe Asp Pro Lys Asp Glu Ser Lys Tyr Ile Leu Giy Gln
290 295 360

Tyr Leu Asp Asp Asp

Tyr Thr Lys Ser Glu Asp Gly Ser Lys Pro Gly
315 320

305 310

Ser Val Glu Asn Lys Glu Ser Arg Thr &ly Thr Phe Ala Glu ¥Mei Val
325 330 335

Leu Thr Val Asp Asn Asp Arg Trp Lys Giy Val Pro Trp ile Leu Lys
340 345 350

Ser Ala Lys Ala tle Giu Glu Asp Ile Cys Arg Val lle Val &In Leu
355 360 365

Lys His Ser Asp Asp Asp Gly Ash Phe Glu Ser Leu Tyr Lys Asp Thr
370 375 380

Lys Pro Thr Ala Leu Val Phe Glu Leu Phe Giu Pro Lys Lys Val Tyr
385 380 395 400

Phe Ser lie Asn Ser Arg Lys Pro Gly Phe iie Giy Giy Fro Thr Arg
405 410 415

Ser Lys {le Met Leu Asp Trp Asp Thr Giu Glu Ala Gin Lys Glu Gly
420 425 430

Lys Ser Leu Asp Pro Tyr Ser VYal Val ile Gly Glu Ala Leu Arg Gly
435 440 445

Arg Giu Ser Asn Phe Val Arg Glu Asp Glu Lsu Glu Glu Ser Trp Arg
450 455 460

lig Pha Thr Pro Phe Leu His Tyr &in Glu Glu Asn Lys Gly Pro Lys
465 470 475 480

Pro Thr Pro Tyr Ala Tyr Gly Ser Glu Gly Proe Giu Gln Phe Lys Glu
485 490 495

(6)



Phe Glu Lys Arg Phe Gly Tyr Tar Ala Gly Leu Gin
500 505

<2100 14

211> 24

212> DNA

213> Artificial

220>
223> primer—11

<400> 14
acagacoetego cocatatgicg agca

210> 15

211> 25

<212> DNA

<213> Artificiat

L2207
<223> primer-12

<400> 15
ggacggogtc tagatitact goaaa

210> 16

211> 49

212> DNA

213> Artifisial

220>
223> oprimer-13

<4006> 16

cgeggateot aaggagetta acaatgagta aaatcpttal tgttgzaec

210> 17

211> 27

<212> DNA

213> Artificial

220>
<223> primer-14

<400> 17
goatgoctge agttatcatt tagottt

<210> 18

<211 37

212> DNA

213> Artificial

<2207
223> primer-15

<400> 18
tegictagaca cacaggaaac acatatgtog agcacog

210> 19

211> 39

212> DNA

213> Artificial

2200
223> primer~16

<400> 16

agtaagelta titactgcaa accagccete talccaaac

24

25

49

27

37

39



210> 20

<211> 45

212> DNA

213> Artificial

{2200
<223 primer-17

400> 20
aagccgaatt ciaaggaggt taacaatgic cgaggtiocse gicog

210> 2

211> 34

212> DNA

213 Artificial

<220>
223> primer-18

<400> 21
ttgogtetag atiatcagle ggoggteipc tiga

<2106> 22

211 45

<212> DNA

<213> Artificial

<220>
223> primer-19

<400> 22
aagoctotag ataaggapggt teacaaitgtc gagoaccgaa titca

210> 23

<L 3

<212> DNA

213> Artificial

{220>
<223> oprimer-20

<400> 23
ttgegaagol tttagegaag cgtgtagcea ¢

<210y 24

<211> 45

212> DNA

213> Artificial

<2200
223> primer-21

<400> 24
aagocgpate claaggaget taacaatgoc cgcagcaaag actia

<210> 25

211> 34

<212> DNA

<A1 Artificial

2200
223> primer-22

<400> 25
ttgcgtotag attactacca cggeacggtc ttge

<210> 26
21> 3
<212>  DNA

45

34

45

3

45

34



213> Artificial

<2200
(223> primer-23

400> 26
ttgoggeate cttactgeaa accagccpte t

210> 27

211> 45

212> DhA

213> Artifiscial

220>
<223> primer-24

<400> 27
aagoceagot itiaaggaget ltaacaatgag taasatcgtt attgt

<210> 28

1> 27

<212> DA

213> Artificial

{2207
<223> primer-25

400> 28
ttgocaaaat aagtitctca tagcttt

210> 29

<21 27

<212>  DHA

213> Artificial

<2207
223> primer-26

<400> 29
aaagctatga gasacttatt ttggcaa

210> 3¢

211> 34

<212> DNA

Q213> Artificial

220>
223> primer-27

<400> 30
ttgegaaget tttatcattt agettitaat gotg

31

45

21

21

34



