. DESCRI PTI ON PROCESS FOR PRODUCI NG OPTI CALLY ACTI VE SECONDARY ALCOHOL
" Technical Field [0001] 5 The present invention relates to a nethod of
“producing an optically active secondary al cohol, including an optically
-active diol, useful as a pharnmaceut DESCRIPTZONedi ate, from an enantioner

mxture e eqhodBack Qb auBoADL oyl CobI0OR). PUNER Waklta 85 URbGHS of

active di ofechhi@dl apietdnt i oner m xture thereof, the nmethods described
bel ow are known.. 15 1) A net hod conpri sing degrading one isoner of racemc
3- chloro-1, panedi ol using a microorganismto obtain an residual

optical ly aCt'VeTﬁ%cﬂﬁégéhﬂwﬁ%ﬁEHQH%EPQ%Q%teEPQEthm gﬂ&&”@ﬁt ﬂéduéandAan
met hod conprising allowi ng cells of Candida parap SI?OSIS to act

1, 2- pentan@ﬁib¢akhﬁ@mﬁx¥et&ﬁ@W@hﬂ@@a@Sphblz 1pehudmng|@h apt3p¢k&ment

pocovery, CHEERHL g SO G PoLen! LSRRGS oLy 208 BhnedlaTh R AER o

Escherichlanan&iomémumixtuhﬁxﬂhdﬁﬁbf.25 secondary al cohol dehydrogenase
derived fron1Candida arapsilosis, and then the cells of the m croorgani sm
are renoveck Qﬁ@Fgéf , an Escherichia coif that produces the

(R) -2, 3;put anedjol dehydrogenase derived from Kl uyveronyces lactis is
added to the above descri bed reaction product to 30 reduce the

4- hydr oxy- 2- but éf@reentnianel Inbadts mtmmi@uoﬁf povothein® &oroptivel by

(R 1,3 ek anedt lod g gty (rot oSSt ol el R0l ey, L
choi ce of ﬁi@mﬁmmskmanuMumﬁr|mlxﬁmrb applrieed@h| ehesmbtHbdeddestrihed mrihad
2), becausgréhgngﬁgFent
15 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-propanediol. (Patent
document 1}.
2) A method comprising allowing cells of Candida parapsilosis
20 to act on 1,2-pentanediol racemate, to produce (S)-1,2-
pentanedicl at a percent recovery exceeding 50% (non-patent
'documents‘l and 2).
3) The S form of racemic 1, 3-butanediol is oxidized to 4-
hydroxy-Z-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-butanediol dehydrogenase derived from Kluyveromyces
lactis is added to the above-described reaction product to
- 30 reduce the 4-hydroxy-2-butanone 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

J;

35 50%. Additionally, the choice of alcohols to which it is

1




. recovery exceeds 50% it is postulated that enantioner reversal has

" occurred. However, in non-patent document 1, no details of the oxidizing
“enzyme and reduci ng enzynme involved in the 5 reaction are clarified, and in

- non- pat entamoiciursgyite 3,5 dame tell. the e yehdd\wl,veddanskheheepst-é ot ar e

deduced; however, because both nethods conprise oxidizing an al cohol to a

ketone —andfT¥ el (g Ské@%ne*&%@%@&ﬁﬂ?%a@% Y trlopersgeversal
confi gur athh ddtGld® OfioRedbRF! £n MG QUIRNH cﬁne%%”ti',nﬁh' 8@&&919% n
oxi di zing enzyne and a reducing enzyne is fixed, so that the choice o

al cohol s t@sirddiziing epzieg¢ podappiichbd eeiizyme | mvedreddnt Héenor e,
because .t i C . effjcientl er f or ned_usi the oxidative
reactioﬁ gﬁ%?§$21 %&Erggggﬁﬁggdfeé%§i%ﬁ ??ﬁ%é%&ﬁéﬁu AR R 2é ESQﬁZQ

r egener at i e i zgyetserinvioleegr aduché viéyct son newk fdediendd; Haweherpet hod 3),
the theoretical pE%ﬁEFt r%%overy is,100%  but because it is necessary to
renove t he®CAYSE PEEPPES CRBPEXFBRF IR 21 RA@n ohl BRI &9pér K6ERPRG t he

reducti ve diRaGdibinghenst @R ondl €0 CONPA 1 & sl n M tharipreyhegause a

ket one conpound is 20 once accunul ated, a) the oxidative reaction undergoes
product i¢HIBFIrGT10p) inheeddduofi & esimabe imhcmeieyayoissn, s shsombtipation

i nhibitjo t i.di zi nz and/ or 1t he reducin zynme ar
i nacti vllgt erbdf %()?) %@#hé%?(%%ﬁ?sgﬁs?aﬁ%}c% ceé?ﬁYTﬁ égsdeﬁqlgyedr'eéacggaaue to
degr adat i drheofchidieck etford coandsotberhpeiobtiers Rocladd sies adlQ@4bleAssst at ed

above, all_ these nethods have problens to be solved for industrial
processes,lﬁmﬁﬁquinEHFBﬂﬁﬁﬁ?E%ntb$Qﬂﬁﬁﬁﬂﬁﬂe NEGR 518 G8RReitt e st ep

conpl exi t Y AN ithe 1hi ke £30mBat 884 i dat R A 8312510 t
docunent 2: JP}A-2085?3£S478'hbn-pg gﬁ%gg%%ﬁ%%%g&%f%éiﬁﬁgﬁk'%ggfggcﬁgﬁl,

- 54(7), 18IRdugrive 1gegtion- pat earbivetihemtwith @ guodiz BrocegenRestarnh &

Dovel ORgenlc: 36 842) pr240:291:£8004) 2 B pclosur e g e LavRDL 7,

~ 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 compound is

20 once accumulated, a) the oxidative reaction undergoes product
inhibition, b) the reductive reaction undergoes substrate
inhibition, c¢) 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 to 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
Non-patent document 1: Agric. Biol. Chem., 54(7), 1819-1827,
1890
Non-patent document 2: Organic Process Research & Development,
35 8(2), 246-251 (2004) |




. [0005] In view of the above-described circunstances, it is an s object of

" the present invention to provide a nethod of producing an optically active
~al cohol useful as an internediate for a pharnaceutical froman enantioner

- mxture tIEradgfoswanveeniwhy Imvaadiah hi gh percent recovery. Means of
solving the problens 10 [Q006] The present inventors conducted diligent

i nvesti gat¥ et thdurnivedebyr thed1pVeBréRR and, as a result, found a
met hod conpriiggjosg converting an enantiomer mxture of secondary al cohol to
a substantially single enantioner at a theoretical 15 percent recovery of
100% and conveni¥ntYiewwiudineg abavecdachabedncancaxs thrdeny drizyime asour ce

and reduci ng: Y, 0 Vi, .ticular_properties, and devel oped the
present%cf%%gﬁgféﬁs-T%%g%%gmgg AﬁggﬁﬁﬁPﬁe%8pr &+ ?é%éﬁ?jFHSéﬁfion is given
in the foptehiainsccremptid00§] acBthenaltoKOH wke £ RaOxdizithgiReduciong
OH enzyne é%enzy OH R R Rz R * RZ, Oxidized Reduced Reduced
Oxi di zed fHm3 FHATRGRYGGR! CE5ERz FReCREBRZRBT CBERL YR C¥diflie NAD+
NADH NADPH: JWARE dNARPEInd MADRELH( NAPEL ENARE) v £Q009] 25 The present
invention is a method of producing an 3 optically active al cohol by, as
shown in J¢rme af swhwiaa ithe papbéemst i oner ni xture of secondary al cohol
to.a su staqugéy' single enantioner at a theoretical percent recovery of
100% hat ‘i's,” deracem zing the m xture, in the co-presence of an

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
15 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.
[CG0OO07]
20 An outline of the present invention is given in the

- following scheme.

[0008]
Scheme 1 OH
Ry + Ry
Oxidizing Reducing
OH
/J\‘ enzyme /ji\ enzyme OH
- | - L
Oxidized - Reduced Reduced Oxidized
form form form form
coenzyme coenzyme coenzyme coenzyme
NAD+ NADH NADPH NADP+
(NADP+) (NADPH) {NADH) {NAD+)
{0009]
25 The present invention is a method of producing an

3




:'5 oxi di zi ng enzyne source'having the capability of selectively oxidizing

one enantioner of the enantioner m xture of secondary alcohol and a

" reduci ng enzyme source having the reverse enantio-selectivity to that of
- the oxi di Zigid &NZYTR FQYECE] c8RE1 Bﬁ)"é‘g_éﬁtﬂyr@@ﬁﬁ@dﬂe&% af, eduerignthe

ket one conpound resulting io fromthe oxidative reaction to an optically
active secBhdarantigmeshsixtpge10f sarepdagh akerho) Sog skmos tepthedly
conpri si ng.perf.orm - oxi.dat | i r i I fon in
oo separ s e e E o e e o R R hod of
t he preseritai nwentderacemikikg the n$xthaeaciertilzedd-prdsancdehef meactions

are perfornmed,in the co-presence of an oxjdizing ..enzyne soyrce .and a

educ nd. CHEPHE SBLECE TN SOFEE BRE N8 ba Yol FF ST SR Padct i ve
reaction aie Pefify e 20astABhbangeushy. end®@ildder Har&urd q%@ac@n_agrpot ed
that the deracemation of the present invention cannot be achi eved sinply by

al | owi ng anlcAdiazichg ergirdngoarsgmandoareediel iy diyy mevdiwece to be co-
25 prefse“tena“f&titél%eel%%%i%&t 109 H0.t o8 E‘PQV%P&}}{@%% daldee Obng
reductive reac OXI g ce,

ion in the present Invention I'Z1 enzyme sour
reduci ng engyirgy st capabatidgr eduetdsesnguche alse t aehywdnggemas eestlladagf i ed

under E.C 1.1.1, are used; these .enzynes requjre coenzynmes such as
ni coti rf&mi %%o%#é?ﬁ r?é‘léﬁ%&ivﬁuaaéﬁﬁ:ilaﬁ RagR ?&Fﬁﬁ*ﬂ})l%rﬁf i EotiSEIREE Yadeni ne
di nucl eot i fhe~gsphat e (NADP+ (NADPH)), and generally reversibly catalyze

the reactions écatalyze both the oxidative reaction and the reductive
reaction) THé&OLdre, to efficiently performderacemation, it is necessary

to establish 35 itho at _cau e i Q. - e i

from 4 the | of Frae FReke s AnatrbiensPRst AL LRI ERS pl
when the oxiithttiive rescttion badper tednediusi ngact s eirdehydregenades, it is
dosiranie Lhato 1 egard! 09t e, 8 89BN YIRS oS kutdife % AR CHRE "

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
‘oxidative reaction and the reductive reaction are performed
20 simultaneocusly. |
[0011] | |
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 redquire coenzymes such as nicotinamide adenine
30 dinucleotide (NAD+ (NADH)) and nicotinamide adenine
dinucleotide phésphate {(NADP+ (NADPH)), and generally
reversibly catalyze the reactions {(catalyze both the oxidative
reaction and the reductive reaction). Therefore, to
efficiently perform deracemation, it is necessary to establish

35 conditions that cause the reactions to proceed steadily from
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excess to the reduced form (NADH or NADPH); on the other hand, when the
reductive reaction is perforned, it is desirable that regarding the
- coenzymes, the reduced formbe present in excess to the oxidized form

- Hovever, ifhd heemoaz e $HQG! el thes rbeefOing he-mundizi ng enzyme and the
reduci ng enzyne are the sanme in the deracemation reaction shown by schene
1, the oxi di'Z¥d2}form and the reduced form of coenzynmes that can be used by

both enzynmes oggyy, il ,C%%&ld%%bbﬁitaggygggrégc{f&qre@g@%ﬁgﬁ@ WWing

therefore, the reverse 'reactions to I red reacti
reductive tleagt idnig)d@icemaprescead isi ndukbiaaebeistlyat assgardisiy tthet he

deracemati on reaction does.not ,@éoc e? efficiently. 00%3] Hence, . the
present i nVERLOFE Qi gentty F?éa RHO Wi HRP+ Bimis RE&SEYg Hhe

above- descei gtk OIS caideddF oz @RHbYH, of ONASPE NAlo DY HSidhd M hand,
conmbi nation an OX|d|zk£§:enzyne source and a reducing enzyne source having

di f f erent WRredilts djadussiver regeripheds phefderedentl i oh desiqghde that

pr oceeded i.Ch I l.op t e pnventio r.e, ‘
Phavi g di TTErSHE ohe BAHELOTEHe BeaRLes o B K a3 S0 21 ng
enzyne souteethes spetidad foam.NADswetde, ifdild nepeeiziymre spewiddcisispeci fic

for NADPH, .or that if..the oxidizing.e me source is specific _for NADP+,
the redifci FF B\ Edirde %nszy?ﬁe@?‘fji £§¥0Fe‘§lA®FPg FPFORLATY G FéMCwor ds,

the preseninitieenid el re@ct 1 BBt BRGwn Oby Ps @Skt NY, ahORIHICRIAy active
secondary al cohol by converting an enantioner m xture of secondary al cohol
into an ofRitaNd e inpeusecodeamy oil eohprveensikat mgpofbe BE:d by both

.Substantiagﬂgyﬁgguﬂé%d§nqgtE%gg&degggﬁgi%@@gnpgrigrﬁggggg%gﬁﬁé; iystem'

......................... ... 00T convertrng reaction i co-presence
of an oxi dilzergfenyymhes awves skavieagtibasf bb | o Nde i operiteadtlilorand a

[educ 1 PN SgUes haa Lie Lol oung properiy (21T (D the
f or m coenzyimsl AR NARRT 2 3R@duNds 8Rca8EiNtddation reaction does not
proceed efficiently.
[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 inventilon.

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

30 [0014]

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

35 substantially single enantiomer, comprising performing the
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"to selectively oxidize one enantiomer of the S formor R form of secondary
" al cohol to produce a correspondi ng ket one conpound, (2) the reducing
enzyme source exhibits specificity for one of the reduced form coenzynes

- NADPH and &R Athigie rddctiie 20 exkdiaipoe SBZYEE 50 C8k i Bl SRRE idhizGmbor
NAD+, the reducing enzynme source is specific for NADPH, if the oxidizing
—enzyme sotREEES ApeW fibe ol INKbPY, PrABeF YUt h@rcth Ay e dstinge sngyme

specific féﬁufggjﬂavﬂm%§tEQe§%§%%%§ﬁge§§8%EQt§egff?iVity to that of the
an |

oxi di zi ng enzyme sourcCe, has an“activity to reduce is the foregoing
ket one conpbundha oxididucy teheyBef spurter efhibiny spic sEicdndarferalbaeholf.

[0015] .T in t.he production_netho f th sent jnvention, .the
bt dat i v Uit ek R FodRatRod Falt . po AL i Rt disduety
per f or med, t@ansk Iherierdly Rexideed Hae esARViBGet her ohd di zidia ez e before

starting the reductive reaction, so that the steps are sinplified. Because
the resul t?hgedEHBREY Edpdadd trs Praprapya r eekrkeshondi ipthalainey compovad,
secondary (&) cglol LAl b RLOduEe e | GLent Ly, whi i digng 25
t he above-&e)!scri berd varli ?us p%ngl g?r@%%egtﬂéy}ﬁﬁ%n%%%c%ﬁ i%ﬁ:. 3 fglé‘cct of
t he inventilon (@DKEd fAgoorcdieng ymest RBDREt fiod MADH hehgqreeseitt tihrventi on, an
optically tive alcohol, including an optically active diol, 30 useful as
a pharﬁ%cé%%F%ajiﬁhngﬁgﬁigpgfcgaﬁgbgpﬁ?géh%ehoyé%ﬁRﬁﬂﬂHﬂﬁ!%?Qﬂ?lﬁﬁgh yi el ds
from an enamtymenesouriod Uke sbhef€ot, fopanhbem) af f YeHd ARl 4 iRRX ReNSmLe
racemate. Brief Description of the Draw ngs 0017] 35 [Figure 1] "An

i |1 ustrati PN FAIFOWIES pPEpHPEY T hethg Federin a2 XRe tSULSNT NX.

ncor por atTas LS. ety dr a0 iabesgons ert oed RN MBS £ Bac
KNKc71-3. &f Bést dwidé zfiow Embeugi agutbe, | avétaomn [001i8}ity to reduce
15 the foregoing ketone compound to produce the S form (or R form)
of secondary alcohol.
[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 before starting therreductive reaction, so
that the steps are simplified. Because the resulting ketone
compound is rapidly reduced, an optically active secondary
alcohol can be produced extremely efficiently, while avoiding
25 the above-described various problems due to ketone accumulation.
_ Effect of the invention
[0016]
According to the method of the present invention, an
optically active alcchol, including an optically active diol,
30 useful as a pharmaceutical intermediate, can be produced
conveniently at high yields from an enantiomer mixture thereof,
particularly from an inexpensive racemate.
Brief Description of the Drawings

[0017]

35 [Figure 1] An illustration showing how to prepare the
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" The présent invention is hereinafter described in detail. As nentioned
- above, the present invention relates to a nethod of producing an optically
~active secondary al cohol by io converting an enantiomer m xture of

. secondary 2¢&ahoinddtt q,@gvmcoroe,tl\]rﬁqggl | y active secondary al cohol consisting of

a substantially single enantioner, conprising performng the converting
reaction in the ldopreséicé @fesamlokudnzengymzmm o B othie erdJvrioigahite

fol | owi ng prapert u0| ng,enzyne .15 source having the foll ow ng
property (2% (1)%@ o%%g)r?o éﬁ?y?r@ ééﬁ’i Ar IR BT E sg%rtf’eéiefqlé’eij R one
of the ox@cﬁzcﬁniaérmum Q@ﬁnmswem or NADP+, and has an activity to

sel ecti ve I&%tciee one _enantionmer of the S form or Rform of secondary

al cohol ° & o EMPSRY, Frbeptiagnfhrelarentbamound, 20 (2) the reducing
enzynmne sour q@o@ghr bits specificity for one of the reduced form coenzynes
NADPH and NADH (here, if the oxidizing enzyne source is specific for NAD+,
the reducing e i&err@r:@@@mcteihs*espéohfiis fiore MARH:r ideddeibd dinzidegaemnzyne

source is specifjc for t he reduci ng enzyne source is 25 specific for
NADH), has the revereglétlgﬁlant Fg’o%l’egg?vﬁ - tfentoron H’éﬂé’%eér an@ enzyrre

source, amktissl arf @ﬁbﬂ‘ialch_y.lgt anr eﬁa@@alliﬂ%éﬁ@%é&ﬂ%@%‘ E
produce t he Sf rm(or Rforn of secondar]%/ al cohol 19] 30 T gr st

of the “Br SBHSY nﬁnoﬁnF‘8§|18@§r| Riatveace cﬁﬁccggﬁbftlerné(ld:@ﬂ@dennxat aon
reaction ssp%tleﬁ)ug,ara@@here%eeaﬁégfg glé&oppgdncsagqm%lye secondary

al cohol consisting o substant y Single enan |rrespect|ve of
the type dubsfeadigddly sfoohel ena’anbno:aerr;erra:rrﬁpmrmrngnpetrtﬂo&nilhgr epk, at a 35

t heoretic r I 0% Therefore, the present 7 invention
is not Ii %Otng%rgggénq:g%gé%sxby Bt HRC cCHYTRESIANCS édo itia iy 181 2dRe| eBEB8RCed,

and by t hescieriev ahivangantef 6oILOfing NSr SHIME GOQUILRS 1SR feh ot B, ne
oxi dative and re?luctl ve _reactions. 5 [0020] In the present |nvent| an

enant i GrrePOEEEUPEVORY EBEoRBALWERG dpERPeaneld)cal |y means al | secondary

al cohol's (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 S form or R form
of secondary alcohol to produce a corresponding ketone compound,

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+, tﬁe reducing enzyme source is

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

[0019]

30 The gist of the present invention resides in a reaction
system (deracemization reaction system) capable of producing an
.optically active secondary alcohol 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

7



- whose optical purity does not neet the requirenent for the intended use.
"In addition to racemates, for exanple, if an (R) 10 formof 90%e.e. is
-demanded, secondary al cohol s having an (R) formcontent of |ess than 90%
ce.e., includiarrior) fomdr ofimhit@l LPPhhGaheNE i by, tid erR)iceeRFoNpPassed in
the scope of the present _invention. Usually, because racemates are
- i nexpensi vieaifaasia\cohedi PaprEcetheard flo¥t thoe devel Fridswnanonfesti 6d i s
15 maxim z Wﬁﬁﬂm% r e ,,-S U : 0] resgnt. siavention, "an
optically gfgeti ve secongar yts glsgghgﬁgc%lééi é%ll%agﬁg‘{é Q&chbst ant |lla¥:%l y single
enant i onerteantsingis.a secondary al cohol whose optical purity neets the
require@ent[%®2f r the intended use, and does not always need to have an
optical “purit 8 100% e. e. For exanple, for a pharnaceuti cal
internediate, the aid ¢lespuiti ivehtibe, deshreflagnodid OBk thge A | ess
than 90% e.e., preferably not |less than 95%e.e., nore preferably not |ess
t han 98% e?%??n%ﬁd( oft BRiSe geper25at buReaRentl y o eeandepb rdicvdodns f act or s
such as ORRiGA AL gaPrQVABEL! hyt | Rl e sUbseqUANGleRsy (1221 1N
t he present invention, “the reducing enzynme source”has e reverse
enant i o- seimogndad yugen t Rat adflithen oxd di zdenp ery s @xeopi ee” iffeans (Rhat
1 f the oxidizin ne source sel ectivel xi di zes the R farm of
secondat’y (f%‘bhogq eg[btz)gﬁr'c?duc}é eﬁ‘@‘?@ﬁg' E%ﬁﬁ%gﬂﬁif ?ﬁ%ochtﬁjé’raﬁgm@nf’%g%ource
reduces t herketditergomrourRdst @hagl eoti yeky, pigdus@idde S fRmObt hegh
secondary alcohol, or that if _the oxidizing enzynme source selectively 35
oxi di zes t¥RFSTFoMUGLYa S&CoRdar 911@@3@9%&301@%@%@:@@@1‘0@(% ®resapdund,
t he reduci g?;y S ed ectijvel y
pr oduce thfe}ng ordn}fof %Hgﬁégéoﬁgg%éggﬁ%%%&i g%rg%%%%p%%gﬁgkz%r}gs acting
for the eneasiloy sefesictabie,oxihgakiffectr ecthenpaageneducténtgaredati on in the
presentlinvenlion(gégi as descrkbed above, oxi doreductases such as
dehydr ogenase, 4§ Fi & TATFEP B €¥1%3%2: In the present invention, these
[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 reguirement
20 for the intended use, and does 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 is
not less than 20% 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 alcohol to produce a ketone
compound, the reducing enzyme source reduces the ketone
compound to selectively produce the S form of the secondary
alcohol, or that if the oxidizing enzyme source selectively

35 oxidizes the S form of a secondary alcohol to produce a ketone
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enzynmes are called "oxidizing enzyne (oxidizing enzyme source)" io0 when

"used in the oxidative reaction, and "reduci ng enzynme (reducing enzyne
"source)” when used in the reductive reaction. [0024] In the present

;i nventi on,cordwiraxi dine rgdeBiyigeehsymspecufte f@iud\@tk{eon{é%a@ﬂ " means
that if NAD+ (or NADP+) is 15 used as the coenzyne, higher activity is
exhi bi ted C(%‘%?Hr%q &a Fq1§c§%ﬁ?%¥t BEPIVAANERE R hEOOR IR he (REEPPEETVhe
coenzyme. jihespd@atio of the activity with the use of the coenzyne
exhibiting specificity and the activity with the use of the other coenzyne
is normal |y I8®23lless than 100/ 50, preferably not |ess than 20 100/10 mor e
preferahly not l.ess than 100/ 025 In t he [ es i.nventi. "t he
Feduct ng enzyme TS SHRREF GO SPINADRI S S Hrd Hidtng as
t hat descafézhﬂihca'bcatﬁi radehcti€er aéa@t@bnt hﬂ Blsé | i denthemwsitign hee25
coenzyne that exhibits specificity and the activity when using the other
coenzyne i3S deTiiRed aReves PﬁégoaégEFFﬁéﬂsa%@@% as [gipsiroprase,
der aceni zatj ons i £acd hAfuR! wt Be1pfesent i nuan orsx%e%?eﬁ LrRRnREEHOT FRdSY
addi ng the substrate enantionmer m xture of 30 secondary al ¢ohol
ni cot i nam ez \uEhiare d:add@IdeSDKddl@mmen@m@I-quldnmq e e aderricRd
di nucl eot i de _phosphat e NADP+ descri bed OXIdIZIng
enzynelgodgggpéﬁﬁp Fed C|nSXlﬁ?§ﬁe s%%%ggl?% aﬁn%pp?%§§?%RQB%§ﬁ Yént, and
stirring whidieciady usidyng Sberpk) “i whes pesefiermbtiee thedudthierd &&ﬁidt(iﬂ;nbe 35
per f or med u5|n coenzyne regeneration systens in conbination. 9 [0027]
Usual |y, t nd 09%i4dat i ve reaction and the reductive reaction usi ng
dehydrogenase reguitif $hlseRkORRYELE 1 8ADUNEfe Obxi @Yy MY UrZAhd arm coenzyrme
and a reduced form coenzyne, s respectively; by using in combination an
oxi di-zed fawanicbienzAare NARADKof o NARBDPY) meegen‘eh@tlbﬁ b@y@ft emadd@lgr)ais

reduced form, coe ration S) e he am unt s of
expensrve coenzyngéyué%ﬁmmgmebehﬁgﬁﬁfkgﬁﬁg %uﬁ%dﬁx %éa) Peq l%%ty

pref er abl eid cextoini 4wt Mdaoxiidatheeothaet i onuasd/ £ the coenzyme. The

ratio of the activity with the use of the coenzyme exhibiting
| specificity and the activity with the use of the other coenzyme
is 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 is
épecific for NADPH {or NADH)” has the same meaning as that
described above, and the ratio 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.
[0026]

The deracemization reaction of the present invention can

be performed by adding the substrate enantiomer mixture of

30 secondary alcohel, nicotinamide adenine dinucleotide (NAD+
(NADH) ), nicotinamide adenine dinucleotide phosphate (NADP+
(NADPH) )}, and the above-described oxidizing enzyme source and
reducing enzyme source to an appropriate sclvent, and stirring
while adjusting the pH; it is preferable that the reaction be

35 performed using coenzyme regeneration systems in combination.
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1o reductive reaction that constitutes the above-described deracemation
reaction with a coenzyne regeneration system it 1is nore preferable to
- conbi ne both the oxidative reaction and the reductive reaction with
- respective qeenzynme regeneration systens. 15 [0028] As a coenzyne
regeneration system_first, a nmethod wutilizing the coenzdyrre regeneration
capabi lity in aUfvelebiratheceridatyye exaaplon aand divbirgdusdiivet hat
produces t e- Cly LALZLN n J A ep<t he
A T B R At ot D
r econbi namn Estibrdechifarookbenelinet Antl proedwesd afdh zaegpzerzyne, 1S
utilized to regenerate an oxi.di zed form coenzynme, the o0xj ?tive reaction
of " al colol “STRF Y i d PYe §oF B P E ROy HELt a3t i o S Sod SPgnzime
separ at ed Namm @i sizde+hy rbbenddaeebh spbERNS AL cRY Forkd the
coenzynme specifici te; of the enzyne of the reduced form coenzyne

regener at i €IFTRMEEe H |(ew BADHDseRgenehatk tomr &y Hefant dife Smo@i sas ft he
l'i kelih , - ikbed _fail ' ' h
untixel1nq é}Is:u}é‘%o%%%ég.eQeﬁ%b adn g{e Péﬁa%ﬁ rfeégﬁ%c%gfl U@ﬁ%kggo:%,t €

oxi di zed form coenzynme regeneration system an form
coenzyne regerenatdferabyet ¢m cpOb28 ths andddietve asyeymier egelYerat i on

system_a nethad utilizin nzyme, for regenerati ng an oxidized form
coenzyn® HHHOE F@&&é&&gf %F’ﬁ] cSéﬂ?‘ﬁﬁé‘}t%? h@?et%"eﬁ"ﬁg&s&ﬁl@eﬁfng enzyne
35 and redust HEeAE rkaktibe deracenBbiRpvieacdd &br HAB P&y sten; 10t

mentioned. In this case, if the reaction for regenerating an oxidized form
coenzyne ard BHe pEgdererleoitor egahénat bagh athe eericdat 67 maasdriApnangr e

conj ugat e i :0en .as t.hb i i at r I of the
Gosi rod colts e AORNEUIER 180 aEh EPRPLTENIS Fenilf GRAIRIALA
pr ef er abl esystmg.nhe enzynes used for the coenzynme regeneration systens
exhibi t_ hi gr} ?%?ci ficity for the respective coenzynes. That is, it is
pre.ferazﬁl e tHEE%f the oxidizi ng enzyne i s NAD+ specific, the enzyne for

the oxidized foras coeneyREmeegeaehatholosYSySFRINE F OrNADH sRagidd ¢, and the
ehzyme forué{§3;5§§“%§% L%nggggniéggneration capability in a microbial
cell, for example, a microbial cell that produces the above-
described oxidizing enzyme can be mentioned. When the coenzyme
20 regeneration capability in a microbial cell, for example, a
recombinant Escherichia coli cell that produces oxidizing
~enzyme, is utilized to regeneraté 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 ¢f the reduced form coenzyme regeneration system is
low or absent, there are advantages such as the unlikelihood of
the above-described failure due to the conjugation of the
oxidized form coenzyme regeneration 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 reducéd form coenzyme, other than the oxidizing enzyme

35 and reducing enzyme for the déracemation reaction, can be
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fregeneration system be NADP+ specific; likewise, it is preferable that if
" the oxidizing enzynme is NADP+ specific, the enzyne for the oxidized form
-coenzyne regeneration systembe NADPH specific, and the enzyne for the

; reduced f QfdntGRRMEY TBThSth £geRgEl | O éﬁéstr%@&%oW%rsB%gbBbE ihQPO3P] As

the enzyne having the capability of regenerating an oxi |zed orm
coenzyme, A¥ARDH Zexi dase Cmmmdehydrb@@nmtm fammyeasraétdebydr ogenase

can be e LARS ARG ChatMPE 2004l dees o, el Ll sebecalenyel 1

features sSuch as

coenzyne irfigeneidlites, rQ@QtE@Qenéh&tﬁ@@c¢fIﬁnéydéﬁlﬂﬁﬂUCdﬁhz®ﬁ@&1ﬁ@ésNADH,
and the irreversibiljty of the_reaction catalyzed. Two types of NADH

oxXi dase5aﬁ@tkrﬁ¥\ﬁr?ee§n@f§ﬂ8&§8fcﬁ§ wat st iRdcer %éﬁué’irﬁgfefgbmﬁh%’%l%%e)
and one pr |20 Jaedy 2gen cher ezsbﬁeylﬁgyﬁé a PRSP 8- RO AU g  NADH,

oxi dase). Hydrogen peroxide Is known ave an adverse effect on enzynes
and the | |S§I£Cl\/ﬂ1e?rltymf@lrog@ﬁ pespﬂctl@f@rmuytgea\lADFﬂha@xuéasetl ssused, it

f d al 3
ceconpase BEESAEHEY 3 e’ Pbiie 7 LA L T SIS ey
t her eof . Beaqm&efb&etmko@uqah@@dotobmdé@@@ﬂwﬂ@rﬁé@é&bréﬂﬂbnﬂsySteﬁvbeded, it

is nore preferable to use water-producing NADH oxidase, [0031] 35
Al t houg tW%%@Hﬂ%héP%@P@ﬁnégm? hECE ottt ereiucse ToLm S96PEY#8scri bed

wat er - pro%é}&ﬂ%%noé'y%%%ﬁ be N@bﬁ“?ﬂ:@&ifié’ 14084:8dd onye grd may be a

m-cr oorgani smor a highér organism and m croorgani sms ‘such "as bacteri a,
fungi, andaqm?as:tabdree theui tidbltbe pxetﬂezaﬂwyelbmtt@rla I@d}?m@mtfmmedheFor
exarrpl e, a.s mecr n| sm, %[158 to t he genus Stre ococcu lge genus -

Lact obaci |77 he ge soﬁ% " R HERusT T Ut Oélclésys e §enus

EntrOCOCCm&DHHHggyammicPEQb@BQﬁéuénzymé 86N Ushe Mad dM&ROL Ofts cdehe yiienus
Ser pulina, the genus Mycopl asma, or the genus G ardi a can be nentioned,;
pr ef er @B ¥ ST RAG30FamYEHEMo O6f NPRE~§RRESE S r ept ococcus, more preferably
Streptococcygpz@ytans, particularly preferably Streptococcus nutans

NCl B11723,
As the enzyme having the capability of regenerating an

oxidized form coenzyme, NADH oxidase, NADPH dehydrogenase, and
anino acid dehydrogenase can be mentioned; among them, NADH
20 oxidase is preferable because of its featﬁres such as the
'availébility of oxygen as the substrate for the ccenzyme
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 is known
to have an adverse effect oﬁ 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 therecof. Because the production of hydrogen peroxide
per se is avoided, it is more preferable to use water-producing
. NADH oxidase. |
(0031]

35 Althcugh the organism that serves as the source of the
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- ' can be nmentioned. Regarding the water-produci ng NADH oxi dase derived from
Streptococcus nmutans NClI B11723, the amino acid sequence thereof and the
"base sequence of the DNA that encodes 15 the sanme have al ready been

. reported (O v-Gic62A8bd walt@@33koAtciRg REBY "Bk Wi 4 R tCapdhiekit ¥oOf
regenerating a reduced form coenzyme, glucose dehydrogenase, formc acid

dehydr ogenead®t tadridryl @osk 838- PRogphatEodbtydt yerase lamaye cxyamd sty oned:;

preferably:&glﬂ§g¥5%ﬁﬁgﬁ rLoge , r . NARPs- i fic glucose

dehydr ogenaase, can ner?l?rlgo%ggﬁ aﬁgléggfé%%hgﬁ%%g]f’he & an%gtmatr%at serves

as the sowweafldaheredizoablgeberibetagtanose dehyrogbnageri sxanplspubiect

to 25 limtation, and be a m éogﬁ anismor_a hjigher organism and
ngr,

m cr oor gari s A Rl eEe R JREULY eAET R & OGHrabihe I5P8Fer abl y

a bacteri umeasbhe NRiY,| ehed gehas €%2rBk8ccud, MKks 0N R QIndte genus
Bacillus, preferably Bacillus negaterium can be nentioned. 30 [0034]

Al t hough tHee ofegam i tegocsaisyeshasgenes sBadéecotcishe thebh@raudescri bed:
NADP+- Specyd £ gl 46Ose; dehyds QA63a%e bo 1 38k BHp) §&hnd %'éﬁfaas% on,,and my
ghgf or gani'snjy "ahd S as

be a microorganismor 4d hi a m ct 001 gann suc

bacteria, fhingigniendsisealita danabe suhtabhed; Fore fxeadipl ©,a anitreoagagdsins m

bel ongi ng %g the 12 .., ........... .. enus Cryptococcus, the genus
cter

. .9
A ucondfactertl oIS JIHFRtELOERFonRES RERT BEA BN T OFRECISIGHET abl y, a

m cr oor ganigfAnhel et 16 1 era¢BUaL Oy Y BE PEPESHSCERS Mift AN camad 7245 the
m croorgani sm of the genus Cyptococcus, Cryptococcus al bidus, s

Cr ypt ococciAP mnmesttiiened -y pRegaeding erre v teamprodysisco @il oxidase
i guttul . ' ; f .gut t.ul.at us,
oo oo of o P e S SRS el SLRRLY RBIOEREC IS e WAL LR 1

nore prefer ccus unigu _ strain, can be
ment i oned.s¢@03kje therEoed @nyptbeobens saggahtel af ushe MBS &hadt reaaicndes

stored 15attﬁehesal?rleK%%vJea%?LrJ]:ea lyl %ggainogegér egr ?gﬁggpé—sﬁ6é§]1|\{c.: 2-1,
[0032]

As the enzyme having the capability of regenerating a
reduced form coenzyme, glucose dehydrogenase, formic acid
dehydrogenase, and glucose 6-phosphate dehydrogenase can be

20 mentioned; preferably glucose dehydrogenase, more preferably
NADP+—specific glucose dehydrogenase, can be mentioned.
[0033]

Although the organism that serves as the source of the

above—-described glucose'dehydrogenase is not subject to

25 limitation, and may be a microorganism or a higher organism,
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+-specific glucose dehydrogenase is not
subject to limitation; and may be a micrborganism or a higher
organism, and microorganisms such as bacteria, fungi, and yeast

35 are suitable., For example, a microorganism belonging to the
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-.' Hi r osawa, Wako-shi, Saitama, 351-0198 Japan), and can be obtained fromthe
facility. [0036] 15 Provided that the sane reaction as descri bed above is

“perfornmed using a culture product of a reconbinant m croorgani sm prepared
- by introdugimgs ayypd HA G, CREENBH888G1 ABGn8nIeRer f Ur A LR havi ng

the capability of regenerating the oxidized form coenzyme on which this
enzyme dep&RIFFAARY CEP é—)@@rr@leemeNADHn@drda%@fanﬁhimelal sllgﬁfopheasaﬁm host ,
or a trea} c f cul c adthellke

innecessary T L e Y ceBsr Kl HEBCREORN Lol e Ml B ' P5T BB enzyme
r egener at ilon;rdadyey=eficme ofarthept;enalsl ¢r§ptb&ﬁccﬂbp0¢1ghamdm:aorﬂdii@e@,at

| ower COStépf%t!r kew se, provided 25 that the sane reaction as descri bed

above i ¢ U U Mg COLH P uF-EYBEBHAEYS of ©BF # &0 Mich diYRRAGHE S ani sm

pr epar ed b:YmdﬁtfrﬂB&ld“Q:a@q rRdHehRYoaBE ”Br@?é‘ﬁa fg‘r}i Er@os-dPuan enzyne
havi ng the capability of regenerating t e reduced Torm coenzynme on which

thi s enzynegtdapeitls {iir rexanpre feghbéysshaoCenyerogumase)i duittariedluss of
the same h@sizsdr & Adi8at nent LPraduet of the culture product and the |ike,

it is unnecessary to sépar atel prepare the enzyne source necessary for

coenzynmne re[@@ﬁér]atl on; ther ef ore an optically active diol can be produced
~at | ower costs. C{)r003 13 Provided that for the oxidative reactiaon

syst em*al cohol OGN FSoXPAFPEFULBEHF cdBh e Slegdmeridt iS5RT8Yst em)

or the r@lyeiué/qaﬂmcua@ansmmabw@hoae MEEF Y&t 48 dreduGhicse 2-rgacti on
and reduced form coenzyne regeneration syste or 5 both, the enzyrres

i nvol ved dHersaees dedoshdel S§l§ﬁmﬁhe351m%19 odapar) dexrt idsed kebove, t he
oxi dative &891 od & e dyct |f\é%l%%@ggtl on system woul d be separated from
y t r

each ot her e host ©cell ne and, as a result, the above-descri bed
failure due [0036donj ugati on of the oxidized form coenzyne regeneration io

system and the reduc m,coenzyne regeneration system does not, occur,
or becdies unli K ]td%do%ilﬁ‘rt %EE éali“@sﬁg?w?a%na?f degqre-hesk is

speci fi ci tpefordntal eRAYRE o Rvokued pRokher COENZYPECombinant
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 éxample, NADH oxidase) 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
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 [0037]
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‘.regeneration systemis low, the reaction may proceed well. [0038] 15 On
the other hand, it is preferable for streamining the production process
“that the reaction be performed using a culture product of a reconbi nant

;M croorgani sm pr epaededyrnift £ O UG Gbsaik 6l ZieRg t&BAY B s@8fe (ANEb1R01
reduci ng enzyne gene into cells of the same host microorganism a

r econbi narf*1Z@ togr 88Fgani AT peperedcerynivite othusineya iloraddistenh o6 an
0X|d|2|ng1§ﬂ; U%QQ%ea?gaétﬁggug Q@eﬁnﬁﬁgﬁn%§Qﬁé'%dQﬁ%% E%Eu%@ivgnzyn?
havi ng the capability of régenerating the re uced Form coenzymeé on which
t he reducirgpamiomendepeddsednfortheos@angne hostiermdrertdang ayissm) or oa

reconbi nant m croorgani sm prepared by 25 introducing, in addition to an
oxidiziﬁgq@ﬂgbnégﬁé%gzgﬁasalngﬁéﬁﬁgn %n%%&ﬁ?%ﬁﬁé;lQiﬁﬁ%%§'Pgrt R EAZGme

havi ng t heyotapabiddstyi8bdr 88608} ath&dosk 1\8a 10 &li ZRY JrORRL QRBZFBvEN Whi ch
t he oxidizing enzynme depends into the same host m croorganism or a
treat ment HasdueR SsiystRE vapidrleepreparatemdindie dddbe other3®yi $heohest

pref er abl &.diNan e hRaghLona B, PELLOT MR A ST N A - U LUER P HAG4GE - Oh, 8

. reconbi nant i Croor gani Sm prepared by i ntroducing al enzyme génes for an
oxi di zi ng EnomEugatienzyffethbavkh@i tdé Sapabiddriyynef reegenresationg t he
oxi di zed for coenz on whi ch_t he oxidi zi ng enzyne depends, a reduci ng

35 enziﬁe,syf%%ﬁ“g’n%rﬁﬁwﬁ FRET CEQEBF TS yr e dgdnerativiferndoess -

reduced f Q{d GReMEYMBroBeWbinEl HHE1 kEMHICEA b Az dependsnitht @vehhessane
host m croorganism or a treatnent Eroduct of the culture product and the
| i ke. Thi ShfaceosnzgvaeabsacifiiehtEdot othereviyiee sinsie lyadedenthihsagpenzyme

m croorga Eﬁﬂ% [ 9 r nmbj ,.C4 QOr i C roduced by
incorpora?% g §F§q%iD%X§E§§Iggtggﬁfrgﬁgt %gag%ﬁhI%%a§§g%ﬁ%§'§%lEé DNA t hat
encodes the[0%B@dilzi ng enzyne used, a DNA that encodes the reducing enzyne
used, a gene that cod an_enzyne,_zo having the capability of |
regenerdting th%no i '?ggeFo?ﬁ?écoéﬁz%ﬁé?r%ﬁﬁF%P%ﬁwquuﬁt ngntBRzyme

havi ng t her&aRalidn broebske8RALT ahé NBedct AWARH Jr il .6RNZMTRG Bt O the
sanme vector, and introducing the vector into a host.

culture product of a recombinant microorganism prepared by
introduéing an oxidizing enzyme gene and a reducing‘enzyme gene
into 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 introduqing, in addition to an oxidizing enzyme gene and a
-reducing enzyme gene, a dene for an enzyme having the
capability of regenerating the oxidized form coenzyme on which
the oxidizing enzyme depends into the same host microorganism,
or a treatment product of the culture product and the like. It

30 1s 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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"Afternatively, such a reconbi nant m croorgani smcan al so be 15 produced by
i ncorporating these 2 to 4 kinds of DNAinto a plurality of vectors in
~different inconpatibility groups, respectively, and introducing these

s vectors i ntQpnidie) s Rewhz yrk08A0nThE ortd diZhh /RN DHBmd edienAg €REYME,

oxi di zed form 20 coenzyme regeneration enzynme and reduced form coenzyne
regener at i B¢ sypStee MOSHz S T@SEdanh siheopr asierra imardhti ndusdy ofe theot al |y or
partially e eRXIes, ARM.A) gL U, Br oduch, of; s 3101,CEAOLOADLSE
havi ng t he Capabi Fi'ty of producing ése ‘enzynmes or a treatnent product

t hereof capralisite Eamdised redemdin2ht"aicuboérgen pswduct of a m croorgani sn
means a cult5r§ roth containing cells or cultured cells; "a treatnent
product t hdP8P" nmeans, for exanple, a crude extract, a freeze-dried

mcrobial cell, AprReet@ntingdtMeEPbbRbakflh c Be ?ﬂddﬂ&d Ryoduct  of
the cell and the like. Furthernore, they can be 30 used after being

i mmobi | i zeterRAr@tdagy e tor «c@NPs aslpstey BromobmmrdIoWNEWRSHEEAST The
| mobi | i zaf igg, %@%n%%@e%r g B&iéiz?ﬁ%%‘i‘%ﬁ&é’!&é‘ a L0 lgseskilled in
anpl e, ge nethod;” phy

the art (for ex crosslinkage Sica ad%orp i on net hod,
i ncl usi on emmsidwd tand remdiinke enzyhe[ 064d] 45gdhe oy cerdesiyd ed enzyme

m croor gani sm having the _capabilit of produci an enz be a wild
strai-n ©Or Wd"t‘—’érﬁhestcraéﬁ]?,ﬁl&y 2% EEGRBF %Hn%rg‘g%r%}ﬂl%y%ﬁ ng a DNA of

the enzymecdéhAme,eG 2 AR ithbi0dHebAEst 88 ¥REYRE hA¥h@ tiest. 5 [0042]
Next, the secondary al cohol used or produced in the present invention is

descri bed. caraleeity tfe nfigemeghting apredenedi hvent ¢on3d déyd itheas
described ahove,. g Jet %%Qisﬁ%&rﬁ)ﬁc}iﬁ%%%‘gpg%%nvgg%faiﬁ%’p agty& secondary

al cohol, conprising 10.”U i on-an oxi di zi ng enzynme source and
a reduci n(Al enzyate wedir, Cc esurdy iang edbhbénant mwbendyngaspaciddrcidlises hand

different enantio-selectivities, and further effjcientl conbi.ning a
coenzyt RGeS Foh QAITERRALAS hBSERi AatPve KERIR1T orPhd Ko  educt | ve

reaction. plurality of vectors in different incompatibility groups,
respectively, and introducing these wvectors 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 microorganism” means a culture broth
containing cells or cultured cells; “a treatment product
thereof” means, for example, a crude extract, a fréeze—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 immcbilized as the enzyme or cells as 1is by a
commonly known means. The immobilization can be performed by a
method obviocus to those skilled in the art (for example,
crosslinkage method, physical adsorption method, inclusion
method and the likej}.
35 [0041]
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1"15 [ 0043] Therefore, the enantioner nixture of secondary al cohol used in
- the present invention is not subject tolimtation, as long as it is a
~conmpound having a secondary hydroxyl group as described above; as
s representative eﬂﬁgnﬁﬂﬁ%QFQ%%%Qﬁbeé ﬁlngbrgggléﬂdhé%fﬂd“%H@ BN ity

ment i oned. £0044 As the 1,2-diol, a 1,2-diol represented by the general
formul a (19% ingO@n e@iay(ﬂ;ei) mRY D8 {10021&]1 stwbiEr e (RIVEBINEs eitralan
al kyl grou V, 0 o] p H&@Q" Vi
substituen r%rfé;%%r %%n]t 8%%59‘%%%% gﬁ%gggmga% bon" a é/orrgrg‘l% 3 % pet |t8nal |y
havi ng a %mxlammtmmagmhéi osetdor {00473 MWsstt he 2-al kanol, a
2- alkanol epres§nted by the general 16 fornula (2): [0048] OH R~ (2)

[0049] 5 (wHO&3

and optionally hﬁ%i@g1§m§@£§hbﬁﬁ%9tale6héﬂ at¥h GF Wby NG IHe0 15
carbon atons, and optlonally having a substituent) can be nentioned.

[ 0050] 1cpn¢1%elb1pt4réeﬂntgﬁoabtu5vde§@@@hadry I@mmrﬂﬁ m’r@dm@@ b the present

2 secondary S bV Gro TSn 6sei 4471 oS detreibs At RGN g "Ey

the gener abrdduaiti@ £:38)apti@R31ly active secondary alcohol, comprising
10 using in combination an oxidizing enzyme source aﬁd a reducing
enzyme source having different coenzyme specificities and
different enantio-selectivities, and further efficiently
combining a coenzyme regeneration system with the oxidative
reaction and the reductive reaction.
15  [00431
Therefore, the enantiomer mixture of secondary alcohol
used in the present invention is not subject to limitation, as
long as it 1s a compound having a secondary hydroxyl.group as
described above; as representative examples thereof, 1,2-diol
20 and Z2-alkanol can be mentioned.
[0044]
As the 1,2-diol, a 1,2-dicl represented by the general
formula (1):
[0045]

OH

. )\/OH (1)

[0046]

25

(wherein R represents an alkyl group having 1 to 10 carbon
atoms, and opticnally having a substituent, or an aryl group
having 5 to 15 carbon atoms, and optionally having a
30 substituent) can be mentioned.
[0047]
As the 2-alkanol, a 2-alkanol represented by the general

16

R represents an al kyl group having 1 to 10 carbon atons,



- OH RA(3) R* 15 [0052] (wherein Ris the sane as above. * represents an
~asymmetric carbon) and an optically active 2-al kanol represented by the
general fornmula (4): 20 [0053] ~OH R * (4) [0054] (wherein Ris the sane
. as above. f#,hRPLSENLs an asymmetric carbon) can be nentioned. In the
foregoi ng general fornmulas 25 (3) and (4), * represents an asymmetric
car bon, whodé&04Bdol ute configuration may be the (R formor the (S form
17 [0055] That is, an optically active 1,2-diol represented by the
gener al fornuIQNQS): [0056] OH R -'"~ OH (5) 5 [0057] (wherein Ris the
sanme as above.)], or the general fornmula (6): [0058] OH R % OH (6) 10
[ 0059] (mhereLA\Eéis t(iz) same as above.), and an optically active 2-
al kanol reprRRsented by the general forrmula (7): [0060] OH Rc (7) 15
[0061] (wherein Ris the sane as above.), or the general fornmula (8):

[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.

{00501

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

[0O51]

OH

" )*\/OH 3)

[0052]

15

(wherein R is the same as above. #* represents an asymmetric
carbon) and an optically active 2-alkanol represented by the
general formula (4):

20 [0053]

OH

RJ*\ | (4)

[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 (S5) form.

17




. [0062] OH R ----" (8) [0063] 20 (wherein Ris the sane as above.), and

" derivatives thereof can 18 be nentioned. [0064] In the foregoing fornulas

(1) to (8), as the alkyl group having 1 to 10 carbon atons, and optionally

- having a 5 gubstijtuent, a nethyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, a sec-butyl oup, a tert-but

group, an n-pentilatgisupanapbiifiexyV yeblipe kﬂ?Tﬂléin%ﬁPIQﬁenéeﬁabﬁnﬁ%ﬁyI

group and Kk e ntioned. As the hal onethyl group, a

chl oronet h %Héﬂd%ﬁio l?ongﬁethyl group, 10 or an iodonethyl group can be

mentioned. A906Kké aryl group having 5 to 15 carbon atons, and optionally

having a substituent, a phenyl group, an o-chl orophenyl group, an m

br onophenyl gr a p-fluorophenyl group, a p-nitrophenyl group, a

p- cyanophenyl p, or a p-nethoxyphenyl group and 15 the |ike can be

menti oned. [ 006b] ific %gy, as the 1,2-diol represented by the

foregoing f (3), or (6), 3-chloro-1,2- butanedi ol

1, 2- but anedi ol , 1, 2- pentanediol, 1, 2- hexanediol, 4 20

met hyl - B, 2- pent anedi ol , 1-phenyl -1, 2- et hanedi ol and derivatives thereof

can be nenti[@éd.] [0066] Specifically, as the 2-al kanol represented by the

2 hexanol , Ry Fotiratbe. “ShK, ARorPo B bt difol HoiP A A 1AL A8 ot

can be nentq@@g@ [ 0067] hbxt t he oxi di zi ng enzyne source and reduci ng
enzynme source used in the present invention are described. In the 3o
present invention, as the oxidizing enzyne source and the reducing enzyne
sour ce, dehydrq@ﬁqases cl assified under

RO ©

‘10 [0059]
(wherein R is the same as above.), and an optically active 2-
alkanol represented by the general formula (7):
10060}

OH

Fi’;!\\‘ (D

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

[0062]

A
)-lll[o
X

(8)

[0063]

20 (wherein R is the same as above.}, and derivatives thexreof can

18




EC.1.1.1 are used. A conbination of an oxidizing enzyne source and a
reduci ng enzynme source nmay be selected as appropriate according to the

- desired secondary al cohol. 35 [0068] 19 Enzymatic asynmetric reduction is
- one of thepoosdntiseidd. techniques in the synthesis of an optically active
al cohol, and dehydrogenases derived from various m croorgani snms or ani nmal
ti ssues havel W& reported along with their substrate s specificities and

enantio-sel ecti vjf i3, f‘é"rteggori?{geﬁ:g%nﬁlgg rgigeég gé Cess qfd @1‘?{Pﬁﬁtg'&8ﬂp an
oxi di zing enzyne source and a °‘reéducing enzynme source %aV|ng a
enant i o- seheeinyilt ywand aarboenzyoesspecdf optiynsll ¢ abdwirfora t he met hod of

the invention  of this application my be selected. 10 [0069] If no known
| or et oR TSt ST b Rt Hilte SHBSPY o1 © LBEbBSTYP al EOTIL Y Lo Feaizy ng
enzyne SOULEEi kb fIeduer, for M-BREYTEGSeUS Cea Cal-aL el eptrth,as

descri bed below. 1) A ketone conpound corresponding to the desi r ed
secondary taBtZPeoHolgrqust, atampPentylketone, conpoUreKY eFesent @@ by t he

general fo La (9) . [Q07 /I R ( 1 i i s,the
sanme as ab%%?’ OC?L) t%gl%cgiggdeertgg lf i agﬁ?o@‘e 1[%0))8%2%51%%‘{?\)@%%{&8 %(?) ’ [%%73]
(wherei n Rhes hdkbnesrieylagyrahgyer ichlobbatbidl ogrpuepad eskomtmehyilextroupsi ng
vari ous connerci%%l ai_l abl e dehydrogenases or microorganisns, the

ket one Ponpouy ¥ %&éﬁhﬁ%ﬂqqﬂﬂﬁ 538eP6nUEFy1oBPondls Tivd 2ENE IFOuUp

enanti o- selh@@ixia@/ia Yed S HriggfRdtoRl, SEMAT bt KbR&E1 PThHRZYT®R SOUr ces
exhi biting good (R) selectivity and several kinds of enzyme sources
exhi bi tings itygnt, a phenyl group, an o-chlorophenyl group, an m-
bromophenyl gfoup, a p-fluorophenyl group, a p-nitrophenyl
group, a p-cyanophenyl group, or a p-methoxyphenyl group and
15 the like can be mentioned. 7
[0065]

Specifically, as the 1,2-diol represented by the
foregoing formula (1), (3}, (5), or (6), 3-chloro-1,2-
butanediol, 1,2-butanediocl, 1,2-pentanediol, 1,2-hexanediol, 4-

20 methyl-1,2-pentanediocl, l-phenyl-1,2-ethanediol and derivatives
thereof can be mentioned. | '
[0066]
Speéifically, as the 2-alkanol represented by the
foregoing formula (2), (4}, (7), or (8), 2-butanol, 2-pentanocl,
25 2-hexancl, 1-phenylethancl, 3-hydroxy-2-butancl and derivatives
thereof can be mentioned.
[0067]

Next, the oxidizing enzyme source and reducing enzyme

source used in the present invention are described. 1In the

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

35 [0068]
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. (S) selectivity are selected, and their coenzyme specificities are
~confirmed. 4) On the basis of the enantio-selectivities and coenzyne
~specificities, and a conbination of an oxidizing enzyne and a s reducing

; enzynme is deter mzpednat 90744yt M £ 1NN RAZHIE iSOUHRES ralHe M RELIET i ANEY TE
sources that can bée used in the present invention are hereinafter
descri bed.techniduser itbedhgbsvethedis g tamfonthicadries et ivavahepbal r edides

0 in.a:rﬁééﬁ?%f%%egggggchgg'9Qd09£&£a¢%?&55§iﬂﬁ%f%%?ggﬁig saEEOQﬂkmal .
conpri sing using’n conblnaflon an oxI dizi ng enzyme source and "a reducing
enzyne souricasuaavhagedickbbar eaporbedzybeng spedi fiteiitr enbshdadef f er ent

enanti o-selectivities, and further efficjent] conbi ingsthe oxi dati ve

reacti ol amFIHe FédEet i FRAPELETT e%ﬁ%?ﬂ%ﬁ%%@n%@ FEGBRETSEi Uh system

Therefore e Jesenbd A¥eRLhIRiIbS, NPt i fAtLthPlrdiMhaTBANS cBY ahBea
oxi di zing enzyre source and reducing enzyme source used. [0075] Regarding

oxi di zi ng redanGs ezZeEs ardrcedbavigd e yeran D strirasds wikat aB8nabe used
in the present .invention,. a e e hCE - ' he
capai 1| 1y R 2 SRt At AR st h iy SR o F15° 4AgEhedob
represent est thv & hepldeagdongmborval sel{d&tted@nd having specificity for NAD+,
an enzyne squrce derived froma m croorgani smbel onging to the 25 genus

Cel | ul oifonad %€8RTbe menti oned; preferably, an enzyme source derived from

Cel | ul ononas Sp-I%NS%%wWQQ%%ﬁ@%ﬂ f@lnavé),?lﬂ?lrg ignathe RRAI6ka As the

enzynme source having the capability of selectively 30 oxidizing an

enant i onersesfonglaky2-adiconodeprasent @bz byg t #lez 1o edpintre fapdhdl aepgBFedand
having spegiff Gty Lor NADE an Lenzymig. souree Serivamld amg m cr oor gani sm

sel ected from the-* grdup consrsting o genus a and the genus

Cchr obact rumzc & e aentipened; cpreéspahd yng atro etz M ssioer esedonderiyved from
Candi da mal i s NBRC10003 (WD)Q1/005996) and an 21 enzyne so%{%g %%rived from
Cbhroba%&rQHﬁQHQl'KmRE7fX§mEéﬁ'b€ ketOne compound represente 14 e

general formula (9):

[0070]

O

| R)J\/OH 9)

[0071]
20 (wherein R is the same as above), or the general formula (10):

[0072]

O

R)J\ (10)

[0G73]
{(wherein R 1s the same as above) is obtained or prepared.

25 2) Next, using various commercially available dehydrogenases or
microorganisms, the ketone compound 1s 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

20



. nmentioned. [0077) As the enzynme source having the capability of
" selectively 5 oxidizing an enantioner of a 2-al kanol represented by the

~foregoing fornmula (7), and having specificity for NAD+, an enzynme source

- derived from aséﬁ%@yiwia%@ hehQRgLAY LA4t PRe i SeOMS Rl ahastirimican e

menti oned; prefer an enzyme source derived from'Cchrobactrum sp.
KNKc71- 3 caire beomifitnieshed. 10 [0078] As the enzyne source having the
capability,of . sel.ect.i vel Ldi zing,an enantjoner.of a 2-alkan
Fepresent ol B CHE AR diing ForROT A Loy anb Ravt R Tt i aay
an  enzynessati S detd e trid emcanbii 66006gasE san bek b gy tandvie: Emdgenus
Candi da can be nentioned; preferably, an enzyne source derived from
Candi da mef $LNBREE IO drF e tREREP6Red. [0079] As the enzyne source
having the capahjlity of reducing a ketone conpound represented by the

foregoing fornmula (9) into 20 an enantioner of a 1,2-diol represented by

the foregoi ng formdie{18) eremahehaviumgespenilf FedugifioreINARIRH, ST Gasz g t

source derived froma m.croorganism.belonging to the ge i can
ront | oned: CB1 Arer ity ar s R tohur Bae PS8R bt E S RS g
NBRCO705 (AWOB836025) «advdie tienigiereds 2Zhel PO89¢nASitheneivty e sSieigce
havi ng the, capability of reducing a ketone_conpound represented by the

y for NAD+,

be

foregoi g FRrinfeRY ThiFoRriavasti orErcal 1y IChIBP P SFAHITLREP IR} 1t he
foregoi ng &MU B¢ Qs 1:800 PRI nSREELT bal b¥1H0% 1 NADREL A SNZWE SRUr ce

30 derived froma m croorgani smbelonging to the genus Rhodotorula can be
ment i oned; a prede by yenzyme soprees davdagddiffedent opreRwudt orul a glutinis

NBRC415 (WD03/0934.7 tioned,

g . 0081]. ., As . th i
the capabi TTE5 brC T Ghio; T 4 B8 koo BB ABa b RACT bbf B ER ad il Hpahel™ M9

f oregoi ng &pfied @nt1P)cdiiihing? tde enddhitarer rebcaidn abkantthe rephasented
the foregoing formula (8), and having specificity for NADPH,_ an enzyne
sour ce 15 reaction 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.
[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 the capability of
selectively oxidizing an enantiomer of a 1,2-diol represented
by the foregoing formula (5), and having specificity for NAD+,
an enzyme source derived from a microorganism belonging to the
25 genﬁs Cellulomonas can be mentioned; preferably, an enzyme
source derived from Cellulomonas sp. KNK0102 (WO05/123921}) can
be mentioned. ‘
[0076]
As the enzyme source having the capability of selectively
30 oxidizing an enantiomer of a 1,2-diol represénted 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
Qchreobactrum can be mentioned; preferably, an enzyme source

35 derived from Candida malis NBRC10003 (WO01/005996) and an

21
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"derived froma nicroorgani smbelonging to the genus Candida can be
ment i oned; preferably, an enzyne source derived from Candida 5 nagnori ae
- NBRCO705 can be nentioned. [0082] As the enzynme source having the

- capability j n | ent e the f.ar.egqi ng
Formil a (0 o T e B 2 Sy e
f or egoi ng nentfigimmmad.a (7), and having specificity for NADPH, a enzyne source
derived fro O%7qicroorganisn1belonging to the genus Rhodotorula can be
ment i oned; g}efegably, an enzyme source derived from Rhodotorula glutinis

NBRCA15 can be mentihenet.zyind083hrcd Sh&pihy netid oo i lain o Xifdiszilieg ter2) e
source and a reducing enzyne source, suitable for the present invention,
are deScribelZlRy G GRANNGOBRZYRE Q04T _EKRBPhLT PRSI EH Y- $Bkect i vel y

oxi di zi ng & Jofs APl rdraRIESENY €dahy h161 L9T §00L 181 & #“‘Ho% +,2Qt 0
produce a keté%g'égnpound rgp?esgnteé b§ ?hgg?oregdfgg for%ﬁ%%'(gn IS
conbi ned vénivme reduciengeanizrgne fsonr gemf havorgaandn d>esleinatimiov éloy theduces

t he ketone_conpound (,9) to produce a 2-di.ol _represented by the foregoing
ot o GNP ldpdo ey AR BE min S el SRS o b e

enanti o- sed@etde elar i d0rdinZ 028 rbPectrdmdbp! KicT5-T UE M0 néntth cded .
reduci ng enzynme _source capable of enantio-sel ectively reducing the ketone

(9) tdoprod@@§8ﬂhe 1,2-diol (5). [0084] An oxidizing enzyme source
capabl e of enantdo-5el eebiyel )éouﬁ@eﬁﬁé@iﬁ!;”gh@ gﬁﬁﬂr&% ro%prs%%%%t‘iﬁrg% the

foregoing formula (7) to produce a ketone”conpou represente
f or egoi ng oxfigtimilrey (a0 ernamtdombirned @i Ehadkardlcrenreseniesl Sourthe capabl e

of enantio-seleciiv%§ rq@ucing ths et one conpound, (10) t *yoduce t he
2 al Kanol TReSTi o ia 617 op B ETkRDG SSTRTL L Tapdpel ort
enant i o- sedreiney/ dotr®d dieiiRgdt fieck- al Kansbordan{ Sy Sl Gyl ed wWhish a

reduci ng enzyne source capable of enantio-selectjvely reducing the ketone
- (10) t OOpréiute Qqﬂg%ﬂaigapaﬁ@|m@¢y;oned; preferably, an enzyme source

derived from Candida malis NBRC10003 can be mentioned.
- 10079]
As the enzyme source having the capability of reduding a
ketone compound represented by the foregoing formula (9) into
20 an enantiomer of a 1,2-diol represented by the foregoing
formula (6}, and having specificity for NAHPH, an enzyme source
derived from a microorganism belonging to the genus Candida can
be mentioned; pfeferably, an enzyme source derived from Candida
magnoriae NBRCO705 (W098/035025) can be mentioned.
25 [0080]

As the enzyme source having the capability of reducing a.
ketone compound represented by the foregoing formula (9) into
‘an enantiomer of a 1,2~diocl represented by the foregoing
formula (5), and having specificity for NADPH, an enzyme source

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

[0081]
As the enzyme source having the capability of reducing a

'35 ketone compound represented by the foregoing formula (10} into

22



1
f

" [0085] 5 In all conbinations described above, it is preferable that the

oxi di zi ng enzyne source and the reduci ng enzyne source have different

- coenzyne specificities. That is, if the oxidizing enzyme source is
. specific for Nidvidde rducing) kaREYMB-pRUEEStLS agid iAo iNYPOPH, i f

t he oxidi zing enzynme io source is specific for NADP+, the reducing enzyne
source i s fTNADM & ped)i f iand (God6p sPariféalay| §or aNARRIbI rfat iar Bfe source
NAD+- speci i ¢. .oxi di zin enzynme source. and_an specific duci.n
enzyme soutee Ta | o o 2 e R R C P On P BTt ot SR S2Pdase
in the oxbdimett{iaidd coanmsrabliegenar ahzoneSystete dndiwid Nl -Caaplelsf i C
gl ucose dehydrogenase in the reduced form cqoenzyne regeneration system
[0087] 207&Her xaARs Cdhbicidt P6nBesf 1aRe8xi di zi ng enzyme source and a

‘reduci ng enzyyggogource are given bel ow, which, however, are not to be

construed as linmting the present invention. [0088] To produce an
optical ly activerd, haliggizymspsesaseetiafyng2sheheapalr eoing f aredlE@l @Gy, for

exanpl e, a i nat j 0 i di_zi y j ved from.
nicroorgan%§€1 %V%%gfnéulf%ﬁFﬁ%éé%ﬁﬁsB%eﬁﬂélgﬁﬁﬁggiﬁgrgfé%%%Tyﬁ%glﬁutghnnas
Sp. . KNKO102n emandt: fomeduni rig endkam@oiodepecdente@dod ricie af direr@iargani sm

bel ongi ng %o t he genus Candi da, preferably Candi da magnoriae 30 NBRC0O705,
can be Hent?oRete | bosRPd 161y dﬁ?@cé§18§FVc£PFyN%B?ﬁvea1?%?¥W?ﬂsource

represent edePyved hfrélﬁ’r£919ﬂd}g>o‘;r%;a@ilsﬁl belonbQhge¥amphe, ?é}l&@r@lﬁé’@éﬂ&%l an

oxi di zing enzyne source derive roma m croorgani sm belonging 35 to the

genus Candf#@a e ndetgumss Qunisablvunpnpestenabiguroed dandyerd frdn s
NECL000 Bl AL S 30, SETE e pefERfLD Sroye souroe
preferably Rodk#jorula glutinis NBRC4A15, can be nentioned.

15 Combinations of an oxidizing enzyme source and a reducing
enzyme source, suiltable for the present invention, are
described.

An oxidizing enzyme sSource capable of enantio-selectively
oxidizing a 1,2~diol represented by the foregoing formula (5)
20 to produce a ketone compound represented by the foregoing
| formula (9) is combined with a reducing enzyme source that
enantio-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-diol (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 sourée 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 oiidizing enzyme

35 source capable of enantio-selectively oxidizing the 2-alkanol

23



5 [0090] To produce an optically active 2-al kanol represented by the
- foregoing fornula (8), for exanple, a conbination of an oxidizing enzyne
- source derived froma mcroorgani smbelonging to the genus Cchrobactrum
- preferably r : Sp- c : é@g$%lggy¥g n ource

derived frgﬁ?gjﬂggﬁ%%gggngé%ﬁNge%%%g$h%&to the genusecgﬁ%?§2g98§eferably
.Candi da negyreovtiiaesaBRCAYESy radubéngenihé ohetbng 0091)] toTpredudecshan2-
optically gﬁgiv 233Ikanol represented by 15 the foregoing forrmula (7),
for exanpﬁ%, ' %Conbi'nati on of an oxi di zing enzyne source derived froma
m croor gani gmolgeljongi ng to the genus Candida, preferably Candida malis

NBRC10003, and a reducing enzyne squrce derived froma m craoorgani sm
bel ongi iy to thé GerdusSOoRRéBBESPUF adepFELRFAMEL Bhoddt dr5uPE SREEPAFSs 20

NBRC415, is Vs ' G aRr [ ,
o 60, it eE oSl LHEYAL Coukbe SRRIGICoaRNINGE BrthRlr 380LeED

glutinis NBRCALE fereatbeerngyneedpratifheiM JE. Bilbladgiical 1Resbhar ce Center,

25 Departnent ..of. Bi ot echnol o National . Lnstitut f Technal and

Bval unt 1 o NBRCT S SRR OB e b RE T T Re st hd D e oBreS 0318)
and are avaii @i edures tikespeeani 2atbenNADPRPIBE el |oMiciinriagy Sp.zyiKK0102
was isolated and jdentified from _3o0 soil by the present inventors, and how

it was HcqERWete drid Sreifirkéonr BARRS cr FRRdt eRUSACHS/SPee] SQETSAES The

m cr oor ganighp-hayd Ngsthe capability of producing the oxidizing enzyme or
reduci ng enzynme ‘used i n the present 35 invention nmay be any of a wld
strain or a [MM8&1t strain. 25 Alternatively, a microorgani smderivatized

by 2 genecl {SHNVANSSIEh 50 oLy UL, o1 IS0 IO A 2088018570
above- descsi btk MRS atidn abeNADPEFBpdchYicf pedexianm|dh z b Jridied is
anpr ! Slisngp:?efsérea%feoIiaeic%?lls%t ii%ga??g‘ilﬂ(s)r tﬁgrilpe/i gi(f:’ éEIE.]eI\TS]fDH oxidase in the
oxidized form coenzyme regeneration system, and an NADP+-
' specific gluceose dehydrogenase in the reduced form coenzyme
regeneration system. |
[0087]
20 Some example combinations of an oxidizing enzyme 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 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 Cellulomonas sp. KNK010Z,
and a reducing enzyme source derived from a microorganism
belonging to the genus Candida, preferably Candida magnoriae
30 NBRC0705, can be mentioned,
[0089]
To produce an optically active 1,2-diol represented by
the foregoing formula (5), for example, a combination of an.

oxidizing enzyme source derived from a microorganism belonging

35 to the genus Candida or the genus Ochrobactrum, preferably
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“enzynes and deternmining a partial or the entire amino acid sequence of
each enzyne, a step for obtaining a DNA sequence that encodes the enzyne
-on the basis of this amno acid sequence, a step for introducing this DNA

- to_anotherchastqd 0,01 £f ARFE3BOHA L9 YAk Brack GATHI Nafik ¥ Croorganism and

a step for culturing this reconbinant mcroorgani'smto Vi eld thi's™ enzyne
(W098/ 350253duciisng lrenzhost sobaceedeaivedasronf [reivemanganifamdielanginke |i ke

can be nentioned, and cherichi.a coli .is artjcul arl ref erabl e. 15
[0005] etk ol s REHTINE PerEsraRhy RSty A G o
pl asmi d havkruy 26, Dkt hat nemcodesdt he above-described oxidizing enzyne or

reduci-ng enzyne, the foll ow ng reconbi nant m croorgani sns can be
- ment i oned. 2[(905?)O]Escheri chia coli HB101l (pTSCS) FERM BP-10024 transfornmed

with the glyceroj, qﬁﬂa@qfc%g_%a%g];(i@sm' nﬁ&%%er@iﬂ]zaﬁr?oltof elehiudr ggenase:

oxi di zing enzyne) gene derived from Cel lul ononas sp. KNKO102
(WO05/ 12392118 . Tdpedsighie fioginud ac diBi) , HBRO 1 ek phTHP) FERMIBR:aALB: tafarsf or med

ith 25 the. dehyd i di zi derived, f Candi d
Mol 's NBRCIOEOT T OaRoseyEcf) BeldkBRr HFY Qorro i Bt Py SR
BP- 10461 ttansiorgmmhs WdoHrdae tdehy dpeagnase] ¢ oBtRiaha\e: B Y4E.) rid7ved,

from Ochrobactrum sp. KNKc71-3. 30 d) Escherichia colj HB101 (pNTS1l) FERM
- BP- 58341% r &M fdrie witch enZEed SRYAFEgBRASESE r BERIE i gl eHRARIR el deri ved

from Candi | i I [Q35 S j ehi . HB101
(pPNTRG) FEQR%LOB -7 7&?%&#;%%?%%@#?&0% hgg'g% ]§/%%%%e%£&ei§$e Cl nlldlggﬁzyrre)
gene deri VEREG g 35 aRhddotrendliangdut i ni s NBRC415 (W003/093477). 26 [0096]
The above-dﬁ%corgilged reconbi nant m croorgani sns have been deposited under
t he foregoi ng réspective accession nunbers with the International Patent

O gani sm Deposi tay \prddaideonal opthrsliluket 9fe Ativarieathl nekisitddaalteBeignce
and Technol ogy_ (I POD: Central 6, 1-1, Hi gashi, Tsukuba, | baraki
305-856@3.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 Rhodotorula glutihis
20 NBRC415, can be mentioned.
[0092]
Of the above-described microorganisms, Candida ﬁalis
.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, Kazusa-Kamatari, Kisarazu-shi,
Chiba 292-0818), and are available from the organization.
f0093]
Cellulomonas sp. KNK0102 was isolated and identified from
30 solil by the present inventors, and how it was acquired and the
like are described in W005/123921.
[0094]
The microorganism having the capability of producing the
oxidizing enzyme or reducing enzyme used in the present

'~ 35 invention may be any of a wild strain or a mutant strain.

25



" [Deposition dates] Escherichia coli HB101 (pTSCS) FERM BP-10024: May 12,
" 2004 Escherichia coli HB101 (pNTFP) FERM BP-7116: April 11, 2000 io
- Escherichia coli HB101 (pTSOB) FERM BP-10461: Novenber 30, 2005

- Escheri Chi?ﬂife&llﬂatlﬂBbQ%z,(BW%%OE@&%MV&@%% 24.5ch39{c Escherichia
coil HB101l (pNTRG FERM BP-7857: January 22, 2002 [0097] In the present

i nvent i on, teCEEHhisHERt 2fi ERdbr §aRi e OF Uatratasiinniediosusky akppekees 2
to 4 enzyngrs.put 40 _ 04 g 21 ZY0Ey .enz hayi e capability
of regener atO?ng a%e%gi%%ie%&]fz%% g@enzy%@%%é{%@eét%ftng}%ﬁ%ngtlg%d a
reduced f cdmwsoelezymibad deggmebedamboy eolutzainred it dhlry exsegle, Aa

reconbi nant_.n croorgani smthat produces these enz s can ,he., 20 prepared
by an o?di%ea%%gﬁglgfét?&ﬁgi ﬁaFFgﬂ g%%hh%‘?ga(ﬁl% ia]rfg}ieorjr’g PUT LR i ji}qﬁﬁgenzyma
gene, a redusiRG enzydetgenenifg & paLepsbifanthdlasi:d iRGeeParali ng them

contained in the reconbinant m croorgani sns nentioned in a) to e) above.
Detai | s ofSYIETGH @iFzPAGNeRRGIEE getes B7P rediu i iennmme dbe seqpsnaad
recombi nanky Al At e sCeALALAG YL Noh Nend GEAM NANTL 11 GRAYOaRISTS Ment i oned
in the foregoing a) to e), ar déscribed TH the Teference documents

ment i oned dagudnee,r espéepi ferséntrodscip@0Q8]s B Qohraofadicruitosp. KNKc71- 3

i i i i.sol ated,a identifjed fromsoil by the presen
' : flvgn?ol(r‘:);%r g)%l%?ﬁlff%f“og&é@ggao?i W%?W%%%C%%%O Rr 8b8Et r um

sp.  KNKc b3 diasubeay itn&gogg@@ﬂbi@aﬁ@%i@f&agdﬂgnewgi@at this
m croorgani sm Escherichia coli HB101 (pTSOB) FERM BP-10461 as 35 the
r ecombi narfRAEE JHOFPEEB0ZROWN A gyl 2. Prsssasigki veaat, 271l amenieous t

can i sol at@ddie Laceall BapL ueqtel PIRRIIeMIne sl GeabiNANt s i
m cr oor gani s y a conventional nethod, and ‘utilize e Saite Tor

i nt roduci nprdn caddirtliyopakfgeabland the |ike. [0099] 5 The cul ture nedi um
for the m'cr[gggﬁ nismused as the enzyne source is not subject to
limtation, ng as it allows the mcroorganismto grow. For exanple,

an ordi nary As examples of recombinant microorganisms transformed
| with a plasmid having a DNA that encodes the above-described
oxidizing enzyme or reducing enzyme, the following recombinant
microorganisms can be mentioned.
. 20 a) Escherichia coli HB10l (pTSCS) FERM BRP-10024 transformed
- with the glycerol dehydrogenase (hereinafter referred to as
dehydrogenase: oxidizing enzyme} gene derived from Cellulomonas
sp. KNKQ102 (W0O05/123921).
" b) Escherichia coli HB10l1 (pNTFP) FERM BP-7116 transformed with

25 the dehydrogenase (oxidizing enzyme) gene derived from Candida
malis NBRC10003 (WO01/005996) .
¢) Escherichia coli HB101l {pTSOB) FERM BP-10461 transformed
with the dehydrogenase {oxidizing enzyme) derived from

| Ochrecbhactrum sp. KNKc71-3,

30 d) Escherichia coli HB10l (pNTS1) FERM BP-5834 transformed with
the dehydrogenase (reducing enzyme) gene derived from Candida
magnoliae IFO0705 (W0O98/035025).

e} Escherichia coli HB10l (pNTRG) FERM BP-7857 transformed with
the dehydrogenase (reducihg enzyme) gene derived from

35 Rhodotorula glutinis NBRC415 (WQ03/093477) .
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" liquid medium conprising saccharides such as glucose and sucrose, alcohols
such as ethanol and glycerol, fatty acids io such as oleic acid and stearic
-acid and esters thereof, and oils such as rapeseed oil and soybean oil as
- carbon sour deggelanmoni um sul fate, sodiumnitrate, peptone, casam no acid,
corn steep liquor, bran, yeast extract and the |ike as nitrogen sources;
nagne5|un1su|faﬁ3m3§%ﬁW@nﬂéﬁF6#P@é r@ﬁP@?%@@@%ﬂWﬁﬁﬁﬁQ?G&E}%@@t%@§Euhﬁen

monohydr ogedy, m%wn%erp%%ssfw%ga%dw g&.ﬂ?et%e d L 08 elisk 128

|norgan|c salts; and malt extract at e tract | ke as ot
nutrient st ch@er@@rtl@@alu§@¢ten©mrgaaismnDexsospelrafn:y,mnhmmdmrl aer ob| c

condi ti ns; tivatian,ti N bout t he f the
20 medi (l%m Xy @%%{Jaé fa%‘ff{v@ace% P%ﬁg?éﬁfs)e at The® |asndlgret gy [8?@%} The
reaction occmohﬁalons flerl,t e gdehacemsgatbon Dhatdiei, WESPYed)nvention vary

depending on the enzynes used, mcroorganismor a treatnent product
t hereof , sUFRIHE 5 ded®Sentration and the |ike; usuall y the substrate

concent ratEQ&éﬁ i1 %f{ $ r bl % by

wei ght, the rati oég%cggﬁzﬁo& ?‘XSFF‘?‘}% slﬂbﬁ%%f‘ 1%} 1390&@%4/t0 100
mol % pr ef%t?dtﬂl;ﬂ@i@i)&bltloH@ll)lnmpm‘FBhdFEm BP-dll 16 ofapxdanzyne 28AD( P) H t o
"t he substr t 0001 t.o 3 refera 0001 0. 1 nmol % _The
reacti off c%n ér A id o g‘#qgtl gpggég ]c%i:lmf[ efr(ilﬁ el\E’fv &To >pc205

pr ef er abl yEs @ #t:xB0Ccqati apneactprnspH pfrd ma@_wr efeyrallry; 24t 018p7and
for a reaction tinme of 1 to 120 hours, preferabl to 72 hours. [0101] 35

The subst rE@aRAFHE s@ddd BB 0dndPNTRE) OFE%%rﬁ‘E"n 75I yJanuzg yTRe  r 8862i on
can be perfqimeg,by a batch process or a continuous process. Wien the NAD+
regeneration capabl lity of an oxidizing enzynme-produci ng m croorgani sm or
NADH oxi dase is Inugde baeseagensveaningnana oxechideihfrdr mnmem:gm,lsmt is 5

profor Sl Sl e LEREhRG0 BEpRELatTIcy N, e presenge o ool 1 o
di ssol ut i askiafiAgixygenzyme, hanr eaetinenhav xhgr€he ddiayieact) @ is preferably
per formed fgggﬂé£§¥§ggn%npgxi%hgéhngorm 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 mentioned in a) to e} above.

Details of the oxidizing 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 mentioned in the
respective sections.

[0098]

30 Ochrobactrum sp. KNKc71~3 is a microorganism isolated and
identified from soil by the present inventors. The
dehydrogenase (oxidizing enzyme) derived from Ochrobactrum sp.
KNKc71-3 has been introduced to the foregoing recombinant
microorganism Escherichia coli HB101 (pTSOB) FERM BP-10461 as

35 the recombinant vector pTSCB shown in Figure 2. Those skilled
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;Aconditions. Furthernore, by performing the reaction under an io increased
pressure of nore than atnospheric pressure, the solubility of oxygen in
“the reaction mxture may increase so that the reaction proceeds nore

cefficientliy {HEQA: cBhe ieplikeal k)eapbédfo SRAONIAL Y M GANRQIE resHl £hRg from
the 15 deracemation reaction can be purified by a conventional nethod. For

exahpl e, ORTEBIINAC MiEE o rghndFB- Py 22 prepesril enak are thed, panidf bed1lbge

maki ng tregtdrents, : Li.fugation. i tio I ired to

renmove the suspens??%h&?ﬁgg}?]ﬁrglg dgﬁt%(g&r?ﬂ;%l%e%%eanéncc?ggfeg&ﬁ%%m and the

i ke are usd®09&8Ad t hen 20 extracting with an organic solvent such as ethyl

acetate or tolu noVi n)g (’gihe o)E(?ani c solvent under reduced pressure,
§<urSt

and naki’ng a trei?ﬁ%éﬁgl?585ﬁ T St M ARG e iTe d=pr 88stPe or

chromat ographe [DU3e i25nbhesApgsent tb NVERLE oM dis, N&Y airf Br jdescri bed
in nore detail by neans of the follow ng exanpl es, which, "however, are
not to be &lohf¥ts &9 qQriogirgeRg sithbo pgeeent Fowvemarpde, Eranpfiésafp104] 30

fhe present; die NI SASLELIAL! €L IRIEIADE Ly TR &5 fRIQ! L fly Mmeans of
the foll owm ng exanples, ch, Wever, are  no o be constr J8d as
limting themrssenrtldohedsst isanh E818bhand Exanp! ¢l YjerBynt Hegity akids
(R)-3-chl oro-1; 2-pr.opanedi.ql n 35 oxidized form coenzyne regeneration
syst emJsi T ESh &L 501%9&‘&‘& FE‘E@H% At PR RITSE § ﬁﬁr@@gmzﬁ‘ﬁ@

regener at i i 5 ¥aicMa Has s@@daoghugﬁéesgg&w& QIENARE BRI SeArkBs ;
conbi nation) E. coli HBLO1 (pTSCS) FERM BP-10024 was i nocul ated to 50

of 2xYT mediighitmacid faitept 6r41UBR 1 Bazt®, YRetorRxt retamingypacis, NaGkno. 5%

H7.0) stariliz in a aci K chi_ fl.ask, a hjected to
Ehaki n)g cuﬁéué e 12%1}?%6 P%%gigbﬁgg‘?s&{%{%g?ﬂﬁg#‘ {}%ee lajboevea-sdglgé:?ﬂ%lgjga culture
brot h was ssemads;ugednesndmn cel fatapr sodibuw esh ol iadw, sustlpdngedarbon@tel, of

100 ”N%Eh%ﬁigggéiunp%LE%%y%%B%%LOBhéEgkthQ'potassium dihydrogen
phosphate and the like as inorganic salts; and malt extract,
meat extract arid the like as other nutrient sources, can be
used. Cultivation is performed under aerobic 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 or a treatment product thereof, substrate

25 concentration and the like; usually, the substrate
concentration is about 0.1 to 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 0.1 mol%. 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.
[0101]

35 The substrate may be added at one time or continuously.
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10 [0106] E. coli HB101l (pNTS1) FERM BP-5834 was inoculated to 50 m of
2xYT nmedium (Trypepton 1.6% vyeast extract 1.0% Nad 0.5% pH 7.0)
"sterilized in a 500 m capacity Sakaguchi flask, and subjected to shaking

cculture atpd/ Gl BAHr Be POr fbrdes Aly thisa A giéi"o%e@rsobh was

centrifuged, and cells were harvested and suspended in 50 nml of 100 nM
phosphat e dauftfigrucysl pricessepH Wig)theaddMHorsgenezedipy sapdlehtifon @king a

UH- 50 nodel Ay i j : - o;yield
2 cell i HiHaANY S5 RRRENPbASE A TR EATEE i B R CRTBRIMALL LY O

E. coli HB®H fipTSESEne2@tiggohinrackdi Ted- Bidmwrareh Zager, opanédi ol , 1 m  of
the above-descrihed cell-free extract of E._coli_ HBl (pNTS1), 10_ U of
Gl Lcose UG Rs d PeitaiIF aCEof By Mo B (10 Br35oRES 1 of
NADP+, and;i40 Jw r@la&!i%qge&\ﬁ@éeoﬁggé‘ij hdér SEoReredond@stochdhe, T@nd while

adjusting to pH 8.0 with 2 M sodi um hydroxide aqueous solution, this
m xture wasitliitede dhe3gCsspont 2on hobiraxygen en |TEECEH oBf TEKEUEBact | on,

t he reacti ' re. . ' {ﬁg@qpi HE’% f d.then.

subj ect ed % tllog exqroglctl}ggﬁr%%%ggﬁ%gd%%}d%% on of e %ﬂae@t&%atgg, S{tﬁg?mg _

3-chl or o- dhmipriepanediorthontent, remgpay fagniimd héeextenattionasndenl yzed by

capillary gas chropat ography, _.and the percent recover 9 was, cal cul at ed.

After tHi fllqﬁiﬁ%?iteé{mr i E,e Pﬁemaﬁﬁv@&s%?TW%]dﬂG{ﬁeg\%gean P§zed by

capillary mmmﬁryafo%%@gﬁn i35t RAAréHer O I ERtt P infdy (HerRakends

calculated. As a résult, “30 the percent recovery was 90% and the opti cal

purity wasthed: e @eactRpn poeogpds|[ene epffb@kantital conditions] 5

Col um: HP—Et szgn x 0.32 m | .D. (manufactured by Agilent Technol ogies
tron

- 0 . .
Conpany) Det'ec : FID Initial colum tenperature: 50C Final colum
tenperature: 200Ge opthiealliggaspeed: s6Cimaaty ealcohol 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 cells and
the like when a microorganism 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
detall by means of the following examples, which, however, are
not to be construed,asllimiting the present invention.
Examples

[0104]

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

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

35 oxidized form coenzyme regeneration system using Escherichia
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| nj ection te'rrper ature: 150C Detection tenperature: 300C Carrier gas:
helium (70 kPa) Split ratio: 100/1 15 Detection tine:
- 3-chloro-1, 2-propanediol 10.2 mnutes [0109] [Optical purity analytical

- condi ti onsgdo Lolm's Ghigr adex Bl £30n ey e Mg iBRAYH B6 y,ggeeﬁy ASTEC
Conmpany) 20 Col umm tenperature: 90C Injection tenperature: OC Detection

t enper at urkseb00 acaJrlmcglsegdghyﬂéqagﬂm%qa@elr@aase pin copRingtiend/ 1 25

Detect | on ti e: R form 10, pukeey ST IR e, MU Siioc CRELASLopHS 1Y

(%.e.)=(A-B)/ (A¥ e annu corresp ond i ng
enantionemﬂ_aﬁd2xmﬁemeﬁhemweaacteneanbénA@EE 1 E&Edo Xﬁ&s@EEamWhetZ).O%,

?ZQEEEZEE e Phin B8 g 0% AFaF oGRS ek o, a2 dvxlog“lféaeal%lglf tNaBAGH dRge and a
reduced {oFfu G0Nz L reGenar aLi ona gyl om based g -6l ugpses dabyrk ogenase

were used 1n co ulture broth o HB101
(pTSCS) 30 gwh a;rﬁwéidlel rbevanrgeectibad cehture ugeelh afvd centy idegednapddst ed

and suspendef d 0,30, 7l.,0%<109 aMiphgsphane, bUlf ey solat o (pH

Thereafter; 2 ‘cell s were hond enlzeﬁgﬁy sonlc i'on “‘'using a Bﬂgﬁghﬁ%ﬁe|
uItrasonldmnnﬁngenﬂzﬁnoﬁwapufacnmred by SMI s Conpany) to yield a cell-free
extract. [0111 1 m of the above-described cell-free extract of E. col
HB101 (%WSCS) é]ng of racem c 3-chloro-1,2-propanediol, 0.2 ng of NAD+,

1 U of NADH oxi %\secc(ﬁamfl@qt q;@@sby &%@@mmas in 20 el eat abase
(nanufactured by SI GVA Co of the cell-free extract of E

col i HBlojmkpxﬁsmﬁYﬂﬂmgﬁlm@d {(Twypepton 1 60, yeast extract 1.0%, NaCl
' 0.5%, pHE 7.0) sterilized in a 500 ml capacity Sakaguchi flask,

and subjected to shaking culture at 37°C 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 UH-50 model
ultrasonic homogenizer (manufactured by SMT Company) to yield a
cell-free extract. '

20 [0107]

1 ml of the above~described suspension of E. coli HB101

(pTSCS), 20 mg of racemic 3-chloro-1,2-propanediol, 1 ml of the
above-described cell-free extract of E. coli EB101l (pNTS1l), 10
U of glucose dehydrogenase {manufactured by Amano Enzyme Inc.},

25 0.2 mg of NADP+, and 40 mg of glucose 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 20 hours. After completion of the reaction, the reaction
mixture.was saturated with ammonium sulfate and then subjected

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

35 and the optical purity (%e.e.) was calculated. As a result,

30



" Exanple 1, 10 U of glucose dehydrogenase (nmanufactured by Amano Enzyne
" Inc.), 0.2 ng of NADP+, and 40 ng of glucose were added to a stoppered
“test tube, and while adjusting to pH 8.0 with 2 is M sodi um hydr oxi de

' aqueous SOlHH ihedrt $lovbYewNBSo84 ] rifd trd ARG JAr 20 iRQULSs Akt %
conpl etion of the reaction, an analysis was performed by the method
described gre-B¥dnple 1; as a result, the percent recovery was 67% and the
opti cal purit@l s 71.2% e.e.(R). 20 [0112] (Example 3) Synthesis of
(R) -3-chl oro-1, 8% opanedi ol (an oxidized form coenzyme regeneration
system usi g rarciliva icedl tonditsoantl a reduced form coenzyne

[ riEseite raneili | i it [3] d d f

regeneration system based on a_glucose dehydrogenase re._used in
conbi natii drf ‘568 m %Qfmtﬁeocagt’ﬁli“elbpot HUEcC qdwli?é’l@?l((iﬁﬂjfﬂ)
obt ai ned if.dAMIA ek WREpeeRri fuged, and cells were harvested and
suspended in 25 n” of 100 phosphate buffer solution (pH 7.0).

Thereaf t erDefidwt igwl:| Fhker e honogeni zed by sonication using a UH50 nodel
ul trasoni c._hanogeni zer (nanufactured py, SMI 30 Conpany) to yield a

bl | F o TR Ry TRty ed BEEMT S0 SRR £ Yot Chbror
(pTSCS)  abiradined liviwbEtasples aturd@0200°©f racemc 3-chloro-1, 2-

propanedi ol , 200 pl of the above-described cell-free extract of 3s E coli
HB101 (NFEItinD gpesidigléiedsEndenydr ogenase 32 (manufactured by Amano

Enzyme | nce)- . .andn ng of glucose were added to a
st opper edc%r)ejs?@%lﬁﬂg%eggﬁg%*fg' ggj ﬁ(gti ng to pH 7.0 with 2 M sodium

hydr oxi de Zejusduisors dlamtpeoaturehi $0af&ture was stirred at 30C for 28 hours.

After 5 ¢ t of. t .react.i,o n anal ysis was perfornmed by the
| %g¥€;§#1q?%y§%%f%8&?%b ﬂPa

met hod destrt’i as a result, the percent recovery was

93. 2% andspgihet apttiicsl /ity was 98.6% e.e. (R). [0114] (Exanple 4)
Synthesis of ($9)-1,2-butanediol é}an oxi di zed form ‘%0 coenzyne regeneration
systemﬁsi%egteés%mifem% collegprd s anaraParediiced 4 or M me
regenerationgpygbgm based on a glucose dehydrogenase were used in

conbi nati on)
[Optical purity analytical conditions]

Column: Chiradex G-PN (30 m x 0.25 mm) (manufactured by ASTEC
Company)
20 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 10.0 minutes, S8 form 10.6 minutes.
Optical purity (%e.e.)=(A-B)/(A+B)x100
(A and B indicate the amounts of corresponding enantiomers and
meet the requirement of A>R) |

[0110]

éo (Example 2) Synthesis of (R)-3-chloro-1,2-propanediol (an
oxidized form coehzyme regeneration system using a hydrogen
peroxide-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 E. coli HB101 (pTSCS)

31



- Exanple 4; as a result, the percent recovery was 77.2%

" Using racenmic 1,2-butanediol, a deracemation reaction was perfornmed by the
sane nethod as Exanple 3. After conpletion of is the reaction, the
“reaction mxture was saturated with amoni um sul fate and then subjected to

o extracti onpwddhdde addihbon of wast A¥htACBLAE dhe bid-Ddularedlol copgent

remaining in the extract was anal yzed by the nethod described in Exanple
1, and thenpetwwrndegcdvepP 1l ofasOe ald uplaesrhataf terf 200 solution (pH
trifluoro | at e _abpyve-d ri bed product .wa nalLyzed . b

capi |1'ary So0 chCRREBS Shty ard L he T drhrie By gE e

cal cul at edus sy aa MESHM motlae peteesbniechyRsyenmbter S@P4nehdtilredopyi |l
purity was_ 99.2%e.e.(S). [0115& 25 [Optical purity analytical conditions]
Col umm: CHr PERAIY JGEPAYES3 dnex CEL25TRAT EHBR¥Flact ured by ASTEC Conpany)

Col umm tenpernatyrg: 60C Injection tenperature: 150C 30 Detection :
tenperature: 150C Carrier gas: helium (130 kPa) Split ratio: 100/1

Det ection tine: 12 lodt &hediebbvR-flosarbbedntall ebreds dximadd. ®L M.nopés. 35

(OL16] 33 Exgrpl &, B, Svothes .0 (S 1. 3-ufanedh of (an, g ged f orm

coenzyne regeneradation system?using richia coll an reduced

f or m coenzygrec f eyeigr dt ToB £SWADENbRAG8He OMman gf ACosted d8h\SIPBe Taseanes ¢
used in copbinatjion) s Using racem c 1, 3-butanediol, a deracemation

reacti off wes U pth oritedSBy (PREUSAREUREENBYE S rARATS) AR lcBpPEti on
of the reacdiqm) a4anakyshaWas Rer£on Fegpy; t gureth g ntgﬁsn%rd hed in

the opti cal
purity wasEZFaudos e e 5. cf09lote?e (ERsdpbec®)sSymdresiartofred by Amano

(R & o B PRANGE0h (30 RSB, 285" AR SEP AT, 0T U
regener at i o sysicdpered test tube, and while adjusting to pH 8.0 with 2
15 M sodium hydroxide agqueous 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 [0112]
(Example 3) Synthesis of (R)-3-chloro-1,2-propanediol {(an
oxidized form coenzyme regeneration system using Escherichia
 coli cells and a‘reduced form coenzyme regeneration system
based on a glucose dehydrogenase were used in combination)

25 500 ml of the culture broth of E. coli HB101l (pNTS1)
obtained in Example 1 was centrifuged, and cells were harvested
and suspended in 25 ml of 100 mM phosphafe buffer solution (pH
7.0). Thereafter, the cells were homogenized'by sonication
using a UH-50 model ultrasonic homogenizer (manufactured by SMT

3¢_Company) to yield a cell-free extract.
[0113]
_ 2 ml of the culture broth of E. coli HB101l (pTSCS)
obtained in Example 1, 100 mg of racemic 3-chloro-1,2-
propanediol, 200 ul of the above-described cell-free extract of

35 E. coli HB1Ol (pNTS1l), 10 U of glucose dehydrogenase
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" based on a gl ucose dehydrogenase were used in conbination) 15 100 m of the
culture broth of E. coli HB101 (pTSCS) obtained in Exanple 1, 7 g of
-racem c 3-chloro-1,2-propanediol, 10 m of the cell-free extract of E.

- col i HBLOL kb u @Bl 8ynathahl EXaTRLerse. P0G Y Qfy ¢ GRgR-delyndr ggengse
(manuf actured by Amano %lggyng Inc.),g}alo n% )g’f NADP+ ang\%ll.li g 90 of g

gl ucose wetk Hddsde vexes500deld Focrosiappered whet eutadj wstd mipifle pH 7.0

with 30% sodi . rL.OXl agueo o],ution this mxture was stirred at
30C for Gﬁcﬁo&tﬁgsl%gg) k)gfr;?'%agrlgfli %nh ’iog&'?%hrﬁ#o}ﬂf eera%oer?bjlsetsp&ﬁ%é?nt he
reaction, il mieaGircONaR XiukecWastSabwr aled 2w hiauarmonigyesul fate and 25
subjected to extractign with the addition of ethyl acetate, and the

ext ract “wes® SfedhendeRCEdBbc el pRRALYFES WA dteT iRt Piethe
concent r atige R Hetldribed yRdekmeduced pLessug, o aﬂeeg:%fr@e%tg of a
colorless transparent oily substance. An analysis was péerfornmed by the

met hod deskgddbieaty waBx 2Pplké,1andstBe aptésal tputiey per &, Geeoesr(R) was
96% and the[ 2;4 al purity was 98.6%e.e.(R). [0118] (Exanple 7)

Synt hesi s of ? ?‘ -chl oro-1, 2- propanedi ol (an oxidized form coenzyne
regener at i (Exasysliee) usiyighesdlepitchsa-Bp2 ciobtarceli sl anth axieduead themm
coenzyne regeneration system 34 based on a glucose dehydrogenase were used
in conbiPnRIBAYIEE rEPEReHBIAPTY SNTERY EERM B%sqq%l%lsa iGrlculcalds €895 N

of 2xYT meddimdPaeia FokR9el r8%enBagt for' e@}%%&ﬁ(tkgaﬁ.ﬁd bP% g1Nebke0- 5%
o'm g I 51l ancciI

pH 7.0) sterilized in a 50 capacity Sakaguc ask, subjected to

shaki ng culahidragiendse Werel 8skduis. coploin®tidn) coli HB101 (pNTRG FERM °

BP- 7857 was i nocyl.ated_t _of  2xYT. nedi u Bacto .Trypton 1.6% Bacto
Yeast Extract 1_9.%(%?@ %5&%“‘3.%5%%p%u5%%q%? ridi Gat TRACEdpacl'ey
Sakaguchi perfdragki bandheubjaeet adthodshakingnsid tay e pdte37 Cofnplet BoosF S.

50 m of ”}ihe cultyre broth was centrifuged, and cells were _harvested and
suspend€d T FRGHIO% 1H6 ARRFRESPhBLBLHLS fW¥as SaiuRa e (Pl agyonium

Ther eaf t ergy IMf Lahls twene shereeertzed BYtrS0M SALEOh YHO G R Wion0 oFodel
ul trasoni ¢ honogeni zer
ethyl acetate, the 1,2-butanediol content remaining in the

extract was analyzed by the method described in Example 1, and
the percent recovery (%) was calculated. After

‘20 trifluoroacetylation, 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 99.2% e.e. (S).

{0115]

25 [Optical purity analytical conditions]
 Column: Chiradex G-TA (20 m-x 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]

33




15 (manuf actured by SMI Conpany) to yield a cell-free extract. [0120] 2 m
of the above-described culture broth of E. coli HB101 (pNTFP), 60 ng of
“racem ¢ 3-chloro-1, 2-propanedi ol, 200 ul of the above-described cell-free

- extract of (fxamgold slﬂBl@{ht%(és(l@NEBG)(S)lﬂ éLgutgxhé@fpéri gahydriegenaseorm

( manuf actured by Amano Enzyne Inc.), of NADP+, and 80 ng of gl ucose
wer e addedCOQrbzﬁén%tl"cﬁq%ﬁéf@ttl@@t Sb’ﬁb@m aﬁunthﬁehen}@sw nepdio qsHi1E. endi eh 2

M sodi um hydgoxi g z?TB\' u%%g@ne£$£§oﬂl é%yégmana VB &t I eadg per%%C for

20 hours. After corrp et1on e“reactron yS|s wa or med by
t he et hoddelestridrmthden weranplsedl inasombinaesubh) the percent recovery was

98. 7% and t he tJ cal ur.it 43.8%e,e. (S 0121]. Exa

Prepar ati on of Srjé’b%ﬁ?ﬁcrp‘? \Xiega_glltéﬂﬁﬁ??%r né %1%£ %j'é‘ﬁe
and prepar rmm&d By edTiaianheEs6ReEECRkamp €Ol 3. T XN %%ﬁlptl.@@lon of
wat er - produci ng NADH oxi dase derived from Streptococcus nutans in

Escheri chi 8@ ofeactyl qroc cbigpadtysisctiap PesEcrpafshyr e ingihess desepibed.
First, a dgy r e av
i1 at one ol PRI T X FeoRural Sangest O ke e P o i e

oxi dase, alrtk adsiol cdlaving tay mew §Qoa%ceden(and a Pstl site added just after
t he or| i nal Hj{&gg codon, was acquired by the net hod descri bed bel ow.
n

Usi ng a%ombil of synthetic priners, priner-1"

(gaggat t t geataiRgt Aaanhidakt 9F $R-BD-NHLY- fm;@l éﬁ@r{eé&ol (an
- (at gaaaacat gtcgae;ttcccattgacat atc: SEQ I D NO 2) conbi nati on of
synt het i ¢ Priweged ﬁﬂmrmoeslzw@atcaggtleaatgggaaystamam@mq tztherSEQiaD NO. 3)

and pri mereds (44l aga0tt akeRlLoneh Lastoshe SEQLD NG ol the io

pl asm d pS conpri sing the water-p e gene see
Bi osci . Bilmassh. OIB|mcjimnoseﬁ@(ehydraaeﬁaselﬁéﬁé ased hin ¢entpilradis orfPCR was

perforned to sy eS| ze tranded DNAs a) b respectively. -
Furt hertror e, u5| CH; ugGnPhetRcopr ne?@lld'&]?’%r@r "’%9? )pri mer - 4,
with a m x$sit£ida tlhe H}éﬂﬂ@illébhf} gt abdeda BANS - ( 8) cRNG-&-b), PR RiNedakave as
the tenpla%e]nl of the cell-free extract of E. coli HB101 (pNTS1)
obtained in Example 3, 500 U of glucose dehydrogenase
(manufactured by Amano Enzyme Inc.), 10 mg of NADP+, and 11.4 g
20 of glucose were added to a 500 ml micro-jar, and while
adjusting to pH 7.0 with 30% sodium hydroxide agueous solution,
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
25 subjected to extraction with the addition of ethyl acetate, and
- the extract was concentrated under reduced pressure, after
which the concentrate was distilled under reduced pressure to
yield 6?8 g of a colorless transparent oily substance. An
analysis was performed by the method described in Example 1; as
30 a result, the percent recovery was 96%, and the optical purity
was 98.6% e.e. (R).
~ [0118]
(Example 7) Synthesis of (S)-3-chloro-1,2-propanediol (an
oxidized form coenzyme regeneration system using Escherichia

35 coli cells and a reduced form coenzyme regeneration system
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PCR was perfornmed to yield a doubl e-stranded DNA. The DNA fragment

obt ai ned was digested with Ndel and Pstl, and inserted to the Ndel and

“Pstl sites downstream of the lac pronoter in the plasm d pUCNT (see

- W94/ 0361Fad WHreld gtlfih%ors%cﬁgﬁknﬁa&egé?s@' Asrd i RNTNG cHhe ipsihed) of

preparation and structure of are shown in Figure 1. Using thIS
r econbi nant vectfor c@NTRR1OE. @M’FPHBE]@EM(%"I'IHh@:t‘fﬁﬁrﬁ‘edl‘wuiakadatShﬁﬁo Co. ,

LUd.) | vasy (A0St ol diny| BLAeE r0OLLoRBI0% (AN v L0128L, 26, EXBppl o

9) Expr eSS| on of a wat er-pro UCI ng ox1 das’ reco nant

Escheri chiX¥a@lolG. 5khe dB “cdl)i SIHBiI:ﬁ)ll(ancﬂlTNX)aOb@@.mﬂbeap‘acE)ta}mSla&a&uwas
cultured in a 2xYT pedi um Bacto Try 69w v), Bacto Yeast Extract
1. 0% W V) , r RRShEENRY S-H ?Ooyhegheal FRhEIADR PG e 86T akpi BPRFEN and
0. 8% w v) glygewm and ceI | s were harvested, after which they were
suspended in 100 mM potassium phosphate buffer solution (pH 7.0) and
honogeni zed by FonicHtd @rBltOé VWPHFEBG) oaFERY| BPr'é8d extamcinocria tiaDHco®Pdase

activity oh L o8l lnediihe @XLE8Ck YBPoEASHE e s daacribed el The

measur enent OXI ase activit orme measuring f he
36 reduct iNgtCl D t3% abhsor. lﬁ)aneeeaulazmaveheagmlooﬁl Hpauntat S&Ck@gu:chll On
of a reactjon m xture conprising 100 nmM phosphate buffer solution (pH

7.0), O0917AIAdNAGRY GURImMtesTAC eheﬁlw CERBER ED. HECnEosT 1Enhenss e

sol ution. ddnder dhess J exqither 5r§@ﬂdiaé!sOééntffﬁlcf‘étlyr%cﬁ@ellwst welk@ oxidize
1 pmol of NADH into NAD+ in 1 nminute was defined as 1 U As a result, the

specific fé@%‘{@\ﬁtt%ﬂ omag W@Smmeéxiﬁage5l nltee BHove! ddwuriede dsififerr ee
extract - t !_:ng ctjvities
of the gI ucose ll(%ng( rgiggj| ase er‘lg%/fed&f)r aC| %g)er?e%g?é%gg%ﬁg%g %ke

gl ucose m;ud:raige:msuesmh@r iav &d-b0omo ey ptibtoesusi eirguidaniaters Regar di ng

t he gl ucos r.ogen i ved fro aC|lI me ium nufactured
by Anmand cﬁté& dﬁﬁ’é’ %% :ngny gpgjc?f‘ﬁca %@0 %Fe 6‘{1’ ase of
Crypt ococcus [gmpgut t uI atus (manuf act ur ed by SI GVA Conpany), activities on

t he coenzynes :
2 ml of the above~described culture broth of E. cecli

HB101 (pNTFP), 60 mg of racemic 3-chloro-1,2-propanediol, 200
pl of the above-described cell-free extract of E, coli HB101

20 (pNTRG), 10 U of glucose dehydrcgenase (manufactured by Amano
Enzyme Inc.), 0.2 mg of NADP+, and 80 mg of gluccse were added
to a stoppered test tube, and while adjusting to pH 7.0 with 2
M sodium hydroxide aqueous solution, this mixture Was stirred
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 98.7%, and the optical
purity was 43.8% e.e.(S).

| [0121]

(Example 8) Preparation of a recombinant vector comprising the

30 NADH oxidase gene and preparation of a recombinant Escherichia
coli

To express the water-producing NADH coxidase derived from |

Streptococcus mutans in Escherichia coli, a recombinant vector
for transformation was prepared. First, a double-stranded DNA

35 having an Ndel site added to the initiation site of the
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" NAD+ and NADP+ wer e exani ned. To 980 pl of a reaction m xture conprising
100 mM phosphate buffer solution, 75 mM glucose, and 2 nmM NAD+ or NADP+,
~the glucose dehydrogenase derived from 20 Bacillus nmegateriumor the

; gl ucose dehwdiaganasgeder byedné Qe £LyPLQE ADH euditddlsat usnwag1added;
the reaction was performed at 30C, and with the increase in the absorption
at 340 nmEEnhe nfdestophecderi andya wast heskts eidethdusds @iftter ke shown

in Table 1o, 'ﬂ'a%] %‘Go%e%d%‘?%ié%@ﬁ&ir&&% '%&P&%rfe&%aﬁ%@%%&%%ﬁaﬁaow.
derived fromBacillus negateriumis non-specific or the coenzynes,
wher eas t H&iglaicosemtiehpdiogendseydehevied pfimsnGr yptioeaedus uni gut t ul at us

is specifigc for DP+. [0124 Jab En ative activity NADP+
MDA TR et Ta00 682> BEaP T T At Ao odhr T ADp A G i
derived fromdldatgrypheeeceustyabguhtyl agts 8Y Nd:» )t henkabl e, GDH
represents gl ucose dehydrogenase. [0125] (Exanple 11) Synthesis of

(R) - 3- chl FOWLAL G tedYBERERAC Br BREES z o Feg%N Toenzyme regenerati on

system usi Q%@aﬁ’éﬁ:tc%ra_tﬁgpgtgwﬂ:gga Qéég?sﬁqfﬁ%gﬁgg%%ﬁ (95 eGognzy e

regenerati ynme re e ion systemusing a rc/non-specific
gl ucose detnytdrdgrrasdaventtiagdtthtaatthohat $om) ITCHNG st )wend tharhest ed by

trifugatjon fro culture, 1o, broth of E. coli HB10 TSCS) and
SOt by oD ] FBLM, SO oS PRy M es L e g ST, St dage
Exanpl e 1, (@nd Bigscicubtivtechr obhobhek. , Cob (1 HBIEEL {HNTNY6 ) 0htaitmad in

Exanple 9, and suspended in 100 nmM phosphate buffer solution (pH 7.0).
Ther eaf t erteMHe t&al [FERWERE REBHEQERRZ eBO b§YBEHE THEe clPusians ta anslegHDEBSpdel

uItraSonicuﬂoqggquégrr@g@gg&gg&y&gd fﬁ%éﬂggmore, using the foregoing
' synthetic primers, primer-1 and primer-4, with a mixture of the
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 NdeI and PstI sites downstream of the lac promoter in
" the plasmid pUCNT (see W094/03613) to yield the recombinant
20 plasmid pNTNX. The method of preparation and structure of
PNTNX are shown in Figure 1. Using this recombinant vector
PNTNX, E. coli HB10l {(manufactured by Takara Shuzo Co., Ltd.)
was transformed to yield E. coli HBLOL (pNTNX).
[0122]
25 (Example 9) Expression of a water-producing NADH oxidase by a
recombinant Escherichia coli
The F. coli HB101 (pNTNX) obtained in Example 8 was
cultured in a 2xYT medium (Bacto Trypton 1.6%(w/v), Bacto Yeast
Extract 1.0%(w/v), NaCl 0.5%(w/v), pH 7.0} containing 100 npg/ml
30 ampicillin and 0.8% (w/v) glycerin, and cells were harvested,
after which they were suspended in 100 mM potassium phosphate
buffer solution (pH 7.0) and homogenized by sonication to yield
a celi-free extract. The NADH oxidase activity of this cell-
free extract was measured as described below. The measurement

35 of the NADH oxidase activity was performed by measuring the
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 Conmpany), the cell residue was rempved by centrifugation, to prepare the
NAD+- speci fi ¢ dehydrogenase (oxidi zing enzyne) derived from Cel | ul ononas
- sp., the NADPH specific dehydrogenase (reducing enzyne) derived from

- Candi da megnald@aerand the WakernhdAchr fdugi o MNARE axifase ol a aRz¥b®: havi ng
the capabili tS%/ of r%gener ating an oxidized form<coenzyne) derived from
St r ept ococtust N SL RedFECTiPB| FixFO106FomHS Ny | Phriskda tef

der acemat i Qi fFSACH 10 iIFX L ELT . 07 Weie Rrapaned.o L Hy eipgach wasyghaken
at 20Cin a test tube for 20 hour$ while its pH was adjusted to 7 with 5 M

sodi um hydxdme.0.CH nloe fmenpenasseusr phiosphat &nldlefrf ehesel ueaohi¢pH 7. 0)

30 ng of racem.c 3-chloro-1, 2-propanediol’, 49 of. gl ucos 1, 30
of NaDw? (-GNt AR e BRREREEY oF & it HUERAG el i Ao AP
dehydr ogenaset (s 13m0 whs2dpirapaneds ol 0xi daf izorreaetlityi ty, sp8@0f ik of

t he foregoi ng  NADPH speci fi c_dehydrogenase (as 3- chl oro-1-hydroxyacet one
reduction &etiVAEY Pt k¢ 88D erifRee iBr By P VRIS HrIRATK ST INADRE

oxi dase (gldcose Qpa}y@roogﬁg@s%rgiégigot added). 38 (2) Conposition (1) + the

coenzyme non-specific glucose ehydr ogenase derived from Bacillus
megat eri um (ri@A&Bact ured by Amano Enzyne Inc.) 35 U. (3) Conposition (1) +

t he NADP+- speci fi c ucose dehydrogenase, .s derived from Cryptococcus
i gut O Al TR e COPEd B SPOPRE Eofbanyst F80) S oA
[ 3- chl or o- deRydrFoRaned deraXiedi ZirBe BaELVI LY MBESHELTEAtand UMY 1g10@skel O

Determ ned by measuring the increase in the absorbance at a wavel ength of
340 nm at SFYIFPIEIGSH 6T iFede AECN0 AT HPKPEPEC UL DT 5T HY AT MM

"1 100 M phosprara Ul et s SITPen (ohFS Ry O are Pl SRRy FRgTdut on
condi t i onspegéiesenay nfenans facttiurietly biyoAnandi Eez ymeroinof) NARH thet GARNARB+ in 1
ninUte‘ﬂpsspégﬁ%fgﬂéfﬁ%SgéJdehydrogenase of Cryptococcus uniguttulatus
(manufactured by SIGMA Company), activities on the coenzymes
NAD+ and NADP+ were examined. To 9280 ul of a reaction mixture
comprising 100 mM phosphate buffer solution, 75 mM glucose, 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 absorption 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+

100 98

Enzyme

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

100 0
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" [3-chl oro-1-hydroxyacet one reducing activity measurenment conditions]
Det erm ned by neasuring the decrease in the absorbance at a 20 wavel ength
-of 340 rimat 30Cin 1.0 M of a reaction mxture conprising 20 mV

- 3-chl oro-| ¢y diraxyeeatQn&pHO r2pr BVENODPHL uddise Se1PRiIFHgfasan yenzyne
solution in 100 nmM phosphate buffer solution (pH'7.0). Under these

reaction conditions, the enzyne activity to oxidize 1 pnol of NADH into
NAD+ in 1 mnggesyas 25 defined as 1 U [0128] After conpletion of the
reaction, an analysis was perfornmed by the nethod described in Exanple 1,
and the peftEsmplea dddvévntimdispbifcdéR) pbirchiomer ke, Zglmpeaateeld.olTHenr esul t s
are 30 shown..in T%ple 2. [0129] 39 LTabLe 2] Percent recov%%é Qpt i cal
purity (9 {9 Sdd (SR8 5 IS RERI R | SEATT o B NES Shegat eri um
88 5.2 NABR:@&pead Nar@Didxdelziskednfir M- 84ndO8 F&Fy REQGOGEIS relegutr-bl ahus
(In the Table, GDH represents gl ucose dehydrogenase.) [0130] 5 (Exanple
12) Synt he®V S8 YSYNB-ah MNBDEHsPepi bhaneenosPeSh 1 ¢ HEFueSaan oxi di zed form
coenzyme regener i I3ng..a uci ng NADH oxi dase and a
reduced form-coe f¥%§*§¥§%gﬁg%%Figﬁ g?s %ﬁéﬁgéﬁg an NADP+-specific glucose
dehydr ogenase wdled s eckrien hearvieshatli on) cdft i fgatfien ribaot ithe utture

- chl or - 78 o redioott. BTty (BRCGHUCBES, CbL S e A £-0 S8 g of
NADP+, 50 iBi@s @ierd1or @pbadnRHOBENEHE Ok 2 i Hathed A¢taMnipe Af, and the
culture broth of E. coli HB10l (pNTNX) obtained in Example 9,
- and suspended in 100 mM phosphate buffer solution (pH 7.0).
Thereafter, the cells were homogenized by sonication using a
15 UH-50 model ultrasonic homogenizer (manufactured by SMT
Company), the cell residue was removed by centrifugation, to
prepare the NAD+-specific dehydrogenase {oxidizing enzyme)
derived from Cellulomonas sp., the NADPH-specific dehydrogenase
{reducing enzyme) derived from Candida magnoliae and the water-
éo 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 sodium

hydroxide. ' _

(1) 100 mM potassium phosphate buffer solution (pH 7.0), 30 mg

of racemic 3-chloro-1,2-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-chloro-1,2-propanediol oxidation activity),

300 U of the foregoing NADPH-specific dehydrogenase (as 3-

chilorxo-l-hydroxyacetone reduction activity), and 60 U of the

foregoing water—producing NADH oxidase (glucose dehydrogenase

35 not added).
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" the NAD+-specific dehydrogenase (oxidizing enzyne) derived from is
Cel  ul ononas sp. obtained in Exanple 11, 300 U (as 3-chloro-I-
- hydr oxyacet one reduction activity) of the NADPH specific dehydrogenase

- (reducing @)?Yé@ﬁl&éiﬂﬂi‘éﬁﬂ f1hom €andi-danIpEa0LbACspe 308 M phudie
wat er - produci ng DH oxi dase derived from Streptococcus utans (an enzyne
for regeneiehydepganand dlezdder0 fromnBecénZzyaeyegandr 100 (Dagfufidmgured by

NADP+- specj { i e ehydr.ogenase derived from Cryptococcus
uni gut t ul %%ésﬁo %ﬁ%%‘feac r%r'gd%gygSI GVA Conpany: an enzyne for regenerating a

reduced fotIn compzyne)iosmms19hakenhei NABPHeshetiibec ad 1l S ardbhydRatied skor 22
hours, while adjusting to pH 7 with 5 M sodium 25 hydroxi de. After

conpl et iforPoF L Y#E TGRSR CEHE VR guAELapeff BreRifant uuss fot KgEMA
descri bed ¢onfa@ppl® %, and the percent recovery and the optical purity
were cal culated.” As a result, (R)-3-chlorol, 2-propanediol hating an
optical purith18{71100% 40 was produced at a percent recovery of 95%

[0131] (Bpamlie d2)Snthests o Shidats bl aged] ol (ap x| doged. Torm
coenzyne regenéerati off system using a wat er-producin S OXi dase and a
reduced focomdoeinzysie regenerati on system using an NADP+-specific gl ucose

dehydrogenase were used in cqnbination) The reaction was perforned for 23

hours by t'fie- S eHethSFaae TERIMpRE 12CEREERt L hER® rARIMFAIER FBuanedi ol
was - z0 useddeilaf& O 4AGRTHE %0?@'&501: o %@%e%%'cgi b 55'—5‘%233! etion

of the reaction, an analysis was perforned by the netho escr in
Exanpl e 4,cerRicihnpeiem! cecbierp-and-phepanpdiehl GukT tmM W, and

cal cul ate r t,(S)-1,.2~ nedi hayi ti rity of
100% was g?b(gét;cl@ld Ogjzts%e{l einsz%ngr gé%%l?rgégoggrgbgfﬁ%ﬁgﬁ}f%@%ﬁ%fﬁaml e 14)
Synt hesi s el Serl- fdieriylgt.hatndie £ anhoxd di ek fan morelienionse tegeeatghneon

syst em usi nc%ta wat er - pr odyci ng NADSP oxi dase,and a reduced form coenzyne
regenert i %Vsq%rﬁ%é?’ﬂéﬂf@ nHRRBP2L s el 1Rt gl YRt el ehyHBtéh &8¢ wer e

~used in coabifadion)l u.
[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 solution in 100 mM phosphate buffer
solution (pH 7.0). Under these reaction conditions, the enzyme
activity to oxidize 1 pmol 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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Cells were harvested by centrifugation fromthe culture
HB101 (pNTF) and culture broth of E.
* same nmet hod as Exanpl e 7,
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0.71 mg of NAD+,

0.15 mg of
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[ 0134]

1sde 20 The same as
ed in Exanple 11

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-

hydroxyacetone 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 adjusting to pH 7 with 5 M sodium
25

hydroxide. After completion of the reaction, an analysis was

performed by the method described in Example 1, and the percent
recovery and the optical purity were calculated. As a resulg,

(R) -3-chlorol, 2-propanediol having an optical purity of 100%
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[ 0135] [ Acetophenone reducing activity nmeasurenent conditions] 25 The sane
as the reducing activity neasurenent conditions described in Exanple 11
- except that acetophenone was used in place of 3-chloro-I|-hydroxyacetone.
- [0136] [ lwpbepyddidahalt HPISE raralty triecaleeondft $Bns] 30 Col umm:
manuf act ur ed [12% %i cel Chem cal Industries, Ltd., Chiralcell OD-H (0.46 Xx
25 cm) Colu Sperature: 25C El uent: n-hexane/ 2- propanol =9/1 Fl ow rate:

0.5 m/m nutgamsr &l 18) @ydinEy:  Re fehm12-Ruehebes: () &0k 3orm
mnutes. 42 [0137] (Exanple 15) Preparation of a reconbi nant Escherichia
coli tranSPeRaEt: Wadenaia NADPEYShier feéngl acehteehyohdeeiteas /70 t he

Crypt ococcus: i | at strai ( pficati of To a
1o d rec S Esaai i ey B b EoBn e el LR B B
( manuf act uae dNARP N dyee iBhiar rAceutsiec dehyindyshasal w€oe ,uddd.in 7 g of

pol ypept one r&grran%gfct ured by N hon Pharmaceutical Industrial Co., Ltd.),
2.5 g of potWREIHAAY di hydr ogen phosphate, 1.0 g of ammoni um chloride, 1.0

g of sodium chlmid d&sadtidh a@f pealreirHBNCRbEr dolendi Ay di@tighe G HR05 g  of
ferric sulfate heptahydrate, 0.5°'g of magnesium sulfate " heptahydrate, and
10 g of suBebked (a8 |IExpspllg tler excepd tbhtaracemniard, drivttengdidie vas

PR S A B S HIRART SLhALD01 10 BESRONLALE LS H3LRg | ne SaT

medi um 1 n advance,” was asept I'noculate straln was Subjected to
shaki ng cuttmpketatorB0E ther rsRdtdwns. akr amab90i sl wad pdref arnddinsy kihet h

obtained, ce]ls re harvested by _centrifugati on and washed with 50 mM
phosphat e IB%JT']?%C? (i\‘:teﬁ‘iﬁjl (%%faﬁgf/’,lea r eFPRNFRR PHEGSWeree R irs fEFd&dei n

200 M of @hei s bufifierves@ Waiomiatbher Adis rL&flile culgyune shroth was
honogeni zed using a M ni-Bead Beader ~(manufactured by Bl OSPEC Conpany),
the cell r%@?@&ﬁé&%@s hashiptedn ptdentlr Prughyi oh 1@0%céps rrr@Bead asf aa

cell-frge ﬁéfééﬁ%'recovery of 99.5%.
- [0132]
(Example 14) Synthesis of (S)-l-phenylethanol (an oxidized form
coenzyme regeneration system using a water-producing NADH
oxldase and a reduced form coenzyme regeneration system using
20 an NADP+-specific glucose dehydrogenase were used in
combination)

Cells were harvested by centrifugation from the culture
broth of E. coli HBL01 (pNTF) and culture broth of E. coli
HB101l (pNTRG) obtained 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 the disruption residue ﬁas removed by
centrifugation, to prepare the NAD+-specific dehydrogenase

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

[0133]
1 ml of a reaction mixture comprising 300 mM potassium

35 phosphate buffer solution, 10 mg of racemic l-phenylethanol,
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' [0138] 25 To this cell-free extract, while stirring with a stirrer under
ice cooling, a predeterm ned anount of anmonium sul fate was added; the
- protein precipitated by amoni um sul fate (70- 100% saturation) was

- collected bys ceptsf fagatd<d). ollva RGgobei RADPPt @i nednyase disol vad uyn (3@ MV
- phosphate buffer solution (pH 30 7.0) and dial yzed agai nst the same buffer
sol ution, ATRRENWRIRNGhicxigedi9ppPrEdvibyh ebl e BPraINITDEARDS -

(manuf actu P¥; Bl fon RERA A QNS ) j SO4iddirated with

t he sane %ﬁ%erl socf%uti on, e?%%dsgr@g{}?ﬁggeﬁ%%g%{hgﬁ (%('he acétﬂll\?’él fraction
was el ut edadpyiwitynest wendianeggriadi SADPHf spedi fiht cddloyd cteydrramm, s400UM t o

1.0 M The enzyne sol ution ohtai was.di al yzed, 4 ainst 50 mM
phosphat’® %ﬁfifz%? U PR e, g%%gnﬂxé ﬁF?eéerve‘i %%?%H#Wt@%cc&?
Resour ceQ giipawé asdtiatedy rAmisiad sBi(aaCctangrs KoK degddta%s ¥n

equilibrated with the sane buffer solution, to adsorb the enzyne, and the
active frat¥idhsdsfymicnese®e)a prdedP HenSi tye gialR trapestifdsdiodmcose

chior! e (50m 8 Mo .0l To i, excXeB Byl o0 gblALee amoniun

sul fater was ‘added to obtain concen sol uti on
was appl i elndmuzacoinerh nf ReBBuCoePhiEy( manuéaeyme efior hye gererrsitdmg - a

Bi osci ences K. K.%, revi ousl quilibrated with a io phosphate buffer
sol uti off CB?T%LF?% nfgcpri“ §q\ﬂ15ﬁ%‘ﬁ§i ¥SsEPRAER {DHR 7oBy, TRl atheUeff PREnt
fracti on wasacodd efded arihs agiilveadhnaeihgntol P39l withen M hicsiast i ve

fraction was subjected to non-denatured 15 polyacryl am'de gel _
el ect r opho?t¥dFXide <j AGIterhaRE WhsOf ob e dredekPn ik tiars) meswastyubfedt ed

to SDS-pol yack Yt de el lect ro Q%gigfgﬁ%fiﬁ%eﬁ?{%{é& LA$AOAGNY o

a nol ecular weight of 58000 was f oni ng of glucose
dehydr ogeniak ecAfatdry ldervathartat,i end iheheppiestnper vty S8aM weeasertthe  purified
of .t he .Cr ttulatus J 68?&;:{Stbryai n was

o uoose Aenyek papase Lol Oaratoreuse . oLl o e, JOIEES
(manuf act uMBC by AdAkO result, (S) form-l-phenylethanol having an optical
purity of 96.7% was produced at a percent recovery of 98%.
[0134]
[1-phenylethanol oxidizing activity measurement conditions]

20 The same as the oxidizing activity measurement conditions
described in Example 11 except that l-phenylethanol was used in
place of 3-chloro-1,2-propanediol,

[0135]
[Acetqphenone reducing activity measurement conditions]

z5 The same as the reducing activity measurement conditions
described in Example 11 except that acetophenone was used in

- place of 3-~chloro-l-hydroxvyacetone.
[0136] '
[1-phenylethanol 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-propanol=%/1

Flow rate: 0.5 ml/minute

35 Elution time: (R) form-12.2 minutes, (S} form-13.3 minutes.
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25 Pure Chemical Industries, Ltd.), and the sequence of the peptide
fraction obtained was determ ned by the Edman net hod. Considering the DNA
- sequence deduced fromthis am no acid sequence, 2 kinds of PCR priners,
. primer-5 (gad@aggagc acaagatyaargayca: SEQ ID NO 5) and priner-6
- (catgtgrgcr_3o0 agngargtraaytg: SEQ I D NO 6), were synthesized. [0141] 100
pl of a buf%@mgd‘?ﬁ gltﬁ)orPlfemar@mQ eénpr reragPLeaRkobschfridde siolithe

above- descy i heged wpekinds, theom@s@asspgema gi c&fr%w@%e 22 pgpl of
each dNTP, and 2.0 U of ExTaq 35 (nmanufacture %y Takara Bi'o Inc.) was
prepar ed, Fharhedocdus denatuwirtatliacns( 9483680 secranuds), annealing (55C, 30

seconds),, n 0, tion reaction (72C, 1 mnute) were perforned in 25
cycl es, g%lg%u?%% lélos%e Oa(@alrarrp “HI'&d fragnent obtained was subcloned into
pT7Bl ue- 2 Vect orTd ranufqacidinedibn NovagetihgCo¥, tihe afdhpdSi tSEFUSICS Was
determned (SEQ ID NO 7). [0142] Next, to determine the full | ength base
sequence and Y55t |§KE AT t e tprge krcHybent Reaiarsde cdehydr ogenase,

on the bagigudf-ide kase Iﬁcelqye,nf?egdsk%ghglsg@h%@ (mhfd t Nl pyt WO 10
ki nds of gene squence-spQC|f|c prirmers, p r-7
(agt t ggccghhat Rhammprpycgtedt gaduSEQLiED SO: 8) Laad) pri nerg &£ ggassgdoot c

at cct cgy.c C : I 1 9) were__synthesized.. [0143]. is _To 60 mi
of the %egllﬁ%&g%e% e(r%% ehd)%ll;p%atttgéN?Or%eaoPﬁga%élf‘% Cr(l%lflcge’mﬁ 'oof %G o(Eful ture
broth of tdedimyptiooncicies, WNi3guigt vifatdscidGVBRBIr Sdi¢ adThydy=aegulct.oned ysi ng

the sane nedi umin advance, = was_aseptically inocul ated; the strain was
subj ected ¢ GFuldateuheriehsgetar @-%oﬁr@f EHIRE etk fSidhaitfe

cul tured ceddsardumsidlg drdie 1igNQoeRt 8 | 5ok af Q4 Sy st
(manuf.act ur eﬂd b}%Qj Promega K KNSagwas ﬁgggglé oliafglf\:tLo?gilC %I\%k)'l'he l?r([?tglf I%NA

obt ai ned Gkt ek @ ridieaFrebitgobexud T80 got tuba {wanlMMEEATN ed rayn,
by mears ot e ek difi i e sAib et ba0 a0 e AR R« &
CDNA was pirepaileddy; tiie naifa@@ was subjected to shaking culture at 30°C
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 suspended in 200 ml of the same buffer solution. After this
| cell culture broth was homogenized using a Mini-Bead Beader
(manufactured by BIOSPEC Compény), the cell residue was remowved
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
obtained was dissolved in 50 mM phosphate buffer solution (pH

30 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), previously equilibrated with the same
buffer 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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~described in the protocol. [0144] 100 pl of a buffer solution for Pyrobest
DNA Pol ynmerase conprising 2.5 pl of the cDNA sol ution obtained, 50 pnol of
- 30 each of the foregoing prinmer-7 and the GeneRacer3' nested prinmers

. attached tagdhesiGeheRac ehdSphatpr bu€fe?, sotgelasgisacydrat=gat agid i e8EQol D

" NO 10) or 50 giml of _each of_ _the foregoing priner-8 and the GeneRacers'
nested pri?ero+FiR &thed Mo Ath EeeeRERsRe (MRIPERBF 1 RRY -0 Arprsham

ggacact gacet 99ard faa990at 9., PERVEBUNG,1ihui 20ppRPEd Ofi @G ANERe bﬁfff%gg

2.5 U of Pyrobest DNA Pol ynerase (manufactured by Takara Bio Inc.),
prepar ed, $hErREONddratafdmrboiheoeCzyRe, sadohle) actiwre ditawf iamd welsongat i on

reaction ( n?g) .per I.n | es, _.subseguent |
t her mal r}dengﬁﬁcggf%ﬁé:gl , 6%, \é%%%gg’o%%égﬁg%n‘é% :s:%%luaﬂrsll h;oornlgc%t ?fgrr?nglga%qt ion
(70C, 90 iseconsls). waie ther Enepied 014t tys| @stafidd,! steseguestillyatber nal

denaturation (9 20 seconds), annealing (58C_ 30 seconds), _and
el ongat i onw?%g%‘s(%fﬁ ?Gif%,ta@@ ée&BH&??tﬁé%égBeP?o} med?i F s &A@ es,- and the

reaction psemuetomasas aPd o +4Ca abl 8BinWBECResbQr &S ARl fiRd G¥A Was

identified by agarose gel electrophoresis. Each anplified cDNA was
extract ed kigiAeershan Gimpaickcesl KeXt ) acPireMiwiis 1y newut bidinatetl biith AGEN

K K) d- i t Bl -TOPO vectar (manuf act ur b

I nvi t r?&erplﬁ%%{g}]rllg% %ﬁf%d Stsg)gall%gr%gii ﬁéﬁéFI%Engar?rfﬂ%Wi %IHHWWaSsu tﬁ%r(Pgr med
to deter mhed) hearidilthd erfiluchas€rseqienceasf ctheectdNAad ate erandes t he
gl ucose dehydrogenase. The full |ength base sequence and the deduced am no
aci d sequence”enddded by the DNA are shown by SEQ I D NO 12 and 13,
respectivel y,joimothe sequence |isting. 20 [0145] (3) Preparation of
reconbi nant vector conprising the glucose dehydrogenase gene To express
the gl ucose dehyeydatise aotiFechsRrERPa WaRi subdegieadrid man-dessttercetor

toe LR NPT AR ELIR GRS Y S T
sequence d&ten nimeg enzyme was subjected to SDS-polyacrylamide gel
electrophoresis, a2 single band corresponding to a meolecular
weight of 58000 was formed.
[0140]
20 (2) Cloning of glucose dehydrogenase _
After denaturation in the presence of 8 M urea, the
purified glueose 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 amino acid
sequence, 2 kinds of PCR primers, primer-5 (gagaagcagc
acaagatyaargayca: SEQ ID NO:5} and primer-6 (catgtgrgcr
30 agngargtraaytg: SEQ ID NO:6), were synthesized.
[0141] '
100 pl of a buffer solution for ExTaqg comprising 50 pmol
of each of the above-described two kinds of primers, 800 ng of
chromoscme DNA, 20 nmol of each dNTP, and 2.0 U of ExTaq

35 (manufactured by Takara Bio Inc.) was prepared, thermal
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in the section (2) above, priner-11 (acagacctgcccatatgtcgagca: SEQ ID
NG 14), which has an Ndel site added to the initiation codon portion of
- the gl ucose dehydrogenase structural gene, and 30 prinmer-12

- (ggacggcegt edngadtdwicdgc@aac, SEQ $&NRIP)  arl L rhas 5500, Xbal ssddgpdded
just after the stop codon, were synthesized. [0146] 100 pl of a buffer
sol uti on f?7d FrYBESLINAeRSTERRBr 498°C cohprimityy 3GIEmpErépragehinf 2bhe

above- descg{bpsk 2 tidds, Rkt 7%@-%%@%&131&%@@ £r9§mérh_e SHNA 30 Waion

prepared in the section 46 (2) above as the tenpfate, and 2.5 U of

Pyr obest DRNACPubygrrigde PTWEd usrépdeedort oamafademesedirt iNavaB88CInE0 ) ,
seconds),, eal | S . n o} Lon reaction (72C, 3

m nut es)5 V\%?@e J-E&eér %%%é%en%%g C%gf@gﬁﬁngﬁd%% g]rgfg%?ﬂe'd DNA 5 fragment

obt ai ned was [@lge€dted with Ndel and Xbal and inserted to the Ndel and Xbal
sites downstream of the lac pronoter of _the plasm d pUCNT (see

W94/ 03613) . The'Piashivd GHEAMAEE ©as THédi RRFRY RRSHNRIIEILSsAd [tHe47]

zo (4) Prepaxatépnc JmgonbiaraghcBacherhehiaucokd Jhe,Esshaldhi ancehie
HB101 strain was transformed with the foregoing plasmd. After the
transf or rePRSbbteh fde Wese celkuenee detarRiNadneelrem IEACED NIyPt.ortwo

1. 6% vv/lvc) ,k%&%gcﬁr(ﬂegae%te 5%1%?1% _%pg%%\#//ﬂé) %Jr}l%grso. 594 W v)7 pH 7.0)

cont ai ni'ng i's anpi ci 1T re-col 1Beted by centrifugation
and ' suspetagtt gacSfhgtdopitaspbateghatbegasobBi DD M@t )7.4)d mfinesr-swhi ch

t hey were honpgeni zed by sonication to yield a cell-free extract. This-
cell-free 539(‘3?%%‘30% at%t%lcg&c\%itﬁ‘ﬁg?ﬁgc&ﬁa: SHBj Bt Yo “Si32 pol yacryl ani de
gel el ectrophei@asifsqgas a 20 result, a band of the enzyne protein was
identified at a position for a nolecul ar weight of 58000. [0148] The
recombi nant HE&EKWEdichia coli obtained is called Escherichia coli HB101

(PNTCOH33507). P oo bl BARL 5 PATEEL R i B s o
Or gani sm Déppsi 3 arly,of Matdudnalrel bgbithubé ehe AQygpeedod ek stdigt HeiLance and
JCM3687 strain, pre-cultured using the same medium in adwvance,
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 ng of total RNA. The tofal RNA obtained
was purified using an Oligotex-dT30 column (manufactured by
Takara Bio Inc.) to yield 4 pg 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 pl of a buffer solution for Pyrobest DNA Polymerase
comprising 2.5 pl of the c¢DNA solution obtained, 50 pmol of
30 each of the foregoing primer-7 and the GeneRacer3’ nested
primers attached to Ehe GeneRacer Kit (primer—9,
cgctacgtaacggcatgacagtg: SEQ ID NO:10) or 50 pmol of each of
the foregecing primer—B 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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~ Technol ogy (I POD. Central 6, 1-1, Higashi, Tsukuba, |baraki, 305-8566)
(Deposition date: January 21, 2005). 30 [0149] (Exanple 16) Synthesis of
- (R)-3-chl oro-1, 2-propanedi ol (an oxidized form coenzyne regeneration

. system usifgs @ VRURIof Hyadweistg DNADH-0Yindas8e andasu f foucad: iy makeeazyme
regeneration systemusing the NADP+-specific glucose dehydrogenase derived
35 from t RLIAVBEY7 Stasainyoperedussbiernadoddnaberamion 4P6fRe EScherichi a

coli HB101 %QH L B- aj i | e A5

i nocul ate é‘g&g M Jaf)}?l%aa) 12155!? %d%gégéfﬁgg%okﬁ%%%%( w/9 \?;) ,sggérclg%) Yeast
Extract 1.WegsvrdridgaEd i 3%wolks, peuBsejuennt ui themgnbl) degiaturaidioni | 11 n
and cultur&g aai a 500 rEp capaci ty, Sakaguchi flask at 30C. for ggoho rs.
Col | s vt ot E8TiredPedShynERht r PrEGAL 1o, 5 ioR SREESPR 1067500

pot assi um phospisEt ervdudf frRirfoeiktl an epbyd18y, apdll hamgefiaad p)thermal
sonication_ to yield a cell-free extract, and this was used in the

fol | owi ng FeRaiYEH e t (RO°NADPY- speendsl, drsaplicws d 5886y dPdgesrerdsour ce.
0150 1 Gl i i Si 0 i h te.
[ ] Mg Oélzﬂ-g%aeb?rl;&d 20t LW qg?gﬁfré(?'%&zo%cos)mw&%t %%?r{f%%ue%g?%??@ €

~buffer solution, of racemtc or o-172-"propaned
gl ucose, Ocydles, cind\Abe r@athion eotodschliAiRe, cSOléd (as 4°C, after which

3-chlorgl, 2- propanedi.al , oxj.dation.activi.t of _the NAD+-specific
dehydrolgoena%@{ (agr%rlcﬁdfzjieﬁig C)eﬂrllq%yr“r‘rﬁl)S agFP5é81¥%{oﬂ¥ %ﬁ%%rﬁﬁgs sp. obtained in
Exanpl e 1lgl&frdpH@ssIi=chl aaahl ampyif bxy aemiONEd eduGldcdrdaakivigt Yheof the

NADPH- speci fic dehydr o%enase (reduci ng enzyne) derived from Candi da
magnor i ae, P10 @3 o X HE ShdPBr KpodBENHER KABFES Xp i REAGET iKrdet )f 2ER

St rept ococ tia - n enzyne
0CE s 18RI AN AINGERAY 1AL 3658 JELDOA fRaiR@B el HhA enzym

for regenerating an oxidized formcoenzyne), an
above- desckibiedraEDP+angec K. Kd , ghndoseqdehyiinggefatles atwylMeiced A was

O VDX OCAC QB MU B ARUEORT( O, SIEXIR 94a22 LRGENPLF R oo

pH 7 wi th EDNA siadh turandpddisoxtinge glukegewaeRyaeageessd or T Faurns 1eAgtar

: conpl et i O%a?sfe sEeheuernecaCti Cc)in’th%n d%?i%l y%i gm\{\ﬁg gg:EéOégEgeIPé’G tehnecorgleetdh%d

descri bed q € an ce q Y

R " the DNA are shown by SEQ ID NO:12 and 13, respectively, in the
sequence listing.

20 [0145]

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

To express the glucose dehydrogenase in Escherichia coli,
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-11 (acagacctgcccatatgtcgagea:
SEQ ID NO:14), which has an Ndel site added to the initiation
codon portion of the glucose dehydrogenase structural gene, and

- 30 primer-12 (ggacggcgtctagatttactgcaaa: SEQ ID NO:15), which has
an Xbal site added just after the stop codon, were synthesized.
[0146]
100 pl of a buffer solution for Pyrcobest DNA Polymerase
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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in Exanple 1, and the percent recovery and the optical purity 30 were

calculated. As a result, (R)-3-chlorol, 2-propanedi ol having an opti cal

"purity of 100% was produced at a percent recovery of 96% [0151] (Exanple
- 17) Synt he$fs BPOYR)23-WM dramlatepr epanddibol panPyssbexti e Pdlgmmrase,

coenzyne r I Sy, Si water ', .48 ...

produci ng ﬁl%%ﬂﬁ%%%%és]%’ a%%f%gaaﬁeg%%ggufgﬁ’ho@oéﬁgﬁm 1 5&58Pds) on syst em
using the AADPxlspec{IT1C,gBocssecdehydr 9genasehdtel 10 dedotamnt e 286M3H87
strain WerﬁiHSEQsj[” combi nation:, rea %i\/?:n %Ln a small incubator) 5 120 m
of a reaction Rt X u‘?leere(:cﬁﬁﬁ?ﬁ'[oﬁn}?& 360 B6t5Ssi aR¢ phospmat e s MR

sol uti ons fPagmeft rasedtiteB R aigebid RieRANEET Ohnd g Und! HERS8eql2 MY
of NAD+, 12 of NADP+, 3600 U (as 3-chl orol, 2-propanedi ol oxidation
activity) bf n‘%ﬁ% Negpbang ekl ¢igerydevgstasan(oki theinc amanr)erderd ved
from.o Ce | 9DLHA talned me r..as mpl.e 11 12000
U (as 3- chH])%Iol?I - hy%(% cs)ég/cé\ggt(?ﬁe% ﬁgg&é@?%&ézct if\}?‘g{]&jelaosgnlﬁg’tﬁ,&ﬂsa— is“rssci fic
dehydr ogendseignatkd i ag pNTEDRe)3@87i.ved from Candi da nmagnori ae, 48000 U of

~the water-pr o[célﬁiﬁg NADH oxi dase derived from Streptococcus nmu tans
t

obt ai ned in the sane manner is as Exanple 9 (an enzyne for regenerating an

- oxidi zeth f 04 PLOSAZIIRIN ANG200B1Haat ERenNAPRA;SPESIfiCc gl ucose

dehydrogenase derived from Cryptococcus uniguttulatus JCMB687 obtained in
the sanme manner 9 B&FRALE ciga( weddf HBLOLeatbyin Y@ Gurpboymedavidihzy ne

for regenefd i g : Hm 2 ed.i.n.a_250-ni
capacity small | n%gu{)lgg%(riﬂ%(skﬁfjsumgfggﬁg%gﬁé%%gﬁbo% % If’tb&. ,%eénga\ﬁhi | e
adj usti ng ColpHred B @ t2AxYT. SieNisodi(BachypdTpoypten anueo(is/w)0l Hd@y Yiehey

rere fecckad gl 2004 chaththous o ger ol (L A, SIS
an opt i zal anpirdiyliof, HR0%swasrpr edutedtedt b BERELMuSACRUEAPT 96%
[0152] suspended in 50 mM phosphate buffer solution (pH\?.O), after
which they were homogenized by sonication to yield a cell-free
extract. This cell-free extract waé treated with SDS and
subjected to SDS—polyacrylamide'gel electrophoresis; as a
20 result, a band of the enzyme protein was identified at a
position for a molecular weight of 58000.
[0148] |
The recombinant Escherichia coli obtained is called
Escherichia,coli HB101l (pNTGDH~-J3687). Escherichia coli HB101l
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 (IPOD: Central 6, 1-1, Higashi, Tsukﬁba, Ibaraki,
305-8566) (Deposition date: January 21, 2005).
30 [0149]
(Example 16) Synthesis of (R)-3-chloro-1,2-propanediol (an
oxidized form coenzyme regeneration system using a water-
producing NADH oxidasé and a reduced form coenzyme regeneration
system using the NADP+-specific glucose dehydrogenase derived

35 from the JCM3687 strain were used in combination)
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(Exanpl e 18) Preparation of a reconbinant vector conprising the

NAD+- speci fi c. dehydrogenase gene derived from Cel | ul ononas sp. 30 and the
"~ wat er - produci ng NADH oxi dase gene derived from Streptococcus nutans, and a
- reconbi nant EschBre chdchazaldh i@ -codriz jiké 0¢ o{ pNDEDiE+ Nde Dhic t ERRMID- 2037 4

co- produce =speci f.i ¢ _dehydrogenase . (oxi dizi enzyne)
deri ved fr%%g%%%m%%zﬂp%%gn%atshén%P§?¥e§5 %r%@&@f n‘btxl@A @glnﬁgslém
derived fr(BaSto eptysancus 6RtW@RS ,( Bactd EBAYHEELOFad€URIEY aig AAC1

oxi di zed f@r%foF%zm ' Escherichia coli, a reconbinant vector for use
in transformatio pjr'@ﬂalcé’alﬁa[l@iﬁg] S05ngpkt ampi globli e -aid HdEarERA
havi ng- a Bagt s a LLne- a e%( r ei~nafter

abbr evi thed SD ig%ggn(r%ﬁat&g&ggga?%g{aﬁégi r%?‘]?lsgtig%n Si tef%g:f %tohgiog‘1 Fuct ur al
gene of tHeell@twerpreaddcotgdNbpHeexicdagagdeipvedsismandiiad eipt dc adc o

T anS: o D0 A Pod i HSULRL08 60800, 001 B 3 | 03t O Alocid boy be

after the origin CRwWas acqui red de<Ett bed bel ow.
[0154] Ushorgogenimsd ¥ sonication to yield a cell-free extract, and

(cgcggat cct,aaggaggt t aacaat taaaatcgttattgttggagc: SEQ ID 15 NO 16) and-
primer-14 %]bjcgtqﬁ%%t tlt“at%g%t &PE&E’WELPQ seertEPT NG 1) %Q%Tﬁf@%f)éé‘rm d
PNTNX compgisdde tduh pelRfenizeduei;Rge  NADH oxi dase gene derived from
Streptococcus nutans, obtained in Exanple 8, as the tenplate, PCR was

performed to [filéld a doubl e-stranded DNA. This doubl e-stranded DNA was
di gested 20 wit l- and _Pstl and.inserted to.the | and Pstl, sites of
gsﬁﬁn%f a gea%E off %ﬁ§ are c%%%rﬁ%ﬁggggﬂr pqg%ﬁﬁlum

the plasm d pTSCS conprising the de rogen

- Cel | ul onoretsesphat(es dmMBAS0283820h, Bhemgbyft hecerias @rhiHlaito-vgect-or pTSCSNX

was obtained. E Cg%li Ig?lOl rraﬁ:uf actured_by Takara Shuzo Co., Ltd.) was
it FEc8

transf or metf WA _ PhEAPSGect of L PISCERNAARY vi®l P M9 &1 i HB101
(BY Sl pumibaptey ol sacerayces L usni e el vy SRR
from St r eptR JBRUs SARCAHg§C dehydrogenase (oxidizing enzyme) derived from
Cellulomonas sp. obtained in Example 11, 300 U (as 3-chloro-1-
hydroxyacetone reduction activity) of 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 above-described NADP+-specific glucose dehydrbgenase
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
hydroxide, 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,2-propanediol
having an optical purity of 100% was produced at a percent
recovery of 96%.
[0151]
{Example 17} Synthesis of (R)-3-chloro-1,2-propanedicl (an

35 oxidized form coenzyme regeneration system using a water-—
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[ 0155] 30 (Exanple 19) Preparation of a vector conprising the NADPH
speci fi ¢ dehydrogenase gene derived from Candi da magnori ae and the
" NADP+- speci fi c gl ucose dehydrogenase gene derived from Cryptococcus
+ uni gut t ul aPBRAICNBE AP K iglespakati anrefiuaed r foambi cant yrexX preegsic@ation

bacterium (2- ye. COo-.pro ' 35 bacteriu 50, To co-produce, 2 enzynes,
t he NADPH-é%sec%ilggl&&fg}eoglwgggw??ég&& 8 ugzﬁ%?/n%?hﬂg?? 5% SRréRei da
nmagnori ae fno t tiee NADRIES 7S pegiafiint wel-uC ased dehyssneenasto e riaed ifhomy a

Crypt ococcus JLéni uttulatus (an enzyne for regenerating a reduced forms
coenzyme) THEs 4RatiF col i, a reconbinant vector for use in

transf orgrat | on v BeRar 80roQ136h nfkiste Sufiauhl fat@nds PHAAYNG an

Xbal site and the SD sequence added to the Ini
NADP+- spechi¢zrharglnfdse delydriogenageggefieraesmie Bfatdm@-yiptlecoccus

uni gut t ul . al s avi HndlIl.,site ed after the _stop codon,
was acqui ?%#ﬁ%@%eoalﬁeghog ﬁgggiflﬁé’ﬁebeh%v@g @f%ghi%ﬂ%§f NADER,
(t gt ct agaczeee dygaanCaehilael; gageapededS6Q B AR 1) adnd RrhMeye 6e

(agtaagcttatttact gcaaaccagccgtgtatccaaac; SEQ ID 15 NO 19), with the
plasnid p SPEEBRE 1S MSTYEIr RG SPRS SNAPRI AL g | §0 2yTet u eyl whshyfdosgenase
gene. deyj ved: {1 oS co ; i gyt a (Egﬁ I asthe -
tenpl ate, PCR was pée/s?}‘s%rn% fégtl(r)lgeig dEggd%%g? e-s r%%{eg; E%ﬁk@lﬁhislé}’doub'l e-
. stranded DN diaseSedlwiroh IxbaHrandatibotie | rexheti inseraed wigy20offhe Xbal

and Hi ndl | [ f_ the plasm d .pNTS1 conprising the dehydrogenas ene
deri ved fr%%é(,ﬁazg%kgfpﬁ&gr%ﬁ ?@%’9@8‘3@%5@7@%’3‘%@}%&% t v@%o%ﬁgﬁant
vect or pNTECHAH idavas grrtialened 8080 gob HBA Olaf smmpd aaianas Nabal akauasshuzo
Co.., Ltd,) was transforned with this reconbi nant vector pNIS1GJ to 25

yield E. 5Tt G NESEREPPoCEUs 2B HERD 8RR FRiiNGD 10t dhfc &I Tanzgires,

t he dehydrogenasg idery g%ﬁ Enogcardi-dae L4 Ag; and oyzifb%]éé’éPF%B-r ecific

gl ucose dehydrogenase derived from Cryptococcus” uni guttulatus. 157]

' coenzyme), and 3600 U of the NADP+-specific glucose
dehydrogenase derived from Cryptococcus uniguttulatus JCM3687
obtained in the same manner as Example 16 (manufactured by
SIGMA Company: an enzyme for regenerating a reduced form

20 coenzyme}, was placed in a 250-ml capacity small incubator

| (Mitsuwa Rikagaku Kogyo Co., Ltd.), and while adjusting to pH
7.5 with 7.5 N sodium hydroxide aqueous solution, they were
reacted at 20°C under conditions of aeration {1 vvm) and
stirring (900 rpm) for 34 hours. As a result, (R)-3-chloro-

25 1,2-propanedicl having an optical purity of 100% was produced
at a percent recovery of 96%. '

[0152]

(Example 18) Preparation of a recombinant vector comprising the
NAD+-specific. dehydrogenase gene derived from Cellulomonas 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 2 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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" 30 (Exanple 20) Synthesis of (R)-3-chloro-1,2-propanediol (2- enzyme

co- produci ng bacteria were used in conbination) Each of the 2-enzyne

" co-producing bacteria E. coli HB101 (pTSCSNX) and E. coli HB101 (pNTS1G J)
- obt ai ned i AREYAApfes dfyermmk:tlihgves icxdclilzatedorn BBenky@é) 2xYT nedi um

(Bacto Trypton 3s 1.6% Bacto Yeast Extract 1.0% NaC 0,5% pH 7.0)
sterili zed%sgﬁl}efﬁcél%o%)o  ApEi WP B g VERTOFI 58K HAR 3Tibj ected to

shaki ng cukbuseoahat3lin fieis Ior-diiesd. 50 nl of a culture broth of each of
t he above-des&rj{ d E. coli HB101 (pTSCSNX) and E. coli HB101 (pNTS1G J).
was centrifug ,5 nd cells were harvested and 5 suspended in 4 m of 100 nM

phosphat g bUfferF§f§ﬁ$ié”ﬁ&ﬂgiétéaraqgéglgg lﬁaghngfaaBgﬁﬁft%gg%Q%?} e

conprising 80 | of the above- descri Suspensi on o .- col i
HB101 ( pTSEBANG-Dahehio cotquaiBE) 1(NepNiShGEta), aBboenihpeot ashi sumphasyhat e

buffer io ion,..70 Jqm..of .racem. 3-chloro-|,2-propanediol,_114 ng of
gl ucose, 1§%g%faﬁmﬁe, lanatﬁatfegorbfswg,]tﬁﬁssgmﬁg}irgﬂ et thive at

20C, and whateragiasidingy tNAMH ok Mdde deMiged erbnh¥Eraxtd8octne el s,
react ed forg}go hours. After conpletion of the reaction, an analysis was

performed BYYt ALSAEAHOT ek FShettars Godorxanpl @ Bstinalitaeagieteiustr ecovery

and the;pphecal PridygMele d. )
(R -3- C#ﬂ oro-1, 2-pr opalnge%ﬁ)ll scl%g/ilgr??oglﬁ gétgi %giﬁ%g%{it ?/yoJ%hidE)%%he?de. was

produced aflegcpiredmelawcovery of 97% [0159] 20 (Exanple 21) Preparation
of a reconbi t54\,ject or conprising the glycerol dehydrogenase gene derived
from Cel | ul ononas "sp., the dehydrogenase gene derived from Candi da

magnori ae, and tieinglpiciose--dehydr ogenase gene derived from Cryptococcus
uni guttul atus, and a reconbi nant Escherichia coli (3-enzynme co- 25

produci ng baRt&IT UM SR T Priodrce teagh2pAss cathet Nabogpee! 1SR 1D
dehydr ogenager 6 %@lgﬁi@&m@W@ca%rac%%eag&egtgs]&w%gg@@? i .71} he NADPH-
rrve ro ndi da

speci fic dehydrogenase (reducing enZyne rmagnori ae,
and the NABPilihedtitih tdlaucdsesmich piiTdge naspriei ny etdh8owd t @mGrohicderccus

uniQUttU|aﬁﬂﬁH(5&&&%3@”8%Jémﬁéf¥¥%a?%%%%n%t%eptococcus mutans, obtained
' ~ in Example 8, as the template, PCR was performed to yield a
double-stranded DNA. This double-stranded DNA was digested

20 with BamHI and PstI and inserted to the BamHI and PstI sites of

' the plasmid pTSCS comprising the dehydrogenase gene derived
from Cellulomonas sp. (see WO05/123921), whereby the |
recombinant vector pTSCSNX was obtained. E. coli HB101
{manufactured by Takara Shuzo Co., Ltd.) was transformed with

25 this recombinant vector pTSCSNX to yield E. coli HB101
{PTSCSNX}, a bacterium that ce~-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 dérived from Candida magnoriae and
the NADP+—specifié glucose dehydrogenase gene derived from
Cryptococcus uniguttulatus JCM3687, and preparation of a
recombinant expression bacterium (2-enzyme co-producing

35 bacterium)
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i)

reduced form coenzyne) in Escherichia coli, a reconbinant vector for use

“1in transformati on was prepared. [0160] First, a double-stranded DNA havi ng

#an EcoRl site and the 3s SD sequence added to the initiation site of the

structural gene TdZwiprdimadelRydnagenasetder NYRPHEf soeaGeld Wadpitagespse and
al so havi new stop _cqdon and an Xbal site added just after the

ori gi nal sP’g%&é%ﬂ%,erbﬁg@“egcéiﬁrrlgﬁdbgr?ﬂecﬁﬁgﬁ@a BRERTT R B¢l &he NBSEiRg
priner- 17 {gagotgnaiheiargtRagit-agesatat 6692084t 66 ELH o RERQ | D NO 20)

and primer-18 (ttgcgtcta attatcagtgggcggtgtgcttga: SEQTD NO 21), with the
pl asni d pTEEFTERPIE Sihg Ahenglvfeefsr HeagaedvgbHas ea gesrucaterfiorad from

Cel | ul oGS SPRmd S & \éﬁ%%\:ﬁ?ﬁ 1) th PR Mas herfarmed to
yield arggoubl e-'st r)ansle . ﬁé 8%36[ egi %Sg?ﬁrg%%t [3% was %&gélstee Wi th
EcoRl and Hrils omhdtiger wee oeptliedEcoRl and Xbal sites of the plasmd

pPNTS1 conpri iggg he dehydrogenase gene derived from Candi da nagnori ae
(see WD98/0 g;’ wher eby the reconbi nant vector pNTS1CS was obtai ned.

15 [0161] Next, mimiaybledwlubaeded -BNAchapknghan:hain Sider andd hed $he
sequence added to the initjiation site of the structural gene of the

NADP+- speci? i Se BRI e drogbRaseiterted $1ben oy dBRFduspecific

uni gut t Yl tUgeosd i<0 i pdi [ 0 d just after the stop
codon, jv%/agé acqousi re%dé}?ﬁ% e%\ég?hggngdggié#]gédl:g% ogv. ?%égccpursl mer- 19

(aagcct ct agataayyalpftitaacast gilsgabeatugaat Hi 0dl T BEQ td) MNae2P)aftand the

D1 s o pNFCFACEI0RT SO ag oY NADP AT par 1 DE AR B8 dh A Benase

gene deri ver famm il jpiReeeeds cadhguhs dhabtist 46 &é@dﬂ?%:est@ IS Nohe g
tenpl ate, P was perfornmed to yield a doubl e(gs(tg{%mded . This _)
doubl e- st rEKt&F+ Mas c@itgegrtiaht t AC kBara arer ¥F e g2 tardaarse SEQd IDo t he

B I
specific glucose dehydrogenase gene derived from Cryptococcus
uniguttulatus (see Example 15) as the template, PCR was
performed, to yield a double-stranded DNA. This double-
stranded DNA was digested with Xbal and HindIII and inserted to

20 the Xbal and HindIII sites of the plasmid pNTS1 comprising the
dehydrogenase gene derived from Candida magnoriae (see
WOS88/035025), whereby the recombinant vector PNTS1G-J was
obtained. E. coli HB10l (manufactured by Takara Shuzo Co.,
Ltd.) was transformed with this recombinant vector pNTS1G—J to

25 yield E. coli HB101 (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-chloro-1,2-propanediol (2~
enzyme co-producing bacteria were used in combination)

Each of the 2-enzyme co-producing bacteria E. ceoli HBI1O1
(pTSCSNX) and E. coli HB101 (pNTS1G-J) obtained in Examples 18
and 19 was inoculated to 50 ml of 2xYT medium (Bacto Trypton

35 1.6%, Bacto Yeast Extract.l.O%, NaCl 0.5%, pH 7.0) sterilized
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Using this reconbi nant vector pNTS1ICSGP, E. coli HB101 (nmanufactured by
Takara Shuzo Co., Ltd.) was transforned, to vyield E. coli HB101
“(pNTS1CSGP), a 3. enzyme co-producing 35 bacterium 53 [0163] (Exanple 22)
Synt hesi s &n QR?OQ mhlmwaqn,w Sredeauetiiolf 1qa k3andnzybgecoePros utidig ng

bacterium and._an d form_cpe regeneration systemusin
vvater-produ%gﬁ Jt{)@%dggé \%]é g°u§¥us “i%L Gntsi FAaityAy PReth- @gz?%%h
co- pr oduci af b}aet&bd:mncfesmbed-ﬁrlolgolqbﬁﬁllmd @Sééﬁﬁ})'@néjﬂ(pé\ﬂ_ﬁlcsea)
was inoculg.é 8I t 1?0 {71 2XYT nmedi um (Bact o i/ ton 1.6% Bacto Yeast
Extract 1. /of Na%l’ T%.%%r pias7 qaertaitdiigedz eaninca géowﬁiedmﬁtﬂs’@ecsamguchi
flask, .4 os@gdesabde n r our s of
t he above- ?jescrr bed %F?uﬁ% o?:g't@r? %ngdgg%:ltglr%ijﬁa?%ggggfé%d ﬁ#]lsoli{ mgr}gq _rg) ’

harvest ed and %iSdended in 4 m of 100 mM phosphate buffer solution (pH

7.0) (12.5 fold fonfe%%rated ells%mg. %0164 is, 1. mM of a reaction mxture
conpri sing 80 pl E8dec 5RERALFARE B gt o Jdie mbove-

pot assi um @@mpﬁaé@ doaif ¥ @fusp%ﬂsliUnOQE é8chyoef g aggmi cyp101 TSCSNX)
3-chloro-1 propanedr oI 11 r%% gl ucose, 1 ng of NAD+ frrg NADP+,
and 300 U %IF the GofiriB éGNADH éi@pda%lepaéassemfprmﬁr&at@tboxfdms

mu tans;20sebheined Ti n%(%ﬂjlx%c%mlﬁa§ Eﬂ%%gr OXP%ZpE?}%éenééﬁp& aty o0 é)r}?or

whi |l e adjustrngto H7 wth 5 Msodium vierd reactx
21 hours. NYE@PSeonplRd Th l\Es%fD+t,h@nr:leé‘cmr_:jonf EHDPanaw@rsrma/m per faorteed by

t he nmet hod escrr and, t he ercent recovery and the
opti cal’ pur&f bgéigal égﬁa{%ﬁfeﬁdl&sﬁlrﬂ%s with 5 M sodium

(R) - 3-chl du*pdﬂoz-ﬂkqhx oparedivelrehaviangedn ropt rzoahou@slr | tariefr EORAYIeteonaS
pr oduced ercent recovery of 100% [0165] (Exanple 23) nt hesi s of

(S)-1, 2- pr % WO Ty Fe Py Sd8 Wﬁﬁoaﬁéifﬁﬁmﬁféc]?férﬂ&ﬁn%fdl% descdiibed
f or m cognzyimenegenera! o (92 BESLERLUSEROvE ALY - DO Q) dase
were used in conbination) 1 of a reaction Xt ur & Comprisi %%36 B’I of
t he 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 97%.

[0159]

20 (Example 21) Preparation of a recombinant vector comprising the
glycerol dehydrogenase gene derived from Cellulomonas sp., the
dehydrogenase gene derived from Candida magnoriae, and the
glucose dehydrogenase gene derived from Cryptococcus
uniguttulatus, and a recombinant Esqherichia coli (3-enzyme cb—

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.

[01e0]
First, a double-stranded DNA having an EcoRI site and the

35 SD sequence added to the initiation site of the structural gene
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| concentrated cells obtained in Exanple 22, 300 nM pot assi um phosphate
buffer solution, 10 ng of racemc 1, 2-propanediol, 40 35 ng of glucose, 1
“mg of NAD+, 1 ng of NADP+, and 300 U of the 54 water-produci ng NADH

oxi dase des# vtk (NP BIIRMQEOEYS vAHL @RSy BBY A) e A4k REANDLE Pa19s

shaken in a test tube at 20C, and while adjusting to pH'7 with 5 M sodi um

hydr oxi de, PAHEYS Ve REW SE8Et 699per 2apd ABuKBAl Afiee adtad etusin a(fl‘tlefzhéhe |
reaction, e | I Xt u a |t | um sul e-an

thon  subj Sorbd T oxtt aoh Ren e AR b by orlth i T M e bRa B

1, 2- pr opanésfirgd rooimtesntl 7 dlaiaiglabggai:nCtb&ggagg’ataaawtigﬁj’tﬁ'lge@gﬁtgc@yzgt&agl:| ary
gas chra r .-ANd the percent recovery was cal cul at ed. ter

trifIuofgg%g?YﬁgB%%&&ﬂtﬁ@' Eﬁ@@?aeigribed .0 product was anal yzed by

capil lary gasgeddetmy-aadi-apaYtgeieqbhgrgeptisal spyris Wovere Ccqligyl ahed. As a

result, (S)-1,2- pro anediol‘hQV|ng an optical purity of 16096e.e._mas
produced Rkasniskr S coRprapyngf thgoglyoess] delydmganame aiealeyti cal

o o ool AT AP 6 B0 B o LR ety o8 IO
t enper at urkCR ¥6GC peddicantsidorot gipédatudeubl&O& raladed epNzgas Thhiel Hoab(450 _
Crit aded GFRELI0! RS (07525 I SCRantt hbt B Ba. 1P AGHEC iy tes) i
t enper at urtgie ZGRI RreL AN eRRST BEUERE éﬁQQpi@géI@Féli Qi TRATR Lhe 150C
30 Carrier %?s. helium (130 kPa) Split ratio: 100/1 [0167] (ExXanple 24)
Synt hesi s SRYB)QIEMASSOEREd 6 1vad3teppy fenddda magnoriae (see
WO98/Q35025), whereby the recombinant vector pNTS1CS was
obtained.
15 [0161]
Next, a double-stranded DNA having an Xbal site and the
SD sequende added to the initiation site of the structural gene
of the NADP+-specific glucose dehydrogenase derived from -
Cryptococcus uniguttulatus., and also having a HindIII site
20 added just after the stop codon, was acquired by the methed
described below. Using primer-19
(aagcctcectagataaggaggttaacaatgtecgagecaccgaatttcea: SEQ ID NO:22)
and primer-20 (ttgcgaagcttttagggaagegtgtageccac: SEQ ID NO:23),
_ with the plasmid pNTGDH-J3687 comprising the NADP+-specific
25 glucose dehydrogenase gene derived from Cryptococcus
' uniguttulatus (see Example 15) as the template, PCR was
performed to yield a double-stranded DNA. This double-stranded
DNA was digested with Xbal and HindIII and inserted to the Xbai
and HindIII sites of the above-described pNTS1CS, whereby the
30 recombinant vector pNTS1CSGP was obtained.
[Cl62]
Using this recombinant vector pNTSiCSGP, E. coli HB101
(manufactured by Takara Shuzo Co., Ltd.) was transformed, to
yield E. coli HB10l (pNTS1CSGP), a 3~enzyme co-producing

35 bacterium.
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.1, 2- pent ane e:% cose,

produci ng bacterium and an oxi di zed form coenzyne regeneration 35 system
using a water-produci ng NADH oxi dase were used in 55 conbination) 1 nml of

“a reaction mxture conprising 80 | of the concentrated cells obtained in

Exanpl e 22, 30Qesm pot assi um phosphate buffer solution, 10 ng of racemc
1, 2-butanediol, 40 s ng of glucose, 1 ng of NAD+, 1 ng of NADP+, and 300 U
of the wat EFEFRIRIENg We§%§d§§e (BerBvedlerem StTrgarrrssied rat ans

obt ai ned i &, Exaiml & &M%i t_tu y

adjusting to pH 7 w't T & oglg(é%ek%@oél ée?ﬁt%%/&\/\zeer%g%or%g%toeg%

hour s. Aftmg@mnﬂ‘tenqmmy@fteuhesuegcai wateaﬂpr@dmtatg/simm;mrsfeomeed by

the nmet hod_descyri bed .i. n@? |l e 23, and the percent recovery and the

opti cal pur?‘?@ %rer@h aféd As a result, (S)-1,2-butanediol having an
optical purity ofhe HOQ -c%,_%r@ﬁﬁéb&ﬁ dbél&t@rp.@ﬁq@ntcafacmrom of 98%
.[0168] 15 (Exanple 25) Synthesis of 2-pent anedi ol (a 3-enzynme co-

pr oduci ng Pl iR Lex Pdi A8HTH ?ﬁﬁé’be‘ﬁ%@r@@%@eﬁﬁe&%tﬁ%r’io HsPEM

using a wejey ' e, \Weke
oacti on i e e oG BOTPUER LRgaotagte T BARAR pha el
Exanpl e 229. @%)O pr\/I7p<ﬂt)a$é;|eurmli|zhdsphataeSbOfrhbrcap:icr,nth}orsaldaﬁyumuoffleakem c

mg of NAD+, 1 of NADP+, and 300 U
of the!? PHa§BlHEF?v%EI 39 G'Jmetrngﬁt §e8€8us MitHns '

obt ai ned IclitE Mh@v&-d&%&r&h@[ﬂe&uﬂ.ﬂu@etB§étltllkp@s aterd0G FiaRd, 2%n\&hbleq‘zls
adj usting with 5 Msodi um hydroxi de, they were react ‘ed for

hours. Af t‘eﬁ’regé??&l"’@ﬁt@ﬁi énd ﬁeSPeaéeFiohn 4pml a%%llﬁﬂ Wq&@rﬁmfﬁ?rt he
met hod desggibed,d n(ﬁ(a;n@/l‘s P§dt ?2 B%ﬂ'gfﬂe& egé)l\é,_esry and the opti cal
ar esu 51

purity were cal cul ated pent ane having an opti cal
purity of 30[006%e.e. was produced at a percent recovery of 96% [0169]

(X! 8.29) S DB 9 8 1o 2 heAied! slelp S enmiT oo BOUEINY.
wat er - pr odies drgi DK covdeti@sa tweEr €elsed BDO mM potassium phosphate buffer
solution, 70 mg of racemic 3-chlore-1,2-propanediol, 114 mg of
glucose, 1 mg of NAD+, 1 mg of NADP+, and 300 U of the water-
producing NADH oxidase derived from Streptococcus mutans
20 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 21 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 were calculated.
25 As-a result,'(R)—3—chloro~l,2—propanediol having an-optical
~purity of 100% e.e. was produced at a percentlrecovery of 100%.
[0165]
{(Example 23) Synthesis of (S)-1,2-propanediol (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 cbtained in Example 22, 300 mM potassiuﬁ
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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35 conmbination) 56 1 m of a reaction mxture conprising 80 | of the
concentrated cells obtained in Exanple 22, 300 nM potassium phosphate
“buffer solution, 10 ng of racem c 1, 2-hexanediol, 40 ny of glucose, 1 ny

of NAD+, ]wéﬁbﬁﬁpﬂwﬂg%ingaN@Dﬁogxydggeta§r§v@@lf¥m@r§gﬂgi9 et Sﬁﬁ%gﬁ§e

derived from Streptococcus nu tans obtained in Exanpl ken in a
test tube @RtPVEA dnd Exgiplle @dj usti ahakenpkh 7a viig$t S uWhes adi lim"‘hydamdl de,

they were W}gj_ef(gt%e‘cgﬂj‘s%r “%y%u 7%’1‘5& §°1qp£<§cﬁid9rﬁ' %ﬁg}glcfee, e(y’we?% the

anal ysi s was per rret hod "descri IFo an
percent recoaerad divd tAle hoptriscal Aﬁtlertq/omp]ree;m:ai af ath@d.reaésslan; eshét,
(S-1, 2- hexanedJ oI a |n% an opti cal %I’It 100% e. e._was pro%%ced at a

per cent °r eEVEry’ F¥ §EFoPAtPERRRDI BL )argm%g@n(ﬁate and

(S)-4-net %bjeé’cd@?'ﬂcﬁ'é&@lr@btﬁ@n3W1%ﬁ A& YHBI LOL BN QotICd gy Pacleitum apd an
oxi di zed form coenzyne regenerati on system using a water-produci ng NADH

OXI dase wele? RERENSOdnBOREEPSNFeRaAN10E B rdar 10 30 X Wirse aedpresi ng 80

of the . tar [ 20
phosphate ]ﬁbﬁ %g lslgﬁtrsglg%% Ciﬁgpl%%bgggg%gm% ?% %qgc ane?s'wgg]
of gl ucosesalicwiptefd .NABELet hglﬁiu&lﬁcﬁibetpmtlﬁqo tlﬁa)fabbhe—viatsembé@dum ng
NADH ox] dase er| ved fro Str t ococcus mut ans obt ai ned i npl e. 9, was
shaken 1°n &° “faifo@ni‘{{]yf n&aﬁﬁﬁérféd‘ﬁ%t?wri‘%t%af t ﬁnﬁi #€odi um -

25 hydr 0X|(§t§tldﬂe)pdf@.rt@‘ weaet ed1601222qh0uts .4 Afdseri tconghetion of the
reaction, an anal gm s _was perforned bi the nethod descri bed i n Exanpl e 23,

and the peR%RAD &Ry 18Ad 2PhEPEHEREaPUBLFY 19T WG % e < Wast eodnsed

resul t, (sgtaa F@Q +1.2-peRtanedi havi ng an optical purity of 81.3%
e.e. was produce na (():Bpg% %? rggcovery of 100% [0171] (Exanple 28)

Synt hesi s of [0$pe]- phenyl , 2-ethanedi ol (a 3- enzyne co-producing
bact eri um ﬁé]d an .oxi di ze rm.coenz regenerati on systemusing a
o

vvater-pltjod TN %Aﬁqa&f &é’? wer ltéénﬁ%ed in combi nati on)

Column: HP-5 30 m x 0.32 mm I.D. (manufactured by Agilent
Technologies 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
[Optical purity analytical conditions] .
25 Column: Chiradex G—PN'(30 m x 0.25 mm) (manufactured by ASTEC
| Company)
Column temperature: 70°C
Injection temperature: 150°C
Detection temperature: 150°C
30 Carrier gas: helium (130 kPa)
Split ratio: 100/1
[0167]
(Example 24) Synthesis of (S)-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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-a reaction m xtur

57 1 m of a reaction mxture conprising 80 | of the concentrated cells

obt ai ned i n Exanple 22, 300 nM potassi um phosphate buffer solution, 10 ng

“of racem c 1-phenyl-1,2- ethanediol, 40 ng of glucose, 1 ng of NAD+, 1 ngy

of NADP+, afbsna300:rdy of the water-produci ng NADH oxi dase derived from
Streptococcus nutans obtained in Exanple 9, was shaken in a test tube at
20C, and whil e adjistding trEaHiPDWEKLBI® SoRPTHE iRy BOXdeT they wer e
reacted fo A0S g AfLEr l.et.i;on.. o reactson, I S was
per f or med ?/ t%e samne rre%lﬁosd%g)s%gﬁgl% egrclr‘lﬁﬁae%glfeﬁ %’arr% e@grb(otajgo’l%]t%n '
anal ysi s: pobsphateipafEusel 506, 6ptingadf puacenyiany) 3<os-arcalivin 40
tenperature 80C) .. and the per recovery e o t's:?ad‘Pg ri wer e
cal cul at’ed? HyRAt (T%) .O%?SP%QHW 2 {nﬁ-‘ég%lé%olg?é ar?fE) Fcal
purity of 93cSferE-ciuciasy MNAIILCRA dakeadpel 68At £ FEROYEF MO cd A% mutRnls0172]
(Exanpl e 29) Synthesis of (S)-4-phenyl-I,2-butanediol (a 3- enzyne

co- pr oduci Pl brad rirumzemPlen Soxvdisz eakennisoenzyse tulkgyater2’Conasgst em

using a wa r j i~d r i j hat i m of
on i R A P PE"B sU3Eth RGPS | IR i
Exanpl e 22rea30arM@otadsium. phtsphatenhidtfiem sof thicoomeatdion, oinr aceni ¢

4- phenyl| -1, 2-. but anedi ol , 40 f ucose, of , NAD+, f DP+,
and 30 UL A e S SYNAGR BT hadeTRRFF YRR (i e te 23,

St r ept ococan$ tRE gis hitaireebvidt yE%AAPtL Be Jop¥BSa 3 NBKEDE § Nvdke t@Slculiuhedat
20C, and whil e adj ustlzigstto pH 7 with 5 M sodi um hydroxi de, they were

reacted fofS2¥ HHE, Aftlerl corpitenediodf hayhed raactriorcahPwiidly $ifs was
performed pyod he, é.a%é_{?ﬂb%&%i a@%CEEPSQn{ N, EX3p0L¢ &[3 dgontent analysis:
co

colum tenperature 30 0C, optical purity analysis: um 't enper at ure
115C), and- tlRéégércent recovery and the optical purity were cal cul at ed.

o 2 1B o B BTS2 B 120, 0P £ et ko 100%
Synt hesi s pfodirdy dderilu? apriopanedi gl z€@Nfob8 coenzyme regeneration
system using a water-producing NADH oxidase were used in
combination)
1 ml of a reaction mixture comprising 80 pl of the
20 concentrated cells obtained in Example 22, 300 mM potassium
phosphate buffer solution, 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 Exampie 9, was shaken in a test tube at 20°C, and
25 while adjusting to pH 7 with 5 M sodium hydroxide, they were
reacted for 2 hours. After completion of the reaction, an
analyéis was performed by the method described in Example 23,
and the percent recovery and the optical purity were calculated.
As a result, (8)-1,2-pentanediol having an optical purity of
30 100% e.e. was produced at a percent recovery of 96%.
[0169]
(Example 26) Synthesis of (S)-1,2-hexanediol (a 3-enzyme co-
- producing bacterium and an oxidized form coenzyme regeneration
system using a water-producing NADH oxidase were used in

35 combination)
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~oxi dized form coenzyne regeneration systemusing an NADH oxidase and a
reduced form coenzyne regeneration systemusing an NADP+-specific glucose
“ dehydr ogenase were used in conbination) 5 Each of E. coli HB101l (pTSOB)

PERV BP- 10461 and i 200 - obB1O3(NTCDE: J35RD): RS 20374 (hge Exampl e

15) was cultured wusing a 2xYT nedium (Bacto Trypton 1 Bact o Yeast
Extract IcaOmerNg@Itenl @%llpHOEt@}ne@nUal Prap 1o hg/IN0 alppoitkssapmand

| h d
gﬁos;hgtere }Qgper so?mtl on Vlgﬂ lB?t %e\r/%;%sus ?exﬁnjecegle’lans%\agpg lﬁgl‘mégm zed

by soni Catmg)mﬁJSng:CmeUH15ﬁlgrfﬁﬁENAD4|-]:I’B.SIQ@I@f trrmgenirze R opmanvitacher ed by
SMr Corrpag‘}/a{ and t he hom) eni zed residue was renoved by centrifugation,
to prepdr TEBE@FJ PE BBRYEPBgRPasECH et T PR o FFHh AAGCYSa B GRS p.

and the 1533%}%@9. C'Efzfaﬁ#lg.l uﬁosﬁagegﬂgﬁggeﬂ’?sg dald vedd acﬁnbge%f);ﬁc?ccus

uni gut tul at us 0174 reaction mxture conpri sing

pot assi umwiphles @bitves tiaff &0 S8l it wohh 704 n@o@iumdmﬁrqmzia}hlt@ew- _wezezo

pr opanedi fz gl se, f  NADP+ U (as
3-chl oro- %ef%%e(‘;ﬂpg%gglso?mg% dat%%%é%cfgm\%q; Qtr%e% F@ﬁ%?ﬁn' an

NAD+- specidrial yialhy diaeg erase rexdi dizzthg ze@ﬂydsm)de@bﬁbad if @Ra@pheokact rum
sp., 600 U ( qas 3-chl oro-1- hydroxyacetone reductjon activity) of the

NADPH- sifedTtd & P&éﬁf&’rtoggﬁagéré’r%’aﬂc?]h% TYFRY RIST Ve Mo rPRFGABES Yl a
glutinis obf & necuit Eﬂ@qphe2lﬂex§QQd£behé&ﬁhdwﬁﬁ”oﬂﬁfﬁgﬁnﬁﬂg1tyAQ% oxi dase

derived from Streptococcus nutans obtained in anple 9 (an enzyne for
r egener at |]er31&@ i diaﬁe@rpdkl#ﬁdc@‘énéymycelat\dr@@@m athé&%r egoi ng
NADP+- speci f| gb&ucose 30 dehydrogenase derived from Cryptococcus

uni gut tul at us % enzynme for regenerating a reduced form coenzyne), was

shaken in m:arcqﬁie tame S@hth@@;sanﬂ W8) +&-msh gl + Do tmerddnéddicih (3 B+ sodi um
hydr oxi de, they were reacted L 29. hours. After, conpletion of the
react i off, HHARISSREQHLS1Rgr PEFReEINY R 3B etdher e 5862 MEx anpl e

-1, ‘and tf“kigﬁ tlkﬁﬁ@%@&%maﬂglhBea wa OPLH FShu P INA MBI iCRlseulaLed. As

a result 3-chl orol
used in comblnatlon)

1 ml of a reaction mixture comprising 80 pl of the

concentrated cells cbtained 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 NADE 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 completion 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, (S)-4-methyl-1,2-pentanediol
having an optical purity of 81.3% e.e. was produced at a

30 percent recovery of 100%.
- [0171]
(Example 28) Synthesis of (S)-1-phenyl-1,2-ethanedicl (a 3-
enzyme co-producing bacterium and an oxidized form coenzyme
regeneration system using a water-producing NADH oxidase were

35 used in combinatiocn)
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propanedi ol having an optical purity of 99.2%e.e. was produced at a
percent recovery of 92% [0175] s (Exanple 31) Synthesis of (R)-2-pentanol
" (an oxidi zed form coenzyne regeneration system using an NADH oxi dase and a

reduced form coenzume ff egeBaral bANmEY kLA tshiei fhd\AP1]1 sweehki ¢ gl ucose
dehydr ogenase were used in conbination) 1 m of a reaction m xture

conpri si nFBVEHVIGTGCasSildm obbaphed phat BxapierisolinG ol pedaggion racemn ¢
2- pent anol c D+ \ 1.Us(as

3-chl or o- 1?112&3%&%21#3# %é?ﬁg%?g% géctl i?f/)g%(?@?%fe %ﬁg%e&i’ ic

dehydr ogersdear(egkiadi, zi4flg mgnzyng) udeseyed 1hg onf QiAobdc tmaumis pADPeht anded i n

Exanpl e 3 s 3-chl oro-1.-hydro etone is reducti activity) of
the  Nappr 10T 9 3 Fit SgeRaceacY P kAP o B e deie ek d Ffom Cant da
nmagnori ae btaphiRsbddus BiaEplseoblaisl Lh ofxiMiel dvad ehvdd QihdGiend i NARH

oxi dase derived from Streptococcus nutans obtai ned in Example 9 (an enzyne

for regeredst itiPeamtox0df z eand oimi v eadiadincane 38 U withhe MABPIigD
specific - hy.elr. e Lved o f OCO i ul at
p Q{r]}k%?:;aﬁpc%g, éﬁ%e GRase 8L ¥gdrh L 05 QLypL O %%‘ﬂéaugg{aﬁ%f#nbﬁ Y3

obt ai ned i an enzynme for regenerating are
coenzyne) ,tlvasresttdkiom,i mnaanedysitubesape 20@mahdbwilee saajeusteithgdt aspH 7

ith 5 Msodi um._hydroxj de, -th d. for_2 haurs. Aft et
of 25 tHe TEHATUN ha"FORAEI 6N BT BGER RS bYal 3 dth DYt AE SRSt hod

as descri beghech byanBhe gar{epmentyanad Y&l SmrPRidnglratB¥E| Bye@nal ¥gi s:
colum tenperature 30C), and the percent recovery and the optical purity
vere cal cuiif RETSRIty Teseyery apR) thepentirel mavdtg warosalealapet -ty of
100% e. e. u at cenbd._ f % o (Exanpl e
32) Synt hegsgﬁga g%%l%%lﬁﬁe%ypgfﬁ %o '%a%lgg%l{%?%/%% ?%&%Q Coen 3/:%&11

r egener at i ¥ s tamABsidtg ear - BB pxpdausedaatd a pesrkideddaommmgoedz Wges .
regeneraSti on [6¥§5im usi ng an NADP+ 35 specific glucose dehydrogenase were
used_inl conbifation) 60 1 m of a reaction m xture conprising 300 MM

pot assi-um (Etrogihate® bEinehesokubEoNs) 10-PHe Ryl + BEBB 1 abreiienly | gt I3anol , 40
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 thé
concentrated cells obtained in Example 22, 300 mM potassium
phosphate buffer solution, 10 mg of racemic 4-phenyl-1,2-
butanediol, 40 mg of glucocse, 1 mg of NAD+, 1 mg of NADP+, and
300 U of the water-producing NADH oxidase derived from

25 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
‘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, (S8)-4-phenyl-1,2-pentanediol having an optical
purity of 100% e.e. was produced at a percent recovery of 97%.

[0173]
35 (Example 30) Synthesis of (S)-3-chloro-1,2-propanediol (an
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| ng of glucose, 1 ng of NAD+, 1 ng of NADP+, 7 U (as 3-chl oro-

1, 2-propanedi ol oxidation activity) of the NAD+-specific 5 dehydrogenase

" (oxidizing enzyne) derived from GCchrobactrum sp.  obtained in Exanple 30,
100 U (as kil D -forhy dbaxyamat eBgent 8EHELH osxgs%tm Viding @i WA

NADPH- speci fi ¢ dehydrogenase (redlcing enzyne) derived from Candi da
magnor i ae PbtHEIRedncha Erdapee form3goewzphe t PRISIATATINTOGYEILRT NADRY

oxi dase defji vgthdQ Sl c i j nple 9 (an
enzyne for regeEIrTersge’:&nmgégnaggggggegé?gy%ngg%%%%% ) alljr% ng&u of the NADP+-
speci fi ¢ gtadoisetdelm)dr ogenase derived from Cryptococcus uni guttul atus

obt ai ned in Exanple 3 an enzy r regeneratin reduced form _
coenzyng€), was r5%5%9%]% -a “Pedt HE%BEUBBTQ bo@%#'@ﬁﬂ%é é’ﬂﬁ%ugt‘i fglto pH 7
with 5 M sigehiom (dwdioedides 7t heyrmepez 082t esbd GxaAndlQUNS) Afalseicugeqpkagt i on

of the reaction, an analysis was perforned by the method described in
Exanpl e 14:3¥HH & He Yeresiun dBagbpyTaMatonel ofptd GHCsuriaapt wetgact

cal cul ate S J-8s o (B)- 3-Bhe : i n .Quti;Gal ity of
50, 7% 0. o ey NATkaat B pedlenpnEatauty [LNGR SO B LY o5)
Synt hesi s of 1l (Rwele3-hautvaseedo! afanroxhilck ethdpruare carmpareladedanénat mdn
system usi an NADH oxi dase.and a 25 redyced _form coenzy re eration
system Jlf_si‘ﬂgosé#‘%lgﬂ?%ﬁe@ﬁlf%lafu&gesdg)nyd_ 5’_&5&5& %rgﬁﬁsggfgﬁ were
conbi nat i amdgdi @fd &y €aeliicaR i BhXLYE8gCoNPILSH NEbRO0 UM RRARSS um
phosphate buffer solution, 10 ng of racemc 1, 3-butanediol, 40 ng of

gl ucose, MNORPIINGD+ (MEnggagturapPky $MU ¢empavh gyl @e homogespanddi ol
oxi dation AagljMid %), Of - Lf i r ‘ iqi.ZhAg . enzyme)
Gerived Tram Ol obsreherel By PRAE KL G e 1R et 1

3- chl or o- | sgaairfy adtydiregenedac ticohvadt £yoh yPclafobdret MADRR .S peci fthe

3o Lxar QUL 05 D ENE VALY BHBIPRGS N D A RGP S8 £ om

St r ept ococgmsg it ans- Nt ai ned in Exanple 9 (an enzyne for regenerating an
oxi-di zed form coenzyne), and 30 U of the NADP+- specific glucose
dehydr ogenasdPdéfived from Cryptococcus

1 ml of a reaction mixture comprising 300 mM potassium

phosphate buffer solution, 70 mg of racemic 3-chloro-1,2-

20 propanediol, 114 mg of glucose, 1 mg of NAD+, 1 mg of NADP+, 7
U (as 3-chlorec-1,2-propanediol oxidation activity) of the
foregoing NAD+-specific dehydrogenase (oxidizing-enzyme)
derived from Ochrobactrum sp., 600 U (as 3-chloro-1-
hydroxyacetone reduction activity) of the NADPH-specific

25 dehydrogenase (reducing enzyme) derived from Rhodotorula
glutinis obtained in Example 14, 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 25 U of the foregoing NADP+-specific glucose

30 dehydrogenase derived from Cryptococcus uniguttulatus (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 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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uni guttul atus obtained in Exanple 30 (an enzyne -for 5 regenerating a
reduced form coenzyne), was shaken in a test tube at 20C, and while
“adjusting to pH7 with 5 M sodium hydroxide, they were reacted for 8

hours. AT tgft CUNMPIRIAIQY Qbrel BE1ERRSLEQN, AN ANVNILS VBT -BEEAREFRL, Ay the
met hod described "in Exanple 4, and the percent recovery and the optical
Cpurity io merEnesdiodl deydngAsnacpdigil pERItN SE R -Afed.@. Wawi Bgoduced
optical purit f-716.8%¢€.¢€, produced at a percent recovery of 70%
[0178] ( %ﬁ%@%?ﬁ?‘%f&%&%&?&?%%?gé'reconbi nant vector conprising the is
dehydr ogenas¢ogeng derived from Cchrobactrum sp., the dehydrogenase gene
derived from Rhadotqrul a utinis,. and the glucose dehydr.ogenase gene
derived *fr B@F&& (;’gdcélY?_% ﬁiléuf’ﬁu!(ﬁf U PN e&ﬂﬁ%&ihzge’@s%ﬁépi chi a
coli (3-enzydf: ol RIRMGIRG chach 8Ll Mhs 20y Toh Q@i Qiluice dre@ anzynes, the
NAD+-speci fic “dehydrogenase (oxidizing enzyne) derived from Cchrobactrum
sp., the MNaDRIRS icoegelyyer sgornstat i edusy sigeTersimg ateMARES~f r om
Rhodot or ul Ut i +- cifl ose I ase derived
from Crypt%jcegicl%ls&@%ugfg% % ulgjlaé?l gé ?gﬁngggek%/%e é(;cf? lregceoner é%t%gﬁ reduced
- form coenzyne) innfscfena ckiaatieal inixaurecosdy nbosiny 1O MM Qoteseiun
transformation was _prepared. [Q179] . First, a doupl e-strande havi ng a
Bantl | 1% CUARPHTS 30 168 SO4uenth: adcho: ot LRSI (i B ke 4P P

struct ur al pgenmicise,ha dghydr aaenase dgr by egassom Rhpdatorlangetings, and
al so having & new stop codon and an Xbal site added just after the
~original Swprawitel waddatdoerr agtbyltre aftHoe NERcTsuRALfisel ow. Using

sequence prJi - ( c g t ta.,. SEQ
DN 24) SUT e M b PARMARPTALAE A B PR e
NG 25), wdltdireedlias HxempNERGO¢oAPOI §i Ngst hecldbdyek bgendisexygetender i ved
from Rhodot orula glutinis & ee W)g3/ 093477% as,%he teng)l ate, PCR was
per f or med %@'c% Eddiiite) s CfahB& VBRI -Specitic 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 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 20°C, and while adjusting to pH 7 with 5 M sodium
hydroxide, they were reééted for 2 hours. After completion of
25 the reaction, the reaction product was analyzed 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}-2-pentancl having an optical purity of 100% e.e. was
3¢ produced at a percent recovery of 100%.
[0176]
{(Example 32) Synthesis of (R)-1-phenylethancl (an oxidized form
coenzyme regeneration system using an NADH oxidase and a
reduced form coenzyme regeneration system using an NADP+-

35 specific glucose dehydrogenase were used in combination)
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| 5 Thi s doubl e-stranded DNA was digested with BanH and Xbal and inserted
to the BanH and Xbal sites of the plasmd pTSOB conprising the
“ dehydr ogenase gene derived from Cchrobactrum sp. (see Figure 2), whereby

t he reconbi nant vegt %T§@B@l%smlgp&§é %9951{1%;18;80 NeXbot@ssium

doubl e- stranded DNA having an Xbal site and t sequence added to the
i nitiati orpisigmhagfe tlwefietrr lsotluﬁ:abngeh@ mafof hea DR - srdwintiletgloncdse 40

dehydr ogenase der.i ved f p ccus_u t | ing an
Sph 51 e g iR A g CEhBRER ot Cuone NAL feqtit Aty TR SREhod
descri bed 1,®Jmpdﬂmﬁg>lt haibaregai agtpritey -39 ﬁlf&@lA[D-N@e&)fla:nd
primer-23 (ttgcggcat gcttact caaaccagccgtgt: SEQ I D NG 26 with the plasmd
pNTGDH- F3 RIS BPY- §Bé8§“fﬁ? d%Hu‘é%‘%efr% %@ﬁ%srémgéﬁe

derived fréHEéQEkRiQﬁP%ﬁH&mﬂ%'@@ttﬂthUS £§e@-8@1£¥@uﬁﬂ%?d¥9xj§%e&3%e
tenpl ate, PCR was perforned to yield doubl e-strand DNA" Thi s
doubl e- st rzadiact OMA agdsl vditgye s odd thei NHDRba‘ﬁpamlprmiemdm@ﬂGed to the

Xbal and S hI sites of bove-.descri wher e

r ecombi nant™ VEEEGH e&%&e@%ﬁ?%%ﬁﬁnngﬁnd@?n@g%?glﬁ%c%ln%n Vect or
25 pTSOBRERymdEe cal, 3IWLYL ofmehef aatyregrbgudakarvaShuno dase ddtide)ld was
transformed to %rlel d the 3-enzyne co-producing_ bacteriumE. coli HB101l

( pTSOBREGH Lo (Pt qISGHHA @L@epssgfﬁiﬁﬁée?e of %isﬁmel%rﬁ ot EPEEoF&Fedi ol

(a 3- 30 ef@g’éf?efé%:ﬁ{go%ﬁ'diﬁdtﬁ%tﬂe&bm‘ eegneyfﬁey er s d ostual ng NYHyexipdase
were used in” conbi nation) The 3-enzyme co-prod uci ng bacteriumE. coli HB101

(pTSOBRGG?;pm@megiluqo@aj@@lyelr@qemesm decivadefireon GSoymtoadfcoudXYT medi um

(Bact o Trypton %’gg Bacc;tboC %%t ggﬁkxgﬁhlé ? @E\C%%gg%o P‘V pH 7.0)

sterilized Capdcit agtic 'd subj ected to
shaki ng cmtégmeezaettﬂﬁﬁa‘ o:“ecﬁﬁ:eldo&mm BBenkymef , t hes alloalesrdeiscra edstcul t ur e
broth was centrifuged, and cells were harvested and suspended . in 4 m of

100 M Bhosirrtat biliCer 2080 Bnad pretimy a2 % oliFhe SndefCFat®d cel I s).
s [0182] hydroxide,lthey were reacted for 2 hours. After completion of

the reaction, an analysis was performed by the method described
in Example 14, end the percent recovery and the optical purity
~were calculated. 2As a result, (R)-1-phenylethanol 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 gluccse dehydrogenase were used in combination)
. | 1 ml of a reaction mixture comprising 300 mM potassium
" phosphate buffer sclution, 10 mg of racemic 1,3-butanediol, 40
mg of glucose, 1 mg of NAD+, 1 mg of NADP+, 7 U (as 3-chloro-
30 1,2-propanediol oxidation activity) of the NAD+-specific
dehydrogenase (oxidizing enzyme) derived from Ochrobactrum sp.
.obtained in Example 30, 100 U {as 3-chloro-l-hydroxyacetone
reduction activity) of the NADPH-specific dehydrogenase
(reducing enzyme) derived from Candida magnoriae obtained in

35 Example 11, 300 U of the water-producing NADH oxidase derived
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"1 of areaction mixture conprising 80 | of the above- described
concentrated cells, 300 mM pot assi um phosphate buffer solution, 70 ng of
“racem c 3-chloro-1,2-propanediol, 1 ng of NAD+, 1 ng of NADP+, and 300 U

of the wategr:-pr i i X .deri f Std ept.oc ans
obt ai ned i%%ﬁa‘?rg#%g%% s{"ﬁ% en ggﬁglﬁggt Yﬁg%’é&géﬁezogc, (paé.lnf%m%e%tr
adj usti ng tegpkeFatimg rarb ddisiddedmtbydr oxedeyme heyaner3) react exdhef MAD2E -

hours. After ¢ | etion of the reaction, an analysis was perfornmed by the
net hod des%??%ﬁln‘?@%ﬁé%ﬁﬁﬁ ge ,3’% ﬁaeflﬁéepgﬁﬁéﬂ?grt%%eq 9% %he opti cal
purity wergneaheshpd@ek Atadneasyht Exbmbid- el 0£9-edz@ndrapanedi ol having

an optical purity of 99.8%e.e. was produced at a percent recovery of
100% [ G18B39enEa®e BerducepalatMoRCBNZHME beovidF ndirkareditord d&@#ri si ng

the 20 ¢l 0 r nase, gene. derived fr | ul as _sp., the
NADH oxi Qe ers St vadtr T & Tah Senib e o tare o Ror 8ot Syenace
gene deri vieydfeoohi€andiaia weagnaebatedafidrt Behogt sic ogef tdehydmpiendse géne
derived from Cryptococcus _uniguttul atus, and a,reconbi nant Escheri chi
ol " (4- ensiher VR CGETT i aemd hac var! Ty LRGES B GHUb d ket RA T O
NAD+- speci {4 CEginvses of, dphydeogenrasardectyedr{r ony Gatd WHMRAS filrity
(oxidizing enzyne), _the water-produci ng NADH oxi dase derived from

St r ept otPoCERES @hsefath efsyaeresrlt egibr bt Thptanasiicdi Peyingr an
coenzyne), (Lhe M—I— Gigf ige dehyd e i f i

magnori ae Op(Q“?:(Laduci ng er?’zy%rrj:fe\;) ,6 gndgt Ee &%\%ngég%‘g??l%gg Lﬁ:é;%eeeqﬂ{;ﬁﬂyeg;?ﬁggegﬁase
derived from ®%ptococcus uniguttul atus (an enzyne for regenerating a

reduced form ﬁﬁ&géyma) in Escherichia coli, a reconbinant vector for.
transfor matiJ prepared. 35 [0184] 64 First, a doubl e-stranded DNA

having a Hmghhplsile) andparieish seqdereecaddgdnt ovddieod Nidriti Smsithe of
the structural gene of the water-produci ng NADH oxi dase, and al so having a
new st¥p LIRMI HRNISH I Kegivedadgen Pgsrobpebrum heP or itgithal s stop

codon, Wasa@GANdGehdle (i TRIchad BP R b RABBL AR 1 55 i 1 85 £ EN AN OF

synthetic primners, pri
glucose dehydrogenase gene derived from Cryptococcus

uniguttulatus, and a recombinant Escherichia coli (3-enzyme co-
producing bacterium)

L2000 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

25 enzyme for regeherating a reduced form coenzyme} in Escherichia
coli, a recombinant vector for use in transformation was
prepared.

- [0179]
First, a double-stranded DNA having a BamEI site and the

30 SD sequence added to 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 (aagccggatcctaaggaggttaacaatgcccgecagecaaagactta: SEQ ID NO:24)
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(aagccaagctttaaggaggtt aacaat gagt aaaatcgttattgt: SEQ I D NGO 27) and
primer-25 (ttgccaaaataagtttctcatagcttt: SEQ ID NO 28), and a conbination
- of primer-26 (aaagctatgagaaacttattttggcaa: SEQ ID to NO 29) and pri mer-27

(1t 9°gaa0ckid Lol oala0GLiLLaatagker: QLD MDA i | acplrgom d_ pNTIX

conprising the water- proddcrng ase gene as PCR was
per f or med.NO14pH) s;yn«t:lltémtile tdabmédspNARGedoNASS () thed otedu)ydrroaspeeei vely.

ngiteggur ggr?e)rl et (%g fore%%ag%jz_%ru%gt ﬁ} T(Lrﬁz"f u{'see%%@e(@g%aéﬁ %Ete}zgﬁded

DNAs (c) aming(xia)te),btmRnezdsabewomeahmt eiplat £, douliR-was pridonmed to
yi el d a doub] e-stranded fragnment optai ned was di gest ed with

Hi ndl il 5an“3”r9ns%}‘%ké1(?'ts5rlaﬁél‘~°‘dHPHﬁl P"F‘Ssii%éeﬁfe‘ii HeL it Bamt and

described jfs&xanple 2he 3QRengRyxbAe 5?&9%@6{% Vﬁ%ts%oo'}ﬁ% HESGPNX was
obtained. Using this reconbinant vector pNIS1CS E. coli” HB101 was

t ransf or meehmpwi sjirgd dhehdethydmeyrpase- gendu@en:gv@acfmm WalEobagdlriumHBDO 1
NTS1CSGP 5 25 | 37 th f
(R~ 3 oh oPores e aar b Ea Endn bs b Rh o alher vy BIRSBALMRGsed) The

4-enzyme csbiEithdi ng bacterium E. coli HB101 (pNTS1CSGPNX) obtained in

Exanpl e 36 was_inoculated to 50 m of 2xYT nmedium (Bacto Trypton 1.6%
Bacto Ydast EXLPH8ét 1.0% Nad do 0.5% ‘pH 7.0) sterilized in a 500 m

capacity Sakagughixf,| %S@oub@@ds§EQhEEHG§NAOh§\l?ﬁK{{”&1%ﬂatﬂrsq_t%t 23Cher 36
hours. 50 M of the above-described culture b h of each of E. coli HB101

( pTSCSNX) JhdseRuarsls al%b@ltppmm@i;lmgonemwfQﬁgéﬂue artruaielrad wene

gagyestedégﬁdﬁ-gﬁ %ﬁﬁﬁgre% egl;%é‘?c 1%@ MQQOS%%%% r eSr_Lngl(gc{ eIrOr %’?lhgtl on (pH
above- deswr@&b@&p@ﬁirﬁ@u@ftuﬁat@z@ l ahBl@lSt() pﬁg@ﬂl@mpkﬁﬁlsiﬁ;e a3@edmv
pot assi um hosphat e buffer sol uti on, ng of racemc

chl or o-, 2l oRitédh dihe fi:@pr’rﬁogpngl ﬂéﬁsécq‘ilﬁﬁdotfym meé#ﬂ’@l. de@@:r&@ed
NADP+, Wasbéi@kentﬂsﬁn@ tgst fék"@&ofﬁgzﬁﬁm@f‘ﬂlg‘h@@ fingsbiong ath@ PH 7 with

5 M sodi um hydroxi de, "they were”reacted

primer~23 (ttgcggcatgcttactgcaaaccagccgtgt SEQ ID NO:26), w1th
the plasmid pNTGDH-J3687 comprising the NADP+-specific glucose
dehydrogenase gene derived fiom 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 XbaTl and Sphl and inserted to the Xbal and Sphl sites of
the above-described pTSOBRG, whereby the recombinant vector
pTSOBRGGP was cobtained. Using this recombinant vector

25 pPTSOBRGGP, E; coli BR101 ({(manufactured by Takara Shuzo Co.,
Ltd.) was transformed, to yield the 3-enzyme co-producing
bacterium E. coli HB101l (pTSOBRGGP).

[0181]

(Example 35) Synthesis of (3)-3-chloro-1,2-propanediol (a 3-

3¢ enzyme co-producing bacterium and a water-producing NADH

| oxlidase were used in combination)
The 3-enzyme co-producing bacterium E. coli HB101
. (pTSOBRGGP) obtained in Example 34 was inoculated to 50 ml of

2xYT medium (Bacto Trypton 1.6%, Bacto Yeast Extract 1.0%, NaCl

35 0.5%, pH 7.0) sterilized in a 500 ml capacity Sakaguchi flask,
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for 20 hours. After conpl etion of the reaction, an analysis was perforned
by the nethod described in Exanple 1, and the io percent recovery and the
“optical purity were calculated. As a result, (R)-3-chloro-1, 2-propanedi ol
havi ng an YLt ¥ % r-Ogbgc a entgd overy
of 95% Oacim&i] 3 rrparatol \glielaégg#pﬁgf% yn1%)he5|s%§fr ?ﬁ)hg‘%%r or50 - 15
propanedl oif (the W@edﬁéééﬁtbgd) ctlmirefbrdid cedd -darde idageset aof Eelbal i

HB101 (pT f I

pr apanedi o "% g‘%’%S@%@ Fﬂﬂiéﬁnﬁeggg%dldédfqnfaoétalg@;enr&e@ht%@ia?’a%e Baffand
whi | e adj tmmutgdm pE-I 8.0)wi(th.2 Fb3adtomadryidtsxadie-a2Q saqueous sol uti on,
this mxture ﬁﬁg tirred at 30C for 92 hours. After conpletion of the
reaction, anl ?isis was performed by the sane nethod as Exanple 1; as a
result, the percegi LECAVeEUCcLtYBS ﬁ@%ﬁu@é‘dcéng?rﬁ%!ﬂcfaéo RUT ideY +WRS af8vEeYo
e.e. (R) [0188] 25 (Conparative Exa thesis of (R-3-chloro-I, 2-
pr opanedi cteannibes ﬁ@nlcﬁ@tNADedegéhéﬁ at 3ok r@téamiasazymfph@@méﬂ bhﬁﬁecol i

for regen i zed ogn ( [ £ n

t he cul tursr'e&bdﬂt ofﬁéhgc%?i E%%}S(g o 3%)% g&acépnaec? C‘IT:‘x(i1 g o? and 10
mg of raceNAt 3-:|clnigorocf- RADP+Hpr apanedboﬂJ a\ﬁrm@ddetcbﬁ-q:@cﬁicﬁm@emmm est

t ube, and V\:h_ adj ustl to pH 8.0 with 2 M sodium hydrOX| de a ueous

sol uti o, assemdf?tr&l"’@ &ogy FFF@H’ZQFOQG@ R TS HRRREL N eAf ExggrpPer on
of the re%tg ThalQh 202V TEILIRALRCRE A5 IRG Bhd IRIIR %@gﬁggﬁh%{goﬁ%@ and

Conpar ative Exanple 1; as a resu the pércent

the opticafitguri &y amigugxghg%r@xgdgrg) they 489} (@it didw & TBEoamwgise 3)
h |
Synthesi s jaf, (R); %gﬁ%t‘l o Le2EnBr 9839@9%8,26%11f%%@glesﬁ%aasmp%%@%g&%ﬂgy

dehydr ogenase re eneratlng an oxi zZynme
r eact| on) ﬂhaﬂmaﬁhddheletselrllb%ﬁe&nekaple of, EEndathe Pﬂ&hﬂilerﬁbtr&c@&(éryl and

Exanple 2 TSCS racem c_3-chl oro-1, 2- propanedl
AU R bt SR S P Tl Rl i GRS RN

1,2-preopanediol 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 glycercl 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 from Cryptococcus
uniguttulatus, and'a_récombinant Escherichia coli (4-enzyme co-
25 produding bacterium) |
To co~produce 4 enzymes, the NAD%—specific glycerol
dehydrogenase derived from Cellulomonas sp. (oxidizing enzyme) ,
the water-producing NADH oxidase derived from Streptocbccus
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 [0184]
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SI GVA Conpany), 15.2 ng of sodium a-ketoi soval erate, and 5.3 io ng of
anmmoni um chl oride were added to a stoppered test tube, and while adjusting
“to pH 8.0 with 2 M sodi um hydroxi de aqueous solution, this m xture was

stirred at 30C f@fr&32 ROWohh1ALLeLan8eAPhRAI Hé‘v%%iﬁ%irrﬁﬁ?ﬁ QiteARngnal ysis
was performed by the sane nethod as Conparative anple 1; as a result,

t he per centha 550 essspEncenasidgiytoanbict helbpettan Hike tof e strivtarel(R).
[0190] (Co i l.e nt.hesi s,;0 -3-C r.or -_Jr nedi ol
i 11 21 g AT e BT bR b P bt By ALt Halab gnaty
(oxi dati vestmactodin) a2 B MinadfiItheicel hdBedejext raftenftiz cadlgindBl01
(pTSCS) obtained in Exanple 2, 10 ng of racem.c 3-ch]orop-1,2- propanediol,
170" ng. ot RHDE COEF oo (OB P F 8- BFGRUE | AEPCEYRe M) M -Ox P ALEs
(manuf act ug esbdyi Qv MRAAhetaRdp2Onbref peahalase (manufactured by

SI GVA Conpany) were added to a 25 stoppered test tube, and while adjusting

to pH 8.0 (Radreragcidddiagaaogdiconicaatagutonsatoptaorgt 1 HED MkMNG:@ Nas

stirred at f 92 h . AE i h i,0N,~ AN

nal yai s vt p e (R eeaah B R LR AL IS e ang
resul t, the penceEtiecofeprives-25%(aaadct hegdgaaptt it t{iygdas :WaE064 09%
e.e. (R. I?g ains, 1. A rr% hod . of %Odum ng an_optically active secondary
al cohol %? b%%)ccﬁ%rﬁqlﬁi?ra_ eraBraraechiktaF 62 b - econdR3F HGhSFY nt o
s an opticap lyoa38)i verisacandaiy aahsahghTRRNELAb NG 9F #he SHRsdANti al ly
single enantioner, conprising performng the ‘converting reaction in the
co- pr esencer eAuGH DN AR %G dasey genes aar Ehehhempiathe PR ' meyfiospect y

(1) and a ' - ur, i3n e fol i pr tV s (2h, 10 (1)

the oxi di 21 g Chosal A TR R pBUUTONADE (LD 208 09) BT ARdeL B 2

f or m coenzyueishd\tAidrayr AR thandoltagodngaprimetyl ot (SBEl BErtNos€ldy) axiddi ze

one enanti of the S faormor, R form_ _of s ndary, al cohol to produce a
i EPhy wHY i

ner
cor r espondtiy KEHE S Aot 19 SPERhED BRue? hg BhEY e Rbthte it s
speci fi ci t¥ohwre-onerfads oiae regueed fay MmeesnzyaesHMNADREL arn NARIRHIReE,

't the PCR was performed teo yield a double-stranded DNA., The DNA
fragment obtained was digested with HindIII and inserted to the
HindIII site of the plasmid pNTS1CSGP described in Example 21,

20 whereby the recombinant vector pNTS1CSGPNX was obtained. Using
this recombinant wvector pNTS1CSGPNX, E. coli HB101 was
transformed, to yield the 4-enzyme co-producing bacterium E.
coli HB101 (pNTSICSGPNX) .

{0185]

25 (Example 37) Synthesis of (R} -3-chlero-1,2-propanediol (a 4-
enzyme co-preducing bacterium used)

The 4-enzyme co-producing bacterium E. coli HB101l
(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 HB101
(pTSCSNX) and E. coli HB101 (pNTS1G-J) was centrifuged, and
cells were harvested and suspended in 4 ml of 100 mM phosphate

35 buffer solution (pH 7.0).
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oxi di zing enzyme source is specific for NAD+, the reducing enzyne source
is specific for NADPH, if the oxidizing enzyne source is specific for
“ NADP+, the reducing enzyne source is specific for NADH), has the reverse
enanti o-sel e¢hhgkiy to that 20 of the oxidizing enzyne source, and has an
activity to reduce_the foregoing ketone conpound to produce the S form (or
Rform) of secdnddrpfabcsrertion mhetprertroising Hed ¢ efafhfl, wherein

t he oxi di zj _ A i bkts s | foCi Ay t kGl sform
Coanpyme. (RS SRsTRALTR SAUPSHSEUH OLLE PROEL Ay (NrgIeSepiud EegTLol
reduced f ¥l coe oy sildbPHho8phdhe pubiect soimeirhod Gofmaelodi matemic23-

wherein th 30 converting reacti is performed in _conbi i Wi_t n
oxi di zed f ﬁﬂ£;1 /HE OPé, @HéPgtigﬂés@%t%ﬁﬂ%iﬁﬁ%ﬁe%f%é%%é%gkhggrnfggeizyne
regener at i;on 54818+ 4wathenlkeauchi QN 88t hoghof o€l Alo®, 3angORREi&i Ng USI Ng
a 35 mcrobial cell that produces the oxidizing enzyne as the above- 68

descri bed aiwiHEIngg tonPfind gatihcl, Masedien| hydFerido NADY gerengppsted
o g HenZyd . . ( _
regener at| ﬂﬁbg%f)gﬁddflst.y A?té‘r ”c‘:&ﬁelgfé@ior??%ﬂ%ere%%%g%ﬁr afahngnéggsm

above-descri zed torm coenzyne. uction net hod of claim
4, wher ei wahearnftmoedgay e mbhahodr ddacesbedelmbovendesdr,i bad dkiedi zi ng
enzynme is a _reconbinant Escherichia coli. 6..The productiaon t hog of

2y m 310 dERHSTE HE STy RRGHENG BRF H8b, PRAEFR R dOSEHASES o B30 no

aci d dehydrgenas e o3 -dnaeeen abbpdobAfe @OV Ensheted | 438 théicdilz @ehrfi @kym
coenzyne. 7. The production method of claim6, wherein the above- described
NADH oxi da&®e $Q0% anct-emasr BFGERAGANADHR ORPHESRE TATPEIVTIRE PiGduct i on

met hod of Cl%bﬁb%ﬂ wherein the water- produci ng NADH oxi dase is an enzyne
derived froma nicroorgani smbelonging to the genus Streptococcus. 20 9.
The productCompamtthok dxaripdiemls, Swhehesnst b R+ Dorigomasth, 2of t he genus

St reptococcus is treg%gcoc us nutan§" 1%. The production nethod of claim
9, wher®i PIIRES: 0 ﬁﬁgﬁglvﬁufgﬁg 8™t r ept ococcus nutans NCl B11723.

1 ml of the cell-free extract of E. coli HB101l (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 agueous 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 Example 1; as a result, the percent recovery
was 60%, and the optical purity was 48.6% e.e.(R).

[0188]

25 (Comparative Example 2} Synthesis of (R)-3-chloro-1,2-
propanediol utilizing the NAD regeneration capability of
Escherichia coli for regenerating an oxidized form coenzyme
{oxidative reactiocn)

1 ml of the culture broth of E. coii HB101l (pTSCS)

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 agqueous soluticn,

' this mixture was stirred at 30°C for 92 hours. After
completion of the reaction, an analysis was performed by the

35 same method as Comparative Example 1; as a result, the percent
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25 11. The production nmethod of claim3, conprising using glucose
dehydr ogenase, form c acid dehydrogenase or gl ucose 6-phosphate
“ dehydrogenase for regenerating the above-described reduced form coenzyne.

30 12, Therpsgdics (il TRIOGeR! cRbAbRL1Ta 1 vBEEELD dhio shO¥e-o desgyibed

gl ucose dehydrogenase is +-specific glucose ~dehydrogenase. 13. The
producti on mdOREYlof cIa|n112 mhereln t he NADP+- 69 speC|f|c gl ucose

dehydr ogen iy froma cr m b 1gi ng to the
genus Crypf‘§ &%%ﬁ%EU%?%%¥ﬁlqpro 8 “Hefnd 6$Pc?an%ﬁT%3gVﬁ£reln the 5

m cr oor ganpsopaxied el gﬁrmﬂ&z@h)gpta@camﬁus h&i€r yphoeocEetsasainfaqgut t ul at us. 15.
The production nethod of clgim3, using a reconblnant m cr obi al, cel

pr epar ed b?e%%b"?%fs:i% acrhéD"fl&Hz@ﬂl hGTENSPRBEYRR) (X1 RN (192G AMHe sane

host cell as the qxi digimg ma%rggua%ra&é) oRNEENZYIE ddta1 St idey
specificity for the oxidized form coenzyne NAD+, an as an activity to

sel ect i vel n dFanpke chel Pt i dRemgob Lt Mécsmﬁ-GrBrrghl@:Cﬁnhrﬁmr@mmdd@rly
al cohol Lo, pragduce musor GoRpRd Ag.kehane Lompound. oL o Bl A spru,

havi ng t he capabi regenera I'ng coenzy

The producslemnraﬁmpuhyﬁ cllmAi2mmyd oFWaeHe ift &h§e381¥6€al§E@%@w de 5.3
capability of g neratln the oxidized form 20 coenzyne NAD+ is _an NADH

oxi dase?? 19 SrdcRodSEE 2rgrM 8, awﬁE‘P%@W‘f%etW%ﬁ'dase
is a waterapg qﬂvﬂélga qaseu 820134ithhe fr edyshh oyt qdRism 3.

wherein a reconbi nant ™ m C?%jbl al ceI | prepared by expressing the foI | owi ng
enzynes (C$ollalnijDI(,D)th3rB mectsmmewlasststaehslem stuSew dvnt B2 hedwei. ngAEney me

source: Qe ST e SRS SRECUELSLN Bl - eE i
pr oduce th@aﬁbfmmthmﬂ & fampaofatdeeolgamplal tehak, 2 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 (coxidative reaction)

20 1 ml of the cell-free extract of E. coli HB101l (pTSCS)
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 o pH 8.0 with 2 M
scdium hydroxide aqueous solution, this mixture wés 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 resulﬁ, the percent recovery was 41%, and the

36 optical purity was 64.9% e.e.(R).
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| (D) an enzyne having the capability of regenerating the reduced form

coenzynme NADPH. 35 19. The production nethod of claim 18, wherein the

“enzynme 70 having the capability of regenerating the reduced form coenzyne

NADPH i s g1 iyspse dehydrogenase. 20. The production nethod of claim 19,
wherein the glucose s dehydrogenase is an NADP+-specific glucose
dehydrogenase.  21. The producti on net hod of claim 3, wherein a reconbi nant

bi al I i [
The same Roer BT S hoRBt fal o Prn b v ekt Fefiadi ng

enzyne sourceor(Variameerzy BRahbhabmex hmbxtﬁré peei dd @iridarfyora lidadocaxiidirzed
form coenzyne NAD+, and has an activity to selectively oxi d| Ze one

enant i orter® fOPftHé:aé]fYoPﬁltéﬁeRSFGPﬁﬁﬁFys%%ﬁm yeEstong @f §roduce a

cor r espondiyi tkatong 160Raynd, ehan{;%m@fl e@aﬁfﬁﬁélh?%t R RI$ gﬁ%' ficity
for the reduced form “coenzyme NADPH, and stereo-se ectively reduces a

~ketone coMRIBIENE ing pxre@d:lt@@nt ha Bheorarprefeiios mbfarsecdndariyncalerahoe. 22.

h d I a bi_al |
or epar 60 By st aearg’ o aarorond boPREr LY oPDoARD eAsS TAr AN O)

the fol | ovdcngrcenzyame riB)thien foheowsagephoséreel [2) { B) an enzyne having the
capabi | i ty of regenerating the oxidized formcoenzyne NAD+. 25 23. The
pr oductiPon‘ Inettisd B4zt SRZYHS| ﬁ@uéc?e%Wh%tSpe(ﬁl&lﬁl% fea Prgr epar ed

by expr essiHg.ox 4134 thoem EBehQ?meEoﬁﬁﬂ-p' 58 I@mymsaﬁha@%n( Gt it
following enzyme (D) in the sanme host cel (D) an enzyme having the

capabi | i t yrofsalegariaiedty @gltihéeredaceuantmmlccreﬁlzmﬁe SNﬁﬁIDI?Ht o4 R Then
p 00Ut O, e P ALEEL. L0840 S80I Ly Sy SEbaB R
fol | owi ng Enzymes r(elﬂ)ucﬁ.lm@ ehiy(d) sbﬁrtBEeﬁlaﬂElff@Sép&ﬁJﬂlc1ty for one of
15 the reduced form coenzymes NADPH or 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
specific for NADH), has the reverse enantio-selectivity to that
20 of the oxidizing enzyme source, and has an activity to reduce

the foregoing ketone compound to produce the S form (or R form)

of secondary alcohol.

2. The production method of claim 1, wherein the oxidizing
25 enzyme source exhibits specificity for the oxidized form
coenzyme NAD+, and the reducing enzyme source exhibits

specificity for the reduced form coenzyme NADPH.

3. The production method of claim 1 or 2, wherein the
.30 converting reaction is performed in combination with an
oxidized form coenzyme regeneration system and/or a reduced

form coenzyme regeneration system.

4. The production method of claim 3, comprising using a

35 microbial cell that produces the oxidizing enzyme as the above-
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J (B) an enzyme having the capability of regenerating the oxidized form
coenzynme NAD+, (D) an enzyne having the capability of regenerating the
“reduced 5 form coenzyne NADPH. 25. A reconbi nant m croorgani sm prepared by

expressi ngidserivld bawingiegzynegmé Aoance ( Bind mttine -sane thestiaoel br (A) an
enzynme that exhibits specificity for the oxidized form _io coenzyme NAD+,
and has anldtti FieOFREEasaPRCERREPYL BKY diz e dHET OB ant ic6der T6F the S form or

R form of ,s60RdaY ng! 8AROLLE Po-PEOAHES@ SOIJEIROHY c%%hegﬁeqomound,
(B) an enzyne having'the capability of regenerating the oxidized form

coenzynme NAD+. 15 26. The reconbi nant m croorgani smof claim 25, wherein

the enzy Vi ‘ ' ility of regenerati.ng t.he oxidi.zed form
coenzyme NAD s SR RRDEEE SRatkeY Sp ST B At LR MeEROar AR M o
claim 25, tiwtr @irodubesNARE abxidagestsilveded LrdiprioduenzygmhADE axi dase. 28.
A reconbi nant m,croorgani sm prepared by expressing the follow ng enzynes
(O and ([5eQQ$bﬂﬁén§a%§CH8§#C€éPIFOQB-(Ca an enzyme that exhibits
specificity for the reduced form coenzynme NADPH, and stereo-selectively
reduces a ketone conpound to produce the S formor R form of secondary

al cohol , q-D)Then pandyatipavicaghefect apbbihily amprdgdmer atsiing ABHr educed
form cqen DP 9. . The reconbi nant_.m croargani sm of clai m.28,
wher ei ot UL CENSy i RA0: AePYRECERRaRTT 115 DR AGGEer ARG - ORE PRaUERE f or m

- coenzyne NARHdratangl uhessbdesyde 0geiiese. ox31iHdd Henw ecembinpant
m croorgani smof claim?29, wherein the 72 glucose dehydrogenase is an
NADP+- speci fi c glucose dehydrogenase. 31. A reconbi nant m croorgani sm

prepared by exaresshigriBe msthok! OV A BRZY MEHAe i@ +hE) 5&@% he same host
cell: (A an enzynme that exhibits specificity for the oxidized form

coenzynme NABerided NaBHapxadeswily & owaedreqitadicingx NADHe cxigase.
15
8. The production method of claim 7, wherein the water-
producing NADH oxidase is an enzyme derived from a

microorganism belonging to the genus Streptococcus.

20 9. The production method of claim 8, wherein the microorganism

of the genus Streptococcus is Streptococcus mutans.

10. The production method of claim 9, wherein the Streptococcus
mutans 1s Streptococcus mutans NCIBll723.
25

11. The production method of claim 3, comprising using glucose
dehydrogenase, formic acid dehydrogenase or glucose 6-phosphate
dehydrogenase for regenerating the above-described reduced form
coenzyme.

. 30
12. The production method of claim 11, wherein the above-
described glucose dehydrogenase is NADP+-specific glucose

dehydrogenase.

35 13. The production method of claim 12, wherein the NADP+-
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enantiomer of the S formor R formof secondary al cohol to produce a
correspondi ng ketone conpound, io (C) an enzyne that exhibits specificity
“ for the reduced form coenzyme NADPH, has the reverse enantio-selectivity
to that ofspdf)ficamdusberedeheliectengty tediicemihe fRrageidngrkat ane
conmpound to produce the S formor R formof secondary alcohol. is 32. The
r econbi naft THOOTFGFGER SRMLEPIENEi kP 3The 3t G LAGPCaddi tion to the
foregoi ng enzynes (A) and (C), the following enzyne (B) in the sane host
cell: (B) an enzynme having the capability of regenerating the oxidized

f or m coenzyhre TREDProgocidonThethed obbi @bwim nidr odregardinshef cl ai m 31,

expressing,.: i i.tjon.t he foregoi ng enzynes ( and (O, the
follomjﬁgqm%%§§ﬁ§% hiﬁftﬁggsgﬁ%uﬁo {y%g?§gc %ﬁzﬁﬁé%ﬁ§§ﬁ§: avi’ng t he
capabi | i t yurofgurtegdmenat.i ng the reduced 25 form coenzynme NADPH. 34. The
reconbi nant m croorgani smof claim31, expressing, in addition to the
foregoing enzynes (A) and (C), the followng enzynes (B) and (D) in the

same host 108! IThe3@r0BhcRBNA¥IBoAAYE NG 41 SaRAlid by o dn@apagtating the
oxi di zed form coenzyne NAD+, (D) an enzyne having the capability of

r egener at iTHERMd ale §gdedPrEBRRREORYIZGXRr NP 113 JEQUEMNCEC ESEVNSs <A10>
Kaneka

Kook R oot SRR O PR, L LA SEEpORY
'<170> Pat e{#t)l mrvensiyor 8hit s2A0bids <ddei BlcitRidr DNA ox232eAr Ebtinci al
‘ coenzyme NAD+, and has anractivity to selectively oxidize one
- enantiomer of the S form or R form of secondary‘alcohol to
produce a corresponding ketone compound,
15 (B) an enzyme having the capability of regenerating the

oxXidized form coenzyme NAD+.

16. The production method ¢f claim 15, wherein the enzyme
having the capability of regenerating the oxidized form

20 coenzyme NAD+ is an NADH oxidase.

17. The production method of claim 16, wherein the NADH oxidase

is a water-producing NADH oxidase.

25 18. The production method of claim 3, wherein a recombinant
microbial cell prepared by expressing the following enzymés (C)
and (D) in the same host cell is used as the reducing enzyme
source:

(C) an enzyme that exhibits specificity for the reduced form

30 coenzyme NADPH, and stereo-selectively reduces a ketone
compound to produce the S form or R form of secondary alcohel,
(D) an enzyme having the capability of regenerating the reduced

form coenzyme NADPH.

35 19. The production method of claim 18, wherein the enzyme
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<220> <223> primer-1 <400> 1 gaggatttgc atatgagtaa aatcgttatt g 31 <210>
2 <211> 31 <212> DNA <213> Artificial <220> <223> priner-2 <400> 2
“ atgaaaacat gtgaattocc attgacatat c 31 <210> 3 <211> 31 <212> DNA <213>

Artifici alhavid2Pt 2 23papiilies- 3£ fégeﬁegagﬁﬁ L € ade 1 09aR S eA cerhahbt ca
t 31 <210> 4 <211> 31 <212> 13> Arti |C|al <220> <223> primer-4

<400> 4 t tHeRt gt ngageévﬂrpaaﬂgéet 31 <210> 5 <211> 26 <212> DNA
<213> Artificial <220> <223> priner-5 <400> 5 gagaagcagc acaagatyaa
rgayoa 26 <210> 6

20. The production method of claim 19, wherein the glucose

5 dehydrogenase is an NADP+-specific glucose dehydrogenase.

21. The production method of c¢laim 3, wherein a recombinant
microbial cell prepafed by expressing the following enzymes (A)
and {(C} in the same host cell is used as the oxidizing enzyme
1o source and reducing enzyme source:

(A} an enzyme that exhibits specificity for the oxidized form
coenzyme NAD+, and has an activity to selectively oxidize one
enantiomer of the S form or R form of secondary alcohol to
produce a corresponding ketone compound,

15 (C) an enzyme that exhibits specificity for the reduced form

- coenzyme NADPH, and stereo-selectively reduces a ketone

compound to produce the S form or R form of secondary alcohol.

22. The production method of claim 21, using a recombinant

20 microbial cell prepared by expressing, in addition to the
foregoing enzymes (A) and (C), the follcowing enzyme (B) in the
‘same host cell: | |
{B) an enzyme having.the capability of regenerating the
cxidized form coenzyme NAD+,

25 |
23. The production method of claim 21, using a recombinant
microbial cell prepared by expressing, in addition to the
foregoing enzymes (A) and (C), the following enzyme (D) in the
same host cell:

30 (D) an enzyme having the capability of regenerating the reduced

form coenzyme NADPH.

24. The production method of claim 21, using a recombinant:
microbial cell prepared by expressing, in addition to the

35 foregoing enzymes (A) and (C), the following enzymes (B) and
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(1) <211> 24 <212> DNA <213> Artificial <220> <223> priner-6 <220>
<221> msc_feature <222> (13).. (13) <223> n represents a, t, g or c.

- <400> 6 catgtgrgcr agngargtra aytg 24 <210> 7 <211> 742 <212> DNA <213>
Crypt ococc(Is) uim dild Waateuhos€4@@217 atgtttcatc gttggtgaga gcgtctctt%
ggaat aacgt , gttgatatac ccaaagttga 60 ctgtattctc ttgccttttt caagtgtttg
gagcttccgg”%g AR dGda &tgae1Qépa?b%h¥@ﬂ§%tr%Q%ﬁﬁﬁQﬁ%ﬂﬁ §&Gat agt ca

t gt gt t ggatocaatLRE e malerhehaat NABQ, cacaacggca caacgtgect geccattccc
t ggt aaccta cagactttcc cgtcctfgta 240 ccaattgttc tcccttgatc ttttgcccaa

gaggaccaag it tagt cggateatgaiogatbe30apabhbiyay gy cregargaaddgty tthat ggdocad

at at gt cggts gga a cgt 360 aagtatagac ttgtggtttg cagcagatga
accggaggggfccg?%%%%@%ma§@$%§§cgg 420 agcttttgtt acaatcaaca ggacaagaaa

aaggttgaag agtttaaaaa gttggccgag 480 tacgttcagg gagcgtat ga cgaggat gag
gctttccag aggttgtac ,atctaatcga 540  ctcatgtcct ttgaagctca cactgtgtat
cct gcaaca %@gﬁd%§6§§d§§§§gE%Fg80686n1@%d@ﬁﬁﬁﬁﬁﬁié&géﬁ%&ﬁﬁ@lﬁﬂt@ &t gga

aaggot cat ordJagh AL LA A HRGR9 Enf005) ! 8 90aL A hatAgacEd (ggoaacacga
ctcatgtcgc ctgtctgcaa ctttgcacac 72 acagcttgct gtgcctcctt ct 742 <210> 8
<211> 31 &P12n PNAYNe2I3atAexhibital spe@Piic k22 Fomrihwmeoxl dizéd0Eosm
10 eoenzyme NAD+, and has an activity.to selectively oxidize one
enantiomer of the S form or R form of secondary alcohel to
produce a corresponding ketone compound, _ .
(B) an enzyme havinﬁ the capability of regenerating the
_oxidized form coenzyme NAD+.
15
26. The recombinant microorganism of claim 25, wherein the

enzyme having'the capability of regenerating the oxidized form

coenzyme NAD+ is an NADH oxidase.

20 27. The recombinant microorganism of claim 25, wherein the NADH

oxidase is a water-producing NADH oxidase.

28. A recombinant microorganism prepared by expressing the
following enzymes (C) and (D) in the same host cell:

25 (C) an enzyme that exhibits specificity for the reduced form
ccenzyme NADPH, and stereo-selectively reduces a ketone
compound to produce the S form or R form of secondary alcchol,
(D) an enzyme having the capability of regenerating the reduced
form coenzyme NADPH. |

30
29. The recombinant microorganism of claim 28, wherein the
enzyme having the capability of regenerating the reduced form

coenzyme NADPH is a glucose dehydrogenase.

35 30. The recombinant microorganism of claim 29, wherein the
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é agttggccga gtacgttcag ggagcgtatg a 31 <210> 9 <211> 31 <212> DNA <213>
Artificial <220> <223> primer-8 <400> 9 ggaaagcctc atcctcgtca tacgctccct
g 31 <210> 10 <211> 23 (2) <212> DNA <213> Artificial <220> <223>

priner-9 g206sd Msigpdasgirans Q400 aedrdt 9pdd; r1e10Puddss211> 26 <212>
DNA <213> Artificial <220> <223> prinmer-10" <400> 11 ggacaot gac

at ggact gaa§%gfadems«210> 12 <211> 1773 <212> DNA <213> Crypt ococcus
uni guttul atus <220> <221> CDS <222> (94).. (1620) <223> <400> 12
cttttgacta gtactacoac atcgactctt tgtogtogca caogaatcag agctataooo 60

ot cgoaagaa3tgak areceeb Tyt ctigno ca@mndty pagpagedabe grRarétsikpatkld

5 following enzyme {(A) or (C) in the same host cell:

(A) an enzyme that exhibits specificity for the oxidized form
coenzyme NAD+, and has an activity to selectively oxidize one
enantiomer of the S form or R form of secondary alcohol to
produce a corresponding ketone compound,

“10 (C) an enzyme that exhibits specificity for the reduced form
coenzyme NADPH, has the reverse enantio-selectivity to that of
(A), and stereo-selectively reduces the foregoing ketone

compound to produce the S form or R form of secondary alcohol.

15 32. The recombinant microorganism of claim 31, expressing, in
addition to the foregoing enzymes (A) and (C), the following
enzyme (B) in the same host cell:

(B) an enzyme having the capability of regenerating the
oxidized form coenzyme NAD+.

20
33. The recombinant microorganism of claim 31, 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

25 form coenzyme NADPH.

34. The recombinant microorganism of claim 31, expressing, in
addition to the foregoing enzymes {(A) and (C}, the following
enzymes {(B) and (D) in the same host cell:

30 (B) an enzyme having the capability of regenerating the
oxidized form coenzyme NAD+,
(D} an enzyme having the capability of regenerating the reduced

form coenzyme NADPH.
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Ar1g> Sanrekd Qord&rathbh 55 aagatg gac eat gaa aag ttt atg gac caa tat gtc ggt

e U G TR VRS s e

Phe Met Asp G n Tyr Val
%%y gtt gaa gag ttt aaa aag ttg

gb@ 3IW/A07TIHES- Asp Ala Asp Lys Lys Lys Val

Zﬁoﬁo‘jpﬁ)‘% 05;0@@ gtt cag gga gcg tat gac gag gat gag got ttr cag aaa ttg
402 Weaovml G n Ay Ala Tyr Asp u Asp Au Ala Phe Gn Lys Leu Au 90

95 1ng> agg gat ttg caa
L

Asp Leu G n G u Thr
cga §t’e”> tRatentlarve®ian 3gbt

ey Tyr Leu
1P tdlg goo
Gis A% 1vs

etc tea ago

8% et

Al a
aag
Asn
cgt
Arg
etc

Val

aac
Asn
ctr
Leu
aag

gag
Al a
gtg
Pro
aac
Lys
gto
Val
atg

Lys Met Met
5@556t&aﬁaafﬁgfeéeateﬁaatbﬁg

<210> 2

211> 3

<212> DNA

<213> Artificial

<220>
<223> primer-2

<400> 2

<210> 3

211> 31

212> DNA

<213> Artificial

<2207

223> primer-3

<400> 3

- atgaaaacat gtgaattccc attgacatat ¢

gatategtcaa tgggaattca catgttitea t

210 4

21> 3

<212> DNA

213> Artificial

<220>
<223> primer-4

<400> 4

tttotgoagt tatcatttag cttttaatge t

<210> 5

211> 26

<212> DNA

<213> Artificial

<2205
<223> primer-5

<400> 5

gagaageage acaagatyaa rgayca

210> 6

act gca gac
Asp Lys Qu
cot oct tot
Pro Ser Gn
aaa coo aaa
Pro Lys Asp
att gag aaa
Ile Au Lys
atg aag gac
Lys Asp Ile
gac cac ttt

N

aag
Met
cag
Phe
gat
Ay
cot
Pro
att
Tyr
goo

Ay Ay

GQu Au Phe Lys Lys Leu Al a

gag
Asp
ttc
Thr
ggo
Asp
[
Phe
t at
Al a
gcc

atg
Ay
act
Ser
gac
Lys
ggc

3

31

31

26

gat
Lys
t oe
Leu
aag
Ser
aag
Lys
gcc
Quy
gag

gga
Al a

ttg
Al a
t oe
Lys
gac
Asp
ggo
Trp
ace

aag
H s
goo
120
aag
140
t ot
Ser
tgg
Lys
gtc

get cat 450
105 110 115
498 Arg
125 130 135
546 His
145 150
594 (3)
155 160
aag 642
170 175 180
690



Asp Gu Gu Met Tyr Arg Val Asp His Phe Ala Ala Val Qu Thr Val 185 190 195
aag caa atg cog tac ttg ate ttt gca an cot cac coo ate tog coo 738 Lys Gn
“ Met Pro Tyr Leu Ile Phe Ala Asn Pro His Pro Ile Ser Pro 200 205 210 . 215
aag act ctt ttg aac aag gag aat gtc aag got gto atg ate gag etc 786 Lys
Thr Leu Leu Asn Lys Qu Asn Val Lys Ala Val Met Ile Qu Leu 220 225 230
aag é gﬁdﬁg ttt ggt tgt gaa ggt cga ggt gga tac ttt gac gaa ttc 834 Lys
d u The> Phef@iy Cys u Gy Arg Ay Ay Tyr Phe Asp G u Phe 235 240 245
ggt §§E>gtt oga gat gtc ttg caa aac cac ttt ttg caa gtc gtt agt 882 dy
Ile > Arghe”A8p Val Leu G n Asn His Phe Leu Gn Val Val Ser 250 255 260 atg
etc atg gac cga coo aag tca ctt gat ggt gat cac ttg ogt 930 Mt Leu
Al a g;%% AR AL@rPro Lys Ser Leu Asp Ay Asp His Leu Arg 265 270 275 gac gaa
aaa g2 ady. gtk etc aaa gcg ate cec acg ttt gac ccc aag 978 Asp G u Lys
Val ?Va!ePrEéeﬂtsLirst AY%le Pro Thr Phe Asp Pro Lys 280 285 290 295 gac
gag too aag tae att ctt ggt caa tac ace aag tot gaa gac ggc 1026 Asp Gu
Ser g’t rot t . Gn Tyr Thr Lys Ser u Asp Ay 300 305 310 ago
aag €00 Uy %56gé18y§at gac gac agt gtc gaa aac dag gaa tca 1074 Ser Lys
Pro Eyr Leu Asp Asp Asp Ser Val Gu Asn Lys Qu Ser 315 320 325 agg
acg gaéﬁ@@g ttt gco gaa atg gtc ttg ace gtc gac aat gac cga 1122 Arg Thr
Gy The> Pwe Ala Gu Met Val Leu Thr Val Asp Asn Asp Arg 330 335 340 tgg aag
ggo ' Lovteegusatnivet@tyag age goo aag get ate gaa gag 1170 Trp Lys Guy
Val Bpe Trp Ile Leu Lys Ser Ala Lys Ala Ile Qu du 345 350 355 gac att tgc
cga getttente elgeetsacmerebtatiasgatemst agotgaceogattitgat ggc 1218 Asp Ile Cys Arg
Val - bgfurMad tigiobeebethabe¥std oot BRE é%&@aoamgatg y 390 365 370 375 aac ttt

gag tot etc tae aag agltac ace aag ccc act gcg gtc ttt 1266 Asn Phe G u
Ser - HEAtFEHEGY “r:‘%e%ﬁg Fﬁ“ﬁﬁégtmﬁ qmwa%rcaateﬁatcw Bhe
cacaacggca caacgtgoot goccattcoc tggtaaccta cagacttice cgtectigta 240
ccaattgitc tooottgate ttttgoccaa gaggaccaag attgteggat atgotozate 300
caagatggac aatgaanagt ttatggacca atatgtogst ggactzccca aagacgeocgt 360
aaglatagac ttelggtite cageagatea acoggagaga cogtgtacot aattcatcsg 420
agettttgtt acaatcaaca ggacaagaaa aaggttgaag agtttaasaaa gttggocgag 480
" tacettcasg gagogtatga cgaggatgag gotttocage taggtigtac atctaatoga 540
cteatgtect tigaagetca cactgtgtat colgcaacac agaaattgea aasggatttig 600
caagagactg cagacaagga gatggatgga aaggctcatc gagtctacta cgtaagtgtt 660
tategcatctg zacagacctg ggcaacacga ctcatgtoge ctgtotgcaa ctttgeacac 720
acagettget gtgectectt ot 742
210> 8
211> 31
<212> DNA
<213> Artificial

{220>
<223> primer-7

<400> 8
agtiggcoga gtacgitcag ggagcgtate a K]

2100 9

211> A

<212> DNA

213> Artificial

{2200
<223> primer-8

<400> 9 _
geaaagosic atoctogtca tacgctccct g 31
210> 10

211> 23

(2



380 385 390 gaa ctg ttt gag ccg aaa aag gto tac ttt age ate aac tog cga
aag 1314 Gu Leu Phe GQu Pro Lys Lys Val Tyr Phe Ser Ile Asn Ser Arg Lys
395 400 405 <cca ggc tto att ggc ggg coo acg cga age aag att atg etc gac
tgg 1362 Pro Gy Phe lie Ay Ay Pro Thr Arg Ser Lys Ile Met Leu Asp Trp
410 415 420 gat acg gaa gaa gcc caa aag gaa ggg aaa tog ctt gac cot tac tot
1410§2,/§§pm'mmq uGduAadGnLys Gu dy Lys Ser Leu Asp Pro Tyr Ser 425
430 435 gtg gtt ate gga gaa gog ott cgt ggt cgg gaa age aac ttt gtg cgt
1458<2Zg§1 VaI Jle Gy Gu Ala Leu Arg Gy Arg Gu Ser Asn Phe Val Arg 440
445 ig 49:'; aa gac gaa etc gag gaa tog tgg age ate ttt ace ccg ttt ttg
@g é Asp Qu Lau Au GQu Ser Trp Arg |ie Phe Thr Pro Phe Lau
Hi s St fsgﬁaféac”’l’ &8 oaa gag gag aac aag ggg coo &ag cot acc cot tat gcg
tat t 1554 Tyr Gn GQu Qu Asn Lys Ay Pro Lys Pro Thr Pro Tyr Ala Tyr
?}g 0 485 tot gaa gga coo gag Gag ttc aag gag ttt gaa aag agg ttt
ga t<ao.> P2 Ser Qu Gy Pro Qu Gn Phe Lys Gu Phe Qu Lys Arg Phe Gy
Tyr 49® 495f®i0 acg got ggt ttg cag taa atgttgacgo cgtcoatgtc agttgaatgt
1650«¢28r Ala Ay Leu Gn 505 atcgtcaggg tctttatgtt tgtttttttc octgattgta
t cgt a#dygrimadt agt aaa 1710 aacaaggogt ttcatgtggt gtattcaatt tctcatctcg
tcotgggaag aaaaaaaaaa 1770 aaa 1773 <210> 13 <211> 508 <212> PRT <213>
Cr yptocotad steedatggalkdaplaat us  <400> 13 Met Ser Ser gkhr Gu Phe Gn His GQu
Ile Lys Asp G n Cys Phe Ile 15 10 15 Val Val Phe Ay Ala Ser Ay Asp Leu

Al a kys> Lys Met Thr Phe Pro
211> 17713
<212> DNA
<213> CGryptococeus uniguttulatus

<2207

<221> CDS

<222>  (94).. (1620)
<223>

<400> 12
ctttigacta gtactaccac atcgactctt tgtcgtosca cacgaatcag apctatacco 60

ctogoaagaa cgatatcaaa cagacctgcs aaa atg tog age acc gaa ttt ocag 114
?ﬂ:&rSw mrgux%eem

cac gag alc aag gac caa tgt ttc atc gtt gte ttt gga got tec gag '162
His Glu lle Lys Asp GlIn Cys Phe Ile Val Val Phe Gly Ala Ser Gly
10 15 20
gat ctt gca aag aag atg act tic 6cg toc ttg tac caa ttg ttc toc 210
Asp Leu Ala Lys Lys Met Thr Phe Pro Ser Leu Tyr Gin Leu Phe Ser
25 30 35

ctt gat ctt tig cooc aag ageg acc aag att gic gga tat got cga tce . 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 tit atg gac caa tat gtc get gga ctg coe 306
Lys Met Asp Asn Glu Lys Phe Met Asp Gln Tyr Val Giy Gly Leu Pro

60 65 70
aaa gac ¢oc gac aag aaa aag git gaa gag ttt aaa aag ttg goc gag 354
lLys Asp Ala Asp Lys Lys Lys Val Glu Glu Phe Lys Lys Leu Ala Glu

75 80 85
tac gtt cag gga gog tal gac gag gat gag got tto cag aaa tig gaa 402
Tyr Val Gin Gly Ala Tyr Asp Glu Asp Glu Ala Phe Gin Lys Leu Glu
90 95 100 -
.aag gat ttg caa gag act goa gac aag gag atg gat gga aag got cat 450
lys Asp Leu Gln Glu Thr Ala Asp Lys Giu Met Asp Gly Lys Ala His
105 110 115

cga gtc tac tac ott get gtg cot cot tot cag ttec act tca ttg goo 498
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 ccc aaa gat ggc gac aag tca aag 546
His Met Leu Ala Lys Asn Asn Lys Pro Lys Asp Gly Asp Lys Ser Lys

140 145 _ 150
glc ctc tea ago cet ctc gte att gag aaa cet tit gec aag gac tot . 504

@



20 25 30 Ser Leu Tyr Gn Leu Phe Ser Leu Asp Leu Lou Pro Lys Arg Thr Lys
35 40 45 lie Val Ay Tyr Ala Arg Ser Lys Met Asp Asn G u Lys Phe Met Asp
505560 Gn Tyr Val Ay Gy Leu Pro Lys Asp Ala Asp Lys Lys Lys Val Qu
65 70 75 80 Glu Phe Lys Lys Leu Ala Gu Tyr Val Gn Ay Ala Tyr Asp Gu
Asp 85 90 95 Gu Ala Phe G n Lys Leu Gu Lys Asp Leu Gn Gu Thr Ala Asp
Lys Vi'OEF“fB’SS?ng U yavibte bvscﬂry PhWVAé?ASHlssr Arg Val Tyr Tyr Lou Al a Val

Pro Pro 115 120 125 Ser n Phe Thr Ser Leu Ala Hi's Met Lou Ala Lys Asn

Asn toprier qig@ag) B8 atelgps da ¢ césﬁptgk & Ser 642ys Val Lou Ser Ser Arg
Lou ﬁsﬁrlsﬂ qys %‘eﬁg% Afgi A%B‘““’Li Gb’er e Gy Lys Asp Ser Asp Ser Ser
Leu@gﬁsl\/ﬁt I\/EthAs 165 170 175 IIeTrAIaAIaGIyTrp.LysAspGIu

G u BEY &S W doVee vé%ﬁpl—ﬂaﬂ,%he ﬁjga °§g0 g% Phef® a Ala Val Gu Thr Val

Lys G nisévet Pro Tyr maau 205 Asn Pro His Pro lle Selr
Pro Nbys, QU Asn Val 210 215 220 Lys Ala Val Met lle
au ke Eﬁsﬁéﬁ scrfif it § 393 8T gt opate 168 900 5007830 038 240 dy Gy Tyr
Phe A% G u Phe Q% Ile VaI Arg0o Asp Val LeaisG n Asn 245 250 255 His Phe

Leu GaacYatt Nalaacog 5 Ua t Pro s Ser 260 265 270 Leu
Asp G£'?ﬁA$wt Hg;gﬂ-b’g é%gﬁh‘gmﬂ@t até%ﬁ £y$eu k%u Lys Ala 275 280 285

Ile Pro Thr Phé®Asp Pro Lys24sp G u Ser 8Ys Tyr lle Leu Ay Gn 290 295 300

Tyr Tﬁrgak.%& fbetig,thgU 2B gt Qg eeEa k36SttPER dah YteTYr 22U Asp Asp Asp
- Lys Glu Thr Phe Giy Cys Glu Gly gzg Gly Gly Tyr Phe Asp Glu Phe

get ato gtt cga gat gtc tig caa aac cac ttt tteg caa gto gtt agt 882
Gly lle ggé Arg Asp Val Leu gég Asn His Phe Leu gén Val Val Ser
0

‘atg ctc goo ate gac cza bcc aag tea ctt gat gagt gat cac ttg cgt 930
Met %gg Ala Met Asp Arg 5;8 Lys Ser Leu Asp Gig Asp His Leu Arg
: 27

gac gaa aaa gta aag gtc ctc aaa gog atc coc acg ttt gac coo aag a78
Asp Glu Lys Val Lys Val Leu Lys Ala lle Pro Thr Phe Asp Pro Lys
280 285 280 285

gac gag tcc aag tac att ctt get caa tac acc aag tot gaa gac ggo 1026
Asp Glu Ser Lys Tyr |le Leu Gly Gln Tyr Thr Lys Ser Glu Asp Gly

300 305 310
agec aag couc ggg tac ctc gat gac gac agt gic gaa aac aag gaa tca 1074
Ser Lys Pro Gly Tyr Leu Asp Asp Asp Ser Val Glu Asn Lys Glu Ser
315 320 325
age acg gec aca ttt goc gaa atg gte ttg ace gtc gac aat gac cga 1122
Arg Thr gég Thr Phe Ala Glu ggg Val Leu Thr Va! gzg Asn Asp Arg

tgg aag ggo gic coc tee atc ctc aag age goe aag got ate gaa gag 1170
Trp ézg Gly VYal Pro Trp éég Leu Lys Ser Ala %Eg Afa lle Glu Glu

gac att tgec cga gtc att gic caa ctc aag cac age gac gat gat gec 1218
Asp lle Cys Arg Val [le Val GIn Leu Lys His Ser Asp Asp Asp Gly
360 365 . 370 375

aac ttt gag tct cte tac aag gac acc aag coc act gog otec gto ttt 1266
Asn Phe Glu Ser %SB Tyr Lys Asp Thr Lyg Pro Thr Ala Leu Vaé Phe
38 39

gaa ctg ttt gag cog aaa aag gtc tac ttt age atc aac tog cga aag 1314
Glu Leu Phe Glu Pro Lys Lys Val Tyr Phe Ser Ife Asn Ser Arg Lys
395 400 405

cca gg6 ttc alt gec geg coo acg cga age aag att atg ctc gac teg 1362
Pro Gly z?g tle Gly Gly Pro Z?g Arg Ser Lys lle %gg Leu Asp Trp

gat acg gaa gaa goc caa aag gaa ggg aaa tog ctt zac cct tag tot 1410
Asp Zgg Glu Glu Ala Gin h§8 Glu Gly Lys Ser keu Asp Pro Tyr Ser
35

gte gtt atc Zga gam gog ott cgt get ceg gaa age aac tit gtz cat 1458
Val Val lle Gly Glu Ala Leu Arg Gly Arg Glu Ser Asn Phe Val Arg
440 ' 445 450 455

gaa gac gaa otc gag gaa tcg tgg aga atc tit acc ccg ttt tig cac 1506
(4)



305
et

e

Ile
Leu
Au
Ay
Asp Hi
Ser
Val
Phe
Pro

310 315 320 Ser Val GQu Asn Lys Qu Ser Arg Thr Gy Thr Phe Ala GQu
Val 325 330 335 Leu Thr Val Asp Asn Asp Arg Trp Lys Ay Val Pro Trp
Leu Lys 340 345 350 Ser Ala Lys Ala lle Gu GQu Asp Ile Cys Arg Val
Val G n Leu 355 360 365 Lys His Ser Asp Asp Asp Ay Asn Phe G u Ser
Lys Asp Thr 370 375 380 Lys Pro Thr Ala Leu Val Phe Qu Leu Phe
ﬁﬁ'&sﬂﬁg’ lieyy §'“\f§f‘ Syyfre AopbleSbpTedho Apdeu Pise Ser |1e Asn Ser Arg Lys Pro
Phe Ile Gy Gy Pro Thr B\rg 405 410 445 ser Lys Ile Met Leu Asp Trp
GaGg Lg ag & % oo tytat d@otaﬂzﬂ 4305%ys Ser Leu Asp Pro Tyr
”“ F? 5 Ggﬁii o r"g” Vu88 440 445 Arg Gu Ser Asn Phe
Asp Glu Leu Gu Gu Ser Tr Arg 450 455 460 |Ile Phe Thr Pro

C.Elr%té ﬁﬁﬁ °t$/ ﬁnpﬁg E{jgcg’ﬂ: r(Kﬁﬁu @g %{g 1 6 aGLys 160465 470 475 480 Pro Thr
yr

Ak@d Tyr Gly Se#ysd n "Phe Lys G u 485 490 495 (6)

Phe Lau Gn 00 505 <210> 14 <211> 24
212%&%6!3:1@5% Ar ta%t?gé?galcgtc%ﬁb &5%3 pri mer 1$Y <400> 14 acagacct gc
ccatat fi®®g agca 24 <210> 15 <211> 25 <212> DNA,

atcgtcaggs totttatgtt tgtttttttc coteattgta togtaaagge aagtagtaaa 1710
aacaaggcgt ttcatgteet gtattcaatt tctcatetcg tcgtcaaaag aaaaaaaaaa 1770
aaa 1713

<210> 13

211> 508

212> PRT '
<213> Cryptococeus uniguttulatus

<400> 13
Tet Ser Ser Thr glu Phe Gln His Glu {ée Lys Asp Gln Cys ?28 lle

Val Val Phe Gly Ala Ser Gly Asp Leu Ala Lys Lys Met Thr Phe Pro
20 25 30
Ser Leu Tyr Gin Leu Phe Ser Leu Asp Leu Leu Pro Lys Arg Thr Lys~
35 40 45
I'le Yal Gly Tyr Ala Arg Ser Lys Met Asp Asn Glu Lys Phe Met Asp
50 55 60

GIn Tyr Val Gly 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 Gin Gly Ala Tyr Asp Glu Asp
85 80 95

Glu Ala Phe %g Lys Leu Glu Lys Asp Leu Gin Glu Thr .:. Asp Lys

105

Glu Met Asp Gly Lys Ala His Arg Val Tyr Tyr Leu Ala Val Pro Pro
115 120 125

Ser Gin Phe Thr Ser Leu Ala His Met Leu Ala Lys Asn Asn Lys Pro
130 135 140

Lys-Asp Gly Asp Lys Ser Lys Val Leu Ser Ser Arg Leu Val lle G
145 150 155 1

Lys Pro Phe Gly %gg Asp Ser Asp Ser Ser Leu Lys Met Met Lys Asp

170 175

Ile Tyr Ala Ala Gly Trp Lys Asp Glu Glu Met Tyr Arg Val Asp His
180 185 190 -

)



<213> Artificial <220> <223> prinmer-12 <400> 15 ggacggcgtc tagatttact
gcaaa 25 <210> 16 <211> 49 <212> DNA <213> Artificial <220> <223>
~primer-13 <400> 16 cgcggatcct aaggaggtta acaatgagta aaatcgttat tgttggagc
49 <210> 17 <211> 27 <212> DNA <213> Artificial <220> <223> priner-14
<400> 17 gcatgcctgc agttatcatt tagcttt 27 <3101818 :231> 37 <212> DNA
<213 ifd ek &b, 220 > LIrer - < > t gt ct agaca cacaggaaac
acat Zi?ﬁ'?séiéa%éi'c”ca“*?%p%s?i@etlﬁg%ﬁg”“ﬂi 2> DNA <213> Artificial
<220> <223> primer-16 <400> 19 agtaagctta tttactgcaa accagccgtg tatccaaac

39 Asn Pro His Pro lle Ser Pro Lys Thr Leu Leu Asn Lys Glu Asn Val
210 215 220

Lys Ala Val Met Ile Glu Leu Lys Glu Thr Phe Gly Cys Glu Gly Arg
225 230 235 240

Gly Gly Tyr Phe Asp Glu Phe Gly 1le Val Arg Asp Val Leu Gln Asn
245 250 255

His Phe Leu GIn Val Yal Ser Met Leu Ala Met Asp Arg Pro Lys Ser
260 265 270

Leu Asp g%g Asp His Leu Arg Asp Glu Lys Val Lys Val Leu Lys Ala

|
280 285

Ile Pro Thr Phe Asp Pro Lys Asp Glu Ser Lys Tyr Ile Leu Gly GlIn
290 . 295 300 .

Tyr Thr Lys Ser Glu Asp Gly Ser Lys Pro Gly Tyr Leu Asp Asp Asp
305 310 315 320

"~ Ser Val Glu Asn Lys Glu Ser Arg Thr Gly Thr Phe Ala Glu Met Val
325 330 335

Leu Thr Val Asp Asn Asp Arg Trp Lys Gly Val Pro Trp Ile Leu Lys
340 345 350

Ser Ata Lys Ala lle Glu Glu Asp [le Cys Arg Val Ite Val GIn Leu
355 360 365

Lys His Ser Asp Asp Asp Gly Asn Phe Glu Ser Leu Tyr Lys Asp Thr

370 375 380
Lys Pro Thr Ala Leu Val Phe Glu Leu Phe Glu Pro Lys Lys Val Tyr
385 390 395 400
Phe Ser |le Asn Ser Arg Lys Pro Gly Phe Ile Gly Gly Pro Thr Arg
: 405 410 415

Ser Lys lle Met Leu Asp Trp Asp Thr Glu Glu Ala Gln Lys Glu Gly
420 425 430

Lys Ser Leu Asp Pro Tyr Ser Val Val lie Gly Glu Ala Leu Arg Gly
_ 435 440 445

. Arg Glu Ser Asn Phe Val Arg Glu Asp Giu Leu Glu Glu Ser Trp Arg
450 455 460

ile Phe Thr Pro Phe Leu His Tyr GIn Glu Glu Asn Lys Gly Pro Lys
465 470 475 480

Pro Thr Pro Tyr Ala Tyr Gly Ser Glu Gly Pro Glu Gln Phe Lys Glu
485 490 495

{6)



(7) <210> 20 <211> 45 <212> DNA <213> Artificial <220> <223> priner-17
<400> 20 aagcogaatt ctaaggaggt taacaatgtc cgaggttccc gtccg 45 <210> 21

£ <211> 34 <212> DNA <213> Artificial <220> <223> priner-18 <400> 21

ttgcgtctag attatcagtg ggcggtgtge ttga 34 <210> 22 <211> 45 <212> DNA
<213> Artificial <220> <223> priner-19 <400> 22 aagcctctag at aaggaggt

t aac t g C A oy} 4 <210> 23 <211> 31 <212> DNA <213>
Arti éﬁgﬁ“;ﬁg%ﬁ &g;a dﬁi%%ﬁf% % <400> 23 ttgcgaagct tttagggaag

cgtgtagcca c 31 <210> 24 <211> 45 <212> DNA <213> Artificial

<210> 14

11> 24

<212> DNA

<213> Artificial

220>
<223> primer-11

<400> 14
acagacctge ccatatgicg agoa 24

210> 15

211> 25

<212> DNA
<213> Artificial

{220>
223> primer-12

<400> 15 .
gegacggcete tagatttact goasaa 25

210> 16

211> 49

<212> DNA

<213> Artificial

<2205
<223> primer-13

<400> 16
cgogeatoct aaggaggtia acaatgagta aaatcgttat tzttggage 49

210> 11

211> 27

<212> DNA

<213> Artificial

{2200
<223> primer-14

<400> 17
geatgectge agttatcati tagottt 27

{210> 18

211> 37

<212> DNA

213> Artificial

<2200
223> primer-15

<400> 18
tgtctagaca cacaggaaac acatatgtce agcacce 37

210> 19
<211> 39
<212> DNA
<213> Artificial .

<220>
223> primer-16

<400> 19 ' .
agtaagcttia tttactgcaa accagecgtg ftatccaaac ) 39

M



<220> <223> prinmer-21
actta 45 <210> 25 <211> 34 <212> DNA <213> Artificial
<400> 25 ttgcgtctag attactacca cggcacggtc ttgc 34
<212> DNA (8) <213> Artificial
<210> 27 <211> 45

S primer-22
<211> 31
ttgcggcatg cttactgcaa accagcecgtg t 31
Artifhel alg <220> <223> priner-24 <400> 27 aagccaagct ttaaggaggt
taacaauggﬁ taaaatcgtt attgt 45 <210> 28 <211> 27

r

Arti 3181 A .<220> <223> primer-25 <400> 28 ttgccaaaat aagtttctca tagettt

{2205
<223> primer-17

<400> 20
aagocgaati ctaaggaget taacaatgte cgagsttcoo gtoeg

2100 21

211> 34

<212> DNA

<213> Artificial

<220>

© <223 primer-18

<4005 21
ttgogtetag attatcagtz ggegetgtoc ttga

LU0 22

<211> 45
<212> DNA
213> Artificial

220>
{223> primer-19

<400> 22
aagectotag ataaggaget taacaatgtc pagcaccgaa titca

<210> 23

<211> 3

<212> DNA
<213> Artificial

<2200
<223> primer-20

<400> 23
ttgogaaget tttagggaag cgtgtageca ¢

<210> 24

211> 45

<212> DNA

213> Artificial

<2200
{223> primer-21

<400> 24
aagceggatc ctaaggaggt taacaatgec cgcagcaaag actta

210> 25

211> 34

<212> DNA

213> Artificial

<2200
<223> primer-22

<400> 25
ttgogtctag attactacca cggoacggtc ttge

<210> 26
<211> 31
<212> DNA

(8)

<400> 24 aagccggatc ctaaggaggt taacaatgtc cgcagcaaag
<220> <223>

<210> 26
<400> 26
<212> DNA <213>

<220> <223> prinmer-23

45

34

45

31

45

34

<212> DNA <213>



. <213> Artificial

<210> 29 <211> 27 <212> DNA <213> Artificial
<400> 29 aaagctatga gaaacttatt ttggcaa 27
<220> <223> pri mer-27

agcttttaat gctg 34 (9)

<213> Artificial

220>
223> primer-23

400> 26
ttgcggcatg cttactgecaa accagocgtg t

<210> 27

<211> 45

<212> DNA

213> Artificial

220>
223> primer-24

<400> 27
aagccaagel ttaaggaget tascaatgag taaaatogit attgt

<210> 28

<2i1> 27

<212> DNA

<213> Artificial

220>
223> primer-25

<400> 28
ttgccaaaat aagtitctca tagettt

<210> 29

211> 27

<212> DNA

£213> Artificial

{2200
<223> primer-26

<400> 29
aaagetatga gaaacttatt ttggcaa

<210> 30
211> 34
<212> DNA
213> Artificial

220>
223> primer-27

<400> 30
ttgogaagot tttatcattt ageittitaat gotg

)

<210> 30 <211> 34

<220> <223> priner-26

<212> DNA

<400> 30 ttgcgaagct tttatcattt

31

45

27

27

34



