SPECI FI CATI ON NOVEL CARBONYL REDUCTASE, GENE CODI NG SAME, AND METHOD
FOR USI NG SUCH REDUCTASE AND GENE 5 TECHNI CAL FI ELD

The present invention relates to an enzynme havi ng carbonyl reduction
activity of reducing a carbonyl conpound asymmetrically to produce an
optically active al cohol 10 (hereafter, such an enzynme is referred to as
a CRD enzyne), a DNA codi ng such an enzyne, a plasm d having such a
DNA, a transformant which is a cel+ transforned with such a

pl asm d, and a production nmethod of an optically active al cohol using
t he enzyne and/or the transforned . resultant optically
active al cohol, for exanple, (S)- 4?§&éCI§?ﬁAﬁ§O§ hydr oxy butyric ester, is
a useful conpound as a raw naterial for the synthesis of nedicines,

agricultural yover @X‘ﬁé‘bﬁﬁtsnm\ﬂé’r | disee coo%fhe saREC

A nunber of CRD enzynes are known (see Yuki Gosel Kagaku, 49 52
(1991) and EuPSING BPEHhBRPUCT3SE ANDGEND Anmong such CRD enzynmnes,
t hose whisch act on 4-hal o acetoacetic ester to produce

(S)-4-hal o-3-hydroxy butyric ester, which 25 are derived from

m cr obes, anaﬁﬁﬁﬂéﬁ——hﬁﬁéii#eported characteristics, are only a
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has been reporsgthmert rgeads yCoth ngridisse t wa tw&‘ﬁcaﬂl}enabﬁﬁ&&‘re alcohdhe
reductig% of haI %cetoacehic ester usin% % % %gnes onl
proceeds ‘at a St at BB SR THLT o TEEETEE as anGRRre

i npracti cal tm.ﬁwmtbeﬂung 68khd4ahakaz¥meydaoyYasmid having such a DNA,
a transformant which is a cell transformed with such a
plasmid, and a production method of an optically active
alcohol using the enzyme and/or the transformed cell. The

15 resultant optically active alcohol, for example, (S)-4-
halo-3-hydroxy butyric ester, is a useful compound as a raw
material for the synthesis of medicines, agricultural
chemicals, and the like.

20 BACKGROUND ART

A number of CRD enzymes are known (see Yuki Gosei

Kagaku, 49, 52 (1991) and Eur. J. Biochem., 184, 1 (1981)).
Among such CRD enzymes, those which act on 4-halo acetoacetic

ester to produce (S)-4-halo-3-hydroxy butyric ester, which

25 are derived from microbes, and which have reported
characteristics, are onlif a Geotrichum candidum derived
enzyme (Enzyme Microb. Technol. (1992), Vol. 14, 731) and

a Candida parapsilosis derived enzyme (Enzyme Microb.
Technol. (1993), Vol. 15, 950). However, no information

30 has been reported on genes coding these two types of enzymes.
The reduction of 4-halo acetoacetic ester using such enzymes

only proceeds at a low substrate concentration. It is

therefore impractical to synthesize (S)-4-halo-3-hydroxy



- 2- butyric ester using such enzynes as catal ysts.

Besi des the above reaction using the two types of enzynes, a nunber of
reactions using mcrobe bodies and the 5 products of such reactions are
known to realize asymetric reduction of 4-halo acetoacetic ester
(Japanese Patent No. 1723728, Japanese Lai d-Open Publication Nos.

6- 209782 and 6-38776, etc.) However, such reactions are not
performed at a high substrate concentratizor, and thus it 10 cannot be
asserted that a practical production nethod has been establi shed.

See, for exargg;te} 3 LAl g&t eqqr:-\é %W%‘E%W"z%a%%a‘i%wﬁwﬁée systemw th an

organi ¢ sol vent apanese met hod using a
rut heniumoptically active phosphi ne conpl ex as a catal yst has al so

been reported 15 (B‘%%&@Eesseché-%.'b%\@%ad%imd %%tln%nthgotwga %}ﬂ)églﬁf

Thi s met hod however has many problens to be sdél ved, such™as the
requi rement ciNZyMESyhapReBBeE ok é@@qmnﬁeys::émgalnacm% Yosties and ghe

expensi e cat@ldfilcts 040such reactloHQdEfet}&?o@rpq\berﬁhi%!@sééf'ﬁﬁétrlc
devel opnment of a practical enzyne has been desired f use in

asymetric redu?%ﬂ%bt?%n46P%%Qxﬁ?ﬁ#®¢0%5hﬁo@ﬁ&e§U&W%Q?Q§%%IBatent

acet oacetic No 1782317918tqaya&;weem&m;ié}ﬁh»hma@tart\i@nahsghob souohsas
(S)-4-halo-3-h drox butyrlc ester. A CRD enzyne re%U|res

a reduction-t fe f&FC- HP@&&ﬁH} seShy RIS, nng
car bonyl coerLS&hmbmﬁed Qat a hide mﬁgﬁgetasbagcanﬁmtmbﬁ bady &ndst he |ike
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for changi ng mnem)esdabedsmnzyseet,crcar exdnpde ,ty peactienaythod using
regenerating t

b d_f, h
group of rege?\r};aé)t P %/e{/rgyg%egﬁ‘%é erh?%%ﬁpl%g’lr?g?gen%d(%apanese patent ¢" 2

No. 2566962). A method using a ruthenium-optically active
phosphine complex as a catalyst has also been reported
15 (Japanese Laid-Open Publication No. 1-211551). This
method however has many problems to be solved, such as the
requirement of a high-pressure reaction vessel and need for

an expensive catalyst.

20 Under the above circumstances, development of a
practical enzyme has been desired for use in asymmetric
reduction of a carbonyl compound such as 4-halo acetoacetic
ester to produce an optically active alcohol such as
(S)-4-halo-3-hydroxy butyric ester.

25
A CRD enzyme requires a reduction-type coenzyme for
reaction. Conventionally, when a carbonyl compound is to
be reduced using a microbe body and the like having a CRD
enzyme, a saccharide such as glucose is added to a reaction
30 system to activate a group of regeneration-system enzymes

for changing an oxidized coenzyme to a reduced type, thereby
regenerating the coenzyme so as to be used for the reduction.

Such a group of regeneration-system enzymes are likely to



- 3- be bl ocked or danmaged by substrates and reduced products.

This has been considered to be one of nmjor reasons why the reduction
proceeds only when the concentration of substrates or products is |ow
It is known that the anobunt of an 5 expensi ve coenzyne used during
reduction can be greatly reduced by conbi ning an enzyne having the
ability of regenerating a coenzyne on which a CRD enzyne depends with
the CRD enzynme during the reaction (Japarsese Patent No. 2566960 and
Enzyme M crob. Technol. (1993), Vol. 15, 10 950, for exanple). 1In this

case, novevery, i{1dSed PUL Kifhageg byt SuNARANE ARNANELRCSAUE SR,

regenerating t%e coenzyne sep € preparatton ogrtt he CRD
enzyme bef or eThis has heenegensiderag baZgnenes ofdaeiior oreps e hoh thest em

15 FQ&ué’E‘i’&%Ebée%ﬁstJ}?l? %ﬁ%%“%hé%%h‘c@%&'rﬁ‘& 1'&%V§f substrategovered

a novel Candi da-genus derived CRD ‘enzyne, and found that an optically
active al cohoPLcBROGBCEST i doM-y It 1spkpgiBedbatorhihe camedmyy| ofomSound

by usi ngst hi Sefhth804y¥MBoenzéfle used durMPord@ddiods EHAL AN RREAF | Y
active al cohol can be efficiently produced by using a transforned

cel | coﬁ?ﬁ?ﬁ?ﬁgbggﬁﬁ%@%ﬁl%ﬁ Ay yRBZHRG RAY aﬁpﬁt%b%ﬁlty of

regenerating @egéﬁéﬁé{f@né% cQ)enz%mgé WO idPhyde Ry estesEnd ¥ Pends with
concurrently. hus, the present |nv§pt|on to be descri bed

in the §B€C|QRQxﬂﬁn&ﬁ“EhndHH&§ﬁta§€8us¥?a5F59?d anRgte cRBtEMyne,

\%DNQ codi ng fnbl szsez?m agdpi_i‘.ﬂ‘ﬁ'g‘lné m\tm@ t(kjneﬁzgnlamo - 2(109193) tvgoansflcg Jmant
ich is_.a ce nsf or me t asmni and ,a producti

net hod gP an 8BPVC %E?P%%$a {%;?ﬁfe ROWeYRF aidv S ﬁfﬁﬁ%%ﬁﬂvor

t ransforned cebl prepare an [&rﬁﬁh@%ﬁeﬁdﬁ: Ire4ld ¥t ing the coenzyme

separately from the preparation of the CRD enzyme before

the regenerating enzyme is added to a reaction system.

15 The Inventors of the present application have
discovered a novel Candida-genus derived CRD enzyme, and
found that an optically active alcohol can be efficiently
produced from a carbonyl compound by using this CRD enzyme.

20 Also found is that an optically active alcohol can
be efficiently produced by using a transformed cell
containing a gene of an enzyme having the ability of
regenerating a coenzyme (e.g., a glucose dehydrogenase gene)
concurrently.

25 _

Thus, the present‘ invention to be described in the
specification can advantageously provide a novel CRD enzyme,
a DNA coding this enzyme, a plasmid having this DNA, a
transformant which is a cell trénsformed with this plasmid,

30 and a production method of an optically active alcohol using

the above enzyme and/or transformed cell.

DISCLOSURE OF THE INVENTION




-4- The carbonyl reductase according to the present

i nvention has physical and chem cal properties (1) to (4) of: 5

(1) action: acting on ethyl 4-chloroacetoacetate using NADPH
as a coenzyne to produce et hyl (S)-4-chloro- 3-

hydr oxybut yr at e; (2) substrate specificity: 10

exhibiting a strong activity to ethyl 4- chl or oacet oacet at e
whi |l e exhibiting substantially no -act4vity to ethyl acetoacetate;
(3) optimal pH: 5.5 to 6.5; and (4) action optinma
tenperature: 50[err]C to 55[err]C. 15 I n one enbodi nent, the
carbonyl reductase has addi tional physical and chem cal propertles
(5) to (7) of: The carbppylhggduqtasng i3§CoRetng sPabbe BFass dbout
40[err] C invBaniphogesselly i cat dn8 EWEmBOali pbesit28s (1) to (4) (6)
i nhi bitor: belng i nhi bited by mercury ions and qguercetin; and

(7) nol ecul ar fwelght about 76, 000 by gel filtration anal ysis
and abous 32,000 by SDB)patygenyl am de el ectrophoresi s analysis. 25

The carbonyl reductase according. t h resent fnventio an
ani no acid sequence of€ %E’Qgﬂﬂ ﬁl%qgo#'(?}h °r°acet%%ﬁﬁgﬂt8 45419 ﬂﬁggﬁa’fh
am no acid sequenceoemilhn@ne afo progecer al abhpd aci(ds) -beiaiglaed e3-ed,

substi t ut ed, o d%oge% % |n the am no acid sequence of SEQ ID NO 1 of
t he Sequence ¥ PRV RGeSy part of the am no acid sequences of SEQ ID
NG 1 of the Seqﬂemceubs$thmg,S@nwﬂfmdﬂQyzw1activity of reducing

ethyl 4qehl oroacetoacglalig;a3)gmetd | Cakk¥n® MAMAGLIWE  ethyl  4-

chloroacetoacetate while exhibiting substantially no
activity to ethyl acetoacetate;
(3) optimal pH: 5.5 to 6.5; and
(4) action optimal temperature: 50°C to 55°C.
15
In one embodiment, the carbonyl reductase has
additional physical and chemical properties (5) to (7) of:
(5) heat stability: being stable up to about 40°C
when processed at pH 7.0 for 30 minutes:
20 (6) inhibitor: being inhibited by mercury ions and
guercetin; and
(7) molecular weight: about 76,000 by gel
filtration analysis and about 32,000 by SDS polyacrylamide
electrophoresis analysis.
25
The carbonyl redﬁctase according to the present
invention has an amino acid sequence of SEQ ID NO:1 of the
Sequence Listing or an amino acid sequence with one or
several amino acids being deleted, substituted, or added
30 in the amino acid sequence of SEQ ID NO:1 of the Seguence
Listing, or part of the amino acid sequences of SEQ ID NO:1
of the Sequence Listing, and having an activity of reducing

ethyl 4-chloroacetocacetate asymmetrically to produce ethyl



- 5- (S)-4-chl oro-3-hydroxybutyrate. I n one enbodi nent,
the enzyne is obtained froma m crobe belonging to genus Candida.
In a preferred 5 enbodi ment, the enzynme is obtained from Candi da

magnol i ae. In a nore preferred enbodi nent, the enzyne is obtained
from Candi da nmagnol i ae | FO 0705. The DNA according to
the present invention codes for 10 t he above enzyne. In one

enbodi nent, the DNA has a nucl eot isle- sequence of SEQ ID NO 2 of the
Sequence Listing. The plasm d according to the present

i nvention has(s) 4-chi®rabovey BNA$8a¥eRGER .| N One embodi nent, the plasm d
is 15 pPNTSL1. The transfornmed cell according to the

pr esent invention is a transformant which is a cell transfornmed with
the above plasmid. |nonenendpsbaenéntt henkr @m&fyﬁl@rr&@ oBltlai?@d frchm &
coli. In a preferred %ybodlnent the transforned c is E. col]
HB101( pNTS1) . Microbe elongingrhd 9| 4ERUF a€€'6ﬁaffﬁg toIPhea prgEdfrred

i nventi op haSembodlm@n@NAtH‘@@rQ@Tﬁé)rls'iﬂbftﬁlh% bazymrtgaza@m&tmagﬁaaﬁe 25
asynnetrlcall reducin Ioroagetoacetate

ch
LTS Th chpes 555 e Eh it na s aa SRRt LRRS Sn¥vhe 3§ ant pepBaERES, e

havi ng an abi tehy 6k megaegraki IF0a0705. coenzyne on which the enzyme

‘depends (e.g., glucose dehydr ogenase). 30 I n one

enbodi ment, the glucose dehydrogenase is derived from Bacillus

megat eri um In a ThedMNd aedording eolidd peatent hevErdsinm codesNI&SE G
10 the above enzyme. In one embodiment, the DNA has a

nucleotide sequence of SEQ ID NO:2 of the Sequence Listing.

The plasmid according to the present invention has
the above DNA sequence. In one embodiment, the plasmid is
15 PNTS1.

The transformed cell according to the present
invention is a transformant which is a cell transformed with
the above plasmid. In one embodiment, the transformed cell

20 is E.coli. 1In a preferred embodiment, the transformed cell
is F.coli HB1O1l(pNTS1l).

The plasmid according to the present invention has
a DNA coding for an enzyme having an activity of
25 asymmetrically reducing. ethyl 4-chlorocacetoacetate to
produce ethyl (S)—4-chléro-3—hydroxybutyrate and a DNA
coding for an enzyme having an ability of regenerating a
coenzyme on which the enzyme depends (e.g., glucose
dehydrogenase).
30

In one embodiment, the glucose dehydrogenase is
derived from PBRacillus megaterium. In a preferred
embodiment, the plasmid is pNTS1G.



- 6- The transformed cell according to the present

invention is a transformant which is a cell transfornmed with t he above
plasmd. 5 I n one enbodi nent, the transfornmed cell is E. coli
In a preferred enbodi ment, the transforned cell is E. col

HB101( pNTS1) . 10 The transfornmed cell according to the present
invention is a transformant which is a cell transfornmed with a first

pl asm d having a DNA codi ng for an enzyms havi ng an activity of
asymmetrically reducing ethyl 4- chl oroacet oacetate to produce
ethyl (S)-4-chloro-3- 15 hydr oxybutyrate, and a second plasm d having a
DNA codi ng an enzyne having an ability of regenerating a coenzyne on

whi ch the enzynme depeifs FEagsfogmgoseebhpficsgdiiase)to the present |p
one enbodi rrertl’.nvémleldr[ a_@55 UERS fethan € whidh is d £ o ML ERikS @

cell transforpmed W%t sm d_pNTS1 and a plasm d having a DNA codi ng
for glucose d smld derived from Bacillus nmnegaterium I n
a prefesred errbodl ment, the transforned cell is E. coli. 25

The production netho rog an o tlcall§ active 3-hydroxy
butyric ester accor dldlrﬂg § ERac % © LIPRSEATTRA FHt} ddfed -9 it eps
of : reacting Imta ra:eimd embodnkm&rytfj ctins ttefariif divad R 1AV iiRg 2Akaact | Vity
of asynnetr|0ﬁéid NT Leducing a 3-oxo-butyric ester to produce an
optically 30 f% %} ydroxy-butyric ester or a culture of a m crobe
havi ng an ab|I|ty of producing the enzyme or a processed product of

the culigre; and har [ d ical l : act |
3- hydr oxy- butyrl c es;‘lg?é 'Eg'a?xs% %‘é%e cg_rﬂ acc&lrdlng to the present

invention is a transformant which is a cell transformed with
a first plasmid having a DNA coding for an enzyme having
an activity of asymmetrically reducing ethyl 4-
chloroacetoacetate to produce ethyl (S)-4-chloro-3-
15 hydroxybutyrate, and a second plasmid having a DNA coding
an enzyme having an ability of regenerating a coenzyme on

which the enzyme depends (e.g., glucose dehydrogenase).

In one embodiment, the transformed cell is a

20 transformant which is a cell transformed with plasmid pNTS1

and a plasmid having a DNA coding for glucose dehydrogenase

derived from Bacillus megaterium. In a preferred
embodiment, the transformed cell is £. coli.

25 The production mej:hod for producing an optically
active 3-hydroxy butyric ester according to the present
invention includes the steps of: reacting with a 3-oxo-
butyric ester an enzyme having an activity of asymmetrically
reducing a 3—oxo—butyric ester to produce an optically

30 active 3-hydroxy-butyric ester or a culture of a microbe
having an ability of producing the enzyme or a processed
product of the culture; and harvesting a produced optically
active 3-hydroxy-butyric ester.



-7- The production nethod for producing an optically

active 3-hydroxy butyric ester according to the present i nvention

i ncludes the steps of: reacting a transformant 5 which is a cel
transforned with a plasm d having a DNA codi ng for an enzyme having an
activity of asymetrically reducing a 3-oxo-butyric ester to produce
an optically active 3- hydr oxy-butyric ester with a 3-o0xo-butyric
ester; and harvesting a produced optically active 3-hydroxy-butyric 10
ester. The production nmethod for producing an optically
active al cohol according to the present invention includes the steps
of: reacting with a carbonyl conpound a 15 transformant which is _a cel
transformed with a plHEgrirroductioppaghadDRArcBEPAYCLBE 8R EREyREIHAVI ng

an activity ofctive 3a3YAPBLKY baklYileUCi Y AcSHFRMY! t50FRRURG Ll ar oduce
an optically active alctohol "and a DNA codi ng an enzyme havi ng

an ability ofifegehbetingladeseh2gntterswritch TeRETAATy e tXONSEogE I dS;
and har vest i nghacRriackieed 10ptd ¢of b¥maatiMe, aliehiid having a DNA codinq:e

production nmethod of an optically active al cohol according to the
present inventPbN REFYBESPARENG Bdp@cHLvity of g gt et hy ée%é%%d\@l

Cf)rmougdha transtexouphthiehektezd to pré@htet sANEHOLARUIY Hatavid 5t
prasm avi

DNA codi n for .an enzynme hayling an actjvity of
hsymmet ri cal | JYREGHET RELYELC SSYaR bUAT cOmpoRT OF rafuces BAE optatd | y
active al cohoharvestingdaapsedaasddpbasiict 1Ny gty idreDNAhg@tioxy -fart i enzyme
havi ng 10 an gbility of regenerating a coenzyne on which the enzyne 30
depends; "and ﬁﬁFVESting a produced optically active al cohol.
I n one enbodi nent, the carbonyl compound is a 3-

The production method for producing an optically

active alcohol according to the present invention includes

the steps of: reacting with a carbonyl compound a

15 transformant which is a cell transformed with a plasmid
having a DNA coding for an enzyme having an activity of
asymmetrically reducing a carbonyl compound to produce an
optically active alcohol and a DNA coding an enzyme having

an ability of regenerating a coenzyme on which the enzyme

20 depends; and harvesting a produced optically active alcohol.

The production method of an optically active alcohol
according to the present invention includes the steps of:
reacting with a carbonyl compound a transformant which is

25 a cell transformed with a first plasmid having a DNA coding
for an enzyme having an ac‘tivity of asymmetrically reducing
a carbonyl compound to produce an optically active alcohol
and a second plasmid having a DNA coding for an enzyme having
an ability of regenerating a coenzyme on which the enzyme

30 depends: and harvesting a produced optically active alcohol.

In one embodiment, the carbonyl compound is a 3-

oxo-butyric ester represented by a general formula:



ox0-butyric ester represented by a general formula:

-8- [err] and the resultant optically active alcohol is an
optically 5 active 3-hydroxy-butyric ester represented by a general
formula: [err] 10 In a preferred enbodi nent, in the above
gener al formul ae, R err] and R err] are independently hal ogen, azide,
benzyl am no, or hydrogen, one of Rlerr] and R err] being hydrogen,
and Rlerr] is a substituted or nomSubstituted al kyl group or aryl 15
group. In a nore preferred enbodi nent, in the above general
formul ae, Rlerr] is chlorine, ELereris hydrogen, and Rlerr] is ethyl. 20
In a preferred enbodi nent, in e GoiRal formul ae, R err] and
Rlerr] are independently an al kyl group, a hydr oxyl group, or

hydr ogen, one of R err] and R err] beimg hydr ogen, and Rlerr] is a

substituted o ngqﬂ;Sg%%%@%%%ﬁf?%kE%EﬁQEQ%%tRQe alco Exli§Q§¥§¥ﬁé%§&l

In a nore preferre i-n tThé-“above gener , ﬁ{err]
is a hydboxyl agtbup, 3RhedrPxisbhysrdigersstaand Rprejented by aetdeypleral
formula:
OH
R, COOR,
10 Rz

In a preferred embodiment, in the above general
formulae, R; and R; are independently halogen, azide, benzyl
amino, or hydrogen, one of R; and R, being hydrogen, and R,
is a substituted or non-substituted alkyl group or aryl

15 group.

In a more preferred embodiment, in the above general

formulae, R; is chlorine, R, is hydrogen, and R; is ethyl.

20 In a preferred embodiment, in the above general
formulae, R; and R, are independently an alkyl group, a
hydroxyl group, or hydrogen, one of R; and R, being hydrogen,

and R; is a substituted or non-substituted alkyl group or

aryl group.
25
In a more preferrea embodiment, in the above general
formulae, R; is a hydroxyl group, R, is hydrogen, and R; is
ethyl.
30 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a view showing a base sequence and an
estimated amino acid sequence.



30 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a view

showi ng a base sequence and an estimated am no aci d sequence.

-9- Figure 2 is aviewillustrating a nethod f or
constructing a reconbi nant plasm d pNTS1G BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON 5 Hereinafter, the present invention wll
be described in further detail. (Purification of CRD enzyne)
The organi smused as a source of the CRD 2nzyne 10 according to the
present invention is not specifically restricted, but can be a yeast

of the genus Candida, Fi?ﬁre 2 i€XaPigew AN BSPECIBINY B ah&FRO4 e @Dl e
is Candida magnol'i ae | FO 0705, which is a mcrobe originally

deposi t ed Con\ﬁn'tFHCtlB@nPr RECHAPAERt RIGSMiGANTRAG cul t ur es (CBS; 15
Oosterstraat 1, Postbus 273, NL-3740 AG Baarn, Netherl ands) under the

nunber CBS166, _and_ of which i sol ation _and haracteristics are
descr i bed in BEsd oDE Fok: cakRying buY ‘rue nEMAEAN' 0% 1054y pp. 731,
The nicrébe capabl e oHereinaffesducitite t hereseyhe acventing t witlle present
i nvention can d%% rn,bl%?l q% %u‘ﬁ‘tlh%xStcf qjteﬁ r a mutant strain. Alternatively,
a

m crobe derived genéti ¢ techni que such as cell fusion or
genetic mani puI ati on may aI so be used For exanpl e, a m cr obe derived
by genetic mam rh%bgf enzyme according to the
pr esent |nvent|on can tai ne 25 by a nmethod including the steps of:

i sol ating and/ or Th&uﬂlﬁyﬁnﬁgmst}tﬂﬁ%na%nilyﬁﬁuﬂ@edé’tfertrhen@gfifhr%n%ﬁ’m%ll | of
the 10 @M NQRHAE LIS NERe O AR AN ZYBen DRI ALNG A %éﬁﬂi‘@&fﬁy
of a DNA coding for the enzyne based on the obtai ned am no aci d

sequence; i nt FRAfGIFathe hBNIAqam Part¥ras ki ef obke1genus Candida, for

example. An especially preferable example is Candida
magnolige 1F0 0705, which is a microbe originally deposited
with Centraalbureau voor Schimmelcultures (CBS;
15 Oosterstraat 1, Postbus 273, NL-3740 AG Baarn, Netherlands)
under the number CBS166, and of which isolation and
characteristics are described in "The Yeasts, a Taxonomic
Study, 3rd ed. (1984) pp. 731. The microbe capable of
producing the enzyme according to the present invention can
20 be of a wild étrain or a mutant strain. Alternatively, a
microbe derived by a genetic technigue such as cell fusion
or genetic manipulation may also be used. For example, a
microbe derived by genetic manipulation which produces the
enzyme according to the present invention can be obtained
25 by a method including the steps of: isolating and/or
purifying such an enzyme'.to determine part or all of the
amino acid sequence of the enzyme: obtaining a DNA sequence
of a DNA coding for the enzyme based on the obtained amino
acid sequence; introducing the DNA into another microbe to
30 obtain a recombinant microbe; and culturing the recombinant
microbe to obtain the enzyme according to the present
invention.



30 obtain a reconbi nant m crobe; and culturing the reconbi nant

m crobe to obtain the enzyne according to the present i nventi on.

- 10 - The nmedium for culturing a mcrobe for obtaining the

enzynme according to the present invention (or an m crobe used in the

production nmethod of (S)-4-hal o-3-hydroxy butyric ester according to

the present invention) is not 5 especially restricted as long as it can

grow t he m crobe. For exanple, a notfml liquid nutritious medi um

cont ai ni ng a carbon source, a nitrogen source,. an inorganic salt, an

organic nutrient, andiidimeliikm fay dﬂﬁtmdlg a mi&robe forlobt-a’igllrf% ?h@be

culture" as us herein ans a,dliquid culture

cont ai ni ng thegﬁwgrd%%c%%ﬁ aﬁﬁn{he PrEF?Btp%8¥8§§éan {BHUBR" MyEEREe

product obt aiueedbyin the eriodacttiiom amdthodi fdﬁla(S¢n4aﬁaﬂies?l‘-h?taﬁoh9| ow,

for exanpl e. . An nz traction rification

net hod ™ R%%ﬁ%}?yeig%ﬁ %9°?ﬁ§%8¥g59|§§8 PﬁeFﬁBta%PVSE 188 ud&qPPsr

extractihg andspecidylygresteicyed &sabondeas dstuldamnigrow theﬁmhbubae. For

exanple, the I tr g SeRarate jout the m.c

bodirrgs, and tﬂgyrée%%ﬁ%%%t Carenr}‘crﬂérLaLi glgl&u%dbc%ltgg‘ roélssﬁ‘sgéﬁﬁ‘eﬁopﬁaéﬁmg

appropri at e bafé¢aybon Hrpurger (ﬂamltrogemcamns:en anhd norgaeisi Galarean

destroyed or gféégigegugyig £ ilRQyﬁhg %etgggahque such as using
o

gl ass beads or I oC enlcaF tech ue's as using an enzyne.

Solids in the solution are then reaned by centrifugation, to obtain
25 agpudeenzymesol pitd Oﬂ'rlcr@bteeéﬁil‘i:h)fgl“ ﬁs éggﬁ%‘éﬂ%?aéx% 2 icrop@ ution
can be obtained_fromthe culture by a purification simlar to

that descri beB°8¥o%%.2 liguid culture QQRiéﬁﬂARE(ﬁhﬁﬁ@hﬂiﬁ¢ﬁ9b§@WUtaad can
be further 30vitspustddeskdy Yidihdt MeLaRHhsN0h b yatsed BdiRse skl |1 ed

extraction and purification as described below, for example.

15 An enzyme extraction and purification method
normally used by those skilled in the art can be used for
extracting and purifying an enzyme from the resultant
culture. For example, the culture is centrifuged to
separate out the microbe bodies, and the resultant microbe

20 bodies are suspended in an appropriate buffer. The microbe
bodies in the suspension are destroyed or dissolved by use
of a physical technique such as using glass beads or a
biochemical technique such as using an enzyme. Solids in
the solution are then removed by centrifugation, to obtain

25 a crude enzyme solution. Alternatively, such a crude enzyme

. solution can be obtained ffom the culture by a purification
method similar to that described above.

The above crude enzyme solution can be further

30 purified by using a method normally used by those skilled
in the art, such as ammonium sulfate precipitation, dialysis,

and chromatography, alone or in combination. As for the

chromatography, various types of chromatography, such as



in the art, such as armmmoni um sul f at e precipitation, dialysis, and

chromat ography, alone or in conbination. As for the chr omat ogr aphy,
vari ous types of chronmatography, such as hydr ophobi c

chr omat ogr aphy, ion exchange chromat ogr aphy, (e.g., DEAE Sepharose),
and gel filtration, can be used al one or in conbination, to obtain the
enzyne according to the present invention. 5 For exanpl e,
a CRD enzyne can be isolated from - andi da nmagnoliae | FO 0705 in the
fol l owi ng nmanner. First, the above yeast is cultured in an
appropriate %dromlmcﬁf&nﬂ&éﬁéﬁhfodwﬁ é‘i&@h&ﬂbéeé}ﬁﬁgméfe&éﬁﬁy,

resul t ant culture by centrifu I on m crobe bodies are

destroyed by b WEFE@W%&%}eé“@ﬁ@yﬁélwpft}onf'cﬁ'an be used gApre, and
centrifuged tor raimysneaidt 4eP! i So aPtaNHSthe enzPRbabBcdraehh- tbeehe

extract. The cell-free extract is then 15 subjected to a processing,
such as salt iPREIRAL fveption. ammoni um sul fate precipitation and sodi um
phosphat® precipitation), sol vent precipitation (a protein

fractionation preC|p|tat|on nme hod using acetone,

T hey el yai o ool il { SRamBhe | an e R EEne C brfmP Dot S La ke B nEra aphy
such as a reveaﬁai@ha@egﬁbmaat pgoapmas aAdthe follbWidk kiahakiran, al one or

in conbination, to purify the enzyme. The CRD enzyne activity can be
determ ned by measuring a reduction in the absorption at 340 nm at
30[err]C, for aihddt nivhehalsphatyedatf fercyiptthited)invan hpbropretahe 25

the enziae adlsd Cherai PisEeR e Bbdser el Soadacret e fgm the EREIRA ST
0.2 nM et hyl au&huneoabftoa@mtaiﬁuaetlon a1§ubsumwunpbﬁujHbdibsﬂwamePH as
o ST U RRRE 8 pns B MR EIRLADVEBELIS) ot o
enzymatic exappipyi apd centrifuged to remove cell debris and thus
obtain a cell~-free extract. The cell-free extract is then
15 subjected to a processing, such as salting-out (e.g.,
ammonium sulfate precipitation and sodium phosphate
precipitation}, solvent precipitation (a protein
fractionation precipitation method using acetone, ethanol,
or the 1like), dialysis, gel filtration, ion exchange, column
20 chromatography such as a reverse phase chromatography, and
ultrafiltration, alone or in combination, to purify the
enzyme. The CRD enzyme activity can be determined by
measuring a reduction in the absorption at 340 nm at 30°C,
for a 100 mM phosphate buffer (pH 6.5) with 1 mM ethyl
25 4-chloroacetoacetate as a substrate, 0.1 mM NADPH as a
coenzyme, and the enzyme ad‘.ded thereto, ora 200 mMphosphate
buffer (pH 7.0) with 0.2 mM ethyl 4-chloroacetoacetate as
a substrate and 0.32 mM NADPH as a coenzyme added thereto.
Under these reaction conditions, oxidation of 1 umol NADPH
30 into NADP in one minute is defined as one unit of enzymatic
activity.

The expression that an enzyme is “"stable" as used



The expression that an enzyne is "stable" as used

- 12 - herein nmeans that after being processed at pH 7.0 at 40[err]C
for 30 m nutes the enzyne sustains an activity of 90% or nore of that
before the processing. 5 The nol ecul ar wei ght of the enzynme is
measur ed by gel filtration using a colum TSK-G3000SW ([err]0.75 x 60
cm manuf act ured by Tosoh Corporation). As an eluent, a 0.1M
phosphate buffer (pH 7.0) containing O-1M2Na[err]SJerr] and 0.05%

NaN3 is used. The nol ecul ar wei ght of a subunit is determ ned 10
performng el hQk S h, P2 s RQl d

reduci ng cond?’%?:%%g x? Ect?zgﬁﬁrc %Qe{\/qf\slg)é R %{ESEXLQ%a%%O%I:{Ihanoe% and

cal cul ating f £68m PﬂemFBPéﬁﬁvéhﬁDBPF‘W sustaigs &ns@gtd¥idyprdt &% or 15

For exanpl e, @o€BDogNENER BatbRg ahedMredditg. sequence of SEQ ID
NO 1 according to the present invention has physi cal and chem cal
properties (1) to (4) of: (1) action: 20 acting
on et hyl 54-chl or oacet pa&ehel 8cushigwBABRY as the enﬂyme cmnﬂeﬁmlredttq

pr oduce et hyl éS) 4- chl or o- 3- '{Yﬁ but

(2) subst rate9§|3‘e§fL11 Eptyon using a columpy "é (419[ rlohg® &bt t

y
to ethyl 4- mdhufacthredodgetroaoat &bﬁpo\ﬂalth.en)eth.blam nsgluesmbstaarmml y
no activit Q.et acet ogcet Otl?Bd 5
to 6.5; and lhosépthate g&ff ;Eﬁ 2 aépFo%?lP%ﬂBer anrﬁrbiea Qt‘)[%rl1 c{)‘tl’_é
55[err]C 3MaN; is used. Imhauneleabmdrn@rJIghtt b£ acsartiuonmiyt 1sei:hmizamdsmvi ng
the 1o by performing electrophoresis with 10% SDS-polyacrylamide
gel under reducing conditions (reductant: 2 V/V% 2-

.5

mercaptoethanol) and calculating from the relative mobility

of a standard protein.

15 For example, a CRD enzyme having an amino acid
sequence of SEQ ID NO:1 according to the present invention
has physical and chemical properties (1) to (4) of:

(1) action:

20 acting on ethyl 4-chloroacetoacetate using NADPH as
a coenzyme to produce ethyl (S)-4-chloro-3-
hydroxybutyrate;

(2) substrate specificity:
exhibiting @& strong activity to ethyl 4-
25 chloroacetoacetate while exhibiting substantially no
activity to ethyl acetoaéetate;
(3) optimal pH: 5.5 to 6.5; and
(4) action optimal temperature: 50°C to 55°C.

30 In one embodiment, the carbonyl reductase having the
amino acid sequence of SEQ ID NO:1 according to the present
invention has additional physical and chemical properties
(5) to (7) of:



am no acid sequence of SEQ ID NO 1 according to the present i nvention
has additional physical and chem cal properties (5) to (7) of:

- 13 - (5) heat stability: being stable up to about

40[err] C when processed at pH 7.0 for 30 m nutes; (6)
inhibitor: being inhibited by nercury ions and 5 guercetin; and

(7) nol ecul ar wei ght: about 76, 000 in gel filtration analysis
and about 32,000 in SDS pol yacryl am de- 13 - el ectrophoresis anal ysis. 10
An enzyme having substantially identical properties as the enzyne
according to the present invention may be a natural enzynme or a
reconbi nant enzyne. For exa reconbi nant enzynme can be qgptained
in the fol l owi ng nanne?) hea Stﬁ%1%h¥$b heingostabierad EidkPei4 G n the
am no acid 15whenspguce§§eafaanpﬁnszEfde{Bweﬁlth@sCandlda nagnollae | FO

0705 are substituted, l ete nser o_.a roduce e

r econbi nant enzyne, aﬁ%?tﬁ%th%§ %FFEFtﬁn?% £ #Qﬁpmercuryhﬁﬂgﬂ 20
(Preparasi on qﬁesyéthﬁtlandl|gonucleot|de pr obe) The purlfied
CRD enzyne obt ai ned

QVe, fenne . 1.8 _denat ur (e. w t.h 8M
urea), and then digespé %??ﬁcu ar eﬂﬁbﬁgﬁfiagggg(e?%g1&€95y1fh gel
endopept i dase¥ilt¥htiam awakygsils and atsrguécO00f inEDS eollytaamty lpapitdede
fragnent is dg&g&q&§§ﬁ0§2815 Q% §g§g met hod. A DNA probe is synthesized

a

based on the m ned am cid sequence. Such a probe can be
| abel ed with [err]P, for exanple. (Creation of gene library)
10 An enzyme having substantially identical properties

as the enzyme according to the present invention may be a
natural enzyme or a recombinant enzyme. For example, a
recombinant enzyme can be obtained in the following manner:
One amino acid or several amino acids in the amino acid
15 sequence of an enzyme derived from Candida magnoliae IFO
0705 are substituted, deleted, inserted, or added to produce

the recombinant enzyme, and the enzyme activity thereof is
measured.

20 (Preparation of synthetic oligonucleotide probe)

The purified CRD enzyme obtained in the above manner
is denatured (e.g., with 8M urea), and then digested with
endopeptidase (e.g., lysyl endopeptidase). The amino acid
sequence of the resultant peptide fragment is determined

25 by Edman method. A DNA probe is synthesized based on the
determined amino acid seqﬁence. Such a probe can.be labeled
with *?P, for example.

(Creation of gene library)

30 A chromosomal DNA of a microbe producing the CRD
enzyme according to the present invention or c¢DNA thereof
is partially digested with an appropriate restriction enzyme,

e.g., Sau3AI. A DNA fragment having an appropriate size



30 A chronosonmal DNA of a m crobe producing the CRD enzynmne
according to the present invention or cDNA thereof is partially
digested with an appropriate restriction enzyne, e.g., Sau3Al. A DNA
fragment having an appropriate size

- 14 - (e.g., 23 kb to 20 kb) of the digested product is inserted
into a conpatible restriction enzyne site of a phage vector. The
resul tant reconbi nant phage vector is patkaged in vitro and t hen
allows E. coli to be infected therewith, to create 5 a gene library.
(Coning of CRD, &nzw @8RS Lhomngens JchQr@idésted product is Ih@ertea

t hus-created gene library can be screened f enzy ene by a
pl aque hybri di®5® |ao?|°%%¥|b)alﬁsq%tll¥)ctlora e[“@l’!Ff]ePS’rE%éﬂlfeE @Wﬂ%é’ﬁ‘%

probe (Sciencepe %ul]t%(ﬁt( %gzz)nblnant thBS PSS Q4UBAERa gRE! ¥ v 1o t he

resul tant DNA can be det er m ned deoxy sequenci ng net hod, a
di deoxy chaj nanrd the“c BAAOHEL Foncoﬁét%a’e 1Bﬁecf¢ﬁ§ thexewith, §R FreddGuence
det er m ngti ona géne bebraeyformed using ABI  PRISM Dye 15 Ter m nat or

Cycl e Sequenci ng Ready React i on Ki t (manuf actured by Perkin
El mer) and ABI 373A DNA Sequencer (manuf actured by Applied
Bi osystens). (Cloning of CRDhentgmel Tg@lmre Bhsiémf rg&gumrltlbcmlrybe anplified by a

PCR net hod or t ellke and ct ge lb Const;teru%tlone&f
reconbi nant plasmid i TR e ?réne 1OLdehGan be screened IRy
enzyme gene -1 'CRDredzumel gehe ayhastplmqmreohqbrldlzaan@nemmdzsm ein

using a;gect of, BALAS SUCh: £ L EELSNRR roneP N s e VGIOT L NR pM, e Used

as Iong as it canh express enzyhe gené Wit hi‘n”an ‘appropriate
host m crobe. The basExamegiuenad snahyalseotforttm\lﬂmswltmket aDRRasyand bveect or,

a Phage JeetRl nely & LOMULLY Sl fien A bhB/CE! RadbkoWillln

for gene exchange between stra S may be use
vect or DNA nayemav.aagiesnt Wtﬂtfm@nenprsucﬂh&as bilpe onot ePuch  sequence

determination can be performed using ABI PRISM Dye
15 Terminator Cycle Sequencing Ready Reaction Kit
{manufactured by Perkin Elmer) and ABI 373A DNA Sequencer
(manufactured by Applied Biosystems).
The resultant DNA fragment can be amplified by a PCR
mathod or the like and cloned.
20
(Construction of recombinant plasmid including CRD enzyme
gene)
A CRD enzyme gene is introduced into a host microbe
and expressed therein using a vector DNA. As such a vector
25 DNA, any vector DNA can be used as long as it can express
the CRD enzyme gene within an appropriate host microbe.
Examples of such a vector DNA include a plasmid vector, a
phage vector, and a cosmid vector. A shuttlevector allowing
for gene exchange between different host strains may be used.
30 Such a vector DNA may have a control element such as a promoter
(e.g., lacUV5 promoter, trp promoter, trc promoter, tac
promoter, 1lpp promoter, tufB promoter, recA promoter, and

pL promoter) and an enhancer element operably linked thereto.



(e.g., lacUvs pronoter, trp pronoter, trc pronoter, tac

pronot er,

| pp pronoter, tufB pronoter, recA pronoter, and pL pronoter) and an

enhancer el enent operably |inked thereto.

- 15 - For exanpl e, pUCNT (WXX4/03613) and the |ike may be

preferably used. The plasnm d pUCNT is preferable since it
insertion sites such as Ndel and EcoRl downstream of
(Construction of reconbinant plasm d incligdi-ng both CRD

| i kemaybeused. Preferab y gl ucosedehydr ogenasei sused.
speci fical |y, 2alBScPFPEet ﬁﬁgaterlun1der|ved gl ucose 15
(hereinatter, abbreviated as GDH) is used.

d
navi ng bot h t F8°BRETEnS)ma N dEhe i b Vet bends ] °°0

gene- or 13 recgggpgﬁg%hp:ﬁi gﬁo Cel?%gmgtgFIh§ﬂ§¥P§ enas

gene can be |ntro a con

has

a lac pronoter. 5
enzyne gene
and gene of enzynme having ability of regenerating coenzyme on which

the CRD enzynmpodengadiie, PUCNT, (woéa/@@a@s 8381 thd NeirbI Ihdy e
regenerating a 10 coenzy drogenase, formate dehydrogenase

al cohol PH@ﬁ?HPBbErf&%%d Té}%é’lﬂlﬁfénld @@Wgr d§ePrgEerably| gince -6
phosphat e dehydisogggase;ofll 46088 dabndRINMRIE andNEJIKE downstream of

re
dehydr ogenase
Plasm d pGDA2 (J.

Biol. Chem (1989), 264, 6381 ncl ude Bac aterium

eri vedCot getGombRrEBtiganeP reconbhithh bradeot . oae RAORE: MOE Tl G d.

and inserted ientzgmalyene anflgard dfigrod e ngvane%ﬂnzwrefgﬁi@nmw?m _o(rj
i nant pl asmi

(Transfornmati on)
25 The resuABanhzymesMMawmngpthsnnﬁlmavyngfanaaaneratimgmqne

g
Ohal

PP ih @ OO

Al t er nati vel y dehydrogemeiseant aldehpﬁasnldehyﬁnqgemaGRD enzyhecogsaeéand a
recombi nant playEda3d qediAidihfadPH g20E00BY ARyt RAUGRd 1P anbost

cel |

like may be used. Preferably, glucose dehydrogenase is used.

More specifically, a Bacillus megaterium derived glucose
i5 dehydrogenase (hereinafter, abbreviated as GDH) is used.

Plasmid pGDAZ (J. Biol. Chem. (1989},

includes a Bacillus megaterium derived GDH gene.

264,

6381)

A GDH gene
fragment is cut out from this plasmid, and inserted into

20 a plasmid including a CRD enzyme gene upstream or downstream

of the CRD enzyme gene, to produce a recombinant plasmid

having both the CRD enzyme gene and the GDH gene.

(Transformation)

25 The resultant recombinant plasmid having a CRD

30

enzyme gene or a recombinant plasmid having both a CRD enzyme
gene and a GDH gene can be introduced into a host cell by
a conventional method. Alternatively, a recombinant
plasmid having a CRD enzyme gene and a recombinant plasmid
having a GDH gene may be introduced into a host cell
simultaneously or at different times, to obtain a

transformant strain transformed with these two plasmid.



sinmul taneously or at different tinmes, to obtain a transformant strain
transforned with these two plasmd.

- 16 - As such a host cell, a bacterium a yeast, a thread
fungus, a plant cell, an animal cell, and the |ike may be used. E.
coli is especially preferably used. 5 A plasm d can be

i ntroduced into a host by a nethod known in the art, such as a nethod
i ncluding the step of m xi ng a host 1l in a conpetent state and a

r econbi nant plasm d and a nethod including the step of transfecting a

plasmd using a hehpeuctplaabpsd cbil,carag@nioml alPeast amsifiresidn.
The plasm d i ced | t n to 1 BYA i ed as
an epi sone. Af@%égﬁgfi ge“’@%‘g%f’fgﬁ' ggraggrp?lo?e?%’e ép}?%ns{r:rk?% %/%a%g%l]eéfage

i ncor por at ed bRed.ch¥fonosbireid Sespaadaldyl prafedabdyetsed.wi th t he

chr onosone. The GDH activity of the transforned cell can be
determ ned by neasuring an increase in the absorption at 340 nm at
25[err] C? for a 1 M tRiBlasmdcamnbe latredyeeteinto a hosty BY03 metherd. 1 M

gl ucose as a fuBwh' dhernd AMNARRAS as a meHREDERaAY (e Sy ngr added
t her et o. (Acquisition_of optically active al cohol

Optical |y act ™W&iBghgl bosthgatdxinpat §preetspErstate andhgrecompnnaybe of

optically actipi@salieoBah ai fie®B8HI ERE1uding tHet §€eh Obf OWF-A9s FEBOERg 4 OF
exanpl e. . As a substrate, 4-halo. acetoacetic ester
represented bPlEF@igendisingor ful drelper plasmid by conjugational

10 transmission.

The plasmid introduced into a host can be
autonomically replicated as an episome. Alternatively, all
or part of the plasmid may be incorporated in a chromosome

15 and replicated together with the chromosome.

The GDH activity of the transformed cell can be

determined by measuring an increase in the absorption at

340 nm at 25°C, for a 1 M tris hydrochloric acid buffer

20 (pH 8.0) with 0.1 M glucose as a substrate, 2 mM NADP as

a coenzyme, and the enzyme added thereto.

(Acguisition of optically active alcohol)
Optically active 4-halo-3-hydroxy butyric ester,
25 which is one type of optically active alcohol, is acquired

in the following manner, for example.

As a substrate, 4-halo acetoacetic ester
represented by the general formula: B

30 O

R,\)K’/CQOR:i

R,



[err] 30 - 17 - (wherein
Rlerr] is a halogen, R err] is a hydrogen, and R err] is a

substituted or non-substituted al kyl group or aryl group) “may be
used. Wien R3 is an al kyl group, it is, for exanple, a net hyl group,
an ethyl group, a propyl group, a butyl group, 5 an isopropyl group, or
the like. Wwen Rerr] is an aryl group, it is, for exanple, a phenyl
group, a tolyl group, or the i ke.1When Rlerr] is a substituted aryl
group, it is, for exanple, a fluorophenyl group, a chlorophenyl

group, or the(whdtein HO is a halogeRrefrgrakl ya W®rfdden s &hdORL NEsOB
brom ne, and

err].is an al.kyl . grou ving 1 to 4 carhons. re
preferably, tH bStitUt"s‘ﬁtﬁ’sﬁ %ﬁ‘?%ﬁ‘ﬁif?eﬁ%ﬁ%]r gl&c?é%poé’fef‘gy : gEf)H%’/B 4-
chl or oacet oacedéwtbe uretihyl wHebrambacet Galdaetlaigroupr, tthys, for example,
4-bronDacetoacet%

e Al ternatively, et hyl 4- .15
odoacet oacer &8 RGO nol AL Brglek apaoBligrose  a Byl group,
chl or o- 35 oxoban yirssdpe;opetlh giropye bty £ ha- bkkéut Wadre Rieidydn aryl group,
4- azi deacet oacgt at e, and 1 he i ke S r .
The above 4-ha ol%teﬁooraceé{alm%lees‘t &t n&rr%%/}le%e %I?oe ar é%d gsytl %IE;%/) e °r¥ettﬁ163d
di scl osed, foltik«anpiten Rnidapsmiestitatdd aryl grépen iRubsi fari ommple,
61-146191. Fo - o] ti ter bq :prepar ed
v\éefjé‘gg?@ee;ﬁgf érga'br a ch&o?‘%ﬁh@:ﬁ ar ['gﬁ‘:o%%, ormEYﬂe g.l e

by a net hod s used as"a s ing materia nd reacted
wi th a hal ogen to obtain 4-hal o acetoacetate halide which is then

reactedigs  with algabieleanfh! NaL YRhYrihBCA B1AbR A STARE R 5 G €

may be prepared by a nethod where ‘an acetoacetic ester Is used as a
starting mat epi¥lagBEo¥Rehauanar daty gosiaghans. Moreh@redernadlyirddigy

hal ogenated. guB8trate is mEtyR halocREEL8868EHECEEREE,aS ernhbStyate is
added to_an appropriate sol vent together with NADPH as a coenzyne
: chloroacetoacetate, methyl 4-bromoacetoacetate, or ethy
4-bromoacetoacetate. Alternatively, ethyl 4-
15 iodoacetoacetate, ethyl 4-hydroxyacetoacetate, ethyl 2-
chloro-3-oxobutyrate, ethyl 2-methyl-3-oxobutyrate, ethyl

4-azideacetoacetate, and the like may be used as a substrate.

The above 4-halo acetoacetic ester may be prepared

20 by the method disclosed, for example, in Japanese Laid-

Open Publication No. 61-146191. For example, the 4-halo

acetoacetic ester may be prepared by a method where diketene

is used as a starting material and reacted with a halogen

to obtain 4-halo acetoacetate halide which is then reacted

25 with alcohol. Alternatively, the 4-halo acetoacetic ester

may be prepared by a methéd where an acetoacetic ester is

used as a starting material and the guaternary position
thereof is directly halogenated.

30 The 4-halo acetoacetic ester as a substrate is added
to an appropriate solvent together with NADPH as a coenzyme
and a culture of the transformant microbe or its processed

product and the like, and stirred while pH being adjusted.



and a culture of the transformant microbe or its processed pr oduct
and the |like, and stirred while pH bei ng adj usted.

- 18 - This reaction is perforned at pH 4 to 10 at a tenperature

of 10[err]Cto 70[err]C. Although the prepared concentration of the
substrate is ranging between 0.1% and 90% (W v), the substrate may be
conti nuously added. The reactionis 5 performed in a batch manner or a
conti nuous manner. The-prgcessed product of a mcrobe and
the |ike menti oned above refers to a crude extract, cultured m crobe

bodies, a | yophis iﬁ@é’qﬂf&@r‘iérﬂeﬁbﬁgﬁ%%eﬂf :fg'oorlgﬁgiﬁsg‘ tég’\pgrature

honmbgenat es of _such m crobe bodi es, rocessed
products and ?He 0 Fkeo MyChe Akthionghttihe prapered conoénbeahionnmbhihe zed

as they are, $0Bétr&teaIsCNEYNESNG’ betweerll 61 2RC DRI 654 by, A, KNOYR MEANS.
The i mobilizatjon na e perfornmed by a nethod known to those

skilled in th8UBFtrase maye Be contipyeusini mdded hodThe preaetion is

absor pti®n mepépflormed inaddbatcRNhAARBKNBrMB! BeHkinuous manner. In the
reaction, the amount of an expensive coenzyne used in the reaction
can be greatly reduced by using a general 20 NADPH r egener ati on system

in conmbination. For Exenptrécefised pro@RICROGIUS e sEdbangdndl ¥eesq jwa ch

are typi cal X regener.ati o syst ens be enpl oyed., The
reaction |\lﬁ\g)lcl:gj(c;gr‘l%Irl’‘t”‘lio"%’soar 2 5ESES| PB\% c&l"%ﬁoﬁ’éﬂl‘%ﬂ‘éy dAicFebEnzy e,
the ni crobe obodigs praodysgdd lirzediotrganiensubsitded €orRd driddbeeRnia on,
and t he, ki ke X he_ subst.r at . concentration. s rangi ng
about 0.1 andﬁglaggft%gggﬁeoﬁfeg&cﬁoﬁnlcro et%?r?)%?%t u?’%éi ghio ‘C lsgwh
50[err]C, pH brxogessed, punduths apdcthenlike mali be usel e Ihheate 30
The above reagki gRiNAY; usi ulture . of _a_transforned
m crobe or a process dlﬁxﬁggsgﬁ.%ﬁgg&?h@r re tHat 15, as”enlymed'or
microbe bodies, by a known means. The immobilization may
be performed by a method known to those skilled in the art
15 (e.g., a crosslinking method, a physical absorption method,

and an entrapping method).

In the reaction, the amount of an expensive coenzyme

used in the reaction can be greatly reduced by using a general

20 NADPH regeneration system in combination. For example, a
method using GDH and glucose which are typical NADPH
regeneration systems may be employed. The reaction
conditions are as follows although they depend on the enzyme,

the microbe or its processed product, the substrate

25 concentration, and the like to be used: the substrate
concentration is ranging aibout 0.1 and 90 wt%, the reaction

temperature is 10°C to 50°C, pH is 5 to 8, and the reaction
time is 1 to 36 hours.

30 The above reaction may be performed using a culture
of a transformed microbe or a processed product thereof
obtained by introducing both a CRD enzyme gene and a gene

of an enzyme (e.g., GDH) having the ability of regenerating



obtai ned by introducing both a CRD enzyne gene and a gene of an
enzyne (e.g., GDH) having the ability of regenerating

- 19 - a coenzyne on which the CRD enzyne gene depends into a host
m crobe. In this case, additional preparation of an enzyne source
required for regeneration of a coenzynme is not necessary, and
(S)-4-hal o-3-hydroxy butyric ester can be 5 produced at a | ower cost.
The 4-hal o- 3-hydroxy butyric ester produd@d-by the reacti on can be
purified by a conventional nethod. For exanpl e, the 4-hal o- 3- hydroxy

butyric esteraicosuytetdtlwhlch the CRbtdndgaldedie dbpkhaat intoanthadther
processi ngs as

. requi,red in the se.where a mecr.obe is used, to
enpve BHEFRRA noth St §AE8s ALUETIonAL RR SRS JPbaTean enzHme
resul tant prodoutces regfyjiesedfdd exigemeiriainos tdf an crgameyne is rsot vent

h hyl uene, . and deh d with a dehyd
Such as sod, uReEEPPafYt"SaRe BgasrR IR e O ity il kB TR B

deconpr eSsi onprolecedsalt anflogeadwetsti.s t hen subj ect ed to
deconpr essi on evapor at i on, chromat ography (e.g., silica gel colum
chr omat ogr aphy), and the like to be purified. 20 The

quantification of 4-h&he-4&-hgteelyhpdrgrydbutyric estter paoduecedebyormed by
gas chromat og . ~FOr I g e.q L i_Gn yl
grﬂgl?:% oh ca??e(arfr%; yﬁmrlfle%e{)g al lé%ri'\rv'gdbt;i%g{]a(l HtddY! For.

4- chl or o- 3- hydr oxybutyra erformed romat ogr aphy using a
gl ass col um EerBmRlem the 4-halp-P-hydrnaxsy butixric PEEQROMS Girieced

VWAWDMCS 1 g1 0% ; Aeshh d j-e ur .}gat
150[errf8 tozﬁﬁﬁ%ﬁi%ggion m}?ﬁﬁg&%ﬁ%&%ﬁ 4 Briek %ﬁﬁggiiﬁééﬁi%ﬁrity

of ethyl (S)-&eR@iges 130 the (KRFxYRAFSr &t BiEEXRPEe Ifedffdd By FHLEVEsi ng
an optical  suspen@idly OBuptiftddl RYLFL 4B mivpebact word ey Dai ogé
Chem cal Industries, Co., Ltd.). . . . .
resultant product’is subjected to extraction with an organic
solvent such as ethyl acetate and toluene, and dehydrated
15 with a dehydrant such as sodiumsulfate. The organic soclvent
is removed under decompression. The resultant product is
then subjected to decompression evaporation,
chromatography (e.g., silica gel column chromatography),

and the like to be purified.

20
The quantification of 4-halo-3-hydroxy butyric
ester can be performed by gas chromatography. For example,
the quantification of ethyl 4-chloro-3-hydroxybutyrate may
be performed by chromatography using a glass column (ID 3 mm
25 x 1 m) filled with PE}G—ZOM Chromosorb WAWDMCS 10%

80/100 mesh (manufactured by GL Science Co., Ltd.) at 150°C
and detection with FID. '

The optical purity of ethyl (S)-4-halo-3-

30 hydroxybutyrate can be measured by HPLC using an optical

isclation column CHIRALCEL OB (manufactured by Daicel
Chemical Industries, Co., Ltd.)



- 20 - Thus, as described above, the present invention

enabl es mass production of CRD enzyne. Further, by using this enzyne,
an efficient production nmethod of optically active al cohol, such as
(S)-4-hal o- 3- hydroxybutyric ester, 5 i's provided.

Hereinafter, the present invention wll be described in detail by way
of illustrative, but not restrictive, exanples. 10 The
details of the manipul ati on nethod rel at2fig-to t he reconbi nati on DNA
t echni que enpl oyed in the exanples are described in the follow ng

texts. 15 (1) Motreesl) asis CHescirg b2dd dtdivtd OntH&Cop e Spnt nd nManiidion
Laboratory Press

1989% {IIA C%r t Protocol Hp Vol ecul ar. Bi ol ogy
(G oene SRRBLPE TGS RRUTIGTERD P WY P AHNBT o EINgE @Y using
(Exanpl e 1: Puhiiki eatyoa, oan CREfeoigme) production methAdCRlb epxyirmaliavi ng
the ability of reduci,ng.4--halo cet paceti,c,ester _as trically from
Candi da magnoPFhevFEACOROT. 596k %, (57680081057 AV RECEY LR b5 S Rt |

ester wa§ 25 ispprp¥idddin the follow ng nmanner so as to nove as a single

band el ectrophoretically. A liquid nmedium 8000 m, of the
fol |l ow ng conposition was prepared, and a 400 nl portion was
di spensed 30 i nt o BeoeinkfSakagudhie f Ipkeentandisventionedwiiltth sieam

at 120[err] C R&c£pBENUYBSgetail by way of illustrative, but not
restrictive, examples.
10

The details of the manipulation method relating to
the recombination DNA technigque employed in the examples
are described in the following texts.

15 (I) Molecular Cloning 2nd Edition (Cold Spring Harbor
Laboratory Press, 1989)

(II) Current Protocols in Molecular Biology (Greene
Publishing Associates and Wiley-Interscience)
20
(Example 1: Purification of CRD enzyme)
A CRD enzyme having the ability of reducing 4-halo
acetoacetic ester asymmetrically from Candida magnoliae IFO
0705 to produce (S)~4-halo-3-hydroxy butyric ester was
25 purified in the following manner so as to move as a single
band electrophoretically;

A liguid medium, 8000 ml, of the following

composition was prepared, and a 400 ml portion was dispensed

30 into 2000 ml Sakaguchi flasks, and sterilized with steam
at 120°C for 20 minutes.

Composition of medium:



Conposi tion of medi um - 21 -

A ucose 5% pol ypept one 0. 5% KH2P04 0. 2%
K2HP0O4 0.1%5 MSO err]. 7H err]O 0.02% Tap wat er

pH6. 5 The above nedium was inoculated with a culture of 10
Candi da magnol i ae | FO 0705, which had been pre-cultured in t he
medium by 5 m/flask and cultured for three days at 30[err]C with
agitation. Mcrobe bodies were collected2kromthe resultant culture
by centrifugation and then cleaned tw ce wi th saline solution,

t hereby to obtmico30 g of wets m crobe 15 bodi es. Anong the wet m crobe
bodi es, 180 g WAS gua?ended 53 in 360 mM of a 50 mM phosphate buffer (pH
7.0), and t heRC-¥YPeP 2 m crbbe bodi es wer e destroyed by Dyno ml |
(manuf act ur edkH2P04 by Dyno-0M2%). The destroyed mcrobe bodies

wer e ceﬁiﬁtégged to renpve cell debris and thus obtain 760 m 20
of a cell-free exiract Ammoni um sul f at e was added to and di ssol ved
in the cbll -fMeéO.e'lecht so d&s.9d%obtain 40% saturation. The

resul t ant pre%B g.FgI? were renoved by centrifugation, and the
supernatant was dialyzed with a 10 mM phosphat ebuffer (pH 7.0)
contai ning 0. PH6pf DTT. The 25 resul tant product was supplied to a
colum (500 m) of DEAE Sephacel (manufactured by Pharmaci a Bi otech)
whi ch had been equilibrated with the sane buffer, and the colum was
washed with t heTBarEbeYe eedipgivas ireewlaird Mk d IqWduRe Pfom

the el uggd Sotubbr@ara%h&ﬁomgepﬁﬁé%dé"wm&ht HSdCSéémbréiQ:ult@fwbl‘i&Q was

added to the coll ected active fractions so obtain a final
concent r at i on t8f BefiumynBYaet Pd filasdt iadivs Toltured for Threed dhys W

30°Cwith agitation. Microbe bodies were collected from the
resultant culture by centrifugation and then cleaned twice

with saline solution, thereby to obtain 230 g of wet microbe
i5 bodies. Among the wet microbe bodies, 180 g was suspended
in 360 ml of a 50 mM phosphate buffer (pH 7.0), and then
the microbe bodies were destroyed by Dynomill (manufactured

by Dyno-Mill). The destroyed microbe bodies were
centrifuged to remove cell debris and thus obtain 760 ml
20 of a cell-free extract. Ammonium sulfate was added to and

dissolved in the cell-free extract so as to obtain 40%
saturation. The resultant precipitates were removed by
centrifugation, and the supernatant was dialyzed with a
10 mM phosphate buffer (pH 7.0) containing 0.1 mMDTT. The
25 resultant product was supplied to a column (500 ml) of DEAE
Sephacel (manufactured by Pharmacia Biotech) which had been
equilibrated with the same buffer, and the column was washed
with the same buffer. Active fractions were collected from
the eluted solution which had passed through the column,
30 and NaCl was added to the collected active fractions so as
toobtaina final concentrationof 4 M. Theactive fractions
were supplied to a column {200 ml) of Phenyl Sepharose CL-4B
(manufactured by Pharmacia Biotech) which had been



were supplied to a colum (200 m) of Phenyl Sepharose CL-4B
(manuf actured by Pharmaci a Bi ot ech) which had been

- 22 - equilibrated with a 10 mM phosphate buffer (pH 7.0)
containing 4 MNaCl and 0.1 mM DIT, so as to adsorb enzyne. After the
col um was washed with the sane buffer, the active fractions were
eluted using a 10 mM phosphate buffer 5 (pH 7.0) with linear gradient of

NaCl (from4 Mto 0 M and et hyl en€23jlycol (fromO0%to 50%wWvV)).
Those of the active fractions eluted initially were coll ected and

di al yzed overgquilibriaglid wwtiftha 40 o pHMosphesphhtéf ebufpPek7. OpH 7.49

The resultant d| al.ysat e suppl i t.o umm Mono Q HR

5/5 (FPLC syst aﬁéﬁﬁ‘rg émﬂﬁgﬁegf“‘f%l ﬁﬁ%ﬁ%ci ENdE R c%%sﬁﬁ%’cﬁnﬁ%‘a ©heen

equi | i br at ed Afittelr ahé(bdﬂan was pasiphattibutiecsafipbuX B cahieadotige0. 1 MM

DTT, and washed W buf.fer. i fractions i

vvashl ng 15 r]E%:scﬁ d’[olnosn weF% co "f%g?eéls&ﬁl(? c%nﬁ@%}trﬁ\ﬁgt g?jmt%yt%& [glrn%?%rby

ultrafilstrati(@t 7iHe watbehinedr guadideh ofiplidledfromad M to OcMuand( 24

m ) of Super H 0 u Y i.a B )

whi ch had begeﬁahéaoe% 4 E1 IO R 1 l:r’s'd‘(g’/"HSsph ThOSL éf?‘e 5@@9%

cont ai ni ng 0. f&‘aﬂt@majﬁﬂ-uhledrlmtiz«@lly wane 001l|¢§7ltbm‘dn@r@daé4meeijomrh t he

same buffer. f i C e o70Btain a purified
i Gith a 1d 3 %@n%fié@% Bureeleeptio70 ?

enzyne SPEecCI nen. asurenent of pr opertl es of

enzynme) 25 The enzymatic properties of the enzynme obtained in
Exanpl g gl were exam rgg resultant dialysdP€ §84YSBpAtikYi t¥ Wagcdemar m ned
by, ba5| cally al | owi ng m of a reaction SOPU'[I on i ncl udi ng 0 2 mvi
et hyl e 08B MR Qt &Ry 3456 LERY Gt £YS5eBy BATNGEFIIERS o bY

coenzyrre, andpia Pmad i B i3t RIMY WR1e8! Hhd Hrd equidQ9vFMited with a 10 mM
phosphate buffer (pH 7.0) containing 0.1 mM DTT, and washed
with the same buffer. Active fractions in the washing

15 solution were collected and concentrated to 200 ul by
ultrafiltration. The concentrate was then supplied to a
column (24 ml) of Superdex 200 HR 10/30 {manufactured by
Pharmacia Biotech) which had been equilibrated with 10 mM
phosphate buffer (pH 7.0) containing 0.2 M sodium chloride

20 and 0.1 mM DTT, and eluted with the same buffer. Active
fractions were collected to obtain a purified enzyme
specimen.

(Example 2: Measurement of properties of enzyme)

25 The enzymatic properties of the enzyme obtained in
Example 1 were examined.n

The enzyme activity was determined by, basically,
allowing 3 ml of a reaction solution including 0.2 mM ethyl
30 4-chloroacetoacetate as a substrate, 0.32 mM NADPH és a
coenzyme, and 0.1 ml of an enzyme solution in a 200 mM
phosphate buffer (pH 7.0) to react at 30°C for one minute

and measuring a reduction in the absorption at 340 nm.



phosphate buffer (pH 7.0) to react at 30[err]C for one mnute and
nmeasuring a reduction in the absorption at 340 nm

- 23 - (1) Action: The enzyne acted on ethyl 4-chloroacetoacetate
wi th NADPH as a coenzyne, to produce ethyl (S)-4- hydr oxybut yr at e
havi ng an optical purity of 99%e.e. or nore. 5 (2) Substrate
specificity: The enzyme according to the present invention was
react ed usi ng various carbonyl conpdunds shown in Table 1 below as a
substrate under the sanme conditions as those used for ethyl

4- chl or oacet oacetate. 10 “As a result, the enzyne exhibited the substrate

f Sub 0.2
speC| W Aé,'&Rélf‘]at I've a-clz;?ﬁ{n ta;‘l:tﬁ%on ethy-E‘etQh PiﬂrgﬁFSF(?gggtr E‘?Zt ate

100 Et h\y;tlacé‘{mt & a coenzyme, to produceO ethyl (S)-4-
p- ni t robenzal defy¥gevbutyrate h robenzal dehyde
o tlsgbeﬂggil at % e having an opticalpurity o% §b4 ronenzal dehy

p-chloro%enzaldehyde 0 o- chl or obenzal dehyde
m chl pp pbegat d8HYd@pecificity: Th iy CPb! Ryl dehyde
i soni cot i nal dehyde pecificity: e enzyme %ccordr@ingélgﬁhyde
g yox%;esent invention was reacted wusing (yarious h/ga}xyjongnlyoxal

0
0
0
0 Di aCeé&hpounds shown in Table 1 below as a ég%strate under the
Chloroacetoaldeh nphor qui none
0
4

o

0
et hyl ® %W&P&&&@P@a%%ﬁaf’ée used for ethyl 4- galoroace#@mtate.
-chl orbacet oAseat akeult, the enzyme ekhibited the substrate specificity

as shown in Table 1.

Table 1

Substrate 0.2 mM Relative activity (%)
ethyl 4-chloroacetoacetate 100

Ethyl acetoacetate
p-nitrobenzaldehyde
o-nitrobenzaldehyde
m-nitrobenzaldehyde
p-chlorobenzaldehyde
o-chlorobenzaldehyde
m-chlorobenzaldehyde
Nicotinaldehyde
isonicotinaldehyde
Benzaldehyde

Glyoxal

Methyl glyoxal
Diacetyl 1
Chloroacetoaldehyde
Camphor gquinone
ethyl 2-chloroacetoacetate 95
methyl 4-chloroacetoacetate 11
methyl 2-chloroacetoacetate 11
octyl 4-chloroacetoacetate 36

[oNeNeNelNe e Nl

OO WO OoOoOO

15 (3) Optimal pH: The enzyme activity was measured in a range

of pH 5.0 to 8.5 using a phosphate buffer or a tris-
hydrochloric acid buffer. As a result, the optimal pH for
the action of the enzyme on ethyl (S)-4-chloro-3-



met hyl 2-chl oroacet oacet ate 11 octyl

4- chl oroacet oacet ate 36 15 (3) Optimal pH The enzyne
activity was neasured in a range of pH 5.0 to 8.5 using a phosphate
buffer or a tris- hydrochloric acid buffer. As a result, the optim
pH for the action of the enzynme on ethyl (S)-4-chloro-3-

- 24 - hydr oxybutyrate was 5.5 to 6.5. (4) Action optinal
tenperature: The activity of the enzyme 24 - according to the present

i nvention was neasured using ethyl 5 4-chl oroacet oacetate as a substrate
for one m nut gylRoRybutyrat@niakasuse tibarde of 20[err]C to 60[err]Cto
obtain an opti mal tenperature. As a result, the optinmal tenperature
was 50[err]C to 55[err]C 10 (5) Heat stability: After the
enzynme accor di(ag Aettbﬁ optlmaprw@r&rémymi i'mﬁle\mltvrletq;t ed #tie pirlzhﬂa at
40[err] C for 30 WIB ? ¥ t he enzxﬁedmas nea%m

usi ng et hyl 48ccor méh'f%rt&%i‘cBFSﬁEE a%%vﬁg %1°§Jﬁ'§t PEPEITeASHNE &
activitysof 9@%chflorbateltebaortatke ats{1 eigt mmtr&ﬁal fied. ot minute(@n a

I nhi bitor: Various netal ions and_inhihitors wt [ espective

concent r at i ond CTREFAIRCTIHAED B8l &R Get® RR&d o obtaini R ARfvidnal
reacti on sol uttiemperb@®ui@asurs d kesadid Vithg ptimal tedigedature was 50°C
(S)-4-ch|orokgbh%Sggxybutyrate usi ng ethyl 4- 20 chl oroacet oacetate as a

substrate. esult, the enzyne according to the present
I nvention was inhibited by quercetin and nercury ions as shown in
Table 244 (5) B2Rlt® Ztability: After the enzyme according to the

present invention was treatedat pH 7.0 at 40°C for 30 minutes,
the activity of the enzyme was measured using ethyl 4-
chloroacetoacetate as a substrate. As a result, the
activity of 90% of that before the treatment remained.
15
{(6) Inhibitor: Various metal ijions and inhibitors with
respective concentrations shown in Table 2 below were added
to the above reaction solution, to measure the activity of
ethyl (S)-4-chloro-3-hydroxybutyrate using ethyl 4-
20 chloroacetoacetate as a substrate. As a result, the enzyme
according to the present invention was inhibited by

quercetin and mercury ions as shown in Table 2.

Table 2
Compound Concentration of Relative activity
addition (mM) (%)

Non-added 100
Quercetin 0.01 84

_ 0.1 0
Diphenyl hydantoin o1 84
Dicoumarol 0.1 97
2,4-dinitrophenol 0.1 86
DTNB 0.05 100
Iodoacetic acid 1 100
NEM 1 105
PMSF 1 93
p-CMB 1 88




Conmpound Concentration of Rel ative activity

addition (nmV) (% Non- added

100 Quercetin 0.01 84

0.1 0 D phenyl hydantoin 1

84 D coumar ol 0.1 97

2, 4-di ni trophenol 0.1 86 DTNB

0. 05 100 | odoacetiz5aei d 1

100 NEM 1 105 PMSE
1 EDTA 93 p- CAB ' 1 95

88 Phenylhydrazine 1 - 25 ; 9EDTA

1 SnCl, 95 Bhenylithydr azi ne 1 77

97 Sndl |[Bre], 1 1 77 86 Pbd][err]
1 Cdcl, 86 Qdd [arr] 1 91

91 CuSql eusg, 1 1 85 85 Cold[err]
1 CoCl, 89 MC [arr] 1 89

83 ZnS(wgc], il 1 : 97 83 HgC[err]
0.1 ZnSo0, 49 (7) 1Mol ecul ar wei gipt 97 The
mol ecul ar wej gc1pf the enzyne has neasured Usi ng a4®SK- G3000SW
colum and a 0. T M phosphate burfer 5 (pH 7-0) containing 0. 1T M
Na[err] SO err] and 0.05% NaN[err] as an el uent, and found to be about
76, 000. The nbVecidiecwbanhvebght subunit of the enzyne was

det erm ned by bei ng s#pé ' I+ 0, i | 0
SDS- pol yacryl am de ge uﬁxﬁ%}é‘&ular rﬁétgéltrtgscgénggﬁ%fQ@%%‘Vf’%ymh:ég%&égg hanol
and cal cul ati B§ing a TEKoRBORESHelatliumn nodd | &t § . bf Mapbpapbaite pudifem. As

a - sesul kgHt feo TRl Sed A1 R0t MAta 905 SHPUN0520Ga18sCE WiRient, Was
determ ned to be about 32, 000. )
and found to be about 76,000. The molecular weight of a
subunit of the enzyme was determined by being subjecting
it to electrophoresis with 10% SDS-polyacrylamide gel under
the presence of 2 v/v% 2-mercaptoethanol and calculating
10 from the relative mobility of a standard protein. As a
result, the molecular weight of the subunit of the enzyme

was determined to be about 32,000.

(8) Organic solvent resistance: An equivalent amount of
15 ethyl acetate or butyl acetate was added to a phosphate
buffer (pH 7.0) including the enzyme according to the
present invention dissolved therein, shaken at 28°C for 30
minutes, and then centrifuged. The residual activity of the
enzyme in the aqueous phése was measured using ethyl 4-
20 chloroacetoacetate as a substrate. As aresult, anactivity
of 72% in the case of the addition of ethyl acetate and an

activity of 85% in the case of the addition of butyl acetate
remained.

25 (Example 3: Production of ethyl (S)-4-chloro-3-

hydroxybutyrate using enzyme according to the present



(8) Organic solvent resistance: An equival ent anount of 15 et hyl acetate

or butyl acetate was added to a phosphate buffer (pH 7.0) including

t he enzyne according to the present invention dissolved therein,
shaken at 28[err]C for 30 m nutes, and then centrifuged. The residual
activity of the enzynme in the aqueous phase was neasured using ethyl
4- 20 chl oroacetoacetate as a substrate. As a result, an activity

of 72%in the case of the addition of etRB¢l ~acetate and an activity
of 85%in the case of the addition of butyl acetate remai ned. 25
(Exanpl e 3: Pipdention) of et hyl (S)-4-ch|oro-3-

hydr oxybut yrat e usi ng, en ccordin e _present

- 26 - i nvent i gh) 18 A" “Phospga 60 HH?%ﬁGspRBﬁe BuPPer @EPHM.-5), 25

m, cont gPntayn 509 HY tws idfs bﬁetmmdnmhmkyxmmacaecdfagngwé e

t 5 th 4-chl t f
RADP. 280 g BFCarnEoeatlafioBs ¥R, TP i RlEgee d- ehtotpaperoariatats °
( manuf ac{f‘ur ed1b§5AmgnQiE N2 he280t mgabf Qolycose, add do)uma’ss sif rgletcate
30[err] C for aéhyaﬂéﬁenééée?méﬁﬁ%%bQﬁre%h%g aano %&h% Ig%?p mas

subj ected to extraction wth e an ex
sol vent renovhEdwdvamsitjrewd 40 30 CAfoxm 2edwiurs.i t Afherfoemet 1 dwaj U&iehyl

(S)-4-chloro- geaction BYInOXSRULKEALELARKAG 4D SRR WtiPleddP € ©

or nore had been produced at a élc
optical purit§cstaéenand gn extrpeta eq5olvmrgmyb'atlyw¢§ @ngdy zedasur ed

by HPLCiusi ngaan eri:laﬁﬁtLt t kaeal 31?619:@(1(3@:'11‘&@ L 4 'Hil%f ctured
by Dai cel lustrl es, Co., ).e%?&\g%ong’?h( rap y3avvas

per f or med usi H§d5°?f§1?8(§y§6f°§eﬁ‘ﬁvb‘?9 Wékﬁﬁ&#?éérﬂ‘b‘b]aﬁbpfo”% e.e. O MaRe a
nobi | e phase aadabkkawprataced thte anBhidia RIS .

The optical purity of ethyl (S)-4-chloro-3-

15 hydroxybutyrate was measured by HPLC using an optical
isolation column, CHIRALCEL OB (manufactured by Daicel
Chemical Industries, Co., Ltd.). This chromatography was
performed using a mixed solvent of hexane/isopropanol of

9/1 as a mobile phase at a flow rate of the mobile phase

20 0of 0.8 ml/min. The detection was conducted by measuring the
absorption of 215 nm.

The quantification of ethyl (S)-4-chloro-3-
hydroxybutyrate was performed by gas chromatography at 150°C

25 using a glass column (ID 3 mm x 1 m) filled with PEG-20M
Chromosorb WAW DMCS 10% 80/100 mesh (manufactured by GL
Science Co., Ltd.), and detected by FID.

(Example 4: Production of ethyl (S)-4-bromo-3-

30

hydroxybutyrate using enzyme according to the present
invention)

A 100 mM phosphate buffer (pH 6.5), 2.5 ml,

containing 5 units of the purified enzyme according to the



20 of 0.8 mM/mn. The detection was conducted by neasuring the

absorption of 215 nm The quantification of ethyl

(S)-4-chloro- 3- hydr oxybut yrat e was perfornmed by gas chromat ogr aphy

at 150[err]C 25 using a glass colum (ID3 nmmx 1 m filled with PEG 20M

Chr onosorb WAW DMCS 10% 80/ 100 nmesh (manufactured by G- Sci ence Co.,

Ltd.), and detected by FID. (Exanpl e 4: Production of et hyl
~(S)-4-brono-3- 30 hydr oxybut yrat e usi 2§ enzyne according to the present

i nventi on) A 100 nM phosphate buffer (pH 6.5), 2.5 nl,

containing 5 phésénof ihbenpubnf,i et angy o a&ﬁ@i.’di ngi‘embbeetoacetate

0. 16 1y of NADPIETRS oF SRR oA TR e P linae. rdRicpags o sTkEose

dehydr ogenas edéﬁyﬂnég@ﬁméed(ﬂaanﬂﬁaa«nu%w BRC atlanoaPh@emaceut ichtld Cpb .yas
stirred at 30[err]C for 24 hours. After re ctlon reaction

he 5
sol ution was &b dMasystdreed akIVL fPFRL Af%ﬁ’&éieé’t“eﬁi%d the

extract afterreabvmh selnvabnwaasasabyzeted to exArastieauktith ethyd found
t hat et hyl

bro had_b d d
Vi'el dof43% SGRESE. S0 AR T HFEAEI hL o SHT U BPNBL S &) By By at e
was 10 per Rer redriesuddbst ant ivalgd y ftdmcban’aaltrarmmylas (Shat4 ~foeromet+BH

gfchl or o- 3- hygg,gggﬁzgwgﬁkstgnhgéaﬁgkﬁhéaoducga at FX@{@ P odugtion

met hyl rat e using enzyne accordlng
to the presenHUQBtlflchennl opf ethyl 4- bromCBtﬁ Wy Giostyat yra e niwaswas

addedt 0245 B%r%QQmQM in subs@%?ﬁ: %@Fl‘ér QHEf%mé H\énﬁe@a&QNaq:' 959% lH’-m ts

of the pur|f| accor present 1 nvention,

met hyl A- é:hlléréaéehb!é@@?(mb@twaﬁ@ g ¢fxaqumsre 28 ng of gl ucose

(Example 5: Production of methyl {(S)-4-chloro-3-
hydroxybutyrate using enzyme according to the present
15 invention)

Butyl acetate, 2.5 ml, was added to 2.5 ml of 100 mM
phosphate buffer (pH 6.5) containing 5 units of the purified
enzyme according to the present invention, 25 mg of methyl
4-chloroacetoacetate, 0.16 mg of NADP, 28 mg of glucose,

20 and 6 units of glucose dehydrogenase (manufactured by Amano
Pharmaceutical Co., Ltd.), and stirred at 30°C for 24 hours.
After reaction, the reaction solution was subjected to
extraction with ethyl acetate, and an extract after solvent
removal was analyzed. As a result, it was found that methyl

25 . (S)-4-chloro-3-hydroxybutyrate had been produced at a yield
of 58%. The quantifica;c:ion of the 4-chloro-3-hydroxy
methyl butyrate was performed in substantially the same
manner as that for ethyl 4-chloro-3-hydroxybutyrate in
Example 2.

30
(Example 6: Production of ethyl (S)-4-chloro-3-
hydroxybutyrate using enzyme according to the present
invention; Continuous addition of substrate)



20 and 6 units of glucose dehydrogenase (manufactured by Amano

Phar maceutical Co., Ltd.), and stirred at 30[err]C for 24 hours.

After reaction, the reaction solution was subjected to extraction
with ethyl acetate, and an extract after sol vent renoval was

anal yzed. As a result, it was found that nethyl 25 (S

-4-chl or o- 3- hydr oxybut yrat e had been produced at a yield of 58% The
quantification of the 4-chl oro-3-hydrox¢® - nmet hyl butyrate was
perfornmed in substantially the sanme manner as that for ethyl

4- chl or 0- 3- hydr oxybuEyinate i n4-chlomenglicagetse, 3.8Emanpl e v&as

Pr oducti on ft 8 Iﬂ | dd ﬁs)t -ch)hlm rQ)fS 100 W SI ng
enzyne accorgﬁngl{lgot% ¥ a & (1| nver?t| on; “810 :} ous aﬁ{j‘?ﬁu on of
substrate) (pH 5) contalnlng 100 units of the puzgfied enzyme

Et hyl 4-c t us ded to
50 M of a %E%%%ﬁéiﬁse“%é B o e B 4 (2 of

the purPfi edoérgRose. 258406k A F11qoRe fREYEROIERRSAt (R uiaceiRed of

NADP, 4.5 g % Amﬁflong‘&Qﬁl%.ce%S:Q.dHl i Of HdicpPSeand 0.24 g NaCl at a
dehydrogenase{rranuf actured by Amano Phar maceutlcal Co., Ltd.), and

0.24 g Nad awtg of 0.¢3te peroheyry pad ﬁ@mrre&w@tsﬁor€eﬁoat2@d|§@lﬂr$c for

20 hours  whihiel £3 Peld ti5h & 1M ﬁb‘lﬁglé&dﬁ@ﬁ“ iy A€ ] dafté&tféaéeﬁﬁﬁl on,
the reaction qutlon was subj to extraction with et W%ﬁ?’e% acetate

and an ext r adt*®aFERFL LR Fori Yar SHR) e f@antraCtl

was foamd thaicettalty!, 454-ah ekitelaet3after soivsydmmdmﬁqﬁlamshawangzaa
optical purity of 100%

.e., pad e rodu d .at y,eld of 91% The
coantiti cari B anateRint." 1¥hkeg, £neRn” optR: cenvipuS) h SeiifEo Ry
4-chl or o- 3- lﬁrdro:dymmxyabm ymhmg/\mreom&mfaaﬂnmhmrtys@lfsuam%l el.ey hhg sane
manner as th%t |n

0 0 me
gene) Cabi ongg?gcahtr gn%Js ;r'T%I %ﬁi I"i bl‘f'he ?Q%Plggca{lon a&%%%
chr onosonal mwasmnexrtr acf edptiomla mutity edf the efilktylobé-bbllgrof3€andi da

magnol il%e lFQxy%&Qﬁqurﬁt%qu{ed%&?e performed in substantially the same

manner as that in Example 2.

(Example 7: Cloning of CRD enzyme gene)
(Creation of chromosomal DNA library)

20 A chromosomal DNA was extracted from a cultured
microbe body of Candida magnoliae IFO 0705 in accordance
with the method described by Hereford (Cell, 18, 1261 (1979)).
The resultant chromosomal DNA was partially digested with
Sau3AI, and a DNA fragment having a size of 23 kb to 20 kb

25 of the resultant digest was inserted into BamHI site of EMBL3
phage vector (manufactured by Stratagene). The resultant
recombinant phage vector was JIn vitro packaged using
Gigapack II Gold (manufactured by Stratagene), and then
allowed E. coli NM41l5 to be infected therewith, so as to

30 create a chromosomal DNA library composed of about 20,000
DNAs.

(Preparation of synthetic oligonucleotide probe)



wi th themet hoddescri bedbyHereford (Cell, 18, 1261 (1979)). The

resul tant chronosonal DNA was partially digested with Sau3Al, and a
DNA fragment having a size of 23 kb to 20 kb 25 of the resultant digest
was inserted into BanH site of EMBL3 phage vector (nmanufactured by
Stratagene). The resultant reconbi nant phage vector was in vitro
packaged using G gapack Il Gold (manufactured by Stratagene), and

t hen allowed E. coli NW415 to be iadected therewith, so as to 30
create a chronosomal DNA |ibrary conposed of about 20, 000 DNAs.

Preparation of synt h!'ﬁbl uQ-'ﬂfQ.@&iJ@R@tér%n% ained as described in
f 29p- @ | ed CRD enzyne obtai ned as described In

Exanmpl e 1 vvasE’E?é‘WaheurleHaﬁ ‘g%ﬁ‘apﬁ’éeﬁr‘g%‘ﬁ’céb@f PEeRPOFEeLE Sndt urea, apén

di gested  withHen A@hrg@mbf&t erwitiler ivgslrombysster deDslOPEpPt1fase
(manuf act ur ed I ndustries, Ltd. e am no

Pur Chemcal 5
aci d sequence rb‘#) Eﬁ?e taﬁ‘f‘anugaC%BEﬁfii dP¥ r HAkAt RATedet SRemaEaLlby t he
Edmin mﬁhod Industries, Ltd. )BaS‘BdeQﬂllhhﬁadiﬂﬁlﬁetq&fﬁno%%fl(th@ctélsﬁﬁﬁ&ﬁﬂce

Vi t he foIIo nt hesi zed.. 10
Probe 1. 5 - %%%&3%0@2‘%@&}&% \A‘%E%’ € Hdman mefhge .
AAYGTNGARTAYCCNGC—3' (SEQ I D NO 4) Pr obe 3: o L 4 3

5' CTRGTYCTRCTRCTRT Ty I 5 .The_ probes an
were | abeled with [err 5 UE)I%I’I Blyore;u%agl FafEL0e cﬁ‘{)ﬂ%‘ﬁ‘% Tgéér
Shuzo Co., LtRE9besadrhuting the f ¢ hew tuig pse@eenmereeneeslynnhébeZédl | owi ng
exper i nﬁj'lt S.

Probe 1: 5'-GCNCAYACNAARAAYGA-3' (SEQ ID NO:3)

Probe 2: 5'-AAYGTNGARTAYCCNGC-3' (SEQ ID NO:4)

Probe 3: 5'-CTRGTYCTRCTRCTRTT-3' (SEQ ID NO:5)

15 The probes 1, 2, and 3 were labeled with *?P using
Megalabel (manufactured by Takara Shuzo Co., Ltd.), and the

labeled probes were used in the following experiments.

(Cloning of CRD enzyme gene from chromosome DNA library)
20 The chromosome DNA library created as described
above was screened for plaques of phages including a CRD
enzyme gene by a plagque hybridization method (Science, 196,
180 (1977)) using the **P labeled synthetic DNA probes. As
a result, one positive plague was obtained. Then, a
25 recombinant phage DNA obtained from the positive plague was
double digested with EcoRi and HindIII, and the resultant
DNA was analyzed by Southern blotting (J. Mol. Biol., 98,
53 (1975)). As a result, it was found that a digested
fragment of about 1.3 kb generated by the double digestion
30 with EcoRI and HindIII had been hybridized with the above
synthetic DNA probes. Based on this fact, the DNA fragment
of about 1.3 kb was inserted into the EcoRI-HindIII site
of plasmid pUC19 (manufactured by Takara Shuzo Co., Ltd.)



(d oning of CRD enzyne gene from chronosone DNA |ibrary) 20 The

chronosone DNA library created as descri bed above was screened for

pl aques of phages including a CRD enzyme gene by a pl ague
hybri di zati on nmet hod (Science, 196, 180 (1977)) using the 32p | abel ed
synthetic DNA probes. As a result, one positive plaque was obt ai ned.
Then, a 25 reconbi nant phage DNA obtained fromthe positive plaque was
doubl e digested with EcoRI and Hi ndlll, gpd-the resultant DNA was
anal yzed by Southern blotting (J. Mdl. Biol., 98, 53 (1975)). As a
result, it V"aﬁofé’é'ﬁlgtiﬂ?{eargbgﬁglﬁgnt plasfn'iaggﬁ@t-H@f aﬂ@ogel%c%elﬁb as
generated by the doubl e digestion 30 and Hi ndl'll had been

hybri di zed wi & Fhrpmogsnee DNA Cl°n§ym%b#¢%n®m%ﬁ89e§nzm§eif% t Hibd-sf act ,

t he DNA fragngmgsmld wagfng}aggt pbc3ukb was inserted into the EcoRl-Hi ndl| I
site of plasmd pUC19 (manuf actured by Takara Shuzo Co., Ltd.)
- 30 - to constitute reconbi nant plasm d pUC HE and sel ect ed as

a chronosone PhétéerpigatNehUdendakie seghepeyme gene. This plasm d was
nanmed pUC- HE. 5 (Det ermi nati on of base seguence

variety of restricti oh V@izyies AUferEstEdStd@nPRRYMES” Were egfted with
recombi nant pkRen dpp¥e- Heectitbidigast eﬁlasmld pUGgHENt Saﬁaodlﬂz@iashﬁd ng
e Aot IO YRR B0 o ann Sl At PLLSSHIDS! HORCUMIE e R0"
inserted i nt ocreate améstribahbnge s yres cglfeatrlagephaalsm d‘mdﬂ(;l@arliouembm n
sequencel of CABOMENSECePhE: PG APEa Py EoReTR e YerE vere ingertBIantg ng
ABI PRI SM Dyem‘ﬁértm—u&_bnﬂ.n@yclsétSsqueﬁcitnkyelSplasrRedidyUtReact|tm Kbtain
(manf act ur ed “Be s ras Brashifl) bing thedd bR Waenias o
sequence of thasBNAefinggeest of the afesamm:tl\m 3inaenite & HE meamexpeiee t o
include a CRD8334%9Ra using ABI PRISM Dye Terminator Cycle Sequencing
15 Ready Reaction Kit (manufactured by Perkin Elmer) and ABI
373A DNA Sequencer (manufactured by Applied Biosystems).
As a result, the entire base sequence of the DNA fragment
of about 1.3 kb which was expected to include a CRD enzyme
gene was determined. Figure 1 shows the thus-determined
20 base sequence. An amino acid sequence estimated from the
base sequence for the structural gene portion of the base
sequence is also shown under the corresponding base sequence
in Figure 1. The amino acid sequence was compared with a
partial amino acid sequence of a 1lysyl endopeptidase
25 digested peptide fragment of the purified CRD enzyme. As
a result, it was found tha% the partial amino acid sequence
of the purified CRD enzyme exists in the amino acid sequence
estimated from the base sequence and completely matches
therewith (indicated as an underlined portion in the amino
30 acid sequence in Figure 1) except for the lack of methionine
at the N terminus. The methionine at the N terminus is

considered to be removed by modification a.ter protein
synthesis.



gene was determ ned. Figure 1 shows the thus-determ ned 20 base
sequence. An am no acid sequence estimated fromthe base sequence
for the structural gene portion of the base sequence i s al so shown
under the correspondi ng base sequence in Figure 1. The am no acid
sequence was conpared with a partial am no acid sequence of a |ysyl
endopept i dase 25 di gested peptide fragnent of the purified CRD enzyne.
As aresult, it was found that the3partial am no acid seqguence

of the purified CRD enzyne exists in the am no acid sequence

estimated fromthe base sequence and conpletely natches therewith

(i ndicated as ortion he am _no aci d. sequence in
Figure 1) exce ar?é)]f 41 n‘?%régtB‘flcﬁe?ﬂl% ‘??ecomblna% RasmG dRGlngdngrne
nmet hi oni ne atCRMeemzYm&rgems)ls considered to be renoved by

nodi fication after prQtein nt hesi s.

- 31 - (Exariit 8300kt %‘éﬁeo%s of FBRoSOEVES: Ot £&ni Goldel Fi ng
CRD enzy?e ge:ﬁ@f)'.omblnant plasmlldmmdlélortt)rmgfesmamﬁﬂﬁawqmtrﬂcifedcol i,

a b reco t ornratlon nstru

First, a doub e st ran 3% v?éfgé%nrs av‘”f% a%l é:‘%ﬁg to

initi at| on co@l@rwydrltatdmmboabslt potttdioal ogemesto:fuctthnriIR@ene of €me\aIRD and

an EcoRl sitega i dijat e te er do ereof was
e dHEPdiadl ehoRlt Chile agach mue@é%egf et e

acquired in the oIIovvln er m nus Vi ng an
Ndel site addkgrminatiemn eﬁ@onmthea;teaqfn vmo@c@mre@nmf thie fotlioxtiural
gene ofig mhRfe £RD 28NV RR rafidhd ENReHPiANE HNA B 'a'ﬁeﬁdgﬁvéf'geac{hr ucc?ur N

site added inmediately after the termnation codon
gene of the CRD ERg bl tielay freden Rertive ¢hskhe structurahasnefof hese

two prinmers atReaSRDb @lz8Mfe and a C- t@rh&hﬁbnEﬁAﬁbﬁiﬂéfnﬁﬁv1ng an EcoRI
5'-TAGTCGTTAACC@TAI&?Q;AAGAACTTCTCCAAC 3'
Slte added immediately after the termination codon of the
structural gene of the CRD enzyme were synthesized. The base

15 sequences of these two primers are as follows.

N-terminus DNA primer
5'-TAGTCGTTAACCATATGGCTAAGAACTTCTCCAAC-3"
(SEQ ID NO: 6)

20
C-terminus DNA primer
5'-TCTGAGTTAACGAATTCTTAGGGAAGCGTGTAGCCACCGT-3 "

(SEQ ID NO: 7)

25 Using the above two synthetic DNA primers, a
dmﬂﬂe—strandedDNAwassyﬁthesizedusingtheplasmideC—HE
obtained in Example 7 as a template. The resultant DNA
fragment was dlgested with Ndel and EcoRI, and inserted into
NdeI and EcoRI sites downstream of a lac promoter of the

30 plasmid pUCNT (W094/03613), to obtain recombinant plasmid

pNTS1.

(Example 9: Production of recombinant plasmid including



(SEQ ID NO 6) 20 C-term nus DNA priner

5' - TCTGAGT TAACGAATTCTTAGGGAAGCGT GTAGCCACCGT - 3' ( SEQ
ID NO 7) 25 Usi ng the above two synthetic DNA priners, a
doubl e- stranded DNA was synt hesi zed using the plasm d pUC HE obt ai ned
in Exanple 7 as a tenplate. The resul tant DNA fragment was di gested
wi th Ndel and EcoRlI, and inserted into Ndel and EcoRl sites
downstream of a | ac pronoter of the 30- 32ptasm d pUCNT (WD04/03613), to
obt ai n reconbi nant plasmd PNTS1. (Exanpl e 9: Production of
reconbi nant pbatshm CRD rexlagineggene and GDH gene) - 32

- both CRD enz ) S
Biol. Chem (1989), %%f@%&?ﬁ %%‘%édu %mdi(glegsstge)d VE)VIE'?F] co and
Pstl, to isol@beblke DRidgestedf magitenEcoRI alaadt BsOI kbtondlsediate aa BRI | us
rreaterlum5 e Thi.s : n .nser an
EchI - Pst | %rgﬁl f %5%33%1 (%nu%é?ggmﬁy%awﬁlp%vﬁf %ggﬁ?tugbo
construc? rec@ﬁbiVl%tﬂhtGQﬂ aagnel. pShds TR fragmegdomsisndmsepltadhiia teSEG was
then doubl e dj W th R ho S ra nt of
ubl e dbgeRtopk vt h EeaRl ge | p18BA1ENOLETLG1! S PhahGABNRl gy

about 0.9 kb I g 10 a BaC| us megateriumd ene. ~ This
DNA fragnent Invityagep hsépt S@nstraicin membipant sPi-éSl(lllécéZﬁé& doiet r eam

of the CRD gefaeéomusaﬁt ?%waghé%se@hbﬂ &&%@é @i8est@d with BRLRIN

he constructi on net hod and structure of

reconbi nant pl asni
e DNTSIG ar 8nd AR b0 A At BINA SEagRent Oof aPpRidi HoLAGHANg | on
of reconbi nang Eac£Oliksd megaterium derBve®PGDHHBERS . ( MBI aNAIF9G gRenkakar a
Shuzo Co., was inserted into an EcoRI-Sall site (located downstream
of the CRD gene) of the pNTS1l constructed in Example 8, to
obtain recombinant plasmid pNTS1G. The construction method
and structure of the pNTS1G are illustrated in Figure 2.
15
(Example 10: Construction of recombinant £. coli)
E. coli HB101l (manufactured by Takara Shuzo Co.,
Ltd.) was transformed using the recombinant plasmid pNTS1
obtained in Example 8 and the recombinant plasmid pNTS1G
20 obtained in Example 9, to obtain recombinant ~£. colil
HB101(pNTS1l) and HBlO1l(pNTS1G), respectively. The thus-
obtained transformants, E. coli  HB1O1l(pNTS1l) and
HB101l(pNTS1G), were deposited with the Ministry of
International Trade and Industry, Agency of Industrial
25 Science and Technology, Natiornal Institute of Bioscience
and Human Technology undef the respective deposit numbers
FERM BP-5834 and FERM BP-5835 on February 24, 1997.

Further, as in Example 9, plasmid pGDA2 (J. Biol.
30 Chem. (1989), 264, 6381) was double digested with EcoRI and
PstI, to isolate a DNA fragment of about 0.9 kb including
a Bacillus megaterium derived GDH gene. This DNA fragment
was inserted into an EcoRI-Pstl site of plasmid pSTV28



Ltd.) was transforned using the reconbinant plasm d pNTS1 obtained in
Exanpl e 8 and the reconbi nant plasm d pNTS1G 20 obt ai ned i n Exanpl e 9,
to obtain reconbinant E. coli HB101( pNTS1) and HB101( pNTS1G),
respectively. The thus- obtai ned transformants, E. coli

HB101( pNTS1) and HB101( pNTS1G), were deposited with the Mnistry of
I nternational Trade and Industry, Agency_of Industrial 25 Sci ence and
Technol ogy, National Institute of Biosci&Ace and Human Technol ogy
under the respective deposit nunbers FERM BP- 5834 and FERM BP-5835 on
February 24 {mgpufactured by TakarariSarzo aGoin Btdnpl et®, cphagmugtpGDA2
(J. Biol. 1) o] \ Rl and
Pstl, to i soI a?gﬁﬁmﬁgﬁﬁa&%ﬁgs%m ’%@SEﬁb&%fg &%%tp%ﬂ) Wnge g | | us
rregat erium dehﬁ@ebemg@ﬁecomﬁﬁ!ﬁe@mlﬂr agivamce by a mécﬂ-hlgkeﬁbé@ﬁhﬁteo an

ECORI - Pstl si ﬁl@tﬁt)dmﬂéén{gaﬂ§¥¥%§led w1tﬁ1u the pSTVG to obtain Z. coli

- 33 émanu act ured § Takar a zo CO., Lt'd.) to construct
r econbi nfint pHa AL EPREFVG PFRYGE: col | HB101( pNTS1) whi ch had been
made conpetent in advance by a cal cium chl ori de met hod was

transfornmed with the pSTVG to obtain E. coli 5 HB101( pNTS1, pSTVG) .
(Exanpl e 11: éﬁﬁi?@?%?oﬁlof ERBeéﬁ% Ph reBBnbeharte in rECOE&Jir)an
(Determ nati ox.ebs@RD enzynme activity in recombinant E. 10 coli)
Ul tured in a PeFePTLRBHLAM Eoni i RETNe ScKBVALY, 181 HECBrOAARRG - n
col l ect ed, suspeagded in a 100 mM phosphat e buffer (pH 6.5), and
e e 2" bbe et Sk b2 B3R AL SRR T e
f ol | owi ngmann@xamplkatiios,wds Mvuatthiredt chh oz0az et oaremati@um containing
50 pg/ml of ampicillin, collected, suspended in a 100 mM
phosphate buffer (pH 6.5), and subjected to ultrasonic
15 treatment, to obtain a cell-free extract. The CRD enzyme
activity of the cell-free extract was measured in the
following manner. That is, 1 mMethyl 4-chloroacetoacetate
as a substrate , 0.1 mM NADPH as a coenzyme, and the enzyme
were added to a 100 mM phosphate buffer (pH 6.5) for reaction,
20 and a reduction in the absorption at 340 nm was measured
at 30°C. In these reaction conditions, oxidation of 1 pmol
NADPH into NADP in one minute was defined as one unit of
enzymatic activity. The thus-measured CRD enzyme activity
in the cell-free extract was represented as a specific
25 activity and compared with that of a transformant using only
a vector plasmid. Also," the CRD enzyme activity in a
cell-free extract of Candida magnoliaze IF0O 0705 prepared
in substantially the same manner as that described in
Example 1 was obtained for comparison. The resulis are
30 shown in Table 3 below. The Z. coli HB101l(pNTS1l) exhibited
a definite increase in CRD enzyme activity in comparison
with £.coli HB101l(pUCNT) which was transformed using only
a vector plasmid, and exhibited the activity about 8.5 times



as a substrate , 0.1 nM NADPH as a coenzyne, and the enzyne wer e
added to a 100 mM phosphate buffer (pH 6.5) forreaction, 20 and a
reduction in the absorption at 340 nm was neasured at 30[err]C In

t hese reaction conditions, oxidation of 1 [err]nol NADPH i nto NADP in
one m nute was defined as one unit of enzymatic activity. The

t hus- neasured CRD enzyne activity in the cell-free extract was
represented as a specific 25 activity 3and conpared with that of a
transformant using only a vector plasmd. Also, the CRD enzyne
activity in aas largeehk-thae eftaeidifa Gangidle smard icged FO 0705

pr epar ed I n substantially the sanme manner as that described in
Exanpl e 1 was obtained for conparison. The results are 30 shown in Tabl e
3 below. TheTBbleoBi HB101(pNTS1l) exhi bited a definite increase in
CRD enzyne afWNoWe! B£l BteaqRar i son W3 13 ”"“““Qghgz") hici was
tranSfor”Ed,?%gﬁ@lowaCNT%B a-VeTtor pidngggii%ﬁ%iigﬁﬁﬁ?%cu J%é‘?@k Ly

about 8.5 ti 101 (pNTS1 _ - 34 -
oo Lorge oo oo Silla.mongtd g o8008, T0le s o
<0.01 HB101 ( pNTS1) 16.0 Candi da magnoliae | FO
0705 1589 (Zompat$8BRAGES N tefrmiri Uik REAHENCE) The

am no acid sequence at the N term nus of each of CRD enzynes purified
froma cell-free extraef 8BLBPnaGid sequpRceuptt bhe Ml ternirus v eagmer as

that in the ab#verD enzymdgsﬁﬁ'rbﬁﬂeéxff&%séOé‘efrpﬁféwtfé'@t fd e
e Candi da nmagnoliae I FO 0705 was determ ned

cell-free extract 10 of t :
over 30 lPeﬁqhﬁi?qﬁ}Q#ﬁYEiﬁ%nsﬁﬂFhHWPnﬁﬁa4%SH¢%EnﬂnNﬂhﬁrﬁbﬂxﬁ"
am no aci d secieserededas e COSPHGE & xped-ifitdah @ fAdCdcel]l - free extract

10 of the Candida magnoliae IFO 0705 was determined over 30
residues by the Edman method. The resultant N-terminus

amino acid sequences were compared and found to match
completely with each other in this range.

15 (Example 12: Simultaneous expression of CRD enzyme and GDH
in recombinant £. coli)

The GDH activity of a cell-free extract obtained by
processing the recombinant £. coli HB101(pNTS1G) and £. coli
HB101(pNTS1, pSTVG) obtained in Example 10 in a manner as

20 described in Example 11 was measured as follows. That is,
0.1 M glucose as a substrate, 2 mM NADP as a coenzyme, and
the enzyme were added to a 1 M tris hydrochloric acid buffer
(pH 8.0) for reaction, and an increase in the absorption
at 340 nmwas measured at 25°C. Inthese reaction conditions,

25 reduction of 1 umol NADP into NADPH in one minute was defined
as one unit of enzymatic activity. The CRD enzyme activity
was also measured as in Example 10. The thus-measured CRD
enzyme activity and GDH enzyme activity in the cell-free
extract were represented as specific activities and compared

30 with those of £. coli HB101(pNTS1), HB101(pNTS1l, pSTVG) and



conpletely wwth each other in this range. 15 (Exanmpl e 12: Si nmul t aneous

expression of CRD enzyne and GDH I n reconbi nant E. coli)

The GDH activity of a cell-free extract obtained by processing the
reconbi nant E. coli HB101(pNTSI G and E. coli HB101( pNTS1, pSTVG
obtained in Exanple 10 in a manner as 20 described in Exanple 11 was
neasured as follows. That is, 0.1 Mglucose as a substrate, 2 nM
NADP as a coenzyne, and the enzyne3fere added to a 1 Mtris
hydrochl oric acid buffer (pH 8.0) for reaction, and an increase in

t he absorptioa transﬁmrmaﬁirmmyum(p@emvoe@sﬂnéﬁ%&iy]6 vector. The

| nt hesereacti onco$€| tions, redu gg % 19%»@”] mol R%DP | nto DPH in
one m nute wa5®dBtFhed®r® %‘%nonjenun ? en)matYe act th THREERD
enzyne activi Hylol(pNTMS)adrsd)HmaJsurpeu'sms pSTRGInpkeiidted e delfis-ineasur ed

||~ f
extract voro FRRFBSER! ot ol RopetlFRCAATUTTI L A0 cBRBaritt 36LEY ik n

t hose of 5E. CObiantlBide(lmsﬂ’Sh)E’ HBIG 1PN B pUSBTVGrh&eldl was transformed

- 35 - e ﬁs%;l&nggggrrgn;, Fgg,glggg%g{)d using only a vector. The

results The E. coli o
HB101(pNTS1G and HB1O1(pNTS1, pSTVG exhibited a definite I ncrease in
CRD enzyne acki ngy‘land GDH activity inb5 conmparison with E. coli
HB101( pUCNT) uk = or g in Y : :
Table 4 ERD specifi @Bﬁl SPEELELE
activity (U activity (LU ?CthltYHFﬁmWI \ ity &H/FEQ)
<0. 01 ﬁ?@i’(lémié‘sg)l’ | 60001 69091
HB101( pNTSI G| HB101(pHT§3 ) 16.0 62.6 H f@lgﬂsNTSL pSTVG [13.5
1.6 HB101(pNTS1G) 8.03 62.

HB101({pNTS1,pSTVG) | 13.5 1.6

10 (Example 13: Synthesis of (S)-4-halo-3-hydroxy butyric

ester from 4-halo acetocacetic ester using recombinant Z.
coli having CRD enzyme gene introduced therein)
The recombinant £. coli HBLO1(pNTS1l) obtained in
Example 10 was inoculated in 100 ml of a 2 x YT medium
15 sterilized in a 500 ml Sakaguchi flask, and cultured with
agitation at 37°C for 13 hours. GDH (manufactured by Amano
Pharmaceutical Co., Ltd.), 1250 U, 5.5 g of glucose, and
1.6 mg of NADP were added to 50 ml of the resultant culture.
The culture was stirred at 30°C while being adjusted at pH 6.5
20 witha 5 Msodiumhydroxide solution. While stirring, ethyl
4-chloroacetoacetate was added to the culture in 250 mg
portions every 15 minutes. 1In this way, a total of 5 g of
ethyl 4-chloroacetoacetate was added and the reaction was
performed for five hours. After the reaction, the reaction
25 solution was subjec‘ted to extraction using ethyl acetate,
and an extract after solvent removal was analyzed. As a
result, it was found that ethyl (S)Y-4-chloro-3-
hydroxybutyrate having an optical purity of 100% e.e. had
been produced at a yield of 90%.



10 (Exanmpl e 13: Synthesis of (S)-4-halo-3-hydroxy butyric ester

from 4-hal o acetoacetic ester using reconbi nant E. coli having CRD
enzyme gene introduced therein) The reconbi nant E. coli
HB101( pNTSI ) obtained in Exanpl e 10 was inoculated in 100 m of a 2 x

YT nmedi um 15 sterilized in a 500 mM Sakaguchi flask, and cultured with
agitation at 37[err]C for 13 hours. GDH (manufactured by Amano

Phar maceutical Co., Ltd.), 1250 U, 5.5-g3&f gl ucose, and 1.6 ng of
NADP were added to 50 ml of the resultant culture. The cul ture was
stirred at 30[err]C while being adjusted at pH 6.5 20 with a 5 Msodium

hydr oxi de sol uti on. ile sti rr| roacet cet at.e was
added to the culture m 250qr‘r1§1 r}%ca[e)tdrc%/q onsogverﬁgg’ggm nL?t qlﬁo thi s
way, a total aydrogyblityrate eabypeﬁfohinedohgegmocm:amamaamdpdlsantb t he
reacti on was r f|v fter ction, th
reaction 25 2 %%?iﬁFBE“MsPE{J& E'E‘t’% éﬁ%}}sﬁt%? Eggﬁéggt%‘)ﬂ%‘fr} e,
and an eft r acWANf DMESSbD %8 / TLeﬁmma‘shw(maauﬁJiVZBUedﬂhyaGL Sciemesla,, it

was found t et hyl S)-4 I hydroxybutyrate havi ng an
optical puri t?ﬁgf )1 %130& aad H %ted bB’rg uced at a yield of 90%

- 36 - The quanti fi catl on of et hyl 4-chl oro 3-

hydr oxybutyrate was p@hgor UV RLE! M@mtwraﬁ}éwm b ass
colum (ID 3 mx 1 Till ggw t hPEG%ZOI\/Chr onosorhb ﬁ\%DI\/CS 10% 80/ 100

mesh (manuf acthﬁd&?’ﬂ;bu@yr@&eenﬂésweasured LY. HPAC 149iR8r po, @it ect ed

by FID. 10 isolation W1 @RA] CeliTRATICEL. b8 e"(ﬂ&hu@@btﬂr@ﬁ' nyo Baicel
hydr oxybut yrat e was neasur ed by HPLC usi r{%ean O%tl cal_ 10 i Sol ation

col unm, CHI RALESEMISR Y FRWsIdifiSed 98y DA hiscrRpPRatogRANRY Vas,
Co., Ltd-)-'ﬂﬂétﬁﬁmﬂﬂﬁﬁﬁﬁkﬁphyﬁﬁﬁéd solvent of hexane/isopropanol of

9/1 as a mobile phase at a flow rate of the mobile phase
of 0.8 ml/min. The detection was conducted by measuring the
15 absorption of 215 nm.

(Example 14: Synthesis of (S)-4-halo-3-hydroxy butyric
ester from 4-halo acetoacetic ester using recombinant £.
coli with CRD enzyme and GDH expressed simultaneously)
20 The recombinant £. coli HB101l{(pNTS1G) obtained in
Example 10 was inoculated in 100 ml of a 2 x YT medium
sterilized in a 500 ml Sakaguchli flask, and cultured with
agitation at 37°C for 13 hours. Glucose, 5.5 g, and 3.2 mg
of NADP were added to 50 ml of the resultant culture. The
25 culture was stirred at 30°C while being adjusted at pH 6.5
withas Msodiwﬁhydroxidésolution. While stirring, ethyl
4-chloroacetoacetate was added to the culture in 250 mg
portions every 15 minutes. 1In this way, a total of 5 g of
ethyl 4-chloroacetoacetate was added and the reaction was
30 performed for five hours. After the reaction, the reaction
solution was subjected to extraction using ethyl acetate,
and an extract after solvent removal was analyzed. As a
result, it was found that ethyl (S)-4-chloro-3-



performed using a m xed sol vent of hexane/i sopropanol of 9/1 as a

nobi | e phase at a flow rate of the nobile phase of 0.8 mM/mn. The
detection was conducted by neasuring the 15 absorption of 215 nm
(Exanmpl e 14: Synthesis of (S)-4-halo-3-hydroxy butyric ester from
4-hal o acetoacetic ester using reconbinant E coli with CRD enzyne
and GDH expressed sinul taneously) 20 The reconbi nant E. coli
HB101( pNTS1G) obtained in Exanple 3® was inoculated in 100 ml of a 2
X YT medi um sterilized in a 500 mM Sakaguchi flask, and cultured with

agitation at Byfesxyiitifyratd Heowirsgy &3 ugosicab.mamityand 302 %g.e. hadof
NADP were ad f_th t apt | ture. The 25 cul ture was
stirred at ngg?éféf%éﬁg%ﬁb%%ng %§§g§t§g g?%ﬁH 6.5 with a 5 Msodi um
hydr oxi de solution. Wile stirring, ethyl 4- chl or oacet oacet at e was
added to the culture gy 70 @ £ s HRrad EVRI 2B LES i's
way, a total of 5 g O’];tﬂa ﬂ%‘f%ﬁ/ﬁa%%%{?%g@atg{get at éﬂgvn\g:g gdgggqgtr? t he
reacti on3was BOritypeef ortite fekhyivedhehbloro-Arb¥FaroREbussceaiten, were

reaction ?eé%fmé@n-wass@&gb&&%ﬁuy Nl ACAhONHARBE HYingeelal e,
and an extract after solvent renoval was anal yzed. As a result, it
was found tBAEEMPEEhYE. (S)-4-chloro-3-

- 37 - hydr oxybut yrat e having an optical purity of 100% e.e. had
been produced at a yield of 92% . The quantification and the
measur enent oi‘%ﬁ’[“?iﬁllg: SpuEpesisof Phe eVl (S)-4-chloro-3-

4- chl or 003- hyHyaxykybutateteWeffom etpel f r@dl drivaddidaddiadd Y ddimgane
manner as that in

ctiyl () ReeRbieeat H Shd BafbuIGRAT S1hFem Bichy SR  Sxpresse:
4-chl or oacet oadmtiatanedabny) reconbinant E. coli with CRD enzynme and
CDH expressed The recombinant . coli HB101(pNTS1G) obtained in
Example 10 was inoculated in 100 ml of a 2 x YT medium
15 sterilized in a 500 ml Sakaguchi flask, and cultured with
agitation at 37°C for 13 hours. Glucose, 19.2 g, and 2.5 mg
of NADP were added to 40 ml of the resultant culture. The
culture was stirred at 30°C while being adjusted at pH 6.5
with a 5 M sodium hydroxide solution. While stirring, a
20 total of 16.1 g of ethyl 4-chloroacetoacetate was
continuously added to the culture at a rate of about 2 g
per hour. The reaction was performed for 24 hours. After
the reaction, the reaction solution was subjected to
extraction using ethyl acetate, the solvent was removed
25 under decompression, and the concentrate was -purified by
silica gel column chromato‘graphy, to obtain 15.6 g of ethyl
(S)-4-chloro-3-hydroxybutyrate. The optical purity of the
ethyl (S)-4-chloro-3-hydroxybutyrate was analyzed by an
HPLC mefhod and found to be 100% e.e. 18-

30 NMR{CDC13)d(ppm): 1.33(3H,t), 2.65(2H,d), 3.31(1H.4),

3.60(2H,d), 4.2(3H,m); Column: Chiralcel OB (0.46 x 25 cm)
manufactured by Daicel Chemical Industries, Co., Ltd.:

Column temperature: 0°C; Eluent: n-hexane/2-propanol of



si mul t aneousl y) The reconbi nant E. coli HBLO1(pNTSI G obtai ned
in Exanpl e 10 was inoculated in 100 nl of a 2 x YT nedium 15
sterilized in a 500 mM Sakaguchi flask, and cultured with agitation
at 37[err]C for 13 hours. ducose, 19.2 g, and 2.5 ny of NADP were
added to 40 ml of the resultant culture. The culture was stirred at
30[err]C while being adjusted at pH 6.5 with a 5 M sodi um hydr oxi de
solution. Wile stirring, a 20 totat 38f- 16.1 g of ethyl

4- chl oroacet oacetate was continuously added to the culture at a rate
of about 2 g 9/1: Fhew hete: O0TBemlgadini.gn Ietseqerdror n2US fum; ZElhchc'ms.
After t e i e i sol yt | 0 u C
extraction us?ﬁ"g‘]é et yli)gf(\:%%‘gf%% fﬁ% EQ V/e%? \k/)va{s;r\l}lyg%m%\g/egngt(ﬁ(SI ‘under
deconpressi on, and the concentrate was purified by silica gel colum
chr omat ogr aph t eth _
(S)-4-chloro- @ﬁ%}%%ﬁ)y ut yr tgr.l&hgé optlé%al purlyy of tﬁ -4- CI’llortoh):/il

(S) -4-ch150ro Bymmtytmrqtet dEner atdivk ed iphlaroacetoaqeitg terpuusdarg and
found to s 43k H- ) ey
1.33(3H 1), 2&%’%{% of - £ £ 1‘”5?’, cRE en) %Ezgﬁ%féﬁﬁ L?‘?ﬁ!en);

Col urm:  Chi r aFEBR1EHIE0ASLY) 25 o) manuf actured by Dai cel Cheni cal

Industries, Co., Ltd.fhe recorhitit (£ A Wiro HNTd1€) Brt@hiined in
n- hexane/ 2- pr opanol of 38 -

9/ 1; Fl ow rat Bxappie @ nivas, ipaatkatsd 2n5106 rgl @f ob 2 x YT rlf@dlm 2

M nut es1bor ( Sterdyifedi ﬁut e%dmrmi Rakaguchi ff&@@'@mdl@ul%ﬁﬁélﬁ&iﬁth of
et hyl (S)-4-chloro- 3- drox>ébut yrate from ethyl

4- chl or oacet oggétation at n@” C Tory ddohphAENt ELUEBFE. W th TRYTHhAAREGAN
GDH expressedto 40 sl mﬂ tﬁée@eb@thl(ﬁant culture. THeectutearbiwadtsthrea i
HB101( pNTSI G obt aj ned | n’g 10 was inoculated in 100 mM_of a 2 X
YT medi um 10 @t 8P |‘1’kPJZJe‘Ei Pﬁl’égSB@ H{Stggkééu@ﬁl 6-Padi thafd Sc i tSRE W t h

agitation at ByfieorjiGef eplhlibaur swhilacesdrring.ga wasaddedd 8.1 g 4D 40

T 1o bSO U MBI 08 (R usry ol UL
culture at a rate of about 2 g per hour. The reaction was

performed for a total of 24 hours. After the reaction, the

reaction solution was subjected to extraction using ethyl

acetate, and after solvent removal, the concentrate was

20 analyzed. As a result, it was found that ethyl (S)-4-
chloro-3-hydroxybutyrate with an optical purity of 100% e.e.

had been produced at a yvield of 96%.

(Example 17: Synthesis of ethyl (S)-4-bromo-3-

25 hydroxybutyrate from ethyl 4-bromoacetoacetate using
recombinant £. coli witﬂ CRD enzyme and GDH expressed
simultaneously)

The recombinant £. coli HBlOl(pNTSlG) obtained in

Example 10 was inoculated in 100 ml of a 2 x YT medium

30 sterilized in a 500 ml Sakaguchi flask, and cultured wifh
agitation at 37°C for 13 hours. Glucose, 1.3 g, 3.2 mg of

NADP, and then 1 g of ethyl 4-bromoacetoacetate were added

to 50 ml of the resultant culture. The culture was stirred



hydr oxi de solution. Wiile stirring, a total of 8.1 g of 15 et hyl

4- chl oroacet oacetate was conti nuously added to the culture at a rate
of about 2 g per hour. The reaction was performed for a total of 24
hours. After the reaction, the reaction solution was subjected to
extraction using ethyl acetate, and after solvent renoval, the
concentrate was 20 anal yzed. As a result, it was found that ethyl
(S)-4- chl or o- 3- hydr oxybut yr at ewrt B8nopti cal purityof 100%. e.

had been produced at a yield of 96% (Exanpl e 17: Synthesis of
et hyl (S) - 4t b3 oo -wdri 125 belrkg/d»idmybué&rat epHf 6061 wethyh 5 M sodlum

4- br onoacet oa i nd
GDH expr essedﬁ§&%§ldé1%ﬁ){11%§ﬁon t? ?ﬁg@f%g%a%tl%%oﬂéglo%n If:lol i

HB1O01( pNTSI G thét aiesediion, the ExemqtiEon0 smd&ﬁmuWaSeobubUd@Oedd wf a 2

X YT medium 3 I i 0 a i I W th
agitation at giﬁlé?ﬁ hé?ggh%&%ﬁ %él;gctoa?%( gﬂg@ sg{l}égkt Qgg %"&wﬁ
and then51 g wvhder Wecampressient oanét dhe mm@e@ctdr@(te was pusisted of the

resul tant cul Ly 8ca TR 1CULLUER LM edg bt 500
- 39 - at 3% e:&;]c V\}:}I&}l gabeli'rrl‘éltpagr ustg oat E|loll-1|]6 5 m?h Of hgodl um

hydr oxi de sol &Eﬂoﬁ P@OIaPi‘évaQFOKEé@ftVé’ﬁtfeor TBeh@HFtcal\fml@FltY Of tthe

reaction, theetsﬁﬁtl@a)sql %%%-\&afhy%ﬂa B dde wabXt &ﬁa&w@dUSIa{w
et hyl acetate e solvent was renoved under deconpression,_ and t

n
concentrate wASlpAVFfaRg ¥gund to bg Illoc% Gele -chTBakt §r aphf, s%@%%t‘%ﬁ% 900
mg of efbyl convef&d%@ré@éﬁﬂ%é”&‘éa T@/Fﬁbﬁgﬂhgo@?éhéﬁé et yerd the

et hyl (S)-4-brono-3-hydr ox butyrate was ana |l ows and found
to be 100% e. Bre‘fﬁ&f’e%f Pfd ddRepRd M?Tétlca&oﬂl&’é%%&ft bhe carinmrate
usi ng phenyl waecyarmesuﬁéar t hpy anpr esgpce of mgehddne and t hey-

optical puri t¥] of the cg r bamat e was neasur ed by an HPLC
met hod. MR{@DC13)o( PRy CHEBLERH) Fer r (pprh2H 3g( 34,28 (1B, bl o my
3.28(1H,br), 3.51(28,0)(24K,.m8,(34,53(,3H, ¢)5(144,215X,1H:cm)umrﬁolamaﬁséladmel QJ
15 (9546 X (%54%@( %ng];n CrElélJrrlg ag¥uredcby Dg}.%rglcélaerlngggitlrr{cfusétries,
Co., Ltd.:; Column temperature: 25°C; Eluent: n-hexane/2-
propanol of 9/1; Flow rate: 0.8 ml/min.; Detection: 254 nm;

Elution time: 24.2 miputes for (S), 27.8 minutes for (R).

20 (Example 18: Synthesis of ethyl (S)-4-1i0d0-3-
hydroxybutyrate from ethyl 4-iodoacetoacetate using
recombinant £. coli with CRD enzyme and GDH expressed
simultaneously)

The recombinant £. coli HB101l(pNTS1G) obtained in

25 Example 10 was inoculated in 100 ml of a 2 x ¥YT medium
sterilized in a 500 ml Sakaguchi flask, and cultured with
agitation at 37°C for 13 hours. Glucose, 0.5 g, 3.2 mg of
NADP, and then 0.5 g of ethyl 4-iodcacetoacetate were added
to 50 ml of the resultant culture. The culture was stirred

30 at 30°C while being adjusted at pH 6.5 with a 5 M sodium
hydroxide solution toallow for reaction for 72 hours. After
the reaction, the reaction solution was subjected to

extraction using ethyl acetate, the solvent was removed



Co., Ltd.; Columm tenperature: 25[err]C, Eluent: n-hexane/2- pr opanol

of 9/1; Flowrate: 0.8 m/mn.; Detection: 254 nm Elution tinme: 24.2
m nutes for (S), 27.8 mnutes for (R). 20 (Exanpl e 18: Synthesis

of et hyl (S)-4-iodo- 3- hydr oxybut yrate from et hyl

4-i odoacet oacet at e usi ng reconbinant E. coli with CRD enzynme and GDH

expressed si mul t aneousl y) The reconbi nant E. col

HB101( pNTSI G obtained in 25 Exanple 49 was inoculated in 100 ml of a 2

X YT medi um sterilized in a 500 mM Sakaguchi flask, and cultured with

agi tation at @Wer rdeCdmpresswur sand ticesepnOebtyats. waggpufified bRADP,

and then 0.5 &ﬂce?%%y.lco R WQCEL RS, $ rteo 89‘9?@8[900 @%{f%gﬂgeﬂ)f the

resul tant cul tur € cu ure was s err| i ng
adj ust ed at p(—SB-"é-deITQa-fﬂfM@m@thate h?mmﬂ@c@blnurbhytgfalth@w for

reaction for g@hﬁpld‘sﬁ 4P Rl - 3 - nydrtéié‘yﬁtf’ﬁﬁéf’é‘watshé’%éfgﬁ%&% $8h4LLAN was

subjected to traction using ethy cetate vent was renoved
- 40 - 5 @M@@&é‘@ph@sgﬂ@ﬁ% ané -t hBhabntentthe sampl weist hedtied

silica gel cofupan G QERHOYE APEY oyl i i‘hr&iﬁx@@tm Qf:l%mdde to obta:Ln
(S)-4-iodo- 3- hgdroxybutyrate The optical purity

(S)-4-iodo-3-9 bﬁywm%%m%w M}Ji%% the%rﬁi’%‘lﬂﬁﬂj too be

91. 6% e. e. Thatpdmaoid @ WS MRS RESEL chlorﬂd&@iﬁlﬁ'r WHe psedichiBe
cyanide in dinethyl sulf oxide to obtain

4- cyano- 3- hydPH:BFeA A e, The OPtEa Mlc%rfgfe&r{eobenzomaeﬁéﬁfoﬂ?sester
usi ng bepzoyl m&Qé@fé&l%waHQEPE@%e&frﬁf@ncﬂMR(CD01@f)6mngEl :na.._ 2Blgmopt) cal

purity of the_b ster nmeasur,e
NVR( CDC13) 6( pAng o 47 28{ ah, t)yﬂil%gfi 5‘)65(2H4d;3%&ﬁ 31(3H4n)20(2H -4):
4.00(1H M, cofurdf(2thitalpak AS Col.usx GF rcfxx{)paknA@a(cQu%@dxm%aqrael

Lemperatur o SopBLEE Industriege ¢6- o RS oGP mporempeSaFareH T at ;1

n!/nin. ;15 ElUEBteanbaxa254emnanEhnoﬁHB$/ﬁE F19w6ramnutésmmﬁmxﬁ3” 21.3
m nut eslgor (B)etection: 254 nm: Elution time: 19.6 minutes for {(S8), 21.3
minutes for (R). .

(Example 19: Synthesis of methyl (S)-4-chloro-3-

hydroxybutyrate from methyl 4-chloroacetoacetate using

20 recombinant £. coli with CRD enzyme and GDH expressed
simultaneously)

The recombinant £. coli HB101l(pNTS1lG) obtained in

Example 10 was inoculated in 100 ml of a 2 x YT medium

sterilized in a 500 ml Sakaguchi flask, and cultured with

25 agitation at 37°C for 13 hours. Glucose, 7.2 g, 3.2 mg of

NADP, and then 4 g of methyi 4-chloroacetoacetate were added

to 50 ml of the resultant culture. The culture was stirred

at 30°C while being adjusted at pH 6.5 with a 5 M sodium

hydroxide solution to allow for reaction for 24 hours. After

30 the reaction, the reaction solution was subjected to

extraction using ethyl acetate, the solvent was removed

under decompression, and the concentrate was purified by

silica gel column chromatography, to obtain 3.85 g of methyl



(Exanmpl e 19: Synthesis of met hyl (S)-4-chloro- 3-

hydr oxybut yrate from net hyl 4-chl oroacet oacetate using 20 reconbi nant E.
coli with CRD enzynme and GDH expressed si mul t aneousl y)

The reconbinant E. coli HB101(pNTS1G obtained in Exanpl e 10 was
inoculated in 100 M of a 2 x YT medium sterilized in a 500 m
Sakaguchi flask, and cultured with 25 agitation at 37[err]C for 13
hours. G ucose, 7.2 g, 3.2 ny of -NADP- and then 4 g of nethyl

4-chl or oacet oacet ate were added to 50 mM of the resultant culture.

The culture was)sii¢hBEsro-3- hyéi:oﬁQb@ltSr]:@t‘éhi |'§h§&ipﬂcﬂﬂi patedyads &He6 5
with a 5 Msodi um %dro i de sol ution | ow for reaction for

hours. After BBTEYLt Hd )k 01 hegh Y LBQRY BﬁyrgﬁFut‘f% afesl eé’tsed to

extracti on usfople¥dyan@cei @i, td e Jologeetl. ewasThegoved the sampldﬁﬁvas
deconpr essi on concent ate Jnas puri coI um

an el
chr ormat ogr aphg?nYﬁrgﬁgatf(h a3 Cex leg phenyg 1socyana{e undegr
- 41 - 5 ° p(:&;enéechfopgr?adihydanmybnta;smm:ng tHhee oppitiicadl putriittyy off t he

met hyl (S)-4- Ior03 dr oxybut yrate was an d as follo nd
found to be 108% e. &2 %’Fa%%, ?}’ey sarrpa}ré M?P\t@ 518?'}985 ed to \3511?

car banmat e usi nngbanyB)B(sppmanazesamdar mhe 3. 20(|an{e$:ence af. g3(r21lintde, and
measuri ng thejoptigal purity te an PLC
met hod. 3'?&4-(83 s¥. NI\/R(%D(Z,IB[(errﬂ)[ err](pﬁ% e%’(i% el 20(01 br),
3.63(2H, M, (0.463x73b3&m3)manufadt@Bédhyynpaicel Citehicml I@ﬂuﬂim&ls, OJ
(0.46 x,25 ¢C man ctu d-nd S, .1 Ltd.
Col um flénpep?f)u(eﬂftg r@raﬁa%E mﬁféra%ﬁﬁ%(ane é’n lﬁﬁttfenet ro g‘r?o an%’/?B/

Flow rate: 1 ®rPRRROL Qﬁt éé?roﬁlowmahm 1 ml/maxuu%tqcrfrﬁeonigﬁ% AL es

for (S), 22. GETI'uFE%%StE% (Rb-. 2 minutes( EX2Mpk§, 205, §Yrﬁ‘iﬂ"@§é§ for OfRr).
et hyl (S)-4-azide- 3- hydr oxybut yr at e from et

4- azi deacet oacetate usi ng reconbi nant E. coli wi t h CRD enzyme and
GDH expr essed (Exampl%l ol :t @R H)s of ethylhe regody negtad=-3col i

HB101( pIYESI G) tr%lx?r%utyrate from ethyl 4-azideacetoacetate using
recombinant £. coli with CRD enzyme and GDH expressed
simultaneously)

The recombinant £. coli HB101(pNTS1G) obtained in

Example 10 was inoculated in 100 ml of a 2 x YT medium

20 sterilized in a 500 ml Sakaguchi flask, and cultured with
agitation at 37°C for 13 hours. Glucose,3.1 g, 3.2 mg of

NADP, and then 2 g of ethyl 4-azideacetoacetate were added

to 50 ml of the resultant culture. The culture was stirred

at 30°C while being adjusted at pH 6.5 with a 5 M sodium

25 hydroxide solution toallow for reaction for 72 hours. After
the reaction, the reacfion solution was subjected to
extraction using ethyl acetate, the solvent was removed
under decompression, and the concentrate was purified by
silica gel column chromatdgraphy, to obtain 1.6 g of ethyil

30 (S)-4-azide-3-hydroxybutyrate. The optical purity of the
ethyl (S)-4-azide-3-hydroxybutyrate was analyzed by the

HPLC method and found to be 90% e.e. 1H-

NMR(CDC13)8(ppm): 1.25(3H,t), 2.55(2H,d), 3.30-3.35(3H,m),



Exanpl e 10 was inoculated in 100 mMl of a 2 x YT nedi um 20 sterilized in

a 500 m Sakaguchi flask, and cultured with agitation at 37[err]C for
13 hours. G ucose,3.1 g, 3.2 ny of NADP, and then 2 g of ethyl

4- azi deacet oacet ate were added to 50 M of the resultant culture. The
culture was stirred at 30C while being adjusted at pH6.5 with a 5 M
sodi um 25 hydr oxi desol uti ont oal | owf orreacti onfor72hours. After

the reaction, the reaction solution was &ibjected to extraction using
et hyl acetate, the solvent was renoved under deconpression, and the

concentrate \uaszomsmxi f)ed by columnSidHiGaa@al1 col wm chroyed ©ok apyemy O

obre 1 10 Bythtdblledd wulBatore IS oS, cohe ol e |

HPLC et hod Colaith tlefiprarature: Es5°Q0%1 et : n-hexanett-propanol of

NVR(CDO [ er 19 e zg%éﬁqﬁ?t 11250300 ; BepRletbd) 2 30: 3 35&?3“"95“‘%@

rranuf actSured 1I%y. DanicwiteGhefinmalS ) Ndisst 6 irbpuiGes , £t d(R) . Col um
tenperature: 25[err]C, Eluent: n-hexane/2-propanol of 9/1; Flow rate:
1 mM/mn.; Detection: 254 nm Elution tine: 5 16.2 mnutes for (S), 19.6
m nutes for ((Rxample 21: (Wxethpsibf ephyhebs k- @f4edﬂyydroxybutyrate

(S)-3, 4-di hyg P%i}&a& %%dfﬂx%&EQ%SEQ%t‘é Q%%{l? Al Ush g

r econbi nant enzyne and resse si mil taneousl y)

10 WIITHE GR: e tard %wuemgawlmgmyl BRaPHEdYIn

Exanpl e gl0 was i noculigleed eddmtAQaHt &, @:o%.zXHﬂo'I‘?ﬂN‘i@lG) obtaligel fged in
a 500 m Sakaguchi flask, and cultured w't %Itatl on at 375err]C for
13 hours. Q Uskpepley 10 gwag, inpgudated in |\1‘A@P minett en2 4< Y Bf medhpm

4- hydr oxyacet geget Bt fe Vet 26800 mhd sakddhdal H1ae% ,t Baar esglhaela ¢ikhure.
The culture was stirred at 30[err]C while being adjusted at pH 6.5

with a 5 M sRFifation athaf'6xfaE 18I ReNEH- t $IHIWR 1 dr- & Sacti-3n MoPELS
hours. AfterNaDP, anBhhéraciyd 6hethia 4en§areﬁyaaéubaaatm& weibd added to

C et UL 0% e e 208k 3l UL 2 L0 was £2Eea
at 30°C while being adjusted at pH 6.5 with a 5 M sodium
hydroxide solution to allow for reaction for 18 hours. After
the reaction, the reaction solution was subjected to
extraction using ethyl acetate, the solvent was removed

20 under decompression, and the concentrate was purified by
silica gel column chromatography, to obtain 3.2 g of ethyl
(S)-3,4-dihydroxybutyrate. The optical purity of the ethyl
(S)-3,4-dihydroxybutyrate was analyzed as follows and found
to be 100% e.e. The analysis was performed in the following

25 manner. The sample was reacted with sodium cyanide in
ethanol at room temperatﬁre to obtain 4-cyano-3-hydroxy
ethyl butyrate, which was then changed to a benzoic ester
using benzoyl chloride under the presence of pyridine. The

optical purity of the benzoic ester was measured by the HPLC

30 method. INMR(CDC13)8(ppm): 1.30(3H,t), 2.55(2H,m),
3.18(1H,br), 3.55(1H.,4), 3.68(1H,4), 4.15(1H,s),
4.20(2H,q); Column: Chiralpak AS (0.46 x 25 cm)

manufactured by Daicel Chemical Industries, Co., Ltd.:



silica gel colum chromat ography, to obtain 3.2 g of ethyl (S

-3, 4-di hydroxybutyrate. The optical purity of the ethyl (S

- 3, 4-di hydroxybutyrate was anal yzed as foll ows and found to be 100%
e.e. The analysis was perfornmed in the follow ng 25 manner. The sanple
was reacted wth sodiumcyanide in et hanol at roomtenperature to

obt ai n 4-cyano- 3- hydr oxy ethyl butyrate, which was then changed to a
benzoi c ester usi ng benzoyl chlori4f® under the presence of pyridine.
The optical purity of the benzoic ester was neasured by the HPLC 30
met hod. MR ChEinbereaihrerrl s(°|apnnuén89(n3kﬂ;dnaane/e?t.tfir(d’l-lom 95/5;

3. 18( 1H, br), 1H d 8(1H.d 15( 1H. 5). .4, 20{2H, Q);
Col um: Chi r%lﬁéﬁrg%g g{ rRl/(’blr}l’G’ g (Fr‘?)dn 252 %hﬁé@%horneélg‘?'[ﬁ%tél
Chem cal | ndusitmitess floor ,(9)%.d.21.3 minutes for (R).

- 43 -- Col um terrper ature: 25[err]C, Eluent: n-hexane/ethanol of
95/ 5; Flow rate: 1 m/mn.; Detection: 254 nm Elution tine: 19.6
m nut es ¥ or (Hxampiled 28 niBwstHegig R). o6 (B2l e 223-lgydroeyt8-

of et hyl tﬂ)‘ﬂﬁ% = a4 € duict | o) hyl
2- met hyl - 3- oxoace“?’r e%a’sf%%uﬁ;tégg%bn#n%#w&.i?g%?h%\nft% %&én%% and
GDH expr essedising regommntn@rméo&squli with CRD enzym@@ndkeE&bHoérpnesEedcol i

HB101( pNTS| G) g Gl A ¥ethiigh y1f Exanpl e 10 was inoculated in 100 m of a 2
X YT nedi um steriliZzed in a 500 m Sakaguchi flask, and cultured with
agitation at 37[err] GHeorespmidnant &.ucsdd, HB1§1§pNISaGiyobtained iNaDP,
and thegy4 g @,ta.ﬁre/u@ ghx}ao@u%%faetfaew@rmae@eca 251 X OpBath O

t he resultant culture ture was stirred at 30[err

bei ng adj ust e¥te¥ipte %651%% 0P JlySEFRINFLL 1a%d|a6‘>@| ge §8Ff&ﬁ ¥ tho
allow for reaggienti{on a8 I0¢ or ﬂ’atﬁéurs. cilvdeact ison, 3he RRAGHE on

sol ol on v L SCLEOTE o e B R SN BEE oo e v
20 silica gelsxaoluod thém‘&ﬁlﬂgl’a&ph)c,ulttmmt amhe3c151'gmé washyltlrred
3 hydr ofy- 2- RSP BT Rerarad JosteasF cpyfes with a 5 us3hiam
rwdroxidesolutlontoallowforreactlonforlahours. After
the reaction, the reaction solution was subjected to
extraction using ethyl acetate, the solvent was removed
under decompression, and the concentrate was purified by
20 silica gel column chromatography, to obtain 3.5 g of ethyl
3-hydroxy-2-methylbutyrate. The optical purity of the
ethyl 3-hydroxy-2-methylbutyrate was analyzed as follows
and found to be 91.6% e.e. The analysis was performed in
the following manner. The sample was reacted with sodium
25 cyanide in demethyl sulfoxide at room temperature to obtain
ethyl 4—cyano-3-hydroxybdfyrate, which was then changed to
a benzoic ester using benzoyl chloride under the presence
of pyridine. The optical purity of the benzoic ester was
measured by the HPLC method. 1H-
30 NMR(CDC13)&8(ppm): 1.17(3H,t), 1.22(2H,t), 1.28(3H,t),
2.46(1H,m), 2.82(1H,br), 3.90(1H,m), 4.18(2H,q).

(Example 23: Synthesis of ethyl 2-chloro-3-



and found to be 91.6%e.e. The analysis was perforned in t he

foll ow ng manner. The sanple was reacted with sodi um 25 cyanide in
denet hyl sul foxide at roomtenperature to obtain et hyl

4- cyano- 3- hydroxybutyrate, which was then changed to a benzoic ester
usi ng benzoyl chloride under the presence of pyridine. The optical
purity of the benzoic ester was nmeasur ed by t he HPLC
met hod. 1H 30 NVR(CDCl [err] 4ferr] (ppm: 1.17(3H,t),
1.22(2H,t), 1.28(3H,1), 2.46(1H, m, 2.82(1H br), 3.90(1H m,

4.18(2H, q). hydroxyfixgnpte 2By SymddwestSon ofof ethylet h¥dchloro-3-
2-chl or o- 3-

hydr oxybut yr a?’éo%?/eF%%c‘f?bﬂg ofe(é?lﬂpilnﬁgghf?()r godt With-%é%laégfgfng agldng
reconbi nant EGDBo¢xpresseCREimBuIyareandly) GDH expressed sinul t aneousl y)

The reconbinant E. C%@e'@%%:&@ﬂ%@go%ﬁ ?1‘?310&@ TS1 a%k%é%x%d‘r"rﬁi

i noculated in 100 m sterrlizé
Sakaguchb f| aBkampbe tol wasedntidulated imgioat mbno&t &37F ex rYT medihd

S eh or o 5 oy Stebi 2t %gs ed ™ Sak% %ﬂlostfmte%n‘Ji gu(iftu‘ilerayké’uiltpur e.

2-chl oro- 3-oxoacetalte were he resultant
The culture wagitatiordaliB7°C &or30BehohswhiGudmseg 6adj st Sd 2atmgpE£6. 5

with a 5 Msogpyp andhthQMdJ Qj(b@%ﬁﬁ}PELQBlEQoabLQWoBQEtE%@Q&Séx@é‘ e gl 8

hours. After e reactlon reaction solution was subjected to
extraction ustRgS@tmyfatbearesul rrnt sulditrews Thengbinre was gidared

ol 33?3%“?@"‘%3?‘5%9 SEELAG| £ajBSLRHT bE! Bt Yo luitn & Ljh?‘ixsg’%ﬁ“ﬁ"r’éij o
n bRk AP BT Aq AL v EpBmanctionateh LBHau s A Bt )

4. 25(15Hﬁ 4t?@(ﬂ$éﬁtlon20the|£F%EEE%?Léﬁiﬂﬁﬂ%ﬁlhbiYﬁubjecﬁai to By
usi n e nove (0] acltil ve al co S SucC as
(S e oo BrtaRsinn perndba i adstats, the sELEERE: Fad Hhsived at es

for medi ci nes uadért decbimpeesdion, and the concentrate was purified by
15 silica gel column chromatography. to obtain 3.8 g of ethyl
2-chloro-3-hydroxybutyrate. 18-

NMR(CDC13)8(ppm): 1.35(6H,m), 2.55(1H,br), 4.15(1H,d),
4.25(1H,m), 4.30(2H,q).

20 INDUSTRIAL APPLICABILITY
By using the novel CRD enzyme, optically active
alcohols such as (S)-4-halo-3-hydroxy butyric ester useful
as synthetic intermediates for medicines and the like can

be efficiently produced.

25
By cloning the CRD "énzyme gene and analyzing the base
sequence thereof, a transformant having a high ability of
producing the CRD enzyme can be obtained. Also obtained is
a transformant having a high ability of producing the CRD
30 enzyme and GDH simultaneously.

By using the above transformants, it is possible to

perform synthesis of optically active alcohols such as



be efficiently produced. 25 By cloning the CRD enzyne gene
and anal yzi ng the base sequence thereof, a transformant having a high
ability of produci ng the CRD enzynme can be obtained. Al so obtained is
a transformant having a high ability of producing the CRD 30 enzynme and
GDH si mul t aneousl y. By using the above transformants, it is
possible to performsynthesis of optically active al cohols such as

- 45 - (S)-4-hal 0-3-hydroxy butyric esteS f+om carbonyl conpounds such as
4-hal o acetoacetic ester nore efficiently.

- 46 - (S)-4-halo-3-hydroxy bUtYISE@th‘bﬁTééﬁonyl cogg)qobmds

| NFORVATI ON FER-REQs! [p- NQi%NBEEEBEEegggEN ENGTH é?%iéi ENCE

TYPE: am no aci ds PEAYOGY: | i near
SEQUENCE DESCRI PTI ON: Met Ala Lys Asn Phe Ser Asn Val du Tyr Pro
Ala Pro Pro Pro Ala 10 1 5 10

15



Hi s
20

Thr Lys Asn Gu Ser Leu A n Val Leu Asp Leu Phe Lys Leu Asn

25 30 Gy Lys Val Ala Ser Ile
Thr Ay Ser Ser Ser Ay Ile Ay Tyr Ala 35
40 45 15 Leu Ala Gu Ala Phe Ala dn Val Gy Ala Asp
Val Ala Ile Trp Tyr 50 55 60
Asn Ser H's Asp Ala Thr Ay Lys Ala Qu Ala Leu Ala Lys Lys Tyr 65
70 75 - 4680 Gy Val Lys Vval Lys Al a
Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala 20 85
90 95 VakebysnGeENnLIbrINGe Au A n An Ile Lys Asp
Phe Ay H's Leu Asp 100 105
110 Ile Val Val Ala Asn Ala Ay Ile Pro Trp Thr Lys Ay Ala Tyr lle
115 INFORMAT2ON FOR SEQ ID NO:1 125 25 Asp G n Asp Asp Asp Lys
H s Phe Asp Val p Leu 130 135
140 %EQ@bcg *‘EgagHTyrzﬁl Ala Lys Hs Ala Gy Arg H's Phe Arg Qu
145 5 SEQUENCES50YPE: amino acids 155 160
Arg Phe Gu L s Lys Ala Leu Val Phe Thr Ala Ser 30
165 &BLQCHL%%%' ¥epfide 175 Met Ser Ay His Ile
Val Asn Val PTOPGLAGPhe Limedtra Thr Tyr Asn 180
185 1 \la Ala Lys Ala Ay Val Arg Hs Phe Al a
Lys Ser Leu ASSOUENCE fEscriprion? ® w7
- Met Alaokys Asn Phe Ser Asn V@oGlu Tyr Pro Ala Pro Pr20Bro Ala  Phe
Al a Prolli’)he AlalArg Val Asn §er Val Ser Pro %y Tyr Ile Asn 15 210
215 220 Thr Au Ile Ser Asp Phe Val Pro°d@n du Thr
A n Asn Lys THpsTip Ly Asn GlasSer Leu GIn Val Leu ggpLeu Phe Lys Leu Asn 235
240 Ser Leu VaI PQ@ Leu Ay Arg GI Gy Gu Thr Alggfd u Leu Val Gy
245 Tyr Leu Phe Leu Al a
Ser Asp Al a QO}ydgs er Ahg Sefh il e Tar Thky Ser Ser Ser (,ly Ile Glydyr Ala
265 270 10 Asp |l eqgle Val Asp Ayq4qy Tyr Thr Leu Pro
27 OQ!}/P]TI EQUEN
LE?IGTH: 5o Leu Ala g?u Ala Phe Ala'&F (‘?\I I{:la AsSp %'1 Ala IFc Trp Tyr SEQUENCE
50 60
Asn Ser His Asp Ala Thr Gly Lys Ala Glu Ala Leu Ala Lys Lys Tyr
65 70 15 30
Gly Val Lys Val Lys Ala Tyr Lys Ala Asn Val Ser Ser Ser Asp Ala
20 85 90 95
Yal Lys Gln Thr Ile Glu Gln Gln Ile Lys Asp Phe Gly His Leu Asp
100 105 110
Ile Val Val Ala Asn Ala Gly Ile Pro Trp Thr Lys Gly Ala Tyr Ile
115 120 125
25 Asp Gln Asp Asp Asp Lys His Phe Asp Gln Val Val Asp Val Asp Leu
130 135 140
Lys Gly Yal Gly Tyr Val Ala Lys His Ala Gly Arg His Phe Arg Glu
145 ' 150 155 160
Arg Phe Glu Lys Glu Gly Lys Lys Gly Ala Leu Val Phe Thr Ala Ser
30 165 170 175
Met Ser Gly His Ile Yal Asn VYal Pro Gin Phe Gln Ala Thr Tyr Asn
180 185 190

Ala Ala Lys Ala Gly Val Arg His Phe Ala Lys Ser Leu Ala Val Glu



15 SEQUENCE TYPE: nucleic acid STRANDNESS: doubl e
TOPOLOGY: |inear SEQUENCE TYPE: genom c DNA SEQUENCE
DESCRI PTI ON: 20 ATGGCTAAGA ACTTCTCCAA CGTCGAGTAC CCCGCCCCGC CTCCGGCCCA
CACCAAGAAC 60 GAGTCGCTGC AGGTCCTTGA CCTGTTCAAG CTGAATGGCA
AGGTTGCCAG CATCACTGGEC 120 TCGTCCAGCG GTATTGGCTA CGCTCTGGECT
GAGGCCTTCG CGCAGGTCGG CGCTGACGTC 180 GCCATCTGGT ACAACAGCCA
CGACGCTACT GGCAAGGCTG AGGCCCTCGC CAAGAAGRAC 240 GGCGTCAAGG
TCAAGGCCTA CAAGGCGAAC GTGAGCAGCT CTGACGCCGT GAAGCAGACG 300 25 .
ATCGAGCAGC AGATCAA CTTCGGCCAC CTCHACATTG TCGT 5 CGOCGGCATT 360
CCCTGGACGA AGGGT CATCGACCAG GACGACGACA AGCACTTCCGA’ CCAGGTCGTT 420
GACGTCGATC TEhaddaTsn Posatiacemc VetawsacSacs atTiacear ddydivmetbrdse 480

CGCTTCGAGA AW GAAGGGOGCC 9¢F TGTGTTCA T GTCTGGCCAC 540
ATTGTGAACG T GIT CCAGGCCACG TACAACGCGG CCAAGGCTGG CGTGOGCCAC 600 30
TTCGCGAAGT clrddecBr Senadspchins Yetdimochnd lechneihrsnTorcicadme 660
GGCTAW A GAT CTCGGAC&@ GTGCCCCAGG A GAA CAAGTGGTGGE 720
TCGCTCGTGC TGGCCG CGRCGGAGAG ACGRCCGAGC TCGITGRCGC CTACCTGTTC 780
CTTGCATCTG Acetdetcd &radauchbr ’\@&TG\bG@AM lﬁcthTr@TfrcEAlUCta@;!ré@t’rWd 840
- 48 - ACGCTTCCCT Ay 852

| NFORNMATI ON F D NGO 3 H_ 17 E ENCE TYPE:
hitpiiatEbol Tvrgtrmmmgsg At SPoSD Aa (*Lr‘opgbé\yf M dht f‘T‘ T SEQUENGE

TYPE: synt hetl c DNA 960 SEQUENCE DESCREBTI ON: 10 GCBIGRAYACNA ARAAYGA

| NECRATLON FGR FEQUPYT R o1y oIFRENGE LEVGI 17 SEQUENCE TYPe
275 280

INFORMATION FOR SEQ ID NO:2
SEQUENCE LENGTH: 852

15 SEQUENCE TYPE: nucleic acid
STRANDNESS: double
TOPOLOGY: linear
SEQUENCE TYPE: genomic DNA
SEQUENCE DESCRIPTION:

20 ATGGCTAAGA ACTTCTCCAA CGTCGAGTAC CCCGCCCCGC CTCCGGCCCA CACCAAGAAC 60
GAGTCGCTGC AGGTCCTTGA CCTGTTCAAG CTGAATGGCA AGGTTGCCAG CATCACTGGC 120
TCGTCCAGCG GTATTGGCTA CGCTCTGGCT GAGGCCTTCG CGCAGGTCGG CGCTGACGTC 180
GCCATCTGGT ACAACAGCCA CGACGCTACT GGCAAGGCTG AGGCCCTCGC CAAGAAGTAC 240
GGCGTCAAGG TCAAGGCCTA CAAGGCGAAC GTGAGCAGCT CTGACGCCGT GAAGCAGACG 300

25 ATCGAGCAGC AGATCAAGGA CTTCGGCCAC CTCGACATTG TCGTGGCGAA CGCCGGCATT 360
CCCTGGACGA AGGGTGCCTA CATCGACCAG GACGACGACA AGCACTTCGA CCAGGTCGTT 420
GACGTCGATC TGAAGGGTGT TGGATACGTC GCGAAGCACG CTGGCCGTCA CTTCCGCGAG 480
CGCTTCGAGA AGGAGGGCAA GAAGGGCGCC CTTGTGTTCA CGGCCTCCAT GTCTGGCCAC 540
ATTGTGAACG TGCCCCAGTT CCAGGCCACG TACAACGCGG CCAAGGCTGG CGTGCGCCAC 600

30 TTCGCGAAGT CGCTGGCCGT CGAGTTCGCG CCGTTCGCGC GCGTGAACTC TGTGTCGCCG 660
GGCTACATCA ACACGGAGAT CTCGGACTTC GTGCCCCAGG AGACGCAGAA CAAGTGGTGG 720
TCGCTCGTGC CCCTTGGCCG CGGCGGAGAG ACGGCCGAGC TCGTTGGCGC CTACCTGTTC 780
CTTGCATCTG ACGCCGGCTC GTACGCCACT GGTACGGACA TCATTGTTGA CGGTGGCTAC 840



15 STRANDNESS: single TOPOLOGY: |inear SEQUENCE TYPE:
synt heti c DNA SEQUENCE DESCRI PTI ON: AAYGTNGART AYCCNGC 20
| NFORVATI ON FOR SEQ I D NG 5 SEQUENCE LENGTH: 17 _ SEQUENCE TYPE:
nucleic acid STRANDNESS: single 25 TOPOLOGY: |i near
SEQUENCE TYPE: synthetic DNA SEQUENCE DESCRI PTI ON: CTRGTYCTRC
TRCTRTT 30 | NFORMATI ON FOR SEQ I D NG 6 - SEQUENCE LENGTH: 35
SEQUENCE TYPE: nucleic acid STRANDNESS: singl e _
- 49 - TOPOLOGY: |inear SEQUENCE TYPE: synt ?:?’EI'IC% %C

NCE DES ' TAGTCGTTAA CCATATGGCT AAGAA -
FEE%EN&EICN g@gﬁg A%«)? SEQUENCE LENGTH: 40 SEQUENCEﬁﬁ%PE
nucleic acid STRANDNESS: single 10 TOPOLOGY: | near SEQUENCE

TYPE: synt hetinrddVATION FSIEGHNGD QESOR! PTI ON: TCTGAGTTAA CGAATTCTTA

GCGGAAGCGTG TA! CCGT
G SEQUENCE LENGTH: 17

5  SEQUENCE TYPE: nucleotides
STRANDNESS: single
TOPOLOGY: linear
SEQUENCE TYPE: synthetic DNA
SEQUENCE DESCRIPTION:
10 GCNCAYACNA ARAAYGA

INFORMATION FOR SEQ ID NO:4
SEQUENCE LENGTH: 17
SEQUENCE TYPE: nucleic acid
15 STRANDNESS: single
TOPOLOGY: linear
SEQUENCE TYPE: synthetic DNA
SEQUENCE DESCRIPTION:
AAYGTNGART AYCCNGC
20
INFORMATION FOR SEQ ID NO:5
SEQUENCE LENGTH: 17
SEQUENCE TYPE: nucleic acid
STRANDNESS: single
25 TOPOLOGY: linear
SEQUENCE TYPE: synthetic.DNA
SEQUENCE DESCRIPTION:
CTRGTYCTRC TRCTRTT

30 INFORMATION FOR SEQ ID NO:6
SEQUENCE LENGTH: 35
SEQUENCE TYPE: nucleic acid
STRANDNES5: single



- 50 - CLAIM5 1. A carbonyl reductase having

physi cal and chem cal properties (1) to (4) of: (1) action:
acting on ethyl 4-chloroacetoacetate using NADPH as a  coenzyne to

pr oduce et hyl (S)-4-chloro-3- hydroxybutyrate; (2) substrate
specificity: exhibiting a strong activity to ethyl 4-

chl oroacet oacetate while exhibiting substantially no activity to ethyl
acet oacet at e; (3) optimal pH 5.49te 6.5; and (4) action

optimal tenperature: 50[err]C to 55[err]C. 2. A carbonyl reductase
accordi ng to wimirvck . fushlagk havi ng physical and chem cal properties (5)

to (7) of )__heat stability: being stable up to about 40[err]C
when processe?ﬁcé-fm?éﬁ: LFBor s3p thetieNA (6) inhibitor: being

i nhi bi ted by gmyuRNOE mgg‘cmmlfmr cetin; and (7) nol ecular weight:
about 76, 000 in gel |tration ana and_about 32,000 in SDS

pol yacryl am @@%%M%%G%Q%I%F%AChgT ﬁcééf:bonyl r educt ase having

an am ncs aci d sequence of SEQ ID NO 1 of Sequence Listing or an amino acid
sequence wt hgﬁ_ln n bei ng del eted, substituted, or
added in the Wﬁi‘%% ﬁ?aﬁééﬁl D NO 1 of Sequence Listing, or
part of the sSEQUENCE ct.me{qmencem and havi ng an activity of reducing ethyl
4- chl or oacet 0%9 tri o ]}/c a P4 produce et hyl
(S)-4-chloro- W

STRANDNESS: s:Lngle

10 TOPOLOGY: linear

SEQUENCE TYPE: synthetic DNA

SEQUENCE DESCRIPTION:

TCTGAGTTAA CGAATTCTTA GGGAAGCGTG TAGCCACCGT



- 51 - 4. A carbonyl reductase according to any of clains 1 to 3, where

the enzyne is obtained froma m crobe bel ongi ng to genus Candi da. 5 A
carbonyl reductase according to any of clains 1 to 3, wherein the enzyne is
obt ai ned from Candi da magnol i ae. 6. A carbonyl reductase according to any

of claims 1 to 3, wherein the enzyne is obtained from Candi da nagnoliae | FO
0705. 7. A DNA coding an enzyne according to any of clains 1 to 6. 8. A
DNA according to claim 7, wherein the-DN® has a nucl eoti de sequence of SEQ
I D NO 2 of Sequence Listing. 9. A plasmd having a DNA according to claim
7 or 8. 10. A plasmd according to cdiimM®, wherein the plasmd is pNTS1.
11. Atransformant whi chi sacel | transformedw t hapl asm d according to claim?9
or 10. 12. Atransformed cell according to claim1l1l, wherein the

transforned del B isafbonpli .reductase having physical and chemical

properties (1) to (4) of:

(1) action:

acting on ethyl 4-chloroacetoacetate using NADPH as
a coenzyme to produce ethyl (S)-4-chloro-3-
hydroxybutyrate;

(2) substrate specificity:

exhibiting a strong activity to ethyl 4-
chloroacetoacetate while exhibiting substantially no
activity to ethyl acetoacetate;

(3) optimal pH: 5.5 to 6.5: and

(4) action optimal temperature: 50°C to 55°C.

2. Acarbonyl reductase according toclaim 1, further having
physical and chemical properties (5) to (7) of:

(5) heat stability: being stable up to about 40°C
when processed at pH 7.0 for 30 minutes;

(6) inhibitor: being inhibited by mercury ions and
quercetin; and

(7) molecular weight: about 76,000 in gel

filtration analysis and about 32,000 in SDS polyacrylamide
electrophoresis analysis.

3. A carbonyl reductase héving an amino acid sequence of
SEQ ID NO:1 of Sequence Listing or an amino acid seguence
with one or several amino acids being deleted, substituted,
or added in the amino acid sequence‘of SEQ ID NO:1 of Seqguence
Listing, or part of the amino acid sequences, and having
an activity of reducing ethyl 4-chloroacetoacetate
asymmetrically to produce ethyl (S)—4—chloro—3—.
hydroxybutyrate.

T



13. A transforned cell according to claim11l, wherein the transforned cel
Is E.coli HBLO1(pNTS1). 14. A production nmethod of (S)-4-hal o-3-hydroxy
butyric - 52 - ester represented by a
general formula: [err] (wherein R err] denotes a hal ogen atom R err]
denotes hydrogen, and R err] denotes substituted or non-substituted al kyl
group or aryl group), the nethod conprising the step of: reacting 4-halo
acetoacetic ester represented by a gemer®} fornmula: [err] and an
enzynme according to any of claims 1 to 3 or a culture of a m crobe having
an ability of producing t he enzyne or a processed product of the culture.

15. A nethod ac wherei.n_the halo tQmi hl gri ne or

brom ne and t‘ﬁ’e aFﬁchafagﬁpaﬁg\?F%ng ?o ?%g)%gﬁ'glms ?’6% Agmet hod

accordi ng tC)wﬂ&rentHﬁ eﬂnymarnstubtaimedatzom a microbe belonging to
genus Candida.

5. A carbonyl reductase according to any of claims 1 to 3,

wherein the enzyme is obtained from Candida magnoliae.

6. A carbonyl reductase according to any of claims 1 to 3,

wherein the enzyme is obtained from Candida magnoliae IFO
0705.

7. A DNA coding an enzyme according to any of claims 1 to
6.

8. A DNA according to c¢laim 7, wherein the DNA has a
nucleotide sequence of SEQ ID NO:2 of Sequence Listing.

9. A plasmid having a DNA according to claim 7 or 8.

10. A plasmid according to claim 9, wherein the plasmid is
pNTS1. '

11. Atransformant which is a cell transformedwith a plasmid
according to claim 9 or 10.

12. A transformed cell according to claim 11, wherein the
transformed cell is E£.coli.

13. A transformed cell according to claim 11, wherein the
transformed cell is F.coli HB101l(pNTS1l).

14. A production method of (S)-4-halo-3-hydroxy butyric

HII|||\ \\ll“ ||||| \\I\l \l \II\



I's methyl 4-chl oroacetoacetate, ethyl 4-chloroacetoacetate, nethyl

4- bronpacet oacetate, or ethyl 4-bronpacetoacetate. 17. A nethod according
to any of clainms 14 to 16, wherein the mcrobe is a mcrobe belonging to
genus Candi da. 18. A nethod according to claim17, wherein the mcrobe is
Candi da magnol i ae. 19. A nethod according to claim18, wherein the

m crobe.i s Candi da magnol i ae | FO 0705. - 53 -
20. A nmethod according to any of clainsg 24 fo 16, wherein the microbe is a
transforned cell according to any of clains 11 to 13. 21. A production

met hod of an ©pteEarepregented3blydr gepepaily fogmddaaer represented by a
general fornula: [err] nmet hod conprising the steps of: reacting a
transformant which is a cell nsformed with a plasm d having a DNA codi ng
an enzyne having an acti iR Jically reducing a 3-oxo-butyric
ester represented by a general [err]

flor mul a:
R,
{wherein R; denotes a halogen atom, R, denotes hydrogen, and
R; denotes substituted or non-substituted alkyl group or aryl
group), the method comprising the step of: reacting 4-halo
acetoacetic ester represented by a general formula:

O

Rx\/[K\/COORa

R,

and an enzyme according to any of claims 1 to 3 or a culture
of a microbe having an ability of producing the enzyme or
a processed product of the culture.

15. A method according to claim 14, wherein the halogen atom
is chlorine or bromine and the Ri: is an alkyl group having
1 to 4 carbons.

16. A method according to claim 15, wherein the substrate
ismethyl 4-chloroacetoacetate, ethyl 4-chloroacetoacetate,

methyl 4-bromoacetoacetate, or ethyl 4-bromoacetoacetate.

17. A method according to any of claims 14 to 16, wherein

the microbe is a microbe belonging to genus Candida.

18. A method according to claim 17, wherein the microbe is

Candida magnoliae.

19. A method according to claim 18, wherein the microbe is
Candida magnolias IFO 0705.

o



to produce an optically active 3-hydroxy-butyric ester represented by a

general fornula: [err] with a 3-oxo-butyric ester represented by a
general formula: [err] and harvesting a produced optically active
3- hydroxy- butyric ester represented by a general formula:

- 54 - [err] 22. A nmethod according to claim21, wherein in the

general fornulae, Rerr] and R err] are independently hal ogen, azide,
benzyl am no, or hydrogen, one of R[erF]sand Rl err] being hydrogen, and R3
is a substituted or non-substituted al kyl group oraryl group, or in the
general formulae, R err] and R err] are independently an al kyl group, a

hydroxi de grogp, RrmdMi@IetoWEn tHEY lofMains 14 to 16, wherein

the microbe is a transformed cell according to any of
claims 11 to 13.

21. A production method of an optically active 3-hydroxy
butyric ester represented by a general formula:
OH

RN)\‘/COOR3

R,

the method comprising the steps of: reacting a transformant
which is a cell transformed with a plasmid having a DNA coding
an enzyme having an activity of asymmetrically reducing a
3-oxo-butyric ester represented by a general formula:

O

R, COOR,

R

2

to produce an optically active 3-hydroxy-butyric ester
represented by a general formula:
OH
R1\)\(000R3

R

2
with a 3-oxo-butyric ester represented by a general formula:
O
R, COOR,

R

2

and harvesting a produced optically active 3-hydroxy-
butyric ester represented by a general formula:
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Rl err] being hydrogen, and Rlerr] is a substituted or non-substituted al kyl

group or aryl group. 23. A nmethod according to claim22, wherein in the
general formulae, R err] is a hydroxyl group, R err] is hydrogen, and
Rlerr] is ethyl. 24. A nmethod according to claim 22, wherein in the
general fornmulae, R err] is chlorine, Rerr] is hydrogen, and R err] is

et hyl . 25. A method according to any of clains 21 to 24, wherein the
transforned cell is a transforned ceII‘aééoFding to any of clainms 11 to 13.
26. A plasm d having a DNA according to claim7 or 8 and a DNA codi ng

gl ucose dehydrogenase. 27. AQHasmi d according to claim 26, wherein the
gl ucose dehydrogenase is dgrive frqﬁggﬁfillus megat eri um 28. A plasmd
according to claim27, wheré& t P d is pNTS1G

- 55 - 29. A transformant which gg a cell transformed with a plasmd

according to any of clainms 26 to 30. Atransforned cell according to
claim?29, wherein_the transforned cell is E. coli, L
' 2. A method according to claim 21, wherein in the general

formulae, R; and R, are independently halogen, azide, benzyl
amino, or hydrogen, one of R; and R; being hydrogen, and R;
isasubstituted ornon-substituted alkyl group or aryl group,
or in the general formulae, R; and R, are independently an
alkyl group, a hydroxide group, or hydrogen, one of R; and
R; being hydrogen, and R; is a substituted or non-substituted
alkyl group or aryl group.

23. A method according to claim 22, wherein in the general

formulae, R; is a hydroxyl group, R, is hydrogen, and R; is
ethyl.

24. A method according to claim 22, wherein in the general
formulae, R, is chlorine, R, is hydrogen, and R; is ethyl.

25. A method according to any of claims 21 to 24, wherein
the transformed cell is a transformed cell according to any
of claims 11 to 13.

26. A plasmid having a DNA according to claim 7 or 8 and
a DNA coding glucose dehydrogenase.

27. A plasmid according to claim 26, wherein the glucose

dehydrogenase is derived from Bacillus megaterium.

28. A plasmid according to claim 27, wherein the plasmid
is pNTS1G.
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31. Atransforned cell according to claim 30, wherein the transformed cel
Is E. coli HB101l(pNTS1G. 32. A production nethod of an optically active
al cohol, conprising the steps of: reacting a transformant which is a cel
transfornmed with a plasm d having a DNA codi ng an enzyne having an activity
of asymmretrically reducing a carbonyl conpound to produce an optically
active al cohol and a DNA codi ng an enzyne having an ability of regenerating
a coenzyne on which the enzyne depends; wPth a carbonyl conpound; and
harvesting a produced optically active al cohol. 33. A nethod according to
claim 32, wheR8i nAttmnssfopmaritawhighdrs alwedlilt Yyrahs f egead watthng pd asodizy me

I s glucose de 2Nas 4, A -had ,acgardi;ng to claim 32, wherein the
t ransf or ned c§¥ﬁ5?§§§8t?8ngP§rﬁ£dcg§FH%ag%o% i%g'to any of clainms 29 to 31.
35. A nethod according to any of clainms 32 to 34, wherein the carbonyl

di - ' t I l.a:
Ogh e and Thelr SEarYERFmER FELL HECIFLES M AP I IR e ve

3- hydr oxy- but freosécreedr epldsést &d lopla .general fornula: [err]

31. A transformed cell according to claim 30, wherein the
transformed cell is E. coli HBlO1l(pNTS1G).

32. A production method of an optically active alcohol,
comprising the steps of: reacting a transformant which is
a cell transformed with a plasmid having a DNA coding an
enzyme having an activity of asymmetrically reducing a
carbonyl compound to produce an optically active alcohol
and a DNA coding an enzyme having an ability of regenerating
a coenzyme on which the enzyme depends, with a carbonyl

compound; and harvesting a produced opticaily active
alcohol.

33. A method according to claim 32, wherein the enzyme
having an ability of regenerating a coenzyme is glucose
dehydrogenase.

34. A method according to claim 32, wherein the transformed

cell is a transformed cell according to any of claims 29
to 31. ‘

35. A method according to any of claims 32 to 34, wherein

the carbonyl compound is a 3-oxo-butyric ester represented
by a general formula:

O

R1\)J\,/COOR3

R,

T



36. A nethod according to claim35, wherein in the general fornmulae, R err]
and R err] are independently hal ogen, azide, benzyl am no, or hydrogen, one
of Rlerr] and Rl err] being hydrogen, and Rerr] is a substituted or
non-substituted al kyl group or aryl group, or in the general fornulae,
Rlerr] and Rl err] are independently an al kyl group, a hydroxyl group, or
hydr ogen, one of R err] and R err] being_hydrogen, and Rerr] is a
substituted or non-substituted al kyl gFoaB or aryl group. 37. A nethod
according to claim 36, wherein Rerr] is chlorine, R2 is hydrogen, and

Rlerr] is ethyl. 38. Atransformant which is a cell transformed with a
first plasm daf@WH rasthiR 2508541088119 abR4Te/aPEoRo 8Nk &rSBpeAaRhgsSM d
having a DNA codi ng gl ucose dehydrogenase. 39. A transforned cell

accordi ng to *F&EIY® 38, hAEPEY nPRRFILC SISt TRRI¢SeHIBIPENE OR8eFRdcose
dehydr ogenaseshsneesi ved from Bacil | um nmegaterium 40. A transfornmed cel

according to claim38 or 39, wherein the transformed cell is E. coli. 41.
A production nethod of an optig¢ally active al cohol, :
- 57 - conprising the stggps of: reacting a transformant which is
R, COOR,
RZ

36. A method according to claim 35, wherein in the general
formulae, R; and R; are independently halogen, azide, benzyl
amino, or hydrogen, one of R; and R; being hydrogen, and R;
is asubstituted or non-substituted alkyl group or aryl group,
or in the general formulae, R; and R, are independently an
alkyl group, a hydroxyl group, or hydrogen, one of R, and
R; being hydrogen, and R; is a substituted or non-substituted
alkyl group or aryl group.

37. A method according to claim 36, wherein R, is chlorine,
R; is hydrogen, and R; is ethyl.

38. A transformant which is a cell transformed with a first
plasmid having a DNA according to claim 7 or 8 and a second
plasmid having a DNA coding glucose dehydrogenase.

39. A transformed cell acéording to claim 38, wherein the
first plasmid is pNTS1 and the glucose dehydrogenase is

derived from Bacillum megaterium.

40. A transformed cell according to claim 38 or 39, wherein

the transformed cell is £F. colil.

41. A production method of an optically active alcohol,

* [ L M S *



a cell transformed wth a first plasm d having a DNA codi ng an enzyme

havi ng an activity of asymetrically reducing a car bonyl conpound to
produce an optically active al cohol and a second plasm d having a DNA
codi ng an enzyme havi ng an ability of regenerating a coenzyme on

whi ch the enzyne depends, with a carbonyl conpound; and harvesting a
pr oduced optically active al cohol. 42. A nethod according to
claim4l, wherein the enzyne haV|n§ an ability of regenerating a
coenzynme i s glucose dehydr ogenase. 43. A nethod according to

claim4l, wher@prisiang rmsfdrensl of: reagdiing @ &nangfsfonrandd weigh is

according to ameiof tEEﬂ%%r?h%d with écfidx%t plasmld ﬂ‘QVLAgnEtM AL ng
to any of clains 41 t 3, Wwhereln car bonyl cofipound is a

3- 0x0- but yr | ca%s%re&meemeé@é}ﬁ@dl activigy &fgme*?@rc'rﬂﬂl%’ reduqging a
and the resul ¢aRboRpl | §8hpYuREt t¥epabaabel ahs o@'il%tl'l%ma'c‘tlve alccdi ve

3- hydroxy-butyric ester represented by a general formula: [err]
45." A net hod &Red? cﬁerf'g’rt% Rlagmi g having & PYA LRt gnzyme havigign| ae,
Rierr] and Rl gardbarery nske f&tf@é%%e@iﬂrﬂ&o@%ﬂéh the enAfd0, Or

hydr ogen, one_of err]. and err] bein dro and
y g depends, with a carbonyl com %ou% gnd harves J.ng L produced

optically active alcohol.

42. A method according to claim 41, wherein the enzyme
having an ability of regenerating a coenzyme is glucose
dehydrogenase.

43. A method according to claim 41, wherein the transformed
cell is a transformed cell according to any of claims 38
to 40.

44. A method according to any of claims 41 to 43, wherein
the carbonyl compound is a 3-oxo-butyric ester represented

by a general formula:
O

R COOR,

1
Rz
and the resultant optically active alcohol is an optically

active 3-hydroxy-butyric. ester represented by a general
formula: )

OH
R, COOR,

R,

45. A method according to claim 44, wherein in the general
formulae, R; and R; are independently halogen, azide, benzyl

amino, or hydrogen, one of R, and R; being hydrogen, and R;
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is a substituted or non-substituted al kyl group or aryl group, or in the
general fornulae, Rerr] and R err] are independently an al kyl group, a
hydr oxyl group, or hydrogen, one of Rerr] and R err] being hydrogen, and
Rlerr] is a substituted or non-substituted al kyl group or aryl group. 46.
A nmet hod according to claim45, wherein in the general fornmulae, Rerr] is
chlorine, R err] is hydrogen, and R err] is ethyl.

- 5

is a substituted or non-substituted alkyl group or aryl group,
or in the general formulae, R; and R, are independently an
alkyl group, a hydroxyl group, or hydrogen, one of R; and
R; being hydrogen, and R; is a substituted or non-substituted
alkyl group or aryl group.

46. A method according to claim 45, wherein in the general

formulae, R; is chlorine, R, is hydrogen, and R; is ethyl.

I



