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DESCRI PTI ON NOVEL CARBONYL REDUCTASE, - GENE THERECF AND METHOD OF

USI NG -~ ' _ THE SAME 5

TECHNI CAL FI ELD Thepresenti nventi onrel at est oanovel :
pol.ypepti de, a gene encodi ng t he pol ypeptidg, 1an expressi on vector- for 10,
expressi'ng the pol ypeptide, a transfornmant ob%ained by - transformng a
host cel'l using the expression vector, and ' a nethod for producing a
conmpound useful as a material for . synt hesi s of nedi canents and
pesti ci des using the - transformant. l.cularly, the present

I nvention 15 relates to a pol ypeptide ngﬁggggibpon1a m croor gani sm.

havi ng an enzyme activity to asymetrically reduce tert-butyl -

(3R 55) 6. chi.or o, So¥Ek; FARBENFHORERkErask" crne siilieor i METHOD OF WG

t he pol ypeptide, an expression 20 vect olTHEiGSAMB ng t he pol ynucl eoti de,

and a transfgrmant _ transfornmed by the expression vector.

The present Invention also relates to a nmethod for pr oduci ng
tert-butyl : (3R, 5S) - 6-chl or o- 3, STECENICALhFH#EBRyhexanoate. The.

met hod i ncludes the steps of . reacting the transformant or a processed

product thereof wth t

(S) - 6- chl or 0- 5- hydr oxy- 3- 6% m%gnventioml%ﬁs o pgved Relypertide.

tert-butyl . (3R 58) géne encodlihgr thé, peliybgptibdghecannexpression vector for
Tertsbutyl 10 expressiﬂgy%ﬁggﬁgi§Begigag;5h'trnnsformant obtained by
' ' transforming a host cell using the expression vector, and

a method for producing a compound useful ss a material for

synthesis of medicaments and .pestioides using the

transformant. - More particularly, the present invention

15 relates to a polypeptide isolated from a microorganism

having an enzyme activity to asymmetrically ~reduce

tert-butyl (S)-6-chloro-5-hydroxy-3-oxohexanoate to

tert-butyl (3R,58)-6-chloro-3,5-dihydroxyhexanoate, a

polynucleotide encoding the polypeptide, an expression

20 vector including the polynucleotide, and a.transformant

transformed by the expression vector.

The present invention also relates to a method for
produeing tert-butyl - '(3R,SS)-6-chloro-3,5—
25 dihydroxyhexanoate. The method includes the steps of
reacting the transformant or a processed product thereof
with tert-butyl (S)-6-chloro~5-hydroxy-S-oxohexanoate,
and collecting the produced tert-butyl (3R,5S)-6-
, chloro-3,5-dihydroxyhexanoate.
30 ' .
Tert-butyl (3R,58)-6-chloro-3,5-
dihydroxyhexanoate is a compound useful as a material for
synthesis of medicaments and pesticides, particularly



di hydr oxyhexanoate is a conpound useful- as a material for synt hesi s
of gedi canents and pesticides, particularly

- 2- - HMG- CoA reductase inhibitors. .

BACKGROQUND ART 5 - The only nethod for producing
tert-butyl (3R, 5S) - 6-chl.oro-3, 5-.di hydr oxyhexanoat e by asynnetrlcally
reducing.tert-butyl (S) -6-chloro -5-hydroxy-3-oxohexanoat e, whi ch
has been reported, enploys diethyl met hoxyborane and - sodi um

borohydri de (U.S. gMatedh Meduetas&edihhibitd@d) ens 10  with this techni que
are that a very low tenperature reaction vessel achieving

tenperatures as low as -78[err]C is required, t hat expensive

materials need to be enployed, and theP Idk&rounD ari€’ e has been a demand
for a practical reaction procedure. 9 * DI SCLOSURE OF THE
| NVENTI ON The inventors of the present invention found a

pol ypepti de g derived f pRE Fo £oduci tert-
asynmetri cal I y reduces tert&f)u}?ny 5) - 6- chFo\rMc;ﬁ 30 ng ert-butyl
hydr oxy- 3- oxohexakdBw 8S) o 6prebdere-Se lizlﬁ<7(='~:aiflaee;fgmsu:ewausymme'cricaatl11r

chl oro- 3, 5-di hydrfé&ﬁ&iﬁﬂcﬁi&- &sge%-én&%%a% WHiadxy-3 -oxdilexanoate,

efficiently produce _tert-butyl chl or o-

3, 5- di hydr oxyhexaWB4€B, ﬁﬂ&%’érﬁ%W@cfﬁw iflethylmefhoyghorane and
i nvention. 25 sodium borohydride (U.S. Patent No. 52,783,131). Problems

10 ‘'with this technique are that a very low temperature reaction
vésel achieving temp_ei:'atures as low as -78°C is required,'
that expensive materials need to be employed, and the like.
There has been a demand for a practical reaction procedure.

i5 DISCLOSURE OF THE INVENTION

The inventors of the present invention found a

polypeptide " derived from- a rdiéfoorganism which

_ asymmetrically reduces tert-butyl {8)-6-chloro-5-
20 hydicoxy-a-oxohexanoate to produce tert—butyl' (3R,58)-6-
_ chloro-s,5-d:|.hy'droxyhexanoate, envisioned a method which
can - efficiently produce tert-butyl (3R,5S)-6-chloro-
3, S-dihydroxyhexanoaté, and eventually achieved the

present invention. ' :

25 ‘ _ _
"An objective of the present 1nv§ntion is to provide

a polypeptide capable of asymmetrically reducing tert-butyl
(S)-6-chloro-5-hydroxy-3-oxohexanoate to produce tert-

butyl (3R,58)-~6-chloro-3,5-dihydroxyhexanoate. Another
30 objective of the present invention is to provide a method .
for efficiently producing the polypeptide using recombinant

DNA technology. 8till another objective of the present
invention is to provide a. transformant which can produce
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An objective of the present inventi on'is to pr ovi de - "a pol ypepti de
capabl e of asymetrically reducing tert-butyl

(S)-6-chl oro-5-hydroxy- 3- oxohexanoate to produce tert- but yl -

(3R 59)-6-chl oro-3, 5-di hydroxyhexanoate. Anogher 30 obj ective of the

present invention is to provide a nethod. . - for efficiently producing

t he pol ypepti-de using reconbi nant DNA technol ogy. Still another

obj ective of the present invention is to provide a transformant which

can produce . gaig polg{pec?tide. and a polypept:l:d’é having aS@l¥icose
havi n dehydr ogenase

pol ypeptlde and a g 2
activity, sinultafie H§F9998aﬁel aFhiv *X'yengimultaneg\;g;l,yst 13 ¢ &xtent.

obj ective of the pygaestiilvanbrh_L abjectweoow Qtied r%dUn&Ctirﬁﬁnﬂliﬁrb%
for producing tert-buty

3R 5 chl ro 3.5-di h an
usi ng t he toy mtéracticag metho 'I#‘%rppﬁéa 1¥ﬁv3ﬁqto utyl
rel ates to aspol ypsRt 589 -6-chlbew-3y 5-d1 hydioxyhexanioate Y ta@sing the
asymmetrically reduce 10 tert-butyl '
(:S) - 6- chl or o- 5- hy SFBRFESIBRBRexanocate to ~ tert-butyl
(3R, 5S)-6-chl ora- 3, 5-di hydr oxyhexanoate. The pol ypepti de conpri ses
the am no acid sequence r resent ed

Li sting, or the am no aci pre s?@&ue*ﬁ%e'ﬁg%ﬁ‘hgrgga@ggs'gtol)ﬂgt g’r%ﬁls’g’%g%l?e

substitution, 15 havhagrtann, edeymei oactdvidygdi toonasyeomedirically reduce

to gonus. 13" PR SBGFRY O° 1614 b SR nyaecl) S SOKARDKRILBEL 0N Y
rragnol i ae | FO 0706exrtebutyl (3R, 5S)-6-chloro-3,5-dihydroxyhexanoate. The
polypeptide comprises the amino acid sequence represented
.by SEQ ID NO. 1 in the Sequence Listing, or the amino acid
sequence having at least one amino acid substitution,

15 . insertion, deletion, or addition thereof.

Preferably, the peptide may be derived‘ from a
microorganism belonging to genus Candida. More preferably,
the microorganism may be Candida magnoliae IFO 0705.
20 _
~ . ' In one aspect, the present invention relates to a
polynucleotide encoding the above-described polypeptide.

_ In one aspect, the present invention relates to a
25 polynucleotide encoding a polypeptide having an enzyme
activity to asymmetrically reduce tert-butyl (S)-6-
chloro-5-hydroxy-3-oxohexanoate to tert-butyl (3R,5S8)-
6~-chloro-3,5-dihydroxyhexanoate. The polynucleotide is
.hybridized with a nucleotide sequence represented by SEQ
-30 ID NO. 2 in the Sequence Listingunder stringent conditions.

In one aspect, the present invention relates to an
expression vector including the above-described



I n one aspect, the present invention relates to a = pol ynucl eot i de

encedi ng the above-descri bed pol ypepti de. I n one aspect, the
present invention relates to a.25 pol ynucl eoti de encodi ng a pol ypeptide
havi ng an enzyme activity to asynnetrlgaily reduce tert-butyl (.S)- 6-
chl or o- 5- hydr oxy- 3- oxohexanoate to tert-butyl (3R 5S)-

6- chl or o- 3, 5-di hydr oxyhexanoat e. - The pol ynucl eotide is hybrldlzed
with a nucl eoti de sequence represented by SEQ30 ~ IDNO 2 in the
Sequence Li'sting ?Bﬂfﬁuélébﬂﬂﬁat Qﬁﬂgféfﬂﬂfy the expression'ﬁb 3&@5%%
the present invention relates expression ~ vector I nclu

the  above- descrPbagmid pNTCR. - 4-

pol ynucl eotide. Preferably, the expression vector nmay be plasm d
PNTCR. I n_one enbaodi nent, the above-described expression 5

vector may further includtR 099 eRRedimANte the sbovg-describedpxpaessden
havi ng-a gl usose 'Glébtdfoﬂﬁ&asﬁlﬁgiéﬂ ':'l.ﬁclude a po ynuclecﬁf:ﬁi&réﬂbéfdi

e 148 o, LAGBES oot i 1
Preferably, the expression vector may" be : '
' Preferably, the polypeptide having a glucose
.. dehydrogenase activity may be a glucose dehydrogenase
10 derived from Bacillus megaterium.

Preferably, the expression vector may be
plasmid pNTCRG.

15 In one aspect the pfesent invention relates to a
transformant obtained by transforming a host cell using the
above-described expression vector.

Preferably, the host cell may be Escherichia coli.
20 More preferably, the transformant may be E. coli HBl0o1l
{pNTCR) or E. coli HB101l (pNTCRG).

In one aspect, the present invention relates to a
method for producing tert-butyl (3R,5$)-6—chloro-3,5-
25 dihydroxyhexanoate. The method comprises the steps of .
reacting the . above-described transformant and/or a
processed product thereof with tert-butyl (S)-6-chloro-
5-hydroxy-~-3-oxochexanoate, and collecting produced tert-
butyll(3R,SS)-G-dhloro-S,S-dihydroxyhexanoate.
30 '
Preferably,' the reacting step is carried out in the
‘presence of a coenzyme restoring system.



g

pl asm d pNTCRG 15 I n one aspect, the present invention relates
to a transformant obtai ned by transformng a host cell using the
above- descri bed expressi on vector. ~ Preferably, the host cell
may be Escherichia coli. 20 More preferablyg the transformant may be E.-
coli HB10O1 (pPNTCR) or E. coli HB101 (pNTCRG . I n one
aspect, the present invention relates to a net hod for pr.oduci ng

tert- butyl (3R 55)-6-chloro-3,5- 25 di hydr oxyhexanoate. . The net hod

conprises the steps of I P BEsAREPT O VOF OfSE ' DRAWINGS ansf or mant
and/or a - processed product thereof wth tert-butyl (S)-6-chloro-
5- hydr oxy- 3: oxohexanoat e, and col |l ecting produced tert- " butyl

(3R, 5S) - 6-chl or o- 3, 5- di hygl§ @ﬁ}f@elaﬂﬁahe didyram showing -théckegabhie 0¥ a
reacting step Is.carried_ou presence of a coengyme rest rin
system polynucleotide of the present invgntion, and'the p cte

BRI EF DESCRI Tl ONafind Hec PRA¥EYEence thereof, Figure 1 is a diagram
showi ng t he sequence-of a pol ynucl eoti de of the present invention,

and-the predicted 5 am no aci d ‘sequence thereof. Figure 2
i s a diagram showi.ng a nefhgaré ok isr adigignam shovwhngranefbrdifer predwcdng

PNTCRG . the recombinant plasmid pNTCRG.

10 BEST MODE FOR CARRYING OUT THE INVENTION

‘Hereinafter, the present invention will be
described in detail. As a polypeptide of the present
- invenfion_, any 'polypeptide may be employed as long as it
15 has an enzyme activity to asymmetrically reduce tert-butyl
(S)-6-chloro-5-hydroxy-3-oxohexanoate represented by the
following formula (I) to produce tert-butyl (3R,5S8)-6-
chloro-3,5-dihydroxyhexanoate represented by the following
- formula (II). -
20

OH O | |
o Y M __cootBs 0
tert-butyl (S)-6-chloro-5-hydroxy-3-oxohexanoate
25 : )
' OH OH
oY Y. cootBu 1
30 tert -imtyl {3R,58)-6-chloro-3,5 -d;l.hydroxyhexanoate

Examples of such polypeptides inclﬁde a poly_peﬁtide
comprising the amino acid sequence of SEQ ID NO. 1 in the



10 : BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

Herginafter, the present invention wll be described in detail.
As a pol ypeptide of the present i nvention, any polypeptide may be
enpl oyed as long as it 15 has an enzyne agtthty to asymetrically reduce
tert-butyl (S)-6-chl oro-5- hydr oxy- 3- oxohexanoat e represented by the
following fornmula (I) to-produce tert-butyl (3R, 5S)-6- chl or o- 3,

5- dlhydroxyhexanoate represented by the follomnng formula (11). 20

OH O s isting Q@.&U comprising @n ami
tert-butyl (S)-6- Cﬁlqgregcgﬁ %Irox oxo P g no acid
OH OH sequence @av:l.ng at .'l.east one @mimny @pﬂ.}i su;uatitution,

tert-butyl (3R 5S)nBeithdn0- ieie@i%dgwfﬁiﬁﬂ%rﬁ or & part ther<GFP

of such pol ypeptides include a polypépt rsi e am no aC|
sequence of SEQ | papbng; am t eazyme activity to asymmetrically reduge

Sequence Li.sgi.ng ﬁaﬂtabﬁQW.pept(ﬁﬁ-@Iléﬂi’lbfbﬂg-ﬁiﬂdf&cfoaaékghexgnoa%‘éq“erﬁ?
having at |east one amno acid titution insertion, deletion

addi tion, or a paPFofHEPeof, and tert-butyl (3R, 55)~6-chloro-3, 5-
: dihydroxyhexanoate. -

. A polypeptide of the present invention can be
10 obtained from a microorganism having an activity to
asymmetrically reduce tert-butyl (S)-6-chloro-5-

- hydroxy-3-oxohexanoate to produce tert-butyl (3R,5S8)-6-
chloro-3,5-dihydroxyhexanoate. Therefore, the

. microorganism used as a source of the polypeptide may be,

15 not limited to, yeast (genus Candida), and most preferably
Candida magnoliae IFO 0705, This strain 'was a'

' microorganism deposited originally under the deposit number
CBS166 at Centraalbureau voor Schimmelcultures (CBS:
Oosterstraat 1, Postbus 273, NL.~3740 AG Baarn, Netherlands),

20 and the isolation and properties of the strain are described
in “"The Yeasts, ‘a Taxonomic Study. 3rd ed. pp. 731 (1984)".
Microorganisms producing polypeptides of the . present-
invention may be of a wild type or variant type strain.
Alternatively, microorganisms genetically engineered

25 (using éell fusion, gene manipﬁlation, etc.) may be employed.
Microorganisms genetically engineered to produce peptides

of the present invention can be obtained by a method

_ including the steps of: isolating and/or purifying these

_ ~ enzymes and' determining the entire or partial amino acid
30 = sequence thereof; determining nucleotide sequences
encoding the polypeptides baséed on the amino acid sequences.
thereof; obtaining nucleotide sequences encoding' the
polypeptides based on the amino acid sequences thereof:



havi ng an enzyne activity to asymmetrically reduce 5 tert-butyl'

(S):-6-chl oro-5-hydroxy- 3- oxohexanoate - to . pr oduce tert-butyl .
(3R 59) - 6-chl or o- 3, 5- di hydr oxyhexanoat e. A

pol ypeptide of the present invention can be 12né obtained froma _

m croor gani sm having an activity to asyfmetrically reduce .
tert-butyl (S)-6-chl oro-5- hydr oxy- 3- oxohexanoat e t o produce
tert-butyl (3R, 5S)-6- chl or o- 3, 5- di hydr oxyhexanoat e. -

Ther ef or e, t he croorgani sm he p pep

may be, 15 not F-MFPQ&GE-&Q yeggf (g'éﬁégg&ggggda) E&;&ﬁﬁir:r%ét pﬂ%%r ab‘#ﬁigr
Candi da. magnol i mdcrob®gaiidms to ohitains mexiombinant a_licroorgﬂn:i:smsgaaném
dep05|ted origi nal L. the pogi :

Cent r aal bur eau VoS@%@& g%’r&gc] uFﬁgr eéé{;?ﬁg‘fmgﬁt m&g%féggég%ls 1, t?’os?tf)%a"sin
273, NL- 3740AGBaaenzyhieshefl thespresent dmyentdarsol ati on and properties of
the strain age described I.n "The Yeasts, a Taxonom c Study. 3rd ed.

pp. 731 (198 )" ' M croor gani sms produci ng pol ypepti des. of the
present i nvention ndy ¢eloire wedium pgoyr migreprgagpemat Ryeducing

Alternatively, M EeagpUptiaEh 4 Uid Piaed0l 1R0ERHISE may( ¥ Uy dquia

fusion, gene mani c.) maybe enpl oyed M cr ©or gani Sns
genetical | y engi nBdtsdend pmedium p@eRLALBing a itYPLcal o AKDOM SAURAL.

can ]?e obt f“h ned bﬁi%rsgbm%oumel NRiHErEY WA tSieRsred, orghalchthuitiiént
purifying ese

t rtial
acid 30 sé&uenc@ouFFF@r'e%'FE t%(feg-ge 2 mﬂg“%ﬁﬁr}glﬁ F‘élé’%%?%r @Ls cail grow.

encodi ng the’ pol ypepti des based on the am no acid sequences t-her eof ;

gﬁ}- oy d“gghﬁgtnj:gg fﬁgf@g%?%e%%c%r&éo@ganism POLYPERL I88 RA%% hoe!}:_é,{he
) refers to a microorganism itself or a liquid culture
containing the microorganism, and “its processed product”

i5 refers to a product obtained by extraction or purification

of the microorganism itself or the liquid culture containing

the microorganism.

Polypeptides of the present invention can be

20 purified from microorgén—isms containing the polypeptides

p using a conventional method. For e'xample,' a microorganism

' is cultivated in an appropriate medium, and the culture is

centrifuged to harvest the microorganism. The
microorganism is disrupted by Dyno mill (manufactured by

25 Willy A. Bachofen Co., Ltd. )., for example, and centrifuged

to remove ceil debris and thus obtain a cell-free extract.

The cell-free extract is then subjected to techniques, such

as salting-out (e.g., ammonium sulfate precipitation and

sodium phosphate precipitation), solvent precipitation (a

30 protein fractionation precipitation method using acetone,

" ethanol, or the 1like), dialysis, gel filtration, ion

exchange, column chromatography (e.g. . reverse phase

chromatography), and ultrafiltration, alone or in



-

i ntroducing” the nucleotide sequences into other m cr oor gani sns

to pbtain reconbi nant m croorgani sns; and cultivating the reconbi nant
m croorgani sns to obtain enzynes of the present invention. 5

A culture nmediumfor mcroorgani sns pr oduci_ng8 - pol ypepti des of the
present invention may be any |iquid nutrient nmedium contal ning a

t ypi cal carbon source,- . nitrogen source, mneral salt source, organic

nutrient 10 source, and the like as long as. the microorgani sms can grow.

The term "nicroorg iﬁhflﬂkhurf éﬁffﬁ%ﬂgrﬂ%e%tiéﬂ e{ héfz%n?er oortiVitgm

m croor gani sm i tse ani
and "its pr ocesseﬁaprbﬂlﬁﬁt'emned Memgasp@iagptbgmdmtmmdm I@PSOI‘Ption

extraction or purpi Sahht@&lengtho of "$ad" £h08E9I30PE MyhbRE! éoﬁ'hpteé%% ;,gﬂ;'gfl

culture containin e nrcroorgant s

t he present |nven?S&m5c§h19€°2§'hY§EPWr§d°mﬁaG@r g@N sis suimsiinatey
the pdl ypeptsdes g, 33 yﬁl RADE, Caava%émﬂmgﬁtm& an':éi{zﬁf(@?ﬁfadh d to a

m cr oor gani sm IS cu |vate In an approprlate nedlun1 an e cu ture |s
centrifuged to H80EY:pPhogehate-bUEEGEN(PR 6-5)- The . nicroorganism
Is disrupted by Dyno mll (manufactured by 25 VVIIy A. Bachofen Co.
Ltd.), o remove cel |l debris and thus

for exanple, and cen rifu
obtain a cell-free extrack ypepgﬁagscgﬁtlp? &Rresant dpvention, may, ipclude o
t echni ques, . such the aminsahbﬂ.dqs@dﬁ:le(tweg .of asmrwrmuliaiﬁ phec seigueniceN

gpgt ein fra:g i ongl{lﬁ%ﬁ aﬁt’gc%ﬁé }?&Y 3 vent eCI astelqo'«l%rgq%ﬁ\gpingr

the like), dialysat legdt fone aminonacidrsubstinxt:tnmgd,nsaﬁtimn deletion,
ﬁlh{ (r)g?;[ Iotg; gfr)c/)n( ea gr?.gi@rigns eoi”?ﬁgrt thercé]:;f) ”Bhﬁq{zﬁi}ﬂ}’g anaé]'gjzyme activity
. to asymmetrically reduce tert-butyl (S)-6-chloro-~5-
hYdroxy-:i-oxohexanoate ‘to produce tert-butyl (3R,58)-6-

15 chloro-3,5-dihydroxyhexanoate can be prepared from a
polypeptide having the amino acid sequence of SEQ ID NO. 1

in the Sequence Listing using a known method described in

Current Protocols in Molecﬁlar Biology (John Wiley and Sons,

) Inc., 1989), or the like. Any polypeptide falls within the

20 - scope of the present invention as long as it has the enzyme

activity to asymmetrically reduce tert-butyl (S)-6-
chloro-5-hydroxy-3-oxohexanoate to tert-butyl (3R,5S)-

6-chloro-3,5~dihydroxyhexanoate.

25 Polynucleot:l.des of the present invention may be any
polynucleotide encoding any one of the above-described
polypeptides. Anexample of a polynucleotide of the present
invention is a polynucleotide having the nucleotide
sequence of SEQ ID NO. 2 in the Sequence Listing, and a

30 polynuéleotide capable of being hybridized with that
polynucleotide under stringent conditions. '

The polynucleotide capable of being hybridized with



- 8- - conmbination, to purify the pol ypeptides. Enzyne activity
cangbe deternined by neasuring the reduction in absorption at a
wavel ength of 340 nmat 30[err]C where 5 nMtert-butyl _
(S)-6-chl oro-5-hydroxy- 3- oxohexanoate as a §u§)sgrate, 5 0. 33 nM NADPH as
a coenzyne, and an enzyne are added to a 100 mM phosphate buffer (pH
6.5). Pol ypepti des of ‘the present invention may include
the ami no acid sequence of SEQID NO. 1 in the Sequence 10 Li sting.

Pol ypepti des havi a 1 na itd 456 ' ' e‘?ﬁﬁn '
acid -substituti on?ﬁiengg}iﬁ‘g%}%&gﬁgt%i %Ur#?i%% %wo?&g&&oﬁic‘)%t dor a p%rfbérgw
t hereof, and havi A8 NG eddmthefequence Listing undernstringeyt condidions
tert-butyl (S)-6- s S Jdotd 2 &P at ’hgﬂﬁ:c.l '
tert-butyl (3R 58§‘-E%-ﬂ§%55°lgﬁug}o-3, Sd-%?ﬁﬂgarﬂégéhexan%a‘?%iggi e p?eigaartei(fn
from a pol BgéEbeAde. ahanlaguse hybRtdbzaticrqueathod: SEQ [DUYhern

in the Sequepce Lhghri@iyation? meeHbd "rNoghdeganidednelt the n%g.re‘”c{ttide
Protocols in Ml ecular Biolo ohn Wley and Sons I'nc., 1989), or

the Iike. Any pol §8Epenge qfagﬁg(i}ﬁmaiﬁﬂs%asagyb@rqhe{ hSDscdddeally,
invention as | ongthé pélirGclEE6tLasYdEn be identiifteldy ast fol FSWATELA irdalter:
[:(rjtjf:gUttert-butyl &g}-cgp 1 ﬁ-hlpg-[l%:eS'- Hédro%%- oxohex%ri%ateotro 1aque
utyl (3R, 5%p-Which pglyppglgotides; ApaiyeshZxom, 2 golonys or plagu
Pol ynucl eot i des oarshdmmodddiiized vt sabjeotele tenthybridifdt ion Cheehi dhe
ol ynucteot L8 of ApRLSEFEES, fe4G8RES5E smg 2p RE- 2T bndcredt E T a5 °
the nucleotide 65°Csandetsearedf tdathe M ter is washedwith an $56 Folativnd
ool T SoBAIERG P, oLk e (b 8833 gonoentration
pol ynucl eoti de caP8Bl sodut Fantaing 2280 imMhsodium chloride and 15 mM
' sodium citrate) at 65°C. '
15
Hybridization may be carried out in accordance with
a procedure described in Molecular Cloning, A 1aboratorY
manual, second edition (Cold Spring Harbor Laboi:atory
_ Press, 1989), or the like. Specifically, examples of a
20 . polynucleotide capable of the above-described
" hybridization include a polynucleotide having at least 60%
sequence identity with the nucleotide sequence of SEQ ID
NO. 2, preferably at least 80% sequence identity, more
preferably at least 90% sequence ideritity, even more
.25 preferably at least 95% sequence identity, and mosf
preferably at least 99% sequence identity.

Polynucleotides of the present invention encoding

polypeptides having the enzyme activity to asymmetrically

30 reduce tert ;butyl (S)-6-chloro-5-hydroxy-3-oxohexanoate
to tert-butyl (3R,58)-6-chloro-3,5-dihydroxyhexanoate
include a polynucleotide having at least 60% sequence
identity with the nucleotide seqi:lence of SEQ ID NO. 2,



-9- t he pol ynucl eoti de.havi ng the nucl eoti de sequence of SEQ
ID.-DNO. 2 in the Sequence Listing under stringent conditions ' nmeans a
pol ynucl eoti de obtained with a colony hybridization nmet hod, a pl aque
hybri di zati on nethod, a southern 5 hybri_di 1220 i on met hod or the l i ke..when
t he nucl eoti de ~ sequence of SEQ ID No.2%T's used as a DNA probe. ~
Speci fically, : ‘the pol ynucl eotide can be identified as follows. A
filter on -whi ch .pol ynucl eoti des derived froma colony or plaque

are et | 1269 | RUREREAT ety K g Rbibats SabHELED, ndts oLy
thereafter the fiatdredst 80%maguande ddeBtitys enenmore Preﬁﬁ:ﬁw Gt]lQQﬁt
0 o ot o 888, £8YGeR” JURAILY 240 moet. pPeferbiy A

Hybri di zati on nmayseduencei t@ertity asdongpe Lhg encoded pPelypep e have

descri bed i ngMl e a n ﬁtﬁ{ nu st%&gpd-s%&&é
(Cold Spring Har b(E)Ir-!é Eggyg (k)i?ﬁcﬂb'eﬁb%: esséllaggg".’,iﬁoif tﬁigel i ke. sk

Specifically, exahfeatisy” amsens dhat fere pefEnacleptife segpencegeto be

above-described compaP¥ll hteZPbeABicAt! HdCedcRObYREE! e@ﬁadeaélayaw @i) of
| east 60% sequence I denti t

NO. 2, preferabl ySEHUPBGS %@%‘Eiﬁﬁen %%Qgéﬂ'ltj |%’§gt Iréjf?e%‘ls"?&tﬁ?gge ‘g?% %ﬂ

| east 90% sequenceomﬁaﬂéat y.isvegalbutated [ef etfantmwat.ol easFiﬂE‘&’q two
Tdanc iy, 58" Vpor9RicTBBkiae seaBpRkse Er phopiBited S HHTHE Anamg

pol ypepti des hawogt:l.halemay:mract iThe ynumbexsyofetsiitesi |at which the same

nucleic-acid base (e.g., A,T,C,G,U, or I) is present on both

. sequences (the number of matched sites) is counted and the

: number of matched sites is divided by the total number of

15 nucleic-acid bases in the polynucleotide. The resultant

value 1is multiplied by 100. Sequence identity can be

calculated using the following sequence anélyzing tool, for

example: Unix-based GCG Wisconsin Package (Program Manual

for the '-Wisconsin Package, Version 8, September, 1994,

20 Genetics Computer Group, 575 Science Drive Madison,

Wisconsin, ﬁSASS;Illz Rice P. (1996) Program Manual for EGCG

Package, Peter 'Rice" ., The Sanger Centre, Hinxton Hall,

Cambridge, CB10 1RQ, 'Engl',and) and the ExPASy World Wide Web

server for molecular biology (Geneva University Hospital

25 and University of Geneva, Geneva, Switzerland).

_ Polynucleotides of the present invention can be
obtained from microorganisms having the enzyme activity to
asymmetrically reduce tert-butyl (S)-6-chloro-5-

30 -- hydroxy-3-oxohexanoate to tert-butyl (3R,5S)-6-chloro-
3,5-dihydroxyhexanoate. The microorganismused as a source
of the polynucleotide may be, not iimited to, yeast (genus
Candide.) . and most preferably Can_dida magnoliae IFO 0705.



30 reduce tert-butyl (S)-6-chloro-5-hydroxy-3-oxohexanoate- to

tert-butyl (3R 5S)-6-chloro-3,5-di hydr oxyhexanoat e I ncl ude a

pol ynucl eoti de having at | east 60% seqguence identity with the

nucl eotide sequence of SEQ ID NO 2, 11 -
- 10 - preferably at |east 80% sequence I dentity, nore .pref erably -
at |l east 90% sequence identity, even.nore preferably at |east _ 95%
sequence identity, and nost preferably at |east 99% sequence

identity, as long as the encoded pol ypepti des have 5 t he above- descrlbed

enzyne activity. The term_ sequence | i dentity_neans that two
pol ynucl eoti de” sequences Hﬁrﬂgnafter:comﬁar edietRoddenfpEal PFroduaing hera

and the rate (% gbiynucledRddRGE ﬂ@ﬁfé&&n’@%!ﬂ%ﬁﬂd&?f%hﬂ&&&%é&%ﬁsxﬁ@

be - conpared_ 1S calculated as “foll First
pol ynucl eot i de seba¥idgs thehcenzwmar cackivltyi ghed asympetrically: iFRduce

manner . Thesnunb%ﬁf-bw&qs at(swuereﬁrersasehydroxyngcbﬁbﬁeﬂaheal@ese to
(e.qg., AT, CGU, .or IS _present _on_both uences t he nunb of

s
mat ched .si t es) |st8€ﬁﬁ Wk ¥an (3R 5S) -6-chlopar3 oF- F§§np§tﬂl \Hid]elil

by the total nunbbe @ésdﬁibedluc|1&1§pﬁésénbaﬁﬁﬁentﬁ.6ﬂilﬁ.spﬂbtfluﬁh€lﬁd ¢8.thilde
resul t ant value is multiplied by 100. Sequence identity can be

cal cul ated using-the follow ng sequence anal yzing tool, for exanpl e:
Uni x- based GCG W sconsi n Batkagal{Prtige amivionaelid sequéntes bf the pansified

Sei enge Dri 98 waaPoaYPeREiaRly abd beptge, SHAEHETY I ol Byt et ang
Ma_nua! for EGCG the makmpptide ewilthcean TappsoprdateenendopephidaseHairte -
Cor ot St o o o ERERECSY $36, Soerr GPacty | gl cifts, arSl Wlaa

Geneva, Gerieva, Sﬁpgggppgnyyformation, a nuc eotide primer is synthesized.

) Thereafter, chromosomal DNA is prepared from a

15 microorganism, from which the polynucleotide is originat'ed,

using a typical nucleotide isolation method (e.g., Hereford

method described in Cell, 18, 1261 (1979)). PCR is carried

out using the above-described nucleotide primer and this

chromosomal DNA as a template to amplify a part of the

20 polypeptide gene. Further, the amplified part of the

_ polypep_tide gene is labeled with a random primer labeling

method described in Anal. Biochem., 132, 6 (1983), for

example, to prepare a nucleotide probe. The chremosomal DNA

of the microorganism is digested by an appropriate

25 restriction enzyme. The resultant fragments are

incorporated into a vector which is in turn introduced into

an appropriate host cell, thereby constructing a DNA library
of chromosomal DNA of the microorganism. This DNA library _

. is screened using the above-described nucleotide probe in

- 30 accordance with a colony hybridization method, a plaque

' ‘hybridization method, or the like, thereby obtaining DNA

including the polypeptide gene. The nucleotide sequence of

the thus-obtained DNA fragment including the polypeptide



’

Pol ynucl eoti des of the present invention can be obt ained from-

ni cgoorgani sms having the enzynme activity to asymretrically reducer
tert-hutyl (5)-6-chloro-5- 30 hydr oxy- 3- oxohexanoate to tert-butyl
(3R, 5S)-6-chl oro- 3, 5-di hydr oxyhexanoat - )

Them cr oor gani snusedasasour ce of the polynucl eotide may be, not:
limted to, yeast (genus - Candida), and nost preferably Candl da
magnol i ae | FO 0705. Her ei nafter, “met.hod
for Producing  gane can Bd Eaaﬁbﬁ%adm% E@i&é&iﬁ”&edﬂ&ﬁ&i??%éﬁ@uce

m cr oor gani snms havi g H e‘enzyne activit to aS¥V1nTYE rca
a

tert-butyl  (S)- idecxzc 9&@;@@%@%5%&.@“ g like. Fenemqle.
(3R, 59) - 6- chl or 0- 3ne HeHHEHEMUHE G Q:'ﬁéa midleotide élé’qtf@r?@ém 3 a?l ﬂied

present invention i s not Ilmtedto hi s. I

am no_aci.d sequen®E ysingeABI, PBI&’ Bye Tﬁﬂ'?ﬁéﬁ?Fo@Y"bﬁoﬁWﬁ!%ﬂg Ready
fr agrrent s ‘obtgai ne&e@)ﬁt@l‘o@ﬁﬁﬂt“ﬂmanufac&'&&e@'b‘,ierBE:kdﬁ Mﬁéraéoapp!’.ﬁﬂf) Hifa

endopept i dase are sequenced man net hod.. Based this am no
2ci d equendBT; A3 A SeapHAR AR AT a1 BARk BURer Co. .
Thereafter, chromraqml DNA |s prepar ed from a 15 m croor gani sm
fromwhich the pol ynucl eot i de is originated, using a typical -

nucl eotide isolation nethod (e.g., Hereford . met hod described in Cell,

18, 1261 (1979)). PCR i S Vertiord for inttrodsicingt hmlahnm&eiﬁlsﬁdeé)edf the
DaeL o5t e A0, ™" pEARh Spyensol R He DR 5ol L e
pol ypepti de gene Dgllyabellssbtm&ds aneaexpnesseth Mayhdie mpy vector as long
as the enzyme gene can be expressed in the appropriate host
microorganisms. Examples of such vectors include a plasmid
vector, a ‘phage vector, and a cosmid vector. A shuttle
15 vector may be used that can exchange a gene between.host
strains. Such a vector typically includes a 'cd_nt'rcl
élement, such as a lacUVS promoter, a trp promoter, a trc
promo'ter,' a tac promoter, a lpp promoter, a tufB promoter, '
a recA promoter, or a pL ﬁromoter, and is préferably employed

20 - as an .expression vector including an expression unit
operatively linked to the polynucleotide of the present
' 1nvention. :

The term “control elemeht" as used herein refers to
25 a functional promoter and a nucleotide sequence having any
assoclated transcription element (e.g., enhancer, CCAAT hox,
TATA box, SPI site).

The phrase “operatively linked” as used herein

30 refers ‘Eo that a polynucleotide is linked with controlling
elements, such as a promoter and an enhancer, which control '
expression of the polynucleotide in such a manner that the
controlling elements can operate to express the gene. It
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nmet hod described in Anal. Biochem, 132, 6 (1983), for .exanple, to

prepare a nucl eoti de probe. The chronpbsonal DNA of the m croorgani sm
i s digested by an appropriate 25 restriction enzyne. The resultant

fragments are i ncorporated into a vectgé which is in turn introduced
into an appropriate host cell, thereby nstructing-a DNA |library

of chronosonmal DNA of the m croorganism This DNA |ibrary ~is screened
usi ng the above- descri bed nucl eoti de probe in 30 accordance with.a col ony

hybri di zation net: flpicﬁ 48 ﬁaoggr gﬂ_llﬁaao ”Ehgogrto% B thiek & ?P(?e

thereby obtainin ypep ene e ‘nuc
sequence of oﬂecohtsehbehementﬁhmaYrugnvndepﬁDHQDGngntmhephbpﬁepﬁﬂde
- 12 - gene can be sequenced with a di deoxy sequenC|ng nmet hod, a
di deoxy chain term nation nethod, or the i ke. For exa t he -

sequenci ng of the nucl eotEﬁmpbqamﬁémﬁiycbdlﬁarinte vwh Oh mmecmgmgam:xg

PRI SM Dye Teém n %@gﬁeﬁsgﬂa@%ﬁg@g §¥§XQBNAB§ #6ht1BnK &m%hﬁeegr

by Perkin El nmer egencer (manufacture
Perkin El ner Co.,include| bdcreria, yeast, moldsj@iant feells:randc ang.mal

pol ynucl eot i des oé j_j_ng 10Es¢|:z§éf'§.8ﬂ§.a' R%aAt i4ah f,ﬁ@imarﬂcbggﬁggabggs

whi ch the - inuc eot1 des are expressed, be any vector as |0 g :
as the .enzyne genEO ugleakidesethe nw%r%mqr&ii@m&an be introduced

thI‘OOI‘ ga?' SIe. dﬁiﬁ&ﬁi ﬁ%g‘tf céﬂi%dﬂé@éﬁ?&hﬂ%@n&l%@ﬂ%& When Eegb@'lih a
phage vectof, and,a cosmid vec hu vec used t hat
can exchangt®@a geh® Beedess ﬁoé\" del raou?gf %fé%c?%rgﬁﬁppfgﬁﬁy

i ncl udes a cont rOinventioﬁ|cﬁﬁBbé,irﬁmddlmbdiubangl\éBcan.olunﬂShlmrid@method

pronoter, a trc for example.

When producing tert-butyl (3R,5S)-6-chloro-3,5-

15 dihydroxyhexanoate by asymmetrically reducing tert —butyl
(S)-6-chloro-5-hydroxy-3-oxohexanoate using a polypeptide

of the present invention, a coenzyme, sﬁch as NADPH and NADH,

is required. Hoviever, an enzyme capable of transforming an
oxidized coenzyme to' a reduced coenzyme (hereinafter

20 referred to as coenzyme restoring capability) can be used
' along with a corresponding substrate, i.e., a coenzyme
restoring system is used in combination with a polypeptide

~of the present invention in reaction, thereby reducing the
quantity of expensive coenzyme used. Examples of enzymes

25 having coenzyme restoring capability ‘include hydrogehase,
formate dehydrogenase, alcohol dehydrogenase, aldehyde
dehydrogenase, glucose-6-phosphate dehydrogenase, and
glucose dehydrogenase. Preferably, glucose dehydrogenase

is used. Such a reaction may be carried out by adding a

30 coenzyme restoring system to an asymmetric reaction system.
When using, as a catalyst, a transformant transformed both

with a polynudleotide encoding a polypeptide having the
enzyme activity to asymmetrica_lly reduce tert-butyl
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pronoter, a tac pronoter, a |pp pronoter; a tufB pronoter, a recA

progoter; or a pL pronmoter, and is preferably enployed 20 as an
expression vector including an expression unit . operatively linked to
t he pol ynucl eotide of the present I NLeRfg Qn. The term
"control elenent"” as used herein refers to 2 a functional pronoter and
a nucl eoti de sequence havi ng any associ at ed transcrlptlon el ement (e.
g., enhancer, CCAAT box, TATA box, - SPI - site). : The:
phrase "oper atlvekg LGDléﬁﬁ!orassu Bﬁ&ebuoighexarn%fa%res t8 tﬂ}%d@ce tert-
pol yrnucl eotide is Ilnke mnt contralling | ements, such

pronot er .and an cBRE¥Eer (3FniSS) -6nghdqro-3 j"%«%‘?ﬁhﬁ’ﬁﬁn‘iw “and a
pol ynucl eot i de 'npé!!gﬁuélgBﬂﬁaé didiodilify a polyPRbtide Mavimyea! §1%Ebse13

operate to expresg {

s viol GeR¥GRAIEBAERLAELINALYedthe TRECH oS, SN he effdstently

of control e5emensarfiEd\ it withoud peeparii ﬂnz@ﬁid havin? the coenzyme
ynucl eotide o

o o hOSt ESkkSt1h3. Sebbbi 1ty S5 nahlhuned enadn” Hyn s reansias
plant cells, and eysﬁain suén! | a. tli:aﬁiﬁdmiarﬂ: catdn | Sh@arbbcahﬁéay by
B v oRBePBREEER A Bl eR i ebfiiihunth B F5eptege
is used as a hosthav:i.hg athe| wnz,y‘mt leget dofittshe o easyumetricallﬂ.\yenredncean
be |ntrodu0fg u5|ggr@ ﬁ&%fiu”‘ﬁ@fmﬁ(%iiB¥JN§Lhydroxy 3-oxohexanoate to
produce tert- butyl (3R,58)-6-chloro-3,5~-
dihydroxyhexanoate,. and a polynucleotide encoding a
polypeptide having a glucose dehydrogenase activity, into
the same vector, and introducing the vector into a host cell.
15 Alternatively, the transformant can be obtained by
incorporating these two ;Solynucleotides into two vectors
derived from incompatible groups, and introducing fhese
polynucleotides into the same host cell.

20 : Glucose dehydrogenase activity of the transformant
can be determined by measuring an increase in absorption
at a wa.velength of 340 nm at 25°C where 0.1 M glucose as a
substrate, 2 mM NADP as a coenzyme, and an enzyme are added
to a 1 M Tris HCl buffer (pH 8.0).

25 .

_ Production of tert-butyl (3R,5S)-6-chloro-3,5-

dihydroxyhexanoate using a transformant of the present
invention may be carried out as follows. '

30  Initially, tert-butyl (S)-6-chloro-5-hydroxy-3-

oxohexanoate as a substrate, a coenzyme such as NADP, and
‘the culture of the transformant or a processed product
- thereof are added to an appropriate solvent, followed by



for exanpl e. Wien producing tert-butyl (3R 5S)-6-chloro-3,5-
15 3 di hydroxyhexanoate by asymetrically reducing tert-butyl (S
-'6- chl or o- 5- hydr oxy- 3- oxohexanoat e using a pol.ypeptide of the present
invention, a coenzyme, such as NADPH and NADHlg _ Is required. However,
an enzyne capabl e of transforming an oxi di zed ceenzyne to areduced
coenzyne (hereinafter 20 referred to as coenzyne restoring capability)
can be used along with a corresponding substrate, i.e., a coenzyne

restoring system lé@% A pRﬁMé e
present ?nvgnt i onbl n ctﬁlhon thg‘lﬁl{% %g?ﬁt dfsuan%rfgao?:% be
expensi ve coenzynié‘eégﬁed B%Iw%ti%z%ﬂa%edmtr@t@)&maMQmﬁg
capability-includ

deﬁydr ogenase, geh g: Wﬁﬁl (?ro %allis]g{ gegﬁg?f-géfg:%%%gaﬁil{lﬁﬁ%lution
dehydr ogenase, an an the range 2k %; g-roo ﬁ'b,ererePF’Ei@Ba Sycagrie@wt in a
dehydrogenass  patbh piidtbssua éoﬁﬁfﬁﬁbﬁa probdis CaTh Atb BHkedE 3%

30 ~ ‘coenzyme restoring systemto an asymmetfic reaction System
usi ng, as a. cat al PE¥pce§sy  ansubpirate; F&n?PoFﬁéG’tﬁét ds addefj te prepare a

pol ynucl eot i de enﬁﬁﬂb&ﬁtﬂaﬁﬂbﬁp&@to Jes Ry 708 (REv). Tﬁémé’é‘éédk}ﬁb&i&t
asymmetrically-redyce tert

14" - 7 (9)98-8h Brpegs Eéﬁ%'x?*é shendikeomentignsdomhore; gefers to

butyl (3R.5S)- 6- cal mmds Sestitindtoxybextupede mixntbarganismp! )l.IS}bQitﬂ.Q.sz@a

eacti ons ci8 bo-OrbRRrafiFy , doBtdnd Bitea srodtiiit, “BPEGHPRRESH O AE
havi ng t he coenzymtcroorganésuwnlmddzhmlllﬂﬂe: .y Sudhpidocgssed ;muﬂ}mats ana

reaction - SYBHEM 1xe HEY b& uddd@ B VR Ytate?de Be1ndPuidhiosd 11084 as -

' enzymes or microorganisms as they are, by a known -means..

When the i'eaction is carried out using a transformant which

15 produces a polypeptide of the present invention and a glucose

dehydrogenase, addition of glucose to the reaction system

allows a reduction in the quantity of coenzymes to a large

extent.

20 ' . Tert-butyl (3R,58)-6-chloro-3,5-
dihydroxyhexanoate produced by the reaction can be purified
_by a conventional method. For example, tert-butyl

(SR,SS)—6-chloro-3,5-dihydro_xyhexanoate is subjected to
centrifugation, filtration and other processes as required
25 to remove suspending substances such as microorganisms .
The resultant product is subjected to extraction with an
organid solvent such as ethyl acetate and toluene, and
dehydrated with a dehydrant such as sodium sulfate. The
drganic .solvent is vremoved under decompression. The
30 resultant product is then subjected to crystallization,
' chromatography, or the like to be purified.

In the reaction, tert-butyl- (S)f-6-chloro-5-.
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Ihcorporating a pol ynucl eotide encodi ng a pol ypepti de havi ng t he.
enzynme activity to asymetrically reduce 10. tert-butyl

(S)-6-chl oro-5-hydroxy- 3- oxohexanoate to - produce - tert-butyl
(3R, 5S8)-6-chl oro- 3, 5- dlhydroxyhexanoateh.l%pq a pol ynucl eoti de encodi ng

a .- polypeptide having a glucose dehydrogenase activity, into - the
sane vector, and.introducing the vector into.a host cell. 15

Al ternatively, the transfornant can -be obtained by

i ncorporating theg %{9 Ly o | téméﬁl%ttg \4&1‘% r,om
I nconpati bl e groupgd'rr ?nt ?Eg ucin (atq-%eséebt 4 nu?l eg’t | (‘Pes I nt 4159
same host cell. mg@hod descrihﬂdm: eUdShyéE5§§Ha§%°a§2bW$3y1%1 which is

t ransf or mant X % an increase in absorpt i on
n 'I"é%ﬁé:’ fﬂﬂs
at a wavel ength OP g%g' nm at %i er%] C Where M gl ucose as a

substrate, 2 mM NADP as a coenzyne, and an enzyne are added toalM
Tris HA Dbufger (pH 8.0). Qﬁﬁntigication deOdi’.'éi'tQﬁuQ?lte(tS‘)b-%t-ﬂhlo Q-5-
(3R, 5S)-6-chloro roxyhexanoat e usin ransf or mant o

pr eésent |nvehYﬁ€ﬁxNH§‘9§°¥‘§P‘raP9Gt@u and tertohutyl 43R.58)-6 chloro-
Initially, tert- bgtsl-dﬁﬁydﬁogsph@mnaamédroxyaﬁd mea@éﬁlaﬁeemoateoﬁs a the

substrate, a coené%me such as | ture of

transf ormant or pgtereomes; o‘ERHp "o etz etb?tléfe (§3d§§)t'(§"e%‘l°r° -3,5-
appropri at e. sol vegiihyfiebkghestapate can be performedt! bgj H3yhewerfokifince

resul t ant xture irred to be acted, T actlon is_carried
out at a t g}lrﬂerat gniguih chromatograhy (cofumn COS{}JSSIE CN-R ? ID 4.6 x

250 mm) manufactured by Nacalai Tesque Co., Ltd., eluant:
1 mM phosphate solution/acetonitrile = 5/1, flow rate'-
0. 7 ml/min, detection- 210 nm, column temperature: 30°C).

‘15 " . As described above, according to the present
invention, it is possible to efficiently produce a
polypeptide of the present invention. With such. é,
polypeptide, an excellent method for producing tert-butyl
(3R,58)-6-chloro-3,5-dihydroxyhexanoate can be provided.

20 Hereinafter, the present invention will be described by way
of illustrative examples with reference to the accompanyiné
drawings. The present invention is not _- limitéd to such
examples. '

25 (BExamples)
The details of manipulation methods relating to
récombinant DNA techniques employed in the following
examples are descr:l.bgd in the following texts.

30 - Molecular Cloning 2nd Edition(Cold Spring Harbor I.aboratory
Press,1989)

Current Protocols in Molecular Biology(Greene Publishing
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10[err]C to 70[err]C. while maintaining the pH of the reaction solution

in tthe range of -4 to 10. The reaction is carried out ina 5 bat ch
process or a continuous process. In the case of a batch process, a
substrate to. be reacted is added to prepare i concentration. of .0.1%"
to 70% (w v). The processed product - - 4 transformant and the lLike~
menti oned above refers to a crude extract, cul tured m croorgani sns,

| yophi i zed 10 organisns, . acet one dri ed organi sns, honpgenates of such

m croorgani sns, and th I ke, cts and - the |ike
may be used in th%s§?ﬁiEJt8F ngsﬁgiﬁiogf’ﬁ ggigb%gl’ enzymes or

m croorgani sns as they are, by a known neans. When the reaction is
carried out using a trans C uggs_a isde

present invention and a gm’é ie\Mf Bﬂ%ﬁ;ﬁtﬁg‘eéﬁgsé? %dﬁ??ﬁ%ﬁg}t“gﬂ &%B’sfe{qeo
t he reaction systRsymmetriehll.onaductédncEnuymrenAottﬂ.wiq:urant|ty of coenzynes
to a |l arge extent. ty

(3R, 59)- 6- chPor o- 3, 5- Fr°‘8| h?/%‘?%&d%exan%ﬂéei%érjodtceo., D pol (;:r:!'dcean
be purifled : hhying ctheergnzyme raatilty Mo a@mmte'icatlelm Mﬂce
(3R 5S)-6-chl oro- '@F? ﬁioxy AU dro SN PEL Gy Ié’-oxoli%xanoa to

centrifugation, and ‘ot'her . processes -as_require 0 renove
suspendi ng subst ahext- butﬂrlas (rﬁfbrﬁﬁir'gﬁﬂﬁwo -3, 5‘&!@#@&#?%@°$F%dué{s

is subjected to Ng$hblly@dn the fONddwingSpanasr.such as ethyl
acetate and tol ugégfig%ga S%b ge §/1dra?ed W th agdehydrant such as sodi um

sul fate. Th&0 organic solvent is renoved under deconpression. The
30 resultant product |§cﬁhgﬂv§ﬁﬂbﬁcbgdcaﬁa§mast;ﬁc_imama@n]:]?o 0705)

¢hr omat ogr aphy, or the- I|k
reaction, tert-butyl (S ch1> ro% 118" meatum having thd Fditowing

- 16 - composition was prepared in -a 30 1 jar fermenter
(manufactured by Marubishi Bioeng Co., Ltd.), and
15  sterilized with steam at 120°C for 20 minutes. :

Composition of 'medium: tap water, glucose 4.0%, j{east
extract 0.5%, KH,PO, 0.1%, (NH,),HPO, 0.65%, NaCl 0.1%,
MgSO,-7TH,0 0.8%, ZnSO,7H,0 0.06%, FeSO,7H,0 0.09%, CuSO.5H,0
20  0.005%, MnS0,4-6H,0 -0.01%, and - Adecanol™ LG-109
.(Mariufactured by NOF Corporation) 0.02% (pH 7.0).

Thé above medium was inoculated with a culture of

Candida magnoliae IFO 0705, which had been pre-cultured in

25 the medium, by 180 ml/fermenter and cultured at 33°C with
' agitation at 295 rpmat an aeration rate of 5.0 NL/min while
maintaining the lower limit of pH at 6.5 by dripping 30%

(w/w) aqueous sodium hydroxide. 655 g of 55% (w/w) agueous
g:_l.udose solution was added 22 hours and 25 hours after the

30 ° start of the cultivation. The cultivation was carried out

.for 30 hours.

(Preparation of Cell-free Extract)



hydr oxy- 3- oxohexanoate as a substrate is prepar ed with a met hod

desgribed in U S. Patent No.52,783,131 which is herei n incorporated
by reference. 5 Quantification of tert-butyl
(S)-6-chloro-5- - hydr oxy- 3- oxohexanoat e d tert-butyl .
(3R, 5S)-6-chl oro- 3, 5- dlhydroxyhexanoaQ%P' ~and measur enment - of
the . di astereoner .ratio of tert-butyl (3R, 5S)-6-chloro-3,5- .

di hydr oxyhexanoate can be perfornmed by high perfornmance 10- 1liquid

by Nacar a1 Tesque Cor. Ly HteRbhraQ s Were BottectéR) £k "PE L BE el
sol uti on/ acet oni trelsafl.taﬁﬁ:lbuﬂ.ltmer diye centrifimdgatidionriand ddvedc washed wi thn

col um t enper at ur @E%EI

according to the %‘r gﬁ%%?&i]:&.calnég%%ngnsolltztiéﬁbggzg‘lgﬁl?ft 0 \éﬁCQentqo g
produce a poffypeeti delcfoorgapisment |Whentweh mioyqargarisms, were
pol ypept.i de, =an e W

(ﬁR 5S) - 6- chForo gﬁgﬂi’ﬁ% rox%%ﬁgﬁd 3 I‘(i;‘/‘l ge 1ep:;ffﬁ§tr(ef\;§1§ 7e3{'
the present inven araap wapeny.ilmetgylppilionyat ibidoriae
exanpl es with refgg flePRCadddd heoafiﬁama&wn%ntrati&fsavwg@ mﬁhanar PAmm,

invention is not imted to such - oexanp es)

The details of nmaEegEegtivelyat hTHS mépappﬁgaiﬂ&sms WeF@c@H‘HFHQﬁﬁW yno
t echni ques enpl oyggdian (h&ﬁuffﬁﬁt@%@ by Wil®) SadHoEeleso ) pagkd ) | hq'he

follow ng texts. ular G oning 2nd Editio r|n Har b
Labor at ory 10 Pﬁéggupfg%gnﬁ.croorga e LS (ﬁ%q# drc\j/ﬁ ve cel1
Bi ol ogy( G eene Pub.lebi'lisl)gthereby obtaining 2880 ml of a cell free extract.

(Ammonium Sulfate Fractionation)
Ammonium sulfate was added to and dissolved in the
15 cell-free extract so as to obtaln 60% saturation. The
resultant precipitates were removed by centrifugation (in
"this case, the pH of the cell-free extract ﬁas maintained
‘at 6.7 with ammonia water). Ammonium sulfate was further
added to the supernatant to obtain 75% saturation while
- 20 maintaining pH 6.7 similarlir'. The resultant precipitates
' were collected by centrifugation. The ﬁrecip:l.tates were
dissolved and -dialyzed'overnight in 10 mM phosphate buffer

(pH 7.0) containing 2 mM 2-mercaptoethanol.

25 ' (DEAE-TOYOPEARL Column Chromatography)
The above resultant crude enzyme solution was
" supplied to a DEAE-TOYOPEARL 650M (500ml; manufactured by
Tosoh Corporation) column which had been equiiibrate_d with
. 10 mM phosphate buffer (pH 7.0) containing 2 mM 2-
.30 mei:captoethanol, so that polypeptides  having enzyme
activity were adsorbed to the column. The column was washed
with the same buffer. Active fractions were eluted using
a linear gradient of NaCl (from 0 M to 0.5 M). The active



- 17 - . Associ ates and W/ ey-Interscience) | © (Exanpl e

1: Eurlflcatlon of a Pol ypeptide having - Asymretri cal Reduction Enzyne
Activity). 5 From Candi da magnol | ae |1 FO 0705, a pol ypeptide
havi ng the enzyne activity to asymetrically_teduce tert- butyI
(S)-6-:chl oro-5- hydr oxy- 3- oxohexanoat e to~ 12 “tert- but yl
(3R,58)-6-thoro-3,5-dihydroxyhexanoate S purified singly in the
foll owi ng manner. 10: . (Cultivation of Candi da -magnol i ae | FO
0705) : ol | ow
conposition was fﬁﬁ%ﬁ%?%ﬁ wpﬁe §0536°|€% QQ%?ﬂyzeé °Yﬁ£ﬁﬁ§3§t&Ped

by Marubi shi Bi oeng fia. phbdphatandbﬁﬁfer s(pm 7i93d cohtaihdam a2 mM 2- °
120[err]C for 20 mnute nposition of nedium tap water, glucose
4.0% yeast %’i??%ﬁ?eﬁhﬁgelferr] 0.1% (NH4) 2HPO4 0.65% Nad 0. 1%
MySQ47H20 0. 8% 2ZnSO47H20 0.06% [err] 0.09% CuSA5H err] O 20 0. 005%

WSOId- 6120 5. 0.01%  anfy Adeeasglhetile chSutloguraparolBhes! Ured oY

NOF Corporat‘ll-"on) 0. 02% ove©ne

i nocul ated with a cul t ur cArmhonium siabfhte wasoldissdlved7dn WMechahacre
been pr-e-culture b lLer a t
33[err]C.with drég"é%??nFl on agegég%e ¥o%§g:rligge%§t Iﬁgﬁﬁ.ﬁé} eegP 8&535@?. of
whi | e mai ntafnl iy twteila)minﬂaﬁninﬁ B B0 gritlypmmonds wgteadk., and

(Ww) aqueous sodipgh WEERIi &8 +8% Hhetly P 2éphir8se? ¢2AM column (140 ril:
io0 manufactured by Pharmacia Biotech Co., Ltd.) which had been
equilibrated with 10 mM phosphate buffer (pH 7.0)
containing 2 mM 2-mercaptoethanol and 1. M ammonium sulfate,
so that polypepi:ides having enzyme activity were adsorbed
_ to the column. The column was washed with the same buffer.
15 A&tive fractions were elgted using a linear gradient of
ammonium éulfate (from 1 M to 0 M). The active fractions
were collected and then dialyzed miernig_ht in 10 mM
phosphate buffer (pH 7.0) containing 2 mM 2-
'mefcapt_oethanol .

- 20

(Blue Sepharose Column Chromatography)

The above resultant crude enzjrm'e solution was
supplied to a Blue sepharose CL-6B column (40ml;
manufactured by Pharmacia Biotech Co., Ltd.) which had been

25 equilibrated with 10 mM phosphate buffer (pH 7.0)
containing 2 mM 2-mercaptoethanol, so that polypeptides
having enzyme activity were -adsorbed to the column. The
column was washed with the same buffer. Active fractions
Were eluted using a linear gradient of NaCl (from 0 M to

30 1.M). The act:l.ve fractions were collected and then dialyzed
overnight in 10 mM phosphate buffer (pH 7.0) containing
2 mM 2-mercaptoethanol. ' :



gl'ucose -sol uti on was added 22 hours and 25 hours after the 30 start of

the.cultivati.on. The cultivation was carried out for 30 hours.
(Preparatlon of Cell -free Extract) -
18 - M croor gani sns were collgcted from10 L of the .
fesul tant culture by- centrifugation and ther? ashed with a
physi ol ogi cal saline solution, thereby obtalnlng 1350 g of wet

m cr oor gani sns. The wet m croorgani sns were suspended in 2700 m of -
a 100 mM phosphat e buffer 7 a

phenyl nmet hyl sul fonyl - 1 uo gge% *OYOPFéRgdgg&w@r%cg@aﬂP@ tions of 5
mM and 0.1 nmV resp@hel \aore rhsumtamOr@am@mnm déelupien Iwas

Dyno m 1l (gEpEhagkl’ eg Dy V‘éhpérgd BYoREARD. 308 Hidbimy P 1F m1,s

di srupted m croorganhfSits were centri
t her.eby obt ai ni ngmasafagttureda &t | -TOQ;Qh ex@@@h@rﬁtion) which - ha@Amhﬁemm

Sul fate Fracki ona%ga@)_ brated with AP0 m SiH &f@smra i %.0)

di ssolved in the ree extract so as to obtain 6

The resul t afenpAdBIPE: & oM \dmeraankeethaneknt sof thati mlmmptides
this case, the p"hﬁfrihaeeﬁﬁkhef 5%%1%&@%1%%&%:‘% rﬁﬂ the coRimf. / ™
ammnl a wat er) Anmoni um sul fate was fUrt her to the super nat ant

to obtain 75% sat GPAENBNWaR; Yashed whth.the same HFF#‘?’I'Sl fqtdviey fragtions

resul tatnttpr eci pi #8reselutedasengohl Q.ﬁ.h%d:bgrﬁaﬂbh*tf UﬂﬁNa@l (F3dm 0 M to
precipitate

SER Y o S e ot A Shat g} kB BRESTRLE
: dialyzed overnight in a 10 mM phosphate buffer (pH 7.0)
contéining' 2 mM 2-mercaptoethanol. Thus, a pure
polypeptid_e specimen which is 'electr__ophoretically single
was obtained (hereinafter referred to as a CR enzyme).
15
(Example 2: Cloning of CR enzyme gene)
(Preparation of Synthetic Oligonucleotide Probe)
The purified CR enzyme obtained in Example 1 was
' denatured in the presence of 8 M urea, and then digested
20 with 1lysyl endopeptidase derived from Achromobacter
{manufactured by Wako Pure Chemical Industries, Ltd.). The
amino acid sequences of the resultant peptide fragments were .
. determined using ABI492 protein sequencer (manufactured by
Perkin Elmer Co., Ltd.). Based on the amino acid sequences,
25 two nucleotide pfimers (SEQ ID NOs. 3 and 4) were synthesized
' with a conventional method.

(Amplification of CR Enzyme Gene by PCR)
Chromosomal DNA was extracted from cultured Candida
30 magnoliae IFO 0705 in accordance with the Hereford method
(Cell, 18, 1261 (1979)). Thereafter, PCR was carried out
using the above-,pre;’)ared nucleotide primer and the
‘resultant chromosomal DNA as a template, thereby amplifying



25 : (DEAE- TOYCPEARL Col um Chr omat ography) The above
resyl tant crude enzyne sol ution was supplied to a DEAE- TOYOPEARL 650M-
(500m ; manufactured by Tosoh Corporation) colum which had been
equi i br ated with 10 mM phosphat e buffezr (pH 7.0) containing 2 MM 2-
30 mer capt oet hanol, so that pol ypeptides™ having enzyne activity -
wer e adsorbed to the colum. The col utm was washed . with the same
buffer. "Active fractions were eluted using a linear gradient of NaC

(fromOMtoOS Y, 1t 350 bo which 1
fracti o%{gn&é?gog%%egfggmgﬁg oﬁen d| aI yzed Ic:')vwer cghts Icnonsiderl

Y phosphat e buf ter be( pHpaxy) ofc #heaiCR epzymerigene. mer capt.oet hanol .

5 - {Phenyl Sepharose Col um Chr onat ogr aphy) Anmoni um
sul fate was dissolved in the above resul tant crude enzynme solution:to
a final concentration (Preparptien P& Fhremeosemad PNA7 Idbganylamoni a

water), and 5 - then sup@hbe&afamasgmanmmw@aaaqa@ .ﬁ%ﬁewaa 1Pd Q705
10 manuf act ured by Pharpaci a Bl ot ech Ltd.) whi c

equitibrated wi tWa819°wmleﬁﬁé¥p%5e3tﬁéf‘F%Fh ’('B%«tl? igtion enzyme Arphg andnv
2- mer capt oet hanol taed dlidd sauaa.orzf ragmen tSt Rere sep‘di:éﬂk’& wi:upaphraea gel

havi ng enzyrre acti e o _the co unn, was
washed with the. s&ﬁ‘@cﬁﬁppbp s. A’&‘?Eﬁaﬁ:ﬁﬁ'l 3n§ H'Fé:glq&’sl( dol.
| i near gradient oBiol., aatrmnajmlsme)at Waéfcamried/ldul: &slil(hg the 3&(04-31@ DNA
fractions col | ect t I L VZe gl:‘ ﬁ(er
phosphat e ]'Buf f e%%a PI% °§¥a 8n$§?ﬁ1g ng 1_9“51 rgigested eragments
of the chromosomal DNA (the labeling and detection of a
nucleotide probe were carried out using Gene Images Labeling
and Detection System ( manufactured by Amersham Co., Ltd.)).
. As a result, it was found that a nucleotide fragment of about
15 5.5 kb was hybridized with the nucleotide probe.

Based on this fact, after the digested fragments
were 'separated by agarose gel electrophoresis, nucleotide
fragments of ' 4.3 kb to 6.2 kb were col;l.ected. These

20 nucleotide fragments were introduced into the Apal site of
plasmid vector pBluescriptII KS(-) (manufactured by
STRATAGENE Co., Ltd.). The plasmid was introduced into
E. coli JM109. The chromosomal DNA library of this strain
was prepared. '

25 '

(Screening of ‘Chromosomal DNA Library)

The thus-obtained nucleotide fragment was uséd as
a probe to screen the chromosomal DNA library in accordance
with a colony hybridization method (the labeling and

30 detection of a nuciéotide probe were carried out using Gene
Images Labeling and Detection System (manufactured by
Amersham Co., Ltd.), and thg experiment was carried out in
accordance with procedures described in the instruction
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nmer capt oet hanol 20 - (Bl ue Sepharose Col umm Chr ongt ogr aphy)
The,above resul tant crude enzyne sol ution was supplied to a Bl ue
sepharose CL- 6B col urm (40m : - manuf actured by Pharmaci a-Bi ot ech .Co.,
Ltd.) which had been 25 equilibrated wth_10 nM phosphate buffer (pH
7.0) . containing 2 nM 2-ner capt oet hanol", 2% 1 hat pol ypepti des :
havi ng enzyme activity were adsorbed to the colum. The col um was
washed with the same ‘buffer. Actlve fractlons were el uted using a

| i near gradient of NadC 0, 30 |
Theact i vef r act i onBR8PEdd ‘& @8’9«3@6’?\ LndiBf ?zre ult, . agingieResitivs %ony
phtz)gphate buffer was 6;(;?&% $g$gq;§£;gr‘%;ucoﬂmmmp& MP%Q .obtained
- - uper um
The above resul t afEoB @E?ﬁﬁ% e"?ot out 5.5 kb
ggper Q ;I'OYC])DEARL ﬁiﬂ%}éehme(ﬂt&dd were doubde digeistediwbth BRI and SphI.
rporation e '
buffer (pH ?.0) e "Egexidy ﬁﬁaﬁ'ﬁ%é E’r@?cead? 3%#’?%&25%%%%0%&“
p'o: ypepti des ] dmelthudwgasnz;smcnthedll abomere adsor Bedresulbe duicientige
col um was washe fer t t
using a linear gr a\gaéﬂ\ehq% Egg? b?*i];to% 8 ﬁ? gfﬁsﬁ&ég !319%:’1 dﬁ]%e%ﬁﬁg.{é’iﬁﬁl
fracti ons were colthecmestaictiam enzymes|i weye cybridirgd: wilithy the myobe.
phosphate buffer gadek pﬁ this’ awt 2h8 Aol otMie FrifitincHt 8¢t HB5GL 1.0 kb

Thus, a. pure ypept| speci nen_which i s el ect rophoret i cal l

singl e 1055 &Eﬁaliilﬂfl(m e-"-Wé?t they HeaRl SRR 8ite crfe PAAMYLd PPCLO
(Exanple 2: O oni hadlufedteedEbgeekara Shuzo Co., Ltd.) to construct

recombinant plasmid pUC-ES and selected as a chromosomal
DNA clone including the CR enzyme gene. '

15 : (Détemihatipn of Base Sequence)

_ The a_;nove recombinant plasmid pUC-ES was digested
with a variety of restriction enzymes, and digested
fragments produaed during the reaction were analyzed to

_prepare a restriction map. Then, various DNA fragments

20  obtained during the analysis were inserted into multi-
¢loning sites of 130019, to construct recombinant plasmids.
Using these recombinant plasmids, nucleotide sequences of
the respective inserted fragments were analyzed using ABI
PkISM Dye Terminator Cycle Sequencing Ready Reaction Kit
25 (manufactured by Perkin Elmer Co., Ltd.) and ABI 373A DNA
Sequencer (manufactured by Perkin Elmer Co., Ltd.). As a
result, the entire base sequence of the DNA fragment of abdut
1.0 kb which was expected to _include an intended enzyme gene
was determined. Figure 2 shows the thus-determined base
30 séquence. An amino acid sequence predicted from the
nucleotide sequence for the structural gene portion of the
nucleotide sequehcé is also shown under i:h‘e corresponding
nucleotide sequence in Figure 1. The amino acid 'sequenée
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(Preparation of Synthetic O |gonucleot|de Pr obe) The purified
CR enzyne obtained in Exanple 1 was denatured in the presence of 8 M
urea, and then digested 20 wth |ysyl endopeptidase derived from

Achr onmobact er (manuf act ured byWakoPureChem cal | ndustri es, Ltd ). The

amno aci d sequences of the resultant pepti d&“fragments were T

det erm ned usi ng ABI 492 protein sequencer (nanufactured by Perkin

El merCo.,, Ltd.). Basedon the am no aci dsequences, two nucl eoti de

pr1ens (SEQ10 Neaw Soiffpdh E48 £ RNt %&ino ac&t HegufBCBE @ Fay1.

Chronosomal DNA webdepepiddasgef dbgested peptide mmt qfaghglpmifreﬁm5
I n accordance wi thtz?ﬁr“ & Lo drgstfed it was (f&ima tiht p&éﬁg -amino

Thereafter, PCR was out t he above- prepar ed ti1de
primer and the acideseguanpecqfomcmﬁriﬂﬁda@ £nBe fanplekelnexists

anplifying g no_acid seguence predictedlfrom the I leotide
nucl eoti de- fragnent OP about 350 b thIuCh |spcon5| dered part

of the CR enzyne §eguence and completely matches therewithy 6%%%#39@5 an
Library) 5 . underlifie@porEsoR AN BHO &ﬁiﬁ%i@sé&ﬁ&ﬁbbaﬁl T&@lﬁ:@i)

was' conpl etely digested wth restriction enzy ;p

di gest ed fragnent TheEpEoTepatheBNY; f-'ﬁa%%’t‘Bs‘éa% °n91der%¢e1é‘? jdfﬁ\’d?‘%“‘sl@e
Thereafter, a soucheénzymbhgdn@l Mol . Biol., 98, 503 (1975).) was
carried out ysi ng t he 350-bp DNA 10 fragment obtai ned above to anal yze
the di gestet'i fragnents of the chronobsormal DNA (the | abeling and
detection of a (Example 3: Preparation of Recombinant Plasmid

Carrying CR Enzyme Gene)

A double-stranded DNA having: an Ndel site added to
an initiation codon portion of a structural gene of the CR

15 enzyme; and a new termination codon (TAA) and an EcoRI site
added immediately after a termination codon; and T
substituted for G at sixth nucleotide from the 5° end of

the gene in order to de.stroy an Sall site of the géne without
. . an amino acid code modification, was obtained in the
20 following manner. An N-terminus nucleotide primer having
' an Ndel site added to the initiation codon.portion of the
structural gene of the CR enzyme and T substituted for G
at sixth nucleotide from the 5' end of the gene was
synthesized based on the nucleotide sequence determined in
. 25 Example 2. Further, a C-terminus nucleotide primer having
the new termination codon (TAA) and an EcoRI site added
- ilmmediately after the termination codon of the structural
gene of the CR enzyme was synthesized based on the nucleotide
sequence determined in Example 2. The nucleotide sequénces
30 of these two pi:imers are represented by SEQ ID NOs. 5 and
6. Using the two synthetic DNA primers, a double-stranded
DNA was amplified by PCR using the plasmid pUC-ES obtained
in Example 2 as a template. The resultant DNA fragment was
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nucl eoti-de probe were carried out using Gene |nmages Labeling and -
Det ecti on System (manufactured by Amersham Co., Ltd.)). ' As a result,
it was found that anucl eotide fragnment of about 15 5.5 kb-was hybri di zed
with the nucl eotide probe. - _Bgged on this fact, after the
di gested fragnents were separated by afarose gel electrophoresjs,
nucl eot i de fragments of 4.3 kb to 6.2 kb were coll ected. These 20
nucl eotide fragnments wer-e introduced into the Apal site of pl asm d

t Bl L1 .
o ks sl e SRS
library of t h| s sEceRA sites dgxnshneam §yomothe lac promoter ofdhea plagmid

Chr onosonl ébﬁéﬁ@ylwoguoss%a), to! BB thiS reBpibiRAnk. gl a8l ke prcr .
fragment was use to screen the chronmosomall DNA |1 Brary in
accor dance with a colony hybridization nethod (the | abeling and 30

det ection ofga nucl eoti decprahs18€hs qaféd&éltféﬁ Ut n@ze@iﬁﬂunant b'_‘[&ﬁﬁﬁ_d
sha d.),

Label i ng and Det ecti on System manufactured

and the experimerdngdgdiagr beghoGR iEpzyme . G%o?%n@%“ﬂ??ﬂ BPBE@B'GB@S‘ES@

described in the ggggyuction - 22 -
manual of the system. As_a result a Si t|ve col on
obtai ned. Thereafter, reRofOURS Qé’ﬁfe%s &ng' %P&ﬁﬁfﬂé\i%arn°

positive col ony, seqaenbeciosDN&cqiaotlmas)Sd‘f km coli we@esnnuaiebtedes
wer e doubl e%ﬁl gested with EEO The dldgesteg fr S were
t

anal yzed wi he"BEhERRN ﬂgF ili &‘s’iﬂééﬁ'ﬁ bEH“SBov8 ag BEAre,
nucl eoti de- dehgdrogenaéea((hmreﬂnifﬁ&r wedenred by ash€DH) gregie deriviedy

© from Bacillus megaterium IAM 1030; an EcoRI site added
immediately therébefore: and an Sall site immedliately after

the termination codon was obtained in the following manner.

© 15 Based on the nucleotide sequence information on the GDH gene,
an N-terminus nucleotide primer having the Shine-Dalgarno
sequence (9 nucleotides) of E. coli added. 5 nucleotides
upstream from the initiation codon of the structural ‘gene

of GDH and the EcoRI site added immediately therebefofe,

20 and a C-terminus nucleotide primer having the Sall site added
immediately after the termination codon were sjmthesized

with a conventional method. The nucleotide sequences of

these two primers are represented by SEQ ID NOs. 7 and 8.

. Using the two synthetic DNA priiners, a double-stranded DNA

25 was synthesized by PCR using the plasmid pGDK 1(Eur. J.
Biochem. 186, 389 (1989)) as a template. The resultant DNA
-fragment was digested with EcoRI and Sall, and inserted into

EcoRI and Sall sites of pNTCR constructed in Example 3

(existing downstream from the CR enzyme gene) to obtain

30 recombinant plasmid pNTCRG. The production method and

' structure of pNTCRG are shown in Figure 2.

(Example 5: Preparation of Recombinant E. coli)
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the restriction enzymes were hybridized with the probe. Based on this
fact, the nucleotide fragment of about 1.0 kb 10. was inserted into the
EcoRI - Sphl site of plasmd pUCL9 (manuf actured by Takara Shuzo Co.,
Ltd.) to construct reconbi nant pl asmi_d C-ES and selected as a
chronosonmal DNA cl.one including the CR"eénzyne gene. 15 T
(Deterim nation of Base Sequence) . The above reconbi nant

pl asm d pUC-ES was di gested .wWith a variety of restriction enzynes,

and digested. fragmegt s d dypl R i to
prepare a restriction: rnatp.ﬂ'Tﬁggl"fE %??%ug%f?ﬁgnent ?Ygg: oEt al neic?Z uri‘ng
t he anal ysi s wer eLtdsdr twas | trangformed . using| secenbinant cplasmid nNYCR

construct reconbi Bgegipbas i, d Ef‘ﬁ’enp 1e 3Y3indd ﬂ@%d&%@ﬂggf@lﬁm CRG

nucl eoti de sequences 0 respective Inserte nts wer
anal yzed usi ng ABpbtainedrip Sxampler o4 nitvaobitadpcrecombinast . reekl HB101

Reaction Kitg25 N?Eﬁ f r Pegi hner and ' -
DNA SetsquencéP nazu?égg?lu?eﬁ&mgy Efe,irquQREI%I'ner eci—iﬁ'%i ) b i

) Ltd.). As
fesult, the entirebbadbedesansgosmants By [GOENFRL0L LBYECR) and HRYQd

whi ch was expect egpN@cRE]/, 4ekiré depdsdteAwe R RS stry of It elelatiined.
Figure 2 shows the thus-determ_ned base 30 se uinée. An_am nf aci d
sequence predi ct edFRAEMINME Industrys e%g?ﬁgys&fﬂe pgustrigl. SeleReer gnd

gene portion of t{échnologdyCNertiicialsemngtituts alfs BIdsendé canth@uman
correspondifg . mecfliShSg' 4931 HEYare) £ SHbSe L rHkaBEL 8812 arats -
conpared W th a phehijalJepanjo andersdiecncespéctivgsyeposit ruxibpest FERME
RS e P s BE2EBE0. il REPHELE0SY G soprenlly 8, £558. G’
. to Budapest Treaty of the International Recognition of the

Deposit of Microorganisms for the purposes of Patent

15 . Procedure.

(Example 6: Expression of CR Ehzynie in Recombinant

E. coli) o L
The recombinant E. coli HB101l (pNTCR) obtained in
20 . Example 5 was cultured in 2xYT medium containing 120 pg/ml
of ampicillin, collected, suspended in a 100 mM phosphate
buffer (pH 6.5), and subjected to ultrasonic treatment, to
‘obtain a cell-free extract. The CR enzyme activity of the
cell-free extract was measured in the -following manner.
'25 - That 4is, 5 mM tert-butyl (S)-6-chloro-5-hydroxy-3-
oxohexanoate as a substrate, 0.333 mM NADPH as a coenzyme,
~and the enzyme were added to a 100 mM phosphate buffer
(pH 6.5), and reduction in ‘absorption at a wavelength of
: /340 nm was measured at 30°C. Under these reaction
30 conditions, oxidation of 1 pmol NADPH into NADP in one minute
was defined as one unit of enzyme activity. The thus-
measured CR enzyme activity in the celi-free extract was
represented as a specific activity and compared with that
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acid sequen.c'e of the purified CR enzyne conpletely exists .5 in the

am po aci d sequence predicted fromthe nucleotide " sequence and

conpl etely matches therewi th (i'ndicated as an underlined portion in
the ami no .acid sequence in Figure 1). Egerefore the DNA fragnment was
considered to include the CR enzyne gefie. 10 (Exanpl e
3: Preparation of Reconbinant Pl asni d Carrying-CR Enzyne ‘Gene)

A doubl e-stranded DNA having: an Ndel site added to ~ . an initiation

codon -portion of a
term ngt I on codo aﬁ%ﬁnﬁ%ﬁg{eﬂﬁ Sl tggﬁ&Sa vg%‘&ﬁ%%gﬂggel ;}Ew??éthe
termi nati on.codon€Raenzyme activityi tinca fepllsfxeq; et nagd cof i Candista

the 5' end of r

Wi t hout on BaghBEL8ETY¥d 07054 enlre I AlibetarldL iy the bahd Gofilti
fol | owi ng manner . afnthat fesepibedclndixample| hevammwred- The mesuldis e

added to theginitjpgi gﬁoﬁﬁdg? @abg_boq gglbb,e ' structural gene of the
CR enzyne and T substituted for sixth nucleotide fromthe 5 end

of the gene was syntheS|zed based on t he nucl eoti de sequence
determned in 25 7TabXa"P! Bxpres#iéicbf GRCeheyMeNin ReGOLABI AL H.MHoll

havi ng t he - T€e rat-eor—codon \l/-v-\} .
i mredi ately af t erMT ﬁ’éo‘f’ £9 %g?‘l on codon of th %’%? fpecificggﬁgigﬁ.tyhlg
CR enzynme was SY|

in Exanple 2. Thigﬁﬁlnglp()PUquT%pmmnm;: 30 9. 1—%9:9 two pringers are

represented by SEB1OLNBNTER)Nnd 6. Usilnd-T®e two synthetic DNA
priners, a doubl gCandidactiagnolia®NiF@a0786p!i0iktl by PCR-using the plasniid
pUC- ES obt ai ned in Exanple 2 as a tenplate. The resultant DNA

fragment was . _ As is seen from Table 1, E. %:%1_1 HB101 (pNTCR)
1o exhibited a definite increase in CR enzyme activity in
comparison with E. coli HB101l (pUCNT) which was transformed

using only a vector plasmid, and exhibited an activity é.bout S

34 times as large as that of Candida magnoliae IFO 0705. .

15 ' (Example 7: Simultaneous Expression of CR Enzyme
and GDH in Recombinant E. coli).

The GDH activity of a cell-free extract obtained by

processing recombinant E. coli HB10l1l (pNTCRG) obtained in

. Example 5ina manner as described in Example 6 was measured

20 .as follows. 0.1 M glucose as a substrate, 2 mM NADP as a

_coenzyme, and the enzyme were added to a 1 M Tris HC1 buffer

(pH 8.0), and an increase in absorption at a wavelength of

340 nm was measured at 25°C. Under these reaction

conditions, reduction of 1 umol NADP into NADPH in one minute

- 25 was defined as one unit of enzyme activ;l.ty. The CR enzyme

- activity was also measured as in Example 5. The thus-

-measured CR enzyme activity and GDH enzyme activity in the

cell-free extract were represented as specific activities

“and compared with those of E. coli HB101 (pNTCR) and a



ry

digested with hUeI and EcoRl,  and inserted into Ndel and- EcoRl sites
dowgstream fromthe | ac pronoter of the plasmid - pUCNT (WD94/03613),
to obtain reconbi nant plasm d pNTCR 5 (Exanpl e 4: Production
of Reconbi nant Plasm d i ncl udi ng both Enzyme CGene and d ucose' .
Dehydr-ogenase - Gene) : A do e-stranded DNA having: a.

Shi ne-Dal garno - . sequence (9 nucleotides) of E. coli added 5 :
nucl eoti des 10 upstream from the initiation codon of the glucose

e o8 e o SR Heotnah 8161 (o BElag i E Vet mdFoRacs

therebefore; and axeSshown tin Tabde & delowi er the term nati on codon
was obtained in the foll ow ng manner. 15 Based on theé nucl eotide
sequencei nformati on on the GDH gene, an N-term nus nucl eoti-de prinmer

havi ng t he Shi ne- CBakbbe n2 SimultaneowscExpreasgdpnoofdEB) enkyme and GRIEdLN

5 nucl eoti deg ~ upstreamf rom t hﬁeéﬂhﬁ%ﬂ&hen coggfpqof the structural

gene o] nd—t-heEcoRl mvsia&%@e;eb%&,-lﬁ_
and a C-term nus r&ré’é’crgd'élilﬁ“! m=Fha§H%q hepegific|GPHgpegific activity

i medi ately afte tnin nagtdyd tye (H/mgh hesij ABIMI) _ with a
conventi onal met .ldlhdpﬁlﬂﬂmot @el2equences of <0t.lf0dse two priners

are represented hyBIOD |(PNTOR) 7] 30G68. . Using fke@.030 synthetic DNA
primers, a doubl ¢ Hgt;_mnqﬁ-‘@ﬁ&)z p2.16as synihesrzed hy7@R using the

pl asm d pGDK 1I(EUT™ OCHENT 180, 389 (19389)) as a renprate. The
resul tant DNA fragrrent vvas di gested with EcoRl and Sall, and |nserted
into EcoRl and Sal | Asi tiss sﬁerpl‘sﬂmtc'ﬂnhleuzt el.i noEiaﬂﬂl@]B (pNTCRG)

(existing downst r &%&@ 2{3(!!?50
pl asm d pNTCRG. pro ?I on nﬁ‘%&gﬁ o 14 e?r ucture F&Eﬁ#@%ﬂgﬁm
shown in Figure zactivity in comparisoriith . pPoddaHBLPIAPUENRI cwhbeh was
E. coli) 10 transformed using only a vector plasmid.

(Example 8: Synthesis of tert-butyl (3R,58)-6-
.chloro-3,5-dih}}droxyhexanoat'9 from tert-butyl (S)-6-
chlorq-thydroxy-B-oxdhexanoate using Recombinant E. coli

15 having CR Enzyme Gene introduced therein)

The recombinant E. colli HBI101l (pNTCR) obtained in
Example 5 was inoculated in 50 ml of 2xYT medium (Bacto
tripton 1.6% (w/v). Bacto.yeast extract 1.0% (w/v). NaCl
0.5% (w/v), pH 7.0) sterilized in a 500 ml Sakaguchi flask,

20 and cultured with ‘shaking at 37°C for 16 hours. 680 units
of GDH (manufactured by Amano Pharmaceutical _Co._ . Ltd.),
5.0 g of glucose, 3.0 mg of NADP, and 4.5 g of tert-butyl
(S)-6-chloro-5-hydroxy-3-oxohexanoate were added to 25 ml -
of the resultant culture. The culture was stirred at 30°C.

25  for 40 hours while beingadjustedat pH6.5witha 5M aqueous
sodium hydroxide solution. After the reaction, the
reaction solution was subjected to extraction using ethyl
acetate, and ah extract after solvent removal was analyzed.
As a result, it was found that tert-butyl (3R,58)-6-
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- 25 - E. coli HB101 (manufactured by Takara Shuzo Co.,
Ltd,) was transfornmed using reconbi nant plasm d pNTCR obtained in
Exanpl e 3 and the reconbi nant plasmd pNTCRG ' obtai ned i n Exanpl e 4,
to obtain reconmbinant E. coli HB101 5 pl\gCR) and HB101 (pNTCRG, -
respectively. The t hus- obt ai ned taf formants, E. coli HB101
(pNTCR) and HB101 (PNTCRG, were deposited with the Mnistry of

| nt er nat i onal Trade and Industry, Agency of Industrial Science and

(18 hani 1. CRBHRESTacR i TEdAro R aRaRtate" s iR, o181 or

respective deposi 6nggber sTﬁERNGiasterBBmﬁ%Q?exudsﬁERMBEb 6888 mrsemmaer

Rocogni i on of « nb3R.58)-EEGRURRBSS ol aaSnhsShblakebliatd s B 28 a5

Patent 15 ~ Pr ocedure (Exanpl e 6 Expre55| on of CR Enzyrre
I n Reconbi napt T COh
(PNTCR) obt algned in 20 @Jiéllr)’rpil'f:I'ga\)%(smculotfur2“'e in glsﬁmscont al ni ?1%

120 [err]g/m hydobxynpiokbhexanoeitiec andl, t%ntpbﬂﬁﬂl i(3Ra 580¢ 6mehloro-
phosphat e - by fge{nﬁgﬁﬂr&fﬁhe@ﬂge&@bj ectgegto Hlbfal’s%‘i‘éﬂieﬁtt reaéfnsnt tHeP

obtain a cell-free’ex enzyfme activity of the -free

extract was maasuﬂéﬁstﬁreﬁ@eroIﬂmmgQﬁarﬁ@t’le THAR. 583 - 5'91‘&!9&1'0'3 5-

tert-butyl (S)-6a¢htar8xghb¥dnhsates- DI 0BYE gl peRFordiatic
0.333. MM NADPH as a coenx§ © avg]erctahg enzyrre wery aaﬁﬁged to a 100 m\7
phosphat e b&ffer liquid( ﬁ%l@“@)toga'-r?é‘ﬁ eteelumn: | GOSHOSLE: SGN-R €ID 4.6 x

wavel engt h of 2503,4.{51)ryﬁaﬂaﬁaaeaﬁ-aaeﬁyaﬂacsmfr'réﬁue dondeLtd.heeduant:

e def i ned as onb W PAREERRAAPSRET1Pn (ACkERPRELTE" S LCHIGR" Bt

enzynme activity ia. Vhﬁl¢ﬁh.h f deteckionect 20ASnm, colmmemmemhma. I )f.i
activity and conpared with that

15 (Example 9: Synthesis of tert-butyl (3R,5S8)-6-
chloro 3. 5-dihydroxyhexanoate from tert-butyl (S)-6-
chloro-5- hydroxy-3 -oxohexanoate using Recombinant E. coli
with CR Enzyme and GDH Expressed Simultaneously)

The recombinant E. coli HB101l (pNTCRG) obtained in

20 Example 4 was inoculated in 100 ml of 2xYT medium (Bacto
tripton 1.6% (w/Vv), Bacto yeast extract 1.0% (w/v), NaCl
0.5% (w/v), pH 7.0) sterilized in a 500 ml Sakaguchi flask,

" and cultured with shaking at 37°C for 16 hours. 5.0 g of
 glucose, 1.5 mg of NADP, and 5.0 g of tert-butyl (S)-6-

25 chloro-5-hydroxy-3-o:§ohexanoate were added to 25 ml of the
resultant culture. The culture was stirred at 30°C for
24 hours while being adjusted to pH 6.5 with a 5 M aqueous
sodium hydroxide solution. After the reaction, the |
reaction solution was subjected to extraction usirng ethyl

30 acetate, and an extract after solvent removal was analyzed.
As a result, it was found that tert-butyl (3R,5S)-6-
chloro-3, 5-dihydroxyhexanoate was produced at a yleld of
97.2%. The dlastereomer excess ratio of tert-butyl
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- 26 - ' of a transformant hol di ng onIy a vector plasmd. Also t he

CR enzynme activity in a cell-free extract of Candida magnol i ae | FO
0705 prepared in substantially the sanme nmanner as that described in
Exanple 1 was conpared. The results 5 arg.shown in Table 1 bel ow.

Tabl e 1 Expression of CR enzyne in Reconbl na E. coli M cr oor gani sm
CR enzyne specific activity . : (U ng)
HB101 (pUCNT) - 0.12 _ HB101 (pNTCR) 3.76
Candi da magnol i ae 0 en, fIr YR le 1, E.
coi | HBL01 (pNTCR #’Fesg; g H?‘BPFBH*” 56M#S’W#A§‘€élg’€s°% gnaz.}}gdee.
activity in . conparison with E. coli HB1OL (pUCNT) Wmch was

t ransf or ned using only a veg] i ed an activity
about - 34 tinmes as |arge as ?'N@psg#&gln&?gi&magng ?Ytae | FO 0705. 15
(Exanpl e 7: Sinultaneous Expression of CR Enzyne and GDH in

Reconbi nant . coli). t f

obt ai ned by 5 pr ocessi ﬁd"r B28% P%E%&ETO@%#&%S% R%ﬁﬁ§§al ne
Exanpl e 5 in a nather eagymes @dﬂieid-ﬁm mamymetmahbxsméucso terta-@utyl
follows. 0.1 M gkrsoge ib?&i{, . C OQIRAM R t31d
the enzyme were agggda‘t cﬁio MBTr @ buf fer dats (pH St%) and an Y
i ncrease in. absorb?Roﬁsdt'Ga%Vé'Peﬁgﬁhdé#Ydroth?mtewas RS ur e@bain
25[err]C. . Under tkHﬁ&fo&ﬁaﬁtbOHaving a TIYH eVl of cSuFAbLTH EY to priodude

ety B O Enoynelvbeptides; by (§ratee S i RiRaptiad s giaties ot
The thus- - the genes. Further, it is possible to obtain transformants
) capable of producing the. polypeptides and 'gltcose
dehydrogenase simultaneously to a . large extent.
Furthermore, it is possible to synfhesize tert-butyl
15 (3R, 58)-6-chloro-3,5-dihydroxyhexanoate from tert-butyl
(S)-6-chloro-5-~hydroxy-3-oxohexanoate "~ using the

transformants. :



»

measured CR enzyne act|V| ty and GDH enzyrre activity in the - cell-free
extract were represented-as specific activities and corrpar ed with
those of E. coli HB101l (pNTCR) and a — ——

-27- transformant HB101 (pUCNT) usi onl y a vec | ts
are shown i'n Table 2 bel oW, "~ - Table 2 Si'mil t aneous m# ”ﬂﬁm
C®

enzyme and GOHin 5 : . Reconbl nant E.

M croorgani sm CR enzyne specific GDH specific act | VI ty

activity-(Ung) (U ng) HB101 (pU%NT _ <0.01
HBI Ol (pNTCR) 3.76 . <0. 01 LAIMﬁ-IBlOl (pNTCRG) 2. 16

87.8 . As is seen fromTable 2, E. coli HB101 (pNTCRG

exhibited a defi ni te |nc ctiyity | Vi

in conmparison wt O#?iigﬁg?:&wxﬁi gh V\%% 10&%@;& or rrejdaé%Q rtégg
only a vector -pl asametrically redu¢exanpters:b@imt hesi(sS Jof6 tahlornns5H4
(3R 55)-6- 3aD at I t gr. Vi

chl or o- 5- hydroxy g oxofqtgxgngg?ie%%s%?%ttge(ggﬁm%%{t 1@5‘2%1 G”&tgslg)haGwér@?C%
Enzyme Gene int roauéedihﬁéremexanoate. where:meth@mmmi@ conpriges0]

(PNTCR) obt ai ned B! faax Y
(Bacto trlpt:gn 1. 6%/?(vv/ ,é:eé'}:to yeast extract VB}’SQE@ Ip 8 &EFCEHQ’H

0.5% (W' v), pH 7. Beauenee Ligking, ersmemmigmg rﬁeqqegge ha"ing at least
: - one amino acid substitution, insertion, _deletion, or

10 addition thereof.

2. A polypeptide according to claim 1, wherein the peptide
is derived from a micrc_:organism belonging to genus Candida.

15 ‘3. A polypeptide according to claim 2, wherein the.
microorganism is Candida magnoliae IFO 0705.

4. A polynucleotide encoding a polypeptide according to any

~one of claims 1 through 3.

20 . |
5. A poiynuc_:leotide encoding a polypeptide having an enzyme
activity to asymmetrically reduce tert-butyl (S)-6-
. chloro-5-hydroxy-3-oxohexanoate to tert-butyl (3R,5S)-
6-chloro-3,5-dihydroxyhexanocate, wherein the
25 polynucleotide is hybridized with a nucleotide sequence
represented by SEQ ID NO. 2 in the Sequence Listing under

stringent conditions.

_ 6. An. expression vector including a polynucleotide
30 according to claims 4 or 5.

7. An expression vector according to claim 6, wherein the
" expression vector is plasmid pNTCR.



20 and cultured with shaking at 37[err]C for 16 hours. 680 units
of GDH (‘manuf act ured—by-Anmano Pharmaceutical Co., Ltd.), 5.0 g of

gl ucose, 3.0 ng of of tert-butyl (S

-6-chl or o- 5- hydroxlmmuwimmg vvere addedy4t 9. 25 ni of the -
resultant culture. *The cultmresmas stirred at J30[err]C 25 for 40 hours”’
while being adjusted at pH 6.5 with a 5 M aqueous - sodi um hydr oxi de
sol uti on. After the reaction, the - reaction solution was subjected
to extraction using ethyl- - acetate, and an extract after.sol vent

renoval was anal yzed. As a result, it was found that tert-butyl . -
(3R, 5S)- 6- . 8. An expression vector accordingodo claim 6, further

chl oro- 3, 5-di hydr QﬁumamgaaeP\esg?nab&@mﬁeafe&daﬁgi é)fpolypepqﬁdge/"haviw

di ast er eomer excess rati o of
(3R, 5S) - 6- chl or o- 8, §LurAFEr @?PNQ%‘QSG&P@WW%-% 5

Quantificatign of tert-butyl (S)-6- chI or o- 5- hydr oxy- 3- oxohexanoat e ,
and tert-butyl (3R, 5S)-6-chl oro- 5- di hydr ox hexanoate - and
measurement  of 2t expregssdop, edﬁ?é?tqlét |%°‘6‘Pr g_pteyl claim 8, the
(3R, 5S) - 6-chl oro- Boiypeptiadl hadiﬁgyhe an%h% getiage dit i ﬂﬂy is a.
performance 10 UId Kagna?:gs é %ﬁli IL5 R (ID 4

250 nmm) nanuf act ug cﬁﬁe gayaroyenage €sr VEPd Tis megqf@rm]uw
phosphat e sol. utlon/acetonltrlle 5/1, flow rate . 0.7 m /mn,

detection: 240 n o] anpl e
9: Synt hesé t%%ﬁ%@%{%&‘{fegto@k‘?ﬂb&%ﬂg §°5°H':H9d? Oﬁm‘e‘é@i}b%’@
from tert- butyI emession vechbur ds5phadmddy pBTERGhexanoat e usi ng
Reconmbi nant E. coli w th CR Enzyne and GDH Expressed Sinultaneously)

11. A transformant obtained by transforming a host cell
using an expression vector according to any one of claims 6
15 through 10.

12. A transformant according to claim 11, wherein the host
cell is Escherichia coli.

20 13. A transformant according to c¢claim 12, wherein the
" transformant is E. coli HB101l (pNTCR).

14. A tranéformant accordifxg to claim 12,' wherein the
- transformant is E. coli HB10l1l (pNTCRG).

25
15. A method for producing tej:t-butyl (3R,58)-6~-chloro-
'3, 5-dihydroxyhexanoate, comprisihg the steps of reacting
a transformant according to any one of claims 11 through
14 or a processed product thereof with tert-butyl (S)-
30 6-chloro-5-hydroxy-3-oxohexanoate, and collecting

produced tert-butyl ' (3R,58)-6-chloro-3,5-
dihydroxyhexanoate. '
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The reconbinant E. coli HB101 (pNTCRG) obtained in 20 - Exanple 4 was

irnogulated in 100 M of 2xYT nedi um (Bacto- tripton 1.6% (w-v)~—Bacto
yeast extract 1.0% (wv), Nad . 0.5% (W v), pH 7.0) st ized in a 500
m - Sakaguchi fl ask, - and cultured with s ing at.37] magm "m’

hours. 5.0 g of glucose, 1.5 ng of NA and 5.0 g 0 ﬂ ’”’
(S)-6- 25  chl oro-5-hydroxy- 3- oxohexanoat e were added to 25

resultant culture. The culture was stirred at 30[err]C for - - 24 hours

whi | e bei ng adjusted to pH 6.5 w t.h 5 M aqueous sodj um hydr oxi de
solution.  After tl%nea E%&h"@ﬁ acqqqnﬁing tg gg&%nl%ﬂ"m‘?ﬁ@‘wa e Jpacting
to extraction usi meﬁ byl c@Prieditiin thethrésends I adbbohziRe dEtoring
renoval was analyze As a result, it was found that tert-butyl

(3R 59)-6- ﬁ?ﬁm% 5- dlhydroxyhexanoate was produced at a yield of
97. 2% The dlastereoner excess ratio of tert-butyl

- 29 - (3R, 59) - 6-chl oro- 3, 5+ dlhydroxyhexanoate was 98. 5% de.

| NDUSTRI AL APPLI CABI LI TY 5 It is possible to clone genes of
pol ypepti des havi ng the enzyne activity to asymetrically. reduce
tert-butyl (S)-6-chl oro-5-hydroxy- 3- oxohexanoat e to tert-butyl
(3R, 5S5)-6-chl oro- 3, 5-di hydr oxyhexanoat e, and obt ain transformants.
havi ng- a high | evel of-capability to produce 10 t he pol ypepti des by

anal yzi ng the nucl eoti de sequences of " the genes. Further, it is
possible to obtain transfornants capabl e of producing t he

pol ypepti des and gl ucose ‘dehydrogenase sinultaneously. to a large
extent. '
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Furthernore, it is possible to synt hesi ze tert-butyl 15
(3R, 5S5)-6-chl oro- 3, 5-di hydroxyhexanoate fromtert-butyl

(S)-6-chl oro-5-hydroxy- 3- oxohexanoate using .the -

transformants. - 33 - 30 - :

CLAI M5 1. A polypeptide having an enzyne activity to -
asymmetrically "-.reduce tert-butyl = (S)-6-chloro-5- 5

hydr oxy- 3- oxohexanoate to tert-butyl (3R, 5S)-6-chloro-

3, 5-di hydr oxyhexanoat e, wher ei n the pol ypeptide conprises the am no
aci d sequence represented by SEQIDNO. 1 in the Sequence Listing, or.
the am no acid sequence having at | east OABSTRACK aci d substitution,
insertion, deletion, or 10 addi ti.on.thereof. ' 2. A'polypeptide
according to claim1, wherein the peptide is derived froma

n croor.gani sm bel ongi ng tA geowsl CpulypReptidé fc&: @quqdpfg)t teéart-butyl
accordlng to e theg i

magnol i ae | FO 070Ebﬂ1 gs)V"E Eﬁigﬁopgl'yn&irlgd?o enco %g@ a%pggg‘% %ﬁfzgging
accordi ng toSany the polypepkide aiand a mhtbu@tofsusi.ng the pdlypeptide, are
pol ynucl eot i de e”ggg{rﬂ‘.ﬁ ed. po'%t?@p:p'oi‘?gé%‘ﬂi% %Ra§" 2t Cenzyme HetIity 9

asynmmetrically uce tert
. asymmetrically reduce tert-butyl (S)-6- chloro-5-

hydroxy-3-oxohexanoate. to tert-butyl (3R,5S8)-6-=-chloro~"

: 3,5-dihydroxyhexanoaté; The polypeptide comprises the

‘10  amino acid séquencé_ represented by SEQ ID NO. 1 in the

Sequence Listing, or the amino acid sequexice having at least

one amino acid substitution, insertion, deletion, or
addition thereof. ' '
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¢hi or 6: 5- hydr oxy- 3- oxohexanoate to- t.er-t'- butyl (3R 59)-

6-chl oro-3, 5-di hydroxyhexanoate, - \Mgegei n-  -the 25 . 'pol ynuel eoti-de
i s hybridized with a nucleotide. sequenc represented by SEQ ID NO. 2
in the Sequence Listing under -- - stringent conditions. 6. An -
expr essi on vector " |nclud|ng a pol ynucl eoti.de 30 accordlng to clalns 4 or
5. 7.- An expressj@n vectogg accordigg to. cl ajgn 6, V\heggl n the 6

expr essi on vect @CAEGCWG&'J&CQAMCTTACAGATGTCACGT GTTGCGTG AN
expression vector according to claim6, further | nc I ng a

polynucleotlde encodl a pol.ypeptide- havi ng a glucose dehydrogenase
activity. -5 %@ﬁgﬁ%ﬁ@a@ 29 acct®i n t310ci ai m 320 the
pol ypepti de haV| @%%?@iwm%
dehydrogenase derived {3@m Baciideis negajsgium 349 - 10. 349 expregg4 on. .
vect or -accor di N(ACTAACCPACACEAAAGCTACAAAGATCTCGACTCEBPTEITICTCYCRIgIC asm d
pl\rl'CRG - . 711, A transformant. obt¥i ri@d ByPt rnd¥ o kg \a i’msG cxl |

u5|ng an expreSSJOn VE. r acce ng to one of, cl ains through

st mseditoncre oo e e
' 250 AA 260 - 270 280 °© - 200 300"
LAARNVAKLNETVE KETKTLELTPJVV K
' 310 320 .. 330 340 . 350 360
e K T W B B ey TeAGecTeCATORIC

370 . 380 . 390 400 . 410 . 420
430 " 440 450 460 470 480

S MO YA A A S

cancercSl 500 510 520 530. 540
'NLSSPIALTEXKALTLTEKTG G YSETRS.
Gai 550 560 - - ‘570 . 580 590 - 600

N EKPFHTITITFLSSAAALEHGC GV YTP

610 - 620 630 . 640 650 . 660
. €70 680 690 . 700 710 . 720
730 740 . 7150 " 760 770 780

TGACATGACGCATGGTATTGACGACCCCAATGATACTCCTATCAAGCGCTGGATCCAGCC
D MTDGIDDPNDTUPTIIKGEWTIOQTZP

790 800 810 . 820 830 840
TGAGCCGATTGCTGATGCGGTTCTGTTCCTGGCAAAGTCGAAGAACATCACAGGCACTAA
E A I ADAVVFLAXKSKNTITGTN

850 860 870 880 ° . 890 900
TATCGTGGTGGACAATGGCTTGCTCGCTTGAGTAGATAGAACGGTTITACGCAATGTTGT
I VVDNGLTILA®*

‘910 . 920 930 940 . 950 960

' TATTACACTTATCGGCAAGGAAACTGCMTATGGAGCATGGCCTAGTGTATTGAAACTC

970 " 980 990° 1000 1010
CAAAAAITAAETAGAGCATACAACACAEGGCACCACCGAAETC - .

FIGURE 1
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12. - A transf or mant’ accor di ng- to claimii; wher €i n the Host . - celT is:

Escherichia coli-. 20 13. A transforriant according to cl ai m 12; " wher ei i
the ~ ‘transformant is E. - coli HBLOLpNICR). - 14, A transfor mant
accor di.ng. to claim12, wherein'the - . transformant is E. coli HBIO1 =~
( pNTCRG) .- - 15. -A et hod for produm ng fert-butyl (3R5S)- 6-chtoro- . .
3, 5-di- hydroxyhexanoate conprising. the steps of reacti.ng: - a
transf or mant "according to- any opne of clains 11 through 14 or a
processed prod Cand uty\ (- 30° T
6- chl or o- 5- hydl| g¥ ygnigﬁ g\)gg%é;alg?go?w .“col [ ecting Ndel'produ-ced'_
tert-butyl - (3R, 5 ) 6- chl or o- 3, 5- " di-hydr oxyhexankabg
-'32 - 16. A NE g TO ¢ m 15, wherien e react ™ $€BY is
carried out in 'tm? apr esenc of a coenzyrre restorl ng system

L digestion . DNTCRG

- (4.1kb) - . .BcoRl
5 5kb DNA fragment a

pBluescriptII KS(— o . 4 .
¥ ) . : .GPH gene

N T L
L PRS-AA- o _ Y
CBeRLgMl | -
dlgestign L - ,—*"(f”ar |
Ly | s’"/@\ |
1.9kb DNA fragmemt - ESoRI

- -_pUC19 PCR
ka’ . g ' ggnerate EcoRI
’ | ~ and Sall site
Y.
EcoRl
" Pstl
DUCéES '
- (8. 7kb)
SohI yger

EcoRI

PCR
generate Ndel
Sall

and EcoRl site

' Ndel

CR.gene'

. BeoRI

FIGURE .2



