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DESCRIPTION 

NOVEL CARBONYL REDUCTASE, GENE THEREOF AND M_ETHOD OF· USING 

THE SAME 

TECHNICAL ~IELD 

The present invention relates to a novel._ polypeptide, 
a gene encoding the polypeptide, ~Q expression-vector for 

10 expressing the polypeptide, a ·transformant obtained by 
transforming a host cell using the expression vector, and 

. . 

a method for producing a compound useful as a material. for 
synthesis of medicaments and pesticides using the 
transformant. ·More particularly, the present invention 

15 rel.ates 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,SS)-6-chl.oro-3,5-dihydroxyhexanoate, a 
pol.ynucl.eotide encoding the polypeptide, an expression 

20 vector· including the pol.ynucl.eotide, and a.transformant 
transformed by the expression vector. 

The present invention al.so rel.ates to a method for 
producing tert~butyl. (3R,SS)-6-chloro-3,5-

25 dihydroxyhexanoate. The method includes the steps of 
reacting the transf ormant or a processed product thereof 
with tert-buty1 (S)-6-chl.oro-5-hydroxy-3-oxohexanoate, 
and collecting the produced te~t-butyl. (3R,5S)-6-
chloro-3,5-dihydroxyhexanoate. 

30 

Ter1:-butyl (3R,5S)-6-chloro-3,5-
dihydroxyhexanoate is a compound useful. as. a material. for 
synthesis of medicaments and pesticides, particularly 
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HMG-CoA reductase inhibitors. 

BACKGROUND ART 

5 The onl.y method for producing tert-butyl. 

(3R, SS)-6-chl.oro.:.3, 5-dihydroxyhexanoate by as~etrioa11y 

reducing tert-butyl. (S)-~-ch1o.r~.-5-hydroxy-3-oxohexanoate, 
which has been reported, empl.oys diethyl.methoxyborane and 
sodium borohydr;i.de (U.S. Patent No ... 52, 783, 131). Problems 

10 ·with th.is technique are that a very 1ow temperature reaction 

15 

vessel. achieving temp~ratures as low as -78°C is regtiired, 
that expensive materia1s nee.d to b.e employed. and the 1ike. 
There has been a demand for a practical reaction procedure. 

DISCLOSURE OF THE INVENTION 

The inventors of the present invention found a 
·po1ypeptide derived from· a microorganism which 
asymmetrica11y reduces tert-butyl. (S)-6-chloro-5-

20 hy.dr9xy-3-oxohexanoate to produce tert-buty1· (3R,5S)-6-
ch1oro-3,5-dihydroxyhexanoate, envisioned a method which 
can · efficiently produce tert-buty1 (3R,SS)-6-chloro-

25 

. . 
3,5-dihydroxyhexanoate, and eventua11y achieved the 

present invention. 

An objective of the present invention is to provide 
~ po1ypeptide capabl.e of asymmetrical.l.y reducing tert-buty1 
(S)-6-chl.oro-S-hydroxy-3-oxoh~xanoate to produce tert­
buty1 (3R, SS)-6-ohl.oro-3, 5-dihydroxyhexanoate. Another 

30 objective of the present invention is to provide a method. 

for efficient1y producing the polypeptide using recombinant 
DNA technol.ogy.· Stil.l. another objective of the.present . . 
invention is to provide a transform.ant which can produce 
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said polypeptide, and a polypeptide having a glucose 

dehydrogenase activity, simultaneously to a large extent. 

Even still.another objective of the present inventio~ is 

to provide a practical method for producing tert-butyl 

5 (3R,SS)~6-chloro-3,5-dihydroxyhexanoate using the 

transformant. 

The present invention relates to a polypeptide 

having an enzyme activity to . ~symmetrica1.ly reduce 

10 tert~butyl (S)-6-ch.loro-5-hydroxy-3-oxohexanoate to 

tert-butyl (3R,SS)-6-cbloro-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. 

20 

Preferab.ly, the peptide may be derived from a 

microorganism belonging to genus Candida. More preferab.ly, 

the microorganism ·may be Candida magnoliae IFO 0705. 

In one aspect, the present invention relates to a 

po.lynucleotide encoding the above-described polypeptide. 

In one aspect, the present invention re.lates to a 

25 po.lynucleotide encoding a polypeptide haying an enzyme -

activity to asymmetrical.ly reduce tert-butyl (S)-6-

chl.oro-5-hydroxy-3-oxohexanoate to tert-butyl (3R, SS)-

6-chloro-3, 5-dihydroxy~exano~te. The po.lynuc.leotide is 

.bybridiied with a nuc.leotide sequence represented by ~EQ 

· 30 ID NO. 2 in the Sequence Listing under stringent conditions. 

In one aspect, the present invention relates to an 

expression vector including the above-described 
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polynucleotide. Preferably, th~ expression vector may be 
.plasinid pNTCR. 

In one embodiment, the above-described expression 
5 vector may further include a polynucleotide encoding a 

polypeptide having a glucose dehydrogenase activity. 

Preferably, the polypeptide having a glucose 
dehydrogenase activity may be a glucose dehydrogenase . . .. . . 

10 derived f~om Bacillus megaterium. 

Preferably, the express:Lon vector may be 
plasm:Ld pNTCRG. 

15 In one aspect, the present invention relates to a 
transformant obtained by transforming a host cell ~sing the 
above-d~scribed expression vect~r. 

Preferably, the. host cell ~ay be Escherichia coli. 
20 More· preferably, the transformant may be E. coli HBlOl 

{p~CR) or E. coli HBlOl (pNTCRG). 

In one aspect, the present invention relates to a 
method for producing tert-butyl (3R,SS)-6-chloro-3,5-

25 dihydroxyhexanoate. The method compr:Lses the steps of 
reacting· the . above-descr:Lbed transformant and/or a 
processed product thereof with tert-butyl (S)-6-chloro-
5-hydroxy-3-oxohexanoate, and collecting produced·tert­
butyl (3R,5S)-6-chloro-3,5-dihydroxyhexanoate. 

30 

Preferably, the reacting step is carried out 1~ the 
pre~ence of a coenz:yme restoring system. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure-1 is a diagram showing-the sequence _of a 

polynuc1eotide of the present invention, and the predicted. 

5 amino acid sequence thereof. 

10 

Figure 2 is a di~gram showing a method for_producing 

·· · the recombinant plasmid pNTCRG. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, 

described in detail • 

the pre~ent invention will be 

As a polypeptide of the present 

. invention .• any polypeptide may be employed as long as it 

15 has an ~nzyme activity to asymmetrically reduce tert-butyl 

(S)-6-cbloro-S-hydroxy-3-oxohexanoate repres~nted by the 

following fo:J:'Dlula (I) to pr_o~uce tert-bu_tyl (3R,SS)-6-

chloro-3, 5-dihydroxyhexanoate represented by the following 

· formula (II). 
20 

OH o· 
Cl COotBu (I) 

tert-butyl (S)-6-chloro-5-hydroxy-3-oxohexanoat~ 

25 
OH OH 

Cl COOtBu (U) ., 

30 tert-butyl (3R,5S)-6-chloro-3,5-dihydroxyhexanoate 

Examples of such polypeptides include a poln>eptide 

compri$ing the amino· acid sequence: of SEQ ID .NO. 1 in the 
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Sequence ·List:lng_ and a polypeptide comprising an amino acid 

sequence having at least one amino acid substitution. 
. . 

insertion. deletion. or addition. o~ a part thereof 1 and 
having an enzyme activity to asymmetrically reduce 

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

produce tert-butyl (3R,SS)-6-chloro-3,5-
dihydroxyhexanoate. 

A polypeptide of the pr~t;1ent 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,SS)-6-
chloro-31S-d~hydroxyhexanoate. 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 Centr~albureau voor Schimme;Lcu1tures (CBS: 
Oosterstraat 1, Postbus 273, NL-3740 AG Baarn, Netherlands). 

20 and the isolation and properties of the strain are described 
~n •The Yeasts. a Taxonomic Study~ 3rd ed. pp. 731 (1984)•. 
Microorganisms producing polypeptides of the . pre·sent · 
invention may be of a wild type or variant type str~in. 
Alternatively, microorganisms genetically engineered 

25 (using cell fusion. genemanipu1ation. etc.) maybe 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: determ~ning nucleotide sequences 
encoding the polypeptides based on the amino acid sequences. 
thereof: obtaining nucleotide sequences encoding t~e 

_polypeptides based on the amino acid sequences thereof: 
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introduc~ng the nucleotide sequences into other · 

·microorganisms to 9btain recombinant microorganisms; and 

cultivating the recombinant microorganisms ·to obtain 

enzymes of the present invention. 

A culture medium for microorganisms producing 

polypeptides of the present invention may be any liquid· 

nutrient medium containing a typical carbon source1 

nitrogen source, mineral salt sQqrce1 organic nutrient 

10 source, and the like as long as the microorganisms can grow. 

The term •microorganism culture• as used herein 

refers to a microorganism itself or a liquid culture 

containing the microorganism, and ·its processed product• 

15 refers. to a product obtained by extraction or purification 

of the microorganism itself -or the liquid culture containing 

the microorganism. 

Polypeptides ~f the present invention can be 

20 purified from microorganisms containing the polypeptides 

25 

. . 

using a conventional method. For example, a micr9organism 

i-s cultivated i"n an appropriate medium, and the culture is 

centrifuged to harvest the microorgani·sm. · The 

microorganism is disrupted by Dyno.mill (manufactured by 

Willy A.._ Bac~ofen Co. i Ltd.), for example, and centrifuged 

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

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

as sal~ing-out (e.g., ammonium sulfate precipitation and 

sodium phosphate precipitation), solvent precipitation (a 

30 protein fractionation precipitation method using acetone, 

·ethanol, or the like), dialysis. ·gel filtration, ion 

exchange. column chromatography (e.g. , 

chromatography), and ultrafiltration, 

reverse phase 

alone or in 
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combinat:lon. to ptir:Lfy the polypept:ldes. Enzyme act:lv:Lty 

can be determined by measur:lng the reduction :ln absorpt:lon 

at a wavelength of 340 nm at 30°C where 5 mM tert-butyl 
(S)-6-chloro-5-hydroxy-3-oxohexanoate. as a substrate. 

. . . 

5 o. 33 mM NADPH as a coenzyme, and an enzyme are added to a 

100 mM phosphate buffer (pH 6.5). 

Polypeptides of the pr~sent invention may include 

the am:lno acid sequence of SEO IQ.NO. 1 :ln the Sequence 
10 Listing. Polypeptides having an am:lno acid sequence having 

at least one am:lno acid subs ti tut:lon, insertion, deletion, 
or addition, or a part thereof. and having an enf:yme act:l vi ty 
to asymmetrica1ly reduce tert-butyl (S)-6-chloro-5-

. . 
hydroxy-3-oxohexanoate to prod~ce tert-butyl (3R,5S)-6-

15 chloro-3,5-dihydroxyhexanoate can be prepared from a 
polypeptide. having the amino acid sequence of ·SEO ID NO. 1 
in the Sequence Listing using a known method described in 
Curr~nt Protocols in Molecular Biology (John W:lley and Sons, 
Inc., 1989), or the lik~. Any polypeptide falls within the 

20 scope of the present inv:ention 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 Polynucleotides of the present invention may be any 
polynucleotide encoding any one of the above-described 
polypept1.des. An example of a polynuoleotide of the pre~ent 
invent:lon is a polynucleot:Lde having the nucleotide 

sequence of SEO ID NO. 2 in the Sequence Listing, and a 
30 polynucleotide capable of being· hybridized with that 

polynucleot:lde under str~ngent·conditions. 

The polynucl.eotide capab~e of bein·g hybridized with 
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the polynucleotide having the nucleotide sequence of SEQ 

ID NO~ 2 in the Sequence Listing under stringent conditions 

means a polynucleotide obtained with a colony hybridization 

method, a plaque hybridization method, a southern 

5 . hybridization method or the l.ike when the nucleotide 

sequence of SEQ ID No. 2 is used as a DNA probe. Specifically, 

the pol.ynucleotide can be identified as follows. A filter 

-on which polynucleotides derived fro~.a col.ony or pl.aque 

are immo_bilized is subjected to -~ybridization with th~ 
10 nucleotide sequence of SEQ -ID No. 2 in O. 7 to 1. o M NaCl. at 

65°C, .and thereafter the fil.ter is washed with an SSC solution 
having O.l to 2-fold concentration (one-fol.d concentration 
SSC solution contains 150 mM sodium.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 laboratori 

manual, second edition (Cold Spring Harbor Laboratory 
Press, 1989), or the like. Specifically, exampl.es of a 

20 polynucleotid~ capable of the ·above-described 

hybridization include a polynucl.eotide having at least 60%. 

sequence identity with the nucleotide sequence of SEQ ID 

NO. 2, preferabl.y at least 80% sequence identity, more 

preferably at least 90tf sequence identity, even more 
.25 preferably at least 95%' sequence identity, and most 

preferably at least 99%' sequence identity. 

Pol.ynucleotides of the present invention encoding 

pol.ypeptides having the enzyme activity to asymmetrical.l.y 

30 reduce tert-butyl. (S)-6-chl.oro-5-hydroxy-3-oxohexanoate 

to tert-butyl. (3R,5S)-6-chloro-3,5-dihydroxyhexanoate 

include a polynucl.eotide having at least 60% sequence 

identity with the nucleotide sequence of SEQ ID NO. 2, 
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preferably at least 80%' sequence identity, more· preferably 

at least 90,. sequence 1.denti ty, even more preferably at least 

95%' sequence 1.dentity, and most preferably at le~st 99% 

sequence identity, as long as the encoded polypeptides have 

5 the above-described enzyme activity.· The term •sequence 

identity• means that two polynucleotide sequences to be 

compared are identical to each other,·and the rate (t) of 

sequence identity betwe~n two polY"nucleotides to be 

·compared is calculated as fp,J.lows. First:, two 

10 polynucleotide sequences to be compared are aligned in an 

optimal manner. The number· of sites 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 s~tes is divided by the total number of 

15 nucleic-acid bases in the polynucleotide. The resultant 

value· is multipli.ed by 100. Sequence identity can be 

20 

. . 
calculated using the following sequence analyzing tool, for 

. . 
example: Unix-based GCG Wisconsin Package ( Progr~ Manual 

for the -Wisconsin Package, 

Genetics C~mput~r Group, 

Wisconsin, USA53711: Rice P. 

Version 8, September, 1994, 

575 Science Drive Madison, 

( 199 6) Program ~ual for EGCG 

Package, Pet.er Ric~. The Sanger Centre,· Hinxton Hall, 

Cambridge, CBlO lRQ, ·Engl~d) and the BxPASy World Wide Web 

-server for molecu~ar biology (Geneva University Hospital 

25 and University of G~neva, Geneva, Switzerland). 

Polynucleotides of the present inventiQn can be 

obtained from microorganisms having the enzyme acti:vi ty to 

asymmetrically reduce tert-butyl (S)-6-chloro-5-

30 ·. hydroxy-3-oxohexanoate to tert":"butyl ( 3R, SS )-6-chloro-

3 ~ 5-dihydroxyhexailoate. The microorganism u·sed as a source 

of the polynucleotide may be, not iimi ted to, yeast (genus 

Candida), and most preferably Candida magnoliae IFO 0705. 
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Hereinafter, a method -for producing a 

polynuoleotide of the present invention from microorganisms 

having the enzyme: activity to asymmetrically reduce 

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

. tert-butyl ( 3R, SS )-6-chloro-3·, 5-dihydroxyhexanoate will 

be described. The present invention is not limited to this. 

Initially, the amino. acid ~~guences of the purified 

10 polypeptide, and peptide fragments obtained by digesting 
. . 

the polypeptide with an appropriate endopeptidase are. 

sequenced by the Edman method. Based on this amino acid 

sequence information, a nucleotide primer is synthesized. 

Thereafter, chromosomal DNA is prepared from a 

15 microorganism, frotn which the polynucleotide is originated, 

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

method described in Cell, 1a·, 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 

. polypeptide gene i.s labeled with a random primer labeling 

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

example, to prepare a nucleotide probe. The chromosomal DNA 

of the microorganism is digested by an appropriate 

25 restriction enzyme. The result~t fragments are 

incorporated into a ve~tor which is in turn introduced into 

an appropriate host cell, thereby constructing a DNA library 

of chromosomal DNA of the microorganism. '!'his DNA 11.brary 

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 i.ncluding the polypeptide 
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gene~ be.sequenced with a dideoxy seqUencing metho~, a 

dideoxy chain termination method, or the l.ike. For examp1e, 

the sequencing of the nucl.eotide sequence may be carried 

out using ABI PRISM Dye Terminator Cycl.e Sequencing Ready 

·s Reaction Kit (manufactured by P~rkin Elmer Co., Ltd.) and 

ABI 373A DNA Seqencer (manufactured by Perkin·Elmer Co., 

Ltd.). 

Vectors for introducing .P.olynucleotides of the 

10 present invention into host microorganisms, in· which the 

polynucleotides are expressed, may be any vector as long 

as the enzyme gene can be expressed in the appropriate host 

lilio.roorganisms. 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 ccmtrol 

element, such as a 1aoUVS promoter, a trp promoter, a trc 
. . 

promoter, a tao promoter, a lpp promoter, a tufB promoter, 

a reoA pr~mo.ter, or a pL promoter, and is preferably employed 

20 .as an .expression vector including· an expression unit 

operatively l.inked to the polynuoleotide of the present· 

invention. 

The term •con'f;:rol. el.ement• as used herein ref~rs to 
25 a functional promoter and a nucleotide sequence having any 

associated transcription el.ement (e.g., enhancer, CCAAT box, 

TATA box, SPI site). 

The phrase •operatively l.inked• as used herein 

30 refers to that a polynucleotide is linked with controlling 

elements, such as a promoter and an enhancer, which control 

expression of the pol.ynucleotide in such a manner that the 

controlling el.ements can operate to express the gene. It 
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is well known to those skilled in the art tha~ the types 

of control elements may vary depending oh the host cell. 

Examples of host cells. into which a vector having 

5 a polynucleotide of the present invention is introduced. 

include. bacteria. yeast. molds, plant cells. and an:i.mal 

celis. Esohe~iohia coli is particularly preferable. =A 

polynucleotide of the present invention can be introduced 

into a host cell using a convention~i method. When E. coli 

10 is used as a host cell. a polynucleotide of the present 

invention can be introduced using a calcium chloride method. 

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. such as NADPH and NADH. 

is required. However. an enzyme capable of transforming an 

oxidized coenzyme to a reduced coenzyme (hereinafter 

20 referred to as.coenzY1:11.e restoring-capability) can be used 

along with a corresponding substrate. i.·e •• a _coenzyme 

restoring system is used in combination with a polyp~ptide 

. of the present invention in reaction. thereby reducing the 

quantity of expensive coenzyme used. Exalilples of enzymes 
. . 

25 having coenzyme restoring capability include hydrogenase. 

formate dehydrogenase. alcohol dehydrogenase. aldehyde 

dehydrogenase 1 glucose-6-phosphate dehydrogenase, and 

glucose dehydrogenase. Preferably. glucose d~ydrogenase 

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

30 coen·zyme restoring system to an asymmetric reaction system. 

When using. as a catal.yst. a transformant transf"rmed both 

with a pol.ynucleotide encoding a polypeptide having the 

enzyme activity to asymmetrica_lly reduce tert-butyl 



-----------------------------------------~·····-··-~--··-··-

Ii 

14 

(S)-6-chloro-S-hydroxy-3-oxohexanoate to _produce tert­

butyl (3R,SS)-6-chloro-3,S-dihydroxyhexanoate, and a 

·polynucleotide encoding a polypeptide having a glucose 

dehydrogenase activity, the reactions can be efficiently· 
5 carried out without prepm:'.ing an enzyme having the coenzyme 

. restoriiig capability and.adding the enzyme to a react~on 

.system. Such a transf~rmant can be obtained by 
.. incorporating ~ polynuoleotide encoding a polypeptide 

having the enzyme ac~i vi ty to . ~symmetrically reduce 
10 . tert-butyl (S)-6-chloro-5-hydroxy-3-oxohexanoate to 

produce tert-butyl.. (3R,SS)-6-chloro-3,5-
di.hydroxyhexano~te,. 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 polynucleotides into two vectors 
derived from incompatible groups, and introducing these 
polynucleotides into the same host cell. 

20 

25 

30 

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

Production of tert-butyl (3R,5S)-6-ohloro-3,5-
di.hydroxyhexanoate using a transformant of the present 
invention ~ay be carried out as follows. 

Initially, tert-butyl (S)-6-chloro-5-hydroxy-3-
oxohexanoate as a substrate, a coenzyme such as NADP, and 
·the culture of the transformapt or a processed product 
·thereof are added to an appropriate solvent,· followed by 
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pH adjustment. The resultant .U.Xture is stirred to be 

reacted. The ~eaction is carried out at a temperature of 

10°C to 70°C while maintaining the pH of the reaction solution 
:l.n the range of 4 to 10. The reaction is carried out in a 

5 batch process or a continuous process. -In the case of a batch 

process·. a substrate to be· reacted is added to prepare a 
concentration of 0.1% t·o 70% (w/v). The processed product 
of a transformant and the like mentioned above refers to 
a crude extract. cul. tured micrQQrganisms. lyoph.ilized 

10 organi~ms,. acetone dried organisms, homogenates of such 
. . 

microorganisms. and the like. Such processed products· and 
the like may be used in the· state of be.ing immobilized as 
enzymes or microorgan.isms as they are, by a known-means •. 
·When the re~ction is carried out us.i~g a transformant which 

15 produces a polypeptide of the present 1nvention and a giucose 
dehydrogenase, addition of glucose to the reaction system 
allows a reduction in. the quantity of coenzymes to a 1arge 
extent. 

20 Tert.-butyl (3R,SS)-6-chloro-3,5-
~hydroxyhexanoate produced by the reaction can be pur.ified· 
by a conventional method. For example, tert-butyl 
(3R,SS)-6-ohloro-3,5-dihydroxyhexanoate 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 

. . 

organic solvent such as ethyl acetate and toluene. and 
dehydrated with a dehydrant _such as ~odium sulfate. The 
organic . solvent is ·removed under decompression. The 

30 resultant product is then subjected to crystallization, 
chromatography. or th~ like to be purified. 

In the reaction, tert-butyl· (S)-6-chloro-s-
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hydroxy--3-oxohexanoate as a substrate is prepared with a 

method described in U.S. Patent No.52,183,131 which is 

herein incorporated by reference. 

5 Quantification of tert-butyl (S)-6-chloro-s-

hydroxy-3-oxohexanoate and tert-butyl (~R,SS)-6-chloro-

3,5-dihydroxyhexanoate, and measurement of the 
d.iastereomer ratio of tert-butyl (3R,5S)--6-ch1oro-3,5-
d.ihydroxyhexanoate can be performed by high performance 

10 liquid . chromatograhy (column: COSMOSIL SCN-R (ID 4. 6 x 
- 250 mm) manufactured by Nacalai Teaque Co. • Ltd. , e1Uant: . ~ . . . . . 

1 mM phosphate so1ution/acetonitri1e = !$/1, flow rate·: 
. . 

0.7 ml/min, detection: 210 nm, column temperature: 30°C). 

·1s . As described above, accord.ing to the present 
invention, it is possible to· efficientl.y produce a 
polypeptide of the present invention. With such. a 
polypeptide, an excellent method for producing tert-butyl 
(3R,5S)-6-ch1oro-3,5-d.ihydroxyhexanoate can be provided. 

20 Hereinafter, the present invention will be described by way 
of i11ustrati ve exampl.es with reference to the accompanying 
drawings. The present inventi.on is not limited to such 
examples. 

25 (Examples) 
The details of manipulation methods relating to 

recombinant DNA techniques employed in the following 
examples are described in the following texts. 

30 Molecular Cloning 2nd Ed.i tion (Cold Spring Harbor Laboratory 
Press,1989) 

Current Protocols in Molecular Biology(Greene Publ.ishing 
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Associates and Wi1ey-Interscience) 

(Example 1.: Purifiqation of a Polypepti4e having 

Asymmetrical Reduction.Enzyme Activity). 

having 

From· Candida magnoiiae IFO 0705, a polypeptide 

the enzyme ac~ivity. to _asymmet~ically reduce· 

tert-butyl 

tert-butyl 

. . 
(S)-6-9hJ.oro-5-hydroxy-3-·oxohexanoate 

. . 
(3R,5S)-6-chloro-3,5-dihydroxyhexanoate 

purifi.ed singly in the following .manner. 

(Cultivation of Candida magnoliae IFO 0705) 

to 

i.s 

18 1 of 1iquid mediwn having the following 

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. · 

Composi.ti.on of ·mecliwn: tap water, glucose 4. 0%, yeast 

extract 0.5%, KH2P04 0.1%, (~4 ) 2HP04 0.65%, NaCl 0.1%, 

MgS047H20 0. 8%, ZnS04·7H20 0. 06%, FeS04•7H20 0. 09%, CuS04·5H20 

20 0.005%, MnS04·4-6H20 -0.01%, and · Adecanol™ LG-109 

(Manufactured by NOF Corporation) 0.02% (pH 7.0). 

. . 

The above mediwn was inoculated with a culture of 

Candi.da inagnol;Lae IFO 0705, which had been pre-cultured in 

25 the medi.wn, by 180 ml/fermenter and cultured at 33°C with 

agitati.on at 295 rpm at an aeration rate of 5. o NL/min while 

maintaining the lower limit of pH at 6.5 by dripping 30% 

(w/w) aqueous sodi.um hydroxide. 655 g of 55% (w/w) a~eous 

gl.ucose 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) 
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MJ.croorg~isms were collected from 10 L of the· 

~sultant culture by.centrifugation and then washed with 

a physiological s~line solution, thereby obtaining 1350 g 

of wet microorganisms. The wet microorganisms .were 

5 suspended in 2700 m1ofa100 mM phosphate buffer (pH·6, 7), 

and 2-mercaptoethanol and phenylmethylsulfonyl fluoride 

were added tQ final concentrations of 5 mM and 0.1 mM, 

respectively. The microorgani.sms were· disrupted by Dyno 

mi11 (manufactured by Wi.11y A. Bachofen Co.,. Ltd.). The 

10· disrupted.microorganisms were centrifuged to remove cell 

debris, .thereby 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 obtain 60% saturation. The 

resultant precipitates were removed by centrifugation (in 

·this case, the pH.of the cell-free extract was 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 similarly. 'l'he resultant precipitates 

were collected by.centrifugation. The precipitates were 

di::;solved and dialyzed overnight in 10 mM phosphate buffer 

(pH 7.0) cont~ining 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 egui.l.ibrated with 

10 mM phosphate buffer (pH 7.0) containing 2 mM 2-

.30 mercaptoethanol, so that polypeptid~s. having enzyme 

activity were adsorbed to the column. The column was washed 

with the same b~ffer. Active fractions were eluted using· 

a linear gradient of. NaCl (from o M to o. 5 M) • The active 
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fractions were collected and then dialyzed overnight in 

10 mM phosphate buffer (pH 7.0) containing 2 mM 2-

mercaptoethanol. 

(Phenyl Sepharose Column Chromatography) 

Ammonium sulfate was dissolved in the above 

resuit~t crude enzyme· solution to a final concentration 

of 1 M (while maintain~ng pH 7.0 with anunonia water), and 

then supplied to a Phenyl sepharose CL~4B column (140 Iill.: 

10 ma11:ufactured by Pharmac:l.a B:l.otech Co.,· Ltd.) which had been 

equilibrated. w:l.th 10 mM phosphate buffer (pH 7.0) 

conta:l.ning 2 mM 2-meroaptoethanol .and 1 M anunonium sulfate,· 

so that polypeptides having enzyme activity were adsorbed 

to the column. The column was washed with the same buffer. 

l"S Active fractions were el~ted us:j..ng a l:l.near gradient of 

ammonium sulfate (from 1 M to O M). The active fractions 

were collected and then dialyzed overnight in 10 mM 

phosphate buffer (pH 7.0) containing 2 mM 2-

·mercaptoethanol. 
20 

(Blue Sepharose Column Chromatography) 

The above resultant crude enzyme solution was 

supplied to a Blue sepharose CL-6B column (40ml: 

manufactured by Pharmac:l.a Biotech Co. , Ltd. ) which had been 

25 equilibrated with 10 mM phosphate buffer (pH 7.0) 

contaiil:l.ng 2 mM 2-mercaptoethariol, 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 o M to 
. .. 

30 1. M). The active fractions were collected and then dialyzed 

overn:l.ght in 10 mM'phosphate buffer (pH 7.0) QC>nta:l.ning 

2 mM.2-mercaptoethanol. 
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.. ( SuperQ~T9YOPEARL Column Chromatography) 

. The above resultant ·crude enzyme sol.ution was 

suppl.ied to a SuperQ-TOYOPEARL 650S column ·c12 ml.: 
manufactured by Tosoh Corporation) · which ~ had been 

. . . 

5 equil.ibrated with a 10 mM phosphate buffer . (pH 7 .·o) 

containing 2 ~ 2-mercapt~ethanol, so th~t polypeptides 
µaving enzyme activity were adsorbed· to the column. The 
col.umn was washed with the same buffer •. ' Active fractions 
were ·eluted using a linear gradie~t of NaCl (from o M to 

·10 0.4 M). Th~ active fractions were collected and then 
dialyzed overnight in a 10 mM phosphate buffer (pH 7.0) 
con~aining· 2 mM 2-mercaptoethanol.. Thus~ a pure 

15 

. . 

polypepti~e s~ecimen which is el.ectr~phoretical.l.y single 
was obtained (hereinafter referred to as a CR enzyme). 

(Example 2: Cloning of CR enzyme gene) 
. . 

(Preparation of Synthetic Oligonucleotide Probe~ 
The purified CR enzyme obtained in Example 1 was 

denatured in th~ presence of 8 M urea, and then digested 
20 with 1ysy1 endopeptidase derived from Achromobacter 

(manufactured byWako Pure Chemical Industries, Ltd.). The 
and.no acid sequences of the resultant peptide fragments w:ere 
determined using ABI492 protein sequencer (manufactured by 
Perkin Elmer Co., Ltd. ) • Based on the amino acid sequences, 

25 two nucleotide primers (SEQ ID NO_s. 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 (1~79)). Thereafter, PCR was carried out 
using the above~prepared nucleotide primer and the 
resultant chromosomal DNA ·as a template, thereby amplifying 
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a nucleotide fragment of about 350 bp which is considered 

to be a part of the CR enzyme gene. 

(Preparation of Chromosomal DNA Library) 

The chromosomal DNA of .Candida magnoliae IFO 0705 

was C?Om~letely digested with restriction enzyme ApaI, and 

t~e digested fragments were s·eparated with agarose gel 

electrophoresis. Thereafter, a southern method (J. Mol. 

Biol., 98, 503 (1975)) was carried.~ut using the 350-bp DNA 

10 fragment obtained above to analyze the digested fragments 

of the chromosomal DNA (the labeling and detection of a 

nuclec;>tide 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 electrophore~is, nucleotide 

fragments of 4. 3 kb to 6. 2 kb were collected. These 

20 nucleotide fragments were introduced into the ApaI site of 

plasmi.d vector pBluescriptII KS(-) {manufactured by 

STRATAGENE Co., Ltd.). The .plasmid was introduced into 

B. coli JM109. The chromosomal DNA library of this strain 

was prepared. 

25 

30 

(Screening of Chromosomal DNA Library) 

The thus-obtained nucleotide fragment was used as 

a probe to screen the chromosomal DNA library in accordance 

with ·a -colony hybridization method (the labeling and 
. . 

detection of a nucleotide probe were carried out using Gene 

Images Labeling and Detection System (manufactured by 

Amersham Co., Ltd.), and. the experiment was carried out in 

~ccordance with procedures described in the instruction 
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manual of the system). As a resul.t, a single positive colony 

was obtain.ed. Thereafter. recombinant plasmids obtained 

·from the positive colony. into which DNA of about ·s.s kb 

had been ~nserted, were doubl.e digested with EcoRI and SphI. 

5 The digested fragments· were analyzed with the southern 

method as described above. As a resul. t. nucl.eotide 
. . 

·fra~ents of about 1. O kb p~oduced by the digestion using 

the restriction enzymes were hybridized with the probe. 

·Based on this.fact, the nucleotide£ragment of about 1.0 kb 

10 was inserted into ~he EcoR~-SphI site of plasmid pUC19 

(manufactured by Takara Shlizo Co., Ltd.) to construct 

recombinant plasmid pUC-ES and selected as a chromosomal. 

DNA clone including the CR enzyme gene. 

15 (Determinati~n of Base Sequence) 

The ~bove J:_"ecombinant plasmid pUC-ES was digested 

with a variety of restriction enzymes. and digested 

fragments produced during the reaction were analyzed to 

prepare a restriction map. Then, various DNA fragments 

20 obtained during the analysis were inser~ed into multi­

oloning sites of pUCl 9, to c~nstruct recombinant plasmids. 

Using these recombinant plasmids, nucleotide sequences of 

the respective inserted fragments were anaiyzed using ABI 

PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit 
. . 

·25 (manufactured ·by Perkin Elmer Co., Ltd;) and ABI 373A DNA 

Seqilencer (manufactured by Perkin Elmer Co •• Ltd.). As a 

result, the entire base sequence of the DNA fragment <?f about 

1. 0 kb which was expected to .include an intended enzyme gene 

was determined. Figure 2 shows the thus-determined base 

30 sequence. An . amino acid sequence predicted from the 

nucleo.tide sequence for the structural gene portion of the 

nucleotide sequence 1~ al.so shown under the corresponding 

~ucleotide sequence in Figure 1. The amino acid i;lequence 

·. 
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· was compared with a partial amino acid sequence of a lysyi 

endopeptidase digested. peptide ~ragment of the purified CR 

· e~zyme •. As a result, it was· found that the partial amino 

acid sequence of the purified CR enzyme comp.;t.etely exists 

5 in the amino acid sequence predicted from the nucleotide 

sequence and completely.matches therewith (indicated as an 

10 

. . 
underlined portion in the amino acid sequence in Figure 1} • 

'l'herefore,-the DNA fragment was considered to inc1ude the 

CR enzyme gene. 

(Example 3: Preparation of Recombinant Plasmid 

Carrying CR En.zyme Gene) 

A double-stranded DNA having: an NdeI 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 immediate1y after a termination codon: and T 

substituted for G at sixth nucleotide from the 5' end of 

the gene in order to destroy an Sa1I site of the gene without 

an amino· acid code modification. was obtained in the 

20 fol.lowing manner. An N-terminus nucleotide primer having 

an NdeI site added to-the initiation codon.portion of the 

stru,ctural gene of the CR enzyme and T substituted for G 

at sixth nucl.eotide from the 5' end of the gene was 

synthesized based on the nucl.eotide sequence determined in 
25 Exampl.e 2~ Further.· a c-terminus nucleotide primer having 

the new ternrl.nation codon (TAA} and an EcoRI site added 

immediately ·after the termination codon of ·the structural. 

gene of the CR enzyme was synthesized based on the nucl.eotide 

sequence determined in Example 2. The nucl.eotide sequences 

30 ·of these tw~ primers are represented by SEQ ID NOs. · 5 and 

6. Using the two synthe~ic DNA primers, a double-stranded 

DNA was anipl.ified by PCR using the plasmid pUC-ES obtained 

in Example 2 as a temp~ate. The resul.tant DNA fragment was 
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·digested with NdeI and.EcoRI, and inserted into NdeI and 

EcoRI sites downstream from the lac promoter of the plasmi.d 

pUCNT (W094/03613), to obtain recombinant plasmid pNTCR. 

(Example 4: Production of Recombinant Plasmid 

including both CR.Enzyme.Gene _and Glucose·Dehydrogenase 

Gene) 
A double-stranded DNA having: a Shine-Dalgarno 

sequence ( 9 nucleotides) of E. coli added 5 nucleotide·s 

10 upstream from the initiation codon of the glucose 

dehydrogenase (he.reinafter.referre~ to as GDH) gene derived 

from Baci1l.us megateriwn ·1AM 1030: an ·EcoRI site added 

immediately there before: and ~n Sal.I site immediately after 

the termination codon was obtained in the fallowing 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 GOH and the EcoRI"site added immediately therebefore, 

20 and a c-terminus nucleotide primer having the Sa~I site added 

immediately after the ·termination codon were synthesized 

with a conventional. method. The ~ucleotide sequences of 

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

Using the two synthetic DNA primers, a double-stranded DNA 

25 was synthesized by PCR using the plasmid pGDK l(Eur. J. 

Biochem. 186, 389 (1989)) as a template. 'l'he resultant DNA 

·fragment was digested with EcoRI and Sal.I, and inserted into 

EcoRI and Sal.I sites of pNTCR constructed in Example 3 

(existing downst;ream 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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E. ·coli HBlOl (manufactured by Takara Shuzo Co., 

Ltd.) was transformed. µsing recombinant plasmid pNTCR 

obtained in Example 3 and the recombinant p1asm1d pNTC~G 

obtained in Example 4, to obtain recombinant E. coli HBlOl 
- . 

5 (pN'l'CR) and HB101 (pNTCRG), respectively. The thus-

obtained transformants, E. coli.BBlOl (pNTCR) and BBlOl 

(pNTCRG) 1 were deposited with the Ministry of Internationa1 

Trade and Industry, Agency ·9f Industrial Science . and 

Technology, National Institute 0£. Bioscience and Buman 

10 Technology (l-3, Higashi 1-cho~e, Tsukuba-sbi, Ibaraki­

ken, J~pan) under the respective deposit numbers FERM 

BP-6897 and FERM BP-6898 on September 28, 199~, pursuant 
. . 

to Budapest Treaty of the International Recogni ti.on of the 

Deposit of Microorganisms for the purposes of Patent 

15 Procedure. 

(Example 6: Expression of CR Enzynie in Recombinant 

The recombinant E. coli HBlOl (pNTCR) obtained in 

20 Example 5 was cultured in 2xYT medi.um containi.ng 120 µg/ml 
of ampici11in, 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 activit_y of the 

cell-free extract was measured in the ·following manner. 
· 25 That· is, 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 µmol NADPH into NADP in one minute 
was defined as one unit of enzyme activity. The thus­

measured CR enzyme activity in the cell-free extract was 

rep~esented as a ~peoific activity and compared with that 
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of a transformant bo1dii'lg on1y a vector p1asmid. A1so, the 

CR en~yme activity .in a cel1-free ~xtract of Candida 

magno1.iae IFO 0705 prepared in substantia~ly the same manner 

as that described in Example 1 was compared. The results 

5 · . are shown in Table 1 be1ow. 

· Tab1e 1 Expression of CR enzyme in Recombinant E~ coli 
Microorganism CR enzyme ·specific activity 

(U/mg) ' 

HBlOl (pUCNT) 0.12· . 
HBlOl (pNTCR) 3.76 
Candida magnoliae IFO 0705 0.11 

. : .... ,,.. ... 
.. 

As .is seen from Table 1, E. coil HBlOl (pNTCR) 

io exhibited a definite increase in CR enzyme activity in 

comparison with E. coli HBlOl (pUCNT) which was transformed 

using only a vector P.lasmid, and ex~ibited an activity about . 

34·times as large as that of C~ndida 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 HBlOl (pNTCRG) obtained in 

Examp1e 5 in a manner· as described .in Example 6 was measured 

20 .as fo1lows. 0.1 M glucose as a substrate, 2 mM NADP as a 

. co~nzyme, and the enzyme were added to a ~ M Tris HCl buffer 

(pH 8. o) , and an . .increase in absorption at a wavelength of 

340 nm was measured at 25°C. Under these react.ion 

conditions, reduction of 1 µmol NADP into NADPH in one minute 
25 was defined as one unit of enzyme activity. The CR enzyme 

activity was also measured as ~n Example 5. The thus­

. measured CR enzyme act.iv.i ty and GDH enzyme activity in the 

cell-free extract were represented as specific activities 

and compared with those of E. coli BBlOl (pNTCR) and a 
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. transformant HBlOl {pU~) using on1y a vector. The results 

are shown in Tab1e 2 be1ow. 

Tab1e 2 Simu1taneous Expression of CR enzyme a~d GDH in 

5 Recombinant E. coli 

Microorganism CR enzyme specific GDH specific activity 
activity (U/ing) (U/mg) 

HBlOl (pUCNT) 0.12 <0.01 
HBlOl (pNTCR) 3.76 <0.01 
HB101 (pNTCRG) 2.16 .. 87.8 

As is seen from Table 2, E. co1i HBlOl (pNTCRG) 

exhibited a definite increase in CR enzyme activity and GDH 

activity in compari.son with E. coi1 HBlOl(pUCNT) which was 

10 transformed using only a vector ~lasmid. 

(Examp1e 8: Synthesis of tert-buty1 (JR,SS)-6-

chloro-3,5-dihydroxyhexano~t~ from ·tert-buty1 (S)-6-

chlor~-S~hydroxy-3-oxohexanoate using Recombinant E.coli 

15 ~aving CR Enzyme Gene introquced therein) 

The recombinant E. co1i HBiOl (pNTCR) obtained in 

Example 5 was inocu1ated in so·m1 of. 2xYT mediµm (Bacto 
tripton 1. 6% ( w/v), . Bacto . yeast extract 1 .• 0% (w /v) , NaC1 

. . 

O. 5% (w/v), pH 7. o) sterilized in a 500 ml Sakaguchi f1ask, 

20 and cu1tured 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-ch1oro-5-hydroxy-3-oxohexanoate were added to 25 ml · 

of the resultant culture. 'I'he culture was stirred at 30°C. 
25 for 40 hours while being adjusted at pH 6. 5 with a 5 M aqueous 

sodium hydroxide· so1ution. After the reaction, the 

reaction solution was subjected to extraction u~ing ethyl 

acetate,· and an extract after solvent remova1 was ana.1yzed. 

As a result, it was found that tert-butyl.. (3R~SS)-6-
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chloro-3.5-dihydroxyh~xanoate was producea·at a yield of 

96. 9%. The diastereomer excess ratio of tert-butyl 

(3R.5S)-6-chloro-3.S-dihydroxyhexanoate was 98.2% de. 

· 5 Quanti~ication of tert-butyl (S)-6-chloro-5-

hydroxy-3-oxohexanoate and tert-but~l (3R.SS)-6-chlor~-

3.5-dihydroxyhexanoate. and measurement of the 

· diastereomer ratio of tert-butyl. (3R.SS)-6-ch~oro-3.5-

dihydroxyhexanQate were performe.d. by hf:gh performance 

10 liquid cbromatograhy (column: COSMOSIL SCN-R (ID 4. 6 x 

250 nun.) manufactured by Nacal.ai Tesque Co ••. Ltd·. • eluant: 

. 1 mM phosphate sol.ution/acetonitrile = 5/1. flow rate: 

0.7 ml/min, detection: 210 run, column temperature: 30°C). 

15 (Example 9: Synthe~is. of tert-butyl (3R,5S)-6-

chloro-3,5-dihydroxyhexanoate from tert-butyl (S)-6-

chl.oro-5.-hYa.roxy-3-oxobexanoate using Recombinant E. col.i, 

with CR Enzyme and GDH Expressed Simultaneously) 

The recombinant E. coli HBlOl (pNTCRG) obta.ined in 

· 20 Example 4 was inoculated in 100 ml of 2xYT medium (Bacto 

tripton 1.6~ (w/v), Bacto yeast extract 1.0~ (w/v),·NaCl 

0.5% (w/:v), pH 7 .O) 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 chl.oro-5-~ydroxy-3-oxohexanoate 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 using ethyl 

30 acetate, and an extract after solvent removal was analyzed. 

As a result, it was f'ound that tert-butyl (3R,5S)-6-

chloro-3.5-dihydroxyhexanoate was produced at a yield of 

97 .2%. The diastereomer excess ratio of tert-butyl. 
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(3R,5S)-6-chloro-3,S-dihydroxyhexanoate was 98.5% de. 

INDUSTRIAL APPLICABILITY 

It is possible to clone genes of polypeptides having 

the enzyme activity to asymmetrically reduce tert-butyl 

(S)-6_-ohloro-5-hydroxy-3-oxohexanoate ·to tert-butyl 

(3R,SS)-6-chloro-3,5-dihydroxyhexanoate, and obtain 

transformants having a high level pf capability to produce 

10 the polypeptides by analyzing the nucleotide sequences of. 

the genes. Further, it is possible to obtain transformants 

capable of producing the· polypeptides and glucose 

dehydl:ogenase simultaneously to a large extent. 

Furthermore, it is possible to synthesize tert-butyl 

15· ( 3R, SS)-6-chloro-3, 5_-dihydroxyhexanoate from· tert-butyl 

(S)-6-chloro-5-hydroxy-3-oxohexanoate using the 

transformants. 
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CLAIMS 

· 1~ A polypeptide having 

asymmetrically reduce 

· hydroxt-3-oxohex~oate to 

an . enzyme activity to 

.tert-butyl (S)-6-chloro-s­

tert-butyl -(3·R,SS)-6-chloro-

3, 5-dihydroxyhexanoate, wherein 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, insertion, . deletion, or 

10 · addition thereof. 

2. A polypeptide according to claim 1, wherein the peptide 

is derived from a microorganism be-longing to genus Candida. 

15 3. A polyPeptide according to claim 2, wherein the. 

microorganism is Candida magnoliae IFO 0705. 

20 

4. A polynucleotide encoding a polypeptide according to any 

one of claims 1 through 3. 

5. A polynucleotide 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-dihydroxyhexanoate, wherein the 

25 polynucleotide is hybridized with a nucleotide sequence 

represented by SEQ ID ~o. 2 in the Sequence Listing under 

stringent conditions. 

6. An expression vector incl~ding a polynucleotide 

30 according to claims 4 or 5. 

7 • An expression· vector according to claim 6 I wherein the 

· exp~ssion vector is· plasmid pNTCR. 
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8. ~ express1on vector according to claim 6, _ further 
1ncluding a polynucleot1de encoding a polypeptide having 
a glucose dehydrogenase activity. 

9. An express1on vector according to claim 8, the 
polypeptide hav1ng a glucose dehydiogenase activ1ty ~s a_ 
glucose dehydrogenase derived from Bacillus megater1um. 

10 10. An expressi.on vector according to claim 9, wherein the 
expression yector is plasm.id pNTCRG. 

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 transf ormant according to claim 12. wherein the 
transformant is E. coli HBlOl (pNTCR.). 

25 

30 

14. A transformant according to claim 12,, wherein the 
transformant is B. coli HBlOl (pNTCRG). 

15. A method for producing tert-butyl (3R~5S)-6-chloro-
3, 5-dihydroxyhexanoate, comprisi.ng the steps of reacting 
a transformant according to any one of claims 11 through 
14 or·a p~ocessed product.thereof with tert-butyl (S)-
6-chloro-5-hydroxy-3-oxohexanoate, and collecting 
produced tert-butyl (3R,5S)-6-chloro-3,5-
dihydroxyhexanoate. 
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16. A method according to claim 15, wherien the reacting 

step is carried out in the presence of a coenzyme restoring 
system. 


