30 Decenber 2005 SPECI FI CATI ON METHOD FCOR MODI FYI NG ENZYME AND
OXI DOREDUCTASE VARI ANT Fi el d of Technol ogy ThiS‘inventioq¥f§%at r&&béi
nmet hod for nodi fying the coenzyne dependency of an oxidore EASE
particularly a method for nodifying the coenzyne dependency of an enzyne
having an activity of asymetrically reducing a carbonyl conpound to
produce an optically active alcohol (hereinafter referred to as CRD
enzynme), wherein the enzyne dependency involves the conversion of reduced
type /3 -nicotinam de adeni ne dinucl eotide phosphate (hereinafter
abbreviated to NADPH) to reduced tyBECEFICATION i nani de adeni ne di nucl eoti de
(hereinafter abbreviated to NADH). This invention further relates to a
process for producing a CRD enzyne nutant having NADH dependency obtai ned
by said nodi f METHO@D RGR MODIRYTRSAENRDEME ANCSOKIDOREDTCTASBMARIANP! asmi d
carrying this DNA, a transforned cell obtained by transformation with this
plasm d, and said enzyne. This invention also relates to a process for

produci ng apieldAiftle8ologyact i ve al cohol using the aforenentioned enzynme and
this transformed cell. _gackgr ound Technol ogy An optically active
(S) - 4- hal o- 3- hy dttesipyention relates teea niethed foompdidyids the dvenzytmé dapeddentcy bf an

i nt er nedi at g i f.a igine...or the |like. The t hod of
producti on &;?é&%dug{f%@%r plica q%ly&)ﬁunrl%dlg'é% n“FHEFBD e?%'%SPFYi ﬂ%ﬁ‘?t ant
subj ect wi teszymelbiating ah actiyiyl dfeayrhmesicallasdatiag @, calfRgESSnsaMale prote | S

enthusiastically explored in order_to produce _an optically active al cohol
such as (S)Ff¥! %ﬂﬁ’ﬁg"%?’&? yhsgeater refexr %‘?tc’oﬁs GRE enpyge), wheseip heemymenzyne,
whi ch- asymippéddeatyl Yn¥ARIC e Ao RRBRY bf CRARUNG,SUCH 38 nhR085et0acet i c
ester or theﬁlikeylAs a CRD enzyne produggng ES)- -Hglgﬁ§ﬁﬁ?ﬂ§%xﬁﬁ???ic
ester fromdiaucleotidd ghosthamC gickdnafet edbbredaatéty db OXNASIFE)Okdl M@Ir@g@ngs e (JP
Pat ent Publication (Kokai) No.1-277494 A (1989)), glycerol dehydrogenase
[ Tet r ahedr &ifofiBaude adenipe dpuclegtidsq(hereim@ey pbbraviatgl do MADHRhyithio gonesm
ori gi nat ed fHAM BREYIMANGRCER: fof PbdubingOad 2 Dt 2Raving WA
(1992)], a ket opant ot eni cﬁggt er %cﬁlgggéo?ﬁg]ﬁg%’%%ﬂ fn?%t?ﬁacg?\vd%li\%%m{
dependency obtained by said modification method, 2 DNA encoding said enzyme mutant,
a plasmid carrying this DNA, a transformed cell obtained by transformation with this
plasmid, and said enzyme. This invention also relates to a process for producing an

optically active alcohol using the aforementioned enzyme and this transformed cell.

, Background Technology
An optica]ly active (S)-4-halo-3-hydroxybutyric ester is a compound to be utilized
for an intermediate for production of a médic_ine- or the like. The method of production of
a symmetric, 'opti_cally pure version thei'eof is an important subject with industrial
applications. Therefore, process development is enthusiastically explored in order to
produce an optically active alcohol sﬁch as (8)~4-halo-3-hydroxybutyric éster or the iike
using a CRD enzyme, which asymmetrically reduces a carbonyl compound such as 4-
haloaccjoacetic ester or the like. N
‘ As a CRD ~enzyme producing (S)-4-halo-3-hydroxybutyric ester from I4-.
haloacetoacetic ester, 3a-hydroxysteroid dehydrogenase (JP Patent Publication (Kokai)-
No.1-277494 A (1989)), glycerol dehydrogenase [Tetrahedron Lest. 29, 2453 — 2454
'(1988)], an alcohol dehydrogenase originated from Pseudomonas sp. PED [J. Org. Chem.
57, 1526 — 1532 (1992)], a ketopantotenic ester reductase originated from Candida




30 Decenber 2005 macedoni ensis [Arch. Biochem Biophys. 294, 469 - 474
(1992)], a 4-chloroacetoacetic ethyl ester reductase der dfro

Geot ri chum candi dum [ Enzyne "M crob. Technol. 14, 731 - [s W%OQP
carbonyl reductase originated fromKluyveronyces lactis (JP Pat ent
Application No. 9-357969 (1997)), a carbonyl . reductase originated from

Kl uyveronyces aestuarii (JP Patent Publication (Kokai) No. 2000-236883 A),
etc. have been reported. Among these enzynes there are cases where not
only reduction ation %%dro enatlo Qccurs_ that causes

al
pr obl ens, f?&'ﬁeégwﬁi d Cﬁggfﬁ' ﬁ”beﬁ“’ﬁﬁ? i SR At (P4« 2 Breblasercsioreatici on
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enzyme derived from Candi da magnol i as (herel nafter re erred

‘enzyne) repbted3®h(i992)jar carbdnyl redugtnseseriginated ok btyvaorpy@s ém:s:s f(IPr Patent

(V0 o6/ 390287 P RRReiodt U3 & QUL YUS: FabRd S8 Ky hmdegan ¢

sol vent 1 esiésharic@PatbnhRsblicadr (Koked) Od. RFORDYERSINDY B8R, IRt b¥éd dpordamever ,

~ because it is a reductase using NADPH as a coenzyne, it is COI’ISI dered to

be desirable thAAMIPHIRESE PHIBERndETFe 2c: K85 CHIGTY B9t pRly redurtiony e, alsog.
NADH, b d
e Utdgidated (ﬁ&@&ﬁr@@néﬁ%uﬁ&%ﬁﬂ%ﬁf%us%ggmlﬁ% &éﬂﬁﬂﬁ%@% Og;\nmor er

to establish a econom cal process for producing tyric
ester. Genémdmcgum\ﬂntnpmeoqypmm@n iof {S#-halet- Haa{ﬂﬂoyylmtymc/@tm asomptcslucm By an

oxi dor educt f 1)8 nerat i f.a coenz

oxi dor educttgtggut |1IE'}; zdégﬁ Lt 3%%a§ @mmﬁgﬁt"w{lgg?ﬁe@n%ﬁ%?ﬁgﬁd fQps
regener at i EMPERD ehzgrme}irdpuﬁbceby b gart adehe preset Usventss, 4 proddst Gori di’@ a’
adeni ne di nucl g@t %g her ei nafter ef erred to as I\IA%‘?&b -

ni t oti nam &&Y 'é1 ‘?1' c ’6’?‘?’ hEter mas it pervided VO IHIWAD) Ehig t he
like, for (MERP énzymeRishadellbnt ﬂﬁnﬁom&ﬁepﬁrgﬁmgaﬂib%mné FRARLAL: and has

m cr Qor gani sm_cont al ni ng, for exagg gl'ucose dehydrogenase (hereinafter

referred t &atigbacmily highgingyme aetivaty Fbderise i((ihe rejunise esing NpdiRds t 0 as
FDH), al co Q%ef(;&?ghceg fs) %ees%&m@{g\etﬁocg@ﬁme (hif %9&99 25 Gsiv) dflicany Gfle

dehydr ogenase as mal ate rogenase) a‘partially
or fully pg@einzyme, @ﬁz%ﬂﬁ@lﬁ@emwbm inpleacbof tcmnava,s:hanxcelly amstab[la MNADERH in i n

(hat e ol DAL SR AL o SO ST RS SRS. "

regener at e NADPGanetaliy pmﬂxc pmb:ilm:hom aﬂopmgﬂyabaﬁeea!bbﬂdals Wiig dibtigaeducegener at e
NAD -al one.

efficient ‘regeneration of a coenzyme which the oxidoreductaseutilizes, is also an’
important matter. As a method for regenerating pyridine dinucleotide coenzyme such as
B-nitotinamide adenine dinucleotide phosphate (hereinafter referreci to as NADP), B-
nitotinamide adenine dinucleotide (hereinafter referred to as NAD) and the like, for
example, a method using a microorganism or a treated microorganism containing, for
example, glucose dehydrogenase (hereinafter referred to as GDH), formic acid
dehydrogenase (herciﬁaﬁer referred to as FDH), alcohol dehydrogenase, amino acid
dehydrogénase, organic acid dehydrogenase (such as malate dehydrogenase), or the like
and a partially or fully purified enzyme is known. Here, there is a certain limitation in
that thc_cqmbinaﬁon of enzymes which regenérates a coenzyme depends upon the type of
the coenzyme. For example, GDH includes types which can regenerate NADP and types

which can regenerate NAD, but FDH can regenerate NAD alone.
That is, it is considered that, if the coenzyme dependency of an enzyme having

excellent properties (stability, solvent tolerance, oxidation tolerance) and a specific



That is, it is considered that, if the coenzyne dependency of an enzyne
havi ng excellent properties (stablllty sol vent toleraneﬁ) hﬁ%&é@gb

tol erance) and a specific 2 30 Decenber 2005 activity such as enzyme
can be optim zed to have characteristics of coenzynme dependency of an _
enzyme whi ch regenerates said coenzyne, the optim zation of the- process .in
the production of an optically active alcohol or the |ike becones easy and

a nore efficient production process can be provided. Al though it takes an
enornous' - anount of | abor to screen for an enzyne having excel | ent

properties, a@igRaatl hsCCﬂ@RD’ bﬁz)émea(ﬂq Hée@ﬁ%ﬁ%deto%ldpé Iflfa?&c?er%Pg?C pt g Io%'gt and

~coenzyme dependéncy, it becomeS possiblé€. pronp
i nprove anddependdiicy s aa gepie othidn regeoceis shid d:de&zyfmmcthd: @pEm4acibn oa?ehe

d d t t. of dy k
ol ont - BRBGRA o RRHPEof 5 ROt L SERka cr sl biSh DM 1y

t he subst r ain@res pHizient grddctntprb&igs Q@ﬁrl?eymwdégpe}@m%u Ptal@d &0 ,%ave
been nade, and, as exanpl es of the conversion of the™ coenzyme-dependency

of oxi dor ecREeuR of 1abap gy scrccp doran engyms havingraxsellent properties ot speeific activity
dehydr ogen f r ] I I och

Bi ophys. RZ”Z‘.% Qé&%ﬁhb%tg P g%ﬂ;ﬁgﬁfhé Lfé&’%”?’% ‘S‘i&’g‘?a olhee?oeréﬁcf’%ggm to

ori gi nat i ngprompty Esdéfbricnty mproie and[esiablistes prﬁd@qﬁoﬁ&rdb&ss(ﬁ%bctldns egcht r at e
dehydrogen e ori from.Escherichia coli roc . Acad.. Sci
USA, 92, %%6%"“? ﬁ%ad%li“é‘g?ﬂ’ bfﬁ'ﬁ&oﬂiﬁ"%i‘b’a?@ d’éWd P‘6"g"é‘Na’t§lé)WIb eresilentt i ng.
from Mer nusnkiiae oaiv frdéby dohitrélfed. Nat | . Acad. Sci. USA, 93, 12171- 12176 '

(1996)], HMG CoA rneduct ase ori g) i nated from Pseudononas neval onii . ,
[BiJocheni stry, nopg saitempisty maerhy) the |subsatsespeficitr Gg@nths ecasniygienat i ng

~ from Ther MoR&ideaay ses e e AR IBIQ Gk o Aol brOd BRRGIISI N

p- hydr oxybenzoi ¢ acid hydroxylase originate ononas uoreéscence
- [J. Mol . Bicetnzyoe-dependogry( aldogyqredutase, bepods rée@ng tracezynidsveickras ladiste

o L on AR oy AR VRSBl Pl 1,
- sequences Cobtrainn &6b,663:672(1990)) aghuthtision sidaease @Iﬂﬁtzaglﬁybm Ebhetiohigtcbpns and
grﬁhgﬁgggfﬂ’cﬂ & g %no_ﬁ?z{i ﬂg?@ﬁgsfog:?trzﬁ? %ngdrggregasgloglsgfnlazng %r ?r;[ %gchggcigzg rcgl? '
' [Proc. Natl. Acad. Sci. US4, 92, 11666-11670 (1995)], isopropyl malate dehydrogenase
originating from Thermus thermophilus [Proc. Natl, Acad. Sci. USA, 93, 12171-12176
(1996)], HMG-CoA reductase originated from Pseudomonas mevalonii. [Biochemistry, 55,
11945-11950 (1996)], leucine dehydrogenase originating from Thermoactinomyces
intermedius [Protein. Eng.. 10,687-690 (1997)], p-hydroxybenzoic acid hydroxylase
originated from Pseudomonas fluorescence [J. Mol. Biol. 292, 87-96 (1599)], etc. have
been made. |
Howév_er, the conversion in many of these reports was carried out by trial-and-
error amino acid mutation, centering on information about the similarity of sequences
obtained from amino acid sequences. Generally, the functions and éhysicochemical '
propertles of an "enzyme are clescly related 1o three dimensional su'ucture, t}-ierefore; 1t N
_ﬁust be said that a trial-and-error zimj_no acid mutation method centering on the
information about the similarity of a sequence obtained from amino acid sequences is an

-extremely inefficient method when introducing into an enzyme modification that strictly -

controls the reactivity.



must be said that a trial-and-error amno acid nutation nethod centering on
the information about the simlarity of a sequence obtahﬁfﬁ féﬁﬁ]ﬁ E?o
acid sequences is an -extrenely inefficient nethod when 1h FEAE @3 nto
an enzyme nodification that strictly controls the reactivity. 3 30
Decenber 2005 Although there are enzyne nodification reports concerning the
design of rational amno acid nutation based on the three dinensional '
structure of an enzyne, many of them adopt a nethod in which nodification
is carried out by substituting the coenzynme binding site of an anal ogous
enzynme havi ng desi @SBﬁ lque . |gvol ving.the
preparation of a éﬁ?ﬁgggﬂgﬁﬁgﬁé ) p§g§@§¥ﬁéﬁﬁfﬁ%@?&%%gﬁﬁ$BFEF&ﬁP%ﬁ&mPWﬂ

bi ndi ng basedammo @hid mitaten btased paithe dires dimaisions spfuctitd Of an hHHV) SnAp 2f e

and selectin andg‘?ﬂ no tEc(;d r si&due_ 0 .be _substjtuted based on the

simlarity to tHé admgea H‘E’E’a @Pfﬁ’é‘gw&f’ﬂ%@fﬁ P O b ERBYgpthe cpensymh

cases, a cri tigndiggsite0st :mQneMOEOREN2)ng Khviag Adifd rc@éiz?ﬁ'i% Jegenéﬁﬁca?%t}ééhﬁqld%ed ,
es, and opi n

~depends upon., the designers' “experlences, proclivit i ons.
addi tion, estPYRLYIpg Megprepantiononfta ¢himeraoenzymehapieswpiogi 4 irexiduenpanticipating in
resi due baseg; ' ' L.0gi Jons S N arded out, thus, these are
hardly trul yq’rngiﬁfgo%gﬁ%g%wgfoﬂ?cﬁ% %?Eatspﬁ%uﬁee%%ﬁ anfiggos cugymf and sqleeing

obt ai ned nut anamiweridetiditatodeatbstidred baed butetsinisity @ thhasidoeid felfdngdt :
functi ons, thgghe iﬁ a _necessi LIE of repeating trial-and-error experinents
agai n. Ther efol"& 2RIPEOUS £02yEIce 1R shhirapss, parilelipr Mrstlgctinganamine agid pesidve o
Because of sbebulisd@iddl @&pbndarwHohans deﬁéﬁé??%%eﬁéh@& ?;P&ﬁg %ﬁ”oé?ﬁioﬂso“ din

' modi f1 caf i lods, 3

coenzyme- depepdency via the conventional C on net ere still
remai n  pr obfEREONs Getrmation 1of ¢he perttibrttbmeli¢dch scaifted apind cedd residub dasedaony

practically guidiveiz . [kt or, faor. exampl the .

coenzym-depﬁqgggﬁ%&rﬁlﬁo ée 8@%0 Ioggﬁhlé"‘? rﬂileéff'%? %’é@gﬁg@%‘ﬂ&%ﬂ%éﬂzyﬁﬁ ant
can utilize podificajapdesigul liNoiseakat dgestayinedmutanhdee hov e bhig das@difsidibgn of
applications has not -been

a practi cal Lfied enzyne.that has industiri al
~achi eved. | t&ﬁlgs Hgg{%rcée& %Sc%‘é‘\?e ﬁ%arW%PPﬁB%“Qﬂihﬂﬁ'@éﬂm CXRAIERISy e
nodi fi cati orageinf Thdréfée, ft 9 conbidee@kdbé SfreRicl} NeARIAL KReAS. Preferably an

obj ective aut or‘r%t ed design techni que. Disclosure of Invention
: ecause of such technical problems, although some changes. can be found in

coenzyme-dependency via the conventional modification methods, there still remain
problems such as the obtained modified enzyme does not have any pmcﬁca]ly sufficient
enzyme activities, or, for example, the coenzyme-dependency cannot be controlled
strictly because obtained mutant can utilize both NADP and NAD as coenzymes.
Therefore, the acquisition of a practical modified enzyme that has industrial applications
has not been achieved. It is desired to develop a rational designing method for enzyme
modification effective for the solution of these problems, preferably an 6bjcctivc

automated design technique.

Disclosure of Invention

A rational enzyme modification method may be provided for converting the coenzyme
dependency of an oxidoreductase in order to solve the problems described above. A CRD
enzyme mutant may be provided which can utilize NADH as 2 coenzyme according to said
modification method, a DNA encoding said CRD enzyme mutant and a recombinant into which
the DNA can be infroduced, |



A rational enzyne nodification nethod may be provided for converting the

coenzyne dependency of an oxi doreductase in order to sol ne
descri bed above. A CRD enzyme nutant may be provi ded V\hl%tﬁD%%ﬁmEE? |§;e
NADH as a coenzyne according to said nodification nmethod, a DNA encodi ng
said CRD enzyne nutant and a reconbinant into which the DNA can be e
I ntroduced, 4 30 Decenber 2005 and a process for producing an optically
active (S)-4 hal o-3 hydroxybutyric ester using the sane. As a result of

i ntensi ve standiaggoéess faopraduning fieophalty AhAD(HIBhalbEh RERMtyrc! WL LRSS
devel oped a&léenz me nodi fication nmethod converting the coenzynmne- (fepenﬁency
of an oxido ®ase, succeeded in preparation of a. CRD enzyne nutant

whi ch can utili z@asNARELWRS of'j ' to said enz dification
met hod, and conpl et ed thgﬁgﬁ@?&ﬁ%’&lﬁ%{%&?{ gﬁ%ﬁ &lcr%pq'gs ﬁéEmé’f ChEeif s ent.
i hventi on prAYEREEs develepethdnf enzymeli mygiifigation enaliok édnveRingY Gid ica&zﬁ,ﬁfe_
coenzyne- de an ..oxidor educt ase, .characterized by controlling the
size of t heﬁﬁkﬁg‘%}%é @Laenr %?d%rf:d'g%%ﬂﬁﬁéea %Péﬂlﬁ{"ém&y"fs%&l%b €odemutant
i nsertion, whichtcanmtitize NADI ashichalzyi sbsimgio @ﬁid%n%%ﬂ'ﬂg 'n?qaﬁﬁcaﬁpﬁ il
.arbitrary aén'ggo alt;gjlrtd resi dues at the previously selected site of sal é’d

oxi dor edact #¥eEom ﬁqg’F&’Eﬁsﬁ’}t’{‘W@“aﬁove enzyne nodification method includes
a step of i oembd d¥b@BraR ggf.einY@véAtfoﬁ ofviqud oxidoreductase, a step of
det er mi ni ng anﬁgqrjg g)(f)r a‘%,gr esi due I Nrer Acti ng with a coenzyne nolecule in
the nei ghbriGY Teadiging. 8y Gazyshe for copverting thepcasnzyaedopangersytofant at i on
t r eat menipxiderddudiase, & el i i hindi e
coenzyme nol ecul e 6v%lrm(siai d % tcg?ﬁﬁ)lﬁgé&cﬁ%zs%%ggb@gr é’%‘%‘fé&%ﬁ/‘f t he
af or enentidlerale by epbstitutiope iristpiongdelagom ot itheecabination theeeafhufve siapleyore

of pr.edi ctjng t he three

difi- | f.urth .incl t t
0 rens: oRuR S Aot SR Feeidl ot S Bt iRy Selefeg e BE S g beroane ol ef ¢

part havi ngp@éfg@bwp%é:gﬁmgleﬁzﬁﬁe accommodating a coenzyne nol ecul e,
conparing am.no acld sequences of the enzynme with an anal ogous

modification method inf:ludes a step of identifying an active site of an oxidoreductase, a
step of determiring an amino acid residue interacting withl a coenzyme molecule in thé
*  neighborhood of said active site, and a step of carrying out mutation treatment in order to
control the size of the binding energy of the coenzyme molecule over said determined
residue.
Further, preferably , the aforementioned
- step of specifying the active site in the above enzyme modification method further
includes treatments of predicting the three dimensional structure by molecule modeling
method, searching for the cleft part having a volume capable of accommodating a
coenzyme molecule, comparing amino acid sequences of the enzyme with an analogous
enzyme protein, and extracting residues presumed to be important for the binding of
enzyme and coenzyme molecules from the amino acid residues constituting said cleft part.
Additionally, preferably,the oxidoreductase in
the above enzyme modification method is the one ﬁtilizing pyridine nucleotide coenzyme

as a coenzyme molecule.



.enzyme protein, and extracting residues presuned to be inportant for the

bi ndi ng of enzyne and coenzyne nol ecules fromthe anino:ﬁﬁ%qmr sig@&?
constituting said cleft part- Additionally, preferably,the efuct ase
in the above enzynme nodification method is the one utilizing pyridine

nucl eoti de cogn s _a.coenzyne nol ecule. 5 30 Decenber 2005 Preferably,
t he oxidoredu§?§%€§Yﬁﬁ?ﬂﬂd%B§Wé¥@d3yne nodi fication nethod is a carbonyl

oxi dor educgasghovh szt %h.\éicae&ﬁfm ¥s ahearBofy10ekidbRAuéth RN peaRMiadG
magnal i ae WO ' 0705. second aspect of the present invention provideS an
oxi dor educprefeembiytheone devivedifrons Cobdlide magnolaedBOA70§. t o t he net hod as

defi ned above. A third aspect of the present invention provides a carbonyl
reductase nmutant, wherein the.coenzyne- dependency thereof is converted by
utili 2l B8cond@igaed ofshel phdsear irvbnics. plriddd dieoridbredu@a8s mutardddhichoim, okfained
fourt g"@"?@ﬁ@ RE nidifodsCRfRéd ANt i on provides a carbonyl - oxi dor educt ase
mut ant ch 1s obtained froma w ld-type carbonyl oxidoreductase by
substitution, insertion, deletion or the conbination thereof of an am no
acid residue and which has the followi ng physicochem cal properties: (1)
Action: Acting on 4-chloroacetoacetic acid ethyl to produce et hyl

(S) - 4Acthirdraspést of ykopressrisLinyengiore pteyidas ianearhenyl redystage audaNy wereinthe coenzyme-
Subst gapendSpecthéreof is yoneEitedibn gtilizingst methgd as defiriedyabpee.et hy|

4=chl or oacet oacetate but substantially no activity to ethyl acetoacetate,
and showing a' strong activity to 4-chl oroacetoacetic ester but
substantially no dehydrogenase activity to 4-hal o-3-hydroxybutyric ester;
(3) Coenzynme dependency: Showi ng a strong activity in case of serving
reduced type 13-nicotinam de adeni ne nucl eoti de

5a



a coenzyme but substantially no activity in case of serving reduced type
(3-ni'cotinaniide adenine dinucleotide phosphateas a coenzyys. enﬁix‘éFE(ﬁW
preferably to a carbonyl oxidoreductase nutant having-the f ol 1 oW ng
physi cochem cal properties of (4) - (7): (4) Optimal pH 4.0 - 7.0; (5)
Thernostability: Stable until 45C in case of the treatnent at pH 7.0 for,- 30
m nutes; (6) Oganic Solvent Tol erance: Having an enzyne activity of at
| east 85% in case of the- treatnment with ethyl acetate, butyl acetate or
diisopropyl ether at pH 7.0 at 25C for 30m nutes; and (7) Ml ecular
Wi ght - Apfit ¥ditiogpa frawthiaspest af therpthseeidpyentior altoefldp@a yabppyl @niddredgeise mutant,

el ectrophore ef er to,th bove wi | e carbqnyl

oxi dor educt a?g&fi}u%antﬁl%g% "iqb)'hi’ed’émog ’FB Eﬁ?ﬁ?llﬁ'a 'ﬁ’ﬁ?fﬁg 1, JBSeriey,
0705. Fur t hedetetion orahe eoniligutias ks of M hdififo (e rciRIue RidiwhRE h@/m&'&'ﬁlfim e -
enzyme ITDdIflcaIIOI’l rr&&hod a DNA encoding said enzyne nutant, a

carrying. saﬂ?f1 ysIQachesy QrQPF"é’I%fornant obt ai ned by transformation vmth sai d .
plasmd. 6 30 g@ﬁpﬁzr 2005 A fifth aspect of the present invention '
provi des a DN,& encodi ng an enzyne nutant as defined above. A sixth aspect
of the presentAdtingewni dihchiorosdetiasetia picais nettlylc ator yprodudeh eethyNA (8)54-dhforsigd
above. A seveﬂg Oﬁ’f}ﬁm?t to& the I nvention provides a transformant

obt ai ned by transrornet; o y\ﬂf’f‘% F%l%ﬁ?et?z&’é'e’defl ned above. An eighth
aspect of the(PrsdrihteSpydndityon provi des a process for manufacturing a

car bonyl redug ase. mutant as defined above, which COITEI’I ses a step of
cul turing and b?"(‘ﬂ'f’g facHLEonE Agtivityite athyt drchiemacetoactsdte hutsubsthatially no, activibhto

aspect of th %%&BLM%I on provides a, process for manufacturing (S)
- 4- hal o- 3- hydr oxybutyric ester represented by the follow ng general
f or mul a: showing a-" strong activity to 4-chloroacefoacetic ester but substantially no

dehydrogenase activity to 4-halo-3-hydroxybutyric ester;

(3 Coenzyme dependency: , :
Showing a strong activity in case of serving reduced type f-nicotinamide adenine dinucleotide 38
a coenzyme hut substantially no activity in case of serving reduced type f-nicotinamide adenine

'dinucleotide phosphateas a coenzyme:, :
Further preferably to a carbonyl oxldoreductase mutant havmg the followwg

| physicochemical properties of (4) - (7):
(4) Optimal pH: 40-70; ‘
(5) Thermostability: Stable until 45°C in case of the treatment at pH 7.0 for 30

minutes;
(6) Organic Solvent Tolerance: Having an enzyme activity‘of at least 85% in case of
the. treatment with ethyl acetate, butyl acetate or diisopropyl ether at pH 7.0 at 25°C
for 30minutes; and
(7) Molecular Weight: Approx. 32,000 in sodium dodecylsulfate-polyacrylamide gel -
.electrophoresis;
furthier preferably to that the above wild-type carbony! oxidoreductase mutant is the
.one derived from Candida magnoliae IFO 0705.

Furthei'more, an oxidoreductase mutant can be obtained

by the above enzyme modification method, a DNA encoding said cnzﬁné mutant, a
plasmid carrying saxd DNA, and a transfonnant obtained by transformation with said

" plasmid.



OH R2 0 wherein Rl is a halogen atom R2 is a hydrogen and R3 is a
substituted or wunsubstituted al kyl group or aryl group; Weé@ﬁ%%?bﬁbssai d
process conprises a step of reacting 4-hal oaceto-acetic €ster represented
by t ] ' A i defiidlabbde.i S @
hydr oggﬁﬁ g#f%q%s&g%ﬁgﬁﬁtﬁz‘tﬁ%\ﬁ%ﬁsﬁrgg%‘Bgc{“}dﬁne%&glﬁﬁw tggggp or aryl
group; using an enzyne nutant as defined above or a culture of a '
m croorgani sm having an ability to produce said enzyne nutant or a treated
mat t ef sith aspectefithelrresentipvantier rpvides a@iasmid ealtind48p PR asrdefingd ahaveent

i nvention provides a process for manufacturing an optically active al cohol,.
whi ch conprises a step of reacting an enzyne nutant as defined above, an

enzyng a0shiRaspdct oM@ preseftamicnfion PRVERBEaDirhdsioimaht bRERBE betttahgfopmaRandiHe

upon nmut ant depends and a carbonyl conpound, and a step.
of hd&%%@ Fggbﬁﬁgqﬁ¥g§uced optically active alcohol. An el eventh aspect of

the present invention provides a process, which conprises a step of
reacting a transformant obtained by transformation with a plasmd carrying
a DNMepighthi agpeghofcthe yonesent inyentionsprovidds admcabbiasr ragnvfactynion 2 pbamh gedisiase
enzy nautaavandefinbe abayeatvhich cymplisesegster phdultningarcasolifgratingp dansioimanhas défuned
enzynhowdt ant depends with a carbonyl conpound and a step of harvesting the
produced optically active alcohol. Brief Explanation of Drawings Fig. 1 is
a schematic diagramof the three dinensional structure nodel of a CMCRD
enzyme- NADP conpl ex, where residues at the 1 to 17 positions corresponding
to the N- termnal region are excluded. Fig. 2 shows the pH profile of
CVCRDM einihyagpesh af ietpresent inventign peovidesws t he thernostability of CMCRD enzyne
mutant S ML Bl GyrofhsS B FiaddMioe i) 4-H0-YAYard3b AR B1eP reytboRRa Uy i68°
following general formula:

wherein R1 is a halogen atom, R2 is a hydrogen and R3 is a substituted or
unsubstituted alkyl group or aryl group; and
wherein said process comprises a step of reacting 4-haloaceto-acetic ester represented by

the following general formula:

I N

R2
wherein R1 is a halogen atom, R2 is a hydrogen and R3 is a substituted or
unsubstituted alkyl group or aryl group;

using an enzyme mutant as defined above or a culture of a
microorganism having an ability to produce said enzyme mutant or a treated matter of the

culture.

:6a ‘



Fig. 5 shows the pH profile of CMCRD enzyne nutant S 1M4d. Fig. 6 shows the
thernostability of CMCRD enzyne nutant S1M4. Fig. 7 sho

sol vent tol erance of CMCRD enzynme nutant S 1M4. Best Enboéfgé %%%?9665

I nvention Hereinafter, the present invention will be described in detail.
In this specification; "oxi dor educt ase' nmeans an enzyne catal yzi ng

oxi dati on- reduction reaction and-utilizing, for exanple, a pyridine

di nu
ubi qg\ t%%rj{ie g ‘?ri'izey 5gnlfcl:rg}leﬁtfon ﬁﬁ\?ges o@&dfof' ni(?anh Eﬁrun%iﬂh Bbﬂﬁﬁ{? f)g@ EI:E %\F
R om CER G SR it 5%? G L
as elhawing ghe (Cﬁmh'lﬁig@ﬁ)regf@ﬁfﬁt@g ai FORrRYge é’fﬂ@ﬁi"’i’h'%??'ér?”zy'@ﬁr'ﬂ depends ‘and

r educad®ey! comaoenda and a stepef (@resting tyaprpdunediontically ertiMetalcodpl. asymmetrical |y
reducing a carbonyl conpound to produce an optically active alcohol. In
this specification, amno acids, peptides and proteins are expressed usi ng
t he abbreviations set forth below which are adopted by the "AC -1UB
ConmiArt eleverith Bipechehthe giresdairizwentioniprevidesBNprocess, whith cuersispe @ sigrpef reacting -a
addi tii@BforridHt @5&iret g tnsRrageni ithesl plaamidnenginigch Bi§Lencodisg ef eazyepiivthat and
a PrQfefhdy ¥bdvk anbe @Nﬂre?ié 519 ehfiite I‘iaWﬂthhé eBapaBIRY of Rgbegratirgcth esenizitae lupbh

end whl; éhe%a?a Eﬁ{gﬂie”ﬁ. gnt dé h LBarbO b issune%d 28fpSA itahetnrighﬂe orédiiced
am no e term nal”. | i nkage of am no acid
r esi d’lﬁ’g "i’§°t8’>? cé’gged by "-". For exarrpie, it may be expressed as

Al a-G@ y-Leu. In case that the sane am no acid residues continues, it may be

expr g Ey ;aﬁﬁgngfgfm}ﬁgs as (Ala)i, which is the same as Ala-Al a-Ala.
A=Al a=al an? C=Cys cystei ne, D:Asp aspartic acid, l.? g gﬂ;@%am ne,
F= Phé&g;hbm aihamamtedlam 9E- ey thregdimengipnal Sitil%tt‘fcdpﬂ‘ée qi4 [ | euci ne,

KLY Satrat R b, SHGk DBl it Pl Y7o fiens SEASOREAEIAGE .

P=Pr § utam ne rg=ar dgi ni ne, S=Ser =serine,

L T= Thiteftrﬂuwmgidneireexchiﬂw.l =val i ne, W:Trp— trypt ophan, Y=Tyr=tyrosine,

B=As aarbitrary amno acid. In

or deiﬁ& ¢ Shﬁ‘i(""eﬂ‘f’ Hg Pf@i‘éf’éﬁ&é@g‘@?‘q&%m DL gl ng the produced or considered
o m@é%gfv%@%g{&mmﬁbﬁ@M@RDmﬁnemmt SiMént i on, nonenclature in the
Fig. 4 shows the organic solvent tolerance of CMCRD enzyme mutant SiM1.
Fig. 5 shows the pH profile of CMCRD enzyme mutant S1M4.
“Fig. 6 shows the thermostability of CMCRD enzyme mutant S1M4.

Fig. 7 shows the organic solvent tolerance of CMCRD enzyme mutant SIMA4.

Best Embodiment of Invention
Hercinafter, the present invention will be described in detail.

In this specification; “oxidoreductase” means an enzyme catalyzing oxidation-
reduction reaction and utilizing, for example, a pyridine dinucleotide coenzyme such as
NADP NAD and the like, quinines such as ubiquinone and the like, a disulfide
compound such as glutathione and the like, cytochromes, pteridine compounds, oxygen,

. hydrogen peroxide, etc. as electron (hydrogen) donors. In this specification, “carbonyl
" reductase” means an enzyme (CRD enzyme) having activity of asymmetrically reducing
a carbonyl compound to produce an optically active alcohol. In this specification, amino
'ecids, peptides and proteins are expressed using the abbreviations set forth below which

- are adopted by the IUPAC-JUB Committee of Biochemical Nemcnclaturc' (CBN). In



> . t
“nodi fication of an amno acid can be enunerate

~the original

am no acid; position; and substituted amno acid) is adopted. Therefore,
the substitution of aspartic acid for tyrosine at the 64\1- sitibon:#@,:_l
descri bed as Tyr64Asp or Y64D. Wth respect to the descr ”8‘?‘?%?? St tiple
mutations, a slash sign ("FP) is used for distinction. For exanple,

S41A/ Y64D represents the substitution of alanine for serine at the 41-
position and that of aspartic acid for tyrosine at the 64-position. In this

- -speci-fication, "a mutant™ of an enzyne i-s-a nodified-enzyne havi-ng an
-amino acid sequence obtained by substituting, inserting, deleting or

nodi fyi ng additiem shlessootherotiserspedifialyaminooaridiseqoéndeb of apefiide agd 8 papeHeAne of
ng at. .l east sone of the activities of the

the original enz and hayi ) é 5
~original- eﬁ%%’i’a‘?‘%? 5Q Wﬁgge&wlc’étl?%d osthelefrprdwhis Chammipnl dg lagatedt at i on

to be util bRk fight dnde and18S (A HE e Anmilb RN 3 J'Beﬁﬁﬁ& ghgﬁ p‘é‘%&@%hﬂ”ﬁé

subst i t ut i inkaggRbaminescid ngsidues 1o Expessedibyn 6-"adiat emeraple, # ay bs ekpkeidedtas on  of

1 or nore, ,t.0M.8 e , ) referably | to 10,.am no acids for.
the origi }r}zﬁ Gl e%%%.ca#h%g%égf |€%m§\‘° aé:hé ’éemd}égs %0619‘8“%%% CXRESE on of
1 or nore, fdrexampxagpAR);, Whidh i2fhe s@n€laPARE ATaaklay | to 10, amno acids to
peptidé chain- The .del'etion of an am no acid neans the =~
del etion of A~ F“i’rﬂ?"é‘?’ f ?C&‘&W"é‘?’ | Drdsppspaaiie  asidef dirstley 1ghutemig, anino
actds T1Om UBPhOIhGhIAnREDt | CRGIAGIERETD B LhisHAng] Nl Rl—isdidiEdIut At | O
W e

of a protein amino acid for the production of a nutant escti bed.
Al t hough a dAetliystlysine, cadslienglentine,t he MtMst=methipuine,and N+antasperaginean

am no aci d el udes. chanj-¢al esLR.or t echnol ogy. utili zi ng gene
Gngi meer | ng T gTE OCLER B Ry € SR e eI P o ar
changed, th&absetite, | Welin+ oryptephan, N +yy=tyaside] C BehskRset 6r  1ARa} hi s

specification,.,' desi met hod',, or "ol ecul ar design techni que" of a nutant
nol ecul e neg%?bé_g:g}lﬁgﬁfb aPﬂg{qMT%blchﬁné‘@ﬁﬂ%‘ﬁce and the three di mensional
st ruct ur e IaforderPoahsiteNthereferdtet VRAH! ind@esBRbiAE Uhe pfciuGed ocdididbfed! CRP! ecul e)

" before nmutation to predjct what kind of properties (e_.ﬂ%, catalytic .
i

activity, SR} BEAPbICRIRE trthe Prepustt énigniden, nogepclpturaiigiths tomlof originalaci ds

T i A AR il S0 SO, 3OS |
- of aspartic acid for tyrosine at the 64-position is described as Tyr64Asp or Y64D. With

respect to the description of multiple mutations, a slash sign (“/) is used for distinction.

For example, S41A/Y64D represents the substitution of alanine for serine at the 41-

position and that of aspartic acid for tyrosine at the 64-position.

In this specification, “a mutant” of an enzyme is a modified enzyme having an
amino acid sequence obtained by substituting, inserting, deleting or modifying at least
one or more amino acids of the amino acid sequence of the original enzyme and having at
least some of the activities of the original enzyme. '

In this- specification, as examples of amino acid mutation to be utilized for the
designing of a mutant, insertion, deletion or modification of an amino acid can bé
enumerated in addition to substitution. The substitution of an amino acid means the
substitution of 1 or more, for example 1 to 20, and preferably 1 to 10, amino acids for the
original peptide. The addition of an amino acid means the addition of 1 or more, fof
example, 1 to 20, and preferably 1 to 10, amino acids to the original peptide chain. The
deletion of an amino acid means the deletion of 1 or ﬁore, for example, 1 to 20, and

preferably 1 to 10, amino acids from the original peptide.



| nprovenent of protein stability, etc.). This designing nmethod is
preferably carried out wusing a conputer. As exanples of r r ans
to be used for such a design nethod, Sw ss-PDB Vi ewer [Wbﬁg{?@ﬁe of
Bi oi nformatics (SIB), ExPASy Mol ecul ar Biology Server (available from
bttp://ww. expas-y.ch/)] as a programfor. nutation introduction nodeling,
AMBER (D. A Pearlman et al., AMBER 4.1, University of California, San
Franci sco, 1995) ‘and PRESTO [ Mori kam K. et al., Conput. Chem, 16, ~
243-248 (1992)] as prograns for three dinensional structure optimzation:

i ncl udi ng = ener Yoremafiemibeanutanoroéf a pmtein eminaadd dartpe padduotiorodf araluemul ar

dynam cs, @ak ' (J Pat ent ../ I cati.on 11- 368498 999) . JP
" Pat ent Pubﬁpgg“fs?gos% g @%E&%H@g@%ﬁlﬁ Lrymg %@B@W%ftbtl’“% Fhi§E ohan

opt i num animimoaeidinglides tiicAtssntheds oo @emmg?t @flizhpe s GRZAFERAY §i cation
met hod for copverting the coenzynme-dependency of an oxI doreductase
accor di ng WBIch redonsedch DNA, seqenes exgodingpide ganjae japid rre ehangeiln the cpresent
taki ng a GMLRIB.8MNTB r%ﬁ&é@ifﬂ@}e‘?o. I ncidentally, the present invention is
in no way restricted particularly to the CMCRD enzynme to be descri bed
~below, and it ils thsvipsaidication, &'dggrs ametlsdd”| bretimblecilive dewign tidvhhiguére of are

nmet hod caante a’l%g{ei ']ﬁgntleo]']'va'ri ous gxi doreducf ases incgluding the CRD enzyne.

I'n additi oRtapyROleps megns analyzine, fhe qipine, 4gid, segpienep an HUEH Spgnsiogal nk nown
 because expetiuresttaprotipres @poBpeftidesmalbaule s 2d naial tislesuld) S SndtieR:
I ncludi ng X-ray rystal _strugture analysis, have not been carried out. In
t he preserf Pé‘%ﬁ H@a%ewf?ﬁmamrw (efe CABIYLC getitye Irfgragtion iwithwtberunolecudessi gn of
an enzyme 8 RHAVINRS aRild RIBChARY bl ith icZichtie3th DRGSR g&&%ﬁn tspﬁaqﬁ{%%e

I'mensi onal structure of an enzyme. Therefore, It is, tirst of all,
required trsodugingatha depiced; propertyl immslifidatinm | (e gt, rimpravementt of: catalyplk eactiviay, whi ch a

wi | d-type ;CMEBD . . coenzyne. npl ecul e bou o that the
prediction ot .%gﬁ{lﬁrypgsételﬂgﬁ?gﬁg’i egér}gl q;gltsigl%(szllgﬁlrn I%eiﬂ({ 18 pf%@eﬁ?}%e"“t

accor di ng usingtzheompmiterc ubaexampled bfigompater prograimdel bagsedr for GasH haRsight 1N
the present .nventi he three dinmensiqnpal .stryctyre of a conmplex with a
CMCRD enzﬁ%hogngwgs"%ij@e%fyﬁﬁfygﬂﬁ %‘éﬁtB-Sﬁg%}@Bf%a%‘éég@i EgPA3y Madeon8r | owi ng
procedur eRBiolpS Servk} (Bilable BGR| Bty wiieexPaiyid/ R Gs Oa SREHBRAC forOfnAGVCRD

enzynme, myltiple am nqg. acid sequence_al]gnnents with enzynes whi ch have
am no aci w@éﬁﬁm:’ém i HMBERJD- A. Peariman et al, AMBER 4.1, University of

California, San Francisco, 1995} and PRESTO [Morikami X. et al., Computr. Chem., 16,

243-248 (1992)] as programs for three dimensional structure optimization including
energy minimization of a protein and computation of molecular dynamics, and Shrike (JP
Patent Appi’ication No. 11-368458 (1999) : 7P Patent Publication No. 2001-184381 A) as
programs for computing the optimum amino acid mutation, etc. can be enumerated.
The enzyme modification method for converting the coenzyme-dependency of an
oxidoreductase according to the present invention will be described below in detail,
~ taking a CMCRD enzyme as an example. Inéidental]y, the present invention is in no way
restricted particularly to the CMCRD enzyme to be described below, and it is obvious to
a person skilled in the art that the same method can be applied to various oxidoreductases
including the CRD enzyme. 7
In addition, the three dimensional structure of the CMCRD enzyme is unknown
because experiments thereon such as structural analysis and the like, including X-ray
- crystal structure analysis, have not been carried out. In the present enzyme modification

method, more efficient molecular design of an enzyme mutant was achieved by utilizing



whose three dinensional structures are registered in Protein Data Bank

(PDB) are prepared utilizing a Custal X program [ Thonpsaop,~J.. .D. l .,
Nucl ei ¢ Acids Res. 22, 4673-4680 (1994)] A protein hav%@goeé’ﬁ{%’gdc%g |
honol ogy with the CMCRD enzyne to be utilized for nol ecul ar nodeling can
be sel ected by screening the am no acid sequences of the proteins '
regi stered in PDB for "am no aci d sequence honol ogy by using a FASTA ,
[ Per-ason-W - R et al., Genonmics, 46, 24-36 (1997)] or BLAST [Altschul -~ .-
Stephen F. et al., Nucleic Acids Res. 25, 3389-3402 (1997)] program A
protei n hatienthrea divoensiagly stawoure of (ah remzyme.aMherefone, tib és, BieASIE 41, eguaed ©f at

least 1 x 10-5 or |ess, preferably of x 10-1 or less with the amino acid
sequence OPQ%W&B th"r‘?ﬁﬂ’@eﬁﬂ?‘%é“ﬂgﬁﬁ PhR GRMAG I Whishng wildtwpeseME®RIt e
~alignment g ymePiRl @i EhelA2Mhd IndI BN atd b6Endli FB ORI Qﬂ?lpllz'%ﬁgtﬂ%t %}:(%16 ?ﬂﬁbc |

exanpl e, proteins having the PDB IDs 1 AE 1, 2AE2,
YB V, 1BDdimgnsionatptmeiene afdhe CMCRP Sneyme jceNeling tot the seolpruidrancilibpmdg

known thre | eas) . jected to three-dinmensional

a1 gnment - s AP 0 B i b WieiReRbRnPHRoR ! Lol yet. ((2000)

33:176- 183] to Thedihfer dirdehsiphat sat@rsrent copipii with |y CMECRDNGGyhE Qi the

am no acid se Uen'cﬁ' al o'n"e'gn th(g b'z&gths ?f t hree dji nensi onal "structure’
anal ogy, V\‘A‘f’&f‘@g?)acfaf’ g conshyriefl greording dhe Plorngpresrdereso be used for the

ol ecul ar  wagel)i 08 tebhsROf Ut Ahin6 Gcidlsbquenks ' ' Lidgation
of the sequencg alignment is carried o%t Onoﬁ%%%%ﬂ@né,ﬁl@@é{rﬁnn&nsi onal
struct ur e asifhfeapsnce aligniagntsyyith ehzmdshgdeh haye aminaladid sequenciolbmmology adcur i n

he secon ch: . - X - t. 0 ik S 3) Based
(E)n’ t he obl?.kgil5 ar%g S gq‘ﬁglrrélgselﬁéjll iasgtjrrlllprr@%ﬁss?regrc%@% gi i %Iroté%grrﬂgé af%a’ﬁ‘a@% t hree
di mensi ongiremreduntilizing @ Chlsod} miogplam [Bempson JoD. dehkt Nadleisi Al RS, PEW as

possi bl e ¢ enber, 2005.be selected as a t, I rotein of

For ecul ar RAARRREooB; Axtbieih tevintipeton s Fompiogh s e ChoRl e o
enzynes haeiubigizédIBr inbkecdlhr mb&ling 2k Be scldchdd byl seréBhing 1d Xeminb YBY seduBiBs 1EDO
and the i and_ preferabhly_those of 1YBV, REDO and 1FMC, can be utilized

as tenpl atog?‘e FREWS restipned i PRBofios pminoacid senugaca perolngy tyaisingradgASTA
di mensi ongbersiind%: KRB M G¥Rimis, 899405 A598] &B1.AST ’[Aﬁgbhhﬂ%]géf)ﬁﬁrl £ Qb the
sequence alignment obtained in St egp 2, the substitution of "the amro acid
resi dues - dglelreA@dy Resedd, 3389-3402 (1997)] program. A protein having a homology score
(the E value on the BLAST program) of at least 1x107 or less, preferably of 1x107% or
less with the amino acid sequenéc of CMCRD enzyme may be used for multiple amino
acid sequence alignment as a protein having known three dimensional structure. For
| example, proteins having the PDB IDs 1AE1, 2AE2, 1FMC, ICYD, 1HDC, 1YBYV,
1BDB and 1EDO can be used. '
(Step 2) Next, these proteins having known three dimensional structures are subjected to
three-dimensional alignment by using the MAPS program [G. Lu, J. Appl. Cryst. (2000),
33:176-183] to modify muitiple alignments previously obtained from the amino acid
sequences alone on the basis of three dimensional structure analogy, Whereby final
~ multiple sequence alignments to be used for the molecular modeling can be obtained. It.
is desired that the modification of the sequence alignment is carried out on the basis of
- three dimensional structure analogy in such way that insertion or deletion does not occur
in the secondary structure of @ -helix, 3 -sheet or the like. |

~ (Step 3) Based on the obtained sequence alignments, a protein presumed to have high

. three dimensional structure analogy with insertion or deletion sites as few as possible can

10



out over the am no acid sequence of the CMCRD enzyne. (Step 4) Wth respect
to the insertion site and the deletion site, PDB is scre (;[g for t?@q nost

suitabl e three dinensional structure of an anal ogous part

di mensional structure of said part is substituted, whereby a three

di nensi onal structure nodel can be constructed. The nol ecul ar model i ng of

the insertion site or'. -the deletion site. can be carried out by screenlng

of ~hi.gh -resol-uti on three di nensi onal- structure regi stered in PDB, :
preferably protein three dinmensional structure having a resolving power of

2. OA or | ebs selbaed as patdmplite t froem of nﬁaﬂsmﬂmainodetlfngct oL exdple, e &S

suitable for the partial three - nS| ctyre of the mai n_chai n of
the tenpl a‘?’éﬂeﬂ“r‘]@t iSHUELHEs L?El%y‘f‘FFe ferg %ﬁir ﬁ of 1AR; 2082 FMC, SFG¥or 't he
del etion sifpc, FeBVEXHHY SED® RS tueazt e?’éﬁ’& gtetertttgqsos%' WP?BV”&‘EDOSM&“ ure

having a root mean $tandard deviation ess’ can be use
when car r ylidCoean bee&ﬂue@mﬁamla@aspélﬂpmtemm piteinsara displayedoothd ithvat-e  of

Ul B 1 gLl S Wil KLY i, 5 S O B SR 2°

coenzynme M@Hmcmmd‘ine&ﬁrﬂtaﬁ 2pthi 3abstiution &f CMCRBIne e R sidBesSRA TR dﬂﬁ'léﬂn g a
‘vol une enabl i n% the . acc mrodat i on. of DP nol ecul'es on the three

di nensi onafut &y’ d’&twoa‘rl SeRepsaithe & eN4YR&t is, the cleft part, is
identifi eOtSte'ﬁhﬁ”Wﬂhtr%%ﬁ&ttbQﬁb ﬁn@éﬂi@ﬁ&t@ﬁﬂd‘lﬁe AClefod SR, PP m%x%l:’x&d%t fiki Ng on

the cleft part an NADP nolecules is identified, whefeby the atomc
coor di nat emest seitablehrp dimaensinmabisirstusé pfbah analpgaunparhandl fhe thrde digrensinialg t he

Lo © oSS Al O R ihr TR AR BFAS o g L9
three di rrmoastmaaﬂ Stheumblecuhit ynodeligogfothe ipegtioni sg& oxathd dle!idfmbg Taslté ¢hia bg t he
can. exenpl i

di f h
STt on Cefied Bl forteing i RiBhd RO Pt Hiraneiong SR e dnEPBact | ng a

3-D st ructpifadablyrpretein thifee alidabfisiiaab HzdciRe AhENL atrEsoIhE PoReCSICNGA TR 1ds§ NOt
bound, then, 11 30 Decenber 2005 si nul taneousl y |dent|fy| ng a s]loace havi ng
a vol une &PraB Raripl e fimensienah siusmis: ThRABPIRE) Bu@blesfortthatpartial thipe cl ef t

part Wi th gdifigsimhiiaes atfu?e Haflchinlof iR e APRE t@ﬂ\qn m&a Y
bet ween anmino acid reS|r Igr oup_exi sti neg 3n etgt)tf(e % n rt %{r?g f'ergigl\lADP
the insertion site or the deletion site. For example, a partial protein three dimensional

structure having a root mean standard deviation (RMSD) of 2.0A or less can be used
when carrying out least-square superposition of the atomic coordinate of the partial three
dimensional structure of the main chain of a template protein.
(Step 5) With respect to the three dimensional structure of a coenzyme NADP, which
can be bound to the CMCRD enzyme, a space having a volume enabling the
accommodation of NADP molecules on the three dimensional structure of the CMCRD
enzyme, that is, the cleft part, is identified. Then interaction between amino acid residue
group existing on the cleft part an NADP molecules is identified, whereby the atomic
coordinate of the NADP can be determined. |
As a method for determining the atomic coordinate of NADP, a method
comprising selecting proteins binding NADP, PDB 1D, 1AEl, 2AE2, 1CYD, 1YBV, and
- 1EDO, preferably IYBV from the three dimensional structurally analogous proteins, and
substituting the atomic coordinate of this NADP of the 1YBV can be exemplified. In
addition, the atomic coordinate can be determined by firstly constructing a 3-D structural
model of a CMCRD enzyme alone to which a coenzyme is not bound, then,

i1



nol ecul es by using prograns of nol ecul ar docki ng such as Aut odock [ (Oxford
Mol ecul ar), Quex, N. and Peitsch, M C (1997)] after wh t he 1 C
coordi nate of the NADP nol ecul e can be determ ned. Accoggﬁﬁ%cemef%@sg‘
met hods, the three.. dinensional structure nodel of a CMCRD enzyne- NADP
conpl ex can be constructed. (Step 6) The finally constructed three

di nensi onal structure nodel can be optinmized in three dinensional

- structure by energy mninization cal cul ation and nol ecul ar dynamics - -

calculation. As three dinmensional structure optim zation progranms, AMBER

PRESTO ansintul@ndouilg idenif¥ing usspce Bvinper &phieCaiabliy He ddt8mhRydeged B t hree
di mensi ona I on and _ nodel i ng techni ques, a three

di ct !
di mensi ona}q@é {lg‘g gfilg% ﬁ{?gg} g‘éﬁhﬁ(ﬂaﬁi Wigh theieniangs of 3-1 seurswrakenszasi ang tho % or

mor e honol |y -50%:ar, e . roprefarably 70%
o o oo ikactBh el ahind iR i dRICpdBS e 10R0 dutt pEana RS ¥ 70

enzyne nodinplecales diy meingoptoplama GVoRDeaiiay deckizm sbeh asndutodotie(Oderd , t he

Cthatof el GBI st Belich i, & T e Bl mechpudonnot ne

nei ghbor hotd NADPaintblecatd icvie 1l HeerhinBd. DA CERHHEth Ahtse BREMOAY, n@;e,; fuddre
of a

“following gethad. . 'Fromthe three dinmensional structure nodel

wi | d-type neh e BOEH A MENGRE wymadNADR complex pandbedongmiatet of an
anal ogous RS The BRI IR e il He ?r%lgcuﬁ?%ddgf &itﬂe“(gﬂn'ﬂ!zéé‘%

bi ndi ng of a coenzynme ('NAD and/or conservation in amno
aci d sequethres, dimenympal XmERYye b ereaignotinivezatias calcdatich anBheolaotlaod ywaintes

sequence i pn Ve e e D enz .and the an S 2NZyme
Gan-be. (o IGRERD ARGUNE ol lion 0 GfenT G400 bbgrant ANRRH PRERFG o) "
Ser) - ( Xaa)and-tliclike can bé\ase. Furt hernore, by the use of three-di nensional
graphics, a region nej.ghbori.n he r.egion contajning this compn am no
aci d sequence _?‘ﬁé‘ppt"igﬂ“@’é Oéﬁitﬂ“e%@?*‘e’fﬁ‘éﬂg_ﬂ??’r depepsiongls smycuggprediction mndt her
words, a rR@iclifg i BRRAIduad!t a f@fect BinenbioRsll BGuddGt WRBH12BorBRANI BRI Bcid

coenzyne, can be identified. By introducing nutation into the region
i npor t ant SEEEREhiEavHIERHner Baekemelegy. Bisiapaily 0% oi masehompelegy,tand further

CoeNZy - YREEARETRY Sl hoRibe] #ith ot of i BMERIPLEGRE AL RroufiEbRS 21 d
to an enzyme modification method of a CMCRD enzyme can be constructed.

Next, the identification of the active sites (catélyﬁc site and binding site), and that
of amino acid residues interacting with coenzyme molecules in the neighborhood of said
active sites can be carried ont according to the following method. .

From the three dimensional structure model of a wild-type CMCRD enzyme-
coenzyme complex and the multiple alignment of an analogous enzyme, a common
amino acid seqﬁence participating in the binding of a coenzyme (NAD and/or NADP)

- having high conservation in amino acid sequence, a NAD (NADP)-bound motive was
found. The amino acid sequence in common between the CMCRD enzyme and the
analogous CRD enzyme can be (Gly or Ala)-(Xaa);-(Gly, Ala or Thr)-(lle or Leu)-(Gly,
Ala or Ser)-{Xaa);p-(Gly or Asn). Furthermore, by the use of three-dimensional graphics,
a region neighboring the region containing this common amino acid sequence on the
three dimensional structure of a complex, in other words, a region important for the
binding between an enzyme and a coenzyme, can be identified. By introducing mutation
into the region important for the binding between an :enzyme and a coenzyme, the

- coenzyme-dependency can be modified. As a thus selected site, amino acid residue
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30 Decenber 2005 positions of the CMCRD enzyne at Positions 40 to 69, 87 to
92 and 225 to 228, and preferably Positions 40 to 69, c%%lggzenunﬁ t ed.
Further preferably, am no acid residue positions 41 to 43, gn@gr 66 and
69 can be enunerated as sites to be selected. In addition, using the

di stance as an indication, it is possible to select an am no acid residue

I nteracting with a coenzyne nol ecul e. For exanple, by naking a distance

wi thin 12A, and preferably within 8A, fromthe coenzyne binding site-as an
indication, it is possible to select a site into which nutation is

i nt r oducedposhiions of itliecoOMURD sy &CPitions i40UeH9e87 36 9DGniAShe Ixdersd f i ed
selectron‘repion, am no_acid residues nmaking great contripution to the

bi ndi ng of PrEfcrabipPestioqadpbie 6 sambe primerated; darher preferably, aminoagid wsidion of

Dbl nch DopdsfioRt 341 09, 49 I GORNENTE oIPLEEHESN o Wecdl Gulallin Bf 3D

structural” energy, the’cdlculation of ectrostatic “poten

att ent i on additmingetingthe distance at ;riadicatoon, itds gossibieto seletthmdsninbacidaxsdp e, the |

contributi.on of. every am no acid residue in.the sel.ecti;on regi.Qn t he
- BPnd! ng_ ofrting ki ARG RUERIE, Rt Sxabie b aStitas S5S BT AUl at | on
of el ect r amtigiréferablyoligiih BA| fromithé e6dnByle bRingite st af indibdiion 3t REBRLIbIEE
"charge of --1 alone_is placed on _the phosphorus atom (whére “poi'nt charges
of all ot Heselgetamitc fite which grutagiondnindroriesielc aci d residue of NADP (in the
case of NAD, thsPrhas e i adue: t:aexi Sty k.- .nr ee
di nensi onal st?&%&ure gﬁp%bgﬁgﬁéﬂ?%ﬁ%@ﬁ%ﬁ%gﬁgﬁbP%;@EQ% tﬁ%ﬁgkgg?#o%tatic
pot ent i al aprinelaciddesitnes mrking: fraatgepnitribution o rika bin@eigoefl @ NADP of NADPH
=l.ectrostatjc Patential. amura et al. .J. .Phys.. Soc. Jpn. 56, 1609-1622
Cronry) - Rkl i 1o ST fflacdhiof Ronndicinresfioe M softimEpal . the
poi nt chamysdecudes g thencalonlatibrsd 30D ahictuirdl cenaipiy) theasdlchldtRsi sfUESetrdstiliioved by
cal cul ati on_of, thﬁbel ect ro-}}lat ic contribution to the charge of -1 placed on
phosphor i ®°%8Rg with-afegtienstoylectioptage, interaction, and ofherapethodsn Bor examplsn®ei ¢ aci d
- residue OtohMiBRiorP¥f &Vt amfiR £l Alsidd8 in tthe sQlbdidn GEoibh MliObmba b gati on of
every am no acid residue to NADP can be obtained.” For exanple,™ 1t can be
presumed DNHHPP gy NARPHrgoengymesnsan &5 eghitnatsy by he salenlaions jof | slectrostatic
el ectrost ?Bﬂeﬁﬁﬁlis #sh bQodyhe 2' - phosphoric acid residue of NADP, thereby
contributing to the stabilization of binding to NADP. Wen anmi no acids
sui tabl e for bFnstiofglltanegiiveahargs 0bst along ie glaced ort the pbospheiud atsn (where

point charges of all other atoms are 0) of 2’-phosphoric acid residue of NADP (in the

case of NAD, this phosphoric acid residue does not exist) in the three dimensional
structure of CMCRD enzyme-NADP complex, and the electrostatic potential produced
‘ by this charge is obtained [Calculation of Electrostatic Potential, Nakamura et al.,.J. Phys.
- Soc. Jpn. 56, 1609-1622 (1987)]. Next, with respect to the obtained electrostatic
. potential, the point chmge was given to atoms of all the amino acid residues, followed by
- calculation of the electrostatic contribution to the charge of -1 placed on phosphoric acid
residues of all the residues other than 2°-phosphoric acid residue of NADP. By this
calculation, the size of binding stabilization of every amino acid residue to NADP can be
obtained. For example, it can be presumed that Ser 42, Tyr 64, Asn 65 and Ser 66 form
positive electrostatic fields to the 2’-phosphoric acid residue of NADP, thereby
cbntributing to the stabilization of binding to NADP.
When amino acids suitable for binding to NAD are substituted for these residues
- presumed to contribute to the stabilization of binding to NADP, it becomes possible to
convert the coenzyme dependency of the CMCRD enzyme. Candidates for amino acid
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presumed to contribute to the stabilization of binding to NADP, it becones
possible to convert the coenzyne dependency of the CNCRQW _
Candi dates for am no acid 13 30 Decenber 2005 substitutio e@%%ﬁ%gr%%q ai ned
by screening the three dinensional structure nodels of the

enzyme- NADP conpl ex and the CMCRD enzyne- NAD conpl ex for the above resi due
sites by conputer screening usi ng for exanple, a Shrike program (JP Patent

- Appl-i cation No. 11-368498 (1999) -« -JP-Patent -Appli-cation - (Kokai) No:-

2001-184381). In a calculative rrut ation experinment, the candi dates for
am no aci d sustitution cam bbebtaﬁmﬂmgrlsateeningalkd thageei ditrengion etrictid emeldld 6f @ace

‘between th to NADP. and to NAD and the denatured free
‘energy as W?ﬁﬁ ?Wépl%?rn Fﬁi&ﬁ)@@fﬂ"f' NAP copaplexinrtheabayg t he

amno aci dr@iﬂi@tsﬁtéyby Qﬂmpﬁéf rs&@éﬂ?ifﬁ Bsing, hf%r r&hlnh B! & D ﬁ)a%hg {(J?elgalt' i C€

alignments at_the coenzg bi nd ing site of enzyme nown three
di mensi onaipglicatien Noel 268498 (1A59) | Brbatens Aepplheﬁt@méKokal) Dp. 206 nt84381)d In

bstitut t di f t thod, th
Subety ! SILAARARE gt SR gSOBMIE, T s pREA S b o1 o

coenzyne. depende nzyne to b
coenzyne t craunﬂatefbtnikmgadtwucthntt hl&: difisRnen bertmaexaﬂﬁzcmﬁ:ﬁﬂg BRerBP@ NAP and

‘Furt her nor t S th t he conversl pn of the
substr at e- @6%%’ Pl‘A@FPg\{b(‘}fdéf‘ﬂBm ERFEYES Hhlogiraton ke enzymsytherpiostabiligy t he

same desi gRbA@adi@r BYi tHe! @ndino @cﬂﬂduﬁﬂ%ﬁ‘oﬁ 0 mﬁh&ﬁﬁfé AgE Shuttigle dﬁgﬂgeﬁi roma

coenzyme to a substrate. In case of me, ‘anong ¢ tes
ani no aci dscABIce abignypgsdy attthe szmebugm@cqf lﬂi)regzxme hiang keswenthreet hod

fhose for Jfoeﬂﬁr%‘stﬁIctJr@ﬁﬂﬁ%eﬁnj%e@Hael%fm dino 9@3 iflida MO0 PY esued

0 becone intense are: posi tion, 142- posi ti on,
A G S T, R o‘hccmdmg tonheprmpawmemmdlﬁqauﬁl nfsthod, thQ,coanS?ﬁJefﬂewxﬂEnéyhe

o405t 8fn ol f BB Rt e S it o,

L, I, V, GRDFenzlihe MsoCan be fiiodified. Furthermore, it is obvious that the conversion of the
substratc—speciﬁcity of the CRD enzyme becomes possible by applying the same
designing technique if a molecule to be considered is changed from a coenzyme to a
substrate.

In case of CMCRD enzyme, among candidates for amino acid residue substitution
designed according to the present method, those for mutation at respective sites where the
binding to NAD presumed to become intense are:

at the 41-position, A, G or S; '

at the 42-position, A, G, S, T, Ror K;

at the 43-position, A, G, S, T, Q, R or K;

at the 64-position, D;

at the 47-position, A, S, T, Y, L, Q,E, Ror k;

at the 63-position, A, S,L,I, V,M,F, W, C, T, §, Nor G;

at the 65-position, L, I, V,M, F, W, A, C, Sor T;

at the 66-position, L, I, V, A,C,S, T, N, Q, R or X; and

at the 69-position, A, E, D or S.

Preferably, S41A, S42A, S42R, 543Q, S43G, S43R, W63, W63L, W63V, W63F,

- W63M, Y64D, N651, N65V, S66N, S66L, Y47R and A69E are enumerated as mutation
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at the 66-position, L, I, V\ A C S T, N Q Ror K and at the

69-position, AL E, Dor S. Preferably, S41A, S42A, S42R 3 3R,
W53l, Ws3L, W3V, W63F, W63M Y64D, N651, N65V, S66N, S@ﬁ&?ﬁ%% AG9E

~are enunerated as nutation 14 30 Decenber' 2005 candi dates, and further
preferably, it.is possible to design mutants resulting from conbinations
of the above single mutations as CRD enzyne nutants. As preferable CMCRD
enzyme-mut ant s i n.- t he- present “invention, the following - nutants-were-- - ..
obtained fromnatural CMCRD enzynes by substitution, insertion, deletion or
t hei r conbéandidates, end dmither refechblyesit dblemissiBMCRD desigy TRutats a8dulting from

SA1A SA2A S4 W531/ Y640/ N651/ S66N; . 2nzynme nutants
- SA1A SA2A @@%%gif’f?@a%%sw G@E?ﬁmgg%‘gﬁ&%% YRRt S
S41A SA2A S43G'Mﬁ§ﬂeﬂ‘éfﬁlﬂ9/dl@éﬁb$§n%me _nmpi@ ey séﬁ}’ﬁrﬁ'@{ltzon, the following

S41A SA2A S4A3R/ Ws3UY64D/ N65J/ S66 enzy mut an
S41A S42 A/ WerRPRiEned renmpned (MEBR crzymrDby subgtimtion)tivsettion, deletion

SA1A S42A I . N, CMCRD enzynme nutants

S41A/ MZW%@% %ﬁ@%@ﬁfﬁé@éﬁawghzym mut ant s

- S41A SA2R/ YATHUOREB tilzy6vé iudGid SBHGNE 4 DAYS 43 QNIRI L6uTy N6 SE6ANt S '

- SA1A S42A1 S43 UY64D N651/ S66NLAGOE.  The present. CRD enzyne nutants =~ =
obt ai ned acé@ﬁ&‘i\ﬁgeqwﬂ@tﬂ%gﬁ%‘ﬁﬁfg@wgowwlﬁﬁ@‘éﬂsé%hem' cal '

properties dEMORDDEEynG nidtditsd Y1094 0S8 30/ W34 D/Ndsy el L on: Acting on

4-chl oroacet gacetic ethyl serving NADH as a coenzyne to pfoduce ethyl (S)-
4- chl or o- 3- KYMEER ensyme smugants B4Ry VeI CHDANESI/S668howi ng a st rong

B! St o il RS ARESLAS A SR NE L
ester, but HINCRY eapwe amtantl 4 ArSH2AdRIBRIVAGRAME YERID/MESIYSG6R; et hyl '
4-hal o- 3- hy gk BHEYAS Siutants S41A/S42R/ W63/ Y 64D/NESI/S66N:
*CMCRD enzyme mutants S41A/S42R/Y47R/W631/Y64D/N65I/S66N; and
“CMCRD enzyme mutants S41A/S42A/S43Q/W631/Y64D/N65Y/S66N/AGOE.
The present CRD enzyme mutants obtained according to the above methods have
the physicochemical properties described in the following (1) to (3):
" (1) Action: |
Acting on 4-chloroacetoacetic ethyl serving NADH as a coenzyme to produce ethyl (S)-
- 4-chloro-3-hydroxybutyrate.
(2) Substrate Specificity:
-Showing a strong activity to ethyl 4-chloroacetoacetate but substantially no activity to
ethyl acetoacetate.
-Showing a strong activity to. 4-chloroacetoacetic ester, but having substantially no
dehydrogenase activity to ethyl 4-halo-3-hydroxybutyrate.
(3) Coenzyme dependency: ,
Showing a strong activity in case of serving NADH as a coenzyme, but having
substantially no activity in case of serving NADPH. ,
In one embodiment, the afbremcntioncd CRD enzyme mutant further additionally has the
following physicochemical properties of (4) to (7): |
" (4) Optimal pH: pH 4.0 - 7.0.
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- (3) Coenzyne dependency: Showi ng a strong activity in case of serving NADH

as a coenzyne, but having substantially no activity in c of seryl

NADPH. I n one enbodi nent, the aforenentioned CRD enzyne %@%ﬁ"@ﬁ?ﬁl@?

additionally has the follow ng physicochem cal properties of (4) to (7):

" (4) Optimal pH pH 4.0 - 7.0. 15 (5) Thernostability: Stable up to approx.

45C when treated at pH 7.0 for 30 mnutes (naintaining an enzyne activity

- of ~75-% or - nore when treated at- 45C for 30 mnutes). - (6) O ganic Solvent-
"Tol erance: Maintaining an enzyme activity of at .| east 85% when treated

‘Wi th et hyl (HcThaimstability [Stabbeimtocappioxd 4530 pwhay treédarp Yy 0fdr 30Qnhteg5C for
30 mnutes. (7) Mlecular Wight: Approx. 32,000 by sodium

dodecyl| sul fraaiBlaBiRE Y SRzyme agiiviiE of) &3 %-or mast when betied ad5YC forrfbmpmatesint CRD

| Lt i - -ding_ 1 t hod i i ng:
Pt Y oduci D)) RN SRR IRRRC DR B SR SR & HORBY 559 when gene
encodi ng t fieatedORih @AY Eectath) butyl Gtk tag: biN@isapiopll eMeadR MBI ot 41 7%ee i Fep a)

into a cloning vector; c) transform ng the host strai'n with the reconbi nant
vect or obt#i -in Step b); d) culturing the host strain transformed as c)

I'n appr opr @t .8 .y | 1 LT vi obt ai ned
CRD enzymel PRSP, | AR Y5200, bR UcaR B pELAC R BT e
out by utidléctiopboresie of the known in vitro nutation techniques, such as a

site-specifidCc -mu ion nethod or the |jke al £t hough there is. no
restricti Oi;hﬁlﬁgﬁﬁ {Q{.{blfg?ynéwwte‘fm}bﬁpf ced acgongling t %&é‘“@ﬁ%ﬁ@ enzyme
mut ant, t he ihtrdduciel At dr More inutiibay, piferably MBEvEMTatieh, RS a 8nd Rlcb@NE theA |

mno acid nutations which should be introduced exist in the approx.
170-bp retRPEPPBRenzyne  EcoOL09I - EcoOL09] site of the wild-type CMCRD

O T ag R e e R & e e e, oy eepondi ng to
this sit e, transforndng thy hesfistain pithi thgresainbinanivetton gbteintd in Step b he EcoO109I
- ~Eco01091 fibfiurffy e RE QMR AHForRbR 8 tn BPHrSprharl WOIE! SR005RYy
¢) isolating and purifying thus obtained CRD enzyme mutant.

The introduction of mutation into a gene can be carried out by utilizing one of the
known in vitro mutation techniques, such as a site-specific mutation method or the like,
although there is no restriction thereto. For example, in the case of the above CMCRD
enzyme mutant, the intreduction of mutation can be carried out as follows. All amino
acid mutations which should be introduced exist in the .approx. 170-bp restriction enzyme
Eco01091-EcoO1091 site of the wild-type CMCRD enzyme gene. Therefore, the

‘mutations can be introduced by synthesizing DNA fragments into which mutations have

_

been intreduced, corresponding to this site, followed by substituting said DNA fragments
for the EcoO109% -EcoO1091 site of 2 recombinant plasmid pNTS1 (W098/35025)
containing the wild-type CMCRD enzyme gene. DNA having nucleotide sequences SEQ
ID NO:1 to 9 are synthesized and subcloned in the Psi site of pUCI18 to produce
plasmids pUCSYN181 to pUCSYNI189. Escherichia coli IM109 or HB101 can bé

~ transformed by plasmids pUCSYNI181 to pUCSYNI189.. The aimed DNA fragments can ~
be isolated by recovering plasmids from the obtained transformant, digesting the
plasmids with EcoO1091 and then subjecting the resultant to preparative polyacrylamide
éléctrophorcsis. On the other hand, after digesting the plasmid pNTS1 with EcoO109I,
approx. 3.2-kb DNA fragments can be recovered by subjecting the digest to-preinarative
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containing the wild-type CMCRD enzynme gene. DNA havi ng nucl eoti de sequences
SEQ IDNO1to 9 are synthesized and subcloned in the P Lt UC18
to produce plasm ds pUCSYN181 to pUCSYN189. Escheri-chi a%k)gece[pﬁﬁr%oo%
HB101l can be transforned by plasm ds pUCSYN181 to pUCSYNI 89.. The ai ned
DNA fragnments can be isolated by recovering plasmds fromthe obtained
transformant, digesting the plasmds with EcoOL09l and then subjecting the
resul t-ant to. preparative polyacrylam de el ectrophoresis.-On the other- - .
hand, after digesting the plasm d pNTS1 with EcoOL09l, approx. 3.2-kb DNA
fragrrent S E@msb%e!l ebauephottsBy By ligatid B@htleAdfrﬁtoﬁﬁéntst QedirRtiALm plakenidd 3
Decenber el el ectrophoresis, |.igating both fra nt S,

a rose
Docomor nadbNEs T aRTrsTes NI IMS, ANES N4 NG \BRTSIMFs PRRAIM

1M, ANTS I+C S are

i nserted |¢1¥%@%hﬁg@é§o€§%&f@m—%yﬁ% s:\%E gc\)% ﬂe% canﬁ%ogﬁfﬁ )

const r uct ellcoOMHEI aite od the ipiNTiSlt e o constineted nTha)dnm&damdnmbanomrtbi!&ad- out
by prepari.ng: fragnments ,containin accor di n to, PCR and-
t hen conf ilpﬁ?‘ﬁgé? ﬁgn% N&ﬂéf‘?@éﬂ%‘@%ﬁ ﬁagnéet‘f%"‘hﬁ‘?“r‘iﬁﬂ‘t“g ’B\“& M 84S Since
‘the CMCRD ®pafR geme:Rl Snd fRAr étinhiigOtheNBasbidehudaeay (Rido? f rebbibinRdasnid

PNTS 1," a pr| mer ‘carry a_base sequerice upstream thé Ndel " site can be"

pr ef er abl PS8 f §F"°E"Hjéc MERD snzgne genepigainserisd datet the f¥del-Egel pitesel ﬂ’équence

anal ysi s. pleni® P@q‘g]edd %rﬁ@ﬂ% PhAS ene can
mtrocPuced into. a p I cul gséﬁcgeg"eggggﬁﬁléﬁgptt% ggaorgg%gfﬁnet hod.

Ther eis r;meferabbrtuscéfqrcﬂm }Ircpaaaﬁhosf D fragraerds for thedasosegaerics mnalydast , a

-] ament ous fu n.animal cel the Iike ma e used,

ith the use of l?fglrlllgécﬂre‘%mgb fant H’el%ﬁrblgp%I aw BFEPEr&BFe®

r espect tdnli‘dﬂii:cd:mﬁrrtﬂdupdmaﬂhrdfosﬂcﬂl acdording b an aorigsly @eihbd. ﬂﬂidﬂ@ﬁlﬁnknom

to a person skilled.in teﬂ .for exanple, a_nethod includi an a step of

m xi ng a BOLHCHoB|tP 2 host ¢ RoFeard§s Yeasty  flamentousfnans: 2 plagseals d, a

met hod i ngh 4dind call 6 GO 1RE may BE GRAUGIth €2 RY of BXURBASL ¥6li B&agg&%ﬁlaﬂ?' ng a
hel per plasm d, and others can be enunerated. For exanple t ranst or mant

pr oduci ng pf%@a@mvéﬁywcmwtr@@m@@ of » plagmidintor hast eal fustheds gnown
Escheri chig, bakbn SMidiBn Ye £BIR Lxithpid 4 REHAA (i)ﬁ’cgld%gaasé&ﬁjof mixing a host cell

in the competent state and a recombinant plasmid, a method including a step of

introduction by conjugative transport using a helper plasmid, and others can be
enumerated. For example, a transformant producing the CRD enzyme mutant can be
obtained by transforming Escherichia coli IM109 or HB101 with the above plasmid.

In the present invention, the reduction activity to 4-chroloacetoacetic ester can be
confirmed as follows.

Method for determining reduction activity to 4-chloroacetic ester: After carrying
out a reaction in a reaction solution containing 0.1M potassium phosphate buffer (pH 6.5),
0.167mM NADH or NADPH, 1mM etllyl'ﬁi—ch}oroacetate and an enzyme at 30°C, the
decrease in absorbance at 340 nm accompanied by the decreasé of NADH or NADPH is
determined. One U represents an amount of enzyme catalyzing a decrease of 1 ymol of
NADH or NADPH for_ 1 minute. In case that NADH or NADPH cannot be used as a
coenzyme, only a small decrease in absorbance at 340 nm is observed under this
condition. In addition, the assay of a protein is carried out in accordance with the dye—

~ binding method using a protein assay kit manufactured by Bio-Rad Laboratories, Inc.
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In the present invention, the reduction activity to 4-chrol oacetoacetic
ester can be confirmed as follows. Method for determ ni e '

activity to 4-chloroacetic ester: After carrying out-a %gaéﬁclgﬁ'ﬁg'{%ﬁbg
reaction solution containing O IM potassi um phosphate buffer (pH 6.5),
0.167mM NADH or NADPH, I mM ethyl 4-chloroacetate and an enzyne at 30C, the
decrease in absorbance at 340 nm acconpani ed by the decrease of NADH or
NADPH i's determ ned. One. U represents an anount of enzyme catal yzing a: -
decrease of | prol of NADH or NADPH for 1 minute. in .case that NADH or
NADPH cannot beByusedipplications Of e/ presend Rhayne sivdificatles he@sR, ithis Posgpibapce at -
340 nmis o servgg under this cqondition. In additiogn, the assay of a
protein is N3 CHORMEYRE mygas s is chpresierized by towingaihigh ensimabtiviy ng a
protein as I AD I BN, I Lo r L €Sy .

- Decenber 23@%‘1%{/&% he aﬁgf“%355%52%8?“‘?ﬁ@%ﬁgzgﬁt&%ﬁ%ﬁ%‘% | efl(g}tkpgﬁ et hod,
it is possiubedeThigis tolsayiitrigor@RIY recngpires mdt wilizes WAIDH as scahzymet eri zed by

showi ng a hi gh.enzyne agtiVvit when I s used as coenzyne and

absol utely no gﬁ%y#@vgc P@I t%?XW%H“RE&%BEP‘gs ﬁsE’&.h ugtiqns aclvigy, o Ay

ri gorously chlegsagiidacetic @ser Wt | subfsntHiPHhR deBydropamydicsie BROVRidalRbh €nzyme
“nutant shows.a high reduction activity ‘to 4-"¢hloroacetoacetic. ester but™ "~

subst ant i aPFEVIRh A, QPG Asemstsapk F-haloy3-hydraxybusyrcgeptsrontt can betsaid thay t o

. any opticaghd‘,ﬁlq)%rg,;bg afiaify ha 5 o C | d that
showi ng substanti al }ay n§' ﬂgﬁgﬁd@éﬁéﬂ{ég?gﬁ’mcﬁg@seﬁnﬁﬂ? (F%gt&?@g%hghzyne
mut ant,  wwhen jttcomesraio icomtactowitht drdnlovi-hyvdrdxyhbutyri6 ektgilaating -ab atspbiteate it er

cting as i e _presence of NAD es not show an
C;}u*bst antia cé}é{%%/}é‘{eg‘ggfg%gé dé% i (\g/{is ?/w\ﬂ%r?“{’%aenua% gg% c%?gegﬁgﬁ@ngey%%ﬁe tine

i n the absnmitdafivhengatpeddhit timeds denpsdtbade by3408mi ecsBp@edVy thélpreraase: of
NADH is 5 %or |e d preferably | _%.or |ess, -on the relative activity
base such‘(etcﬁ%"i'fe %ﬁ@?@sa%%lcfsoaﬁgﬁrﬁf%ﬁb&é&&?rcleﬁsf”éfh.e TRBHEAEVILY base above
CRD enzy mesuh tia 10039 8Szi vt to AU ddebliddstey. Show a reductase Activity upon
acetoacetic ester. As stated above, with regard to the index of the enzyne

activity, it dd¥ereaw. bepeevaliRiensymsimpnt deeryetsplssntiolly how extdudtase
acti vty vaeDif fifon dcBlofcdbl (SHANEE sthidd 3ROt 58 ard 0 theRbAA MR dnckmd® O

| ess, on the relative activi-ty base su
activity, it does not substantially show a dehydrogenase or reductase activity when the -

rate of change is 5%e or less, and preferably 1% or less, on the relative activity base such
that 100% is given to 4-chloroacetic ester.

In the present invention, the analyses of the enzyme activity and the coenzyme-
dependency of the CRD enzyme mutant can be carried out as follows, for example, using

a transformant containing a DNA encoding said enzyme. In case that, as an example, the

R
!

~ transformant is recombinant Escherichia coli HB101 (pNTS1M1), it can be cultured on a
medium with proper composition incleding 50ug/ml of ampicillin, preferably on an LB
medium and a 2xYT medium, and further preferably on a 2xYT medium. After
harvesting the microorganism by centrifugation or the like, the harvested microorganism
is suspended in a buffer with a proper pH, for example, 10 to 100mM phosphate buffer
(pH 6 to 8) or 10 to 100mM Tris buffer (pH 6 to 8), and preferably 100mM phosi)hatc
buffer (pH 6.5), and then disrupted by ultrasonication, whereby a cell-free extract can be

- prepared. The CMCRD enzyme activity in the cell-free extract is measured according to
the above assay method, and the activity' of Escherichia coli HB101 (pNTS1)
transforméd with a plasmid carrying a wild-type CMCRD enzyme gene prepared
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“to 8) or 16HY

phospate  che izl NaDPhs 2 206k bAE TRl EhednP nilld HASRMLT 36 QR oY

- of these activities. For exa

‘coenzynme. Fromthis t, it 1S con

that 100%is given to 4-chloroacetic ester. In the present invention, the
anal yses of the enzyme activity and the coenzynme- depend t D%RD
enzyme mnmutant can be carried out as follows, for exanpl e%ai Cﬁauberﬁo
transformant contai ning a DNA encodi ng said enzyne. In case that, as an
exanple, the transformant is reconbinant Escherichia coli HB101l (pNTSIM),
it can be cultured on a nediumwth proper conposition including 50gg/m
of anpi-ciklin, preferably on an LB nediumand a 2xYT nedium and further
preferably on a 2xYT medi um After harvesting the nicroorganismby .
centri fugafac@iﬂdlﬁg td e dahié&nethdﬂhshﬂéa‘é@z&ﬂeﬁhm i OIS McoparieaRENA&d in a
buffer with é)ro per for exanple, 10 to 100nmM phosphate buffer pH 6
efp Wﬁmﬁeﬁm rhave CMCBD: epzgme ravtentyedices dishlpropostonsetic

a cell-free extract” can prep enzynme act
cel | -free estivityothen shat¥ADRHaW vsedas maiommpyne. Frbm thhcfmﬂ ey fitmdddel thand t he

activity o erichia,.coli. 10I NT. t r ansf or dwth a plasmd
carrying aEW Etfp‘ioﬂS 51 Yf’%‘ﬂ'ﬁ g%‘ Eﬁ@?fgﬂﬂﬁﬂ”ﬁs 59 nber 2005
according to tHer sereuagidaoshdi e ﬁiﬁaﬁwﬁ%ﬂ of T4l Enzyinel RbthAKe Sblithed &1 arison.

4- chl or oac®ttEgtien nd P‘E@é‘i’owgﬁ‘?%%@ﬂwvaﬂa@e toe RQIWFESWﬁdl is thfhat eaxyne
h b
shows absobdlbelay G LA 148 cARIAE KRR Qs W LpSRlals: Bhe

arge 64

(i nversi onl)ﬂmbldd@ﬂzmstdmwmmy apyrepriate baffdednd Hen didreptek br diskéloed and.
ijhe purifi m t he ob ai,ned extraction .and

I
i i car | SRR B, BRENTEs B b St 91 RS s N ShoniBemny Ao ar

can - be usiidchehtidal eachiighes, sueh e tseCENérizlyindg]i 406 THef 's0Rd Matt6Rih Safdr QA
the mcrobial _cells are suspended in an appropriate buffer

cul ture nedi
and then d° Mﬂtaéf‘dma}ova ¥ Gritdfeation, MiergY pherade salutioncefthe grayme ean bes use
of glass hfadfed. UMMthe 2R CaldeOdhzyrt Golutih cdil BE rfﬁ’r@ﬁeﬁ; un*ﬁ@& IT{}JU ‘dﬂ&iq&é‘é(:h as

use of enzynes, etc. Then solid matters in sald cult tiron*are
renoved byordiaatly valahle o, a Wfr‘éhﬂ@balleé mrthe#eart,cfpmexmplg,f bI meing rmymenican be

obt ai ned. hgeahay, BHdcﬁ y f. urified b

t echni quess eﬁ:@ t y ava h%gﬂaaé%gé}ggﬁﬂgg IH %nl%{]}aﬁ ? o‘i%

exanpl e, @rq;mtcpgaﬁmmanm chromatography such as hydrophoblc chromatography (e.g.,
phenyl Sepharose), ion exchange chromatography (e.g., DEAE Sepharose), gel filtration,

etc. can be used singly or in combination, whereby a CRD enzyme mutant according to
the present invention can be obtained. -

In the present invention, optically active alcohols can be produced from their
corresponding ketone compounds by utilizing the aforementioned CRD enzyme mutant.
For example, the CRD enzyme mutant according to the present invention is advantageous
in industrial application because it can utilize NADH, which is cheaper and more stable
than NADPH, as a coenzyme. The target enzymatic reaction can be carried out by

- making the enzyme molecule, a treated matter thereof, a culture containing the enzyme
molecule or a transformant of a microorganism or the like producing the enzyme come
into contact with a reaction solution in a viable state. Incidentally, the form of the contact
between the enzyme and a reaction solution is in no way restricted to these examples.
The reaction solution is such that a substrate and NADH as a coenzyme necessary for

. enzymatic reaction are dissolved in an appropriate solvent necessary for providing

circumstances desirable for the expression of enzyme activity. As a treated matter of a
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sul fate precipitation, dialysis, or chromatography singly or in

conbi nation. In case of chromatography, various chronat as
hydr ophobi ¢ chromat ography (e.g., phenyl Sepharose), §8£%%ﬁ§ﬁ g&B5
chromat ography (e.g., DEAE Sepharose), gel filtration, etc. can be used
singly or in conbination, whereby a CRD enzynme nutant according to the
present invention can be obtained. In the present invention, optically
acti-ve-al-cohol s-can be-produced-fron1their~'corresponding-kebone conmpounds::
by utilizing the aforenmenti oned CRD enzyne nmutant. - For exanple, the CRD
enzyne nut midro@gaindicogaihingtthe QRIE2ANImd Rivemt hedordifig a6 IRNHRESO Wventith
|ndustr|al%mppllcat|on because it can utilize NADH, which is cheaper and

nor e st.abl @cludesd niprppiganism h&"’é‘&é’ﬁ’?ﬁ%‘n rape of avhich PERERbilitY 1 chamgedi bih can
be carri edtr@a%e:ﬁ“mtmﬁlf 'o%%ni’c*k%lv%ﬂ? e 40 | 64 Bint amg%ﬁ@b?%fﬁgé,gi ALt a

_culture containing t zyne rmecueor a transfornman

m cr oor gangxéracio pbtained | tiyk dispipbivig aniegotiidlebatiasy g giassebeada,t oltcwotieationwot h a

reaction solution in a.viable: state i dent a t he,form of _the contact

botween t raz st ey riRned poll Fih SRttt fé o FagbRaisaly ot hose

. exanpl es.  Theas eagion®fo OketvedBs b TawUstedidldh the pidosds' B ProdREinpARGLES 2

“Tcoenzyne” necessar¥ for “enzypati'c reaction aré di'ssol'ved inan appropriate
o

sol vent neeadmey ter dhe preseataimygntion, r pénbtensiene gudiz sbhadogcsioagatis esterr essi on
of enzyme felhwe! Yayi : gJaEérﬂa%R%oﬁ@t b s@fabfe I Al D?\ : ngs%engoc&ﬁthe 4-

.m croorgani smcohtain ehzynme nutant accor e present
i nvent i on halqac¢toatetic aster mummr@mmavhlngn@ ehd iorimh anenuaieratéd, imong

ernmeabi | it changed I L SabITeRL W|t rga h as a
@urfact ant l¥fh lﬁlgﬁrée gsr atrﬁéﬁl Pt cLl e 1 Y eséerfreasg SEtaLcﬁ dmﬁt}J'gmg

di srupti ngaldﬂlﬁlmhtaﬂhngx!di@s clbi;(n g;kaﬁhecbdaﬁmr dﬂd)ﬁlﬁt&ﬁ@ﬂkﬁtﬁﬁ{brg Budh as nidiEyMAL i C .
treat nent, ibYlal% ég{lfled cell-fre e>itract are included

speci fi caleFS?r 5T PER W’b@ogré‘P}&le‘?fte&?ﬁ" tYL RERechY |f'é1e - B estsE.Gbess for

produci ng aad GalRkratedC GRiodl NIhick thfl BES N lthd MGRT duitable 2for Sadaut aggdione and
" a 4-hal oacetoacetic ester derivative, having adjacent diketones, are

sui t abl e ﬂléba{a%@cetms agig| drgwpavess demeatives gkt 2enositioat havings epalkylegiovnt i ve,
brom ne, h?cfh & bt QN6 2bEnERTBLAL @ h 9 Gk OFJoRgnd S
particul ar S Sgﬁg for use. As esteras est ers o?ucgllryggﬂl |hi(;:ﬁ°.dlphg

al cohol cmdlm,nicmglyshereamgmatedhal n, br anched chain or aromati.c substitution,
such -as net hyl

An optically active 4-halo-3-hydroxybutyric ester as a kind of optically active
alcohol is obtained, for example, as follows. As a substrate, 4-haloacetoacetic ester '

represented by the following general formula:

(wherein R1 is a halogen, R2 is hydrogen, and R3 is a substifuted or unsubstituted
alkyl group or an aryl group) '

* can be used. In case that R3 is an alkyl group, the R3, for example, is a methyl group, an
ethyl group, a propyl group, a butyl group or an isopropyl group. In case that R3 is an
aryl group, it is, for example, a phenyl group or a tolyl .group. In case that the above R3
is a substituted aryl group, it is, for example, a fluorophenyl grdup, a chlorophenyl group

- or the like. | |
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3

ester, ethyl ester, propyl ester, -isopropyl ester, butyl ester, octyl
ester, benzyl ester, etc, are enunerated, anong which.eggméﬁgs%er .S the
nost suitable for -use. As 4- hal oacetoacetic acid derivati "‘8%?¢@5tives
at the 2-position having anal kyl group including a straight chain or a
branched chain, or hal ogens such as chlorine, bromne, iodine, etc may be
enunerated. An optically active 4-hal o-3-hydroxybutyric ester as a klnd of

~opti-calty active alcohol is obtained, for exanple; as follows. As a-

substrate, 4-hal oacetoacetic ester represented by the follow ng general
formul a: R2 (wHbniably, Rl is shivrinelwdeamine? and RByidrangalky! grodp Réwving & to 4

DSt VRISt S R B PP e L RS S I

et hyl gr olithyl @-dhlR@atbtoBkeitd) meihy2 YLBFbmBE G cOtite B e!th%ﬁﬁﬁéac%%ﬂ@ate I 1?1 Case
that R3 is an. aryl grou it i's, for exanple, enyl group or a tolyl
group. |n addiiens st thee ﬂ%ﬁ@ﬂ@tw |%“bétfétebs%qlﬂut‘bwda@q%%gﬁ@fap ethyl i4, . for

exanpl e, , ) ch1BrSH I 30
Docenber JBORILRRARME, AR PenifhosbRbRARARY el TR MG bl 00
havi ng .1 tdeazidoacavdvetas:.or Kierlékesun babied, t he aforerrentloned substrate is

et hyl 4-chl orqacetoacetate ;" éth chl oro ICE1 0§ cet , hyl =~

- bi Siroacet oac A BTBPRTHyTicy S0 ik b6y BEREEPECOTIRE, JIPHIBIG. s tehe

af or enent ingetiesh gedefibddineIP alabint Abpliestaic eXslagens! 61- 1&6@/1' A41(1986). For

hydr oxyacet oacet ate, ethyl 2-chtoro-3-oxobutyrate, ethyl
2° et hyl - 3xaRplE A-rlaacstoagatisyaster may beqwerastbiscandinsctos methed uring diketenbe used.

Thi s 4- hal I to th
ot hod decr s Reen a5 Ehp SRR BERRS e ¢ Mg CATHAMR Bl 5ot

For exanptigng ah ﬂm}médmmcgtme&h@stt@npm;g MIg)mep@t@detacmmsmgsthmng met hod

usi ng di ket n eni al. a etoto
prepare an}?? foaceufec%éﬁ%]o%?n%arfm%ctlf 8’“0 | ﬁaceg%acg{]%%sg fortthgﬁk a met hod
conpri sing usi ige maﬂmectanafee:tmﬁccbsﬁtdfy adding Stsaﬂish‘aregfi-hﬁmi@tdaaéu&éﬁﬂerdt rectly

hal ogeni z he 4- 05| ion_of t cetqacetic. ester, or the |ike.
g N}&%ﬁ COENzZY: a cultare oth salcile transformed microorganism or a treated matter

/"“\

thereof in water, in organic solvent having sparse solubility of water such as ethyl acetate,

butyl acetate, toluene, chloroform, n-hexane or the like, or in an appropriate solvent such
. as a two phase system with an aqueous medium, followed by stiring under adjustment of

pH. The reaction is carried out at a temperature of 10 to 70°C at a pHof4to 10. In

addition, the concentration of a substrate to be added is 0.1 % to 90 %(w/v), which,

however, can be added continuously. The reaction can be carried out by batch process or

continuous process. It is also possible to carry out the reaction according to the present
‘invention by utilizing an immobilized enzyme, a membrane reactor or the like.

Here, the treated matters of a microorganism means, for example, 5 crude extract,
cultured microbial bedies, Iyophilized microorganisms, acetone-dried microorganisms or
the disrupted matters of those microbial bodies. Furthermore, they can be used in a state
where an enzyme itself or a microorganism per se is immobilized according to a known
‘means. - Iinmobilization can be carried out according to methods known to a person
skilled in the art {e.g., crosslinking method, physical adsorption method, inclusion

fincthod or the like). _

The regeneration of NAD, which is formed from NADH accompanied by these

 reduction reactions, into NADH can be carried out using microorganisrﬁs having ability-
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The reaction can be carried out by adding a substrate 4-hal oacetoacetic
ester, a NADH coenzyne and a culture of said transforne L CI OOr |,Sm or
a treated matter thereof in water, in organic solvent hgi\?%%ce%%gggﬂé%s
~solubility of water such as ethyl acetate, butyl acetate, toluene,

chl oroform n-hexane or the like, or in an appropriate solvent such as a
two phase systemw th an aqueous nedium followed by stirring under
adj-ustnent of pH The reaction-is carried out at a tenperature-of 10 to
70C at a pHof 4 to 10. In addition, the concentration of a substrate to
be added it rédute XA (ghitobio/puthwaphCt bompheiderssimilatanphkwadsfanktbaotdphious| y.
The reaction calg‘ fe garr' ed out, . bat c pr_grges or ont | nuous§£r ocess. It
is al so po¥sihpiike) o Tog reduchon of eSHt P FPIBIOES AN gddiee eheossy eetbmol,

i nvention oo ddl A ROL; | RR 'n;ségt n 143 ; t he

i ke. Heref,aﬁ?%ébitdr%g?%é@r}gt t erswoqc - r%ﬁlé?ggrﬁ g]g%f}gh%gﬁ?sglﬁgﬁﬁgggﬁ Iae, a

" crude ext rmisroorganisht ategatedimattennfshidooitiaesganisym o ah exaytherhiaging an ghiinsios |

acetone-dry ' r | or. the di sruypted tters of thos 1 .G{,0bi al
Podi oo, P AR SRHPRAL S factrdy SR SR Bl el R MASICE) T o
~a_mi croor ganiterapid e usitg paitlally or fely peSRUIGDE, FDH, ddboldehydRadise,

| mobi i zati.on can be carried out ;according to nethods known to a person
skill ed i PERR2 3 ehydrogenasg, BNk pH d%&wp%y@%%ﬂe@e@gm? ghibget hod,

| ncl usi on REEbNACHEY, n{ié}@m]g ki Shs c&'fﬁﬁnfn?_ﬂ?é@@ ERLynRA afl DALY miirEiededs. f O MEd
from NADH acconpani ed by f'hese reduction reactions, into NADH can be
carried out usimgonei embodignent, sas havpmepntabivei NADH Bgemedtonbeyst@d0fort o

Gt yt ot r QRO SRR W eckey by AP O A BRI AR B Rl

- addi ng gl uosise, usbigh@Dd and flocoseccandiecennmetdtad. | The réaotidh eorditivnt,| houghy st em

In additi I{ 1s.also possible by adding a mcroorgani sm.a treated

mt ter of SRR BRITS VB THeGHEPHee L T IRP b RIFEcy 10 B° 3655 m NADH
-from NAD tsabstrlaR con@itrhtih sMShé&like, TaizeeX idi@te doRCenhaBeN6f AhptdrN0Qf% NDH  can
be carried out using partially or fully purified GDH, FDH, al cohol

dehydr oge 885 Wt%anTerstioicicmpera p%gémg%’p, 8 PHovighte & andc? waetisnytmoefhase

(el ate dehyshagenase or the like) or the |like, mcroorgani sms containing

t hese enzynes and treated matters thereof. In one enbodinent, as a
repr esent at i veWliaiHhe egperee regction isysirmerd obbrusing a culture of a transformed

microorganism obtained by introducing into a single host microorganism a CRD enzyme

mutant gene and a gene of an enzyme having an ability to regenerate a coenzyme upon - :
s whif:h this enzyme depends (e.g., GDH. and FDH) or the treated matter thereof, (S)-4—

halo-3-hydroxybutyric ester can be produced at a lower cost because there is no necessity

of separately preparing an enzyme source required for the regeneration of the coenzyme.
The 4-halo-3-hydroxybutyric ester formed by the reaction can be purified

according to an ordinary method. When, for example, using a microorganism, the 4-
halo-3-hydroxybu-tyric ester can be pun'ﬁed by removing suspensoids such as microbial
bodies or the like by carrying out a treatment such as centrifagation, filtration or the like
as the occasion demands, extracting the treated suspension with.an organic solvent such

- as ethyl acetate, toluene or the like, dehydrating the extract with a dehydrating agent such
as sodium sulfate or the like, removing the organic solvent under reduced pressure and

~ then subjecting to distillation under reduced pressure, chromatography (e.g., silica gel

* column chromatography) or the like.
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significantly.decreasing the necessary anount of an expensive coenzyne, for
exanple, a nethod using GDH and gl ucose can be enunerat %'D&Qﬁb’é?@ﬁé on
condi tions, though, differ dependi ng-upon the enzyme, mcroorgari sm-or
treated matter thereof to be used, substrate concentration and the |ike,
ranges a substrate concentration of approx. 0.1 %to 90 %w% a reaction
tenperature of 10 to 50C, a pHof 4 to 8 and a reaction tine of I to 60
- hours>Wen the sane reactionis carried out using a culture of a =
transformed m croorgani smobtained by introducing into a single host

ni cr oor gani sm aTERbheleByeiroxpbugmic egreneancredyuantijiéstebyofas ahroanzogiEphlyaFoag an
ability to_regenerate oenz pon. . which this enzyne depends (e, g.,
GDH. and PBRYTHS 10 aue s HEFREE e orashy oy buyraleens. b s RYbhY v i
ester can iE‘f(ﬁfrﬁﬁkJﬂﬂ&nﬁbg@pﬁ}DWSO@@Sﬁsiﬂ?E%}ﬁ@c&lﬂﬁﬁ?l 3 i D0 e With of

separately preparing an enzynme source requdired for the regenération of the
‘coenzyne. 6~£N1a¢h;0@0ﬁyblr WIMES c(10%, eBO/MGH neeshhymidudacheed thyorG.Lan be

- purified SR [ i.n hod. When, for exanple, using a
m croor gani sm ’P%Q&)ﬁngt@%}'o-e%eglﬁg?%tkﬁéltyri c ester can be purified by
_renovi ng susperFig diermitalionsf the@ptibil puritysrhiles ,(W-hﬁl@—ﬂ-l&}{??@@{}suﬁr?d@é&igfg out

such, as. cen

Se n;ﬁgs,”en's& caigd o by fighperfareance ligwd shrogrtegranhy AHPL Ly uringa EHIBARCE uCh  as
et hyl acet@Beptitkfanfion toluhf Jﬂakﬂactg{%ﬁ r]?zﬁééi‘@h&?}l%ﬂ.glﬁhﬁs@ﬁés ﬂd;?h a

dehydrating agent such as sodiumsulfatée or the renoving the organic
sol vent under raudpseibed abevs, the raass praduetivnsoflaj @ICRIYertzyme naitant isgpdssibleunder

‘educed pr , ( | li,ca gel . col yom chronmat ography)
o the 1 [ eER0len U BRREOIRI.  Puherdle W yiRbao B T e Bl tan bo
quant i f i ecrbyidgas etveBerrtoceap . plbducing wpiiqalle, actifie alcohta inchidigt (Hy-of

et hyl 4-%@ -hS- h%g{yg%bu% rate can be carried out by performng

chr ormat og Qﬁg’ §Qro- GiN \é a glass colum (ID3 mx 1 in) filled with
PEG 20M Chr onodntie eXWUPNE Szt (ditiPbel S0/ tAOPrebdhs RiveARINAE BSLHE&Cin BYrtifer Hetail S! ENCE,
Inc.) and_then detecting wth FID. The determ nation of the optical purity

of ethyl (Bpseeprmples arapayigsd frths Bpgoseef exemphifyingetie presensynvyention, and
per f or ManGg: preii Mvaltion IPGRI e ¥sthiblBd lerddsi N9 a CHI RALCEL

- Example 1 Modeling of the three dimensional structure of CRD Enzyme originating
from Candida magnoliae TFO 0705 : o

Based on the amino acid sequence (WO 98/35025) of a CRD enzyme derived
from Candida magnoliae IFO 0705 (CMCRD enzyme), multiple amino acid sequence
alignments with reduction enzymes registered in the Protein Data Bank (PDB) having
known three dimensional structures (PDB ID: 1AEl, 2AE2, 1EMC, 1CYD, 1HDC,

- 1YBV, 1BDB) were prepared utilizing a ClustalX program [Thompson, L D etal,
Nucleic Acid Res. 22, 4673-4680 (1994)]. Next, the three-dimensional alignment
(conformational a]ignmeﬁt) of these reduction enzymes having known three dimensional
structures was carried out using a MAPS program [G. Lu, J. Appl. Cryst. (2000), 33 :
176-183). This was followed by an examination of the correspondenée to amino acid
sequences of the parts having similar three dimensional structures. The above multiple
alignments obtained from the amino acid sequences alone were adjusted based on this

- three dimensional structural information, whereby the final multiple sequence alignment

to be used for modeling was obtained. The adjustment was carried out in such.a manner
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0705 (

oB optlcal separation colum (manufactured by Daicel Chem cal Industries,

Ltd.). As described above, the mass production of a CNCRI% t is
possible according to the present invention. Furthernoreoe[?%e e F?(?dz%gtlon

of this enzyne nutant provides an excellent process for producing
optically active alcohols including (S)-4- hal o-3-hydroxybutyric ester. In
the exanples set forth below, the present invention is described in further
detail: - These exanpl es are provided for the purpose of exenplifying the -
present invention, and the present inventionis in no way restricted
thereto. Exmpéitheiinbbrtianl hargletioh has eiterd ifl tHERBSINING! strbikCiudh @s @f -hERD
Enzyme originating from Candi da nagnoliae | FO 0705 Based on the amino acid
sequence (W0 $8¢@80289d wr tha coRDmetiopatsnfdenitiond Basedon Bantitaiedratignakitae | FO
gﬁ ﬁ%gl‘;ﬁ)l nmul.tiple am no acid seq‘agnce alignments with _
reduction ztE’ casipual spracfuses of e prymes ATYRY angdFM( weps selagtadg thanown
three di mepsiomade Gnbassdral @@uﬁr@aﬁ@&eﬁ@@;cﬂ%ﬁ?t | Gd6itutidn’ & ar;ng%c d 1YBV
1BDB) were prepared utilizing a Clustal X progra h[E honpson, J.
Nucl ei ¢ - Actegidmesson 2 Swisd BB Ymr (ﬂnQ@d;n]lensNeadtgra{Ihhepmhme[Sivmsahstlmtfabf

al i gnnment onf or. th red tion en S n
_ knl)\g/]m thre%l(o(f nr%’ﬁs oniﬁﬁ?’tr %&wl PBS o%t ’é"!eﬁg (géf\’/%g% ?’8%‘:' agﬂG

Lu, J. Appittp:/Brwstexpfs2@R0)., V\Hﬁl rcspe?b?ﬁ: irﬁé’tfhon hhd deletion Eitds| SeLrloRYsidllar

exam nation of the correspon et o acid. sequences of the parts
havi ng si rRAAL sirpcues e 936?#;&0@#’3%&%5&6 subsfifutagsiyas wafle iptaid parfislgnnent s

~obt ai ned fgu@iutd) ahétahy Corblinge it GRAGE &bmﬁreherﬂea&ibﬁi&t &Trﬁalﬁﬁ oppl ethis
| e

“hree di nensi onal structural informati on, whereby the f
equence AoPRAIRERIAD yvas constmgted by usingdhe atgnm@oexbnzme néHADIIhef hﬁBUssrrent

vas cart ! elaBimle! 1HlGanfARIGE] ffec®nfRGEIR Souctde Tpd iR w8 b Sz

i nsertion nor etion was entered secon ary structure %t
-hel i x ary qaBubhiesst oflsagrey nomintitrtion and owimetiaodpalaniics! dlemainifon, prBesiagson t he
obt ai ned %I iiﬁ?%' .structures of two enzynes | |YBV

i
and 1FMC “gog'é‘fq%fcl{'%%ﬁﬁ%wflﬁg gcﬁg 84 mensi onal structures and then
subj ect ed (1)0 Theensinbadid E&ﬁubﬁxfa: Afthalld 802 Bpositionsasti HIEY (SirapsiissStoithB Vi ever

t hr ee- di Si rogram [ Swi ss I nstitute of
o8> 3%1)931 n ofc e CMCRD [enzyme) was substituted for the sequence of the

CMCRD enzyme on the Swiss-PDB Viewer. ‘With respect to the three dimensional

structure of an amino acid side chain, those having no contact with peripheral residues
were selected on graphics from the Rotamer Library stored in the Swiss-PDB Viewer.
(2) Using the MAPS program, the three dimensional structure of 1FMC was superposed
upon that of 1YBV least square times.

S (3) The amino acid sequence at the 197 to 249positions of 1FMC (corresponding to the

' 228- to 279-positions of the CMCRD enzyme) was substituted for the sequence of the

CMCRD enzyme using the Swiss- PDB Viewer. In the amino acid substitution, the side
chain three dimensional structure having the least contact energy was selected from the
three dimensional structure data base of amino acid side chains (Rotamer Library) stored
in the Swiss-PDB Viewer in consideration of steric hindrance with neighboring residues.
(4). The C-terminal region (the 280 to 283positions) of the CMCRD enzyme was
subjected to amino acid substitution on the Swiss-PDB Viewer utilizing the main chain
structure of the C-terminal region (the 242to 245positions) of 1HDC.
(5) Next, the modeling of insertion and deletion sites at the following sites was carried

“out. The insertion and the deletion were carried out by screening PDB for the most
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Bi oinformatics -.(SIB), ExPASy Ml ecular Biology Server (available -from -
http://ww. gxpasy.ch/)J. Wth respect to insertion and deletion,si , the
nost simlar partial structures were screened from PDB, %gﬁ%ecpﬁlgerﬁo%%
substitution was made in said partial structure, thereby constructing an
atom c coordinate. The atonic coordinate of the coenzyme NADP was
constructed by using the atom c coordi nate of NADP of |YBV as a substitute.
~The finally constructed three di nensional structure nodels were optin zed: -
by cal cul ati ons of energy mnimzation and nol ecul ar dynam cs. Hereinafter,
pr ocedur essuithble similarcparal stmd@tds raydvéubbtiteing] elsec sinke dori the Griktail | strubthles The
am no aci dhseE‘l’Jence cg.t he 14, to 215 os'&li ons qQf .1 YBV (corresponding to the
18- to 227 F8E FIEHvdpe thiatemissere hEhthgael ituted for the sequence
cof the CMIRRERA i ' %ﬁg ct to the three-

di mensi onal st rﬁg?ﬁ?sgdhgkhglﬁ%\grﬁﬁs oggilo égfll\%écé\ﬁgff%,e t o‘ge havi ng no cont act
Wi th peri pHlaioniofS irébites avthe €150/ 198pc B oﬂﬂﬂﬂi’M@RDféfn%ghé he Rot amer

Li brary stored in the Swiss-PDB Viewer. (2) Using the PS program the

t hree di nedsdedivalof Jresidites atthe 154 t6MZ1 pesiticu pé thed MM IR Dugayme hat  of 1 YBV | east
square tines. (3) The_am ng acid sequence at the 197 to 249positions of

I'FNC ( cor r &a58ieaioh d residuerspthe 3Bbto 199pongonsneithe GMERIY enayeeCVORD “enzyie) vias ™

- bstitut t CMCRD - i t he Swi ss- PDB
 Vever. 1 nietdon b RS EREEOGE 28! Al perot e BRI ey e df mens onal
struct ure iRydigfof Nfesldfasd i 993 BOBERGEAN YRR GHILRTI G fpom Lhe three

di mensi onal structure data base o m no acl ns (Rotamer Library)
stored i 16} h&hSwosserPRBicY afethe | OMORTS | dleyat i nodedd Foad | 1V HW Ngfeange Wi th

nei ghbori ng resi dues. 4) The C-termpal region_ (the 280 to 283positions)
of the clvﬁgiﬂplgﬁ% ”Wﬁ’é“("nszﬁlgj ‘@&"@& ths QH?*‘nB‘O&H af g‘?ﬁo@MQ@if‘@ﬁYl@ﬁ frome
Swi ss- PDB1VMEVGd Mk iatdngit REordfiRate o the CRtMinabicbiba i 18D %fe.%xeg% igal

regi on (the 242to 245positions) of 1HDC. (5) Next, the nodeling~o
i nsert i onCeRsiEiaparitighihuee dimaengional seugtsre Moflelg sites was carried out. The

i nserti oneandriihespdgls ti o1 ' i PDB, f.or .t he nost
24 30 Dec<(372berl 2005 . sui ta (%Ngg’g}e%ﬁllr %rdﬁg?iﬂrgﬁna S\&sutéfraﬁegﬁjgﬁégmanl $AGHRY | t uti ng
t he sane thsreof wereshecked rgain tardiminas steric himdelnge meithe liket i ng t he atomic

coor di nat g Oihfif5, Wk &AMBER 4.1 program (D. A. Pearlman et al, AMBER 4.1,

University of California, San Francisco, 1995), the modeled three dimensional Structurcv
was optimized by calculating the energy minimization and molecular dynamics of the
complex of the CMCRD enzyme (the 14- to 283-positions) and NADPH in water, which
was then subjected to molecular designing. In Fig. 1, the three dimensional structure of

the CMCRD enzyme-NADP complex is shown schematically.

Example 2 Designing of CRD Enzyme Variant
From the threc dimensional structure models of a wild-type CMCRD enzyme
(depending upon NADPH) obtained in Example 1 and those of analogous enzymes, a
NAD (NADP) binding motif (Gly-(X)s-Gly-(Lle/Len)-Gly-(X)10-Gly) was identified in
the coenzyme binding region. Furthermore, from the amino acid residues existing on this
bind loop, amino acid residues greatly contributing to the NADP binding were identified
by electrostatic potential calculation according to the following procedures. First, in the
~ three dimensional structure of the CMCRD enzyme-NADP complex, a negative charge of

-1 alone (where the point charge of all the other atoms is zero) was placed on the
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. Deletion of 1 residue at the 64 to 65positions of the CMCRD enzyne
deletion of 2 residues at the 119 to |38positions of thehsg\@gﬁ%nz% _
i nsertion of 7 residues at the 154 to 171 positions of t °t é%ns
insertion of | residue at the 181 to 190positions of the-CM C RD enzyne

Deletion of 1 residue at the 207 to 215positions of the CMCRD enzyne
Del etion of 1 residue at the 233 to 234positions of the CMCRD enzyne (6)

- "“The fornmer noiety of the CMCRD enzynme nodel ed fromYBV after the-

conpletion of insertion and deletion, the latter noiety of the CMCRD enzyrfe
from 1FMplaxphdniseatamopusition G r2d-iph¢wpﬁo@cf aditl @edidiccs INABIP, fellpwed byr fididd1DC
were nmerged to.  construct thr nsional sfructure Mdel. (7)
Wth respe elgcrosiptic P%@P%é’@' “S‘S‘?pgnge Xnike POt Ghargs was givemia no

aci d si de APk Bmidd REEREINE ESm %ﬂ&ﬁ&h N%gemeumgeé;eamaa?e oSEbicfon e A ance

andthe like. (8) Finally, using a rogram man et
al ., AVBERound electrgstatie pgﬁem;al@qs ﬂ@aﬂhmfggmﬁrhplmompmh@mcxcumms dffall
model ed t n S I p ed by cal.cul |ng t he
energy i %gner%%ﬁ%n&g%gm%l% lh%g ii §n%xﬁ1c§c°§ f\l § ‘fqﬁewe‘WCRD
_enzyme (t hearﬂaﬁgedmt%&-dpﬂﬁ ihdroaing n%gﬁhvfﬂo‘klaﬁhhljuﬁoﬂﬂt}ﬁri toWi‘drﬁk@d redRges HaN
“'subjected to0 m)l ecul ar designi n géln Fig. 1, the three dinensional
struct ur e oPWRREedEREdSS eéonpl ex i s shown schematically. Exanple

2 Designing of s@RDzEl%ﬁaEAM%s aﬁﬁs&rml’hbétﬂeg}fg%éﬂ m'&&akc ﬁé.ﬁ‘é&g“re

nodels of a wild-ty CMCRD enzyne dependi hg upo obt al ne
Exanpl e 1 p&nwhpmgeld@rf NéWaP.ome msesm tmsontabumﬂ(crmzabom df hipdimgtto f

€] 3 | th
S g+ age i Sakd sl koMbt WU ol FofReBE ) T <
bi nd | oop comvexsion axi doaneyahdumpergiea@t lof thenCOMORDI Bgzyne: thheomddDRbdeibdi Ng

wer e ident el ect [ 0% otenti al ul ati on according to the
fol | ow ngdﬁ ggtﬁﬁ%rs Ao, §°[1 aﬁs D Vhieetel B‘i‘%eﬁglcé’ﬁﬁ’l"t%tsﬁfﬁ‘ilﬁg dhet he
CMCRD enzOmecRBRRzpas ADP c@nﬂeﬂaﬁee/&nfehamﬂ seicturelmebd RAMH MGREEot e poi nt
charge of all the other atons is zero) was placed on the 25 30 Decenbe

2005 phos BROEFECSHHE 6§¥"t1¥f‘d'f°$1am20? B%@WIP@%K@@&IP&@I&MW}

fol l oved Iy itel Afulive mutation experiment, candidates for the amino acid substitution were
calculated taking into account the difference in binding energy between NADP and NAD
‘and free energy as an indication of (thermo)stability of an enzyme accompanied by the
amino acid substitution. In addition, multiple amino acid sequence .alignments at
coenzyme-binding sites of carbonyl reductase having known three dimensional structures
given in Table 2 were also utilized as a reference for amino acid substitution.

According to the present method, among the designed amino acid residue
candidates fro substitution, those of high rank presumed that the binding to NAD was
strengthened were S41A, 542A or S42R, 843Q, S43G or S43R, W63I, W63L, W63V,
‘W63F or W63M, Yé4D, N65I or N65V, S66N or S66L, Y47R, AGIE and the like. The
C; carbon atom positions of these amino acid residue candidates fro subsﬁtutioﬁ are at a
distance of 6.94 in the case of S41, 5.1A in the case of §42, 6.14 in the case of 543,
9.2A in the case of Y47, 8.3A in the case of W63, 5.1A in the case of Y64, 4.5 in the
case of N65, 4.3A in the case of S66, and 8.0A in the case of A69 from the phosphorus

~atom of 2’phosphoric acid residue of the coenzyme molecule NADP in the three
dimensional structure of the CMCRD enzyme-NADP complex, all of which were amino
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E

an electrostatic potential which this charge yiel ded. Next t he poi nt
charge was given to all the am no acid residue atons, I:gwed ngOOS
calculating electrostatic contribution of the found el e

potential to the charge of -1 placed on phosphoric acid residues of all the
resi dues other than 2'-phosphoric acid of NADP. Amino acid residues wer e
rearranged in the order of increasing negatl ve contribution. The 5

t-op-r-anked-resi dues—and 5 I-owranked-resi-dues -are- gi-ven-i-n-Tabl e 1.~Ser 42, -

Tyr 64, Asn 65 and Ser si nce t?ﬁ% give a positive electric field to 2'-
phosphor i cacd iresidfes Nﬁfhﬁn aahﬂa:meaa‘u froon ¢l todobyhe ridedue Fimdly| iead | on of

binding to ifable for NAD-bi nding are substituted
for these ngﬁﬂﬁe‘gemfﬂ@ ’“8%% ?h?% OWHETIYAUS - dependency of the CMCRD

- enzyne beconessPRssiPAR43Q mmlﬁﬁsﬁpsémmnﬁ(@nmhbst' tution were

sel ected by -conputer screenl n f the CMCRD enzyne-
di mensi onal . APENHEYAS 66 mutant (ﬁl@é’@e sites using the

st$
Shri ke progranleAl? EM%G%WHHQQSMQQQ ﬂ]ﬁg 1-184381 A). In the

cal cul ative at1on experinent, can m no acid substitution
wer e cal cul at $4 A/84d AY§43RIWG3HTEADNT6 S BE 6N 1ﬁ1ﬁt@t€(ﬂb1ﬂ4) n bi ndi ng ener gy '

g?t \gﬁegn'z\lﬁi 3@@6\%@4}/3%&4%@&3@%@@@?@3 Lpfap ) I'n addition,

nul-tiple am nosawshmsmm@w&mmawsmmmsbml ng sites of
car.bonyl reductase havi ng known t hree di nensional structures given in

Table 2 were a¥dé/%t HYEED/ANOS 66N mauwsant 65 1MPL no aci d substituti on.

DP cohpl ex three

According to th[ ApEAKERLTRINADY 64BIR @ﬁ%ﬁr&ﬁ%%ﬁq mgo acid residue

candi dates fro substitution, those pres rred that the binding

t o NAD was stS@A@S%&@QM@W&MN&IBASNtA&B&R;WSIM9MSG or S43R, W31,
We3L, W3V, WE3F or W63M Y64D, N651 or N65V, S66N or S66L, Y47R, A69E and
the like. The C. carbon atom positions of these am no acid residue
candidates fro substitution are at a distance of 6.9A in the case of $41,
5.1A in the case of S42, 6. 1A in the case of S43, 9.2A in the case of Y47,
83A in the case of W3, 5.1A in the case of Y64, 4.5A in the case of NG5,
4.3A in the case of S66, and 8. QA in the case of A69 fromthe phosphorus
atom of 2' phosphoric acid residue of the coenzyne nol ecule NADP. in the
three dinensional structure of the CMCRD enzynme- NAM conpl.ex, all of which

were am no 26
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30 Decenber 2005 acid residues within a distance of 12A fromthe coenzyne
nol ecule. Finally, these nutations were conbined to deS|3Q]rbetcré(ranb1;obéd%w ng
mut ants: S41 A/ S42A/ S43Q W31/ Y64D/ N651/ S66N nmut ant  ( SIML)Y

S41A S42A SA3Q W63I1/ Y64D/ N65V/ S66L nut ant  ( S1M2),

S41A S42A1S43A W63J/ Y64D/ N651/ S66L mutant (S |1 MB),

S41A S42A SA3R/ W631/ Y64D/ N651 / S66N nut ant  ( Si M4) ,

- SATAN SA2A SA3Q-YATRIWG3I /- Y64D/ N65L/-S66N-mut ant  ( Si Mb),

S41A S42A SA3R/ YATR/ W31/ Y64D/ N651/ S66N nmut'ant ( S1Mb),

S41A S42R/ W63UYBHIBAINGS51/ S66N nmut ant ( S1M7) ,

S4l1 A S42R/ YATRI W311Y64D/ N651 / S66N nmut ant (SI MB), and

SA1AJ SA2AI BABEY b/ A4 RENGRS \(RakiYubfg R AT BRdidgS1M) . 27 30 Decenber 2005
Table 1 List of Am no Aci d ReS| dues Contributi ng NADP Bi ndi ng

EESI dues Sifes” g Uiy ii? s 0. 0615
oSiti on cChai n | de KCa er
...... oPSHAC. G 5l 552 E 7696 "Eonribiutidh
89Al a7 0. 58170. 0284- 0. 5533 63Tr p- O - 392 68Asp; 0 ]p %3
- 0.4623- 04721 _ o) (kealmo -
143 Asp -0.0496 07200 -0. 7696 |
89 Ala -0.5817 . 0.0284 -0.5533
63 Trp -0:3800 -0.0944 -0.4745
68 Asp , -0.0098 04623 04721
( S . -Omitted- '
- 88 _ Lys 0.3182 0.5019 0.8201
64 Tyr 23616 00324 2.3292
66 Ser 1.5216 1.2305 2.7521
65 Asn 3.2160 1.0456 42616
42 Ser 1.4472 34716 49187
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-Omntted- 88Lys031820.50190. 8201 64Tyr2. 3616 .-0.03242. 3292

66Ser 1. 52161. 23052. 7521 65Asn3. 21601. 04564. 2616 42Serl.4 . 4 7 28
30 Decenber 2005 Table 2 Conpari son of Am no Acid Sequené@%é@??ze@jss
Presumed to Participate in Coenzyne Binding ID Site 1 Site 2 Site 3 Site 4
Site 5 Site 6 Site 7 | FMC Alal9 Gly20 Ala2l Lys25 Asp42 |1e43 Asnd44 1-HDC
" Glyl4 Alal5 Argl6 Ala20 Asp37 Val38 L-eu39 1BDB Glyl3 Alal4 Seri15 Argl9

-~ ~Asp36-Lys37 Ser38 | DHR GLyl7 ‘Argl8 Gly19 Ser23 Asp40 Val4l Vald2 1-YBV -
Ala37 Gly38 Arg39 Arg43 Tyr60 Asn62 Ser63 1CYD Alalb5 Glyl6-Lysl7 Arg2l

Thr 38 Arg39 Thr 412ble2AESniphytdoh diAmihoAdid Seqigheds of BitkO Arg41 Asn42 . 1AE1
dy29 Ser 3(Pieyifiviel td Pardieipat ik Tob Bisgmg CMCRD Ser4l Ser42 Ser43 Tyr47

Tyr64 Asn65 Ser66 In Table 2, "I D' nmeans the Protein Data Bank (PDB)
regi stration nunmber, and the 4 Rkinds of carbonyt—Teductase-given—in the
. upper col ugn gFeel Igﬁg)zd%pe B eAZYNEBS ¢ cihereas 5 kinds of carbonyl
reductase, 1 ncluding the enzyne, given in the |ower columms are

NADP- dependi ng enzymes. Exanple 3 Making of CRD Enzyme Variant A DNA having

a nucl eot i fRMEequaI9Cc G19f0 SHe21 DLNGs 1 Avpe Jwashasheed, fol | owed by
transformng E. coli JMLO9 (nmanufactured by Takara Shuzo Co., Ltd.) with
T0.27ig of PRI Swidd AdelcsvNede (lreRurarilur¥ad3bylerdRar a- Shuzo Co.Ltdi)
prepared bygpgulfi8nixigist Re:BY K Des1 Z6k6 4Nt 4de Pstl site of pUCLS.
The plasm d vvas@?}lecover ed %ro%r?he o%?ai néd tr.aﬁsfor mant using Fl exi Prep
( manuf act uldR bElARarrats aGlylHhcSer23ndsp40 Valdl Val42 '

(/ ‘. ‘ 1YBV Ala37 Giy38 Arg39 Arg43 Tyr60 Asn62 Ser63

' -' 1ICYD Alal5 Glyl6 Lys17 Arg2l Thr38 Arg39 Thrd0
2AE2 Glyl7 Serl8 Argl9 Tyr23 Thrd0 Argdl Asnd2
1AEl1 Giy29 Ser30 Lys31 Tyr35 Ser52 Arg53 Asn54
CMCRD Ser4l Serd2 Serd3 Tyrd7 Tyr64 Asn65 Ser66

In Table 2, “ID” means the Protein Data Bank (PDB) registration number, and the
4 kinds of carbonyl reductase given in the upper column are NAD-depending enzymes,
whereas 5 kinds of carbonyl reductase, including the CMCRD enzyme, given in the

lower columns are NADP-depending enzymes.

() ~ Example 3 Making of CRD Enzyme Variant
“ 7 A DNA baving a nucleotide scquencé of SEQ ID NO:1 was synthesized, followed
by transforming E. coli IM109 (manufactured by Takara Shuzo Co., Ltd.) W1th 0.2 pg of
a plasmid pUCSYN18! (manufactured by Takara Shuzo Co., Ltd.) prepared by
' subcloning the synthesized DNA into the Pstl site of pUCI8. The plasmid was recovered
from the obtained transformant using FlexiPrep (manufactured by Phar:haciﬁ, Inc) and
| digested with Eco0109], followed by subjectin_g' the . resultant to preparative
. polyacrylamide gél electrophoresis to i_éolate a 167-bp DNA ﬁ*agment. On the 6ther'hand,
~aplasmid pNTS1 (WO098/35025) was digested with EcoO1091, subjected to preparative
agarose gel electrophoresis to recover an approx. 3.2-kb DNA fra'gment, and thén_ the

DNA fragments were treated with BAP. Both DNA fragments were ligated using Takara -
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di gested with EcoO109I, followed by subjecting the. resultant to :
preparative polyacrylam de gel electrophoresis to isolat 167-b
fragnent. On the other hand, a plasmd pNTSI (W0098/ 350%8%%?%3[8%@&
wi th EcoO1091, subjected to preparative agarose gel electrophoresis to
recover an approx. 3.2-kb DNA fragnent, and then the DNA fragnents were
treated with BAP. Both DNA fragnents were |igated using Takara 29 30

Decenber:- 2005 Ligation Kit Ver. 2 (manufactured by Takara Shuzo Co., Ltd.)5-=

t hereby obtaining a reconbinant plasnm d pNTS1IML in which a nutant gene
was i nsert édigation &Kit Mer.E2 d@b6factureliclyOTaRdra Shiveo ot bidl.)p MiESbY. obidaining 4 hi s

plasm d, E._ coli 101 ctured b Takara Shuzo Co., Ltd.) was
t r ansf or me&-COPRURRIRIasEHE gﬁﬂ%%ﬁﬁ‘ W(I}E)‘i?‘i a ’ﬁ%ﬂ'ﬂffﬁﬁ?\ﬁ"ﬁﬂf?ﬁe‘i 1a{othg %?‘1(%»‘,09&3 i ng
synt het | ¢ BNOLGBI it g (RIGNASII UBsing A ARl £SE) HBIVD BrahfadhuredPbpsm ds

i n which nutant genes were inserted into the EcoOl09l -EcoOl091 site of the
. pNTS] wer e Takap Shwe, Cq-oladovisss trpsiopned, thesehyrahtainioe dareli EIB 106 (pNTSI MO0 1

B TooNT Sl oG T PN aCE e bRMERAR Mlencloc o (IR ) | s

i o s g, o StRil ool G
Hososi { oo PR were aepaed Rollarel by SPpiolne erorbbinme i sy TREM! GRARIMAL T { ut o

of AdvanceHBlI0f sNTS BVI3SHBIGE ( 1@9@my@m&1mplﬂimﬂ%§m@@h1 2001

H gashi 1-chone, Tsukuba-shi, Ibaraki Prefecture, Japan

with the aHBdAkiENTREY?), FERIM P (NESES)-zmll BB105dpNTSEMEEfVnP-regeeive out of
whi ch FERV)P: 18385 - . i th
N L T T

t he -accession No. FERM BP-8059 on _
101( pNTS | (phTSAME) Bl HB10D KPISTSNE3) were ecspedtivelyaippesiteddn ImerhidonhhPemat i onal

Pat ent O gqnj.sm oslt any. .. Nat I titu f anced dystri al

Soi ence. arPbat R DEBRl . Neigf 1t of Apkarchd fndtrirENRSS Sud Bfnoloey

- Tsukuba- shil;bahktd Chkb tHereSt Higashicl-chodmpEsukubansielanRePreftctudd) Odban)bd funk:he

- accession ERM P- 18647 and E - 648, out  of which FERM P-18647
s convertedoth siidhe e Nt SRR E-LRIRL M T 180,00 §ERA P218390002.

with the af€esshoh BERMAERMIBRyANGRAverkdo il AGQHSE A BUARpAE Tebalfiyith | ONS

were confirnmed by, pr Ie\{aarl nIgMDNA ‘

the -accession No. FE BP-8059 on May 27, 2002. In addition, E. coli .

HB101(pNTS1M4) and HB101(pNTS1M6) were both deposited in the International
Patent Organism Depositary, National Institute of Advanced Industrial Science and
Technology (1-banchi Chuo the 6, Higashi 1-chome, Tsukuba-shi, Ibaraki Prefecture,
Japan) on December 4, 2001, with the accession Nos. FERM P-18647 and FERM P-
18648, out of which FERM P-18647 was converted to the deposit under the Budapest
Treaty on May 27, 2002, with the accession No. FERM BP-8060.

The introduced amino acid mutations were confirmed by preparing DNA
fragments containing mutation sites by PCR using a primer carrying a base sequence
upstream of the Ndel site of the recombinant plasmid and comparing them with the

- recombinant plasmid in base sequence using an ABI373A DNA Sequencer |

(manufactured by Applied Biosystems).

Example 4 Expréssion of CMCRD Enzyme Variant in
- Recombinant Escherichia coli

_ Recombinant E. coli HB101 (pNTSIM1), HB101 (pNTS1M2), HB101
(pNTS1M3), HB101 (pNTS1M4), HB101 (pNTS1MS5), HB101 (pNTSIM6), HR101
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fragments containing nutation sites by PCR using a prinmer carrying a base
sequence upstream of the Ndel site of the reconbinant pl aid ang
conparing themw th the reconbinant plasm d in base seq@ﬁ@%"eﬂﬁeﬁ Ooa?n
AB1373A DNA Sequencer (manufactured by Applied Biosystens). Exanple 4
Expression of CMCRD Enzyme Variant in Reconbi nant Escherichia coli

Reconbi nant E. colt HB101l (pNTSIM), HB101 (pNTS1M2), HB101 (pNTS IM3), HB

101-(pNTS 1 M4), HB-101 (pNTS I M), HB 101 (pNTS 1MB), HB 101 30 30 v wno

Decenber 2005 (pNTSIM7), HBI O (pNTS1IMB) and HB1OL ( pNTS1MB) obtained in
Exanpl e 3 (MIS1MI)CHBL (PINRSAMSE) aBd VB 108 dipNTEAMS) ob@inad i B3 ampl weas

icilli ' t.ed ded i.n 0.1M.ph h ffer (pH 6.5 d
Thon ul ¢ r Koshr iR BT 2T Birdia, cosit sphiritE SORPEL a Amain: e coleRD
. enzyne actgu¥pdndesinod. |MRSspheR! Butfer G 65h Eﬁ&glﬁn‘{‘_!ﬁfa@org@%lﬁrr t{ﬂrgﬁtgd% ob@ld Ovs-
y -

. The enzyne activities were determ ned by adding 1nMe
- chl or oacet@Hdecaewrasts. FheuEMGRR enzpme cAtivitiaDH teseNoeiPfeasexiracsenzseme and

ocr eace | B BRARP AR Sphld Rl Phec NGB BRI

oxi di zi ng chloveicewhcdidbmRHa sEiNARI) 01167MINDRATIIADNADEH ad aldoepifnd BaE et hese

reaction condit oGS Vg defined a1 unit " The ‘this deterined CMRD
enzyne acte’f‘%W?{q ﬂ?%oﬁafe_qﬁgé@p#ﬁhmgd Q%Qﬁ?%‘%’é‘& thes decrease én thec
activity (abSsbAReWIB40Gk Y 80°CPEr THY an:r : i el tract),

and the activity of E. soli HB 101 (Sﬂs 1?6@@#?%1%3 &F?Eog%gﬁf%@n d -

carryi ng ARHIONARP ONZHD) dorzd minuge nedep thesaredidnrohtitionniwas deffwedras was

al so conpar |y I he.r s thereof.are given.in Table 3. The
‘obt ai ned él\fﬁb Zi;lﬂzgyhrrlglg d%rute{ a;l;nlg% @ﬁ#@a&“ Zé'ﬂ%eha%mﬁgrﬂ G H#“\?i ERrAsh S as
reduced ethylksséd ahhapedficciaivitg ¢hateizynile adtivity et S@NTrotinNAIIhiAG @ Geenzyne.
When NADPH served, as a.coe e, erm ned under the above
det er mi naf¥'GHVe a7k SRR E ot }@Hﬁiﬁl’%ﬁgg trgsigened, withy 2 plasgid carryipgm t hi s
fact, 1t aanildbepsQMORDRGudyia! echb prepRurhsiliuaple AO5RFWE dSpenfisney of the
CMCRD enzynme was attained according.to the present enzynme nodification :
met hod.  Similarly. The results thereof are given in Table 3. The obtained CMCRD enzyme
~ mutants all had such an enzyme activity such as reduced ethyl 4-chloroaceto-acetate in
the presence of NADH as a coenzyme. When NADPH served as a coenzyme, those
determined under the above determination conditions did not show reducing activity at ail.

From this fact, it can be confirmed that the conversion of coenzyme dependency of the

CMCRD enzyme was attained according to the present enzyme modification method.

31



31 30 Decenber 2005 Table 3 Relative Activities of CMCRD Enzyme Vari ants

Specific Activity relative to Activity relati ve EnzyneA~ til %0
to NADPH (U ng) (% 1)(%2) HB 101(pN ‘S 1)6.40100 HB101 (%’i\ﬁ%ﬁeﬁﬂ%’)e
HBI O (pNTS1MR)O0:3.30. .. 0... HB 101 (pNTSI M)O0. 2190 HB 101

(ANTS 1 M4) 3. 02700 HB 101(pNTS 1 M) O0.4.33N.D. H)3101 (pNTS 1Ms) 1. 21050

HB101 (pNTSI M7) 0. 546N. D. HB101( pNTS1MB) 0. 17N.D. 1113101 (pNTS1MP) 0. 330N. D.
~1) ~ket--HB101 (pNTS1IML) -be 100. - 2) -Let HB 101 ( ANTS 1) be 100. Exanpl e 5w
Purifi-cation.of CRD Enzyne Variant SIM O the Escherichia coli obtained in
Exanpl e 4, Tabled| Relai3e0ctivighis S{ OMCRIA Enzyiod Varigds i n 2L of 2xYT medium . (16 g
‘of bacto tryptone, 10 g of bacto yeast extract, 5 g¢g/L of salt) containing

50 ggf m_ of anpi CEhdyiie, T Ol I Ofvedshegifen rlA&%ny@&tﬁeto‘) epf%t sty Feahivy] @l
celI's. Thel obtained wet m cropi ajcigly! s|were s ded | n } my assj um
phosphat e puffer (pH 6.5) con ai nw b‘O)p M F (%m (FO} manu %i ured| by
“Ono__ Phar 0; | -t |g b h\/ wH asapicht.i-on £ . : _
centri fuge Fg ]r@ﬁ%\spv resi dyal ni croq;‘f’ Al - bod| es, ther% y obt ai ni ni0
cel | -free \pBIACENTSINT) amoni UM SUNTATE 100 0
HB101 (pNTS1M3) 02} 19| 0
, HB101 (pNTS1M4) 3.0 270} 0
( HB10t (pNTSIMS) 04 ' 33| N.D..
B HB101 (pNTSIM6) 12 105 0
HB101 (pNTS1M7) 0.5 46 N.D.-
HB1061 (pNTS1MS) 0.1 7 ND.
HB101 (pNTS1M9) : 03 30 N.D.

1) Let HB101 (pNTS1M1) be 100.
2) Let HB101 (pNTS1) be 100.

‘Example 5 Purification of CRD Enzyme Variant SIM1
Of the Escherichia coli obtained in Example 4, E coli HB101 (pNTS1IMI) was
cultured in 2L of 2x¥T medium (16 g of bacto txyptone 10 g of bacto yeast extract, 5
__g/I., of sal) containing 50 pg/ml of ampicillin, followed by centrifugation to prepare

——
—

_ microbial cells. The obtained wet microbial cells were suspended in 10mM potassivm
- phosphate. buffer (pH 6.5) containing 100pM FOIPAN (FOI, manufactured by Cno
Pharmaceutical Co., Ltd.), disrupted by ultrasonication and centrifuged to remove
residuai microbial bodies, thereby obtaining a cell-free extract. Then, ammonium sulfate

- was added to this supernatant to bring it to 40% saturation and dissolved, and the formed
| precipitate was. removed by centnfugatlon Further ammonium sulfate was added to this
supernatant to bring it to 70% saturatlon and dissolved, and the formed prec1p1tate was
collected by centrifugation. This precipitate was dissolved in 45 ml of 10mM tris-HC1
buffer (pH 7.5), followed by dialyzing this against 10mM tris-HCI buffer (pH 7.5)

32



was added to this supernatant to bring it to 40% saturation and di ssol ved,
and-the forned precipitate was renoved by centri fugatior;mlgurther n| um
sul fate was added to this supernatant to bring it to 709 F@FT%

~ dissolved, and the fornmed precipitate was collected by centri fugatlon.

This precipitate was dissolved in 45 m of 10mMtris-HCI buffer (pH 7.5),

- followed by dialyzing this against 10mMtris-HO buffer (pH 7.5) 32 30
‘Decenber-2005 contai'ning 100M FO . The di alysate was subjected to a
DEAE- Sepharose (manufactured by Pharmacia, Inc.) colum (3.2x22 cm 175

m) previ ogshtyinidguilDOiviatRed. wWike dlhﬁsaamabuiﬁbﬁcteﬂo toa ki € DBARRZhaRysgUt ant

dsor b, the col 600 f th buf f
et (R R R g g b AR L A G W AR k) AR
o salt (0t owgm2 sambalfer @5;931{@% effynbd Akt A6t £xﬁ=ﬁhb SOBmARLR washld G ed,

~and ammoni um sul fate was .added théreto to bring it 70% saturation an d
di ssol ved, appiek-t6Q8 mldlfrfb‘tlsqsmfebﬂf&rt Alszigihs saoe lbaffcledctiw: foations Wergﬁuteth Thi's

Bomtarni no DR, fadeRh el ol gl SRRCASRLAL B e dEd Lt o

; Phar maci a, cdliected, mﬂlmanmﬂmZﬁliam wiSddet )thertoetol Wil i te JOYI bddirati@dand th the

“same buffer.t r(“{a n enzyme nutant adsorb. "After  washing the col unh with -
t he sane bﬁl’F’fog‘fe %6%0"%%'@&?1?1‘&*%&@? vellegted by sepsrifpgations | gf"éd’f‘mpﬂa%ear
gradi ents ng
YoM 1 5- ﬁ%ﬁ%&%‘?&?“?%&%mﬁ%%* POfertpHOPS) cAiikife RN, Mleckal

- col | ect ed, to & Eh¢navt-Herharese t{menfresergd do B‘iarmtlﬁ,ehq)mO!mmM@ﬂOscxmdﬁ%uﬂ)f er (bH

A:5) cont t nbr YM 10
) St P el b b S TRIANE M O e

purified pwaqhmgahe columh witiethe mmabumn(am:o(cammrm};, actiS0 fraofigns wige alufeﬂsul t -of
anal yzi ng t uri | a de, el e tro s, ( PACE), said

preparati oW Eﬂ%ﬁﬁgﬁ“di“é ﬂg?@ g@ﬁcfx %f‘%rsf’f‘é’ %Lﬁ% té’a?‘?%gﬁ’l"/wﬂ usingt ei n

S was - carr i HinMUiis 3C10bifer g pHO7 b)1e Alyive bidong (@Irdxoehzgsml)gw&epéo%&w assay
kit manufactured hy Bio-Rad Laboratories, |nc he specific activity of

the puri fiwheeiad yarieerchange of butler tg,d OmM isrE Cl E’S%ﬁ' %5b§@é?lmﬂ§é¥31‘dn of
Proper ti eSaRfusifgMPRAENEY S YRhivAHe YM-10 (manufactured by Amicon, Inc), and

concentrated to 9 ml to obtain a purified preparation of the enzyme mutant (approx. 280
mg). As aresult of analyzing the purity via polyacrylamide electrophoresis (SDS-PAGE),
said preparation showed a single band. Furthermore, quantification of protein was
carried out according to the dye-binding method using a protein assay kit manufactured
by Bio-Rad Laboratories, Inc. The specific activity of the punﬁed enzyme S1M1 was
approx 3 U/mg.

" Example 6 Determination of Properties of
CMCRD Enzyme Variant

. Enzymatic properties of CMCRD enzyme mutant (S1M1) obtained in Exampie 5
were examined.
The enzyme activity measured under conditions described in Example 3.
(1). Action:  The enzyme act utilizing NADH as a coenzyme on ethyl 4--
chloroacetoacetate to form ethyl (S)-4-hydroxybutyrate having an opticai purity of 99%
- ee. or more. The ethyl (S)-4-chloro-3-hydroxybutyrate dehydrogenase activity

dependjng upon oxidized type B-nicotinamide adenine dinucleotide (NAD') was
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Enzymatic properties of CMCRD enzyme nutant (S1IM) obtained in Exanple 5
wer e exam ned. The enzyne activity neasured under Condltlébr’ﬁ % &%j I n
Exanpl e 3. (1) Action: The enzyne act utilizing NADH as a coenzyne on et hyl

- .chl oroacetoacetate to formethyl (S)-4-hydroxybutyrate having an optlcal
purity of 99% e.e. or nore. The ethyl (S)-4-chloro-3-hydroxybutyrate
dehydrogenase activity dependi ng upon oxidi zed type O0-nicotinam de adeni ne
di nucl-eot i de (NAD) -was 33 30 Decenber 2005 neasured-by nonitoring the .

i ncrease in absorbance at 340 nmw th varying NAD+ from 0.33 to 3nM et hyl

- (S) - 4- chl omweaSsrhy ty mcmimﬁgg tht éncidaedrir?alisorbaod\itedd0 rakiwithGrasyifl BIAD* frbmt

dehydr ogen agti erve at all. 2) PH Profile: Using a
pot assi um @?ﬁg ﬁé"r‘% %}\‘1@4 glgong- 'Efqré?‘ ‘{tﬂéteé-ﬁ)?}/?(é" éQ!PM‘PIdWH\Hé) angefld ur ed
Wit hin thebﬁﬁiéh erﬁgearbﬂolt*gasgmg oﬁg&%(fiétréﬂ to the above nethod. As a
result 'thereof; eotlma pH acting on efhyl

('S) - 4- chl of®- Bﬂtﬂﬁﬁbxﬁbwwmaaslms)hbqﬂn& bujfepes a buffm'hthe\enzynm sofivith wakl 5. 0,

8?.‘?. mum acFea L TRuAGHE final3R o8 108 0506 35 ol Tenbimia Sttt 1

-. chlor oaﬁema,aaé apﬁnmp}aaam@&waﬂﬁﬁ (B74-ARFre B HydRAyMIt Al Wi fouhgiPEL at ur e
'_'frange of 20C.to 60C é m nute to obtdin an optinmmtenperature. As a =~
resul t, thi® BpFicRIRC P&r‘fy

r30d frhighitg enzaum activiy peas gbien o8 thnwidic side (Fig.

Ther m)stab;gjlty After treating the present enzyne at pH 7.0 for 30 m nutes
at tenperatures of 30C, 35C, 40C, 45C, 50C, 55C and 60C, the reduction
acti viti es(3) oPpEmu AgtigshTonpssateren Bt atiyityenf shelptegantrienzye Téieg kgl s were

epresent V|t|e nd. ar.e .sho in Fi e the
GebT ity agObal e Sk W eftRiint SiBPol pbemmste et P840

reduct ase GI°COr fir N niifutt he W%ﬂtoﬂtﬁﬂlﬁﬂtkﬂ CIARYE r@éh%‘ﬁht tﬂ'gtdp\/ilﬁlilh{as of
85 % up to 40C and 75 % or nore up to 45C. (5) Mol ecul ar Wi ght

mol-ecul ar tﬁnipglmuf@wa&fwméh)z@ﬂﬂ?%sﬁ’ﬁprox 76,000 in case of determ nation

butrer (o, DhC RN TRAR g R, B B snotos KR 7SR M eletRER

temperatures of 30°C 3S°C 40°C, 45°C, 50°C, 55°C and 60°C, the reduction activities
of ethyl 4-chloroacetoacetate were detézmined. The results were represented by residuﬁl
- activities and are shown in Fig. 3, where the activity at the time of no treatment is
denoted by 100. The carbonyl reductase according to the present invention gave residual
activities of 85% wp to 40°C and 75% or more up to 45°C.

(5) Molecular Weight: The molecular weight of the enzyme was approx. 76,000 in case
of determination using a TSK-G3000SW column and, as én eluent, 0.1M potéssium
7.~ . phosphate buffer (pH 7.0) containing 0.1M Na,SO, and 0.05% .NaNg. The molecular
weight of a subunit of the enzyme was determined by electrophoresis on 10% SDS-
poly_acry]amidq gel in the presence of 2% (v/v) 2-mercaptoethanol and calculating said
molecular weight from the relative mobility of the S_tandard protein. As' a result, the

- subunit of the present enzyme was found to have a molecular weight of approx. 32,000.
~ (6) Organic Solvent Tolerance: An equal quantity of ethyl acetate, butyl acetate or
.. diisopropyl ether was added to a potassium phosphate buffer of pH 7.0 in which the
~ present enzyme mutant was dissolved, shaken at 25°C for 30 minutes and centrifuged.
| - The residual activity of the enzyme in the aqueous phase was determined using ethyl 4-

chloroacetoacetate as a substrate. As a result, activities of 89% in the case of adding
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~ Synt hesi s Brampdg 745 ypghesis 9f ()ct-ky
- Aci d Est er Egtgr ippmrriiigeacyieaceti AicihiEstadiye- i nt r oduced Reconbi nant  Escherichia

wei ght of a subunit of the enzyne was determ ned by el ectrophoresis on 10%
SDS- pol yacryl am de gel in the presence of 2% (v/v) 2-nmner t oet hapol_and
cal cul ating said nolecular weight fromthe relative nobieﬁaﬁ?ﬁembefﬂgos
standard protein. As a result, the subunit of the present enzyme was found
to have a nol ecul ar wei ght of approx. 32,000. (6) Organic Sol vent -

"Tol erance: An equal quantity of ethyl acetate, butyl acetate or _
-~ di irsepropyl ether was added-to-a potassium phosphat-e: buffer of pH-7:0 in-..

which the present enzynme nutant was dissol ved, shaken at 25C for 30

m nut es andthybavetaied, Q4% dn theThe ofaddidgbhtyhacdtate ayd B0% inethe nasyrof diisopedps
aqueous phase was det.er 'neg using ethyl 4- chloroacetoacetate as a
subst-rate.%”é{crfé?ml?‘? Ebities of 89%in the case of adding 34 30
Decenber 2005 ethyl acetate, 94%in the case of adding butyl acetate and

100% in the case_of dii soproggl et her were renmined (Fig. 4). Exanple 7
kalg-Bdvgraxybwarig Acidst er from 4- Hal oacet oaceti-c-

coli The rEMGRP Fapymdeyanplt GeiBibboduded RESMbnantbt ai ned i n Exanpl e 3 was
i nocul at edEscherifartoldf sterilized 2xYT mediumin a 500-m | Sakaguchi fl ask

SRR S N T R

In 25 nil igbcal&ed/ip (60N F R d B0YT Riddidin 30 a 30001 HARaglchi ASRYMGBLEY,
di srupted to obtain an enzyne solution. To 10 ail of enzynme solution, 10

mM of gl ucadreddiyshakiag C o4 hoanyudnsbeentrdugdsyto Arapats macrobiad clls. The

(othyl  ana et B BhGERteng s Bindhi 25 nor o e SRRRs PG G ©

acetat e Wef.%) auddheh ulbasonieaidy disrupted 0 ubtaimanvénzimesgitss POIOHR oPEnSfhem . The
solution was.re e ith adjusting it H tq 6.5 using a 5Msodium
hydr oxi de Sgﬁﬂ“ﬁt‘f@’f@gﬂgﬂwﬁ élf-‘ﬁr?gﬁ?%tj’ (@@d@?‘@%ﬂg%gmﬁ@ Engymg K-Kpe

conpl et i orolitiohe@qt i T, glidiRe,r s.aczh'% Qff NAD! 508 yfas-cRistdapsbRdV iy ey !
acetate, dehydrated and then analyzed. As a result ethyl

(S) - 4- chl JFEIMRIAR Bk gbigeprerashudrnpd 2nmbpk butd|acgaieivepe addeddoprpae was
formed at aonRRdY&HiR Qﬁoﬁsa&dlﬁnt?af_ S8ml® The solution was reacted with adjusting its pH

to 6.5 using a 5M sodium hydroxide solution and with stirring at 30°C for 5.5 hours.
After the completion of reaction, the reaction solution was extracted with ethyl acetate,
dehydrated and then analyzed. As a result ethyl (S)-4-chloro-3-hydroxybutyrate having
an optical purity of 99% e.e. was formed at a conversion ratio of 98%.
The quantification of ethyl 4-chloro-3-hydroxybutyrate was carried out by gas
e chromatography. Using a glass column (D 3 mmx1 mm) filled with PEG-20M .
Chromosorb WAW DMCS 10% 80/100 mesh (manufactured by GL Science, Inc.), l
chrométography was carried out at 150°C and the detection was carried out by FID. The
optical purity of ethyl (S)-4-chloro-3-hydroxybutyrate was measured by HPLC using an
optical separation column CHIRALCEL OB (0.46 x 25 cm, manufactured by Daicel
Chemical Industries, Ltd.). The chromatography was carried. out by using a mixed
solvent at a hexane : isopropanol ratio of 9:1 as the mobile phase and setting the flow rate
of the mobile phase to 0.8 ml/min. The detection was; carried out by monitoring the

absorbance at 215 nm.

- Example 8 Purification of CRD Enzyme Variant S1M4
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The quantification of ethyl 4-chloro-3-hydroxybutyrate was carried out by
gas chromat ography. Using a glass colum (ID 3 mnx 1 mg ' f”blégq i th
PEG 20M Chronpsorb WAW DMCS 10% 80/ 100 nesh ( manuf acture(g’ ?Fea_e ce,
Inc.), chromatography was carried out at 150C and the detection was
carried out by FED. The optical purity of ethyl

(S) - 4-chl or o- 3- bydr oxybut yrate was measured by HPLC'using an optical

separation colum- CH RALCEL OB (0.46 x 25 cm -  manufactured by Daicel - - -
Chenmt cal Industries, Ltd.). The chromatography was carried. out by using a

m xed sol vent &he Bschenichirecoli HB&QY GREIIM4)axithon bigh enzynassactivity nbBidmplphase
and st g b S 12408 RTS8 el L Bl 8 1 0"

was-carried out oril ng

“Purificati extraf afRD ghzfnealtyavitainingSi0heahl 60 aBseRI®hd 2085 cHiterESCRET i chi a
- coli HB 101 % NTSI I\/g gl .h a high_enzyme activity of Exanple 4 was '
cultured i H® offal 5g

B myeT - med PR preparatiomak: the qnzyipe gmetant ppasobigingshct o
yeast  ext fafmlth@MMaiRedivbt Microbdl b€ Kb RkY tBQhé&xA& Eﬁfduﬂ% a@%ﬂr&gtlé g and

then centrifuged to prepare mcrobial bodies. uritied prepardtion of
t he enzyneThapuiy ofthe pistfiedreadymé momanilyzabby polyacrylemide gel alicarbpimedsiss

000710 L d BRGEATE, ASHAN S50 o BRI Crayentle UL SL (RS

purified ehzyne wasS® anal'yzed by pol ya
( SDS- PAGE) analyhis veasreasriedtout acciding to ehesdyediindibg nsbthodUrsinyes pRjtan aamd t ati ve

protein analysis s carried out according to the dye-hbinding nethod using
a protein @grgé?}’“ﬂf;%yréﬁﬁagcﬁﬁhoéﬁow’ G- REP Bl e cppdlic activity efsthe
esul t, t NeuriFRE eidyine A4 Whe HuRd tdf BiappRIK. 16 UaHlgenzyme S 1 MI was found to

- be approx. 10 U ng. Exanple 9 Determination of Properties of CMCRD Enzyne

Vari ant (2) Enzynol ogi cal properties of the CMCRD enzynme nutant (S1M4)

obt ai ned iy, Brfinde ﬂﬁ%fn The enzyne activity was neasured
under the ﬁ%a ﬁ&iﬁed%ﬁgf § nrﬂg%lfnpl e 3. (1) Action: The enzyne act
as C

utilizing oenzy on ethyl 4
Enzymological properties of the CMCRD enzyme mutant (S1M4) obtained in

. Example 8 were examined.

The enzyme activity was measured under the conditions described in Example 3.
(1) Action: The enzyme act utilizing NADH as a coenzyme on ethyl 4-
chloroacetoacetate to form ethyl (S)-4-hydroxyburyrate having an optical purity of 99% |
e.e. or more. Ethyl (S)-4-chloro-3-hydroxybutyrate dehydrogenase activity depending
upon oxidized type B-nicotinamide adenine dinucleotide (NAD') was measured by

monitoring the increase in absorbance at 340 nm with varying NAD™ from 0.33 to 3mM,

" ethyl (S)4-chloro-3-hydroxybutyrate from 2 to 20mM and pH 7.0 and 8.0, but

- dehydrogenase activity was not observed at all. _
(2) PH Profile: Using a potassium phosphate buffer as a buffer, tﬁc enzyme activity was -
measured within the pH range of 5.0 to 8.0 according to the above method. As a result
| thereof, the optimal pH acting on ethyl (S)-4-chloro-3-hydroxybutyrate was found to be
in the vicinity of pH 5.0, and, similar to the case of the CMCRD enzyme mutant (SIM1),
a higher enzyme activity was given on the acidic side (Fig. 5).
(3) Optimom Action Tcmperatur.e: The activity of the present enzyme using ethyl 4-
chloroacetoacetate as a substrate was determined within the temperatufe range of 20 to |

60°C for 1 minute to obtain an optimum temperature. As a result thereof, the optimum
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40C to 55C sinmilar to the case of

chl oroacet oacetate to formethyl (S)-4-hydroxyburyrate having an opti cal

purity of 99% e.e. or nore. Ethyl (S)-4-chloro-3-hydroxy, rate
dehydrogenase activity depending upon oxidized type p- még)g[?%( gfﬁeago%%em ne
di nucl eoti de (NAD) was neasured by nonitoring the increase in absorbance
at 340 nmwith varying NAD} from0.33 to 3nM et hyl '
(S)-4-chl oro- 3-hydroxybutyrate from2 to 20nM and pH 7.0 and 8.0, but

- dehydrogenase activity was not observed-at all. (2)- PH Profile: Usinga -
pot assi um phosphate buffer as a buffer, the enzyme activity was neasur ed
wi t hi n t hetguiperaimrgevasffoinditotbe 4)°C taciSGCckumgartte thd€asa R\l CRLCRI -enf¥ane
result thereof é’?ﬁ optimal pH acting on ethyl ‘

(S)-4-chl oFtytant w xybutyrate was found to be in.the vici nity of pH 5.0,

and, sinlaf "MefdRubiity At MRalAERR - 5714?/5 30 Fnill
enzynme act@| tyevvas gl v:gn on thg acidic si g%“?é‘?ﬁ%%* ’ %r %%?ﬁnpr{ﬁt?hp%tion
Tenper at ur emperaturecef 30°Cy 36T, HOEC, #5e€ el Ceo 633CrendiS0°0Y et leghhetibn activities

chl or oacet g ta[}6 substrate was d tﬁ‘Lm ned within the tenperat ure
Fange of 2% ST EHORAGRIORCEHE IeE® MSaged; s FESBIR PAtmiePpI RN, raiduak, o
resul t theictRities ah®sHoMinl iR, 36wﬁ&eaﬂ§ 1&_ a0 Binde UG tRh iRt W@?déﬂ%) to be

enzyme nmutant (SI'M

Ther nost ab?y i10Q: Ehe ébePFléaI@ﬂF@aSPh@Csﬁé%m tbmpquntamvgmon @Weoresimalm nut es
at tenper 55C t he reduction
activiti es:ﬁ%llt§ {t%? HP?S@%?mo?’e ‘gﬁaceﬁgcgt ‘?ﬁ?teé’v\tg? 8“%3?1?%@’%‘?@? @ter e
represent g81Ma)r esi dual activities and shown in Fig. 6, where the activity
at. the ti otr was de oted . by 100. The carbonyl reductase
Gecor di ngn@b &ﬂ&cﬂ%%ﬁ‘ﬁrﬂe EN/‘% mql?ﬁ"} 3 AVrdetp O |t]éﬁ.1§}zym§c‘¥45vfpﬁﬂ‘bé> b agiB9%.0r nor e
up to 45C763000 hwihen (detetiiBed a3MgOf TIECANBHRRVELANTR 4Rd! %.E‘ta]p dﬁ@ )o. 131\({[5)

ou

- Mol ecul ar Wi ght: The nol ecul ar wei ght of the enzynme Was

approx. PoESeomphosphate lutfer (el 1) wtﬂmlfglﬁ-]@@(l%@d e I@ﬁ%aNst aghan
eluent, ~O-shdbAMARILHIDY R RORRR BrPULIE 'deép%F&%ﬂe%gggp i Mg 501 and

0.05% NaN3. The ar wei ght un| f er mi ned
by el ect r spHopelyicrylamide @3 HSIDSp;mbl}camfyZ?alﬁv/db2@eﬂrcapmeﬂiaﬂolmhd&ﬁlmht1ﬂ§ 2%

(viv) 2- n%&ﬁe}ﬂtglgc%tlar}%]e?ght %%91 e re(ia v%trla&ghty of the standard protein. As a result, the

subunit of the present enzyme was found to have a molecular weight of approx. 32,000.

(6) Organic. Solvent Tolerance: An equal quantity of ethyl écetate, butyl acetate or
diisopropyl ether was added to a potassium phosphate buffer of pH 7.0 in which the
present enzyme mutant was dissolved, shaken at 25°C for 30 minutes and centrifuged.
The residual activity of the enzyme in the aqueous phase was measured using ethyl 4-
chloroacetoacetate. As a result, activities of 84% remained in the case of ethyl acetate
was added, 103% remained in the case of butyl acetate was added and 106% remained in
the case of diisopropyl ether was added. In other words, the present mﬁtant showed

organic solvent tolerance equivalent to the CMCRD enzyme mutant (S1M1) Fg. D).

- Industrial Applicability _

- According to the present invention, a method for modifying oxidoreductase
characterized by controlling the binding energy of a coenzyme, an NADH-dependent
carbonyl reductase mutant which is advantageous for industrial production and a DNA

- encoding the same, a plasmid carrying this DNA, a transformant obtained by

transformation with this plasmid, and a process for producing an optically active alcohol
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said nol ecul ar weight fromthe relative nobility of the standard protein.
As a result, the subunit of the present enzyme was found,t

nol ecul ar wei ght of approx. 32,000. (6) Organic Sol vent %POEF Hﬁgé%oﬁn
equal quantity of ethyl acetate, butyl acetate or diisopropyl ether was
added to a potassi um phosphate buffer of pH 7.0 in which the - present
enzynme mutant was dissol ved, shaken at 25C for 30 m nutes and  -centrifuged.

The-resi-dual-activity of the enzyne-i-n-the agueous-phase-was nmeasured:-usi-ng-

et hyl 4- chloroacetoacetate. As a result, activities of 84%remined in the
case of et tjihg aﬂneteat;&ne witand dddr tﬂl@&ﬁénsfeﬁﬁameﬂe iplovidel. C Fagheimdielt iy lis
acetate Wa add 106% r emai ned_i n case of dii sopropyl, ether was

added- In B pre%"ﬁberﬁ?’é‘%é‘?ﬂd‘ﬁﬁfpa’i‘lf“ B CG}"Q’&IHB@HQ’@PQMIWB‘F erance
equi val ent anrfsf&ﬁ EV RN BepR b ARY of 2 Mho

“Appl i cabi |(I:tyeACCC?I’ di ng et%@{he pr esent0 i nventi élgn%tZﬁrfa%(t) h{é Larlh%':fmfyyl ng
'_OX|doreduCFd@@%B@ﬁam@DgGﬂhzaﬁﬁnynvﬁmmrolIlng t he blndlng energy of a

coenzyne, n educt ase t

advant ageougldyﬁ Eml; q%o Sj)tg glﬁa noBrogé‘P ?%H{ 16[11% londﬂﬂn&l%ﬁg %ﬁeﬁ c?tﬁ%‘sfé'ﬁéhc

pl asmi d- catonyeintsgictdiibed BNAe daawlingna P paeng applitaioneNok 20012605 0mAsiopen Wi t h
" thi's plasggg :gnd a proc ss. for %ﬁOdUCIh an optically active arcohol 3730

Decenber 503,85 Pty ‘E‘ﬁE’?ﬁB PHAEN RRPIGHO M s. transformant are

provi ded- Furthernore, it is obvious that the present enzyme nodification

met hod can be neaningfully applied to the conversion of the coenzyne
. dependency of an enzyne group anal ogous to the carbonyl reductase

(aqcording to the present invention. Incidentally, the specification of the

‘present invention includes the specifications and the contents described
in the. drawi ngs of JP patent applications Nos. 2001-200417 and 2002-
006303 as priority applications of the present applications. 38 30 Decenber
2005 CLAIMS: 1. A nethod for nodifying an enzynme for converting the
coenzyne- dependency of an oxi doreductase, characterized by controlling the
size of the binding energy of a coenzyne
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nol ecul e by substitution, insertion, deletion or the conbination thereof of
a single or plural arbitrary amno acid residues at the(?%r é/ieo%sl%o
selected site of said oxidoreductase. 2. A nmethod accor |n[g°t81 o] Qr% 1,
wherein the nmethod includes a step of specifying an active site of an

oxi doreductase, a step of determ ning an am no acid residue interacting
with a coenzyne nol ecul e in the nei ghborhood of said active site, and a
step-of-carrying out mutation of said determ ned residue 'so as to control -
the size of the binding energy of the coenzyne nolecule. 3. A nethod
accordi ng ChAIMai m 2, wherein said step of specifying the active site
conprises predicting the three dinensional structure by the nol ecul ar
nodel i ng net hod, screening for the cleft part having a vol une capabl e of

accomodat i{ NG ko8 T8 AP EBying Bh @R fo@r&dn{éﬁﬂgﬁfe%@ﬁm&%@a{deﬂﬁf bfigy am no

acid sequence w th anal ogous enzyre proteins, and extracting an am no acid

resi due pr e%iderednciase, sharagigazeddivtconigelling theisiaedf tlae bioding nnexgy yiveccanzinge
] j i st | ti i ft t. 4. A
ot hotl accrP BBy \ipafidod, SRS aGORGE b M ARMb G B binglh 06 aci o

residue i npleraheitragy aminb asidiresidiee aztheprevivslyukleced i bERak GeddReducag ami no-

CSG;-“) - ( Xaa) s uhudtidn OF sAF ﬁétefl%ig%? reegﬁgypﬁasan@ c{%g §hd sﬁg gyﬁ]@%ei:n%egg?ensﬂsggr% for

n, a,distance of ‘12A"f

ol coul o 5. ARG IIOGARR GG Loves:aih e el dneligRansice Sapeing an

oxi dor educichive s ofl dnZsxsdcediitassliaRep M&ﬂﬁﬂi% af BRI/ 1B ASiddle Bt ‘
nol ecule. 6, A nmethod according to Claimb5, erein sal d oxi doreductase

carries (QVithgcocmzyme mojeeylegn iy Reighkoehopd of baig a¢tiveesiter andeater( & opryidiga or

i'nding with a coenzynme no according to wher ein
the step ohe desneyms mplegulani no acid residues interacting with the coenzyne

nol ecul e further .,c rises sel.ecti he anml ho aci residues froma region
- consi sti ngijo é’f’;lelth(?gg%ﬁ?r%ﬂ‘ga%h Hﬂc#]gwéeéaﬂeﬁb Stﬁﬂoofclj@e?’l & s actyg e of igts

N- t.er ni nalcopeisds-pretictingahe thaacdiessiaiap blycrirs 05 the FRMHCERr FRBAIS OGR! Sai d.
Deconber 2008 T 0 PRI 8 VAEH faPA0l 7 uBRYPAGES aeemeyieng (o
the met hoGnalees, dhd Sirihermért 2oMparting the’amino acid sequence with analogous enzyme
~ proteins, and extracting an amino acid residue presumed to be important for the binding
of an enzyme and a coenzyme among amino acid residues constituting said cleft part.
4. A method according to Claim 2, wherein the step of determining an amino acid
residue interacting with said coenzyme molecule comprises ;selccting amino acid residues
existing within a distance of 12A from the coenzyme molecule. '
5. A method according to Clairus 1 to 4, wherein said oxidoreductase utilizes a pyridine
nucieotide coenzyme as a coenzyme molecule. '
6. A method according to Claim 5, wherein said oxidoreductase carries (Gly or Ala)-
(Xaa)3-(Gly, Ala or Thr)-(lle or Len)-(Gly, Ala or Ser)-(Xaa);;-(Gly or Asn) as a
common amino acid sequence necessary for binding with a coenzyme molecule.
7. A method according to Claim 6, wherein the step of determining amino acid residues
interacting with the coenzyme molecule further comprises selecting the amino acid
residues from a region consisting of said common amino acid sequence and 15 residues
each of its N-terminal and C-terminal, and preferably from a region consisting of said.

common amino acid sequence and 15 residues of its C-terminal.
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. 9. A nethod according to Clains 1 to 7, wherein the oxidoreductase is a
carbonyl reductase derived from Candi da magnol i ae | FO 0705 10. A net hod
according to aim9, characterized by substitution, i ns et PergmbgeLE98 on or
conbi nation thereof of amino acids in the amino acid residues of said
enzyne at the 40 to 69-, 87- to 92- and 225- to 228-positions. 11. A
met-hod. according to Caim@9, characterized by substitution, insertion,

- deleti-on—-or conbi nati on t hereof:-of --am-no acids-in the am-no aci-d--resi dues-- - -

of said enzyne at the 41- to 43-, 47-, 63= to 66- and 69-positions. 12. A
car bonyl r édu‘k:t exidomdictase mwtird) whith tif ebtained zgcerdoigpe nilemethot hecwdingits
converted ¥ 1 ing a nethod according to any one of Clains 9 to 11. 13.
A car bonyl thée nut ant, which is obtained froma wld-type carbonyl

reduct ase 9byAskdiBéd hetordifg th TIMidsi Po 7dedlﬁ§duomh@bmh&%dﬁ&£s@'1§%t LRBodyper eof
of amino acid residues an has the fol physi cochem cal properties:
(1) Actionre A@@seﬂgnw@mﬁanddema@ﬁ@ia@éi:@w ate to produce ethyl

(S)-4-chl o® y cat i panai de -
et mo. i taicl an R sihel ot I ciHBlongizk e BY SPiSchob, el ALeiBRPR g
- strong actcamﬁlyatton tistrénylof 4ndind mndsanehe)anm‘oadcﬁi imsuﬂu&df&hﬂrhhtﬁhé §t he4pctivity
~to ethyl ac cet, te ) a strong activity to—
4- chl or oac® @a%gt %?ﬁgﬁ?%%mﬁ?fg?‘ﬂ’ﬁtl ally no dehydrogenase activity to
4- hal o- 3- hydr Sxiethdd a&oﬁl@stbemmn( 3)ch@f&@ﬁ¥i¥é@bﬁ§tﬂﬂﬂﬁﬁﬂﬁ)ﬁn3e§%‘“ﬂ&9ﬂ&1 8t rong
activity in case of serving reduced type J3-nicotinamde adeni ne

di nucl eot i erEnbiratign ¢ghsasof phaming acidsys thenamiap|agidresidessiofisaid enzymeatdhoftl-ser vi ng

educed type_ J3: BhCRldeNAM SepGipkne di nucl eot i de phosphate as a coenzynme.
(r14 A carbonyl reductase. rrutgnt according to Caim 13, which further has

the fol | owZag Aptarbinybcivdwditasel mptan ewberem cblﬁe (cd)nztym.e(dé}aend@r&)y @piréofals pH:
jt OpLO7700‘%00r %8-{; 1z Eslt%g'l%llle!ﬂ!l(;[ accc%hl%g t& arh one ofﬁ tgfﬁ-e of the treatnent

13. A carbonyl rcductase mutant, which is obtained from a wild-type carbonyl reductase
by substitution, insertion, deletion or the combination thereof of amino acid residues and
has the foliowing physicochemical prdpertics: |
. (1) Action:
Acting on ethyl 4-chloroacetoacetate to produce ethyl (S)-4-chloro-3-hydoroxybutyrate
by using reduced type B—nicotinamide adenine dinucleotide as a coenzyme;
(2) Substrate Specificity:
‘Showing a strong activity to ethyl 4-chloroacetoacetate but substantially no activity to
ethyl acetoacetate, and showing a strong activity to 4-chloroacetoacetic ester but
substantially no dehydrogenase activity to 4-halo-3-hydroxy-butyric ester;
(3) Coenzyme-dependency:
Showing a strong activity in case of serving reduced type B-nicotinamide adenine
dinucleotide as a coenzyme but substantially no activity in case of serving reduced
- type B-nicotinamide adenine dimicleotidc phosphate as a coenzyme.
14. A carbonyl reductase mutant according to Claim 13, which further has the following
physicochemical properties of (4) to (7): o
(4) Optimal pH: 4.0 to 7.0;
(5) Thermostability: Stable up to 45;’0 m case of the treatment at pH 7.0 for 30

.. 1inutes;
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40 30 Decenber 2005 (6) Organic Solvent Resistance: Having an enzyne
activity of at least 85%in case of the treatnment with | C_aci -hyl ,
acetic acid butyl or diisopropyl ether at pH 7.0 at ZSCaapiﬁec\?ﬁ%ﬁ{g%%e :
and (7) Ml ecular Wi ght: Approx. 32,000 in sodium

dodecyl sul f at e- pol yacryl am de gel el ectrophoresis. 15. A carbonyl

reduct ase nmutant according to Clains 13 14 wherein said wild-type ... :
car-bonyl-reduct ase i s the one derived from-Candi da-fmagnol-i-ae | FO 0705.+16.-
An enzynme nutant according to Caim15, characterized in that said nutant

" is obtai nec(ﬁ) rgarec BblventtResistaoee: Hdanihg ae eunytr@setiviyy ¢l $dabd 859% @case of

I nsertion, tion or.the. tion th of..am no acid resi dues and
has an al ani %E pabmenf ith agetic QCIgbebLB'?rf’é:e'r‘"eg(fl Bt}’l ‘slﬁPpr&Pﬁé’rﬂi“?ﬁé‘t PEST- Bk (S)
at the 41- pogprtifRp30 Ahvidsaftigne residue (A) , a egC| ne residue (G, a
serine residue (S, a t hreonine residue (T), an arginine residue (R) or a

1ysine resi dﬁbM(OIe)culat Weight:4 Apposi. B2660 mrsorhhmrdode:yisaﬁatdqﬁl}(a&)y,larmdgIg\ﬂ:| ne

resi due (Q rine residue (S), a threonine residue (T), a glutamne
residue (Q, de%trﬁ roé‘ITjsﬁ ne residue (R) or a lysine residue (K) at the

43- posi ti ars, Aamboam fedpaidel futadt dcbsigdieeClaiRs #4 - 1hewhdeinasid Hﬂﬂ—t 7 A
enzyme muta acc rding to Claim116, characterized i'n that sai -
addi ti onalqaaaqlié{]sre yriasaishe gug derived frameCansdidamesnofieo 0 Woup consi st | ng of

al ani ne (A, %eéﬂz e(tand Q:rc&‘&ﬂig”% Claim 13" aQEnédpﬁ%m 1h?z{"§%1§) &a}xt't o

glutam'ne&g glutanmic acid (E),” argininé sine
47-positi tained, from acvi§-typerpathenyl mdectassi iyysubstit@iai, rmsﬂ:ﬁlo@r ddlétion or the

(char acteri 5ﬁﬂldaﬂoﬁ &%%eo?gfa%”{s'gc?ﬁ'}cs%@dd' td l(h)nal | y has an ami no acid residue

sel ected froma gr oup consi @ (A), serine (S), leuciné (L),

| sol euci neux(a]lamnelalslﬂne(ﬂ()ya glytiat kesﬁmeme) 6M seripb eRjdua (S B 1Fositidat Y Pt Ophan
asparagi ne (N) and gl yci ne

cystei threonine (T), serine (S,
( G) at t heﬁﬂeaiafﬁb‘zs?eﬂd% (9\29’ a Blﬁf‘:‘éﬁi%ﬁh%’erfﬁit)a%erlaé é%mp%‘@ f dhreprinetesidset o 18,
cel ect od [ Do AEARESTR G B Miinc A SRR W068E 001 e (1), valine.
(V), net hawplaniae @Mduemhbmwlmmﬁduﬁ( ), a serimptrepdia(S), WithreatiAdtedRIug AY),
- a glutamine residue (Q), an arginine residue (R) or a lysine residue (K) at the 43-position;
and an aspartic acid residue (D) at the 64-position.
17. An enzyme mutant according to Claim 16, characterized in that said mutant
_additionally has an amino acid residue selected from a group consisting of alanine (A),
serine (S), threonine (T), tyrosine (Y), leucine (L), glutamine (Q), glutamic acid E),
arginine (R) and lysine (K) at the 47-position.
18. An enzyme mutant according to Claim 16 or 17, characterized in that said mutant
additionally has an amino acid residue selected from a group consisting of alanine (A),
serine (8), leucine (L), isoleucine (I), valine (V), methionine (M), phenylalanine (F),
tryptophan (W), cysteine (C), threonme (T), serine (S), asparagine (N) and glycmc (G) at
the 63-position.
 19. An enzyme mutant according to Claims 16 to 18, characterized in that said mutant
additionally has an amino acid residue selected from a group consisting of leucine (L),
jsoleucine (D), valine (V), methionine (M), phenylalanine (F), tryptophan (W), alanine (A),
-cysteine (C), serine (S) and threonine (T) at the 65-position.
20. An enzyme mutant according to Claims 16 to 19, characterized in that said mutant

additionally has an amino acid residue selected from a group consisting of leucine L), )
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cysteine (C), serine (S) and threonine (T) at the 65-position. 20. An
enzynme nmutant according to Clains 16 to 19, characterized in that said.
mut ant additionally has an amino acid residue sel ected f3bRecergpaydfos
consisting of leucine (L), 41 30 Decenber 2005 isoleucine (1), valine (V),
al anine (A), cysteine (C), serine (S) threonine (T), asparagine (N),
glutamne (Q, arginine (R, and Lysine (K) at the 66-position. 21. An
enzyme mutant according to Clainms. 16 to 20, characterized in that said
‘mutant  additionally has an am no acid residue selected froma group

consi sting @blealiadi ; I ' el ard\i.c acid D) and.serine
(S) at the 69{63132??'5‘,?#16%Q{H'&Lﬁhgg‘z(%?fea&ﬁ%{ngﬁtb,as%%g? E#l)r%@r PEREL Ry AP E Rfher ei n
the fol | ow Y, slitaatineo(Q), mgimine (R, rand liyeide (F/dt Mhe BRRt0p43Q W31, Y64D, N651

and S66N. 2 An enzyne tant accorgdjn C aim 16, wherein the follow ng
mut at i ons agle' Ai"neﬁ)g%‘ﬁ'@g nt %W?“Bs@z&,m‘%ztia‘%o Wb Sharasterdzsd inghag saidonges . 24,
An enzyme naddititinale BAY £ ffinb Qcld Béilhe &lecMASE&h 3 érgfp E&Jsisﬂ@% ag zféﬂfgﬁg({}g_gs are

i ntroduced: S41A, S42A, S43G W31, Y64D, N651 and "Sool.
mut ant - accoblHfRMEC 4 &) aasmartie acid R} andserine(S) of thowdpgsition.at i ons ar e

i ntroduced: 255434, : "%;1% N 651 and S66N. 26. An _.enzyne
mut ant accor di ng o o arm g}fcc%g%etlon 31 _bﬁ%‘swﬂna?ﬂ@a?ﬂ“ﬁn@“@ﬁgﬂs dre
i nt r oduced: inadused: S4PA, ST O43Y4AWR3], WD, NE6Kdad 996hl and S66N. 27. An

enzyme nut ajat cording to Caiml6, erein the foll owing nutations are
i nt roduced%&iﬁﬁmgﬂi ,Utgﬁsﬁﬁ?orggﬁ’gﬁ? @iiﬁﬂ(ﬁ’ f3EinNgs ffolpwinggamations. aran

enzyne nut dnroduced SdiAgS40a, Shad Wi, YOIB! Rbsv Lh@séal, | owi ng nutations are

i ntroduced:, S4L A, S42R, W31, Y64D, N65] and S66N. 29. An enzyme nutant
dccor di ng 48+ CPRIGHIIES MRSt @ceprding to Slpignil hgwhereiat tho follewisg mutatiodumed: S41
A SA2R,  Y4rfiRauli3Ea1GABA, SHES wd A% nzyme mutant according
to Claim 16, wherein the follow ngﬂdﬁgﬁgl'?’ﬁgﬁs a?§86)?'nt roduced: . S41A,  S42A,
Y43Q 631 25Y6AD enpes] mugs Meeonding\6o Elaif 16, Aviiin ethe doll sving imeAZopBiraUt ant

accor g: 28 {i:grogpgﬁd%§§1fgfs49A?§£‘ﬁ{ﬁ§6§I, Y64D, Nés1 ana B6ERM ¢ carrying the DNA
26. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: 8414, $42A, $43Q, Y47R, W63, Y64D, N65I and S66N.
27. An enzyme mutant according to Claim 16, wherein the following mutations are
mtroduced: $41A, S42A, S43R, Y4TR, W631, Y64D, N65 and S66N.
28. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42R, W63L, Y64D, N65I and S66N.
29. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42R, Y47R, W631, Y64D, N65I and S66N.

- 30. An enzyme mutant according to Claim 16, wherein the following mutations are

- introduced: S41A, $42A, Y43Q, W63, Y64D, N65I, S66N and AGIE.

31. A DNA encoding an enzyme mutant according to any one of Claims 22 - 30.
32. A plasmid carrying the DNA according to Claim 31.
33. A plasmid according to Claim 32, wherein said plasmid is pNTS1M]1, p‘NTSIVMZ, '
PNTSIM3, pNTS1M4, pNTS1MS5, pNTSIMS6, pNTSIM7, pNTS1MS or pN‘I’SiMQ.
34. A transformant obtained by transformation with a plasmid according to Claim 33.
35. A transformant according to Claim 34, wherein said transformant is Escherichia coli.

36. A transformant according to Claim 35, wherein said transformant is E. coli HB101
(pNTSIML1), E. coli HB101 (pPNTSIM2), E. coli HB101 (pNTSIM3), E. coli HB101
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chI orine or:

33. A plasmd according to Caim32, wherein said plasmd is pNTS1ML,
pPNTSI M2, pNTS1M3, pNTS1M4, pNTS1Mb, pNTSI M6, pNTS1M/, pgﬁﬁé@WE@r g%r{gl MD.
34. A transformant obtained by transformation with a pla (oo to
Claim33. 35. Atransformant according to Caim 34, wherein said.
transformant is Escherichia coll. 36. A transformant according to Claim
35, wherein said transfornmant is E. coli RBIOl (pNTS1IML), E. coli HB1OIl
(pNTS1IM2), E. coli 1113101 (pNTSIM3), E. coii HB101 42 30 Decenber 2005
(ANTS | M4), E.- coil HB 101 (ANTS IM5), E. coli HB 1 OL (pNTS IMB), E. coli

HB | O | I : . i | (ANTS 1 MB) or E. col HB 101 ( ANTS
| D). 37. (E@%lr%gcegv% fl’zh ﬁ%ﬁlﬁﬁﬁﬁ@éﬁ%wp} HBRTS1 M6y flﬁmtoanHBml(:or di ng
to Cainms ZENTHIMABOE. dMIIH:}k‘Il(qq ngqg)gr@tcgg Hﬁlﬁ%ﬁ‘l‘ﬁmﬁéand proliferating

a transforgant accordi ng to ai s A process for
manuf act ur P frg A(ESpeeas fog I‘@anﬂﬁ'yiaﬂ@ﬁ)ﬁbnbpyﬁlred@mSemuttaamlaeaﬁmhgwb Olairh 22 to

foll [ al R2
nyar ogen-and e <& ot pEalit S e shfrrghomsoiy |

group; andClﬂhe-‘er%al d process corrprl ses a step of reacting

4- hal oacet etic ester r resen Y the follow ng general formula: R
R2 wherein R |%r°(éesf1§ I' 3 hydros iy em estrRarepescatatubs thict ut ed
or unsubsltollbwmg@cﬁddq)fbnﬂﬂ@up or aryl group; using an enzyne mutant
according to any one of Clains 9 to 25, or a culture of a m croorganism
having an ability tgyproguce said enzyme nutant or a treated natter of the -
culture. 39.. A-proc_ss afjcordi ng to C aim 38, wherein said halogen atomis

RZ

wherein R1 is a halogen atom, R2 is a hydrogen and R3 is a substltutcd or
unsubstituted alkyl group or aryl group; and

wherein said process cqmpnses a step of reacting 4-haloaceto-acetic ester represented by

the following general formula:

wherein RI is a halogen atom, R2 is a hydrogen and R3 is a substituted or

' ) . unsubstituted alkyl group or aryl group;

using an enzyme mutant according fo any one of Claims 9 to 25, or a culture of a
: mlcroorgamsm having an ability to produce said enzyme mutant or a treated matter of the

culture

39. Aprocess according to Claim 38, wherein said halogen atom is chlorme or bromine .
. and said R3 is an alkyl group having 1 to 4 carbons.

40. A process according to Claim 38, wherein said 4-haloaceto-acetic acid is methyl 4-
chloroacetoacetate, ethyl 4-chloroaceto-acetate, methyl 4- bromoacetoacetate or ethyl 4-

‘ bromo—acetoacetatc
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and said R3 is an al kyl group having 1 to 4 carbons. 40. A process
according to Claim 38, wherein said 4-hal oaceto-acetic agjd.is t 4-

chl or oacet oacet ate, ethyl 4-chloroaceto-acetate, nethyl %—@%ﬁ?ﬂ%&?%@%et ate
or ethyl 4- brorno-acetoacetate. 43 30 Decenber 2005 41. A process
according to any one of Clains 38 to 40, wherein said mcroorganismis a
transformant ‘according to any one of Clains 34 to 36. 42. A process for -
‘manuf-act-uri-ng-an -opti call y-active -atcohol:; ~whi-ch- conpri ses-a st-epof e
reacting an enzyne nutant according to any of Clains 12 - 30, an enzyne
and/ or i t s41mit pmtesh acdonding foeang apabf Clains 88 t¢ #0,eriexdh 5416 ndcrd ¥His 4pon

whi ch sai d_enzyne tant depends d. a carbonyl conmpound, and a step of
har vest i ng“ﬁé’XWBg%f@%"@dPia %?qﬁpfggi"i“ﬁeﬂﬂ%al cohol . -43. A process
according 49 @ plotesd Zor MARKERRingAnbRRAN B R i Idstd Y stedf
regenerating s_alﬁld 'coenrzyrre isg upoggﬁdehyc‘r ogédr@g%%h%a%%ﬁsg%gS{eﬁeofeof .
44, A procESSURTay FRAYMS muta accondit tonyr ef Glagms d2erdyme dnayme gnd/foe its

capabilit i id coenzvne is form c dehydrogenase and a
o ant t hoplan RESRNGE MR CrchBRBRY TR oty inDbS iSRSl g grusint
~ transf or maddpends aidmacirionyl doiposid)aidh isep dﬂhbﬁes’atir%l tBS pilotucealopub Al AHPNA

“encodi'ng ?q nzyme nutant ‘according to any one of
encodi ng a C@H’i’_ym& having the capability of regenerating a coenzyme upon
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harvesting the produced optically active al coh
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i s al so i megmdmding sai) caanzgiee B foptio delsrirdnasenay wakitgd dheredr oduci ng an
ic ester by utilizing the

optically tiye (S)-4-halo 3-hydroxybuty
car bonyl r@guc agré’c%?frt 5’:‘&"‘" ﬁorﬁ'?é{sﬁ%cf‘ PP ﬁ%dﬁ%ﬁgﬁ dringaopant ehtased byo as to
- convert thenefefiajtibyith a plasmid carrying a DNA encoding an enzyme mutant according to
any one of Claims 12 to 30 and a2 DNA encoding an enzyme having the capability of
regenerating a coenzyme upon which said enzyme mutant depends with.a carbonyl

compound and a step of harvesting the produced optically active alcohol.

Cains 12716 30 and a DNA -



dependency of a carbonyl reductase which asymetrically reduces.a carbonyl
conpound to produce an optically active al cohol, a carb reduc

havi ng such coenzyne dependency as has been converted f%%ﬁﬂ%ﬁ%m&l
which is obtained by the above nmethod, a DNA encoding this enzynme mutant,
a plasmd carrying this DNA, a transformant obtained by the transformation
with this plasmd, and a process for producing an optically active al cohol
‘by--usi-ng t hi-s-enzynme- nut ant ~and/ or- t-hi-s- -tr-ansformant .- - SEQUENCE = wwmen
.--_LISTING..__ ... 30 Decenber 2005 <110> KANEKA CORPCRATI ON <120> Met hod
for. nmodi fying enzyme and oxi dor educABSTRACIT ant  <130> Si nutants <140> ND
<141> <150> JP 2001-200417 <151> 2001-07-02 <160> 9 <170> Patent In Ver.
2. 1 <210> 1 <211> 167 <212> DNA <213> synthetic construct <400>-1
ctgcaggt cc t t gAGCLBY e CRAER;NA MetfC AR BN EHifd I b A6AGAIGA P9
cagggtattg gct acgctgt. ggctg}glg%cce ttcgcgcagg'lt%ggcgé%% m%g%ﬁ%’é%‘g‘%yc"géﬁ

- at cgat at caouidermdiriasgds davdloppdaalisiggtiisgyetbed, t & nged geatlfhyk 2dddetage Hfufant

' capable of utilizing NADH as a coenzyme is provided. It is also intended to provide a

__process for enzymatically producing an optically active (S)-4-halo-3-hydroxybutyric ester

by utilizing the carboz_:yl reductase mutant.
| A method for modifying an enzyme itself so as to convert. the cbenzymeé
.dependency of a carbonyl reductase which asymmetriéally reduces a cﬁrbonyl compound
( ' " to. produce an optically active alcohol, a carbonyl reductase having such coenzyme
| dependency as has been converted from NADPH to NADH which is‘_obtained by. the
above method, a DNA encoding this enzyme mutant, 2 plasmid carrying this DNA, a
transformant obtained by the transformation with this plasmid, and a process  for
producing an optically active alcohol by using this enzyme mutant and/or this

* transformant.
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-:ggct-gaggec tt cgegeagg-t-cggeget:

30 December 2005 <211> 167, <212> DNA <213> synt hetic construct <400> 2
ctgcaggtcc ttgacctgtt caagctgaat ggcaaggttg ctagcatcac t cagca

cggggtattg gctacgctct ggctgaggec ttcgcgcagg tcggecgetga ggﬁ@ﬁ?gﬁ?EQ%Eb._
atcgatgttc tgcacgacgc tactggcaag gctgaggccc tctgcag 167 <210> 3 <211> 167

<212> DNA <213> synthetic construct <400> 3 ctgcaggtcc ttgacctgtt
caagct gaat ggcaaggttg ctagcatc;;gbgg,J gﬁa 60 ggtggtattg gctacgcetct

tact ggcaag gctgaggccc tctgcag 167 <210> 4 <211> 167 <212> DNA <213>
synt hetic construct <400> 4 ctgcaggtcc ttgacctgtt caagctgaat ggcaaggttg
ctagcat cac tggcgcagca 60 cgtggtattg gctacgetct ggctgaggcc ttcgcgcagg
t cggcgctga cgtcgccatc 120 atcgatatca accacgacgc tactggcaag gctgaggccc
t ct gcag116y KANBKSTOREORATHI®ON 2005 <210> 5 <211> 167 <212> DNA <213>
synt heti c construct '

<120> Method for modifying enzyme and oxidoreductase variant

<130> S1 mutants

<1405 ND
Q4

<150> JP 2001-200417
<151> 20601-07-02

<160> 9
<170> PatentIn Ver. 2.1

210> 1
<211> 167
<212> DNA

<213> synthetic construct

<400> -1
‘ctgecaggtee ttgacctigtt caagetgaat ggcaaggttg ctageatcac tggegeagea 60
caggegtattg gctanctct ggctgaggcc ticgegeagg tecggegetga cgtcgccatc'120

atcgatatca accacgacge tactggcaag gctgaggccc.tctgcag o 167

<210> 2
' 1/4
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<400>. 5 _.... ctgcaggtcc ttgacctgtt caagctgaat ggcaaggttg ctagcatcac

t ggcgcagca 60 cagggtattg gccgtgctct ggctgaggec ttcgcecgca c ct,
cgtcgccatc 120 atcgatatca accacgacgc tactggcaag gctgaggc%@lyﬁggﬁng@@ao> 6
<211> 167 <212> DNA <213> synthetic construct 167 <400> 6 ctgcaggtcc

- ttgacctgtt caagctgaat .ggcaaggttg ctagcatcac tggcgcagca 60 catggtattg
gccgtgect ct ggcet gaggec ttcgcgcagg tcggcgetga cgtcgeccatc 120 at cgat at ca

- accacgdide- 16t ggecaag- get-gaggecce -t-ct-geag--16+4-<210> 7.+ . <211>-16 /- - <212>- DNA
<213> synthetic construct <400> 7 ctgcaggtcc ttgacctgtt caagct gaat
ggcaag@tli?g BNAgcat cac tggcgcacgt 60 agcggtattg gctacgcetct ggetgaggec:

ttcgcqgagg.thg&gctga c%tcgccatc 120 314 30 Decenber 2005 gg .
-atcgazg» aSYRId\PAd GatYELEPakt caa. g get gaggece- tctgcag _1.67.. <210> 8
<211> 167 . <212> DNA <21.3> ...syntheticT construct <400> 8 ctgcaggtcc

ttgacctgtt caagctgaat ggcaaggttg ctagcatcac tggcgcacgt 60
<400> 2 '

ctgcaggtee ttgacctgtt caagctgaat ggcecaaggtiig ctageatcac tggcgcagca 60

atcgatgtte tgcacgacge tactggcaag gctgaggcee tctgeag ' 167

210> 3
<211> 167
<212> DNA
{213> synthetic construct

<400> 3
ctgcaggtce ttgaccigtt caagectgaat ggcaaggttg ctagcatcac tggegecagea 60
ggtggtattg getacgetet ggetgaggee ticgegeagg teggegetga cgtegecate 120

atcgatatcc tgcacgacge tactggcaag gectgaggece tctgcag 167

il

<210> 4
211> 167
<212> DNA

{213> synthetic construct

<400>‘4
ctgcaggtce ttgacctgtt caagctgaat ggcaaggttg ctagcatcac tggegecageca 60
cgtggtattg gectacgetet ggetgaggcee ttcgcgcagg tcggegetga cgicgecate 120

atcgatatca accacgacge tactggcaag gctgaggece tetgeag o 167
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agcggtattg gccgtgctct ggctgaggcc ttcgcgcagg tcggcgctga cgtcgeccatc 120.

at cgat.at ca accacgacgc tactggcaag gctgaggccc tctgcag 167 ?€é£> 9 -<%iﬁ? 167
<212> DNA <213> synthetic construct <400> 9 ctgcaggtcec tt ‘%ngfr

caagct gaat ggcaaggttg ctagcatcac tggcgcacca 60 cagggtattg gctacgctct

ggct gaggcc ttcgcgcagg tcggcgctga cgtcgccatc 120 atcgatatca accacgacga
aact ggcaag gctgaggccc tctgcag 167 4/ 4 ' '

210> 5

<211> 167

<212> DNA

<213> synthetic construct
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ctgcaggtce ttgacctgtt caagetgaat ggcaaggtig ctagcatcac tggegecagea 60 '
cagggtattg gecegtgetet ggectgaggee ttegegecagg teggegetga cgtegecate 120

C'? atcgatatca accacgacge tactggcaag gectgaggccece totgeag 167

<210> 6
<211> 167
<212> DNA

£213> synthetic construct

<400> 6
ctgcaggtcc ttgacctgtt caagctgaat ggcaaggitg ctagcatcac tggegecagea 60
cgtggtattg geegtgotet ggetgaggee ttegegeagg teggegetga cgtegecate 120

atcgatatca accacgacgce tactggcaag gctgaggece tctgeag 167

<2100 7
<211> 167
<212> DNA

<{213> synthetic construct

<400> 7
ctgcaggtce ttgacctgtt caagctgaat ggcaaggttg ctagceatcac tggcgeacgt 60

agcggtattg gctacgctct-ggctgaggcc ttcgegeagg teggegetga cgtegecate 120
3/4 '



“K213> synthetic construct

30 December 20056

-atcgatatca-accacgacge-tactggeaag gotgaggeee~tetgeag oo 167

<210> 8

-<211> 167

<212> DNA

<400> 8
ctgcaggtce ttgacctgtt caagctgaat ggcaaggttg ctagcatcac tggegeacgt 60
agcggtattg gecgtgetet ggetgaggee ttegegeagg teggegetga cgtegecate 120

atcgatatca accacgacgc tactggcaag gctgaggcce tctgeag 167

<210> 9

211> 167

<212> DNA

- L213> sfnthetic construct

<400> 9
ctgcaggtee ttgacctgtt caagctgaat ggcaaggttg ctagcatcac tggegeagea 60
cagggtattg gcetacgetet ggctgaggce ttcgegeagg teggegetga cgtegecate 120

atcgatatca accacgacga aactggcaag getgaggcce tctgeag 167
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