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OXI DOREDUCTASE VARI ANT Fi el d of Technol'dgy This invention relates to a

nmet hod for nodi fying the coenzyne dependency of an oxi dored,m
particularly a method for nodifying the coenzyne dependency ﬂmmwmmm
having an activity of asymretrically reducing a carbonyl corrpouq%p
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process for produci n a CRD enz nut ant havi ng NADH dependency obt ai ned
by sai d nodi fMETHYA Q&MQ@IFXI@/E%W@ h@DsQKg)@RE@hETm&FaHARIANm asm d
carrying this DNA a transfornmed cell obtained by transformation with this
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t hese enzynes, there are cases where not only reduction but al so oxi datl on
(dehydr ogeagtiLithdaetttofodynat causes probl ems, such as |owering optical
purity and accumul ation ncentration of (S)- 4 hal o- 3- hydr oxybutyric ester
as a product. B§nppecallyactive (8)- moeﬁhydmxytmtyn/ceﬂteﬂmdﬁ@jwhd&) begiRkd ae
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produci ng KRlacéohat 19e€t J}ﬁd*é)ﬁ(]ybutyrl c ester. Cenerally, in the production
of optically active a S using an oxi doreductase, efficient
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dehydr ogenase, organic acid dehydrogenase (such as mal at e dehydrogenase),

or the like and a partially or fully purified enzyne is known. Here, there
is acertainlimtation in that the cortbi nati on of enzynmes which
regenerates a coenzyne depends upon the type of the coenzyne. For exanple,
GDH i ncl udes types which can regenerate NADP and types which can regenerate
NAD, but FDH can regenerate NAD alone. That is, it is considered that, if

t he coenzyne dependency of an enzynme havi ng excell ent properties
(stability, solvent tolerance, oxidation tolerance) and a specific




2 activity such as CMCRD enzyne can be optim zed to have characteristics
of coenzyne dependency of an enzyne which regenerates said coenzyne, the
optim zation of the process in the production of an optically active

al cohol or. the |ike becones easy and a nore efficient production process
can be provided. Although it takes an enornous anount of |abor to screen
for an enzyne havi ng excellent properties, a specific activity and
desirabl e substrate specificity and coenzynme dependency, it becones
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coenzynedep&hdehes U3P2hmp eanboprbreduciaseraiginatetiom dluyveramyssatastie YPdtatant e
conver si on gfplidaBos NBNGBEPGIER j %Hr\?t‘. rel ating
to enzynes SEI():h a% | act at e qgh%%g?é?yé‘ygﬁdg%%u g@?do%gﬁg@w ‘Feﬁ%my ces

st ear ot her nexstuatii § P[Hatent PebhicatBingKlokai) NRe 2000236888 A),166 habbHeen #2pdrtka0) | ,

gl ut at hi one redu e iLginating,fromEscherichia coli [Nature, 343, 38-43
(1990)], i soci tr%@gﬁ%eﬁ{?&%ggﬁ%gmgﬁ ﬁﬁenﬁ?sleﬁgwqqr%rﬂo(&%%rrre Befgn it alsgor oc.

Nat | . Acad. oxiddtion (Fehydi@genalidfoccdrdt BN céﬂs%@ﬁﬂcblenﬁss%%Y&wé’fﬁiﬁ?ﬁical urit
dehydr ogenas orli?%i nating from Thernus ther n%hi [ us [ Proc. tl ,g;)caob.I Sci .

USA, 03, 12Pfiacewhylgtiom egnseytratiopefl ¢o)at-balent-hydrexwptygicnestes dsfa prodwete Biononas
neval oni i i } d 4@ : . I se
originati nEgtBﬁc= ?%&#}?r%gg‘t%??}eowceg ﬁsﬂr];?e%%%%i?%ag][nglr%%gﬁ hﬁﬁiﬁ%gw@%&gg(gg%%
(1997)], p-GMERE swramedrepoded by hpart of yhepresant inyienwred frowss R quobreigas

fl uorescen |4 Bl Ql - , etc de,., .
However, t eac{tc%%lv Si %ajr?é |gr¥]r ygréo%b%%? %ggé @ggﬁc{%& B“’\X/%E‘Sd 2@/@ Jekzggj&g? b?‘ his
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trial-and-error am nowﬁjgnu, atjon nethod centering on the infornmation
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nodi fi cation refSEnedllpdnche ppdustiomef eptidaljl agtiver aledholsalsingramaexidwediicse,at i on
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substituted bhased on tE\e simlarity to the am ng aci d seguence of the
anal ogous SHIURIE. 3 FFHS C‘If"@a%gg?roﬁygé?]ﬂ‘e‘?ri BiTepisy MUSTORERAPIER sentaipingofosci d

resi due toekangslelbghicost eRhpRRNAE (RGBinkAG FERIEN8bS as CEDRY] §BRER: acid
procliviti and opinions. In addition, estimation of the contribution of

S,
each speci feif’}@'d'“%ﬁ’ﬁ"i‘ﬁﬁ Geregpafters refereedn s ay FH)e1silcobel dehyidragienasei eminonasid not
carried ouy h ; I [ i figcation
dosi gn. | noodRt et GRiniElafid ek Hrdeehidt doliF ! ARl RRFNGFCARE, b GF e
functi ons erd hpartialy of fullyi pmifiedl wnzymeoissknowine rdere sthererie aasainylimitatiogggat i ng

trial-and-grrar. experi.nents again.. .Therefore, it is gonsidered to be
extrenely ?lr?Ee icgfnghﬁall%?r:]eélayrgge‘glgﬁ% EPBSPCTalSE A COPEKRE g%ﬁ'"’“ﬂ? BRAnhE tyPsIof hough
sone changée waizyie. Fouddmpl, GOMYIRABPENFRIE al ékehdtfte COAMP Ahi Ak
ITDdIflcatIOS, thods, there still_remain problens such as the obtdl ned

nodi fi ed el AP FRESNFHHE SupRDHcan eegeperale NARfRIqne ent enzyne activiti es,
or, for exanpler ; = C lﬁ%nﬁp I ictly
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Ther ef or e, exaeBenicprapesties (atabality.asqivent t toleadncap diifiatinh enlerymee) tandt a hpecific

i ndustrial applications has not been achieved. It is desired to develop a
rati onal designing nmethod for enzynme nodification effective for the

sol ution of these problens, preferably an objective autonated design

t echni que. Disclosure of Invention This2invention purposes to provide a
rational enzynme nodification nethod for converting the coenzynme dependency
of an oxi doreductase in order to solve the problens descri bed above. This

i nvention further purposes to provide a CRD enzyne nutant which can utilize
NADH as a coenzynme according to said nodification nmethod, a DNA encodi ng
said CRD enzyne nutant and a reconbi nant into which the DNA is introduced,
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As a result of intensive studies for solving the above probl ens, the
present inventors devel oped an enzyne nodification nmethod converting the
coenzynmedependency of an oxi doreductase, succeeded in preparation of a CRD
enzyme mnutant which can utilize NADH as a coenzyne according to said enzyne
nodi fication nethod, and conpl eted the present invention. That is, the
present invention relates to a nethod for nodifying an enzyne in order to
convert the coenzyne-dependency of an oxi doreductase, characterized in that

the size of _hinding en f a coenzyne nmolecule is controlled by the
substituti ogrllé,?wﬂgg%% ?Soﬁwgﬁyg}? %le%éhoé)tl%ﬁ%ftrqﬂaivﬁﬁh?rﬂﬁ%ﬁcs 8? C%g“éb’?i‘ﬁl e or
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oxi doreductase. As a preferabl e emhbodi nent of the present i nvention, the
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interacti ngﬂﬁfﬁfﬁgﬁggg@g%& I g%ﬁlc%mﬁget ? ﬂogﬁdr%gi gﬁgg?l%log %E&s%f FYNM e
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nodi fication nethod further includes treatnents of predicting the three

di mensi onal 25s£9e2YH¢ clepgndapsye ubsiratro SReClitdtymeth f, ans ailreadyl kpowmrexceltent| ef t
part havi ngay¥ekit: feRPRintofifq. accomodating a coenzyne nol ecul e,
conparing amno acid sequences of the enzyme wi th an anal ogous enzyne
protein, and extUnidtnow aitemiptude pedifyirthel substtage-spepificitanindl die tbenzpinedi ng

of enzynme I from.the am no acid r dues constituting
said cleft ad%ﬁ?‘f@gé}éxan%nﬁﬁ %;L)hagg &F %’bfnead%’n%%dflsnﬁ’ﬁ?np&?s ?’ﬁg’ep‘ip&eéﬁf’“ %Rt i on,
t he oxi dor egertyaredependehey aboxiosdnytase, mestirfsi reBiting o ek aes kcht e 1006
utilizing %éh%%l ne nucl.eot i de coe&gg/ﬁe as a coenzynme nol ecul e. As anot her
preferable geshase ougmaung Bemsheqiliys, Yesrothsrmonhiius JBiasheradBiaphye Res. t he
above enzyraynvmgi. f1i66,286670672/@YINY ghitatBiond rRaike OxsiARE igul arly
preferably the one deri ved@r%ﬁqpéandi da magnol i aeg_l %{5%8%%{51%?”&?%&0%

addi tion,  tfyause.e¥dnts-A 3 {0 oisositptstdehydragenasepriginating ofikom diselehnrichiaseli

mut ant, whiphod NeAbiaINSE. UsAMA 1%8@'-1&&#(12%?)2‘%@8&3}5’%ixﬂﬁEtggl‘é%#cﬂofﬁngér’% o

substitution, insertion, deletion or the co atironthere

aci d resi dosigimatingviionh Thexmug tkermaphibngi [Rooq Nash doedefvi.CHSA,RHIQT1-82176( 1 )
Action: Acti Gl 0 i j hyl to produce.ethyl

(9)- - ch of b e SRR SRRl R Rpfldond BB Bi Bt 5, o o
Speci fi ci t 196050 (BI6)]r dengirgc dehydrggenasee bhiginadag Hiam oBkeinoaapiondyeesbut

substantial.ly no,.acthVvit 0 e e tate . showng a stropg activity
to 4-chlor (l)'ggrenfegéuéet}?rg}ele%tée'fg' b@é@g 0@?t gﬁ;@? t IRPEOXYRARAS %éélﬁaéﬁaﬂl?ﬁ?i ty to
4- hal o- 3- hydipimsted Utom iPsewelbindhds AitilescdnceGUeRY Blokl 2DEEIEIE Y199510¥k NEhvR

strong act irt?Vi té én case of serving NADH as a coenzyne but substantially no
activity inf® &9%f serving NADPH as a coenzyme; Further preferably to a

carbonyl oxi dor emuele&s therBonddition 3 infbly [d1Qhdse IrRis NoasPRM T4 L QR 3 M G RAng-
properties e?rfor g\rﬁzno- ac(ld7 )rriuta iAcf)Zl, %Eelriggl on%iljl:forﬁia?ior;ﬁjilg;the similarity rc.t)(fayrs;@erquences
obtained from amino acid sequences. Generally, the functions and physicochemical
properties of an enzyme are closely related to three dimensional structure, therefore, it
must be said that a trial-and-error amino acid mutation method centering on the
information about the similarity of a sequénce obtained from amino acid sequences is an
extremely inefficient method when introducing into an enzyme modification that strictly

controls the reactivity.



(5) Thernostability: Stable until 45C in case of the treatnent at pH 7.0
for 30 mnutes; (6) Oganic Solvent Tol erance: Having an enzyne activity of
at least 85 %in case of the treatnent with ethyl acetate, butyl acetate or
di i sopropyl ether at pH 7.0 at 25C for 30 mnutes; and (7) Mol ecul ar

Wi ght: Approx. 32,000 in sodi um dodecyl sul f at e- pol yacryl am de gel

el ectrophoresis; further preferably to that the above w | d-type carbonyl

oxi doreductase nmutant is the one derived from Candi da magnol i ae | FO 0705.

Furt hernore, the es i nvention relates to an oxi doreductase nutant
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enzyme mut afinodackl ARfEtdn GRS theSthicd dPMBnsiamd sBudtb@Nst 8 he?%ﬂk ngd by
transformation with said plasmd. 6 Furthernore, the present [nvention

rel ates to theprilopsa negodgn ghieh mgdidicatipncia cpaieg|out by sebstivsingutbanognzgme d

process co hSil | 0Q,; | f l.ng the above .
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produci ng amvolyingctht Ipyepation ef alchohark ensyne), ppresvassg i 01 edsidbie i@rtivigatiap i0f
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I g. is

produced optically active alcohol. Brief Explanation of Draw ngs
a schemat i cofdhagnaiegoys enzymet fn suchgpspsnaeriianon fr selectinganmoded acid rezidohBRD

enzyme- NA : [ . . 1 jLions, correspondi ng
Co The N ors pputied, SREKE (b08 (e Beerd Rodidifes, brtRBlsh R FRPESSF TonoRD
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or has insufficient functions, there is a necessity of repeating trial-and-error experiments

again. Therefore, it is considered to be extremely inefficient method.

Because 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 practically 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 objective

automated design technique.

Disclosure of Invention

This invention purposes to provide a rational enzyme modification method for
converting the coenzyme dependency of an oxidoreductase in order to solve the problems
described above. This invention further purposes to provide a CRD enzyme mutant
which can utilize NADH as a coenzyme according to said modification method, a DNA

encoding said CRD enzyme mutant and a recombinant into which the DNA is introduced,



Fig. 7 shows the organic solvent tol erance of CMCRD enzynme nutant S1M4.

Best Enbodi nent of Invention Hereinafter, the present invention will be
described in detail. In this specification, "oxidoreductase" neans an
enzynme catal yzi ng oxi dati onreduction reaction and utilizing, for exanple, a
pyri di ne di nucl eoti de coenzyne such as NADP, NAD and the |ike, quinines
such as ubi quinone and the like, a disulfide conpound such as gl utathione
and the |ike, cytochronmes, pteridine conpounds, oxygen, hydrogen peroxide,
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reduci ng a amrsameyl conpound to produce an optically active alcohol. In
this specification, am no acids, peptides and proteins are expressed using
the abbrevi ati onds defesulyof Hnisasivey stidicshiosrsehvart gheebdyg prioblemsPA@- proent
Commi tt ee of,Bh@Rh a8 dNQ,lire u on, unless

ot herw se sﬁlgm fied, %eno acl @%q@%‘%& }n@thédtlc%ggg}n nhe C8F%%YH"‘W |1
be expr essedepsadananiof eh @xiMoratuntasealsuceedaicint pxdparatldmef b €RD enzlym& imu€ant

C-terminal t end t tth first d
ocat o on PRENNET LPfpbMTecd At ecsPRlng B utlingvpe anodifieee Py moliossed

by "-". Foram«aﬁmjlaeduhbpmdﬁﬁreﬁﬂ@fessed as Ala-@y-Leu. In case that the
same am no acid {“e3| dues conti nues, may be expressed for exanple, as
(Al 'a)3, which i s Hads, dhegpr eé%ntAn‘aenAP!afﬂPtss tnaanethad dori medifirgpn engwmeiime,

D=Asp=aspar ,ider @Qbﬁivenﬁn&&mﬁwhgmna&,%fF’ySma&%a{&féeh&qapa%tm%ﬁ%ﬁ&'tMC' ne,

H=Hi s=hi stidi ne, |=Ile=iIsol eucin Sl ne
MeMet =mret hi 978 @febmdmassrmysqfar@gnzme Rolerwle py @inimiBed 3Bk nuigptitittion] ineartion,

R=Arg=argin LaLhy hre i ne. V=Val =va

t rypt ophan, &é{fﬁ]lon%r%é gcgrﬁth}eﬂ% threo p* o 25 R Pl Elt@%alg}m@c}ﬁtméﬁae at
X=Xaa=ar bi tmap;evwmslmselaciedisxteldfsamddmidot@lutmkee the reference easier in
describing the p oduce con enzynme .nut ant according to the
present inventi ngﬂol?lg iqdlﬂelfthB i8¢ TRt JRYGHAR t %h%v%@pwme

posi tion; aﬂddlﬁuhﬁﬁllxﬁd.lﬁ(ﬁﬂmalﬁmm aep df ideptiRHRRINA tivd Bied 6f B SriddrBRuctase, a
substltutlon ofy%ﬁ%mr]tlc aci d for tyrosiné at the 64-position i s described

as Tyr64Asps & ok R}pg A0 pRE0cRGHd Fesidup dntarastang pith Greasnzymeg molscwlerimtlet i ons,
a slash si gieighborhbod 8f Wﬁtlﬁf@%ltéj'aﬁﬁ h@&b'o@@arryl: oﬁm %ﬁé(dr?éx%er to
represents the substitution of alanine for ser ne at t positron and
that of as pFé’PtrP]cthaéizﬁ of dhe bipdingi energat oftthe cezhzpme imdlesule bVlertSIaldeeterrmned

speci ficati@Qque. @ Mutant” of an enzyne is a nodified enzyne having an am no
aci d sequence obtalned by substituting, inserting, deleting or nodifying at
| east one or rmrﬁes afrirther mfechbltoémbchhmamu afdhapiesens dopeetiae ol afbfb@dﬂnbxgaidnal

enzyme and ¢ sQne activities of the or|

In this spéci f| cgrf‘ ng"%ﬁé e 1ees l%fQﬁe (] %P’H’enlﬂf’gl‘ﬁif’?ﬂ?"t 3ufPft{’]‘?rzed

for the desngudasgreafmeaxtsmﬁmadlctmmertlnleaId;mcdﬁio(ﬁhll Afuctiire BPadlécud nglelRy an
ion to substi tut| on, The substi tut| on

am no acid cegg e enh‘ig t ed |g add|

of an am nd"RA9Y SHFSNLE AL Y6 |P‘HT BYingsa yolymencapables of agcpmmsdating @0 20,

and pr ef er abbyzyinetfoldéhle, RBIPAHMLCARMo f201d defjferRld & thalen AR WHR an-ggﬁo 1tion
of an am no acid neans the addition of 1 or nore, for “exanp 0, and

pr ef er abl y €BZYT8e ProteiBiioeacing residupe PESIHet &0 bpemppd@tdhaim bifitheg defl et i on
of an am nQpaGhdafIERe [ 0, and
preferably 1 to zjilLO aﬁnzlyh%‘?g% ggésf%nmﬂ{eh%mgé ?a?%egfdu%ée)%@?@gm%md ﬂgfté’la’rz'lafter,
the nutation of As qnothmeprnfemlvimmmmeﬁt@fthetreeq@nbniumtlonnthefoxﬁlofmtxaﬁﬁe i || be
descri bed a methed for carr. t.he substitytion and the |ike
of an am néﬁga%:q%gg ¥ e%J“P op & Ogﬁﬁhﬁgbgf’é”{ﬁm%pyré A8y ?ﬁ}ldﬁlc?ffqz!‘inﬁg gene
engi neeri ngsamomymbnﬁﬂkimas of a DNA sequence encoding the am no acid are

changed, the present invention is in no way restricted thereto.
As another preferable embodiment of the present invention, the oxidoreductase in

the above enzyme modification method is a carbonyl oxidoreductase, particularly

preferably the one derived from Candida magnoliae IFO 0705.



In this specification, "design nethod" or "nol ecul ar design technique"” of a
mut ant nol ecul e neans anal yzing the am no acid sequence and the three
di mensi onal structure of a protein or a polypeptide nolecule (e.g., a
natural nol ecule) before nutation to predict what kind of properties (e.g.,
catalytic activity, interaction with other nol ecules, etc.) individual
am no acids have and to calculate an am no acid nutation suitable for
produci ng the desired property nodification (e.g., inprovenent of catalytic

activity, inpro t. of .protein. stabili etc.)., This .designing nmethod is
preferably car r;igg‘a g’hf’ R’Utglgrf’gresan CBYETHoR, T EHX? 5% ﬁbgggo?’“g?f 8¢ q’b‘%‘%’&r ans
to be used witich suchaiedl @dirgn wiRiLiRpel carbih 3 oxRidPeddcRME by [sobitRstion) $iskfishe Of

Bi oinformatjcs (SIB), ExPASy Ml ecul ar Bi ol ogy Server (avail abl e from

ht t p: / / w9638 9t g cpmbipatontherspheh anpming eeidiresidyerandoxtueh hasriherfodiomiing,
AMBER ( D. hvé L ARG oo AMBER 4.1, University of California, San
Franci sco, %i 5912(§&and F;I%E%%Cl)es[ Mori kam K. et al., Conmput. Chem, 16, 243-248
(1992)] as pflDghetim: f or t hree di nensional structure optimization including
energy mnim,zation of rotein .and conputation of nol ecul ar dynam cs, and
Shrike (JP Pacg?ﬁ W pl ?EFF?%S‘%%?’%@(S%@% (tigg’é?J“.“J Pﬁwﬁt ENe4BRIBTa-3at i on
No. 2001- 184B{dordYybatgrddd BB NADH 800§0¢hiyife;t he opti mum am no aci d

mut ation, etc, can be enuperated. The enzyne nodification nmethod for
converting tF?é_ é‘ﬁi‘?%@‘%@ﬁ@hdepcy of an oxi doreductase according to the
present i nverghbRthe dlonpcti8SIH 'e@l‘gfu-lEﬁfoﬁﬂcétBa&%@bllmsugﬁﬂtﬂﬂy Rk, Gnzy e
as an exanple. Incidentally, "the present I nvention is 1 n no way restrict ed
parti cul ar| yethy acpteac®8RD enzyne to be described below, and it is obvious

to a person skil:.led_i e art.that t net hod, ca e lied to
vari ous OXi dgirﬂé‘ghgt gsgg&lléncq%&gllt%g%t ﬁeg}%g%gozaﬁ%c. P agﬂ{)tﬁugﬁ?’“laﬁ@ 8r ee
di nensi onal ddhydwienase adtivith o ChRIRB-kydryxybuiysiclesiennand because experinents
t her eon such Sls structé;eral anal ysis and the like, including X-ray crystal
structure anfPyeeReYBedRendCYeen carried out. In the present enzyme

modi f i cat i onSKein®s stréy Rtigky inCa®d bt SERIRENADH e85tz fhe Bt sﬁﬂ&%/xﬁﬁllg%a”t
was achieved by, utilizing 9 the three di nensional structure of ah enzyne.

g 3
Theref ore, i3CtVRY Ixqaseef sgrving NADPE Qs 4 0803y bt ai n t he t hree di mensi onal
structure efirtgerCorapd [ [ i £VCRD &Nz ng .a me
mol ecul e are bougd,_rglzlyt h'i%\t’\@t ﬁ%b%}yyemd%)%?%rgﬁ&cgf thetﬁﬁrégaggnglﬁsifglﬁogﬁ%g
struct ure BhysiqeshencrDrensptiesef €dcéPdi ng to the nol ecul ar nodel i ng and the
nodel i ng ar i U ni_ he present invention. The three dinmensional
structure o$(4g%c%ﬁnr%?8§' I\t\)iot Qdé CMCRD enzynme and a coenzyne can be
construct ed (& cThatmostabilityt h8table! wriliddeC piro casd Wifethe tieStnept 4) pk7.0 Her basi s of
the amno acid gequence of a CMCRD enzyne, nultiple am no acid sequence
al i gnnment s Meé’nzynes whi ch have am no aci d sequence honol ogy and whose
three di mensiprovgasit StlvbaRicraic®: it 4 @dymd abhatyesht Rates BaRK A4EFQP) are
prepared utilizing a Custal X program [ Thonpson, J. D. et al., Nucleic
Aci ds Res. 2be tregmenugish ethybaceyqte, batyd asetaterprithispprgpdmithes aapHd7 AatB5u@Gy Wit h
the CMCRD engye®ninfeRenliti!ized for nolecul ar nodeling can be selected by
screening the amno dcid sequences of the proteins registered in PDB for
anmi no aci d Y@} ¥eteselahMoglogyAppyouSi20§0&n kaBlA Jddecydsdfateol Rcrimide. gel
Genomi cs, 46 4-36 (1997)] or BLAST [Altschul, Stephen F. et al., Nucleic
Aci ds Res. f%ffcrg%? 402 (1997)] program A protein having a honol ogy score
(the E val udunhertprefeBbBSH thiitohe abdveowil@typeeasiondl xillBreBu@ise! Bsiant RtES €r ably
of 1 x 10-1 or less with the am ng acid sequence of CMCRD enzyne may be
used for nul9FFEFRvedfiom Capdide agnalise FQO7Mnent as a protein having known
t hree di nensio t rs i ' PDB .| 1 AE
1, 2AE2, 1 Flvcfwf h%%(?%’lméH re,sgﬁf infehgoR iﬂﬁygﬁ%f?wggﬁ%e’ﬁﬂg’gﬁ?‘ﬁ Lo 2)
Next, thesky preottwivesniymé mpdifiration triethed, di DNAS eondingsdaid eidynRSmaragt, a

< il 5t S RS o PR phfShd e oG S

previ ousl ypladhidi ned from the am no acid sequences al one on the basis of

t hree di nensional structure anal ogy, whereby final multiple sequence
alignnents to be used for the nol ecul ar nodeling can be obtained. It. is
desired that the nodification of the sequence alignnment is carried out on
the basis of three dinensional structue analogy in such way that insertion
or deletion does not occur in the secondary structure of (err) -helix,

(err) -sheet or the like. (Step 3) Based on the obtai ned sequence
alignnents, a protein presuned to have high three dinmensional structure
analogy with insertion or deletion sites as few as possible can 10 be
selected as a tenplate protein of nmolecul ar nodeling. For exanple, the

N ) 1 S A N A ™R AN



As a nmethod for determ ning the atom c coordinate of NADP, a nethod
conprising selecting proteins binding NADP, PDB I D, |AEl, 2AE2, 1CYD, |YBV,
and | EDO, preferably I'YBV fromthe three dinensional structurally anal ogous
proteins, and substituting the atom c coordinate of this NADP of the | YBV
can be exenplified. In addition, the atom c coordi nate can be determ ned by
firstly constructing a 3-D structural nodel of a CMCRD enzyne alone to

whi ch a coenzynme is not bound, then, 11 simul taneously identifying a

7 The al oft - pane e R thoh MR e REGRCHRRR b PPl A B B Goamel ™

i nteracti onrethedtaye efutant) sail proteds c@Bprikigg gkteppf exltaingn@diprolifbatifg Bfetabhag t and
t he NADP nol ecul es by using prograns of nol ecul ar docking such as Autodock
((Oxford Mirassiormant. " Guex, N. and Peitsch, M C. ( 1997)] after whereby the
atom c coordi nat : } i

fhese methods,  CRaTrRIng A esTPuREpidh (it 8 SiReqaM I Bod BRI UL o
conpl ex carachee algnkaly spid prhcegsSinelpdidy aTstep fof medctiyg dhenattove ehedng imutant, an

di nensi onal [ ure | can be optimzed in three dinmensional structure
by ener oy iPEVTE DATERT Rty of Sefa i fRshetnt RricByRl spOTEahGar ety s
three di mengionriati/os tar motaht' he@pf aid a aafbdRyPeaapcng, aiVBERp FRESIGtALthd he

i ke can be used, By the application of the foregoing three dinmensional
structure pgredices prfiralnactysalohdly t echni ques, a three di nensional structure
nodel containing am no acid sequence having 30% or nore honol ogy,
preferably 50% or nmore honol ogy, and further preferably 70 % or nore

horol ogy, Virigd Explanatioh of Bsawgi@RD enzyme which is. subjected to an enzyne

nodi ficati g 3 an. structed.
identifica??%zP%?QSﬁng@f%@%E%%?@ém%gg%ﬁﬁ§%§§%§pﬁ%méﬁgtBpﬂgﬁﬁgégb@§§P and

t hat of amengymeNADReomples wheteresidudsray thd T tp Thpositioie contspondifs to thetNre

nei ghbor hoqgd of .sai.d actiéefﬁites can be carried out according to the

f ol I owi ng ﬁ?ﬁlﬁla%?e%*-‘?‘b?ﬁew U4t ee di mensi onal structure rodel of a wild-type
CMCRD enzymamhawme@np{ogk FTMCRP effgyrhé Blutan@Signnent hof b_and_anal o?ous
enzyme, a ¢Q am no aci d sequence participating in the binding of a
coenzyne (§h£ﬁ§£8W6ﬂwNHEPP“N§UWH§CHﬂSﬁDUHH¥EP95¥¥8§1VH-anino aci d sequence,
a NAD (NADRR)g oubels tHRldr¥ic\RsvehOdRhncd BECHMURY cAfnik AEEANSSIGS1.1 N common

bet ween the CMCRD enzyne and t he anal ogous CRD enzynme can be (dy or

Al a) - ( Xaa) ¥ig & shownthg pht profilejof OMERBengyng muanyS1Mia or Ser)- (Xaa) 10- (dy
or ASn) . i BRRERL fhe b HDEAMERDIOME BRI P8 flga0" aPNI €S, @ T egion
nei ghboring The region contain'ng this co n am no aci d sequence on the

t hree di medrid. drshpws theweganicssobfenttolerampt ekCMGRID ehmymewoutast, S1M4.egi on

i nportant for the binding between an enzyne and a coenzyne, can be
identified. By introducing nutation into the region inportant for the

bi ndi ng beBestdEmbadimen \pfitnvemtiora coenzyne, the coenzyne- dependency can be

nodified. As a us selected site, amng.acid resjdue. 12 positions of the
CMCRD enzyne at E%Beér?a?ﬁeﬁ ° pepgn @,tlog'wlﬁgeé?cghffﬁf taily 228, and preferably
Posi tions 40 tonfthis epetifRatieR)UTRIdR Rbctade M abak B &iz9mBWavaly Al BRidaGE
residue positions 41 to 43, 47, 63 to 66 and _69 can be enunerated as sites

to be sel eggdugtion reagtin andailizing; foy cxarepla; & pyidine dinuelpotidecioeazyimensuchtasi s
possible t e ale T¥-Tod e B XY i.N 1 i CQER:

ol ocul 6. PN Lr and e HISE nhRS) ik dsCuBREEbA ol b ey SCHRER

wi t hi n 8A, cémpenndsacis aeglatathionsi anditheliké, teytogbromes, pteliiding campountls,icxygassi bl e

to sel ect I j i tatlian s introduced, .Next.. fromthe am no
acid resi dggljoé(% éf{}%’%gxﬁ]eﬁccg ﬁg}élcgé%ﬁfyfdf %ngé?neoé%i %ﬂ\lseiﬁefilﬁ,caté% nﬁarg‘?ﬂyg]
resi dues nmeddunigsedrmdins anBhdymr(ORD efzgnieh Batihfditvaty it agyMABIRcally NARRRL
coenzynes are. identified by the eval yation of nonbinding interaction with

y )
coenzyne ndICERAPYLOBporMtoPapdquGe &t PRIiFFally agtivg alqahgh t hirthis Sperafiegion tamino
cal cul ati oR.;af, pehdet RS brhdifis B@telg,s}us@b uWnF B ALHpPide s Eeg f&!n?ﬁélag%ﬁﬁﬂ v
i nteraction, and ot her nethods. For exanple, the contribution of every
am no aci dareesgiogied tiynthe HEPAL-BEB iGommiggé ofi BiachtméabNodiengjatnfe {(CRNNAGP or
NADPH coenzynes can be estimated by the cal culation of electrostatic
potential set forth below. First of all, a negative charge of -1 alone is
pl aced on the phosphorus atom (where point charges of all other atons are
0) of 2'-phosphoric acid residue of NADP (in the case of NAD, this
phosphoric acid residue does not exist) in the three dinensional structure
of CMCRD enzyne- NADP conpl ex, and the electrostatic potential produced by
this charge is obtained [Cal culation of Electrostatic Potential, Nakamura
et al., J. Phys. Soc. Jpn. 56, 1609-1622 (1987)]. Next, with respect to the
obtai ned el ectrostatic potential, the point charge was given to atons of

.



substitution can be obtained by screening the three di nensional structure
nodel s of the CMCRD enzyne- NADP conpl ex and the CMCRD enzyne- NAD conpl ex
for the above residue sites by conputer screening using, for exanple, a
Shri ke program (JP Patent Application No. 11-368498 (1999) : JP Patent
Application (Kokai) No. 2001-184381). In a calculative nutation experinent,
the candi dates for amno acid nutant can be cal cul ated taking into account
the difference between the binding energy to NADP and that to NAD and the

denatured f . iLcation of.fhe enz t nosiability.
acconpani edg(@%@'ﬁgﬁ]g‘;’%oﬁ%ﬂgﬁsf dP eé?ﬂfﬁegt e 38}# SeﬁﬁWﬁ%{’T’fﬂ)?e@ idg F‘l‘?aat ?rﬁ‘iof‘i"b%’é“ am no
aci d sequenb@ay@h&smnha thé Ntieemiaglep 1o0a®dbnné NGt &idtwhitf CERRiRN Ty vRatB@Vi Ng
known t hree dinensional structure can be utilized as a reference for am no

aci d subst i Phifheorght gaeoprel Ry thay thenBirss aesen acidnis peateroon fthecNrteominalet Kb, t he
coenzyme demaAde Bl dmiab (B NAKTT LS. P O 180 A Bl FEBORIALLRN £ 2

coenzyne to be conbi ne enzyne also ca
Furt her nor eAlarGIyrIs:uotimcwsthathh& saneearoimoaeidsiesiduesf contitues 1o siay Hecexprgsddf | City

of the CRD ne,bec e b p ng, .t he sane designi ng techni que
if a nolecu e am%e aﬁgﬁefdgﬁlgﬁlﬁ% EEH% e‘gfaf rﬁ‘lﬁ coenzyme to a substrate.

I n case of Clmmym CADYRE cFsbditl, dabeﬁsﬁAAEpaaﬂiﬂ NQcACT E=G3sd dWfutamine
substituti Oné’d?ﬁ? cordl ng to the present_ net hod, those for mutation

at respectiv 'B“? he Brdyeydns. NaHpHeshisading.o béﬂ!ﬁﬁzsqlﬁnl@mse
are: at the 4(]=I_B'9$l5'§1hé’n ’i‘.‘z—LﬁlQEucﬁae at M"%’Iélznf%ﬂ'ﬁbrghg ﬁ{ a%Bar-gg Ror K
at position, "¢t he

at the 43-position, A R or K;
47-position, PAPYOSPTGDHCYQ Q1n=€iut@nn€2 RrAg= a@nmhesﬁfrﬂesnd,lwhr#hresmnh l,

V, M F, W _ p ion A C, S
or T; at the%66@ %ovglh?‘ll\lo(rjlw “Wg}%{’an géfyf ty*\?smé B- g(rs %Sl’anﬂr at’sPhe
69- posi tion, ZAG])EGIDOOGlﬁanPXeKﬁﬁﬂbblﬁ'arySﬂﬁ.lﬁo a8d42A, S42R, S43Q $S43G S43R

W63l, WB3L, WB : V\lfi?.lgi hWB %{\ Y64D,, N65«ill I\ESSV S66 S66L, Y47R and A69E
are enumer ab&d iEaet thg feiehence easief; Wagescribmg the prodiesd o eansidarsdy CRPt | s
possi bl e tcenzlym giﬂtdﬂuﬁaﬂicﬁng’t%&tié bte@@tﬁﬂ\iéml&f)ﬁﬂéhﬁﬁélhtﬁfbsln(ﬂf)e oo BN Singl ”9' e
mut ati ons as CRDgnz ynme mutants, pref erabl e CMCRD enzyne rrutants In the

present i mABHES B¢ R%’é‘oPo?qdcﬁNPﬂﬁ“tﬁ@u?W%@rl%ameﬁ negrefergniha spbatigutioBVCRD

enzynes by &ﬁb{ﬁhﬁ&éﬂid £5 tyroBiA€ hl theB4-pSit 6@5@9 ami no
acid residues: ~CMCRD ertg)(/)rre mut ant ﬁ&%%ﬁ%%bﬁ%% éﬁ%ﬁdﬁgj&wgg
~CMCRD enzy#ipeehie shet dessiption of apyltiplg gugens, m@m@\ﬂ‘ssmseémmmnwe

R i T e

541A S42A 8aSGpYArRhnBHaspasidDIchbior HBE6N; at-+MZREbsitivty me  mut ant s

gjé:—_ﬁ// agé// %g:?/lyg% Kﬁeg{fgcégéﬁ/ “N65| } Eﬁgfﬁ@'%{ %{xg)%eguenzyme having an

S41A SA2R/ 4 Y63 Iséqdeddy Nﬁﬁhécﬁﬁﬁ&bbsﬂt’lﬂmg@v@ﬁn@,rﬂﬂﬁﬁlgmﬂrﬁéﬁlﬁlmg at least
SA1A S42A S43Q W63I1 / Y64D/.N651 | S66N AG9E. The gfr ﬁsent enzyne nutants
obt ai ned alBBPUPRY A"8"¢ ﬁ%‘dsa S0P REidSeqspee Of the onginal 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 be
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, for
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 more, for example, 1 to 20, and

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



t he physi cochem cal properties described in the followng (1) to (3): (1)
Action: Acting on 4-chloroacetoacetic ethyl serving NADH as a coenzyne to
produce et hyl (S)4-chloro-3-hydroxybutyrate. (2) Substrate Specificity:
Showi ng a strong activity to ethyl 4-chloroacetoacetate but substantially
no activity to ethyl acetoacetate. Showi ng a strong activity to

4-chl oroacet oacetic ester, but having substantially no dehydrogenase
activity to ethyl 4-halo-3- hydroxybutyrate. (3) Cbenzyne dependency:
Showi ng a strong ity in case o .vin as.a C but havi ng
substantially nngginl Vit the, iU, ofg pgog?(}l H]g ,ipr they pB‘H@ %’o ot AMATL ¢ he
af or ement i owditibé RBciedy rmthlﬁiuglamnefhwtfﬁﬁd:a } butAR@&ubytitiasn hitetht Gkt @hRg
physi cochem cal properties of (4) to (7): (4 Optimal pH pH 4.0 - 7.0. 15

(5) Ther most@#P| cidyInclydey, chemigal isgniipis 0% 2 tesmalynutilizing g@leaqngmemng)in or 30
m nutes ( [ f 9 r r gat at 45C
or 30 m nuf o S8R Gra DReA SEuReC ¥hdpliel, mEAARE oPRY £ ANERLc B 55,

activity ofinzentiopasin n®@5varediacted themted with et hyl acetate, butyI acet ate or

di i sopropyl eth t H70at 5C for Omnte Vol ecul ar Wi ght :
Appr ox. 32,000 E{V @gd RFSAGRIRR, y §‘°ﬁ$’fa{’? |%3erﬁ“‘|l§"ﬂéleﬁglp teq lﬂ“Poﬁﬁcﬁ esis.

The presentm@RR dbleyile nBaheRhalgdng bR MHE UL s@feMetindtht Qhde Wh8R5bnal
including: a) i ntrodu0| ng 1 or nore nutations, preferably above mutations,

into a genes'@REEIRIAPIPISH CRIPobPSHAS mEfPCe (g. n@n’t‘th’@l maiestliehbeforerautationi ned
in Step a) oHh&@ wHaPBhAOf HBpiaLs (eg) cta{af’}f@ﬁfagﬁ W%téﬂaé‘ucﬁ%h @Erarknglemlésh the

reconbi nant vector obtained 1n urlng
t ransf or mecktes indjvidual apmmmﬂdsahae'e rmdlta Cab;nhitef pmainino &jd mexdtimni suifatsda dor

puri fying thus aht gl.ngdi, CRB &1 &%@E c['}"{.a%on (g-légﬁg'lpg%,\tet?%gl f?kon ){tﬁnﬁ%ﬁtgo”

into a gene can be Cartiedro 1'ZIn

mut at i on t eniprovemest, ofsmotlama&xalﬁhtyj éte)s [Thix ddsipningt atthod ispreRadlPeartibe ohd ke,
althoughtherels no restrictio t he case of the

¥n ?ereto For exa #)
above. CVOROSHE, SRTRHIES 0 (S XAmPISN OF GATEHIE RToSrams {0 bp Bed 57 60 Gafsiad. out
as fol | ows.mARdd, 3WiRPDE Vibwar [SWisODistitid 6thBi%i]ﬂéHnde§ 1133 m@s&@?%&éhﬁ& in

the approx._.170-bp restricti on enzyne Eco0109l EcoOl site of the

wi | d-type @\}gquve.%{%a&@ é&&ﬁu&@_&‘éﬂ&}h 8he er@sraae for mpgatissed by
synt hesi zi ngydMNiéd amvaBId AMBER CR. PehAhbPRE aNAKMBER |

correspondi ng to this_si tgz foll W(D@B% substi tt?tl ng %giﬁ Wﬁﬁﬁents for

t he Eco0109Falif@aisoSanFransisce, 6995 and TRaRonikazg K. det pNI'@’t&pl(tVﬂBcﬁ?/z 35625)
cont ai ni ng otlde e uences
SEQ 1D NG 20 8 DY BE el 67 e BERFsi ol s Gl R P

t 0 produce epérgy miinisnipdtios v fotdin apUGBHNEEEn dsudiemias [diysangios, Iand Miﬁl&: QP HBlOl
can be tra sy 8 39.

fragment s cri%ngg)ﬁs‘gl ?{%{Fgg ﬁy%@?@%ngp?%grﬁilﬁthffq}lgﬂ]l\{%gEg@ﬁg%Hﬁdx) as

t r ansf or namprogratngfes tomputingaehedmsmin amwiot dei R 0REOE) letca bth B emnmeidaddaect i ng t he

resultant to preparative a.cryl m de el ect rophoresi s. On t he ot her hand,
after digesti ng%ﬁé“ﬁ"}%ﬂgﬁh e%i'/ﬁdtﬁr E‘&’B’Gi‘ﬁ@ltne SQsiFyRe-dependengy ofian

fragment s eafoR@uttaeoNRbRIEhgDIO ﬁiéblbxﬁééfnt Mivehion HWillase! ddsertaePab L inVetail,
taking a CMCRD enzyme as an example. Incidentally, 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.
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



16 agarose gel electrophoresis. By ligating both DNA fragnents,

reconbi nant plasmds pNTS 1 M1, pNTS 1 M2, pNTS 1 M3, pNTS 1 M4, pNTS 1
Mb, pPNTS 1 M5, pNTS 1 M/, pNTS 1 MB and pNTS 1 M@ in which nutant genes are
inserted into the Eco01091 Eco0019l site of the pNTS 1 can be constructed.
The amino acid nutation to be introduced can be carried out by preparing
DNA fragnments containing nutation sites according to PCR and then
confirmng the base sequences thereof to reconbinant plasmds. Since the

CMCRD enzy e s ins rtedint t he Ndel S|te pl asm d pNTS
T ort mer e SRS et A it oh o Sapats e ARvEIEs O Tertiel b eared 16
preferably sisigid thethried aliBeRRalbir@din@f o ONAHPRGTRN Whidhok ‘plﬁ}gtﬁewence
anal ysis. The obtai ned reconbi nant plasmd carrying a CRD enZyne gene can
be i nt r oduc@¥ymatandga rftﬂem}@mﬂ aoleyler ateebpungle sor thiah gha eradictiondph lrey thret hod.
There is no I C [ IS

filament Ousd]?ﬂﬁﬁ%éﬂsa?yrg %%egﬁfffﬂgl% egz ik ccgr g {0 tﬁ% gnor]]tfcu% %@E an& ed,

wi t h the ustbe afod8égree cathedaomoh thelpe¢sent 1p@emtt1bﬁul arI y preferable. Wth
respect to the i tr duct.i on of Iasm'rcei into a host cell. methods known to

a
a person skill ed1n™5e IHPPSIOI?%Pt‘g%HWpP a complexnyyh |%€M@RQQ"“&Y§‘P€% oF
m Xi ng a hagknsdd cahbe CHRLEOER 8ERRinStorthe faeif preciRisnant plasmd, a
met hod i ncl udi n a step of introduction by conj ug/] ative transport using a
hel per pl as@ted, Dala tleﬁlwéwf@emarweo ewdmmwofm Cé?dénpz)ene anfltipla efmirarant

produci ng t Escherichi a

coli JM 109‘435?5@?@&“?8%“%%? a %[Pnég%’ asm c}gea?mp({ﬁée]agg segétetn?’?rﬁ?}gﬂ? , the

reduction aw:ltqsmthseetdinwnsibnablmaetesaaretmglsmaetdem eaneiheDatanBankTERDBE are

- follows. Met hod or,. det ermi ni reducti.on activity t chl orQacetic _ester:
After carr " S ‘Etﬂgntge%cgﬂl%ﬂﬂgfﬁoga?’e bOPRoT: Jy bt 'ebﬁp &H‘f"éﬁcn‘}fﬁ% Bes s

pot assi um pﬂﬁGS-}Z‘B&D 6191911If]f @I profei Kaving, anfind G ooy avithNAOBNICRD¥h e i 1o

4- chl or oac tat %ﬂfd egé{g a}t 30C, the decrease in absorbance at 340 nm

acconpani edeiilig OHHIS’F"Q mggelngsen be sqlpqipst Py scregaing;ths #aio agidgseqpences

represents ofith téids rodisteRa YA PDBRoR hindddUtids }Atggl or

NADPH for 1 mﬁ}t@e Inéltszase t hat NADH or A S%ﬁﬁ’{:cggﬁggtoﬁ%g ® se ga;gf:é%RH

coenzyne, dRegpseR WnB ¢t alieCenoryes, 16, Hod®r189ME er BEASTA Aliaehivt, Serben Feet alinder

this condi ty thk O t I Lr out in

accor dance LT Lha BULEonI NG Ca e L rRanE bk hiufEa o scbh

manuf act ur édle@VBu@ORalti: BBAST gtrogram3 of htnleast 11?10 Bylesm@rafmbiyoaftllxaﬁ 'Bdr t he

present en Q nethod 035|ble t nzyme
nut ant , mﬁéés%‘?wtﬁo@ TS&[ éecrl 1 2EdDY défh%%c nzpﬂnﬁﬁn@'n Hafa gt P\vﬁpﬁmﬂ NADH
is used as agidcequengealignderabs ol pifosdiy haﬂngrkznyw& t&@t:ldiméx)slc&ﬂaﬁltrMDE’H Fer used.

This is to sa it ri.gofously r ol z n i|llLzes s_a coenzyne.
The above é&#%‘ﬁzw%e%f%‘tg ﬁﬁ’oggga S‘%E?’egﬁgﬁ’i Wg:etIMyﬁflgc’ 1YBYV,

4chl or oacetlBRBAIdCI EI3O e4n Buisegubst ant i al | y no dehydrogenase activity (i.e.,
oxXi dation ti it to any aqptjcal jsone of 4-hal o-3-hydroxybutyric
ester. ég%‘é‘fdh‘tsﬁg Ot%‘R‘b ViRE ’%’l%‘g‘tt |‘%€P‘F‘§“°ﬁ61 RS R Prbdestedldei vi t y
means that tﬁr@@dgﬂﬁsﬁﬂa%@nrﬂwt%@tusm WHEOMAPS nd (8. QoM A0 cMsf EQOOO)

4- hal o- 3- hydr oxy-butyric_ester "acting as a suBstrate fn the pres

NAD, does R8176H83 mwloélfbsmslhplpaﬂhgdehytdrmg‘emé}eObt@medlftqmvtherarmﬂneacndt e of

change per i e cco ni ed .b
i ncrease or g%creéae{signeo M@?%&Q@QE di é%sgf nal Sdru &‘rng’fgrpgcfﬁyy giebéfrfe?aclzss on
the rel ati weiltyge sequeycelrigements ko bhaded FoOfMe nsol@hulae mddelidg cdul b eagigdd. crrest er .

Mor eover , tant does not substantially show a

reduct ase é*c‘?‘iS{fF‘fj’ahﬁgﬁn%‘gé%/%lgB ithe segpence ak“@?%t‘%aa‘ﬁﬁ%\%t omtherbapis @hr d t o
the index @fred HigneKiaydIBtractire\dnhlbgy il su@ﬂ% Rt isseRDhaR deRlibyY dSRNW Becur
dehydr ogenase or reductase activity tyhe rate of change is 5 %a or

| ess, and mfétﬁét’(@l)ﬂﬁ}rntrwltrﬁoféls«beh?brﬂtsh@tpethathikve activity base such that
100%|s gi Xf gneﬁ chl or acetJ c,ester. In the present invention, the

anal yses of°'th PWF‘P?‘] STRYCRG5 RSB BIOLIR AEERCS to hawe lugip
enzyme nut gfte &ﬁﬁnﬁ@na‘} Aridngd aRMbgPwith mslainWﬁ or BOEH G IR hEfevH ! RGsiBle can
transformant contai ning a DNA encodi ng said enzyne. In case that, as an
exanpl e, the transformant is reconbi nant Escherichia coli HB 1 Ol (PNTS 1 M
1), it can be cultured on a nediumw th proper conposition including

SOpg/ M of anpicillin, preferably on ardOLB nedi um and a 2xYT medi um and
further preferably on a 2xYT medium After harvesting the m croorgani sm by
centrifugation or the like, the harvested m croorganismis suspended in a
buffer with a proper pH, for exanple, 10 to 100mM phosphate buffer (pH 6 to
8) or 10 to 100mM Tris buffer (pH 6 to 8), and preferably 100mM phosphat e
buffer (pH 6.5) and then d| srupt ed by uI trasonl catl on, V\/nereby acell-free

o o o —— R AN o - o,




In the present invention, optically active al cohols can be produced from
their correspondi ng ket one conpounds by utilizing the aforenentioned CRD
enzyme nmutant. For exanple, the CRD enzyme nutant according to the present
invention is advantageous in industrial application because it can utilize
NADH, which is cheaper and nore stable than NADPH, as a coenzyne. The
target enzynmatic reaction can be carried out by making the enzyne nol ecul e,
a treated matter thereof, a culture containing the enzyne nol ecule or a

transfor mant, of ro nismor t produci ng_t he en conme into
contact with X§ Zé’c?? 3n%§g’?ﬂﬁ? PO n° Q"?ﬂl%ﬁ}ffaé 'E?Cgebllé‘g | RS aéﬂ{‘éﬁ”@ e f orm
of the contcamendixﬁfammtﬁrheoeu saingbiy PBRCIDOB JARY! DAB2! $FMT, T YBY
restricted to these exa he reaction solution is such that a

Cobe 1ot o AHDGABTRYS 1 ADB, SR O b6 dokenryd prerany i o FEBY: 1B Oaard

di | ved t t
Gooi bl o [EMC, GRREINIAE S GRLUES) TRERIRAIe BleyRiY bishBfedh RETREEDC 3
19 m cr ocdugansntmai SwmseHDB hgersregrﬁ“p'lﬁcsapmgrmn naitdaoh the basisliofighd eequbfice
resent invention ncI a m ani sm_havi ng cel] nenbrane of which
P o | 1 AR nS ok 6 st Byt STHsHEon St e BR s beh ca8 e oEiedy

surf act ant oui@&dﬂmnﬁhoha@séqumcdtmm% ¥ler act obtai ned by disrupting
m crobi al bodi es Wyté gl ass beads, ultrasonication or enzynatic treatnent, a
e d

partially poieP pSpedt e dhecippsrtion siteeqnd the delefion: sited BB Bsissereenegafor the As a
ket one to %sﬁgmasﬁ tﬁeefanﬁamo%t&fubeke bi”arI 61 G aﬂmehgfgﬂaﬂéﬁ&o yjcohol
accordi ng to the pr esent 1 nventi on, , but an and a oace oacet| C
ester deri vtuétyre, ofisaiipag isgjbstibmed, ddhhmbmmebl;eeairreerswn'ahbhletﬂr@modslecanme

hal f I t t t t hl d
adi ne. ar o el R EhBRGE, Paf it PR s FlonySie S B Ro8 GrEiaed e or

use. As esteartried oeshyedcseeningalf hifghﬁ'bsdlmtthuﬂﬂea diradneidhall st@ettarepisigedsih P ht
chai n, branc ed chai n. ogﬁgron&ttc ubstituytion, such as nmeth I ster, ethyl

ester, prop¥ eréglé'é’rmtcinst skmpensianpbstruchyse having adesolvipg ppwesse eS|

ester, et Cfordh EaftillR¥ed! BfensiomN Grilbibeh TN nRst Slitabke Fd?ethgt}ﬁ}txa? Uhfegb!l €
for use. As 4hal oacetoacetic acid derivatives, derivatives at the

2- posi t i on diasAsIRgalsHarmig Ofghwenlqhém&étb?gteephﬁfermpgm inglnding tiy pesipberareéhed
chain, or hal Ae8Hsn SHCH de defdliBh sRE. FBF exd higsY

enunerated. An optically acti vle Z hal o- 3- ﬁﬂg‘? ox@%&? r?%hgtst erdlglgnsmrll(alnd
optical |y a@eqtye havingHoroor sneghtstandard de&r@rloex&mm of 304 air|lessscan Az wsed

Formil 0" ROY ARt Breb b FEFRE Bl shotEis ot W BRI 2 o

is a substﬂimﬂmﬂndrstmctsmbrﬁﬂietmmeathahon‘htegmpjatppmtemn aryl gr oup) can be

o oup, 5 C@m?paﬁvﬁ%p&c@f%ﬁ@% St Bl Hy s oSG2 A OB or dup.

I n case thazin 3¢ b&lrﬁlﬂtc&rtyé CVIORD enkyins, af grac€Xamflgea folpenNylabBA®URe OF a
tol yl group. In set a bstlt ted aryl grou |t |s
for exanpl B‘?rbﬁﬂgﬁ%%hﬁ‘f’@ﬁ'ges gn Ithﬁl@ﬁ%ﬁI‘O“@ Sstwe of e ¢

Sui tably, Bllzylnfe ﬂﬁ{ RI th@@1ed pt, WBRIRAITIR inferRBoRbKieed En%h% J&?&’fe@ﬂué' tO 4
carbons. More sui tabi y, the af or enent i oned substrate i s nethyl

4- chl or oac 8fYREE{sHPE on the Figft partcan HARK: moleseles i identifiqdyyhereby the atomic

4- br omaceg&ggﬁgétoet}ng&bp&rhgﬁ% lzpcaet oacetate. In addition, as the

af orenenti oned substrate oacet oacet ate, et hyl
4hydr oxyacet oac8s aa enetlmd’ljbr zeuchimmg Sheoxoimit ywoatdinatetdfyNADP, a method

Thi's 4 hal Gater e eRefing Splbins iR NARBS SRAERS 2 AL jCVBCA SR 8% 0 he
met hod deSG:EDO@ relfdfiabl?IY’BVedemM&&ﬁﬁl%l({d@i‘tﬁichrgg’ afalogbdSleif, 0AP86) -

For exanpl e, al oacet oaceti ¢ ester r epar according to a nethod
usi ng di kefl&%@tuagg thesatamici spgrdipate of this pF e BYBY wgde exampbfied.t n
prepare a 44figdd AShARRShbi iR datl e B rAmES B? ﬁ?&lyadoﬁ&n.}%tmé hars (s?téﬁc GafTel hod
conprising using an acetoacetic ester as a startrng nmaterral an AN rectly

hal ogeni zi mgd¢lhef 4 gB{CRDornny¥md hadonec &t oddelt iac ceatzgme @ nbhebonde thehhe
reaction can be carried out by adding a substrate 4-hal oacetoacetic ester,
a NADH coenzyne and a culture of said transformed m croorganismor a
treated matter thereof in water, in organic solvent having sparse
solubility of water such as ethyl acetdle, 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 ustment 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 is 0.1 %to 90 % (W v), whi ch however can be added contl nuously

o o o o "




cultured mcrobial bodies, |yophilized m croorganisns, acetone-dried

m croorgani sns or the disrupted matters of those m crobial bodies.
Furthernore, they can be used in a state where an enzyne itself or a

m croorgani smper se is immobilized according to a known neans.

| mobi | i zation can be carried out according to nethods known to a person
skilled in the art (e.g., crosslinking nethod, physical adsorption nethod,
i ncl usi on et hod or the like). The regeneration of NAD, which is forned

f rom NADH acco ? g%lllgvéese redu t|on re ctlonsb i nt.o NADH can _be
carried out ¥ L W@n%oaﬁ% AHEE iy piemy enpbling the acrqpunqdagipn of

(gl ycol yt i cNp@PFWBlYcul&s, thatRNME YRE-paRS)iH dh@tghﬂ@n&&ifh%%t&étuﬁ?&ﬁyéyoér{dqmi"
the like). The reduction of NAD can be reinforced by a ng gl ucose,

et hanol ,  f offfrectige ibgtwsen apEng pgld residyengropp gxisting nsj;}r@t@tﬂ pm anddhe NP it i s

al so possi r tr t

m cr oor ganlbllélﬁ%ep%?sag) g%?gnép‘) %&?ngpg{r]]ag%uﬁri td §a§rggdfsg$ﬁ m %Aﬁ%t%d?%’hﬁ&%"f% t he
reacti on syhleaﬁpGumehéPeﬁdnb Me @k (194} )i after wmeﬂhlﬁjbkhecaﬂmibeco@ﬁﬁiﬁdt@df out
using parti r fully, puri f al.cohol dehydrqgenase, am no
acid dehydrg ﬁé@ % beg &7 P gF‘G“B’é‘ﬁgdlAGﬁ%rﬂH‘ge“( thesst methods,disgdnese or
the Iike) Odmfehﬁodal &ﬁlcnﬁ% ﬁfo@élﬁﬁ@'ﬂlﬁ@lﬁé?ﬁ&ﬁhm/ﬂlgwc%ﬁﬁx%%Mé%s&@&e& reat ed
matters thereof. |In gne enbodiment, as a representative NADH regeneration

system for Sfegrids Thafinally ernstracied 'r*?geetfhélehfé@@é stpgurgrmadel cof bepptaripehsi ve
coenzyne, fiffecefAmidhal SR8y e ,GQ{&& pyperated.
The reaction cgondl ti oﬁs thougﬂ ﬁ%%}f gne ea?)]gﬂ ?iﬁgﬁggﬁn (fﬁlog%UﬁrH P anes

m cr oor ganicairubstion.r st thrpe rdimemsionahgtnstire toptiimézatiem grogsans tAMBERc BRESTOr at i on
and the i e strate concentration of approx. 0.1 %to 90 %
w% a reac%lﬂct)fr;\eaﬂ%r%‘ér%gfslu?e of 10 to 50C, a pHof 4 to 8 and a reaction

time of 1 to 60 B}OﬂfeSappW‘&BiOnth&hSMgdlﬁgal&rbé)mlm&lsﬁﬁlﬁnﬂﬂlcﬂué pn’&hélﬂmaarﬁlm ture
tai ned by introducing into a single host

of a transfor r oor gani
m cr oor gani"8%f® ﬁm&‘ige Bl‘ﬁféﬁ@“é]nd“%“@rénéméﬂ Spntaigingmaming jagig a

ability tose a@mli m%aﬁﬂ@mﬁ, &hblly30% @rrlﬁaml gl , CGDH.
and FDH) or ?%2 trea]t%ed mat t er thereo Myf S) - Zha -h d?%)%&%&?]rdlf?ngesrter

can be produefedbt70% pymere l@g;gqlogyeévamstbattq{ éhfeCMECRié enmwhtc;x ipfubgeeprdr at el y
preparing ap afBR AR maH#iGEioh AR afCNICkEeenrz%gg RS B doABrhed NE COenzyne.

The 4-hal o-3-hydroxybutyric ester forned reaction can be purified
according to an Nﬂﬁﬁlth?alﬂwtﬁl@@muoftwwlvefsms (extalypit eite arsii bigdiag site) adrthatni sm

t he 4hal o- pyritie envi.n spen 0|ds
SUch as. i oF ABPA Ak Hsiatks ek Wil LB BA bl B s e PRE e U5

cent ri f ugatactve sites tanrtztdaniedant adaerdling«e tiesfollb@ingaadhedin demands, extr act| ng
the treated sus nS| gn vmt an or soI nt\Pfuch s et cet at e,

tol uene or the dé g??nﬁlﬁ ﬁ‘ﬁl o&%ﬁﬁ%eaﬂ’é‘?ﬁ’ such
as sodi um $:Uéxfz§i’ne mmilé)mﬁd ke, mnmm/angnﬁdhe cﬂreﬁ:aﬁua@og%ﬁé \e@fmdINHesmmsguced
pressure and. then subjecting to, distjllation under reduced pressure,

chr omat ogr ABHRP feid §equensq partcipating dp| therhindmectipd 6eanaKRS YNAD enfkon NABP) 22
The 4-hal Ohav;h%dﬁgwmuémﬁ&] RSdnBiho @8 d@aual'e@ra NWI??)NQDPQ—%%UI%PB‘BW QR aphy.

For exanpl e e quantlfl cation of ethyl" 4-chl oro-3-hydfoxybutyrate can be
carried oufound. pEhe amnonerid sepwenseot gspwyoratbemn: the (GMCRDgérymecoduta (1 D 3

manuf act ur S B S T e R CIParAR LR Ay e T,
det er i nat iAdmon$er}-Peaappi Glyadr Aom).i Furthefmere iy the B3e o thﬂbﬂnﬁcﬂ&j(ﬁlnbpg&y;b}u&syr ate

can be carried out perfor nce I| uid chromat ogr (HPLC) using a
CHI RALCEL éée%‘BPP&%%%%'t%gﬁ‘ﬁtrF%‘ﬂné GeREOR 28YNY, i e&‘éﬁncmérfh%al

| ndust ri es thrkd 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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As descri bed above, the mass production of a CMCRD enzyne nmutant is
possi bl e according to the present invention. Furthernore, the utilization
of this enzyne nutant provides an excellent process for producing optically
active al cohols including (S)-4hal 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 invention is in no may restricted thereto.

Iell\/bdlln ree di Lonal Str f Enz
ori g.p nati ngf qﬁﬁl:%s %ﬁhﬁ {&MWY% pe 50 g ﬁ%ea az%rgds and
sequence (\V¥eREHBFPEMonek40a0 @Qaﬁbéﬁﬁiﬁn@iﬁ{eﬂV@dnﬁé’r PR{GADH, %Mim}eblaﬁe | FO

0705 (CMCRD enzyne), nultiple am no acid sequence aI ignments with reduction
enzynes rediositoneditp 48né7, Fﬁ%@e@%ar@aé% cBhhR cPEDBRterA3i Sitgs knbwselediede In

di mensi onal C Y| YB V,

1 BDB) wer eadgitgogairmgﬁ t?}te de:a? F%\ég ?i 8@% sta éﬁ Eigsgsgbég%horr%lsg)mn%f C%emé'tl

Nucl ei ¢ AciidteResing 34th m&zszmmo(emezt)ﬁor eNample, iyhmakihg aalidanme vaitamabA,

al i gnnment (cqnf o | i.gnnent ese reductian, enzynes having
known t hr ed™ aﬂﬁ%{ﬁg%n‘& IS?‘L’J@%H‘?‘E%C y@ﬁ?’l’ Cﬁ?ﬂ Y5t as AL Ipgicationnibes B?st?)ﬁ’nl"am [G
Lu, J. Applto sélestsitsite (rd@WBich mdationGs #ftrlducelini s was fol | owed by an

exam nation of the correspondence to am no acid sequences of the parts
having similar tNPéeiromibnaminmpcid residiesreaisting e tho ideatified sélpdtionategignirent s
optai ned 1 0ihé BiaYekiBfks b ERAPBGATAANG WELE UPLIGABRS ?%Rppm s

t hree di nensional structura rmat i1 on ereby nal
sequence aldogmayses aro ideatifiekdyfthe evaldaticnngf m:bmbmgumedctloﬁhmthd;ousiyﬁmt was

carri ed out C t neither | ert n.nor Ietlon was
entered in I??%gcuzéeéc%h%'e carfc art]ﬁ)gt%fr%bgﬁtgh"t‘ggl PuTSY T‘\élal: 'gla'e\% ogee§ﬁ%sé‘l‘“°oased
on the confpotentit winlabttenmbmtcrralutﬂmmnBaﬂeﬂcm tah@ ot fethods. aFbrOdxaRiple, tHehe

t hr ee di nensi onal. stfuctures 0 YB V and 1 FMC were sel ect ed

as the basi@MRPHAN Gf FESTX 2BP0gQ a%‘% FEF&‘? Srf'&l%{“l’%hr%ﬂ’&j tecthe pinding RE the
substituti QUADP @NADREE DekAfiesUan Kmeﬁlr&%&%me@ Ml&\lﬁfontm BRedbdRRsi onal
graphic program[Swiss Institute of Bioinformafics (SIB), ExPASy Ml ecul ar
Bi ol ogy Sem@EntiplsebiorthBelow r om nt t p: / / www. expasy. ch/]. Wth respect to
insertion and d

screened from P%i]BI@lt%f%g §hég%§n%ésﬂzf%elrjﬂt}?%ﬁﬁ,&,&é @rgcgg%i[h @ho%ﬁ%déﬁ#& p@ﬂrjct ure,
t her eby com®eint Gb@l’lgﬁﬁgofaﬁl athemt@n@m a néﬂephdﬁnbormmd cesutuoramm})é (of th‘ehe

coenzynme n y (Mae) h t oor f NADP o
| YBV as al\@% %‘,‘P?} Pfcﬁ %g&%‘s na I?/le%éns l}reug e%d‘SP 1 herxes ec?n‘g egflf’ﬁ%lt ure
nmodel s wer etrmputemfz@MO&D emdywl—lﬁADanmqﬂe:eraad ahe albardnanatpomntlalnp}oﬂiﬂeecul ar

dynam cs. |n fter res | ecul.ar. nodel | e descri bed
et ari . op s PRkl pPB RIS Ruor iR Bl o Rl e py oks o 1 vB
(corres pOI’ld‘bﬂgJﬁrD 5616161)9-—162:0 (IQBJ'IaposNé;dt omtﬁf reh;bbet /D oBBnEAE e MR tatic
substituted for. .the sequence of xrre on the Swi ss-PDB Vi ewer.

Wth respedPtential e pPinf ghare W%Sr\gé?"’d‘rfala“g’ﬂsr?f&l g agogsidyssideesafallgwed i

chai n, thosgcliaMémer the cleRdstfic cohtiBus folRhe Etlrgd @ﬁJICBi'&%dWﬁ ﬁbﬂ&%&?
gr aphl cs fromthe Rotamer Library stored in the Sw ss-P Usi ng

the MAPS prasishugeof aHethe mesiduesiiothe dhasndphosphesic acid oisidue IDIf/ENABE sBpéhiposed

t hat I th
157"t o 2a0Bagiiiis, tRASke GRS StiERtoh Bt ol f o flL iRl R B H R Zaf be o o
t he CMCRD ehm;mé) Fmasxasrmlrsuu ¢antbe grésomed kit Sexdl®; Mye 66f Adne5 ﬁMZRDGBrfBﬁﬂE

usi ng the no.acid s bstltutlo he side chain
three di mﬁgﬁlﬁ}gemeescrpﬁgtgq\ﬁ%lqs,a& ﬁge tﬁth‘?gch o] afEﬁ‘d‘eené’ s Betehyt ed
fromthe tbds;ﬁﬁbﬁkﬁlfgaammﬁllzatldsm@ﬁmcﬁng@,thMSe of am no acid side chains
(Rot amer Li brarﬁ%‘ stored i.n the Swi ss-PDB Viewer in consideration of steric

hi ndrance with NEIEHHBERQ addy adtakle dor binding %@A@ wersHbstifited Egithnse esiine80 to
283positio AR titution
on the Swi El})s%%gBd Echgovl\}er util ?’E%ﬁgﬂw eofra%ﬁ%h N%f r UC g?%%gg p?) lilsbéc to

C-t er m nal coregitahe CodnayRd demenddsy of ithd GNBZ)RIbfenz’L}HﬁK: Cermidansxfor ainfte avidlel i ng
of insertion and deletion sites at the followng sites was carried out. The
insertion and the deletion were carried out by screening PDB for the nost
24 suitable simlar partial structures and substituting the sanme for the
partial structures, thereby constructinig the atom c coordinate of the nmain
chai ns.




Deletion of 1 residue at the 64 to 65positions of the CMCRD enzyne Del etion
of 2 residues at the 119 to 138positions of the CMCRD enzyne Insertion of 7
residues at the 154 to 171positions of the CMCRD enzyne Insertion of 1
residue at the 181 to 190positions of the CMCRD enzynme Deletion of 1
residue at the 207 to 215positions of the CMCRD enzynme Deletion of 1
residue at the 233 to 234positions of the CMCRD enzyne (6) The forner

noi ety of the CMCRD enzyne nodel ed from | YBV after the conpl etion of

et hen: ohibsfRlES ERMve bOEned bl ShrefBbe e leet el s F kR EamodsRub e god

t o construcCMIERD eniyn&i NADPesdniple¥emngi th EMCR D 6 ymieeN NP mpléx Jor Yid fhovespect
to all residues, the three di nensional structures of am no acid side chain

t her eof werBSIAS SHESIPY GAMAVLED SERSNIAEN BEIBE. OB EXAMPIENa ShAke pacmamrfél’ll?ak@t (8)
Finally, us T

Uni versity %Pﬂgpfﬁrgﬁa%%gg @gﬁg}é}?&eﬂ?%@gg?{ Hﬁﬂogl)dﬁ}) 2(9 thre lz:@gﬁ }ﬂ

di nensi onal a atoylative enwatomn experimad, the caldiddtest forgamive acidr gytant ndafi Bat i on

and nol ecul g cs .of the the 14- to
283- posi t | or?l % Pkﬂ&l?)lﬂpfol %cm&@é%{egﬁe %\gg“e? gﬁ%[’fﬁf‘%&?‘@éy O NMPR 2 ar
desi gni ng. thﬁl t6INAD &nd tHeclehdtteg fidk eRegy anal maicw&i &¥'tBe QrfzyHEQh&‘MSEle lit
enzyme- NADP conpl ex, i s shown schemati cally. mpl e 2 DeSi gni ng of

Enzyne Var i 3APMPaNEA PRehe 3pdee asifenbstyptgn. stﬁunb%reme nbelenytiple aminp| atid ype
CMCRD enzy g &a@@%ﬁg}hﬂ&wﬂqne my&e %md?dgnﬁfi SIS AP fe BaARE khSWOS Thrd

anal ogous enzynes, D (NA bl ndi ng ot

(dy-(X) 3- G‘Wlﬁ{lqw@l E‘E«IF)WGP% *@«)tme@% refvaanedetrmmfxo eddiswbstihgionoenzyme

bi ndi ng region dues existing on this
bi nd | gop, gam nofég%%%% {ggf“gﬂregsern? é’ﬁ% ,ﬁéﬂéﬁ art ﬁ‘hr?é%s hS CpEney f{fﬁlﬂts ‘Hf%ﬁﬁ‘fyng
wer e i dent off dnechzipme ¢d be suljedtat ioahqs)mtgemratain afad meha)hn@fb BCEmfitihdiOwith thdre
fol |l owi ng cedures. Fir ree di.nensi onal structure of the
OVERD ensy HRDNRBERE alspical be oiiis byt BrobVIDus Fhgh e HREFTEIOD € tioi

charge of abitritbepedifieety af AN CRD Z&Hz9Me WBécolled CtfdsiOR bpeap%'l_’yl RResphps us
atom position of 2'-phosphoric¢c acid residue of NADP, fol dgby finding an

el ect r ost {SEPSt @Fﬁql%ﬂe Wrﬂ E}?lqcﬁ]iestoctr?a?‘ﬁ’éldﬂeéllﬂétlja“gQéxffomtqﬁéOql}éYmc tetar ge
was given ¢esteatd the am no acid residue atons, followed by cal cul ating

el ectrostatic contribution of the found el ectrostatic potential to the
charge of -1 pl deetrecoh ChSRBIsaEImRe, awous Fangidairs orymiap heid mesidue sibitieationt her
than 2' - phasplod h&offdhothe Nelhnt Othd in the
order of mc%easl ng neggt P?/gl% 3ntr| u’ttlho%ll fé,ﬁ_hﬁﬂéﬁk{% \égéncﬁgég?eress%%% ®and 5
| ow r ankecbindisg thida Depresugiedam béqoniBattemsere: Ser 42, Tyr 64, Asn 65 and Ser
66, since th Yih electric field to 2' phosphoric acid of NADP,
are presumadgtt og%gﬁ? ‘gu?\éq e]St’he stabilization of binding to NADP. If

am no aci ds suxhd:abbesxﬁmr ANEDShT/RIbnK; are substituted for these residues,

t he conversi on of ., coe p of the CMCRD enzyne becones possi bl e.
Candi dat es fﬁt he#3- H%S“é@flgegﬂg f’ln(g'ﬁ?f%ﬁ were sel ected by conputer screening
of the CMCRDataheg4vposiidPDzonpl ex three di mensional structure nodel with

respect to the a?_gve sites using the Shrike program (JP Patent Publication

(Kokai) No. #dbad7posiaan, A S, Tr¥ilh&Q . EaRKiti ve nutation experiment,

candi dates fgrpd bsp gsqﬁ(;}pAaglg ISYDRL KW (o al culated taking into
account the di fference ’'n’bi nding énergy bemgﬁéNADP and NAD and free
energy as anatithel6Tpesitdon, beM%rﬁrWsdtaCblSlort'ly of an enzyne acconpani ed by

the am no ac SKbsti.tutio t | e am no aci d sequence
alignnents a %q}(]:%ggroi é/sr]rté hglvr’l ??ggt %f%]&%nﬁ reduct ase havi ng known

three di rrensamlmdw-pésﬁmmi‘,lAr;Engarsen in Table 2 were also utilized as a

reference for a o) ﬂgl d subs itution. Accordi%g{to thg\&g}resent net hod,
among the desig n%‘”éersﬁ 23280 843 @nYBFa SR FWE3Is WSSLs WB Vo633 iose of

hi gh rank t |§5pr WA A, S42A
or S12R  SHSa O L AR RN SR, MR AT RO R St

N65V, S66N or S66L, Y47R, AG9E and the |ike. The Ca carbon atom posi t| ons
of these am no acid residue candidates fro substitution are at a di stance
of 6.9A in the case of S41, 5. 1A in the case of S42, 6.1A in the case of
S43, 9.2.8. in the case of Y47, 8. 3A in the case of W3, 5. 1A in the case
of Y64, 4.5A in the case of N65, 4.3A il4 the case of S66, and 8.0A in the
case of A69 from the phosphorus atom of 2' phosphoric acid residue of the
coenzyne nol ecule NADP in the three dinensional structure of the CMCRD
enzyme- NADP conpl ex, all of which were am no 26 acid residues within a

di stance of 12A fromthe coenzynme nolecule. Finally, these mutations were
conbined to de5| gn the foll ow ng nutants: S41A/ S42A/ S43Q V\63UY64D/ N65I1 / S66N

oy A ~A R M \ — — - = a A A N AN AL AL AT N AR TN AT A -~~~ 1 oy ~A R A\



Table 1 List of Am no Acid Residues Contributing NADP Bi ndi ng

Resi duesResi dueCont ri buti onContri buti onTot al Posi ti onfronfronmContri buti onMai
n Chai nSi de

Chai n(kcal / nmol ) (kcal / nmol ) (kcal / nol ) 43Ser - 0. 0613- 0. 2419- 0. 8582143Asp- 0. 0496-
0. 7200- 0. 769689Al a- 0. 58170. 0284- 0. 553363Tr p- 0. 3800- 0. 0944- 0. 474568Asp- 0. 009
8-0.4623-0.4721 -Omtted

88Lys0. 31820. 50190. 820164Tyr 2. 3616- 0. 03242. 329266Ser 1. 52161. 23052. 752165Asn
3.21601. 04564 %61642 er.l 4472%?43164. 9187 2% Tabl e 2 Conpari son of Am no
Aci d Sequen@BdidEs, inde Lirher DrctErblYy 1635 PosREL 10 FFigs BHEANE resuliingndrorD sit e
1 Site 2 SidotmbaBbhsofthédtoRe Binde nfutftionk b€ CRDLUEHme mutants.
Alal9Gly20Ala2llLys25Asp42] 1e43 Asn441HDC Gly14Al al SArgl 6Ala20Asp37Val38
Leu391BDB Gly 13AsanfssblesGMIRIASp2ENE gBITante i3 the (ragsent invention, the following

Gly17Ar gl 8Gly] \/ 7 9Ar a43Tyr 60. ASn62
Ser 631CYD Alatfgé%%g@@ﬁ%rﬁ ég“ﬁf’r‘%{?%ﬁ‘?g 9""%5}%0%@%{‘9‘?“’ edtioh) Geféticn
Gly17Ser | 8/ theirTopnibdihiod Of anigd dcidsesdBieAEl Gly29Ser 30Lys31Tyr 35Ser 52 Ar g53
Asn54CMCRD S er42 Ser43 T. 7. Tyr Q4 6 In Table 2, "ID
nmeans the Pr g@g?:# _&m%mﬁn(%®$%/g€$@?mm§p§y%§yﬁhe 4 kinds of
carbonyl reduTMERD @izy@8 mivbants 824 1APHEIA /SO VW6 /64N 5heReHCI Ng enzymes,
whereas 5 kinds of carbonyl reductase, including the CMCRD enzynme, given in

the | ower col®MeRDgnaympmmtantsst] &Y $7 ALRIIGRNo 3 LEe4INES IS 60kki ng of CRD

Enzyme Vari a i I i D NO: 1 was
syn%/hesi zed, réf%ﬁ‘?\/\%é%ggh{ﬁ%gﬁs%%%NE%%%ggg%ﬁné% actured by Takara
Shuzo Co., LtGM§ERR enkyde mutagtsdi414/34226¢ 84 HY/YUCRWNEBLY ¢4DN6SHSG6GN;ed by Takar a
Shuzo Co., Lt4d, [ |, O i into the Pstl
site of pud ?le.‘ﬁg eglgg}ggng]é’?%?ﬁ?éé%\%‘? g‘b@?&%@?@i’?ﬁ%%sf or mant

léSi 8%05: ex:c P}CénCRmeaanYmeEwaadlSayAFSuaRVt%BH%MDﬂ\IGSI/SBGN,di gested with

co , fo subj ect i r t 0 _preparative

pol yacryl ani &l@?égg e@%&ﬂ? %Bﬁﬁr@g@@y ?iwéﬁ/g 614.5’%51 SR ardhgnent . On the
ot her hand, ZTNMCRBIEndydhStahts(MIRAHLATERT) Wirs v DR 6ok} A6drEc 001091,

subjected to pr&gar ative agarose gel electrophoresis to recover an approx.
3. 2-kb DNA fraghbmpresens FRIhenzymgantapts pbtainad accordipg to the ebovedmethods 184P. Bot h

DNA 1 agne fiepn{BitSchbm@al fidpatibd Gsdied ifthe 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 aforementioned 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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29 Ligation Kit Ver. 2 (manufactured by Takara Shuzo Co., Ltd.), thereby
obtaining a reconbinant plasmd pNTS 1 M1 in which a nutant gene was
inserted into the Eco0109l Eco0109l site of the pNTS 1. Using this plasmd,
E. coli HB 101 (manufactured by Takara Shuzo Co., Ltd.) was transforned,

t hereby obtaining E. coli HB 101 (pNTS 1 M1 ). Simlarly, using synthetic
DNA carryi ng nucl eoti de sequences of SEQID NO:2 to 9, plasmds in which
mut ant genes were inserted into the Eco01091 -Eco0109] site of the pNIS 1

o T b R T B o 5 Rl
(pNTS 1 M) ¢ mﬁﬁtaf]rm@a]néngwtsaétwg)ofhe to%%]oré MI?tr&%Q?%t élggt?dfoﬁgl) gmr%tﬁ)(pNT,S 1

MB) fromrespective plasm ds obt al ne ormant's “coli
HB 101 (pWUSOIgMcl&)lyerHB"ollcrﬁci (\iaNAtSiningVi) eﬂz}dld-!ﬂ:tﬁzﬂjl of piNESst 18398 Wwher! €
respectivel é ‘E L eh in Inter r‘iatl onal Patent %anl sm Deh(gom tary

Nat i onal Bated, vah SIYAGGRIHECRItY asGate Pafliisepropyt ethemat P JHhal 24 (fQI BAnchi
Chuo t he 6 hindiésgashi  1-chone, Tsukuba-shi, |baraki Prefecture, Japan) on
June 22, 2001, with the accession Nos. FERM P- 18388, FERM P-18389 and FERM
P- 18390 out (l9f Mekicaler P¥rshtp- ApBes %00 by veditmddadecylsvéfatbepdpcrylamidier gel
Budapest TEQQ&Yle"&Ie (the accession No. FERM BP-8059 on May 27, 2002. In
addi tion, 1 1 01 (pNTS1 M4) and HB'1 O1 (pNTS 1 Ms) were both
deposi t ed i The presennCRDreatzyroe alutaibt adrte prbdired SE0oRRROR 4 MEthod Matuddipal
Institute of Ad nce | ndustrial Scie and Technol ogy (1-banchi_ Chuo the
6 h, Hi gash® i GFS’WEB%W”SEWPS nfﬁnaﬁaﬁ | abPY & PUEALIgRS 1tg 3,5RG erpedingdberber
4, 2001, vm(gRDtai;gy,ﬁ@cesm on Nos. FERM P-18647 and FERM P18648, out of which
FERM P- 18647 was converted to the deposit under the Budapest Treaty on My

27, 2002, wproloningthg mugation gananebtaimscim St A0w0 2 cloning yacksduced ani no aci d
mut at i Onspgrtﬁnﬂeﬁﬁhg HRhoSstRInSRA] ﬂh@‘i’ec@%‘{glrra'}n?'gt%?d}toﬁta?xﬁe@tn‘;i1 ?%?Omjt ation

sites by using a primer carrying a base sequence ups f the Ndel
site of thedrcaiving the Qstpﬂr%tsmmbfmd@@nbmrapp@pnhtennma, land figaltyecomnbi nant
plasmd in i I A uencer (rmanufactured by
Applied Bio %atﬁggﬂg@gf%% tﬂ% Oéxﬂ)’rfégs@?ﬁoﬁnz m "Enzyne Variant in
Reconbi nant Eschléheuntimhxcnmi mfﬁﬁamﬂmnmgenEcaﬁbébmHBd dut®@ylutipMbSnk d¥tde ), HB
1 01 (pNTS .1 (Jf) 1 HB.101 (pNTS 1 M), HB 101 (pNTS 1
HB 101 k“(’ %”E’W‘a“% ‘q%“d e PRESIE-SppSitic pystation f’(‘fﬁkﬂf’sorlthwé eand HB
101 (PNTS laltiB)ghothtr@iinad réstridBoa Tiireto3 P&Eﬂaxﬂﬁ@thHé Eade R theabd¥d CMEBRPA each
cont ai ni ng 501}%/ m of rrpl cillin, harvested, suspended in 0.1M phosphate

buf fer (pH %? ﬁ ifTodpeog i maptption paly by catred Quiot fllawselAll amne
extracts. Blaﬁiﬁhm?@&m et
QM BhodRite\htrddRsePExilt IR R BBl i'é(ﬁ%p f%@f ggﬁ grgﬂg -

determ ned as follows. The enzyne activities were det
ethyl 4chl dreeQd 89180k sikg of @ab\gﬂwtpe CHCRY nevzimp-zene. NADEteifars, the

coenzyne anghiissehg }S%t}oﬁu&d]l% ﬁﬂﬂéﬂﬁiﬁ% A fﬁfa (RELB: t\éﬁﬂ-tm%layﬁgéeg% Y5y me

determ ning the decrease in th sor ce at nm a
activity odieen mmguwdmesmdmwmlqﬁwﬁdﬂlomd N&\@ﬂasu(d\iﬁ@tmdfMﬁA]fraglmutse

under thes C n ef i ne h m ned
CMCRD enzy‘f:rfelr g}get ?5&?169? %l e celﬁ1 ef0 e% &Y dﬁ‘imvﬂgsn@épﬁ‘%j ‘@ecﬁ%@gggéﬁém fic
activity (tchatamigythe “aldttypﬂ CMCD\ED emayniefgepe. GDNAmavmrgtrﬁbllaeﬁhd RqhdiReLIEOACE ) ,
and t he aCtIRIVng of E. col [\IT transforned with a plasmd
carrying a Foé Wﬂthéﬂﬁ% dglJé‘H’é %‘F‘éﬂ&rt@ﬂ Bsl sigeolspHE 1B dArPdusas al so
conpar ed SiplHshads ysucﬁme&&ulls@csmwmf E@E@n&h&’%h'mi@blo? I-"I;BIO-Eh@arp?Ea' ned
CMCRD enzynme mutants all had such an enzyne activity such as reduced et hyl

4-chl or oacé@BSfaﬁﬁqdd%Yd)I?SﬁU@W@%ﬁ&ic@ W%{s The cimaiZYNa. fragfremtsNADPH
served as C n under det er natio

condi ti ons%a g not J&v&ggﬁﬁ%ﬁa%%t ?r\g "ty eat()baalrﬁf“j E ’T’Wf"s %Sfmgltgecan be
confirned tphmmdshmt}cﬁmmrwl aund thén s.ﬂ:;emyigwhajﬁpﬂﬁdempfepﬁratid&q) rﬁnﬂéyﬁe
was attalnegfeéxrdln&? Chgt resent me nodj fication netho

Table 3 Ref frQRNORGSYS; PR fheothgr eE ‘§ B\As Plasad E?ﬂ%/hﬁ"gbe@,‘ioﬂl@m
Activity (bpprex/sikyiBNA fRiglehtd@ad Be MBlEred by subjecting the digest to preparative
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(Activity relative to NADPHHB 101 (ANTS 1 )6. 40l 00HB101 (pNTSI ML) 1. 11000HB
101 (ANTS 1M2) 0. 3300HB 101 (ANTS 1 MB)0.2190HB101 (pNTSI M4) 3. 02700HB101
(pNTSI M5) 0. 433N. D. HB 101 (ANTS 1 Mg)1.21050HB 101 ( ANTS 1M7) 0. 546N. D. HB101
(pNTSIMB) 0. 17N. D. HB 101 (ANTS 1 MD)0.330N.D. 1) Let HB101l (pNTSI ML) be 100.
2) Let HB 10l (ANTS 1 ) be 100. Exanple 5 Purification of CRD Enzymne
Variant SIML O the Escherichia coli obtained in Exanple 4, E. coli HB 101
(PNTS 1 M1 ) was cultured in 2L of 2xYT nmedium (16 g of bacto tryptone, 10

g of bacto | Ly 0f;. t i Qi n 0 ug/ nj. of i.gillin,
fol | oned byy%%g%% r%%FELCE@?%%‘H?%S%- p?gé‘g‘@’l‘%n}’%‘?‘g@@ RaBiteds Sromhipely, HEmfL,

m crobial cENTSIMES @NIISIMENAENTS IMI,0 BMTISOMS SHNTS IV S piNatSE Mol f HRITSIRH, 6. 5)
cont ai ni ng 100uM gC] PAN (FO . manuf actured by Ono. Pharmaceutical Co.,
Ltd.), di srRSFeEMByand) RNESI? dmevhich ampient eganes rifgigeresl indordbe FceOil09lat

m crobi al bggdj I i1NiA0 ~feerext e ni um
sul fate vvaspgyégggl {Sg@toﬁibc}s{e %ﬁ;{?rl n%a'?alr)fft::l ctg géulﬁlrc |{elrz11'g F?éta%ﬁﬁ%%;sﬁg'?ﬁgagt%% lz)i%d

di ssol ved, iafrdduché chmbredrisdeqit byt preparingsDNérbegdensy costaining mgetion rsites

Furt her ammpni um syl e added. to this,supernatant. to bring it.to 70%
saturation aé:ﬁ%lr%&gsgooﬁ)\%dfr\{gz Tt ﬁc@%mn@eﬂwp%%i Fapefices fhareafola é%f)ghlrﬁpt
cent ri f ugatplaymidsthiSincp riee OMCRD eenvfgie Gens @ iRektddNindb tHELNGSI-EQM1é loif $heHCl
buffer (pH 7.5), followed by dialyzi ng this against |OnMtris-HO buffer
(pH 7.5) 3Plasniig ANYS iy PEOUGIERE aTReseqteqrsrsar wstieam hnjNetef sife tgnabe
DEAE- Sepharfsrdb (Rl fsiny SepMioRRA RS iagmbts for thObdiB Vedudn@andfys&M 175
m ) previously eﬂgl librated Wth the same buffer to make an enzynme nutant
adsorb, and t he Thsl abtainggsreopmbinant wlasmidp pareying GOCRD  erfzyiive gemneam Uef er .

Usi ng the L er ! ! re elu by | inear gradi ents of
salt (0 to%g{?gﬁﬂ%‘é %"ﬁéna, B%E{‘)M%ﬂﬂ(%? %%%%@gocr%@gmfgrnaé@?nﬁ% mehd IPPES Y and
ammoni um sukdtettentas leddedl, aida eticrobrgahisinngeadst, at filaméntdossAingns tai pint a8,

di ssol ved, and.the for . precipitate. col | ect ed. centrifugation. This
ot oo pi ¢ a dn il cgl B B8 P s o8 b, ik it 5k o beigpastasyaty

cont ai ni ng pidfemblel ,WikiRispeet ROt tRddBRRAYI 2 $2RhEd 376 a hoR el aabtib@AndWn

Phar maci a, I nc. col,ﬁggﬁgxzo cm 16 previously equilibrated wth the

n ) ] b
same buf f ert® #@eitaked 5t fﬂﬁﬁxaﬂ’ﬁ’?eaawflﬂd inflpding ateriof gnixing adwsisell wi t h
the sane buyffe fefX sta0@ndTa) recambindft bladmid, O ndtkde 1@1&&@9 abgl i)'cff_ear
gradients of salt (4Mto OV and ethyl ene glé(iol [0%to 50% (W vV (]e usi ng
| OTM t ri s- Rtrodygtigne by( peaiyzatiye trmspaye usingc @i bpdeer ( plepmidx . and2 othais) carerbe
col | ect ed, k e e ML S fer (pH
7.5) cont aieﬁ?&%gﬁ%%(l\j/lp&srgﬁx%ﬁl lgi’ ﬁ?lg%ﬁ?géﬂ? ﬁl{cg{ i %g dmsn‘orgl Iheé 9&%’6%; be
( manuf act uobthingg byttapefarming Esgherighid celd Y0P puHBEOT with thelabbwe phsmidn a
purified prepanraty. o z . 4 r oxX,, 280 ...As a result of
anal yzi ng the 6@%% &egeﬁé}ngg?t%twgﬁnq& §Rtea tge‘g r'op '%llrrce)lg’?%et P PAESRD %gai d
pr epar at i ocosfivovwdds folkiwsgl e band. Furthernore, quantification of protein

was carried ou cording to.the,dye-bindin thod using a protein assay
kit manuf act urg\ﬁgg?/fgiré{g%%ml%bﬁp‘&%%f‘iaéwm %’cﬁhlﬂ{é’agﬁléc‘is?eirb iCHTYEof t he
purified erayisraioh iVlakeadtion aRicNconBirifd 01 MYt #28 B (P19, 59]
Properties of CMCRD Enzyne Variant Enzymatic pr opertll%éfﬁi)f CMCR enz%?’rre

mutant (S £-107PM NRHi ¢5HAPRHE s ey 4 blosoastatei andan arramerat BREC atbei vi ty
measur ed unRgdge,eondbdins. 4896 rnhpfc‘éohgarﬁécﬁgykh% derease of NADH or NADPH is

determined. One U represents an amount of enzyme catalyzing a decrease of 1 pmol 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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(1) Action: The enzynme act utilizing NADH as a coenzyne on et hyl

4chl or oacet oacetate to formethyl (S)-4-hydroxybutyrate having an optical
purity of 99 e.e. or nore. The ethyl (S)-4-chloro-3-hydroxybutyrate
dehydr ogenase activity dependi ng upon oxi di zed type (3-nicotinam de adeni ne
di nucl eoti de (NAD+) was 33 measured by nonitoring the increase in
absorbance at 340 nmw th varying NAD+ fromO0.33 to 3nM et hyl
(S)-4-chloro-3-hydroxybutyrate from2 to 20mM and pH 7.0 and 8.0, but
dehydrogenase acgtivity was not observed at all..(2). PH Prqofile: Using a
pot assi um phos pﬁﬁtt e Bé‘?lfcéﬁmrég} theoRIeyenr engyme EWQV(}‘F@2‘%N°W yIvig Possibis dped
wi thin the pblain3CORD@hzn@mutand whidfis @hataderizdd BynhoRRRLhigh ehithe A%ivity
result thereof, the optimal pH acting on ethyl

(S) - 4- chl or hen NpdHD jsised ¢y aceengmse pnd Abkoluiell @ojenzyme activitynyhep NADPH i5. 0,
and a hi ghe jyi ' . aciqi id Fig. 2). (3)
Opt i num Act P%ﬁ%%é?%yu}r{é}g\é %ﬁég{(’:@?{: é;ﬂlé#ﬁﬁﬁgscggebg_le% acgoﬁé@ﬁge'usi ng et hyl
4chl or oacet oaceTh¢ eabase aCRDbsheyahe mamnidahewsi aehlighi tdductidh exctigitpetoaiqur e

range of 20C.to 60C for 1 m.nute to ohtain timumtenperature, As a
oaot ¢ oA P EOF b RO BBkt §eGoR: (g ovidation

Ther nost abi hdtivity) & &l opticgPisoR@rst fe4 BRRSEAYIE icBdstd?H I -dn frRr L nut es
at tenperaturevsy)of 3@0?‘5350, 40C,  45C, 500? L {icin W8 cait) it

“activities Yovarhsubsanddlyord delydemeenasatastiviey medes thahtheedRDTénzymesuitast, wer e

repr esent ed i LMIL4es s 1 ] | Q3. where the
st vity. at "o HESREY Ho Bl PR AR RSP BNIEL befopd as LRSI o
reduct ase atheqresenmg ¢foNABPe dpesesa rshow rangrsubgiantiph vehydesgedase! acaieity wikich @Be Of

85% up to 40 /5% or. .npre.upg to 45C | ecul ar Wi ght: .The

nol ecul ar \A%lgg%tmg?getﬂ%mggg%é“ &Es“%a"dg?'b“f .(a?lf%(?/bﬁ’ﬁ‘@cfcﬁn%aé'éeéi ‘%fé’aéﬂ%?w Aati on
usi ng a TSKdCRAOGWADILISTS %a0tlessa andipredratdntl % 6k 1M, pRtiassiave phnsHhate
buffer (pH 78%0?@} tning 0.1 Na2S04 and 0.05 % NaN3. The nol ecul ar

wei ght of aSUSHHRAT V% s FIYRD 1R 45MAE03GEUC & er mi ned by el ect rophoresis on 10%

SDSpol yacryl am dgof@6leri the bbse U 8RSMethutdie okt ot sAbdiRtaAP LR B alRkaand
cal cul ating said nol ecular, weight fromthe relative nobility of the

st andard prasti¥ity, upgnsacgtoaeatig ester.t A sated abpye, ofith 1egarg te dhenindexnofitire engyand ound
to have a ecul ' . | 2
G iRHodl&l oY Qﬁbs?dcnn?l@)g% Y a%%h?%tg%(ingﬁ (t)rgegwﬁs%aa?glu}/f Wgen the

Tol erance: An edual quantity o ace acet i SOpr opy!
et her was adiged changs ipdbeaoslessaphprsfenabte 1 Budrfless, af thp kelative dctivihbash stdhe

pr esent ené?{g@}?y:igg%vauas4_gm%i$o%%{§%8ﬁms-haken at 25C for 30 minutes and

centrifuge activi the enzyne in the aqueous phase was
det er mi ned usi niy tbe [pydsent dhventionctht analgdeatod ths eszymebaitiviay @nd Alse Sodne@mibt |

activities pf 89% i h ase of addin 4 et hyl tate, 94%. n the case
of adding b(%P Vil eggcye&att‘%egﬁ)ac nﬂ?ﬁ%"}uga"f ﬁ%’ @ea“sagj%‘# O‘{viiaf gcgg’l’”ép&’ eé?‘?é]f" Yietee

r emai nfed (l%tgansfb)maﬁmnrainmg7a medéiﬁsaisg edid eMynde. halcasexhkty sy axekapipw, e Aci d
Ester from 4- oacetoacetic Acid Ester . (5!\/[:RD Enzyne Vari ant

Gene- i nt rodmg%"%ﬁMF%‘m‘a’Es%ﬁmc Hicahgivﬁﬁ 11<H§T|S&4§Prﬂi sahe crlturgdion aHB101
(PNTSI ML)  ghédhm et i ' b Sndi0RE rili 2xYT
oai um 1 o RN ProperSRlcRs Aol BRIMACS Bof MnpioRiTh Rlradb i b B8 22
for 44 hoursedivig andna r3gaepdivan, pansh frthenipsefotsbll oned RxYTThedivbt. ai At wet
m cr obi al : j . . h f.fer H 6.5)
Tha then ullEricSiiRhe nitioAaRes vy bofeariihith of BEYRIARRIRLS PG Bhea il )
enzyne sol us$ suspended imd boffegivith agrombe Ip¥l; doyemxasple; EDith 10GMMT phassplizes bibferAmano

Enzyme K K. ).,S0] ugiaon, . 7. gl ucos .2 f D+, f '

4- chl or oace(zﬂé[aégk’t $)c°rgtoht9I1%gW &H?h’ﬁ&?rn@ﬂegéo ﬁrg%BE PF%%—“@YC@Q%’&E phaspbipteand 25
mL of butylbutleetpM 6.5)ene thad degugtel BY BPasidase)] whdrsdy Mbdibrd Gh@sScayPeue of
50 m. The solution was reacted with adjusting its pHto 6.5 using a 5M
sodi um hydisshagrs. sSdetYeRDangyme aefivityiin therpglldfreesniastds meamrddoaccsrdingftoer t he
conpl eti on ti.Qn, r t Lan Ut on . r act i, t I
acetat e, dony dPERE o8t miiRd SR8 LETaARIY' bPRRURRIG) | O Hibith Gty

('S) - 4- chl ortangfohyak withbat plasnid ¢wanyingg aawildpypec EMERDI enzyale PO Pre,@arewas
formed at a conversion ratio of 98% The quantification of ethy

4-chl oro- 3- hydr oxybutyrate was carried out by gas
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chromat ography. Using a glass colum (ID3 nmx 1 mm filled with PEG 20M
Chr onosorb WAW DMCS 10% 80/ 100 nesh (nmanufactured by G. Science, Inc.),
chromat ography was carried out at 150C 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 colum CH RALCEL OB (0.46 x 25
cm manufactured by Daicel Chem cal Industries, Ltd.). The chromatography
was carried out by using a mxed solvent at a hexane : isopropanol ratio of

9:1 as the nohil.e phase and setting the flow.rate of the nobile phase to

0.8 it n. it RORE SaR i ikattisg. T 5 Bifooseitvgt cHBpatson B aRe o

215 nm ExangivitieS. Pof Eidn@é, itRabdle @Rﬁtﬁl)zéh&gr_nyﬁﬁdtﬁﬂtrecﬁcés M@:h}%ﬁ)acetfgg@etic
g

Escherichia coli HB 101 NTS 1 M4) with a i Vi

] enzyme activity of Exanple
4 was cul t upsser ytiizegNAPHoss 2 xaenzymseiwhile(the egzyshe Bamvsoabsolpptipme rediltign of

bacto yeast ,&: . |t aifin [ of anpiciltlin
and t hen ce%cﬁfrglﬁt? %&%wgqupggg? géerc]i?gra O%F aﬁgl%:’o ir%%’ghli(}?)cklrgf Ficé)ahﬂ?%jgth?taé‘?on of
the enzyne mgetmtconessiol{iavenson)fof overzme depaidene; watsubieseda@hi al cel | s
according to thlg S@ITE Erocedureﬁ as_.Ln Ex:qrﬁ)l e 5. The puri t% of the
purified enzynme' WallCFAUPSIOBANH\ IS, BPGUEAtOR £ Heerfymediyn the gheined; alture,

( SDS- PAGE) . extAstiéh drdsptirifichtionSHONER by #altalélio £ et EIn tﬂé‘%@ﬁhﬁ ative
protein anal ysis was carrijed out according to the dye-binding nethod using
a protein a}%esaiﬁdkiForn?i‘ﬁmi’}f@@ﬂ?’e%?nb}fuﬁné-mdohlﬁwﬂ&tfém a@sculturec mediomy thesul t

t he speci fig;.208%Livi [ f1 a Sy nd to.be approx.
10U g EX AT el aff sukpénaB i b} SfprERTE b e o R RHONES of DB BPP 5
Enzynol ogi capplymg pbpsicad stectiniquze SCMCRID esez piieglasst beuds,( Sltfdignicition) red bn

Exampl e 8 re examned. The enzyne activity measyred under th
condi t i onsvﬁg%gwcffgée clgﬂlqgfasr‘r‘ﬁﬁés 3¢ ‘(%"ZXB’FF’ ‘?‘i&aﬁﬁ@ sQﬁ‘gﬁ?éteﬁc‘f‘ satd ‘F‘ﬁ%‘i‘%g
NADH as a cohnioyinee ameedyy céatifugaias eieadetatadé Solhmbembhzyme can be

an optical purity of 99 %e,e. nore. Ethyl

S) - 4- hyd b i
(S)- 4" chi or e Abars R erhper SURRSE LS 1ok EHEEA o Ecapaies
oxi di zed t yReinh€ly' dvaNhKlOté Rapareln AR Bea’dl 44 Clop Qkdulple ( DY REIngaimbRaARY" ed

by nonitori n?f the i ncrease in absorbance at 340 nm w th varying NAD+ from
0. 33 to 3nmvulaerRrecipitgfion. Eplyss.crFhrgrastegppt finglycorfippempinasion.odivicasedofhH 7. 0
and 8.0, butrdehydiggenas b i | P

Profile: Using a %o ési'ugnusgﬂgg%ﬂg%&g%fs ?@ﬁ a§?§§{ogﬁ%fl g%h&’y %‘é°%%%}z">¥n§° 8-
activity wphemdaephasese)iiomexchargs chrématogreplyf (¢, DEAE Sephaaehrgtl filjrationt he

c - i i mal i hyl ..
ohove 15t Do, vl Y &, RART D BRRubtl i o o

and, si m | dhe presénhmvertiom cafh be hia@dCRD enzynme nmutant (S 1 M1 ), a higher

enzyne activit s given on.the acidic sid Fi.g. 5@. %%H ti mum Action
Tenper at ur e: Tﬁgv\{g%tp?vfz etymzﬁ?"t'f’ﬂ’e‘)pg’rcég%ﬁftlvecnglﬁﬁléd%&‘h eé’g ced from  their
4chl or oacetcomregioadiag &stofe 8othpdundd By WaEzife e AfbRafdnMbiddi CRD RazfRdRRAEAL U €
range of 2Q.to 60C for # mnute to obtain an opti numtenperature. As a

result therdbf & Rt RISREBe muaghasspuding te tb\%gre§e§ﬁme1@t¢pn5§adp@gag@p1§.5q

simlar to i hRius@isPapplichltn vebboRDiteas iRz NABIH, WIRLM chelfbl ali i ShaRi |1 tY:
After treating theAEresent enzyne at pH 7.0 for 30 m nutes at tenperatures
of 30C, 35¢hamyNADEIE@s moeenzene abhe BEE! entmatisdigactiopncaachs vartied ouobyet hyl

4- chl oroac a‘?c‘?xfgtelth T represent.ed b
resi dual ag{ll Vit g%ﬁ% g’ﬁ%%mﬁé’lugn&%t%q H%Etérmgllreéétaﬁhgﬁet ?"\[‘;‘l[at‘%}“%%het Wéylfﬂfsme of
no treat memolevade denbamsdormantl s midieorganitin wy Ithe Bktuprodseng teoindime cob@et he

present invention gaye residual .activities of 75% or re u 45C,
simlar to letﬂgoﬁtg%tg“g‘fa “t"ﬁczm %Wﬂ%blﬁw&ng“?mymﬁ%mwtg%8‘?‘5@“

Wéi ght . Theermkeend aizywRiglta @ictiol &oRMfmH T8 ifVas Wa9URsritied B tRRP EMp1dS, 000
when determ ned using a TSK- G3000SW col um and, as an eluent, O. 1I\R

pot assi um pREIFATHPR sPlytienis qushithat @)subsratenn] NADH araneegymeancteBagsiar NaN3.

The nol ecul ' o af . ined by
el ot ropnor LTy g, &Rl 8 of ApBRAXESolfeR RELSITL IEE eifviding 1) )

2- mer capt oeirbemsséncan desirable forathe egpressich abéregnieaictivey. gy a treqied hager 6f at i ve
nmobility of the standard protein. As a result, the subunit of the present
enzyne was found to have a nol ecul ar wei ght of approx. 32,000. (6) Oganic
Sol vent Tol erance: An equal quantity of ethyl acetate, butyl acetate or

di i sopropyl ether was added to a potassi9um phosphate buffer of pH 7.0 in
whi ch the present enzynme nutant was di ssol ved, shaken at 25C for 30 m nutes
and centrifuged. The residual activity of the enzyne in the aqueous phase
was neasured using ethyl 4chloroacetoacetate. As a result, activities of 84
% remained in the case of ethyl acetate was added, 103% renained in the
case of butyl acetate was added and 106% remai ned in the case of

oy oy I Y 1




According to the present invention, a nethod for nodifying oxi doreductase
characterized by controlling the binding energy of a coenzyne, an

NADH- dependent car bonyl reductase mutant which is advantageous for

i ndustrial production and a DNA encoding the sane, a plasmd carrying this
DNA, a transforniant obtained by transformation with this plasmd, and a
process for producing an optically active al cohol 37 using this enzyne
mut ant and/or this transformant are provided. Furthernore, it is obvious
that the present enzyne nodifjcation nethod can be neaningfully applied to
L. conver STBFOMSBATA COBBREBHRE HRIL AR MU T AC QI QoS #BR6s t o
t he car bonyhclh@sus h&Bordafhieh diatg @1t ABMBaRS %ptwﬂia]vw{ﬂegmitey ﬁcdh%%k,fda:&ry Y,
the specification of the present 'invention includes the specificatiors and
t he cont entteeatipent rwithean prganigesotveatbusyisasod sufactaat,ciotueap ok ithratike res cdllbiee

2001- 200417, _an ; 03. priority.appl.icatiagns of the. present
appl i cati ong %agSgﬁg‘ég&ﬁ%Bﬁ]s%%nﬁé rrlﬁicﬁ%béalf gﬁ%%ﬁ?’f@Fﬁggg#seﬁg%@mfagwn or
converti ng énbgmatirareaymnent depeidipoyified cahfrex bxincg Sucirstcludddapasti@ilyzed by

controlling the size of the binding energty,of_ a coenzyne nol ecul e @}4
substitution, iHSBHEIHR © HESEVPOAS BraVHBAEMRHEN 1B PEITeESHEF pEidueing alaghalyl e or

plural arbigjcEdigat MR Pedsehnt’ GRLAES 28-bhbReBbRY 1a04Sh Y4-82b ! f
sai d oxi doraed_uc'g gse. 2. qﬁé_snet hod accordi ng to Oaimil , V\ﬁeﬁgfoﬁgﬁtﬁegﬁgfhod
i ncl udes a dstiEivef hayisgiadiacen; diketamssi wee SvitablepforapseoxiAsohaldgans asfethead-st ep
of determ Rj ] ' .eSi - J.ntgr [ WM oenz nol ecul e
in the nei %&g?ﬁgag OP ag,glﬁé 3([:] |’v‘gbjr§fr{eé%ﬁlgﬁ§é 3@6@6}’%?& cgr}urr@eirarqtg&owong

mut ati on ofwisieh dhldehe ispartichlarbs switablesfor ase.t A< ents Obstérh @f silavhobincludig

bi ndi ng ene f the caoen .yl ecule.. 3. A nmethod. accqording to Claim 2,
wher ei n sa@ﬁ?g‘iﬁ’“iﬁ“‘%ﬁﬁ‘ﬁ gﬁﬂ%@cﬁﬁffw g arrgmﬁtﬂﬁm@@?o‘brsg% BTetYk he
three di mensieR iyl skted) prdpyP edidr, isBpropPl &edd] ButynReR] bdigl &bk hedzyis&legeqtng for

the cleft part having a vol une, capabl e of .accommodatin the coenzyne
nol ecul e, &Fd PEPEREDGmons cWhishr ethy e©ffer dtithe T&@ﬁtds@@glﬁeﬁ?{euw-t hAarkl ogous

enzyne protgigasetoRBk X d&ivalitesaleAMRes 3EitHe RpdsHitR Hﬁﬁﬁ% 's'ﬁghkkp RS
i nportant for the binding of an enzgme and a coenzyne anong am nho actd

resi dues cordeding pistraisbehpin pea tbranghed chpin,forrhaldgsns suahoasdéhherinep binginen 2,

wherein the &L@th%?d&le%me&itéﬁg an amino acid residue interacting with said
coenzynme mol ecul € ¢ nmprises selecting amino acid residues existing within a

di stance of 12A1f optwallyectioedzhaie3-plires yhuyric estér aehhiddd af aptidilngadtive ai ns

1 to 4, wherein sai,d .oxi doreduct ase ilizes a ridin ucl eoti de coenzyne
as & coenogironilf epet 467 SEMRACR bbuharRy Sefbiee P aioiER iy

oxi dor eductgresea@d by @s: follbwinggedral fookadd:3- (A 'y, Ala or Thr)-(lle or
Leu)-(dy, Ala or Ser)-(Xaa)~o-(Ady or Asn) as a conmopn am no acid sequence
necessary for binding with a coenzyne nolecule. 7. A nethod according to
Claim6, wherein the step of determ ning am no acid residues interacting

wi th the coenzyne nolgcul egf urther conprises selecting the amno acid
residues from g,regi confli sting of said common am no acid sequence and 15
resi dues each of Tt3 fmhal™ and C-ternunal, and preferably froma
region consisting of saigg common am no acid sequence and IS residues of its
Ctermnal. 39

(wherein R1 is a halogen, R2 is hydrogen, and R3 is a substituted 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 group, a chlorophenyl group
or the like.
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8. An oxi doreductase nutant, which is obtained according to the nethod
according to Clains 1 to 7. 9. A nethod according to Clains 1 to 7, wherein
t he oxi doreductase is a carbonyl reductase derived from Candi da magnol i ae

| FO 0705. 10. A nethod according to Caim9, characterized by substitution,
I nsertion, deletion or conbination thereof of amno acids in the am no acid
resi dues of said enzyne at the 40to 69-, 87- to 92- and 225- to
228-positions. 11. A nethod according to Claim9, characterized by
substitution, insertion, deletion or conbinatj.on therepf of am.no_acids in
the am no acid ?@%ﬁﬁ‘&e?‘o‘ﬁ QTPe 91 DroEming a?cﬁg‘oﬁf ?'baﬂcﬁf,gm&‘?- naveng 1419 %6-
and 69- posi darleyns. Mére sﬁitﬁlﬂg,bthe)ékoréﬂghtfdn@&QuE@ﬂﬁa&nis,m&/ﬁ?lr%ﬂlo?dh@ctoacetate,
coenzyme- dependency thereotf is converted by utilizing a nethod according to

any one of @hdidnghlayoacstongetate.anethyldabromopretpacgiate asthdthapmoadgisiaedtates In

obt ai ned fr Wi | d-Lyp r se subst | i ti,on,
del etion orﬂtahgonbo%%i {r%t ?igﬁ%%g%%? g%éﬁ?hoe@ ll dhj?(z&so%& u{’adscggﬁed %g@[t ﬁe

fol | ow ng phyisoxyeciheietaal ethybpPehlored-oxptytyratd, ietryl 2Aatthpig3-oroteityrgle, ethyl
4-chl or oaceﬁtoaﬁet ate to gr gdh%e eg)hyl S) - 4- chl or o- 3- hydor oxybut yrat e by
usi ng r educEtPSAGEOAGeIAtGOTIRE HESGAPPE YStEni ne di nucl eotide as a coenzyme; (2)

Substrate Speci fTHid Uyhalcab@wadetc st @i e piapiiell YackOrdtghMbr example, to the
4- chl oroacet oacetate but substantially no activity to acet oacet at e,

et hyl
and show ngnethed dgsgibed tin JPt Datens Applisaieny 4Kekaih Mt ifé-b%ﬁtl%?l A)d986). For
subst anti al Y - - - .| ter;
(3) " Coenzy e umBl, ARUELARERS Gl Shbc Yrebed alirding 1M D ik ik
reduced type astarmigotterialniedetingoelmlogen dheretolte ptepate aghaloarowazaticehalide and

Dt | B S AR oR SRS SRS b PLASHARE
mut ant  accanateridq ahd dicéctllyMalbgenivihg te 4 posithar oftiksadetvacdtielekteryion the like.
oot cochem cal ALOBELEn S5 B i e bebi s TR boPEre i s & 2o
m nutes; 4NADH coenzyme and a culture of said 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 stirring under adjustment of
pH. The reaction is carried out at a temperature of 10 to 70°C at a pH of 4 to 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, a crude extract,
cultured microbial bodies, lyophilized 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. Immobilization can be carried out according to methods known to a person
skilled in the art (e.g., crosslinking method, physical adsorption method, inclusion
method or the like).
The regeneration of NAD, which is formed from NADH accompanied by these

reduction reactions, into NADH can be carried out using microorganisms having ability
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(6) Organic Sol vent Resistance: Having an enzynme activity of at least 85 %
in case of the treatnent with acetic acid ethyl, acetic acid butyl or

di i sopropyl ether at pH 7.0 at 25C for 30 mnutes; and (7) Mol ecul ar

Wi ght: Approx. 32,000 in sodi um dodecyl sul f at e- pol yacryl am de gel

el ectrophoresis. 15. A carbonyl reductase mutant according to Clains 13 -
14, wherein said wld-type carbonyl reductase is the one derived from
Candi da magnoliae | FO 0705. 16. An enzynme nutant according to C aim 15,

characterized in t said nutant is obtained froma w]d-type carbonyl
reduct ase b rE‘!LlHS% N}t%@)éﬁ??ytic Wé@’ﬂab’oé,l COEPINAATS BN atiprPatbyey dlapstBroiraRtk e of

of am no achdiveafdeUase a84. 085 N § ; ihe i due
(G or a seritne rggi dug (&é])C gt G?Weﬁtﬂf)i&[?og? ':niﬁgr??&gnﬁygl)i%dﬁﬁgrlghﬁfégg?dﬁ{e}ﬁ?éﬂ) , a

gl yci ne r esfodui acid)qr the Bker tortke regstiahusysies). , Inadtlitios it iswsa possitlesby addingan

arginine residue (R _or Lysine resjdue (K).at the 42-paosition; .an al ani ne
g e aylorbadniEin &uellet e of SR Sibfodr i Phof AR st ayng btk

resi due (T)forrh NADM 36N ADE®I tHé!fattidn sysfenal Birkffiple St eipenériioPsf RADYSI ne
residue (K) at the 43-position; and an aspartic_acid residue (D) at the

64- posi t i orfanbe. camirdents yipe patialy oadelby apmiged GDH., diDH.1@cohoh dehdragenased i n
that said %ﬂ@%cié?@h}dr&ﬁ&ﬂ&s‘e)/omggg?iaﬁig‘défgcﬁsgé%a&eéﬁa%{@ Elérlf)‘d?c%eﬁ%cfo‘}?l’i@ a

group consi sting of dalanine (A, ( reoni ne rosine (Y),

| euci ne ( L)likeypushe hikeyeni¢roprganisms aentainingi these Enzymeasgnd imaated Riattem thergadi ne ( K)
at the 47-positign . . r oj t im16 or 17
characteri ged i nlgt R%%%énglg gmﬁa&f,;ﬁ %ﬁ%ﬁ%%@%ﬁ%y AzralgH agegg%earﬁ%onacstyge?’eéf?rdue
sel ect ed f rsignificagtlp decreasingithd hevgssafy ahautit 0€ aff Ajpensiee comz{iny, fot xApIE a h) :

i sol eucine (1), vali t hi oni he , enyl al ani ne (F),, tryptophan
(W, cyst ei’%"et?’?‘b)]?mﬁ M?ﬂ%éﬁe@%ﬁ canchg ﬁ’(é":%eéﬁtg&agﬁﬁrrﬁﬁi“ﬂ% CE’Rﬂ‘z‘%‘ﬁd thaugh, ne
(G at the ABed@pbidifupchSthe AhzyRitZ WiBrodkafidin GCEQKAH MGttdrahébst (0hellel 0 18,

characterized in that said nutant additionally has an am no acid residue
sel ect ed f rsgb§tERte FOHEERtiations ang the dikefranges @ sybstyate concemrasigr iof aprre. 0.1 & fone
(V), nethiapidg , ' dynt | ani.ne..(A)
Cysiteine (& BQuA R RGRErRAReRSe Do stoct Bl APRER 1 Whnd RLaBbEFyior)
enzyne nut anb0howerding to Cains 16 to 19, characterized in that said
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ar gi ni ne (tl?l%d and Lzs%ne (e,% at the 6-.posita§)ﬂn. 21. An enzynme nut ant

accor di ng BV ECAS %62 XY ANGRZYHE (MAYINE 8B aPHILY IPafesenarafe s foghzyme upon

addi t i onal lyhifipthifenzgiie MRpéds ek S T AnA BTHES S hE tRAeR 1HARY Rhr&dtS @4{29 of
e

alanine (A), glutamc acid (E), aspartic acid (D) and serine (S) at
69- posi t i oaloodhydiaxybybgigestericanrhe predused piylomst coshberans therirds v pecessity
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. 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 purified by removing suspensoids such as microbial
bodies or the like by carrying out a treatment such as centrifugation, 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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23. An enzyne nmutant according to Claim 16, wherein the follow ng nutations
are introduced: S41A, S42A, S43Q We3l, Y64D, N65V and S66L. 24. An enzyne
nmut ant according to Claim 16, wherein the follow ng nutations are

i ntroduced: S41A, S42A, S43G, Ws3l, Y64D, N651 and S66L. 25. An enzyne

mut ant according to Claim 16, wherein the follow ng nutations are

i ntroduced: S41A, S42A, S43R, W631, Y64D, N651 and S66N. 26. An enzyne

nmut ant according to Claim 16, wherein the follow ng nutations are

i ntroduced: $41 A YA47R, W31, .Y64D, .N65l and, S66N. 27. An
enzyme nut ant a&%%ﬁ?‘l%‘ﬁﬁ%%xgpwg FS%%‘:"&‘)‘@“PW&JI\I@F@M BRichy ARy d08r e
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enzynme nutant according to Claim16, wherein the follow ng nutations are
i nt r oduced: Psstprminghpqmatggaphy atel507C NeHIg agtissednmn I 3 Anme h 2y)nfdladuwiint

Siin - sa3m PREZAM et EWAVBRICE (188 B0/ Hhoeh i BEedililotY S hor ai ng
to C ai m 16SIBMGE,&id) dndehdnaletecarih@with B! i ons are introduced: S41A, S42A

Y43Q, W3l , Y64DT N651, . SG6N and AGI9E. 31. A DNA encodi ng an enzynme mnut ant
according to anylRrfistegmingfion githe ppticad puntyoof ethyl (Sstrbalocizh ydypxuputyinete DR

accordi ng ti G3ddBupiy hi e ' ' i aid
plasmid i s pNiSI M, p’(\l%%ﬁﬁﬁ’?mgﬁl\iﬁr’%?m ,ﬁ%iNTHbsglfgwa%%%ﬁéﬁﬁg}%?%pm V2
pNTSI MB or 5&10&1%senamtlomcolnmiﬁ@nwfaﬂuredw@ai@l Ghymicablndfgrieniidon with a

pl asm d accordi ng.. [ 3 A transf cording to.C ai m 34,
wher ei n sai d tra%%‘?eg?rgn%ﬁtag}‘ge’ ElsegﬁaesF f:(}%(’gn%no(f ia% 3RS t?%f’n?“ﬁ@&rdi ng
to C ai m 35ccudirgetonhe piesertt imveafian. nntthérmote, tioohtilizaBod Of tHip MSnike Muden) . E.
coli HB 101 S1 MW E. coli_. HB1 O1 S 1 M) .. coli HB 101 42
(pNTS 1M8) ,Pré%‘-érsoi“f eﬁﬁh‘f&1Prt’1‘:§-‘r§f‘r§°‘11’rﬂé)‘?mt°§’@%l\lﬂﬁiy *I%B"i@kogﬁb‘msdﬂd%)(,s)t col i
HB 101 ( pNTHald3Midroxfbutid dstekB 101 (pNTS 1MB) or E. coli HB 101 (pNTS 1
MB). 37. A process for manufacturing a carbonyl reductase nutant accordi ng

to Cains 22 to I8the sxamplss et dorth bedawothe pessend inventien isidassrifad insfugtherdetaik i ng a
transform j | L.ofr. acturing
(S 2 hal o- TS SRR ProfldSt 1o R phiposol mpfinfie 6E Hhesefl int Bl ESiL

fornmul a; OHhepmRsent inventioR iginA® way restricted thereto.

Example 1 Modeling of the three dimensional structure of CRD Enzyme originating
from Candida magnoliae IFO 0705

Baséd 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, 1FMC, 1CYD, 1HDC,
1YBV, 1BDB) were prepared utilizing a ClustalX program [Thompson, J. D. et al.,
Nucleic Acid Res. 22, 4673-4680 (1994)]. Next, the three-dimensional alignment
(conformational alignment) 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 correspondence 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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wherein RL is a halogen atom R2 is a hydrogen and R3 is a substituted or
unsubstituted al kyl group or aryl group; and wherein said process conprises
a step of reacting 4-hal oaceto-acetic ester represented by the foll ow ng
general fornmula: 0 0 Rl1~ JR3 '0 R2 wherein RL is a halogen atom R2 is a
hydrogen and R3 is a substituted or unsubstituted al kyl group or aryl

group; using an enzyne nutant according to any one of Clainms 9 to 25, or a
culture of a mcroorgani smhaving an ability to produce said enzyne nutant
or a treateg ma %er of .the culture. 39. A process according to C aim 39,
wher ei n sai @ahag gfelﬁseatewqrsde HP’&)W%%“‘S‘F%’? HmSﬁ%oné!ﬁw %@p@rmc@s%h&lww
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and a nut ant reof. 45. A pro conprises a step of reacting a
t r ansf or nar subktitaien élalelﬁnaily aosstrocted threm dmetnlsnoaalpsltxasnuredmodais' yweregommﬁm
encodi ng an,.engzyne nu taé%r accor dl g) % P ﬁs to nd a DNA
encodi ng armYenzyie “haVi Ng e e P4 p |"Ia|“fi§}11 FU aé&éﬂaé?lﬁi i ﬁre’é’agﬁreﬂw efon
whi ch said fefmymlﬁmmdﬁlmg&ﬁmbdﬂesmbéﬁ i deaﬁlbonyl corrpound and a step of
harvestin roduced opticall t|v Ico

. AF. Al { AIg h(ﬁ%f}" ,&@P“E@?C‘ Bﬁleyc%\%‘%}h%ﬁ S“%QQ? §’f ;WBXh(CR“NPOA@m& tatheh. A{. A
AL AY A . Alg- Ao A2Apbéstibn Am%mlﬂ)'%néyrﬁemaﬁlsl{bsﬁt\ﬁtﬁ“%wﬁ@ s&quence 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.

(3) The amiﬁo 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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@) Wlth respect to all residues, the three dimensional structures of amino acid side chain

thereof were checked again to eliminate steric hindrance and the like.

(8) Finally, using an AMBER 4.1 program (D. A. Pearlman et al., AMBER 4.1,
University of California, San Francisco, 1995), the modeled three dimensional structure
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 three 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-(Ile/Leu)-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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phosphorus atom position of 2’-phosphoric acid residue of NADP, followed by finding
an electrostatic potential which this charge yielded. Next, the point charge was given to
all the amino acid residue atoms, followed by calculating electrostatic contribution of the
found electrostatic potential to the charge of -1 placed on phosphoric acid residues of all
the residues other than 2’-phosphoric acid of NADP. Amino acid residues were
rearranged in the order of increasing negative contribution. The 5 top-ranked residues and
5 low-ranked residues are given in Table 1.

Ser 42, Tyr 64, Asn 65 and Ser 66, since they give a positive electric field to 2’-
phosphoric acid of NADP, are presumed to contribute to the stabilization of binding to
NADP. If amino acids suitable for NAD-binding are substituted for these residues, the
conversion of coenzyme dependency of the CMCRD enzyme becomes possible.
Candidates for amino acid substitution were selected by computer screening of the
CMCRD enzyme-NADP complex three dimensional structure model with respect to the
above sites using the Shrike program (JP Patent Publication (Kokai) No. 2001-184381 A).
In the calculative 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, S42A or S42R, S43Q, S43G or S43R, W631, W63L, W63V,
W63F or W63M, Y64D, N651 or N65V, S66N or S66L, Y47R, A69E and the like. The
C. carbon atom positions of these amino acid residue candidates fro substitution are at a
distance of 6.9A in the case of S41, 5.1A in the case of S42, 6.14 in the case of $43,
9.2A in the case of Y47, 8.3A in the case of W63, 5.1A in the case of Y64, 4.5A 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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mutations were combined to design the following mutants:

S41A/S42A/543Q/W631/Y64D/N651/S66N mutant (SIM1),
S41A/S42A/843Q/W631/Y64D/N65V/S66L mutant (S1M2),
S41A/S42A/543G/W631/Y64D/N651/S66L mutant (S1M3),
S41A/S42A/S43R/W631/Y64D/N651/S66N mutant (S1M4),
S41A/842A/843Q/Y4TR/W631/Y 64D/N651/S66N mutant (S1MS5),
S41A/542A/843R/Y4TR/W631/Y 64D/N651/S66N mutant (S1IM6),
S41A/S42R/W631/Y64D/N651/S66N mutant (SIM7),
S41A/S42R/Y4TR/W631/Y64D/N651/S66N mutant (S1M8), and
S41A/S542A/843Q/W631/Y64D/N651/S66N/A69E mutant (S1M9).
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Table 1

List of Amino Acid Residues Contributing NADP Binding

Residues Residue Contribution Contribution Total
Position from from Contribution
Main Chain Side Chain
(kcal/mol) (kcal/mol) (kcal/mol)
43 Ser -0.0613 -0.2419 -0.8582
143 Asp -0.0496 -0.7200 -0.7696
89 Ala -0.5817 0.0284 -0.5533
63 Trp -0.3800 -0.0944 -0.4745
68 Asp -0.0098 -0.4623 -0.4721
-Omitted-
88 Lys 0.3182 0.5019 0.8201
64 Tyr 2.3616 -0.0324 2.3292
66 Ser 1.5216 1.2305 2.7521
65 Asn 3.2160 1.0456 4.2616
42 Ser 1.4472 3.4716 49187
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Table 2 Comparison of Amino Acid Sequences of Sites
Presumed to Participate in Coenzyme Binding

ID Site 1 Site2 Site 3 Site 4 Site 5 Site 6 Site 7

IFMC Alal9 Gly20 Ala2l Lys25 Asp42 Ile43 Asnd4
IHDC Glyl4 Alal5 Arglé Ala20 Asp37 Val38 Leu39
1BDB Glyl3 Alal4 Serl5 Argl9 Asp36 Lys37 Ser38
IDHR Glyl7 Argl8 Glyl9 Ser23 Aspd40 Val4l Val42

1YBV Ala37 Gly38 Arg39 Argd43 Tyr60 Asn62 Ser63
1CYD Alal5 Glyl6 Lysl7 Arg2l Thr38 Arg39 Thr40
2AE2 Glyl7 Serl8 Argl9 Tyr23 Thr40 Argdl Asn42
1AE1 Gly29 Ser30 Lys31 Tyr35 Ser52 Arg53 Asn54
CMCRD Serd4l Ser42 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

A DNA having a nucleotide sequence of SEQ ID NO:1 was synthesized, followed
by transforming E. coli IM109 (manufactured by Takara Shuzo Co., Ltd.) with 0.2 ng of
a plasmid pUCSYN181 (manufactured by Takara Shuzo Co., Ltd.) prepared by
subcloning the synthesized DNA into the PstI site of pUC18. The plasmid was recovered
from the obtained transformant using FlexiPrep (manufactured by Pharmacia, Inc.) and
digested with EcoO1091, followed by subjecting the resultant to preparative
polyacrylamide gel electrophoresis to isolate a 167-bp DNA fragment. On the other hand,
a plasmid pNTS1 (WO0098/35025) was digested with EcoO1091, subjected to preparative
agarose gel electrophoresis to recover an approx. 3.2-kb DNA fragment, and then the

DNA fragments were treated with BAP. Both DNA fragments were ligated using Takara

29



10 10 10yy; 109& ()-!'1!M 109 ()-1!M 109 ()-! 110%ré& ()-c{}~xWeg\= , &
10% & ()- ,& 10%@& ()- , & 10%& ()-)!C3!1 109& ()-'[3! 109& ()-!3! 10%f& ()-?
wXMB7 10 10 10yS; 109%&' ()-!, & 109& ()-!, & 109%& ()-!, & 10% ()-!, &

109 (& ()->$p~?MB7 10V, !109& ()-!'y 10%}& ()-y 109%K& () -

109%@& ()-!& 109& ()- & 109 ()- 2MHadBMB7  10'Y, 1109 ()-Y, !109% ()-Y,
1109& ()-Y, '109%& ()-Y, !'10% ()-Y, !10% ()-jC 10! ! 10%& ()-

(&I 10%& ()-Z 10 10

Ligation Kit Ver. 2 (manufactured by Takara Shuzo Co., Ltd.), thereby obtammg a
recombinant plasmid pNTS1M1 in which a mutant gene was inserted into the EcoO109I -
Eco0O1091 site of the pNTS1. Using this plasmid, E. coli HB101 (manufactured by
Takara Shuzo Co., Ltd.) was transformed, thereby obtaining E. coli HB101(pNTS1M1).
Similarly, using synthetic DNA carrying nucleotide sequencés of SEQ ID NO:2 to 9,
plasmids in which mutant genes were inserted into the EcoO109] -Eco01091 site of the
pNTS1 were prepared, followed by obtaining recombinant E. coli HB101 (pNTS1M?2),
HB101 (pNTS1M3), HB101 (pNTS1M4), HB101 (pNTS1MS5), HB101 (pNTSIM6),
HB101 (pNTSIM7), HB101 (pNTS1MS8), and HB101 (pNTSIM9) from respective
plasmids. Of the thus obtained transformants, E. coli HB101 (pNTS1M1), HB101
(pNTS1M2) and HB101 (pNTS1M3) were respectively deposited in 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 June
22, 2001, with the accession Nos. FERM P-18388, FERM P-18389 and FERM P-18390
out of which FERM P-18388 was converted to the deposit under Budapest Treaty with
the -accession No. FERM BP-8059 on May 27, 2002. In addition, E. coli
HB101(pNTS1M4) and HB101(pNTS1IM6) 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 Expression of CMCRD Enzyme Variant in
Recombinant Escherichia coli

Recombinant E. coli HB101 (pNTSIMI1), HB101 (pNTS1M2), HB101
(pNTS1M3), HB101 (pNTS1M4), HB101 (pNTS1MS5), HB101 (pNTS1M6), HB101
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(pPNTS1IM7), HB101 (pNTS1M8) and HB101 (pNTS1M9) obtained in Example 3 were
each cultured in 2xYT media each containing 50ug/ml of ampicillin, harvested,
suspended in 0.1M phosphate buffer (pH 6.5) and then ultrasonically disrupted to obtain
cell-free extracts. The CMCRD enzyme activities of these cell-free extracts were
determined as follows. The enzyme activities were determined by adding 1mM ethyl 4-
chloroacetoacetate as a substrate, 0.167mM NADH or NADPH as a coenzyme and the
enzyme to 0.1M phosphate buffer (pH 6.5), followed by determining the decrease in the
absorbance at 340 nm at 30°C . The enzyme activity oxidizing 1 pmol of NADPH
(NADH) to NADP" (NAD") for 1 minute under these reaction conditions was defined as
1 unit. The thus determined CMCRD enzyme activity in the cell-free extract was
expressed as a specific activity (the enzyme activity per mg of protein contained in the
extract), and the activity of E. coli HB101 (pNTS1) transformed with a plasmid carrying
a wild-type CMCRD enzyme gene prepared in the same manner was also compared
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 all.
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.
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Table 3 Relative Activities of CMCRD Enzyme Variants

Enzyme Specific Activity relative to Activity relative
Activity NADH to NADPH
(U/mg) (%)” (%)”

HB101 (pNTS1) 6.4 0 100
HB101 (pNTS1M1) 1.1 100 0
HB101 (pNTS1M2) 0.3 30 0
HB101 (pNTS1M3) 0.2 19 0
HB101 (pNTS1M4) 3.0 270 0
HB101 (pNTS1M5) 0.4 33 N.D.
HB101 (pNTS1M6) 1.2 105 0
HB101 (pNTS1M7) 0.5 46 N.D.
HB101 (pNTS1MS8) 0.1 7 N.D.
HB101 (pNTS1M9) 0.3 30 N.D.

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

Example 5 Purification of CRD Enzyme Variant S1M1

Of the Escherichia coli obtained in Example 4, E.coli HB101 (pNTS1M1) was
cultured in 2L of 2xYT medium (16 g of bacto tryptoné, 10 g of bacto yeast extract, 5
g/L of salt) containing 50 pg/ml of ampicillin, followed by centrifugation to prepare
microbial cells. The obtained wet microbial cells were suspended in 10mM potassium
phosphate buffer (pH 6.5) containing 100pM FOIPAN (FOI, manufactured by Ono
Pharmacentical Co., Ltd.), disrupted by ultrasonication and centrifuged to remove
residual 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 centrifugation. Further ammonium sulfate was added to this
supernatant to bring it to 70% saturation and dissolved, and the formed precipitate was
collected by centrifugation. This precipitate was dissolved in 45 ml of 10mM tris-HCI
buffer (pH 7.5), followed by dialyzing this against 10mM tris-HCl buffer (pH 7.5)
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containing 100pM FOIL  The dialysate was subjected to a DEAE-Sepharose
(manufactured by Pharmacia, Inc.) column (3.2x22 cm, 175 ml) previously equilibrated
with the same buffer to make an enzyme mutant adsorb, and the column was washed with
approx. 600 ml of the same buffer. Using the same buffer, active fractions were eluted
by linear gradients of salt (0 to 0.2M). Then, 250 ml of the active fractions were
collected, and ammonium sulfate was added thereto to bring it to 70% saturation and
dissolved, and the formed precipitate was collected by centrifugation. This precipitate
was dissolved in 30 ml of 10mM tris-HCI buffer (pH 7.5) containing 4M salt, subjected
to a Phenyl-Sepharose (manufactured by Pharmacia, Inc.) colﬁmn (3%x20 cm, 160 ml)
previously equilibrated with the same buffer to make an enzyme mutant adsorb. After
washing the column with the same buffer (approx. 300 ml), active fractions were eluted
by linear gradients of salt (4M to OM) and ethylene glycol [0% to 50%(w/v)] using
10mM tris-HCl buffer (pH 7.5). Active fractions (approx. 220 ml) were collected,
subjected to the exchange of buffer to 10mM tris-HCI buffer (pH 7.5) containing 0.2M
salt using a ultrafiltration membrane 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 purified 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 Example 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 optical purity of 99%
ee. or more. The ethyl (S)-4-chloro-3-hydroxybutyrate dehydrogenase activity

depending upon oxidized type B-nicotinamide adenine dinucleotide (NAD') was
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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, the 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 a higher enzyme activity was given on the acidic side (Fig.
2).
(3) Optimum Action Temperature: The activity of the present enzyme using ethyl 4-
chloroacetoacetate as a substrate was determined within the temperature range of 20°C to
60°C for 1 minute to obtain an optimum temperature. As a result, the optimum

temperature was found to be 40°C to 55°C.

(4) Thermostability: After treating the present enzyme at pH 7.0 for 30 minutes at
temperatures of 30°C, 35°C, 40°C, 45°C, 50°C, 55°C and 60°C, the reduction activities
of ethyl 4-chloroacetoacetate were determined. The results were represented by residual
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% up 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 an eluent, 0.1M potassium
phosphate buffer (pH 7.0) containing 0.1M Na;SO,4 and 0.05% NaNs. The molecular
weight of a subunit of the enzyme was determined by electrophoresis on 10% SDS-
polyacrylamide gel in the presence of 2% (v/v) 2-mercaptoethanol and calculating said
molecular weight from the relative mobility 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 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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The recombinant E. coli HB101 (pNTS1MI1) obtained in Example 3 was
inoculated in 100ml of sterilized 2xYT medium in a 500-ml Sakaguchi flask (4 flasks),
cultured by shaking at 37°C for 44 hours and centrifuged to prepare microbial cells. The
obtained wet microbial cells were suspended in 25 ml of 10mM phosphate buffer (pH
6.5) and then ultrasonically disrupted to obtain an enzyme solution. To 10 ml of enzyme
solution, 10 ml of glucose dehyrogenase (GDH, manufactured by Amano Enzyme K.K.)
solution, 7.1 g of glucose, 3.2 mg of NAD®, 5 g of 4-chloroacetoacetic ethyl and
furthermore 5 ml of ion-exchange water and 25 ml of butyl acetate were added to prepare
a solution with a gross volume of 50 ml. 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

chromatography. Using a glass column (ID 3 mmx1 mm) filled with PEG-20M

Chromosorb WAW DMCS 10% 80/100 mesh (manufactured by GL Science, Inc.),
chromatography 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 wa§ carried out by monitoring the

absorbance at 215 nm.

Example 8 Purification of CRD Enzyme Variant S1M4
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from the obtained wet microbial cells according to the same procedures as in Example 5.
The purity of the purified enzyme was analyzed by polyacrylamide gel electrophoresis
(SDS-PAGE)., As a result it showed a single band. Furthermore, quantitative protein
analysis was carried out according to the dye-binding method using a protein assay kit
manufactured by Bio-Rad Laboratories, Inc. As a result, the specific activity of the

purified enzyme S1M4 was found to be approx. 10 U/mg.

Example 9 Determination of Properties of
CMCRD Enzyme Variant (2)

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, the 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 (S1IM1),
a higher enzyme activity was given on the acidic side (Fig. 5).
(3) Optimum Action Temperature: The activity of the present enzyme using ethyl 4-
chloroacetoacetate as a substrate was determined within the temperature range of 20 to

60°C for 1 minute to obtain an optimum temperature. As a result thereof, the optimum
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temperature was found to be 40°C to 55°C similar to the case of the CMCRD enzyme
mutant (SIM1).

(4) Thermostability: After treating the present enzyme at pH 7.0 for 30 minutes at
temperatures of 30°C, 35°C, 40°C, 45°C, 50°C, 55°C and 60°C, the reduction activities
of ethyl 4-chloroacetoacetate were measured. The results were represented by residual
activities and shown in Fig. 6, where the activity at the time of no treatment was denoted
by 100. The carbonyl reductase according to the present invention gave residual
activities of 75% or more up to 45°C, similar to the case of the CMCRD enzyme mutant
(S1IM1).

(5) Molecular Weight: The molecular weight of the enzyme was found to be approx.
76,000 when determined using a TSK-G3000SW column and, as an eluent, 0.1M
potassium phosphate buffer (pH 7.0) containing 0.1M Na,SO, and 0.05% NaNj. The
molecular weight of a subunit of the enzyme was determined by electrophoresis on 10%
SDS-polyacrylamide gel in the presence of 2% (v/v) 2-mercaptoethanol and calculating
said molecular weight from the relative mobility 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 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 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 mutant showed

organic solvent tolerance equivalent to the CMCRD enzyme mutant (S1M1) (Fig. 7).

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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using this enzyme mutant and/or this transformant are provided. Furthermore, it is
obvious that the present enzyme modification method can be meaningfully applied to the
conversion of the coenzyme dependency of an enzyme group analogous to the carbonyl
reductase according to the present invention.

Incidentally, the specification of the present invention includes the specifications and the
contents described in the drawings of JP patent applications Nos. 2001-200417 and 2002-
006303 as priority applications of the present applications.

38



CoxX8h/ #3 ! 110% & ()- !10% & ()- '10% & ()- '10% & ()- !10% & ()-
“DxX8h/ #3 110% & ()-#3 | 110% & ()- '10% & ()- '10% & ()-

CLAIMS:

1. A method for modifying an enzyme for converting the coenzyme-dependency of an
oxidoreductase, characterized by controlling the size of the binding energy of a coenzyme
molecule by substitution, insertion, deletion or the combination thereof of a single or
plural arbitrary amino acid residues at the previously selected site of said oxidoreductase.

2. A method according to Claim 1, wherein the method includes a step of specifying an
active site of an oxidoreductase, a step of determining an amino acid residue interacting
with a coenzyme molecule in the neighborhood of said active site, and a step of carrying
out mutation of said determined residue so as to control the size of the binding energy of
the coenzyme molecule.

3. A method according to Claim 2, wherein said step of specifying the active site
comprises predicting the three dimensional structure by the molecular modeling method,
screening for the cleft part having a volume capable of accommodating the coenzyme
molecule, and furthermore, comparing 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 selecting amino acid residues
existing within a distance of 12A from the coenzyme molecule.

5. A method according to Claims 1 to 4, wherein said oxidoreductase utilizes a pyridine
nucleotide coenzyme as a coenzyme molecule. |

6. A method according to Claim 5, wherein said oxidoreductase carries (Gly or Ala)-
(Xaa)s-(Gly, Ala or Thr)-(Ile or Leu)-(Gly, Ala or Ser)-(Xaa);o-(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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8. An oxidoreductase mutant, which is obtained according to the method according to
Claims 1to 7.
9. A method according to Claims 1 to 7, wherein the oxidoreductase is a carbonyl
reductase derived from Candida magnoliae IFO 0705.
10. A method according to Claim 9, characterized by substitution, insertion, deletion or
combination thereof of amino acids in the amino acid residues of said enzyme at the 40-
to 69-, 87- to 92- and 225- to 228-positions.
11. A method according to Claim 9, characterized by substitution, insertion, deletion or
combination thereof of amino acids in the amino acid residues of said enzyme at the 41-
to 43-, 47-, 63- to 66- and 69-positions.
12. A carbonyl reductase mutant, wherein the coenzyme-dependency thereof is
converted by utilizing a method according to any one of Claims 9 to 11.
13. A carbonyl reductase 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 fol]owing physicochemical properties:
(1) Action:
Acting on ethyl 4-chloroacetoacetate to produce ethyl (S)-4-chloro-3-hydoroxybutyrate
by using reduced type p—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 dinucleotide phosphate as a coenzyme.
14. A carbony! reductase mutant according to Claim 13, which further has the following
physicochemical properties of (4) to (7):
(4) Optimal pH: 4.0 to 7.0;
(5) Thermostability: Stable up to 45.°C in case of the treatment at pH 7.0 for 30

minutes;
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(6) Organic Solvent Resistance: Having an enzyme activity of at least 85% in case of

the treatment with acetic acid ethyl, acetic acid butyl or diisopropyl ether at pH 7.0 at

25°C for 30 minutes; and
(7) Molecular Weight: Approx. 32,000 in sodium dodecylsulfate-polyacrylamide gel
electrophoresis.
15. A carbonyl reductase mutant according to Claims 13 - 14, wherein said wild-type
carbonyl reductase is the one derived from Candida magnoliae IFO 0705.
16. An enzyme mutant according to Claim 15, characterized in that said mutant is
obtained from a wild-type carbonyl reductase by substitution, insertion, deletion or the
combination thereof of amino acid residues and has
an alanine residue (A), a glycine residue (G) or a serine residue (S) at the 41-position;
an alanine residue (A) , a glycine residue (G), a serine residue (S), a threonine residue
(T), an arginine residue (R) or a lysine residue (K) at the 42-position;
an alanine residue (A), a glycine residue (G), a serine residue (S), a threonine residue (T),
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), methjonine (M), phenylalanine (F),
tryptophan (W), cysteine (C), threonine (T), serine (S), asparagine (N) and glycine (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),
isoleucine (I), 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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(N), glutamine (Q), arginine (R), and Lysine (K) at the 66-position.
21. An enzyme mutant according to Claims 16 to 20, characterized in that said mutant
additionally has an amino acid residue selected from a group consisting of alanine (A),
glutamic acid (E), aspartic acid (D) and serine (S) at the 69-position.
22.  An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42A, S43Q, W631, Y64D, N65I and S66N.
23. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42A, S43Q, W631, Y64D, N65V and S66L.
24. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42A, S43G, W631, Y64D, N651 and S66L.
25. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42A, S43R, W631, Y64D, N651 and S66N.
26. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42A, S43Q, Y47R, W63I, Y64D, N65I and S66N.
27. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42A, S43R, Y47R, W631, Y64D, N65I and S66N.
28. An enzyme mutant according to Claim 16, wherein the following mutations are
introduced: S41A, S42R, W631, Y64D, N65T 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, S42A, Y43Q, W631, Y64D, N651, S66N and A69E.
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 pNTSIM1, pNTS1M2,
pNTS1M3, pNTS1M4, pNTSIMS, pNTS1M6, pNTSIM7, pNTS1M8 or pNTS1MD9.
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

(pPNTSIMI), E. coli HB101 (pNTSIM2), E. coli HB101 (pNTSIM3), E. coli HB101
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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:

0 0
R]\/“\\',/tko/R3
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 according to any one of Claims 9 to 25, or a culture of a
microorganism having an ability to produce said enzyme mutant or a treated matter of the
culture.
39. A process according to Claim 39, wherein said halogen atom is chlorine or bromine
and said R3 is an alkyl group having 1 to 4 carbons.
40. A process according to Claim 39, wherein said 4-haloaceto-acetic acid is methy] 4-
chloroacetoacetate, ethyl 4-chloroaceto-acetate, methyl 4-bromoacetoacetate or ethyl 4-

bromo-acetoacetate.
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alcohol.
43. A process according to Claim 42, wherein said enzyme having the capability of
regenerating said coenzyme is glucose dehydrogenase and a mutant thereof.
44. A process according to Claim 42, wherein said enzyme having the capability of
regenerating said coenzyme is formic dehydrogenase and a mutant thereof.
45. A process, which comprises a step of reacting a transformant obtained by
transformation with a plasmid carrying a DNA encoding an enzyme mutant according to
any one of Claims 12 to 30 and a 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.
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