ig

15

20

DESCRI PTI ON  NOVEL CARBONYL REDUCTASE, GENE THEREOF
AND METHOD OF USI NG THE SAME Technical Field s [0001]
The present invention relates to a pol ypeptide
(carbonyl reductase) having an activity to
asynnetrically reduce DESCRIPTION

-l -chloro-3-tert-butoxycarhbon
TES GARBAN G EARED SN THEREGE g ovFmRgD oF

10 (1) : [0002] O HN Clus&g@oa]ﬂg osmduce
2R, 3S)-1-chloro-3-tert-butoxycarbonyl am no- "s. 15

eEhéWﬂakzﬁiﬁbﬂol represented by the follow ng
v&ﬁﬂﬁ ? (2) : [0004] OHNC] 0"0 OH (2) [0005] 20,
I C s isolated froma m croorgani sm having the
acti viTlys prBNandncodyegttbe mﬂ@qﬁm$ide,aapﬂ&ypeptide
ont ai ni and a, transfor transforne
PR FE oD RART TSR [ BOUBI T THE BFaedrtY nbanergamg Sotoally
féH@b@SH3BELPLQHm©EmeJE$B@deEo&?d&&&@ﬁkbﬁm@HdA@%
al cohol, particularly
Qbﬁmgérﬂfhﬂﬁ%ﬁ@ns reMrHRBR§ealborfiiant ablawimenyfepnula
but anol represented by the aforementioned formula
%f usi ng the pol ypeptide or the transfornmant.
D@@Ui] (2R, 3S)-1-Chloro-3-tert-but oxycarbonyl ami no- 4-
phenyl 2-butanol is a conpound useful as a synthetic

><0}/HLO 0 (1)

[0003]
to produce (2R, 3S5) -1-chloro-3-tert-butoxycarbonylamino-

4-phenyl-2-butanol represented by the following formula
(2):
[o004]

~ HN o
%0*0 o (2)

[0005]

, which is isclated from a microorganism having the
activity, a DNA encoding the polypeptide, a vectorxr
gOntaining the DNA, and a transformant transformed with

the wvector.
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io starting material for a pharnmaceutical agent and

the |I|ike. Background Art [0008] As the production

nmet hod of (2R, 3S)-1-chloro-3- 1s

tert-but oxycarbonyl am no- 4- phenyl - 2- but anol, a net hod
dampoé i ng chenically reduci ng am no- prot ect ed (38)-I-

hal o- 3- am no- 4- yl - 2- but anone derivative wth a

r educiiyf d@%ﬁ?egﬁcHQﬁ?%EHPHn@B&Fb%ﬁﬂ?H@sa&?tQEP¥?QECtl°n

hStKkBaWe £ Rat efibt £ 8h8neNGa-tli v&0R1 RN, ﬁé@&@&%@é@ly
20 However, this nmethod requires a conpara i vel

é&%eﬁ§|vé qhimm©ng agerit- bQﬁ@BYﬁér@ﬁﬂﬁ&%@%@@rﬂv@@@nyl 2~
69?%3%& |¢¥%5e3£88t5 'ﬂﬁ%S&EEE%H@Ht1é§€g9kogﬁ%&% (2},

a m croorgdani sm noreover
m@nngl$hmggﬂlyp@pgidenarctm@anramsmﬁnmqmng to the
%?nus ndi da and the like to act on a (3S)-I-hal o-

- 4- phenyl - 2- but anone derivative to produce a

(2R 3921 ; bl 013 3105 43 Pher¥-+RArdwit fBakbder vaki Ne-4 -
( pat ent reference 2), and a nethod conprising brin |ng

Eh%nyﬁr@nhﬂkﬁﬁ@%nﬂﬁeﬁomﬂmgp@@dtnéqﬁyﬂu@$m@dée
t
et Mg it tDa ORIt Wildima coutipal agept and the

bikane to produce (2R 3S) - | - hal o- 2-

hydr oxy- 3- pr ot ect ed an1no 4-substituted butane (patent
reference 3, non-patent ?SF@F@ﬁﬁﬁizﬁrEre known. By
thasseg s nmet hods, however, the concentration of the
product that 2 can be accunulated in the reaction

m xt ufes cahfoPriveugrieti Bathyd F§ i €2BnBS )patertloro—-3-

e L T

¢mmppabeMgrEﬁemeneély f&ﬂmahegramldﬁrpﬁeﬁac¢ﬂa%m33

D9S3 Spl 151 L ERER, B TSMPIEdran VB LY, e o
reducing agent such as sodium borohydride and the like
is known (patent reference 1, non-patent reference 1).
However, this method regquires a comparatively expensive
reducing agent, and the stereoéelectivity thereof is not
practically sufficient.
[oo09}

As a method using a microorganism, moreover, a

method comprising allowing a microorganism belonging to

the genus Candida and the l1ike to act on a {(38)-1-halo-

3~aminco—-4-phenyl-2-butancone derivative to produce a
(2R,35)~1—halo—3¥amino—4—phenyl—Z—butanol derivative
{patent reference 2), and a method comprising bringing a
microorganism belonging to the genus Rhodococcus and the
like in contact with (3$)-l-halo-2-oxo-3-protected
amino—4—substituted butane to produce {2R,38)-1-halo-2-
hydrexy-3-protected amino-4-substituted butane (patent
reference 3, hon—patent reference 2) are known. By these

methods, however, the concentration of the product that

2
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1o Problens to be Solved by the Invention [0010] In
view of the above, the present invention ains at
provi di ng a pol ypeptide useful for the production of

(2R, 3S)-1-chloro-3-tert-but oxycar bonyl am no- 4- phenyl -
{:ameI@utaa:n:aJlmuaaDNd e’ncddimgrelaet;iojrypepxtde,e aaveciorbe
cant |n| %@é ?@A qia transformant transforned
REERT e ctd f In addition, the present

| Nyedtnen @l fMer&hcd01pr Qui-diny-anoafsf i ci ent production
met hod of various ogtlcalu¥ actlve al cohol s |nclud|ng
(2IPaa§Sylt| & ererge -9-2

e;iBStQHttO)&yéPéPé’H¥lea@‘ ”%cﬂzd’@f?l’ﬁh%‘z%‘” anol , ‘using the
pol ypeptide or the transformant. Mans of SoIV|ng t he
F%@@hep@taui[ﬁﬁiereﬁmg[ﬁesbatrahﬁanqns hAye6333 (1994)

Isgégted aﬁﬁﬂyggg%%ge Vlfgtrghggfagtgsymmetry, 14, 3105

asynmetri ca

chit®0033-tert- butoxycarbonylan1no 4- phenyl - 2- but anone

roduce
?ERFQSFWF?ﬂWSrGhS-ﬁaﬂe%ﬁﬁ%ﬁycarbonylanino 4 30

PBY ks B4 200! SLAYE WY CEART SAVRNBY T N9 ¢ e

activity. Moreover, the ave succeeded i n clarifying
the0ba}e sequence of a DNA encoding the polypeptlde
and gﬁgeratln% trans or mant_.t hat _hi y .pr.oduces

e u

the pofypepti |?|§|ﬁ fhéjg%q%ﬁﬁé Al I%Qﬁﬁp?}gﬁ aims at

pheylaam;avae Iﬁompgeqaltatde/ans@ﬂalus:emlt@@t pealkdhy-tion of

e alcohols 3 _such ‘
?% §) - eh 6P 593 3 &ﬁrfblm&%apﬁdmwﬁ@l@o 4-phenyl-2-

Bﬂgﬁﬁblzl%“ﬁﬁ@'eﬁ%%d%%§#{ﬁ§|ﬁ@ﬂﬁbéﬁ@g&ged ab¥ector
ut|I|2|ng the pol ypeptide or the transformant, which

@@anﬂ@iHQ1th@ BYp| étridna of rehe fyrosent tﬂa@mﬁQﬁmeﬁ with
% is, the present invention is directed to a
ypeptl 'having an activity to asynmetrically

r[@bup:e]
(38)-I-ch|oro 3-tert-but oxycar bonyl am no- 4- phenyl - 2-
but anolfe #99pEddive ¥R BEPSErdh brEesiden ains at

providing an efficient production method of various
optically active alcohols including (2R,35)~1~chloro—3—
tert-butoxycarbonylamino-4-phenyl-2-butanol, using the
polypeptide or the transformant. |

Means of Solving the Problems

[o012]

The present inventors have isolated a polypeptide
having an activity to asymmetrically reduce (38)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butancne to
p;oduce (2R,38)—l—chloro—B—tert-butoxycarbbnylamino—4—
phenyl-2-butancl from a microorganism having the

activity. Moreover, they have succeeded in clarifying

. the base sequence of a DNA encoding the polypeptide and

generating a transformant that highly produces the
polypeptide utilizing the sequence. In addition, they

have found that various useful optically active alcohols

3
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1o but oxycar bonyl am no-4- phenyl - 2- butanol . [ 0014]

Mor eover, the present invention provides a DNA

encodi ng the pol ypeptide. Furthernore, the present

i nvention provides a vector containing the DNA. In 1s
addhﬂaﬂ1(Zme3ﬁﬂeiemhﬂaweﬁﬁFUBrmﬂhuth%yaarbonylamino—4—

f t th t Further, th
pPEBIIT TRbRe SR Uit E S eR kY h RebRed v
aﬁﬁuaaﬂngammEVpolypaﬁuﬂéela@l@@émtransformant which

%ZR 3S)-1-chloro-3-tert-
ﬁ?&)@%‘fﬂ bonyERRI fEMPIfHeh9D - o fbirhendPre B8Rkg e pion.

ppéy@g@t|de or the transformant. Effect of the

I'hvention [0015] According to the present invention,

a pradfheal1qncﬂnmtpoﬁsmmﬂuxhtﬁnusehMlanﬁﬂxﬁmtyd to a
Elve hol s %5 i ncl udi ng. tricall g

Y§§)p c%lo 29 & -but d%y e Bohyt SHTRE FLcally reduce

phsmy&ébﬁnﬁﬁ@eB -¢al the Pt oxiydadh I3 edmPascui-piHany Df 2 -

the Drawi ng [0016] Fi 1 shows a production nmethod .

BHG2800% ufc? PEOBREGR ¢ R omhs FAHO VLS oF SERTOIG

Beshxede ¥E%9%H%§ﬂ§nifﬂ\ﬁ9mﬂﬂ‘an$9017] The
present |nven lon Is explained in detail in the

fb0obM ng. 35

3S) - | I rt-butoxycarhon m_no 4 he |l 4

g bLtaﬁ%%eg esdrﬂ%%d ?ﬁeFﬁé% %ﬁy%ﬁ€§ﬁgcﬁﬁ ﬁ%ﬁ gaf A
dacopriepartide Hol yexatl de . byFﬁhehmmMuxbﬂlsﬁéope@ssht

JP-A- 62-126158 or JP-A-2-42048. In addition, unless
DPREPHION RPRELFPEd 2 IS 8P F off OB LN Br EP&r &NPon JfD

4864 @HorJenens PrBRWAlI QPeAYGRAS ASANSERT gatt'r%[hsformant
described in the present specification can

@@nﬁQMﬂyn%ythétﬁ@@?omesdﬁLbéuern b@@«psm@hn331nventlon
G Ed] | d S

%@ ggae?)slrry Iﬁgégg %gg) n!lé %16(3%0 C1«pe P‘f\}%re vglrc luvs%d

abhebhe 1de st ¢ ptiddn gof{ ZHKBS) l-chloro~3-tert-

butoxycarbonylamino-4-phenyl-2-butanol, using the

polypeptide or the transformant.

Effect of the Invention

[o015]

According to the present invention, a practical
production method of useful optically active alcohols
including (2R,3S)—1—dhloro—B—tert—bufoxycarbonylamino—4—
phenyl-2-butanocl can be provided.

Brief Description of the Drawing
[oo016]

Fig. 1 shows a production method and a structure of
a recombinant vector pNTOM4G1.

Best Mode for Embodying the Invention
[0017]

The present invention is explained in detail in the

following.
(38)-1-Chloro-3-tert~-butoxycarbonylamino-4-phenyl-

4
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i 0 present specification neans "% w v)" unless
ot herwi se specified. [0018] The pol ypeptide of the
present invention is a polypeptide having an activity
to asymmetrically reduce 15
ZSEmt$HMMGNdEé@rEbEdbuHDMMmarpmaybmﬁrEpéebﬁéﬁﬁhibn can be
but anone, t q roduce chloro-3-tert- ,
BHE BRSO b PGP Endig] TS pBEkAGY Siflosed in JB-a-
o} ypeptisde r cap- nezl—a@loaataed f1OMadmicGle0r daRi 88k otherwise
having the activity. 20 [0019] Wile the
W%Fé%ﬁ&éjm siiebabéorhe for?¥n Brepreatpypeft veetsir, gene
B491 BLISENL | IVEDhT 91 IS éf&?ﬁ%k&@ﬁ“&é@cii%ﬁheqn the

for exanple, a yeast belonging to the genus
maﬁSbetugﬁﬁciinCatmbaﬂqamwhéepeedaﬁmd@abaemezﬁods

. t NBRC0975 Th anj L
BLREEEOB Arhett BB P ERG: 11 o BoP S Thdvt S & AR B tion
H@@DdySpMﬂﬂgﬂﬁﬁrb6§tMdeiéﬁof?C@@ééﬁw B0€o) and the

Eval uation, Biological Resource Center (NBRC. 2-5-8
kbstsakdAEEAMET + Ki Sar HEGTsHIn Joe OQESC@ﬁ%lOGaﬁﬁn)the

0] f thyating r
e QR0 i oy el A0 2 S50 Q.
spwenfiieal- general liquid nutritional nedia including

g%{ q? sources, nitrogen sources, inorganic salts,
% 35 nutrients and the |i ke can be used as | ong

as thehd pblypepgarismgrews. pldd2dt Theepaliwpepi kda
of _the present invention can be isolated fromthe
W%YB%P&&HE‘SMW%@ BRe 351597 hEBf tene SRt ypeptlilge reduce

bys ppRpLepTit el y- EQE@'@dﬁbiﬁwgkﬂbh&ﬂﬁﬁa PE0 wagyl 2~

purification nmethods. For exanple, the |s ati
et papher red rasodotEoUB R [IDR2] - chillosto-3teert -

6@€5Q9 g%@onyiamfﬂgtﬂr %ér]f Eubt%gﬁ%l Such polypeptide
can be isolated from a microorganism having the

activity.

[0019]

While the microorganism to be the origin of the
polypeptide of the present invention is not particularly
limited, for example, a yeast belonging to the genus
Ogataea can be used. Particularly preferred is Ogataea
minuta var. minuta, NBRC09%75 strain. The microorganism
can be obtained from the Incorporated Administrative
Agency, National Institute of Technology and Evaluation,
Biclogical Resource Center (NBRC: 2-5-8 Kazusakamatari,
Kisarazu-shi 292-0818 Chiba, Japan).

[0020]

As a medium for cultivating a microorganism to be

-the origin of the polypeptide of the present invention,

general liquid nutritional media including carbon
sources, nitrogen sources, inorganic salts, organic

nutrients and the like can be used as long as the

5
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14 io nmedium and the cells are collected fromthe
cultured nmedium by centrifugation or filtration. The
obtained cells were disrupted by a physical neans
using an ultrasonic disintegrator, glass beads and
mherbpkgandredn ¢heweel | ul ar debris was renoved by
ient 'Iugation to 15 give a cell-free extract. Then,
%% ypeptide of the present invention is isolated

from thes cebl yhepe iexd raet thby prdmibodi suehtdon can be
sal ting-out (ammonium sulfate _precipitation, sodium
Prosphate ki phe aFieF I 2 hdST tRee solgeprigin of the

£l r tyi
e e e R Rl e B A -
gréteani puwchi beat bgnapteiheds. exéhangeample, the isolation
chropat g h rever phase chromat ogr aphy,
W er FIF&H%%F%% %nastﬁggfﬁ?% “al one or in conbination.
[[A0R32]25 The activity to reduce (3S)-I-chloro-3-tert-

butoxycarbonylan1no 4- phenyl - 2- but anone can be
det er nf et + f 6F Ce X1 €0 L 8P Naddl NP 201 bugRds igst? afBitable

&é@ﬁu& C@dﬁ“&ﬁ%tSéﬁl@ﬂé¥ycé6?9gﬁk@ﬂ'EkémpBEQdeﬁtured
but anofe, a 0.25 nVi coenZynme, NADPH and a crude enzyne

mﬁﬁiumab&O@anmphﬁsgh@m@ﬂnmtefl@pmaiﬁﬁncxwﬁ@wnohgalned

f%@bw_v/v) di netg§ quOX|ﬁ '8 Ctlg\ thesgixt%h§

¥ or 8 éi€hl Vﬁé er% %i?y ¥
ﬁheraéeaﬁsmﬂi§%ﬁabgr®%dﬁwogbaﬁeeuﬂa&smaw@ggn@tnxﬂe, and
340 nm_, after the reaction. 35 [0024] 6 In additiaon

the getddiidtatdoRres &&ﬁﬂ{ﬁ%ovﬁgnpﬁyﬁ%ﬁ?Bthﬁ&tlon to

%?@éuée@gﬁliﬁrgéaék%&%Rﬂ?“‘%E%ﬁesﬁheoﬁolypeptlde of the
1-chl oro-3-tert-butoxycarbonyl am no- 4-phenyl - 2
boueardlt pgrothicedoby iishd sxbbyeededtrioonddi e eaet ilof xceh extract

Eﬁ s Def EPQPEd b%co 82ﬁﬁ_rf0rnan ce i uidj(]élziE éulf%ﬁﬁ)

ronatography
pﬁ@cﬂpﬂ@ﬁﬂﬂdﬁﬁdsobﬂumamﬂ@mpﬁesquﬁmedﬂmfﬂhtlb&|ﬁ%d the
agqueous phosphoric acid solutlon/acetonltrlle [/
%%%93 ﬂQ£N@%&ePrT01mHWﬁElOHetE&ﬁqﬁ%n Eaﬁﬁfonatlon

precipitation by acetone, ethancl and the like),
dialysis, gel filtration chromatography, ion exchange
chromatography, reversed-phase chromatcgraphy,
ultrafiltration and the like, alone or in combination.
[o023]

The activity to reduce (35)-l-chloro-3-tert-
butoxycarbonylamino~-4~-phenyl-2Z-butanone can be
determined, for example, by adding a 0.2 mM substrate,
(38)—1—chloro—3—tert—butoxyéarbonylamino—4—phenyl—2~
butanone, a 0.25 mM coenzyme, NADPH and a crude enzyme
to a 100 mM phosphate buffer (pH 6.5) containing 0.33%
(v/v) dimethyl sulfoxide, reacting the mixture at 30°C
for 1 min and calculating the activity from the
decreasing rate of abscorbance at a wavelength of 340 nm

after the reaction.

[o024]



10

15

20

25

30

35

10 (0025] The DNA of the present invention is a DNA

encodi ng the aforenentioned pol ypeptide of the

present invention, and nay be any as long as it can

express the polypeptide in a host cell transforned

accor dimgadidithernhelve 13eremtiioned ot bdd 2 bad urey

contain_a unt ransl| at ed Once the pol ypept

CORE Rt s AL A A nBee St SEPaFnafy S0a T Yo FROPHE i (Srcess

&8N (9kY &i1h- HICh: PNA-BY: ya -KNOYOx yBRERR fIHAL Ao-4 -phenyl-2—

n1croorgan|sn1to be the origin of the polypeptide.

peFaBRanplredy¢edalYbd bt P PEd - E?Wﬂ#?%ﬁﬁf@?ﬁ@%hﬂ? can be

( r st., t 0 f

B e A B PEm it 8 TR A DoPLbfiE Rl iy

éndopapt:i dgsMOand SCle-MEs(béL ﬁgmpBQS(Hemﬁr agﬁﬂmlﬁactured

are fra t|o ted by 25 reversed-phase HPLC. Th fo

a’ﬂ‘BFé‘ egS%HeXBlfd‘ile 1iotgP ediehcer® P Ssphtric

&@£HUEaMUﬂfﬁhbacé@@wﬂﬁiﬁi@sy516m@Av A Pasl entddte 1

whol e ami no acid sequence of the peptlde fragnents

@&émaﬁteﬁﬁqﬁﬁﬁl?geziﬂf)SU“Based on the information of
?gtno aci d sequence obtained in this way, PCR

( ol'ynerase Chain Reaction) priners for anplifying a

part dfhea DNA emunhmgprheenmomnﬁgmtﬁenads a DNA encoding

h d. The f ; i
T 8GR ER i 1676 P GITAl At “end ol JPeRERde fryvenc ion,

- Bhdphepabed dyy aagenemna éﬁ#ﬁtseb@“éﬁpﬂ@éﬁodhef@blypeptlde

exanple, 7 the nethod of Visser and the |ike (Appl

M oR OBPSIE. Ch bt BERRSIEC T agsorson )to ush ﬁgbteﬁ'é'-’w“
r&@ﬁeﬂ%%raalm@&%das atd &P} 8 6n2ad i N, Qﬁ@%%u%eéa

CR primers, PCRis performed to anplify a part
I@@lﬁmm‘eﬁommrﬁbehBOéymﬂgnximudenab@ @QQﬂIWﬁérth@OSG of

e_seque here The base uence can
%% éPﬁ% e&gzﬁ%i exa%p e, {%I%an %%?§h s@@%@%ﬁ%ra known

faBnutactionete byi Appldrethn Bi@sy st ers)tlandothgilni ket the
g?%ngtide. For example, it can be obtained by the
following metheod.

[0026]

First, an isolated polypeptide of the present
invention is digested with a suitable endopeptidase, and
the resulting peptide fragments are_fractionated by
reversed-phase HPLC. Then, for example, using an ABI492
protein sequencer (manufactured by Applied Biosystems),
& part or the whole amino acid sequence of the peptide
fragments are determined.

[0027] |

Based on the information of the amino acid sequence

‘obtained in this way, PCR (Polymerase Chain Reaction)

primers for amplifying a part of a DNA encoding the
polypeptide are synthesized. Then, a chromosomal DNA of
a microorganism to be the origin of the polypeptide is

prepared by a general DNA isolation method, for example,

9
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zo Once a part of the base sequence of the DNA
encodi ng the pol ypeptide is clarified, the full-Ilength
sequence can be determ ned, for exanple, by i-PCR
(Nucl. Acids Res., 16, 8186 (1988)). [0029] is
tramkes cof df]ev%lée@f dihe presentkd nvEmbl ONMiekisd ined,
in this way include_a DNA contalnlng t he base

Brqheree Shown®#n é@éll§QQ9 1 - andSanONA RS ERFAFR§Oomal DNA

ibey *ee%@)l%e@éleeﬁe shewn, # 5 SEO LD NQ g 2Pciznp§%{etf§” 'PCR is
a DNA [ that hybridizes to a DNA consisting of a base

gegtenved 2o c@mpﬂerfehtaarg/arb tlie tkb)a&s@&@qeen@eimme
r. . SE 2 under strin

RORAP PGS v EnSeER0HLE BB Yo (U aDERg tipreot . The
B&tevsﬁﬁddhc@S&EHEb@(ﬁﬂﬂ@ImEﬁé@S for example, using
%38% l-chloro-3-tert .

Bt dsty éa%ﬁ%%ﬁa%rph@wm@asﬁt%?d%éwoABPé&@r,de 25
ﬁgggggkéméyﬂ§5g 3nkentijbut oxycar bonyl ani no- 4- phenyl -

- b

anol, is also enconpassed in the DNA of the
rﬁ@&%& |nvent|on [0030] The DNA t hat hybrldlzes to
i st e se en y
to the %%egs quence s %%n%%n EF 1%§§gﬁﬁ%

Nrodingderhst pohgeript icpndi &i emerrleifaeé@ tahe BNA Theéngth
geC|f|caII y forms a hybrid Mﬁth a DNA haV|ng a base
YedHERCE %I%ﬁeﬁ?&@fm%rbe@he Bas &xtRikRceP é’h&wr?ql?ﬂ (Nucl.
AEQEDRNG . 1 06, SEQslD {@8@? )2, when col ony
ﬂéuildlzatlon net hod, plaque '8 hybridization nethod,
heln hybrldlzatlon nmethod and the like are
per f orpp u t in .
condltlonsp&gg j%e¢§% ﬁgg gﬁgﬁ% e, S?ﬁ§%%0n%%p%%%glon
@hﬁﬂ&ﬁ.n‘ﬁhﬂl cm hiylbt sdivaat iioncivdean anu}ueommehutwa wfe abase
osition of 75 mM trisodium _citrate,. 750

SBAPBRCENITITER, 28, S9% ok (Y © dadeayt S%HP%{%\ecoetf%nmg the
boyYEngcspidieal bHBR, & 19bgPebywiow!Pyrrolidenecans, a pna
0.1% Ficoll 400 (manufactured '
that hybridizes to a DNA consisting of a base sequence
complementary to the base seguence shown in SEQ ID NO: 1
or SEQ ID NO: 2 under stringent conditions, which

encodes a polypeptide having an activity to

‘asymmetrically reduce (3S)-i-chloro-3-tert-

butoxycarbonylamino-4-phenyl-2-butancne to produce
(2R,35)—1~chloro—3—tert—butoxycarbonylamino—4—phenyl—Z—
butanol, is also encompassed in the DNA of the present
invention.

[0030]

The DNA that hybridizes to a DNA consisting of a
base sequence complementary to the base sequénce shown
in SEQ ID NO: 1 or SEQ ID NO: 2 under stringent
conditions refers to a DNA that specifically forms a
hybrid with a DNA having a base sequence complementary
to the base sequence shown in SEQ ID NO: 1 or SEQ ID NO:
2, when colony hybridization method, plague |

8
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i 0 by Anersham Bi osci ences) is performed at 65C,

foll owed by washing with an aqueous solution of a
conposition of 15 mMtrisodiumcitrate, 150 nM sodi um
chloride, and 0.1% sodi um dodecyl sul fate at 60C.

RPypfraicdld 4 i s hepe thefgr $outhereonditt 0as zurden Wi €Rod and
washing with an is aqueous solution of a conposition
Bbeléﬁ%@t??%oﬁ?ﬁ%OQﬂQQate 150 mM sodi um chl ori de,
aQ@O %@6sod|un1 dodecyl sulfate is performed at 65C

er hybridization under the above-nentioned
conmt$@n§seﬂbhﬁqﬂtmethblwtriﬂmwnteb@mdktimms refer to,

nd | shi ng a Qus

e ¢ bR aR Y vl b E8n; AypE Mt zatson in
Entﬁ@ﬂﬁod& ﬂb@&@mdﬂndﬁﬂ@rtdﬁpdﬁﬂtibdgb$0d6UMM trisodium
dodecylsulfate is perforned at 65C after the [[]
RybrAdiczat { oh PH SREISHHECbRRdASas GboveSOdions2] 25

Eesaaregq SWirdPg, pol.ypepiddenal Seh&pressihini, NENtd on
i nclude a pol ypeptide having the am no acid 'sequence

BﬁéWWMHYkﬁﬁyxgﬂNQOH?eﬁm@d@dl%yEﬂﬂpbhséoosd@ﬁnuiactured

B BB R TR RCd i | BSOS 4akneaita Byl loved

B9 tvhehhase ‘Bf.‘ﬂheﬂﬁhe a&jﬁMusnssﬁQﬂltbrNQafZa dpEditdon of
pepti de ShOMAng at least a _certain

d
Plvel 3 sadiud) Sl aer Lop N%ssé)‘%%mkpﬁéé’rld?er and
@0i¥p%%tdlqﬁ§ SilBQeE s‘ﬁfé‘técgltv'écy’cto 35 g' | Xhey

35 reduce I"or o-'3-t er t - but oxycar bony am n
ge§ﬁ§nWQ4;mmtgﬁ@dg&ypqgo@@@@r which washing with an

%%REE§E4 £ Qn3uterd - CO@?OEl £f.15. mM tris ?§um

oxycar onyl am no-4- ané? i sTfunctiona
efuirualegntl 0 mhesedmmmk¢m56r&ﬁqmﬂam@p0Ld&sgmuhum
enconpassed_in the present invention. 5 10034% As used
Feiery ! athef abfolsgpedit aHeedeglrerite G o flexpr Bybaddization

fifdeeXai abby¥ethentaldite @f chaentdtyndt rebabi ¥ed@ rabiy,
t he whol e sequence when two anmino acid sequences are

ebaparatiael yo ahbey £ed dist hgna Wewsiogyhich washing with an

aqgueous solution of a compositicn of 1.5 mM trisodium
citrate, 15 mM sodium chloride, and 0.1% sodium
dodecylsuifate is performed at 65°C after the
hybridization in the same manner as above.

[0032]

Examples of the polypeptide of the present
invention include a polypeptide having the amino acid
sequence shown in SEQ ID NO: 3 encoded by the base
sequence shown in SEQ ID NO: 1 and a polypeptide having
the amino acid sequence shown in SEQ ID NO: 4 encoded by
the base sequence shown in SEQ ID NO: 2.

[0033]

In additién, a polypeptide showing at least a
certain level of homology to either of these two kinds
cf polypeptides and having an activity to asymmetrically

reduce (3S)-l-chloro-3-tert-butoxycarbonylamino-4-
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I 0 search program FASTA (WR Pearson & D.J. Lipnman;

Pro. Natl. Acad. Sci. USA, 85, 2444-2448 (1988)).

Exanpl es of the pol ypeptide equivalent to the

pol ypeptide shown in SEQID NO 3 or SEQID NO 4
phehyde 2a ot ypepti de homag MNOR,|FBs-1hanid8w(Batert- -
honol ogy between the 15 pol pti de sho in SEQ I D
Qkfoéygﬁﬁ HeY 6P§B€§H7§£e%§§ﬁ%‘%ﬁ?ﬁﬂ%ﬁ%ﬁﬁcgug9§¥onally
d8% vaniefteredl yhaek hess thaas %Q%pc!‘ijﬁeﬁ"c?&E%rsa@ryd

not less than 85% still nore preferably not |ess
ehapmpe%sest hoenbhegprer it hepventidese two ki nds of
gﬁé@g tides. e 20 [0035] i Such polypeptide can be

ai ned, for exanple, by ligating a DNA that can be.
hybri dizedstd &<NAn conseshiongpiodga bdsehsequemeence is

compl enentary to the hase . seguence shown _by the
CROPEREA ortor SERATE Ry 1 of PeRaang I o as hiridet
SE15BGeRE CONEhET QRS1 d NHyRe Ukt MNS VRSt ARidRd acid

i ntroducing the vector into a suitable host cell to
B PBRNERS e8¢ oRCIRBradistre L suaRagMagrepefdedcan haseology
Lne X e, ausj st it uti oRn,. .
PR EP R S e T AR, QAP BRREAA Py o TR o
ot ypepidate. hawingUSlag &% no2adéid 2slefiente8s8hown Examples of

E | NO 3. SEQO.ID.NOC 4 di t .k \
ChBE YRR e Ca iR T BPot i Ro P ¥D REEde dhown in
ol 0oy ndJohnoW keyy and Nwns4 EReLudd88) pangddiride

| i ke, (0036] _35 Exanples of the polypeptide obtained
pyovhed atlerless fbeHod § heladecaypngpepetdeen the

' ; S i.tyti t nd -al .anin i .
SL2PREE e SISkl il Mo 108, 46N A pEntl B aypeptiae
ZiSohn| yoi riE@ ITh Hlout dimiics atBl ) ang/mrfethbl4Onlvt less than

aragine with lysine in the amno acid 5 s nce
o RSy $ B R Y Ao hof Span e et ng SEiilT s
b BYE e Mt} ORSt ( Mekantt ok YPeRt i & Bomélaagwd reiSE&x of
e

ID NO 16, and a DNA encodeiNgjg.the pol ypept i (mut ant
Brhase) tive JrbRsi RESEQIMPRRE 1SS -

{o035]
Such polypepiide can be obtained, for example, by
ligating a DNA that can be hybridized to a DNA

consisting of a base sequence complementary to the base

~ sequence shown by the aforementioned SEQ ID NO: 1 or SEQ

ID NO: 2 under stringent conditions, into a suitable
vector and introducing the vector into a suitable host
cell to allow expression. Moreover, such polypeptide can
be obtained, for example, by causing substitﬁtion,
insertion, deletion or addition of amino acid in a
polypeptide having the amino acid seguence shown in SEQ
ID NO: 3 or SEQ ID NO: 4, according to a known method
described in Current Proteocols in Molecular Bilology

(John Wiley and Sons, Inc., 1989) and the like.

[0036]
Examples of the polypeptiide obtained by the latter
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(0037] 10 The vector to be used for introducing the

DNA of the present invention into a host

m croorganismto allow expression of the DNA in the

host m croorganismis not particularly limted as
th@Bg cas itrhel NA sap oexipyeasisi ibe obdnciated PgneubBtd tuting

sui tabl e host m croorganism  Exanples 15 of the | ,

Vet 8r8d et Ryenpl ¥ Qk%?%ﬁ?rpﬁﬂﬁa@%E@og}uté&%ﬁcFCld
YEEhOR 130tk Ade Lhkeq el addithany syl &t §mikeGlOld and/or
capabl e of gene exchange wth other hoSt cells can

Bheod¥d huseebata0i8e w2Xlsuthsieet om geperanfipoe acid
contains a.regul ator, _su JacWy promter. .trp .
£P0HBPEE e, Shorel o, o 8 B G pibbbpaving ana
théBeprfamt efiut 8€CANRr oiRiesntpholprnosmt edeand tike shown in
li ke, and can _be preferably used as an expression

YEet 6P dht at fir ngDan 2 i esERERAING Toper ABLyPEptide
Lhikadt onde; sOsHAE PIES8RD iTyandi ons  For
exanple, p (W94/03613) can be preferably used.
[l0D397] The term "regul ator" used in the present

speci f4cat jsr%%tro‘?{ TS BE Ssg%fgchfggﬁg%%d%"ﬂr&g &,8%ma of

functional promoter and an ranscri pti ona

ehenpite fenig. ineahanecer ,i10CAAL bhast TMTArboxgailRlsm to allow

noi ety .and the |ike). [0040 The term "operably ,
F¥RKEFS e P ntiRe ﬁ%é@httL§5h§ﬁﬂ%iW+%ﬁ?P6ﬁaﬁééﬁ% 1s not

SRt 11 LBy I gk 2ol Yo £ EHBB 851k ISUCHNASc8n express the
pronoter, an enhancer and the'like, that control the

Yeaededhress ohlt andud tgnke ahestonneetedrpanigm. Examples

e S SLALEs! BRYAN FELLpal o AP e rox,
sosypel argbkondantl rtegullat loe . cabnyvaKdd idependi ag sam ttitles
host 1004, Examples, Of L b A SPELANCYRELo ST th8 11

can also be used,

[0038]

Such vector generally contains a regulator such as
1acUV5 promoter, trp promoter, trc promoter, tac
promoter, lpp promoter, tufB promoter, recA promoter, pL
promoter and the like, and can be preferably used as an
exXpression vector containing an expression unit operably
linked to the DNA of the present invention. For example,
PUCNT (W094/03613) can be preferably used.

{0039]

The term “regulator” used in the present
sbecification refers to & base sequenée having a
functional promoter and any related transcriptional
element {e.g., enhancer, CCBAAT box, TATA box, SPI moiety
and fhe like).

[0040]
. The term “operably linked” used in the present

specification means that various regulatory elements
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i nvention include pNTOVB wherein the DNA shown in SEQ

ID 10 NO 1 has been introduced into pUCNT, pNTOW

wherein the DNA shown in SEQ ID NO 2 has been

i ntroduced into pUCNT, pNTOVb wherein the DNA shown
s$0cBEQsl B NQobthas deasnhahcedueced ithe PpWENT, that

whi %h re nmentioned bel ow,, and t:&e l'ike. 15 0045_] As .
tRBERGSt T 1957 Rt 6XRAHT BOVecB GCotSifi pgS CRaR@red in
&h bbepnesendtiprent N HSstnteaducedt ihacd egbdm known
yeast, filanmentous bacterium plant cell, aninmal cell

. ‘AatteRe U9 K& eam BE @sEHLnZrHcekildtlr dducthiena2Zl drdtHorthe

EUBLULRANEIAS §2SYedRALELL UBLLS LSS G 8DLEA 18 on the

erichia coli is particu y prefier
estor .containing the DNA of the present invention
\C/@Qg be, introduced into a host cell by a known nethod.
' 9141Escheri chia coli is used as a host cell, for
exanplgxamp28 sCOMTRIEd abky rave 1 | L Et 0e0ldf HBlOlpresent
conpetent cell émanuf act ured by TAKARA BI O can be
LREENtd amtFvaliede PHEQMTtvherpi® tHee Heh edlown in SEQ ID

oot Py RET b E” "ol Bi01° PUTLCE) PeRM B T03eg ™ £7e

DR2r shwrheiaf SE@nEdt Nared2 phEMOB aleas {reteno dntread ucedo

#8856 VAIES oF ROERE o entlits GRS pNTMI Ras Tbdlfy 15 has

bhekhodueathdidd®@ EnteolgudiBi0lunEcrcalie HBAAE iGRNEO 10w,

FERM BP- 10370 35 wherein the aforenenti oned pNTOOS has

prenthst rlddikked 12 into E. coli HB101, which are

nﬁ%jlgzed bel ow, and the |ike. Thesetransformants
have en respectively deposited under the ‘
af or enfemit tbaetoadcessl bp nmiternshioh dheeNdtdonabntaining

Inst i f Ad d Industrial. Sci, 5_and
SBE RS AT e ASECGHTal - PAE Bt OB i ST BB y

KAPORriGent rgtabr, 1ti-1bmdh g8k babidatbam, | bamaki ,cell,

305- 8566 Japan) (date of original deposit |in Japan on _
Iuhealz cedghand hehgatlildial CABpES (158G ai nslRepe lntroduction

1hanshedi®dure are/is easy, bacterium is preferable, and
Escherichia coli is particularly preferable. The vector
containing the DNA of the present invention can be
introduced intoc a host cell_‘ by a known method. When
Escherichia coli is used as a host cell, for example, a
commercially available E. coli HB101l competent cell
(manufactured by TAKARA BIO) can be used to introduce
the vector into the host cell.

[0043]

Examples of the transformant of the present
invention include E. coli HB101 (pNTMO3) FERM RP-10368
wherein the aforementioned pNTMCO3 has been introduced
into E. coli HB10l, E. coli HB1i01 (pNTOM4) FERM BP-10369
wherein the aforementioned pNTMC4 has been introduced
into E. coli HB10l, E. coli HB10l (pNTOM5) FERM BP-10370

wherein the aforementioned pNTMO5 has been introduced
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to the international deposit based on Budapest Treaty

on io July 6, 2005). [0044] Wen a conpound having a
carbonyl group is asymetrically reduced to produce

an optically.active alcohol using the polypeptide of
theopEesentl i NNBhOiiQNn wHiscia @oenmpn® isucdd aselAR, and the

EhBhint BReR AR OE ROk A o1 BoBS IRAPEGh BaLY

- depskicald u@duced by TardnéAgiBuled tdtec£€8¢bin0MuMbers in

the co-presence of a pol ypepti de capable ( of

E}éﬁvﬁﬁﬁl@@aﬂheleﬁutautzﬁé@ cvenkgWanced kredveby ifdr Mchance
éH&f%bE% §¥ %gpagnygfﬁi@ﬁoﬁgla§a éﬁ%”@XgEnlsm Dep031tary

regeneratlng a conpound to be a substra
OIPODheQmHQ¢Ebt6delﬂwﬁﬂxh@igabyﬁemmamkobathébarakl, 305-

e ve . 25 t he pol tlde
a8 B 2PAs e oL e e enaT B P g aoEAubf | LBy Do on June
gxappbe, hyds ogenase.a I Qiéé@@s@ﬁl @trcéelhygr@seeascefansferred
aIcohoI dehydrogenase ehyde dehydrogenase,

BP uEBSe L6\ HRD aeeaderﬂwe@éhaéése |ekoBudapest Treaty on
sehydgogenase) and the |ike can be used. 30 Preferably,
glu%ose dehyd}ogenase is used. [0046] The optically

donod €] al cohol can be produced using the polypeptide

of th resent inventi as fo

compodiEhagi RGP Bonal Latoh 1o Behite wishp Ls

égpﬁmeamecénLpeﬁémmeéﬂuﬂbaprN&DE@zﬁﬁiéﬁelbb&eywﬁﬁhlve
13 the_pol ypeptide are added to a . suitable solvent,
2hA°PRE AL Ur BRPs PSHL YRR if8eP fark DRlj REEEGDFH ivention,

£aLb%nWnd Neucheagt by WigApbhe 4 Qﬁcﬁﬂlé’nlh§ec%'é'éc9ges

out using the of e tide of the |nvent|on and a
@ﬁeseﬁarpoly@gﬂ@ﬁ@r,stManampumtoeﬁzwmeex@enenaelmpenzyme
bilit nbi_nat i,on havi_n

I !
g%gﬁ%yr%seydregene St (g C%Jp%%ﬁgfyf\é@égel BVU&? Ying out

tlebydeagaiiase) in the co-presence of a polypeptide capable
of converting the oxidized coenzyme to a reduced form
(hereinafter to be referred to as a coenzyme
regenerating capability) a compound to be a substrate of
the polypeptide, and the polypeptide of the present
invention.

[0045]

As the polypeptide having the coenzyme regenerating
eapability, for example, hydrogenase, formic acid
dehydrogenase, alcchol dehydrogenase, aldehyde
dehydrogenase, glucose-6-phosphate dehydrogenase,

" glucose dehydrogenase and the like can be used.

Preferably, glucose dehydrogenase is used.
[0046]

The optically active alcohol can be produced using
the polypeptide of the present invention es follows.
First, a compoﬁnd having a carbonyl group to be the

substrate, a coenzyme such as NADPH and the like, and

13
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and a conpound (e.g., glucose) to be its substrate are
further added to the above-nentioned reaction 10
conposition. [0047] An aqueous solvent nay be used
for the reaction or a m xture of an aqueous sol vent
ahé @ loygept ¢ deolarentadday be useﬂ;ibabEEEQdﬂuﬁﬂﬂn and the

anpl es of t rgani c, 1s sol vent | ude tol uene,
%&ﬁﬁuraece%%t% lﬁf@fﬁi PR deEt fe 2 drﬂé}c%m%g PHofopatiot Y out the
debseprapy| wider cheetRanol ionagat g r b §eblY! using the
sul foxide and the like. The reaction is carried out
BP lyPedtpkiat 0fe téfe roesenycingmnihen pHdof tomwlypeptide

he
R R T G T s
comhum&ﬂsomroaegmljﬁnp@abathhwmm@esscobhayMEmtion
substrate i s added ge concentration, of from
BB b P op it 04e 08 v LorBtnd TR aRase)
gaab@mdorg% tdﬁdtCIeng 3 sybgbbaly vl wde;: (3Sb Pt 9Ee are
25 3-tert-butoxycarbonyl am no-4-phenyl - 2- but anone.
Fowévherr a‘i“ﬁ%dcé@pé@rﬁj gowermearitieredr kg aldtiiared as
LORY RS t{oncan be reduced under the aforenentioned
reaction conditions and converted to an optically
ab@@@é]alcohol [0048] 30 The reaction can be carrled
out SI IarI even mf atra fornagﬁéfont i nin
%dPﬁ{@l W potypept ifde ‘? gs¢ Bdb Fctlon or

ﬁhﬁﬁﬁﬁhﬁé disedn larpieands ofot ke rRolpepihderefardihe solvent
present invention. Mreover, the reaction can be
BaYy P& Wk sERTI &1ey RRAME 39 uheRFxanakmsf of nihe organic

§8m9@dﬂrﬁh@?&ﬁeathﬂéHQOdé I“Ecééaggly@agdéViogcetate,

- the present 1nvention and a encod

bﬁkyman|xﬁpmavpa@od4catnzyuprngyﬁm&tMeng o&akidol y,

t r eat ct thereof is The. "tre
pro Q& ofC%t rgﬁgﬁ){ 5 }fﬁegﬁs “fcg tqé‘?(a KE - %E:}f?l |reaction
{seated wd hoat skl actantp QEa@%mQ{gﬁﬁ'POQ9lyeﬁbPCa and the
drled cell, a disrupted ceII crude extract of a cel

BdOthd 1 q | keaChd ORelMi B ERodE Madart dynackadwf - 10. The

PE&B%ion can be carried out by a batch process or a
continuous process. For a batch process, the reaction
substrate is added at a charge concentration of from
0.1% to 70% (w/v). Examples of the compound having a
carbonyl group to be a substrate include (3S)-l-chloro-
3-tert-butoxycarbonylamino-4-phenyl-2-butanone. However,
the compound is not particularly limited as long as it
can be reduced under the aforementioned reaction
conditions and converted to an optically active alcohol.
[co48]

The reaction caﬁ be carried out similarly even when
a transformant containing a DNA encoding the
polypeptide, or a treated product thereof is used
instead of the polypeptide of the present inventiocn.
Moreover, the reaction can be carried out similarly even

when a transformant containing both a DNA encoding the
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[0049] Particularly, when a transformant containing

both a io0 DNA encoding the polypeptide of the present

i nvention and a DNA encodi ng a pol ypepti de having a
coenzyme regenerating capability or a treated product
pheyeebtisie usedihan parzyare: f Ohveegenat adhdgaaDNA encoding

coenzyne doe ot ,need to be separatel repared and , _ .
SRV PERT e F@asbﬁﬁca ISPEREVPE SR TR hnge capability,

| @fogu%%ééﬁédgiﬁgﬁhﬁt 0804 £A b ansd Pr MBiHe “treated

cont ai ning both a DNA encodi ng the polypeptide of the
predust iafventaoafanaap DNmenssdi dpr £porypept iadeell

' a caenz [ pahi | ] 2 e .
BB A B T Pt RaR ot FREHhed e carigenty, = drted
pel ypept idissoipthd peddentcrudenkixdratid dheaDNAI1 and the

‘encodi ng a po eptide hayjng . a coenzyne regenerating
ﬁjagabi PR Wm zgapgihﬁgﬁee VERFSr PYard ATRYD ERRG 't he

gqgj@g]into a host cell, or respectively incorporating
5 these two kinds of DNAs into two kinds of vectors
bel ondi &gt § sudipftlatefh ghcanpatdbs EogRanps coarigrining both a

AT SALEI bl LB 18 P BT e o

ama orpON iavye ddt hga aDid 1 emeptiing ther oy ypepbieter yofie

O RER A e haV TGP a Lt e FEGEIAT AT RGCERSaNGTSeT T8

uSehydanp , FBNTOMGI aRdt i BT AVESFen WRECHB e not
gl ucose dehydrogenase gene derived 35 from Bacil |l us
THegat EFi A HePdEakelt roreEeAnEs eaddeds and ken

. . 6xp . v o .
R L RERRN (ot Obp e BTN Gtttk 1y
dara s hi ng both the DNA encodi ng the pol ypeptide of

t he esent i_nventi.on and the encodi a .

Dol ypabrF Eah s AR e ShE A e dyehhr gt B’ encoding the
sapabebittiid nef ugReEp r b t HBAGE nHINKOMBEH) & BNAMicoding

HB101 (pNTOWAGL) and E. coli HB101 (pNTOWGL),
hePevReRtidt i DEBIDE HaschrRAYMEe regenerating capability

can be obtained by incorporating both the DNA encoding
the polypeptide of the present invention and the DNA
encoding a polypeptide having a coenzyme regenerating
capability into a single vector, and introducing the
vector into a host cell, or respectively inéorporating
these two kinds of DNAs into two kinds of vectors
belonging to different incompatible groups, and
introducing the two kinds of vectors intc a single host
cell.

[oo51]

Examples of the vector incorporating both a DNA
encoding the polypeptide of the'present invention and a
DNA encoding a polypeptide having a coenzyme
regenerating capability include pNTOM3Gl, pNTOM4Gl and
PNTOM5G1l, wherein a glucose dehydrogenase gene derived

from Bacillus megaterium has been introduced inte each
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transformed with these vectors, and the |like. (0052]

10 The activity of a pol ypeptide having a coenzyne
regenerating capability in a transformant can be

determ ned by a conventional nethod. For exanple, the

att thit yfr ghecoseneehysitpgenasencare dieo cal pHiTaMs], pNTOM4

frqgm ate of |ncrease | t he absorhb e at a
ShToPus Seat 5hE IR erERTEE Mg Je “braps formant

€680aY HE NARR Oh tNéDDl\ﬁildeﬁl‘i@d@ﬁéy%@rlﬁoﬁ?gg%ﬂﬁeﬂ\éf the

Tris-HCL buffer (pH 8.0), and the m xture is reacted

REegsatf gmvient Hon @@)‘@Bﬂh% PNansherathin g cenpailninrpaide
cadi 0 n

PROLRES &' eh B | rRUAREPAL S0 ol PLEEE incTugte .

naﬂm HiBdridl ('I@NTOHBGGHL&IEILngolaaﬂ-ﬂﬂirDBOUpNESMllGl) and E.

OU C rganlc salts or anlc n trlents
Sedie B g el S R S Re Rk E . Tl Bl 0a HEY *been
@Eéh@@'dﬁnéiﬁtﬂ:yﬁhalt@l‘é@‘é v&8HbtisnNg afrfcpnm@e neaetion

can be purified by a conventional nethod. For
2, when the opti cal | y active al cohol resul ting

from apg gagtiqr i, (PR 3S
but oxycar bon;lgl anl1t}o %Bp% %’1) W%ﬂ%l hel the %eactoenzyme
ﬁﬁgmﬁmr@ eaprhdfied wi ilh] an targan crisah ventars Unh

t ol ueng an

S pafninediifent rerdetiratal harnod cnihy sRmedee, o

Abtreouer, of tgtafoke Mh%dﬁdgeyua@et reat nEat cSU i BSted from

crystal precipitation romat ogr aphy and the |ike.
BB (g3 of6 Fofr§asmt it TR @pspggamc%hpgr@gth@q%ength

J?f't 9AYC dxPonyh agi %04;@!36@{?(:8 Qut@znp eny?@n&%%é%]?ﬂ‘? or

| or o- 3-t’ert - but oxyc am no-4 ut ano
I&éD,vvalnld dshd oenﬂga@uraeumnaddéddlt@sﬂef ébnesn—ﬁcéxctssﬁfer {pH

%)29535)3“11 cHPBr B EHIE -0ut BRGEEFGoRA aht fo- 4O Bhényii
-[ dat apol , high performance Iiquid chromatography

column: COSMOSIL 5C8-Ms ((p 4.6 mmx250 mm
nanufd%tﬁF@Hséfrmant containing a DNA encoding the
polypeptide of the present invention can be cultured in
a conventional liquid nutritional medium containing
carbon sources, nitrogen sources, inorganic salts,
organic nutrients and the like, as long as it grows.
[0054]) o

An optically active alcohol resulting from a
reaction can be purified by a conventional method. For
example, when the optically active alcohol resulting
from a reaction is (2R, 38)-1l-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol, the reaction
mixture is extracted with an organic solvent such as
ethyl acetate, toluene and the like, and the organic
solvent is evaporated under reduced pressure. Moreover,
it can be purified by a treatment such as crystal

precipitation, chromatography and the like.

[0055]
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Nacal ai Tesque), eluent: 10 nM aqueous phosphoric acid
sol ution/acetonitrile=1/1, flowrate: 1 m/mn, 10
detection: 210 nn) can be used. [0056] As nentioned
above, according to the present invention, the

poI ypeps 1 deuah tties tpt @s eat i(B\sen{ie@hmamo—tBetert—

tI d d nd uti ept i de, |
Fet oy Egeriaty FrBater o R RbaZoP W bs. HBeT iRy 38) -1-
@ﬁlbﬁauﬂ%téﬁﬁ*Hﬁt@@?ﬂ&ﬂﬁbﬁﬁﬁhﬂ@da}4 -phenyl-2-butanol, as

(2R, 3S)-1-chloro-3-tert-
%%%%xﬁt@ar%yn%ﬁﬁﬁéemgﬁer@f dipgtamsionanipeexcess of

v s ] nt,i _
B g ot e Lo APV SRR s UB M Bl g Py -2
laweanotl ,t duilpeh cpastouech rase liquhdhohroﬂhéodeb@wyﬁﬂcolumn

eration method and the like relating to the

CERHRB AT TS { L8hdi-quanTISea0] FGha= Tt oG BY
ex8apkes Ties AeSE] | Badidnt L heof aMl @ gd&@@o ﬁos Poric acid
Mol ecul ar, d oning 2nd Edition i Sprin or

$abBE a2 Fre_RIt198®)= 1 Cur r EhOVPHSt IR mﬂq/mln,

I, -Bi g P shi ng Associ ates and

&@%§§ng}er§§1§n%g§ %?ggg%]gg%H(Exanple 1)

dudsékati on of pol ypeptide According to the follow ng

nmet ho tid havi ng an activity.to
asymﬁh§|%§P¥§% %ﬁJi??gg) F%coréﬁng £ t%e present
T ©1 04 3mt, erdn dUb OX Y Hi0Nyd agENehé- Rhesydn 2- Bukanaesn can

to produce

ko Re 361 cl.egH bY oP 3ofEie DAy cHEBGAYA g nbha B9 lypeptide,
?g@gggrgdyﬂﬁygﬁuﬁ@io'(Mé%ﬁgda%g&%gﬁgéﬁg fce nh§£§lcally

ataea m nuta var m nut a straln.

'aQﬁhEEWEi§QﬂE¢$fmEledkn@ufﬂRb6@Wﬂﬁ?mﬁ$opeFSGMGﬂt—

?%ﬁ5x¥cgéﬁﬁ1}%ﬁﬁéghg4r%l%%§?n a%UEQégi can be provided.
but oxycar bonyl am no- 4- phengheagrdid gnone was det er m ned
kP6§2$f0|V|ng’ in 100 nM phosphate buffer (pH 6.5)

The preseﬁt invention is explained in detail in the
following Examples, which are not to be construed as
limitative. The detailed operation method and the like
relating to the recombinant DNA technique used in the
following Examples is described in the following books:
Mclecular Cloning 2nd Edition (Ceold Spring Harbor
Laboratory Press, 1989),

Current Protocols in Molecular Biclogy (Greene
Publishing Associates and Wiley-Interscience).
[0058] |

(Example 1) purification of polypeptide

According to the folleowing method, a polypeptide
having an activity to asymmetrically reduce ({3S)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanone to
produce (2R,38)-1-chloro-3-tert-butoxycarbonylaminc-4-~

phenyl-2-butanol was isolated and purified from the
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. containing 0.33%v/v) dinethyl sulfoxide, a substrate

[(3S)-1-chloro-3-tert-but oxycarbonyl am no- 4- phenyl -

1o butanone] to a final concentration of 0.2 mM and a
coenzynme NADPH to a final concentration of 0.25 mM
Poather adﬂhzmgaavarudmienzt]aeNgak:@tﬁm sttaatyi.ngUaldess

reactlon at .30 1 mn al culating from :
hEerkia? Peflrith, Mnd b B Iotpind (fopnge  feined at
fgaction mxture at is a wavel ength of 340 nm The
ﬁ%@/iiy to oxidize 1 nol of NADPH to NADP for 1 mn

aid reaction conditions was defined to be 1

uni t. uh@@GPLduL:t(l%ﬂtéJ&@l@&t | ;PO 9§pl—§[r)c§%%ﬁ3|3mdlegt—
medi um (18L) (pH 6.5) contai fing g ucose
thVggmanhpmyBawlyeaﬂﬁﬁhﬂmﬂttZGbﬂ%aﬁbmmtEBSImetermlned

dro en phos hat e % _.potassi um_di hyd en
l?p% SV %0, andglgtjaogﬁrggi% 058&‘3 ee%%%f%ﬁyd?&t &)
&bﬂﬁ%meﬁg mrepanedﬁnwdtﬁﬁkhyarshmﬁﬁx&@é a substrate
émanufactured by B.E. 25 Marubishi Co., Ltd.) and

{371 rilz& LR ¥ P~ Jap 6F ta UDREY CREP P IR npodePhempl -2~
g@t§ngﬁ@uurwa§ Engeyl algd-d80.-0k 50fn %betﬁrﬁ@h gnd a
medi um of e Ogataea m nuta var. m nuta NBRCO97
e eRAEHMB0 I\]zﬂfélbléll tar ed fiima hecsame niedi uhe i noad@ariée mM,

A0Pphae, dBABESa R LS der oL LS o ene

fOsc480hr at [@@ﬁ?_]f&ﬁr epariat | H0g ok agehli 186y eXtbaClhe rate
g é[he cells were collected fromthe above-nentioned
A AEFESESE n’eralﬁhweb? bR 2 Ggalfort Bfhdr SRS hd@rwiltixcture at

QO%QveEEdgt 0, f“%l nHle%gf$%t£95t§!@ té&gaxge9q7pmol

the strain
@@s%éﬁ&@dﬁQ1Na@Bofﬁt @fmummmmdeg-ﬁaﬁ®utéethMﬂ7’5)

SHBILIA Sy IUALIIO e oL BT 200
fecdémp (manufactured by SMI). The cell debris was
{§E?¥S%éfG¥n£f§rg5§5@§l£¥)

A liquid medium (18L) (pH 6.5) containing glucose
5%, polypeptone 0.5% s, yeast extract 0.1%, dipotassium
hydrogen phosphate 0.1%, potassium dihydrogen phosphate
0.2% and magnesium sulfate heptahydfate 0.02%, was
prepared in a 30L jar-fermentor (manufactured by B.E.
Marubiéhi Co.;-Ltd.) and sterilized with wapor at 120°C
for 20 min.

[o061]

To this medium was i1noculated 180 ml of a cultured
medium of the Ogataea minuta var. minuta NBRC0975 strain
precultured in the same medium in advanée, and the
mixture was cultured under the conditions of stirring at
250‘rpm, airflow amount 5.0 NL/min, 28°C for 48 hr.

[0062]
{preparation of cell-free extract)

The cells were collected from the above-mentioned
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centrifugation to give a cell-free extract. [0063] 1io0
(amoni um sul fate fractionation) The pH of the

cell-free extract obtai ned above was adjusted to 7.5
wi t h aqueous ammoni a, amoni um sul fate was added and
dirdsolreed magd @9 bat weatt mhfwhklkeé omneimd avashgdt heltgH, 2000
and_the respltin recipitate vwa enmpved.b

%gn r%i ?Luong\[fwor‘]r;flg\ﬁrﬁrgﬁi %éﬁ??at‘gﬁmﬁ #’ur%%e?lv ((9f07 g of
addedella st hef stiper Batraritn andritk ssel ved wexr 608 spended in

i@tﬁration while maintaining at pH 7.5 in the sane |,
HHePla® TabVB TaAd el rvdfifernd Rit eti pi t P& MR ing 0.1

&@'h@%%%%ﬂ%&&fﬂ&&'ﬂ%ﬁ%?}"hnahai%EﬁﬂﬁééahgiW%sa UH-600
di ssolved in 10 nM 20 Tris-HCL buffer (pH 7.5)
gbhr aiswirdg 20t lomVEDFPe ranidon dinakyZedt agad nef acharsetredy

er ernight to give an active fraction. [Q064

SN L R e S T s R
teackidu gt sénedoby iateni dgl sulfiratee ekt agtiqonati on

S agglied to a DEAE- Sephacel (manufactured by

nﬁ%9§ m Bi osci ences) col urm ($29x290 mm)

Eﬂ&ﬁhbh&ﬁ,ﬁt a1 PapVERGRE M EAa QoY Tris-HA buffer
pH 7.5) containing 0.1 nmM DTT to all ow adsorpti on of

30 t heletPReofr 4dt¢ ove 1 AFfaeanesshit hgcthedsl umdwebhve was

50 <BRIE W26, %, AL L B s SR S0t 4 s oo
whkondded athe ddébisvd dadictd onlwasatnitecioed amdle

di al yzed ,agai nst the sape buffer qvernight. 35 [0065]
oL PRBGG TR AP uRH »CIATBhE BGr AERL HAS SBEPGaDitats. was

FEastiean 1Pt @k Red i by AR SePhReRbn 10@] WM fate was further
chr omat ography ‘was applied to a MonoQ HR 10/10 col um

FRAAdf &6t il BypAarBedisnt Brodcddrcas)vedelai 1605 saaguration
ORISR B Y Ty ELAMSEE (B oo s above,
acdi veef mactiu bninaf pere migsht aget va catabhbewvi kel tthe
ggg%rifugation. The prebipitate was dissolved in 10 mM
Tris-HCl buffer (pH 7.5) containing 0.1 mM DTT, and
dialyzed against the same buffer overnight to give an
active fraction.

[0064]

(DEAE-Sephacel column chromatography)

The active fraction obtained by ammonium sulfate
fractionation was applied to a DEAE-Sephacel
(manufactured by Amersham Bilosciences) column (¢29%x290
mm) equilibrated in advance with 10 mM Tris-HC1 buffer
(pH 7.5) containing 0.1 mM DTT to allow adsorption of
the active fraction. After washing the column with the
same buffer, the active fraction was eluted with the
linear gradient (from OM to 1 M) of sodium chloride.
The active fraction was collected and dialyzed against

the same buffer overnight.

[0065]
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buffer, the active fraction was eluted with the |inear
gradient (fromO Mto 1 M of sodiumchloride. The 10
active fraction was coll ected and di al yzed agai nst the
same buffer overnight. [0066] Phenyl - Super ose col um
cHPBRE 3t aphy FmBoGiturRTehF 8F @@ Was di ssol ved in the
activ 1 kned

eris BE%E&&%PQ?E&B? I MRl la'gn%ﬁo Al ephacel

chromat ography to a I nal concentrati the

solumnorcvesmappbiregh it ovas Pappylli-<Sliper o8 eMEHROTD/HK 10/10

m (/manuf act ur ed rsham Bi osci ences
SIS A T S LS A s LV T
€pti7.i%rcoad aini agvhriMsodi um ahl o der 20-and buls MM (pH
%T to allow adsorption of the active fraction. After

Shi FERFRIRONEN -vi tH! t RET s hfe Wufgeradsprpfid oet9fethe

:E&@Q‘.tvieorfﬂ’@étfb%!t.ed}\%ltel} tv{}a:sllliﬂgarth%r Q:Cgﬁ?r&n (LEeMhe same

Mto O M of sodiumchloride. Thé active action was

koffectedamdadiaivgz 6 agai ost waG MM dTéd 25 tHClthe linear

r.( .5 0 I ni .1.mM DI.T_over ni ght

PHORSE ool heh Lrvbnatosiantyy Shoodddise The
dcattieort bt iai ordwhy RIENVecbuperese 4ol yIBd against the
chr omat ogr aphy was ,applied to a MonoQ HR 5/5 30
%6@82:?’ %ﬁﬁf%&?ﬁf‘é@% Amer sham Bi osci ences)

'égprated in advance with 10 mM Tris-HCL buffer (pH

.5) containing 0.1 nMDTT to all ow adsorption of the

R EVY L ¢ bAs e Abrdrumwashih ngmette ot pimm) wi t h t he

sane , e.active fraction was eluted with.the
[i nearéjﬁ(giggﬂa&ﬁlgrﬁﬁ(cﬁér om. Soscilmaoflnsécg}%rﬁcplve

thhotiide obiteaid8datly Mohs@CHRORoMENEOLheoad Afthphy to a
pncentrated usi n? Centricon YM 10 (rmanufactured by

PRFp&PRCST o8BI o7 G 111 £Pdt iT6F cHe brhi 6gr apsty)amplied
€@eaa®wéﬁyflgﬁﬁé96§@nﬁﬁnf@é@ﬁ‘Hgiﬁﬁ@r?ﬂgﬁh?gg%hred by
MonoQ HR col unm’ chr omat ography was applied to a
npepdiem Biosciences) equilibrated in advance with 10 mM
Tris-HCl buffer (pH 7.5) containing 4 M sodium chloride
and 0.1 mM DTT to allow adsorption of the active
fraction. After washing the column with the same buffer,
the active fraction was eluted with the linear gradient
(from 4 M to 0 M) of sodium chloride. The active
fraction was collected and dialyzed against 10 mM Tris-
HC1l buifer (pH 7.5) containing 0.1 mM DTT overnight.
[o067]

(MonoQ HR column chromatography)
The active fraction obtained by Phenyl-Superose

column chromatography was applied to a MonoQ HR 5/5

column (manufactured by Amersham Biosciences)

‘equilibrated in advance with 10 mM Tris-HCl buffer (pH

7.5) containing 0.1 mM DTT to allow adsorption of the
active fraction. After washing the column with the same
buffer, the active fraction was eluted with the linear

gradient (from 0 M to 1 M) of sodium chloride. The
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200 HR 10/ 30 colum (manufactured by Amersham
Bi osci ences) equilibrated in advance with 10 mM
Tris-HCL buffer (pH 7.5) containing 0.2 M sodium-
chloride and 0.1 io nMDTT and the active fraction was
2Fht88 dtrartieow race cqld oftedsamd monesithgaties sueng
Ouhteh coHeract pvenhhagd S '»l(-
concentcroat ed usi ngm(%ent rél'(g%ﬁr% ?%o lﬁfafr}ﬁéi%gtggr'ed by
Nid06®dbre). This was applied to a Superdex 200 HR

0 Lum,_ (nmanufactured b rsham 15 Bi osci ences)
é%élﬁl rf%ﬁéireadt|%na8§7§ﬁéné5‘1i/ﬁ?ﬂ¥?ﬁg?sane buffer and the
activerie agstcanenasr et tiief abtafdoWw pat end jafrOndntioned

m/mn_usi ncg]dghe sane buffer. The active fraction 14
AR O o HRe BRI CHELH 34O B PRPYT Mo stRibARE Sanm Superdex

ofio HRe 1001 ypepbi dgn %Q%a{rggg&&t&%@@}gh@%%ﬂgfne ]

cloning (preparation o priners uri
Botypapnicts obeanhédbina tdnpheativwas:ce debbhuil€d midh Tris-HCL

e of, 8M urea and djgested with 25 1ysy
%ﬁgggépﬁ%gg?e' %)erF%l&aﬁﬂoJrﬁl%chrg%é&%ﬁ%ﬁﬁ&?ﬁ& epd 0-1
iy DakoaPi erlheatcalel mitstt i 68, wlalsd.d1lutdBent tHherliow rate
a '80 aci_d, sequence of the obtained peptide fragnent .
Sash At Bl BYLABIAYE [Heel Ruddqoncdine active fraction

waBngbag ey byn&’e[:'&hra;e@if&eﬂedBﬁ%@&OgOfbéH@r%éOfM- 10

sequence predicted fromthe amno aci d sequence,
preapefactumed dengMafdyittome hgenBigi 8' weSEQMI N 5p a

' .5 - at t tartc-3  (SEQ | D.NO
S0 BELTERA P 1 MO RIS (SR DR o
Bt ypephicdes ) bygPCRiwere syt hestdzethcs35{0070he2kame

( e anpljfication, by PCR) Chronosonmal. DNA was
%@ff%& é‘aldlfrtﬁ?ﬁtﬁ%t&é’ﬁl dIACtEgat ¥és mitedvafF. a flow rate

di Nyt 8 MBRADYY Susthgl Rl dMredphi rdne Sae JBPOGE 3S-5ction
in Exanple 1 according to the nmethod s of Visser

W@ppFolieatssl orndBhgeecfl a, pB3 1 f4ES] (P00 rdamkmple of
e Likepc\dsifng the DNA primers 1 and 2 prepared |

[0069]

(Example 2) gene cloning

(preparation of PCR primers)

The purified polypeéptide cobtained in Example 1 was
denatured in the presence of 8M urea and digested with
lysyl endopeptidase derived from Achromobacter
(manufactured by Wako Pure Chemical Industries, Ltd.).
Then, the amino acid sequence of the obtained peptide
fragment was determined by ABI492 protein sequencer
(manufactured by Perkin Elmer). Bésed on the DNA
sequence predicted from the amino acid sequence, primer
1: 5"-acngtntayttyathgengg-3’ (SEQ ID NO: 5) and primer
Z2: 5'-atnggdatrtcraaytgrtc-3’ (SEQ ID NO: 6) for:
amplifying a part of the gene encoding the polypeptide
by PCR were synthesized. |
{o070]
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above and the obtained chronosonal DNA as a tenplate,

PCR was performed. As a result, about 700 bp DNA

fragment considered to be-a part of the object gene

was 1o anplified. PCR was performed using TaKaRa Ex

Tagne( mapufialct er edoby BEAKERR) Bl O as a DNA pol yner ase,

wher e ti,0 ndltlon foIIo the

instru %?gﬁgggﬁha qnﬁge X%h &fgﬁﬁneﬁ¥l fegStls of

obaneest o impt asvad. p]iﬁBi wea TN¥echor § nendd aat ¢iaddyed in
and the base 15_sequence thereof was

a en ,
gﬁ%l 7286 EL%W’ABPSPRPSI\%WEP LeednidrdEygl &0 the method

SeaueReing (Fsgsw Reaeldi & ¢ sl ERREAEI LI edshy qurskl f2000)
El mer) and ABI” 373A'DNA Sequencer (manufactured b

%@ktheEIMé‘?% Ugingr 6begl tDNE prhmePERL iandhad pe‘e@ared
Shaykl Ledh WAL dueckinde oL BNA-20hr aguenis havig ace,

ere base sequences were

- B@aueaee$dﬂﬁﬁfmédareAsh@mreguf£I)abBuMD?Gbabﬁ SE@

:éD NO 8. é gldentlflcatlon of fuII-Iength

BQERREE S Bf B ByPRIBCRL THee cRPdRbSomRe was
éﬁﬁﬂQElggﬁta@@ﬂ“ﬁ@éap%%&oﬂﬂéﬂ“§31N§R@¥Hg§§tEﬁ'@aq
prepared above was conpletely digestéd wth a
f!é@ﬂuiétqtéweéhzkymmmm BRYXt ase aofDNR]ePvamerr@cS@I\Where

%ﬁggggg Ing %ﬁﬁ&%ggb?F lfé X %%%!%%quﬁﬁgt%h ﬁ?n manual

I gase. s as a t he T
KMweeséqUemhe(ﬁNAhﬁrggmennNW&mncmganEto a plasmld

]%Jé?léi g"ld ﬁ%jﬁc?gé%m%equ anccengg\Agglerl\]oS% elsgiglgar]d V\11:611'163 base
£4888hke tHEr&&8ULLS %ﬁ%ﬁ}aa% u%l%%QA@[ NEk 1M ipRER

was 35 perforned using TakK LA Taq (rmanuf act ured by
TaRnRRa tex @mlgssgwwgnﬁeaﬁy RemgleipheKit

[REFLSAR <A thomperball el e ettt g
&@quanneug mMEnwfaceMEmkidmgdPebaia SHaquente shAswa iresult of
OBy BERon. ath S HB=F8s ALt herBof Pary TS Kinds of DNA
fragments having different base sequences were
amplifiéd. The base sequences thereof are shown in SEQ
ID NO: 7 and SEQ ID NO: 8.

[0071]
(identification of full-length sequence of object gene
by i-PCR)

The chromosomal DNA of Ogataea minuta var. minuta
NBRCO975 strain prepared above was completely digested
with a restriction enzyme Xbal, a mixture of the
obtained DNA fragments was intramolecularly cyclized
with T4 ligase. Using this as a template, the full-
length base sequence of the gene containing the
aforementioned base sequence shown in SEQ ID NO: 7 was
determined by i-PCR {Nucl. Acids Res., 16, 8186 (1988)).
The results are shown in SEQ ID NO: 1. i-PCR was

performed using TaKaRa LA Tag (manufactured by TAKARA
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shown in SEQID NO 2. In addition, the amno acid

sequence encoded by the base sequence shown in SEQ ID

NO 1 is shown in SEQID NGO 3, and the am no acid

sequence encoded by the base sequence shown in SEQ I D

HOONOCas2 ai DehopnlymeSEQd D No:rd. tk(d)Oﬂés}zc{;Ebamﬁ@c&)tlons
onstructi of ex ression vecto in rimer

£STThHER diictashateq T Euss: CHReT b Noof g Lenath

$E$@EéeﬁuéicésoﬁtQﬁ@mgéﬂéf%éﬁ@@@ﬁ%ﬁﬁ“Qﬁ@géﬁd%eﬂéﬂ¥&oned

ID NO 10) and the chronosomal DNA of at aea
¢ pat ASEACNGR nBR e INBRCEFS EPr HPn cﬁot‘faﬁiﬁea B determined.

Cyogpbond 05 HheTRLal, PO MR DYLGIOEC, S e ax.

slecogninl GEGIi IR NO: a@dEdﬂﬂ)ddﬁﬁﬁﬂohnlmhﬁlﬁmlﬁOdG@ld
and an EcoRI r gnition site is added innedi ate
S P ReRe Fisoaar Pon gt 5 3oGafe FRvRGYR: e [HEQ TD
BEOUENES MWW | ﬂnSEQQ! BiNQo 2 vas 0R{ & NEdamn i RER atesy
perforned usi ng TaKaRa LA Taq (nanufactured by TAKARA
Br Q) CBS a ONC pofy REr Ade kvher eseR@qrezRt $bAWR5 in SEQ ID
@@nd tian oyed ucyion manual thereof.
he 2D%I% %g§9%+g£§tgg Iﬂ%&% Eland EcoRl, and

dNHEszd bet ween the Ndel recognition S|te and the

oRI S|te |nt e domnstream(ﬁ the | ac
[ HP 5 i > r € ﬁ"d-ﬂﬁ

recomwdﬁﬂ@ p@@@é¥ﬂ$¥ @ﬁﬂgwﬁcdﬂHH@&cc§b@dd¥éﬁ%tatttca 37
usung E;IHE 5. 5'- gtgcatat%gctaagactgtctatttca 3'
NG: 13) and Pgrivger

a3’ ( | D35, ~-NO
%3?5593%3%%&2%2%3%%@%%n an iR 1P5§0M10) and
the-chromosomal -DNA of tlezogokthem siteuts added Wibnuta
ipLti at.ion, cod and ORI recognition site is
N Ey b B Lf OB ed i n (ERAMEIE o S6dgn tarrlate, BCR
WweNepbavonthdde Bseaseddence sh@wipile $RQ41MD pha |

was obtai ned. The DNA was jnserted
wherein an Ndel recognition site is added to the

initiation codon and an EcoRI recognition site is added
immediately after the termination codon of a gene having
the base seguence shown in SEQ ID NO: 2 was obtained.
PCR was pertformed using TaKaRa LA Taq (manufactured by
TAKARA BIO) as a DNA polymerase, where the reaction
conditions followed ﬁhe insﬁruction manual thereof. The
DNA was digested with NdeI and EcoRI, and inserted
between the Ndel recognition site and the EcoRI
recognition site in the downstream of the lac promotef
of plasmid pUCNT (W0O94/03613) to construct a recombinant
vector pNTOM4. |

[0073]

Similarly, using primer 5: 5’-
gtgcatatggctaagactgtctatttca-3" (SEQ ID NO: 11) and
primer 6: 5’ -~gtcgaattcttactagaatggaatgtcaaa-3’ (SEQ ID
NO: 12), a double stranded DNA wherein an Ndel
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5 into plasmd pUCNT in the sane manner as above to

construct a reconbi nant vector pNTOVB. [0074]

(Exanmpl e 4) preparation of nutant gene Usi ng

Mut an- Super Express Km (manuf actured by TAKARA io0o BIO

aadofg:dﬂtorwbngsulne dperaddon @et kot desttibed dm ddtfeon and an
ructlon manual thereof, a nutant ene wher ei

BB o rre FaSTRG Lehe s Saqden dintedy 15 1er the

QermMﬁéﬂéﬁﬁhc6dW@Sdﬁﬁﬁtgéﬁbe@é%&ﬂ% the %%@@7§%¥@§nce

substituted by C, the 136th A was substituted by G

aRavins ¥heSHA7ER BQ%iasl sudst Phlrdddy- G ThasDPheparedinserted

L t e pal, rel e
e, B SopRcee e PO Sl 1)
abasitneias a subsbrttlitreth thyvgbyoimeNTMe343rd gl utam c

aﬁb)@ ij substituted by alanine, the 46th lysine is

S {ifduted 20 by glutam c acid, and the 49th
aspamggides j Speupsiddttad ob hﬂﬂdﬁ%_ﬁ@ﬁebase sequence

of the mutant by gene i's shown 1n SEQTD NO 15, and

the an¥RdNEcHME SEHUSRRRTBKDIRS S niarimapel faeperee by TAKARA

d r Q ri
O InE Ry DEHTRG i BR300 mo OORE, (hprilfeein the
Saﬁénnmﬁmﬂna&annaExwhﬂEEthoacmuﬁ&mmtgane wherein, in
nhi to 0075 ampl e |5
R ERTE 1 S ok hRe e T SBRLANIurTRGPN dBnSH TR NO: 2,

ghacanﬁﬁ#wdw@ge@@w%ﬂkﬁ@tég E@lmgixm@E&zéth5H was

‘gccgaattct aa ttaacaa ]g_gt ataaa-3' (SEQ ID NO 13)

ARGSt 85V 3 +g&d chdet hafic ticyt Tl gE ity I@SE@ and
j 86,
@eN@47t]14)c %‘Qsp %%@ﬂ%ﬂ:&;;e,péﬁ orﬁ%gf’?geﬁl‘v o'The

389 (1989)) as a tenpl at (
B&t dodblgerst randedeBNa whet gprptiinia ngﬂlar:esie, in the amino

drogenase 24 %her.ei rBwé‘%ée “ng e t o, as
GETRIHLT P vEH O Forh™ ﬁ&s ga{ Fhﬁ] Affbzptanine is
stbaint e dseheyilehiia <ol ther ubespre bi gl Bg ssaquense
i s, added at 5 bases upstream
substituted by alanine, the 46th lysine is substituted
by glutamic acid, and the 49th asparagine is substituted
by lysine. The base sequence of the mutant gene is shown
in SEQ ID NO: 15, and the amino acid sequence of the
mutant polypeptide encoded by the gene is shown in SEQ

ID NO: 16. The mutant gene was inserted into a vector

pPUCNT in the same manner as in Example 3 to construct a

recombinant vector pNTOMS5.

[0075]

(Example 5) construction of expression vector further

containing glucose dehydrogenase gene

Using primexr 7: 57-
gccgaattctaaggaggttaacaatgtataaa-3’ (SEQ ID NO: 13} and
primer 8: 3’'-gcggtcgacttatccgecgtcecctgettgg-57 (SEQ ID NO:
14) and plasmid pGDK1 (Eur. J. Biochem., 186, 389
(1989)) as a template, PCR was performed to give a

double stranded DNA wherein, in a glucose dehydrogenase
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of the initiation codon, an EcoRl cleavage point is 5

added i nmmedi ately before the ribosone bindi ng sequence

and a Sall cleavage point is added inmediately after

the stop codon, was obtained. [0076] The obtained’

ONAr BLagfRY wae Begastiair pedhtBceR GRM) apdnSalderimned from

j rpt i .EcoRI all si.tes of pNT .o ,

%ﬁl%%%/&%%ngpépiﬁ%lg@n?ﬁ tic 3e§ P T B I S gsg%’ﬁrlquoa coli

copstpnet rigediynaptyuarasei tls pNBEGBGH; $hﬁ§§%@ﬂ$yﬁkheam

Ad,. As, an, exanpl e, the production nethod an ,

@%T%uﬁ&%?l%m@o% sHOWHR OO Figteavaes pogrA 1s

4 Eaapherf)d P €9y abieaid 1 Eﬁén§&®agﬁﬂeL§iﬂgikﬁﬁsequence

reconbi nant vectors pNTOVB, pNTOW and pNTOVb

FoAsPr Getldd FreEXadpl @y nands4adgeccoinme@iotely after the
e el f.actured by TAKARA BIO was 20

ToORC et t‘%a%ir‘?@“&%c%ﬁa HB101 (pNTOMB), E. col i

HE1D26 ] pNTOV) and E. coli HB101 (pNTOVB). These

transformant s have eposi t ed under. ,accession,
nunber %E%Rf%égfﬁﬁgﬁﬁgF%ﬁ%ﬁ@@gfb§®©saﬁagFEﬁﬁd_W1th ECoRI
8P4 1837Q,, raspechb¥elyd imtbecNat a1 skl buhe fites of

“Advanced 25 Industrial Science and Technol ogy,

Pt eMRat POITEIM Pt edt PNEYEN sanpeposited yig | PeBNples 3 and
8 iy I ' i s
TN O R TR S I @S ERS pwTomaan
EHxAnpNEOBSH. . cHd Bo eBidblsconpehenproehdction method and
t RABIO was transforned to give
@‘ggﬁa}%ﬁgr F(%Té%é )a,ree?s%P"P BE0E ( phToved )
b E ] coli HB1O1 (pNTOWVBGL). [0079] (Exanple 7) gene

expression in transformant 35 Six kinds of
tE2AEPS LNt LXMRArAbd A FiakpRasS§oIREAd E. col i

HB101 ich iis: aata t ai nj
voct o b Sy pbefE LRI BBl Mol anc
XYM fre dioms {1 u ¢pe dné nl MBo4myeast 3extudact, 1£0%coli HB1O1

competent cell (manufactured by TAKARA BIO) was

transformed to give. . E. coli HB10l1 (pNTOM3), E. coli
HB101 (pNTOM4) and E. coli HB101l (pNTOM5). These
transformants have been deposited under accession
numbers FERM BP-10368, FERM BP-10369 and FERM BP-10370,
respectively, in the National Institute of Advanced
Industrial Science and Technology, International Patent
Organism Depositary (IPOD).

[0078]

Similarly, using the recombinant vectors pNTOM3G1,
PNTOMAG1 and pNTOM5Gl constructed in Example 5, E. coli
HB101 competent cell (manufactured by TAKARA BIO) was
transformed to give E. coli HB1Ql (pNTOM3Gl), E. coli
HB10l1 (pNTOM4Gl) and E. coli HB101l (pNTOM5G1).

[0079]

(Example 7) gene expression in transformant

Six kinds of transformants obtained in Example 6
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. Qmapﬁé a@f@llpla%@h

NaCl 0.5% pH 7.0) containing 200 pg/m anpicillin,
and s cultured wth shaking at 37C for 24 hr. The
cells were collected by centrifugation, and suspended
in 50 mMm of 100 mM phosphate buffer (pH 6.5). The
arbl €.werel i diBI.OAt epUEND) A uﬁiaatﬂgr@Sﬁnhaamdxmant
genlzer (nan factured b% and cell debris
i B

efdvEl dyV$6 &&n& 1A gqy%%rﬁ e8P Adeed to 50

.ﬁItBQC@fo“%é§§%m ryptone 1. 6° eas? gxtract 0%,

chloro-3-tert - butoxycarbonylan1no but'anone’

Veldcti-orf ac®Eviie §) aMPHI}%@éﬂng@@(ﬁgfmé g@plicileein, and
t ag red and, expr essed the s cific

SR EQ e DR RS G IR RE 6 2 i oy 68115 were

todhsicaarant s obhammﬁtgatfﬁanphadSsmameﬁdedomnﬁSGrml of

DDAl S H SRR F b P 44 1 o008 Ghser O GoIES Bt
&Bé@ihp(t@w GMVBGL) a Bu-o) i w8204 c0RNEQMAIG) nakd gen ot

HB101 ( pNTOVBGL contai ning a GDH gene, expression of
¥t $Mids 2356 6Bddr ehr hewas removed by

é§§¥r% éHfb%onyl ive ] ﬁll f;f%nﬁxtract The &?S)~1~

tert-butoxycar & no- phenyl anone reducti
ehﬂbvbﬁﬁ1ME¢h%hs&pmyd@mbaaymamhwm1kﬁpmehgd—Qﬁbutanone

Ex Le 1. The fromyra

SF MRS o a T ing Afihrdaeatheva Nibvel chen o bt ee
aRt raken wd de Mnd5 salréeDsend 2eﬁ’iy|r%@;%@zyf@s NABR, sgnd-©fic
crude enzyne solution were added to 1M Tris-HC1

PEELEL LEPpH™B. B3 1lgnd -t ndn Ak WE HBS redetrdsapi2sc
{PEnétf?I%anT{@ EBZYTB e ACEA VLY Qéare(aduch%rgg%llﬂ of the

for 1 mn wunder s react
OB U li-ovst anas - detiemeéd Hwt ey davbiony 1301 noaddiphieory 1 -2 -

t trat the cell -f
DR =R e S R ™ 2ok hv ey SRS { Relnut KB el

fhmsno BADOMEO080] 26 dabk eﬂéletlr JINERPBE 1) edued ioN coi i
é%ﬁbl ﬁﬁ%aﬁsactlvgggé;{gg%g a GD geﬁe,ogkgjgggion of
the GDH activity was also observed. The (38);1—chloro—3—
tert-butoxycarbonylamino-4-phenyl-2-butanone reduction
activity was measured by the method described in Example
1. The GDH activity was calculated from rate of increase
in the absorbance at a wavelength of 340 nm, when 0.1 M
glucose, 2 mM coenzyme NADP, andg a'cfude enzyme solution
were added to 1M Tris-HCl buffer (pH B8.0), and the
mixture was reacted at 25°C for 1 min. The enzyme
activity to reduce 1 umol of NADP to NADPH for 1 min

under said reaction conditions was defined to be 1 unit.
In addition, the protein concentration in the cell-free
extract was measured using a protein assay kit
(manufactured by BIO~RAD).

[ocso]
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20

(pPUCNT) 0.0 O E. coli HB101 6.3 0 (pNTOWB) E. col
HB101 (pNTOW4) 5.0 0 E. coli HB101 14.0 O (pNTOWb)

E. coli HB101 5.7 119 (pNTOMBGL) E. coli HB101
(pNTOMGL) 3.5 157 E. coli HB101 9.0 122 (pNTOVEGL)
CBPB*: (3S)-1-chloro-3-terttdutexycar bonyl am no- 4-
phenyl - 2- but anone 5 [0081] (Exanple 8) reaction using
transformant G ucose dehydrogenase (manufactured by

Amano sEnzyime) 2000 U, CREOSe=@ugtiNADP (6 NOGDH activity
(3S)-1-chloro-3- 1o activity (U/mg)
tert-butoxycarbonylan1no 4- Q@q@@. 2-butanone 2.5 g

4 Jdeqd, -t 0, 50 i jof a cett=free extragt—ofE—coti
ngg(pﬁléﬁh)'prepared in Exabple 7, and the m xt@Qre

; fFor—22—hr—whil-e aﬂj“°t:ng to—pH
B. 5cgy se addition of & M sodi um Hydroxide. g
¥ EPTMSY completion jof the reaction, the lreaction

Bi xtodé WalOkxtractied with tol ene, desgl vat ed andO
{heTexenact was analyzed. As aresult,

£ 2Re3%)i- kg oro- 3-tlert -
@5Mg§rbonylan1no-4_phenyllﬁ46htanol (y|eId 86. 394

oI £ excess 96 4% e ) "was obtarmed 20
f; EgiﬁQﬁd quantltatlon of (3B)7l-chloro-|3-tert- 119

nhanwl 2 hut anana nd (38) !

)
3
o
3.
5
3
N

uu.l U TriIrryu = |~JI'IL¢II]I TOCArToOT T

En| 6P44 -butoxycarbonylay1go 4- pheny|l - 2- but anpt 7
H@NEQMﬁéﬂJ as for nelasurenent of diasterdoneric excess

bBbf coli HB10O1
(pNTOMS5G1) 9.0 122

CBPB*: (3S)-l-chloro-3-tert-butoxycarbonylamino-4-
prhenyl-2-butanocone

[o081]

{({Example 8) reaction using transformant

Glucose dehydrogenase {(manufactured by Amano
Enzyme) 2000 U, glucose 2 g, NADP 6 mg, (3S)-1l-chloro-3-
tert-butoxycarbonylamino-4~phenyl-2-butanone 2.5 g were
added to 50 ml of a cell-free extract of E. coli HB101
(pPNTOM3) prepared in Example 7; and the mixture was
stirred at 30°C for 22 hr while adjusting to pH 6.5 by
dropwise addition of 5 M sodium hydroxide. BAfter
completion of the reaction, the reaction mixture was
extracted with toluene, desolvated and the extract was
analyzed. As a result, (2R,3S8)-l-~-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol (yield 86.3%,
diastereomeric excess 96.4%d.e.) was obtained.

[o082]

For quantitation of (38)—1—chloro—3—teﬁt—
butoxycarbonylamino-4-phenyl-2~butanone and (38)-1-
chloro—3—tert—butoxycarbonylamino~4thenyl~2-butanol, as
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(2R 3S)-1-chloro-3-tert-but oxycar bonyl am no- 4- phenyl -

- butanol, high performance |iquid chromatography

(colum: COSMOSIL 5C8-Ms (cp 4.6 mx2SO mm

manuf actured by s Nacal ai Tesque), eluent: 10 nM

w&mkoas MMxﬂﬁémbﬁramaﬁtsm&uﬁheak@mﬁdméiitlexbébs of

{%% m/mn, detection: 210 nm_ was used
-(1E>Fath1p%09? t&&dtTIhE 0%V F§ HEcanet FFHRAE dr@henyl-2-

ﬁ@&@&@ ,defyeh og@ﬁ@%%m%wfﬁfau&ad IV AMBP8g rEREYB)column :

1250 U, glucose 3 0, (3S)-1- chloro 3-.

QQ@MOBJﬁoﬁﬂﬁﬂM®nymaﬂ1ﬁbmmxm@ﬁymmz bwtranbaet Qr2sl gy -
d 2. f e fr r iy .

N1 S E b ones o S e hly Bl B8k sBhelrae acia

sbxmuiemwardﬁbﬁitrﬁ&@#ﬂ/BpCEmbwl&aﬂhusllmg/maan

.5 by .drop dition of 5 M sodi um hydr oxi de.
C?%‘é‘? Fiem oﬂoﬁg If”@gt was used.

Wepeypar bonyl am no- 4- phenyl - 2- but anone (0.25 g) was

added at 2 hr, 4 hr and 6 hr fromthe start of the

{Esenpde £d Ne2st onharssiold whsaaddar™an® hr from t he

20 st h r@qg! d

for %85 %f%ep coﬁ% %% O%ﬂfﬂ%&%éé%?ﬁ?ﬁ%ﬂ{%@ﬁiﬁg
Emaymemnlzﬁ&tWregWaSGEdracgedeuﬂw4cm@ene35) ~1l-chloro=-3-

desol vated and the _extract, was anal yzed in the sa
e e R a S e e R B Z But £nbhE D15 g were

d@R3Srvlchl org: 3okelt 251 1-free extract of E. coli HR101

butOXécarbonylan1no 4-phenyl - 2-butanol (yield 99 0%
RREPELdomErdRa BREdE Fipgle. y,mglc‘omla@ n@axtu[r@osmqs

{Erprabe 10)s geact{ 00oUsLag Sr A0S OB (419583 oi se

dene
dd@htmon—&ﬂnﬁthsbdxymaﬁbpmybamd&o 4 (Bisanyl - @hborar@r-tert -

re dded f .a_cultured di_um
Bt S g R Ot e SR OAGE T B P S br 14HES s Ale Zamrileras
2838 akxamie, 74 ard dhe anst:umo\ﬁlascrsélétsgtabﬁ%e
for 40 hr while adjusting to pH 6.5 by dropw se

wRIFELon oMb M 385 godinanayEr vriedéddsd ext c8npiretfizgim the
é%a£@e Ee%ﬁécgka E%onzs ﬁﬁWEhgn Tﬁg&gg Wa8 reacted for
d

extracted Wih to uene, so vate
31 hr. After completion of the reaction, the reaction

mixture was extracted with toluene, desolvated and the
extract was analyzed in the same manner as in Example 8.
As a result, (ZR,3S8)-1-chloro-3-tert-
butoxycarbonylamino-4-phenyl-2-butanol (yield 992.0%,
diastereomeric excess 99.8%d.e.) was obtained.

[o084]

(Example 10) reaction using transformant

Glucose 3 g, NADP 3 mg, toluene 0.25 ml, and (38)-
l-chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanone
2.5 g were added to 25 ml of a cultured medium of E.
coli HB10O1 (pNTOMéGl) prepared in the same manner as in

Example 7, and the mixture was stirred at 30°C for 40 hr

while adjusting to pH 6.5 by dropwise addition of 5 M

sodium hydroxide. After completion of the reaction, the
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and the extract was analyzed in the sane manner as in
Exanple 8. As a result, (2R 3S)-I-chloro-3-tert-

but oxycar bonyl am no- 4- phenyl - 2- but anol (yield 99.1% 5

di astereoneri c excess 99.8%l.e.) was obtained. [0085]
tExammqa:m@xteaetMamlﬁﬂt@attadﬁﬁnﬁﬁantthaoesed%splvated

t ol uene
‘i‘%gptﬂ:‘ Crﬁ'%,% 8-t EFF- k?lﬂao&%%ijbéﬁyl‘%i‘rﬁ nd2%epgmyIeR.-as in
ERahglianane 25 4 wersqladded it 0389 -ml-of1 @rsubt UEed -
medi um of E. coli HB101 (pNTOV6Gl) prepared in the
%‘aﬁ@Xmﬁonaéamﬁnaréwmléevylaﬁdbm@m3<t réedss 99.1%
$isgbng .t W se

a%é%?%gﬁﬂ% §g£%4 |un$%yd§o§? e. 3ﬁ%§hgﬁgxagtgf t he
siaessdf the is reactlon 2.5 g of

S)-1-chl f O- 3‘tert-

the moluceseas rge,aque@pf ar. 42%@ té\ﬂh@heccmpwtm@n ahd
the reaction, the reaction m xture was extracted W th

{ 8F hiahe ChieaBbP VAT 86 AN 4 HeX X AL RE vl hRar ¢ zed gy 1 -2~
%ggﬁéggﬁﬁﬁﬁ.ga&”@ér@§ddhé%a€8|%dgmeoﬁ 5e§HhEured medium

chl 61031 2rfE bOT oXpErditiyl anbmepdphenyh- Eh@ﬂ&ﬂmﬂ manner
%%leld 99. GW diastereaneri c,excess 99. 8% )

t aPn&dan s?f 35 I%E%-p‘l“éxﬁ)resdb%h%‘férmd at 30°C
wpetif |a@j1ys1oingolt¢pwliaiea b QUM phosphate dwfders u
(pH.6.5) containing 0 3396(v/v) di met hyl sul f oxi de
sflé U wd#%%ll‘éecar%ﬁylho%n%%ﬁ& tishes e b st dthe
t0aachinal zoacgnbralian of -dn1BMo and: &, coenzyme

NADPH to ‘a final concentration of 30 0
b@épeMQanﬁqmthenepo&Mﬁh@nﬂédZahuﬁanémeewaSXBMﬂ&d and

B8PS i SlRpf B oo R o e r BRRPAE R ©F

BRE ﬁ:@ec]t:mm irha recduction Atkittidy w8s eaehacted with
car bonyl ound was calculated fromthe rate of 35
UoLREHSe idF TRLVABES: BarbetbE EHE TAdctVoR ARG Atin the

@amggm\é(%\ffélenﬁéhlﬁf rdthgre and ghown MidyTabl e (2pasd g -
val ue
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanol

(yield_99.6%, diastereomeric excess 99.8%d.e.) was
obtained. '
[0086]

(Example 12) substrate specificity of polypeptide

In 100 mM phosphate buffer (pH 6.5) containing
0.33% (v/v) dimethyl sulfoxide were dissoclved a carbonyl
compound To be a substrate to a final concentration of 1
mM, and a coenzyme NADPH to a final concentration of
0.25 mM, respectively. Thereto was added a cell~free
extract of E. coli HB101l (pNTOM4)} or E. coli HB1O1l
(pNTOM3) prepared in Example 7, and the mixture was
reacted at 30°C for 1 min. The reduction activity on
each cérbonyl compound was calculated from the rate of

decrease in the absorbance of the reaction mixture at a
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relative to the activity on (3S)-1-chloro-3-tert-

but oxycar bonyl am no- 4- phenyl - 2- but anone as 100% The

pol ypepti des consisting of the am no acid sequences s

shown in SEQ ID NO 3 and SEQ ID NO 4, which were

PRBBLECET BY @ﬁe3ﬂpamﬁmwm®@tsh0MﬂriQHbmbﬁergdmalmnvalue
Ly .d e. of car yl, conpounds,. _

R L R TR g R e L e

lpot g papta mesn pt adiced dyphénghsbemmnonel aki M®0%. The

activity (9% E. coli HB101 _substrate (carbanyl
EShbrs!

NTERBP - CoNTOwG T EBPBATHgtY 1981d Sequences
ghagat MIrpysrdi ng 89:0 3 Jrdgetybpytd dide 45 Bhich were
4-acetyl pyridine 98 0 acetyl pyrazine 185 0 .
REeflgpivehdhe Bas bragsfigmranyacetoptentnewsd Geduction
Zot AbLEQAGH ophenane Ak, 31, 42l PRCELABRERANe 39
9 4'-fluoroacetophenon 8
d qa’ 7 Hi met hoxyacet ophenone 51 4 _

4' - met hyl acet ophenone 41 1 Z-Eydroxyacetophenone 32 1
2-chloro-1-(3" 1301 33 chlb#BpRerdyl ) et hanone :

1- phenylst2-414 anpaei28% i3 péﬁp'@E@%§¥EHé§§ roduced b
benzoi n 4018 Saﬂgenzylacef%ne 66 0 et hyl ? Y
benzoyl formate 296 2 et BpnsXoxeadt phenyl but yr at e

127 106 :

relative activity (%)

, E. coli HB101
substrate (carbonyl compound) (PNTOM3) (pPNTOM4)
CBPB* 100 100
2—acetylpyridine_ 29 0
3-acetylpyridine 15 0
4-acetylpyridine : 98 0
acetylpyrazine 185 ¢
acetophenone 215 0
3’ -hydroxyacetophenone 33 0
3’—nitroacetophenoﬁe 273 31
4" -chloroacetophenone 35 9
4’ -fluorocacetophenone 28 1
3",4"-dimethoxyacetophenone 51 4
4" -methylacetophenone 41 1
2-hydroxyacetophenone : 32 1
2-chloro~-1-(3"- ‘
chlorophenyl)ethanone 1301 >3
l-phenyl~2-butanone 285 2
propiophenone 183 2
benzoin 4018 5
benzylacetone 66 0
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acetone 47 0 2-butanone 22 0 2-hexanone 11 O

2- hept anone 102 0 2-octanone 808 3

1 hydroxyacetone 51 0 diacetyl

444 5 acetyl acet one

chl or oacet one 100

23 0 cyclopentanone 8 0 7-nethoxy-2-tetoralone. 599 6
chgﬂohmnﬂmyﬂﬂﬁrmatethyl 3- 48412 296 20
Clopen[d rboxytate nethyl——pyruy 67415
%fﬂyﬁ 6g§y§ ULEERGF acetoac%fate 8 0 ethyt0®
@@gﬁ@@%ﬁtate 137 0 tert-butyl afcetoacetzate 1330 2 0
et-hvl 2 mpt hvyl acet-gacetate 619 4 et hyl
2-Bhtenoacet oacet at e 3309 40 ethyl 22 0
cefoacetate 2013 10 ethyl decanoate 985
% ﬁ&?% o "F- chl or oacet oacet at e 4547 22 1 -octyl 0
ﬂ~nth@@ﬁﬁﬁ;oacetate 466 24 ethyl 4-broepoacetacet atep
476—7—ethyl—4-azi-deacetoacetate659—3—et-hyl
%“%Eﬁﬁﬁpﬁﬁyacetoacetate 1259 8 pthyl 808 3
acetate 465 1 Dbengyl acC acetatfje 883 4
g ?B%?né;%h%\?[é;rpt ate 1233 0.__ethyl ﬁ)gro 3- 0X0- 3- !
Hﬁﬁermﬂandﬁmopionate 31 benzal dehyde181 1 0
élg¥||U|ncbalua|ucnyuc 56—% 144 z
acetylacetone 23 0
cyclopentanone 8 0
7-methoxy-2-tetoralone 599 6
l-tetoralone 146 1
ethyl 3- 484 12
oxocyclopentanecarboxylate
methyl pyruvate 674 5
ethyl pyruvate 1067 23
methyl acetoacetate 8 0
ethyl acetocacetate 137 0
tert-butyl acetoacetate 1330 2
ethyl 2-methylacetoacetate 619 4
ethyl Z2-chloroacetoacetate 3309 40
ethyl 2-eteneacetoacetate 2013 10
ethyl Z2-oxodecancate 985 5
ethyl 4-chlorcacetoacetate 4547 22
n—octyl 4-chloroacetoacetate 466 24
ethyl 4-bromoacetoacetate 476 7
ethyl 4-azideacetoacetate 659 1
ethyl 4-benzyloxyacetoacetate 1259 8
ethyl 4-acetoxyacetoacetate 465 1
benzyl acetoacetate 883 4
ethyl benzoylacetate 1233 0
ethyl 2-chloro-3-oxoc=-3- 716 ' 5
phenylpropionate
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- pyridine-4-al dehyde 571 2

m chl or obenzal dehyde 344 17 p-chl orobenzal dehyde 91
12 o-nitrobenzal dehyde 1621 89 mnitrobenzal dehyde

851 29 p- nltrnhpn7aldphvdp 1166

21 nrnninnm

ehvde
7

o- chl or obenzal dehyde 269 17

kgeglﬁ)amebgrupl al dehyde 168 0 n-H

exylalﬂéhyde 265 3

1

-pHEHyg%IUpIUHiIdEhyd%

T e T Y e S o

@dinéhhamcﬁgﬁﬁé but oxycar bd

Vi but-anohe-32-Clai-is

nyl am#pr 4-

A-DNA_of —the. f

hl |l_owi
T T A A 'A']

na
LI}

C(-aqhiﬂDer)BnZ@J(df)hﬁd@NA corrprl si ng a Fs?® sequence 17
SNoWN | (D)aL)I\I/—\hyDrIdIA g to a DNA
cogképo Dﬁen faldelb&% sequence gonpl e ary to the 17
masﬁmggu@ﬁ%lsj@}wdén SEQ ID N.O 1 uggerhstri ngent 12
bUIIUI ll UIID, (J.IIU UII\JUUI IIU (J. I U |J 1 ypepll U< TTTAAVI Ig an
et} vrepensadsdamedei cal |y redude 89
I but oxycar bgnyl am 4- pﬁenyl

fﬁﬁf%%%%égbgggééﬂﬁf&% by the faolllow ng $§$nula h?g
gﬁ]nlﬂﬁobéﬁ)zaﬂﬁjémy@éoduce 1166

2R 3S)=t=chloro=3~t-ert=but-oxycarbonyt-anino=
W%éﬂ??lﬁlew%ol represented dy the Pal 1 ow ng 0
g%lgyi/galg%)nydé—rr c) x0Ao OH (2) 20 ¢£5gA DNAjof the g

. . oW hﬁ sSe
rsetqaueyitelsllewda n SEQ | D NO 265 3
Z-phenylpropionaldehyde 479 3
3-phenylpropionaldehyde 2410 7
glutaraldehyde 80 1

CBPB*: (3S)-l-chloro-3-tert-butoxycarbonylamino-4-

phenyl-2-butanone
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2, 33 ---------- ---- --.(b) a DNA hybridizing to a
DNA consisting of a base sequence conplenentary to
t he base sequence shown in SEQ ID NO 2 under
stringent conditions, and encoding a polypeptide
havi ng an activity to asynnetrically reduce 5
(38)-I-chIoro;3-tert-butoxy83rbo | am no- . 4- phenyl -
but anone represented by the ntioned forrnula (1)
to produce
(2R 39)-1-chlaro-3-tert- butoxycarbon Ian1no-
14- ﬁh - 94 bdﬁﬁ%oﬁoiéBWé§§htﬁﬁ b9*t H&)df or ement i oned
f=0r nal @NAZ):omlgwsJ!geap@aﬂéepéé&ﬁeﬁ&%o%qﬁom the s 1o wo:
of claim1l or and“having an acCtivity to
1asynnetr|cally reduce (3S)-1-
Io % ygar anyl 0- phe - but an
gpre?%ﬁ%egy é] Pgrgneﬁiﬁ%ﬁgd z%?%) ? Base
qmqnhm@elﬁomplementary to the base segquence shown in SEQ
&?R 3S)-1-chl oro-3-tert-butoxycarbonyl am no- 4- phenyl - 2
Blft andl uPé’ﬁr%s%‘FﬁéH‘?B?tt KO bF dRERYI G ‘FBFﬁﬁllég a
d&@ypeﬁtléepﬂéﬂﬁﬁﬁ'gﬁ QEHJV&EQ'kewb@%ﬂﬁﬁtﬁicéﬁhy reduce
(a) a pol ypeptide Tonprising an am no aci d sequencé
:_803 )srfbvmhmrsE-Q -t@mbatom)c arpohypeptirde- ¢oppenyilng -
ey n Iess han ‘%
Q& 98? gggﬁgno aC| 3%%%8%%0e shéﬁﬂnu Séé)rD
NO' 3 and haV|ng an activity to asymetrically reduce
(3S)-1-chloro-3-tert 25
but exycar bonyl am no- 4- phenyl - 2- but anone represented by
enentioned fornmula (1) to produce (2R, 3S)-1I-
B- t er t - but oxycar bonyl am no- 4- phenyl - 2- but ano
e by the aforenentioned formula (2). 30 5. A
polypeptld- of the followng (a) or (b): (a) a
pol ypept i gs_ coppki sing an ami no acid sequence shown
EGIND a pol ypepti de conprising an am no
shomnng not | ess than 78% honol ogy wth
35 seququQ shown in SEQ ID NO 4 and
ctivity to

to produce (2R,3S)-l-chloro-3-tert-butoxycarbonylamino-
4-phenyl-2-butanol represented by the following formula

(2):

HN : Cli

740)%0 o @)

2. A DNA of the following {a) or (b):
(a) a DNA comprising a base sequence shown in SEQ ID NO:

2,
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34 asymmetrically reduce (3S)-1-chloro-3-tert-

but oxycar bonyl am no- 4- phenyl - 2- but anone represent ed by
the aforenentioned fornmula (1) to produce (2R, 3S)-1I-
chl oro-3-tert-but.oxycar bonyl am no- 4- phenyl - 2- but anol s
tebr s O dr YT L Hé zamer drfent | BNAd oy biipg) of6.a dase

. o ) L . .
YRR oYL R A0 £hE PR SEGuB ARy dllyn i sEQ
P o0t he fuldewn agringentd)condit)i drhe, 42nd ahawidieng Sa -
supsti tut.e Lycine, 2) the 43rd glutamc acid.s
RObebEbIEr NS hSl RE e iy T ek o P8P Seal 1y reduce
S3bpt i t-ehac fy- g ubaii-Bach By cadb e 491 RoaaPyiagie-o -

is substituted by |ysine. 15 7. The "pol ypepti de of
RILERPBE CERFESPR§CEl bbftheea faremenhsonpdt dopmulg (1)

i t pal | de~0 Y. l.ai ns Lo
PR R e N T ST
oOrpBenyle.2 -thet ¥eoforegired ah ted, bwhitdhe | sfarphasitiibned

hﬁCﬁ?. %ﬁ 11. The vector of claim9, which is a

éﬁ%ﬂ%' g é Oowvd. 12. The vector of claim9, which is a

pl asm d pNTOW. 13. The vector of claim9, further
conprising a DNA 3o encoding a pol ypeptide having a

31 URe8 cPad ARG AR EnCaAad By Che DIV 98cedrish 1 or 2
Sl RT3 ?‘Mlﬁ{eéa £ Bg £ROlLY, ! ch)-ﬂ_} e _1-
dehydrogg ase actFVi?§@i§xg%§%%@§§gQQ3 d%ﬁyg%gégﬁhsgas) 1
adelr¢ ved 3ftemBden t byy caadatrey 1 i n85 4Hnhényl-2-butanone
transformant .obtaj ned_by transform.ng a host N

nafr RATRL ey pe s St pafm T tha, 1D 10 produce
(DiRe, 35 pRsf-ahTrt o 08 - ekaimplh; o ¥pek @b i eahosb-aeldhedy1-2-
is Escherichia coli. 17. The transformant of claim 16,

Rpfiake+ sTEPLSGIS N HRd0RY (INTABYrrERMBRAed6egorTIgla (2) .

4. A polypeptide of the following (a) or (b):

{a) a polypeptide comprising an amino acid sequence
shown in SEQ ID NO: 3, |

(b) a polypeptide comprising an amine acid sequence
showing not less than 78% homolcogy with the amino acid

sequence shown in SEQ ID NO: 3 and having an activity to

‘asymmetrically reduce (3S)-1l-chloro-3-tert-

butoxycarbonylamino-4-phenyl-2-butancne represented by
the aforementioned formula {1) to produce (2R,3S8)-1-
chloro-3-tert-butoxycarbonylamino-4-phenyl-2-butanol

represented by the aforementioned formula (2).

5. A polypeptide of the following (a) or (b):

(a) a polypeptide comprising an amino acid seguence
shown in SEQ ID NO: 4,

(b) a polypeptide comprising an amino acid sequence
showing not less than 78% homology with the amino acid

sequence shown in SEQ ID NO: 4 and having an activity to

34



18. The transformant of claim 16, which is E. coli
HB101 (pNTOW) FERM BP-10389. 19. The transformant of
claim 16, which is E. coli HBL01 15 (pNTOVS) FERM
BP-10370. 20. A nethod of producing an optically
syrmetayliceholy redick daifprtseshldeaithgtehs-

%ﬁ%%g?ggg'%ﬁi&gﬁxngnanﬁeﬁlng§b t%%g?%riégggﬁﬁ§ted by

or na any one-o al ns
theat €d rpmeditci oh bdr €efrmuiid h(a) carpaunsdubavi(ag,8s) ~1-

bonyl, group.. 21. The nethod of clajm 20, wherein
G Oeaﬁaagaﬁottﬁamlﬁaxygae%%m podpQft TRhenyl-2-butanol

A3 e detlQl O53-£BEL afslceAentioned formula (2).
but oxycar bonylam no- 4- phenyl - 2- but anone represented by

the aforenentioned formula (1), and the optically

ctiv LS . . . ,
Por By LF 4L 3PP ARy ki fgguence shown in
SEP@henyNO2- but anel chepeesent €df by e af ©4 eebhieoraration
formula (2). 36 ~ OO0sequence |isting SEQUENCE
ffﬁ‘é"rl N%e<%)fﬁ’>l%i%ﬁa%%ort§or%ﬂon <120> NOVEL CARBONYL
HEDUCTASE n CENE. THEEEQE AN JETHERSCF 1451 A T e SAVE

< >

<130> B040342W001 <150> JP2004- 231226 <1 .
2004he84@gd wbobanbc<argx Ras eAttbs icisiod Bylalaymgre,

> < > DNA <213> in A :
3#1' :%kt}% 45&8’0>11%&§?35¥a5’%5&é?§%§t tﬂpéa %‘8%%18‘%‘5 acid,
dgcatlvgaddghggedt ggeginegdgatd goatb@utidd apctaathga

gt gcaaaccc agagaaccat gtgattgcct cgtaoagatc tgaaaagact
120 gotggtgcao tootggaact tgccaagaag gacaacgtgg

7acaeth 8t Hetl ydopdat br18Q disn 96 aat-0eqd 40h9JaLLI_F the
ggtttgtcc caacagattg tgaagotgac ggacggaatt 240
mutations 1} to 4).

8. A DNA encoding the polypeptide of any one of claims 4
to 7.

9. A vector comprising the DNA of claim 1, 2 or 8.
10. The vector of claim 9, which is a plasmid pNTOM3.
11. The vecteor of claim 9, which is a plasmid pNTOM4.
12. The vector of claim 9, which is a plasmid pNTOMS.
13. The vector of claim 9, further comprising a DNA
encoding a polypeptide having a glucose dehydrogenase
activity.

14. The vector of claim 13, wherein the polypeptide

‘having a glucose dehydrogenase activity is a glucose

dehydrogenase derived from Bacillus megaterium.
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25

gatattgcto tgatcaatgo cggagttgga tactcaatgt actototact
cgaatgttoo 300 agagaagoat tcattgacca ctggactaca
aattctctgg gtccaatcot ggtgtataag 360 gaaatocacc
aattoat gct gaagagagaa actcgaaaag tgttcttoat gtotagcgga
420 goagggtcta ttcagggcca cttgcctgtt tccgtgagtg
cat agggt 0 : agtg c
e e P e dd ey TR 2PROEGC% nost cen
Wighcgbet vextenggfarngytdne gata cdadatggyt Aot dgagagt at
tgagattatg 600 goaaacggag acgagoagct tgoogcgtco
at caacagta ttgoaattag tacagacact 660 agtgocgcac
B@t grakt gg:atrg@mi—ﬁaag @Gi%léﬁﬁal%gcmﬁncﬁﬁfeagﬂﬁ@ cell
720_ attaatgttg cagaccagtt tgacattoca ttctag 756
®18scperiihigneolin 12> DNA <213> Ogataea minuta var.
m nuta <400> 2 atgaccaaga ctgtttattt cattgccgga
gottotagag gtattggoot tgaggttgoc 60 actcagctga :
kﬁgc@hac&aanﬁﬂ@mmaat ott attgint 16t adaigaaci ggagaaanri HB101
act ggcoaacaaa gaaaat gtcg

cac QQ?? ?&%@?ﬁ%%gg ?%%80 ggt agocaag gttotattga
agogcttcca goacaaatct caaagctgac ggacggaatt 240

atattactc tgatcaatgc cggaattgog tactcaatgt actotatttt
ﬁgag ?tEé?ﬁﬁfo%@%ﬁﬁgéggﬁiﬁ%Wtéﬁtc@hﬁ%@a@@a@a coli HB101
@terlt 0grghe GaRt £ ggot ot acaag 360 gagattcatc
agttcatgct gaagagagaa actogtaagg tgtttttcat gtotagtgga
420 ggaggctcta tccagtctct attgcotatt tcaaccagtg

hagiet: B ofgtt ShomiiiiatBr i TP5267 covt mmion

gpnm@@ﬁlg@EamnGﬂggB@B7|gtggccacg gat at gggoc gggaaact ac
caagatcatg 600 gocaatggaa atgctcagat tatctottat

attgaatcoa tatctttgcc gcccgctaca 660 agcgctgoac
2300t aht g8 old A L0983, 8¢ 1het tHac aggt

720 1 16085equence |PStI%§ @nggggggﬁgg%%%gé %ﬂéﬁhol
évgaﬂatwmartltstewaare?@@tmglo:ha p@lyye@&hd&ﬁﬁ>aﬁmone of

TR IR B e B e Rog @y 78 by Clpine

15 b 169, or a treated product thereof, with a compound

having a carbonyl group.

21. The method of claim 20, wherein the compound having
a2 carbonyl group is (38S)-l-chloro~3-tert-
butoxycarbonylamino-4-phenyl-2-butanone represented by
the aforementionéd formula (1), and the optically active
alcohol is (2R,38)-1-chloro~-3-tert-butoxycarbonylamino-
4-phenyl-2-butanol represented by the aforementioned

formula (2).
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Leu Au lle Ala Thr G n Leu Ser Ala Asn Pro G u Asn

- H's val He 20 25 30 Ala Ser Tyr Arg Ser Qu Lys Thr

Ala Ay Ala Lou Lou Qu Leu Ala 35 40 45 Lys Lys Asp

Asn Val Asp Thr Val Val Leu Asp Ile Alalle Gn Gu

50 55 60 Ser Ile Adu @y Leu Ser Gn Gn Ile Val Lys

Leu Thr Asp, N?@ LlégﬁN @&0zaens 3G itAsp 11e Ala Leu Ile
10> Kald8 CobaRat@ny Va yGTyr Ser Met Tyr Ser Leu 85 90 95

r is Trp Thr
i ol it HBorR o e o8 e bk, PR 2, U8 T
<130> BO4OYRWBIU |le His Gn Phe Met Leu Lys 115 120 125 Arg
<1505 Jpidodasibs Arg Lys Val Phe Phe Met Ser Ser Ay Ala Gy
<151> 208em-d6él e 130 135 140 Gn Ay Hs Leu Pro Val Ser Val
460> 16Ser Ala Tyr Ay Met Ser Lys Ala 145 150 155 160 ‘Al a
Lou Asn Tyr Ala Ala Arg Lys Leu Ser Asp G u Cys Tyr
<170> Patepn Aepiod@5! 170 175 Ay Phe Thr Ile Val Ala Leu Hi s
¢i> 1 Pro dy Met Val Leu Thr Asp Met 180 185 190 Ay Met
211> 7563 u Ser Ile Au lle Met Ala Asn Ay Asp Au Gn Leu

212> DN
5 0ulth@ mid22 400,200 AIaSer.IIeAsn Ser Ile Ala Ile Ser
a g%‘ﬁr %A‘% HONER 2 A 2T 510 215 220 Oys Ile Ay

saeosoty e Syl it e A e R Phe a1
acccaatiziPeicdahmc 2ebBaaB stead2d@t cetadeal 6 @Bsmepaenc 0l i sting <211>
gctggtgcag %c.]ctgigal‘.g %gcg%a.f%a’lcga%gt@ @ct.a@'l.%ﬂ:g{ﬁgﬁbgaﬁaty ar ygo m nute '
geaatecagg agtcgattga gegiitetece caacagatte tgaagoigac ggacggaatt 240
gatattgetic tgatcaatgc cgeagtigea taétcaatgt actoctctact cgaatptice 300
agagaagcat-tcattgacca ctegactaca aattetetzg gtocaateot getgtataag 360
gaaatcoace aattcatget gaagagagaa acicgaaaag tgttcttcat gtotagcgga 420
goagggtota ttcagggeca ctigectegit tecgtgagie catacggtat gtogaaggca 480
gcactgaact acgoggoccg gaaactitcot gacgaatget acamagacgg cittactatt 540
gtgecgotic acccaggtat getictgaca gacatezgta tggagastat tgagattate 600
geaaacggag acgagoaget tgocgegtoo atcaacagta tigcaattag tacagacact 660
agteccgcac aatgeattze tecaatgcag agtettacaa agcagagcaa cggltagatte 120
attaatgttz cagaccagtt tpacatticca ttctag 756

Q11> 3

<212> DNA

<213> OQgataea minuta var. minuta

<400> 2
atgaccaaga ctetttattt cattecceza gottctagag gtattgecct tgaggttgcc 60

acfcagotga.gtgccaaccc agataattat gttattgett cttacagaac ggagaaaact 120
goagotgage tgectcaaact ggeocaacaaa gaaaatgiteg acactgttgi cotagacatt 180
getagoccaag gtictatiga agcgcticca geacaaatct caaagetgac ggacggaatc 240
gatattactc tgatcaatec cegaattecg tactcaatzt actetatitt cgagtgttce 300
agagagacat ttattgatca ctggaccaca aattccttpgg giccaatcat getctacaag 360
gagattcatc agttcatget gaagagagaa actogtaagg tgtttttcat gteotagtgga 420
geaggctota tecagtetot attgootatt tcaaeccagig cttacggtat gtogaagget 480
geactgaact atgecggtccg gaagotitct gatgaatget acaaggacaa cttcaccatt 540
gtgatgttege acccaggagt getggocacg gatatgggoe gggaaactac caagafcatg 600
gecaatggaa atgctoagat tatetoitat attgaatcca tateittgcc geoccgctaca 660
agogetgoac agactattgg tgoaatgcaa getcoitgaca agcagagcaa tggtaggitc 720
1



<400> 4 Met Thr Lys Thr Val Tyr Phe Ile Ala Gy Al a
Ser Ag Ay Ile dy 15 10 15 Leu GQu Val Ala Thr
Gn Leu Ser Ala Asn Pro Asp Asn Tyr Val Ile 20 25 30
Ay Ser Tyr Arg Thr GQu Lys Thr Ala Ala A u Leu Leu
Lys Leu Ala 35 40 45 Asn Lg . G u Asn Val Asp 55r Vval
Val Leu Asp lie Gy SEPS¥H %Ef‘?t’”“s 60 Ser lle u Al a
atcgzagtoglo@ibcddria chdcattéBarttithe Ser Lys Leu Thr A3 Ay Ile 65 70
75 80 Asp lle Thr Leu lle Asn Ala Ay Ile Ala Tyr Ser
210> 3 Met Tyr Ser Ile 85 90 95 Phe Qu Cys Ser Arg Gu Thr

%112; I%g‘TPhe Ile Asp His Trp Thr Thr. Asn Ser 100 105 110 Leu

513> ggageymP[,g vt EniNet Leu Tyr Lys GQu Ile Hs Gn Phe Met
Lou Lys 115 120 125 Arg Qu Thr Arg Lys Val Phe Phe

400> 3 Mt Ser Ser Ay Ay Ay Ser Ile 130 135 140 Gn Ser

Met Ala Lyb @kt Ya@UyrPme 11d SlaSey Alklter S@rﬁh‘-\lta glyr Ay Met Ser Lys
! Al a 5145 150 1551860 Al a Leu®sn Tyr Ala Val Arg Lys
Leu Ser Asp Gu Cys Tyr Lys Asp 165 170 175 Asn Phe

Leu Glu 119 Afa Thréirvah ShetlalAen Prisi 6du RngliGVat Nilal Val Al a Thr Asp
180 185 180 Ay Arg al Thr Thr Lys Ile Met Ala
Asn Ala Gn Ile Ile 195 200 205 Ser Tyr Ile

Ala Ser ;VGI‘”LS %éfﬁ“l e Juefla Gy Apriet PuIALY MAr Ser Ala Ala Gin
210 215 220 Thr Ile Gly Ala Met G n Ala Leu Asp Lys

2 ﬁ 0.235 240 lle dy Vval
Lys Lys AW‘%{‘ ‘Ei&s@aﬁ gni"’"/&%%“ |£ bﬁ ﬁfb i Y45 250 <210> 5 <211>
Ser lle Glu Gly Leu Ser €In Gln Ile Val Lys Leu Thr Asp Giy e
65 70 75 80
Asp lle Ala Leu lle Asn Ala Gly Val Gly Tyr Ser Mét Tyr Ser Leu
85 0 95
Leu Glu Cys Ser Arg Giu Ala Phe Ille Asp His Trp Thr Thr Asn Ser
100 105 110
Leu Gly Pro lle Leu Val Tyr Lys Glu [fe His Gin Phe Met Leu Lys
B 120 125
_-Arg Glu Thr Arg Lys Val Phe Phe Met Ser Ser Gly Ala Gly Ser lle
130 135 140
GIn Giy His Leu Pro Val Ser Val Ser Ala Tyr Gly Met Ser Lvs Ala
145 150 155 160
Afa Leu Asn Tyr Ala Ala Arg Lys Leu Ser Asp Glu Gys Tyr Lys Asp
165 170 175
Gly Phe Thr 1le V¥al Ala Leu His Pro Gly Met Val Leu Thr Asp Met
180 185 190
Gly Met Glg Ser {le Glu lie Met Ala Asn Gly Asp Glu Gln Leu Ala

200

Ala Ser lle Ash Ser lle Ala |le Ser Thr Asp Thr Ser Ala Ala Gin
210 215 220

Gys fle Gly Ala Met Gin Ser Leu Thr Lys Gln Ser Asn Gly Arg Phe

225 230 235 240

Ite Asn Vai Ala Asp Gin Phe Asp lle Pro Phe
_ 245 o 250

210> 4



<212> DNA <213> Artificial <220> 3 1600sequence
: ' listing <223> Prinmer 1 <220> <221> m sc_feature
<222> (3).. (3) <223> n represents a, t, g or ¢ <220>
<221> misc_feature <222> (6).. (6) <223> n represents
a, t, gor c <220> <%% eature <222> (18)..
Q11> 25(18) <223> n represents a C <400> 5
<ﬂ§§ SR t nt ayt athgcngg 20 <210> 6 <211> 20 <212> DNA
Q5 Oglapy ity ffT 18]l <220> <223> Prinmer 2 <220> <221>
400> 4 m sc_feature <222> (3).. (3) <223> n represents a, t,

<400 d tc 20 <210> 7
r;‘et The Lxgqul:’l.gaqJé%ﬁ%<lgiggwg<%&%ig %g?%a/éegr anUt a var. nmnuta

Leu Glu Val Ala Thr Gln Leu Ser Ala Asn Pro Asp Asn Tyr Val lie
20 25 30

aéequque 913t

Gly Ser Tyr Arg Thr Glu Lys Thr Ala Ala Glu Leu Leu Lys Leu Ala
35 : 40 45
Asn Lys Glu Asn Val Asp Thr Val Yal Leu Asp lle Gly Ser Gln Gly
50 55 60
Ser Ile Glu Ala Leu Pro Ala GIn lle Ser Lys Leu Thr Asp Gly lle
65 70 75 80
Asp lle Thr Leu lie Asn Ala Gly ile Ala Tyr Ser Met Tyr Ser lle
85 80 95
Phe Glu Cys Ser Arg Glu Thr Phe [le Asp His Trp Thr Thr Asn Ser
100 105 0 :
Leu Gly Pro |le Met Leu Tyr Lys Glu lle His Gin Phe Met Leu Lys
115 120 125

Thr Arg Lys Val Phe Phe Met Ser Ser Gly Gly Gly Ser lle
135 140

f Gln Ser Leu Leu Pro |le Ser Thr Ser Ala Tyr Gly Met Ser Lys Ala
| 145 150 155 160

Ala Leu Asn Tyr Ala Val Arg Lys Leu Ser Asp Glu Cys Tyr Lys Asp
165 170 175

Asn Phe Thr Val Met Leu His Pro Gly VYal Val Ala Thr Asp Met

lie
180 185 190

Gly Arg

—_—
& —
o

u Thr Thr Lys |ie Met Ala Asn Gly Asn Ala Gln lle lle
200 205

Ser Tyr lle Glu Ser lle Ser Leu Pro Pro Ala Thr Ser Ala Ala GiIn
210 215 220

Thr le Gly Ala Met Gln Ala Leu Asp Lys Gin Ser Asn Gly Arg Phe
225 230 . 235 240

<

Ile Gly Val Afa Asp Gln Phe Asp |le Pro Phe
245 250

<210> 6

211> 20

<212> DNA

<213> Artificial

<2200



<400> 7 agcat cgaga gggattggcc tcgagattgc aacccaattg

agt gcaaacc cagagaacca 60

tgtgattgcc tcgtacagat

ct gaaaagac tgctggtgca ctcctggaac ttgccaagaa 120
ggacaacgtg gacactgttg tgttggatat tgcaatccag gagtcgattg
ccaacagall..H: 93896t ga cggacggaat

atactcaatg

agggtttgtc 180

<223> Pringat att gct ctgatcaatg ccggagttgg
tactctctac tcgaatgttc cagagaagca ttcattgacc actggactac

<2205

40

&21> migOQatu@aatt ctct g ggtccaatcc tggtgtataa ggaaatccac
222> @ba@ttcatgg t gaagagaga 360 aactcgaaaa gtgttcttca
g

223> n Eegrte&epgg%

faJchgggt ct attcagggcc acttgcectgt 420

ttccgt gagt gcatacggta tgtcgaaggo agcactgaac tacgcggccce

t gacgaat gc tacaaagacg gctttactat

<222> (6. Qtbggcgctt cacccaggta tggttctgac 540 agacat gggt

223> n mprgRpAaytia @ Yghgat t at ggcaaacgga gacgagcagc ttgccgegtc
600 catcaacagt attgcaatta gtacagacac tagtgccgca

220> .caaéfcattg gt gcaat gca 660 gagtcttaca aagcagagca

220>
G515 migdRAast ttc 480

28 s

dgatt cattaatgtt gca 703
<223> n <prkemtsDNA, & &600sequence |1 sting

<210> 8 <211> 703

<213> (gataea m nute

var. mnute <400> 8 agcttctaga ggtattggcc ttgaggttgc
<400> 5 cactcagctg agtgccaacc cagataatta 60
acngtntay pethawegyaa cggagaaaac tgcagctgag ctgct dhaac tggccaacaa
120 agaaaatgtc gacactgttg tcctagacat tggtagccaa

210> 6 ggttctattg aagcgcttcc 180

<2112

tgttattggt

agcacaaat ¢ tcaaagct ga

SlI2 Beggacggaat cgatattact ctgatcaatg ccggaattge 240

213> Argfiaptcaatg tactctattt tcgagtgttc cagagagaca tttattgatc
aaattccttg ggtccaatca tgctctacaa
aact cgt aag

¢po>  actggaccac 300

<223> Pr@glagattoat cagttcatgc tgaagagaga 360
gtgtttttca tgtctagtgg aggaggctct atccagtctc tattgcctat

<2207

G215 mid2Qatufet CAACcagt gcttacggta tgtcgaaggc tgcactgaac

{222> (3t aBgcggt cc ggaagctttc 480

t gat gaat gc tacaaggaca

223> n repreeplicat & YtQat gttg cacccaggag tggt ggccac 540
ggat at gggc cgggaaact a ocaagat cat ggocaat gga aat gct caga

400> 6
atnggdatr’g Er%t %t {ta 600

2 1g211> 28 <212>

<212> DNA
<213> Ogataea minuta var. minuta

<4005 7
agoatcgaga gggattegce togagattge

tetgattgce teogtacagat ctgaaaagac

' ggacaacgig gacacigite tgttggatat

ccaacagatt gtgaagctga cggacggaat
atactcaatg tactcictac tcgaatgttic
aaattctcig gotocaatee tgeiptataa
aactcgaaaa gtgticttca tgtotagegg
ttecgteagt geatacggta tgtogaagee
tgacgaatge tacaaagacg gotttactat
agacatgget atggagagta tigagattat
catcaacagt attgcaatta gtacagacac
gagtettaca aagcagagea acggtagatt
210> 8

211> 703
<212> DNA

tattgaatcc atatctttgc
28§t ¢tYca cagactattg gtgcaat gca 660
aagcagagca atggtaggtt catcggagtc gca 703
DNA <213> Artificial

aacccaattg
tectzgteca
tgcaatccag
tgatattget
cagagaagea
ggaaatccas
agcagggtet
agcactgaac
tgtggeectt
ggcaaacgga
tagtgcegea
cattaatgtt

agtgcaaacc
ctoctggaac
gagtcogatig
ctgatcaatg
ttecatigace
caattcatge
aticagggce
tacgeggooe
cacccaggta
gacgagecase
caatgeattg

EGa

cagagaaceca

ttgecaagaa .

agggtttegteo
coggagttge
actggactac
tgaagagaga
acttgootgt
ggaaactttec
teggttctgac
ttgcegegtc
gigcaatgca

;

60
120
180
240
300
360
420
480
540
600
660
703

cccgct ac
ctcttgac
<210> 9



: <220> <223> Primer 3 <400> 9 gtgcatatga ccaagact gt
) ttatttca 28 <210> 10 <211> 30 <212> DNA <213>
Artificial <220> <223> Prinmer 4 <400> 10 [
gtcgaattct tattaaaatg gaatgtcgaa 30 <210> 11 <211> 28
<212> DNA  <213> Arti fs@ldlence3az <223> Prinmer 5
213> Oest4€0mintd vgt geatat gg ct aagact gt otatttca 28 <210> 12
caopy g <211> 30 <212> DNA <213> Artificial <220> <223>

agcttctagPt‘gttﬂ‘ﬂEgc@ t1g84 Qe cdeloagdt € GRadc6d cdemeitagaat @ gaat gt caaa -
1 OOse uen listing A

tetattocd 5 Eoens ofgymnes (RAESTE THSHPY FRIGTA  Dho0s <2295

agaaaatgtPejopadetty toctat@R tdBagocaa gettctatiy aagogetice 180
~ agcacaaatc tcasagetga cggacggaal cgatattact cigatcaatg coggaattge 240
gtacteaaly tactctatit tegagtgitc cagagazaca tttattgate actggacoac 300
aaattectty getccaatca tgototacaa ggagattcat cagttcatge tepasgagaga 360
aacicgtaag gtgtitttca tgtotagtey aggagectot atccagtete tattecctat 420
ttcaaccagt gottacggta tgtegaagegc tgcacigaac tatgeggtoc ggaagottic 480
tgatgaatec tacaaggaca acttcaccat tgtgatgitz cacccaggag tggfggccac 540
ggatatggoe cgegasacta coaagatcat ggccaatgga aétgctcaga ttatototta 600
tattgaatec atatoctitge cgeccgetac aagegetzea dagactattg gigcaatgca 660
agctetigac asgeagagoa atggtagpit catoggagte gea 703
<210> 9
12 bk
<213> Artificial

220> )
<223> Primer 3

<400> ©&
gtgcatatga ccaagactgt ttatttca 28

210> 10
211> 30
<212> DNA
<213> Artificial

<220>
<223> Primer 4

<400> 10
gtogaattct tattaaaate gaatgtcgaa 30

<2100 11

211> 28

<212> DNA

213> Artificial

<220>
<223> Primer 5

<400> 11
gtgeatatgeg ctaagactgt ctatttca 28

<210> 12

<211> 30

<212> DNA

<213> Artifigial

<2200
223> Primer 6

<400> 12
gtegaattet tactagaatg gaatgtcaaa . ‘ : 30




210>

$1 3tactcagctga gtgccaaccc agataattat gttattggtt cttacagaac

2Ny
<213

<2205
223>

<400>

13

Ar

Pr

gccgaattc

{210
211>
N2

28
DN

<213 A

<2205
<223>

<400>

Pr
14

gcogaattct aaggaggtta acaatgtata as 32 <210> 14 <211>
28 <212> DNA <213> Artificial <220> <223> Prinmer 8
<400> 14 gcggtcgact tatccgcgtc ctgcttgg 28 <210> 15
<211> 756 <212> DNA <213> Artificial <220> <223>
Mutant DNA 1 <400> 15(@;ggﬁgqqg§nctgtttattt
cattgccgga gcttctagag gtattggcect tgaggttgcc 60

ggrgaaaact 120 -gcaggtgcgc tgctcgaact ggccaagaaa
gaaaat gt cg acactgttgt cctagacatt 180 ggtagccaag
Gkt ¢t att ga agcgcttcca gcacaaatct caaagct gac ggacggaatc
240 gatattactc tgatcaatgc cggaattgeg tactcaat gt
@g&&%g&;g&a&gﬁgggttcc 300 agagagacat thattgatca
gaccaca aattccttgg gtccaatcat gctctacaag 360
gagattcato agttcatgct gaagagagaa actcgtaagg tgtttttcat
gtctagtgga 420 (I!f ggaggctcta tccagtctct attgcctatt
tgaaccagtg cttacggtat gttgaatgct 480 gcactgaact
gtccg gaagctttet gatgaatgct acaaggacaa cttcaccatt
540 F gtgatgttgc acccaggagt ggtggccacg gat at gggpc
@@g%aactac caagat catg 600 gccaat ggaa at gct cagat
tatctcttat attgaatcca tatctttgcc gcccgctaca 660

sogetogacpiepetayc aectdggact at t gg t gcaat gcaa gctctt§aca agcagagcaa

tggtaggttc 720 atcggagtcg cagaccagtt cgacattcca

210> 15ttttaa 756 <210> 16 <211> 251 <212> PRT <213>
<213> Artificial .

<2205

<223> Mutant DNA 1

<400> 15

atgaccaaga ctgtitattt cattgecgea gottotagag gtatiggoet tgaggitece 60

actcagotga gteccaacce agataattat gttattggit cttacagaac sgagaaaact 120

goaggtegoge tgotogaact ggocaagaaa gaaaatgteg acactgttgt cotagacatt 180

getagccaag gttotatiga agcgottcca zeacaaatot caaagotgac ggacgraate 240

gatattactc tgatcaatge cggaattgog tactcastgt actotattit cgagtgttee 300

agagagacat ttattgatca ciggaccaca aattcoitgg gtocaatcat gotctacaag 360

gagattcatec agttcatget gasgagagaa actogtaagg tgtttticat gtotagtisga 420

ggaggotota toccagtetot aftgcctatt tcaaccagtg cttacggtat gtogaagest 480

gcactgaact atgecggteoog gaagetttcot gatgaatect acaaggacaa cttcaccatt 540

gteatgttec acecaggapgt gptegccacg gatatggecc gegasactac caagatcatg 600

gccaatggaa atgetcagat tatotettal attgaatcca tatotttgee goccgctaca 660

agogotgeac agactattge tgcaatgcaa gotottgaca agcagageaa tggtaggtte 720

ateggagtce cagaccagtt cgacattcca ttttaa 756

210>
<2112
{22
Q213>

<2205

<2235 .

<4005

16
25
PR
Ar

Mu
16

i
T
tificial

tant polypeptide 1

Tet Thr Lys Thr gai Tyr Phe fle Ala ?6y Ala Ser Arg Gly {ge Gly

Leu Glu Val Ala Thr Gln Leu Ser Ala Asn Pro Asp Asn Tyr Val |le
20 ' 25 30

6



Met Thr Lys Thr Val Tyr Phe fie Ala Ay Ala Ser Arg
Gy lle dy 15 10 15 Leu Qu Val Ala Thr Gn Leu
Ser Ala Asn Pro Asp Asn Tyr Val Ile 20 25 30 6

1600sequence listing 4y Ser Tyr Arg Thr flu Lys Thr
Ala Gy Ala Lou Lou Géboéea}éncA'I%t1n§5 40 45 Lys Lys Gu

Asn Val Asp Thr Val Val Lou Asp Ile fly Ser Gn Qy
6 ey, |l e Ala Gn lle Ser Lys
Gly Ser TyﬁOAr ?thr (9%% thr Ali Flg}\llja @L%&)J‘gl Lg%?laAsp [le Thr Lou Ile
Asn Al a Gly IIe Ala Tyr Ser Met Tyr Ser Ile 85 90 95

Lys Lys 6RN@n GiUasIfr BRIva N A Lo BV sl blye Asp His Trp Thr

% Thr Asn SéF 100 105 1640 Lou Gy Pro he Met Lou Tyr
Lys Qu Ile Hs Gn Phe Met Lou Lys 115 120 125 Arg

Ser Ile G Ala TdurPréAAgn GlyiS [&V/Sdr Ll;&w&uﬁhe,ndymly $ar Ser fly Ay Ay
65 Ser 11eM130 135 140G n Ser Lou®ou Pro Ile Ser Thr
Ser Ala Tyr fly Met Ser Lys Ala 145 150 155 160 Ala

Asp lle THrdgu AAsThta ﬁ!llvdl lla TAY gpr Myss Tr Bgr Ber Asp A u Cys Tyr
Lys p 165 170 1 Asn Phe r Ile Val Met Lou Hi's

Pro Ay Val Val Ala Thr Asp Met 180 185 190 Ay Arg

Phe Glu Cyey a0 ’Wrﬁ“’rﬂ‘f‘r Ty .d #€ ietre Aa TS &7y Asn Ala Gin'lle
IIe 195 200 20% Ser Tyr IIe Au Ser Ile Ser Lou Pro

. 0 15 220 Thr Ile Ay
Leu Gly ﬁ@l ]ge %ﬁ'ebnﬁr %—ﬁf’,a{ﬂ ﬁ As@ g@e M%]Lﬁ Sr Asn Ay Arg Phe
225 230 235 240 1le Ay Val Ala Asp Gn Phe Asp Ile

Arg (Iiég Tfl?rAQg E’J}e\la??’% ﬁ'é%et?Ser Ser (Iiﬁlfg Gly Gly Ser lle

Gln Ser Leu Leu Pro lle Ser Thr Ser Ala Tyr Gly Met Ser Lys Ala
145 _ 150 . 155 160
Ala Leu Asn Tyr Ala Val Arg Lys Leu Ser Asp Giu Cys Tyr Lys Asp
165 170 175
Asn Phe Thr lle Val Met Leu His Pro Gly Val Val Ala Thr Asp Met
180 185 190
Gly Arg Glu Thr Thr Lys |le Met Ala Asn Gly Asn Ala GIn ile lle
195 200 205
Ser Tyr lle Glu Ser lle Ser Leu Pro Pro Ala Thr Ser Ala Ala Gln
210 : 215 220
Thr |le Gly Ala Met GIn Ala Leu Asp Lys Gln Ser Asn Gly Arg Phe
225 230 235 240

Ite Gly Val Ala Asp GIn Phe Asp Ile Pro Phe
245 250



