,e3@L1DF"Pr6Th w 1 seE .f...oN NOVEL CARBONYL REDUCTASE, GENE THEREOF AND
METHOD OF USILNG THE SAME 5 TECHNI CAL FI ELD The present invent to
a novel polypeptide, a gene coding for the polypeptide, an %mwmwgﬂm mm@
vector for the expression of the pol ypeptide, a transforman by
transformati on of a host using the expression vector, and a prodd¥# on

met hod of a conpound useful as a material® for the synthesis of nedicinal
and ot her conpounds using the above transformant. In nore dﬁwﬂmwwMMMﬂwml
invention relates to a 15 pol ypept isﬁgﬁoﬂ%grom a mcro ng
enzynme activity in asymetrically reducing nzyl - 3pyrrol i di Nngok 0
produce (S)-N-benzyl-3-pyrrolidinol and having such enzyne activity, a DNA

codi ng for themolmeRitae :eﬁg SSd vRg i U nd a
20 transfor mantﬂ'obt al neNﬁbﬁEerbans or’rraEﬁ\fdkn um%mf%eﬂ%)%@%gﬁm. The

present invdil GRAM# so rel ates to a production method of

(S)-N-begzyl -3-pyrrolidinol. (S)-NBenzyl-3-pyrrolidinol is a conpound
useful as an internediate for the synthesis of nedicinal conmpounds 25 such
as ~3-lactam anti biotics and di hyd@EBNIGAIng Idipounds. BACKGROUND ART
Known as the prod j 0 ticall e .
(S) - Nbenzyl - g pylrut‘rﬁtoe]| %e%%@agg‘?{eﬁgﬂno& ?5&%\%%% htocoam:?rolvseels Ol@frﬁtﬁéis%’zi ng
from an opt ic&ldne @edivg dopddved panld/rens st hadh e pote ssoimy st aparfiosi ng

cCompount, AL Sk aioah o SR S B e ot ST B oo

L 10 by transformation of a host using the expression vector,

and a production method of a compound useful as a material
for the synthesis of medicinal and other compounds using
the above transformant.
In more detail, the invention relates to a
15 polypeptide isolated from a microorganism having enzyme
activity in asymmetrically reducing N-benzyl-3-
pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol and
having such enzyme activity, a DNA coding for the
polypeptide, an expression vector containing the DNA, and a
20 transformant obtained by transformation using the
expression vector. The present invention also relates to a
production method of (S)-N-benzyl-3-pyrrolidinol.
(S)-N-Benzyl-3-pyrrolidinol is a compound useful as
an intermediate for the synthesis of medicinal compounds

25 such as B-lactam antibiotics and dihydropyridine compounds.

BACKGRQUND ART
Known as the production method of optically active
(S) -N-benzyl-3-pyrrolidinol are the method which comprises
20 synthesizing from an optically active compound and the
method which comprises carrying out asymmetric synthesis or
optical resolution starting with a prochiral compound. As

such a method, JP-A-06-141876 discloses a production method



1 2.of ,optically active N-benzyl-3-pyrrolidinol which conprises

st ereosel ecti.vel y reduci ng N-benzyl -3-pyrrolidinone in the presence of an
senzyme having activity in stereoselectively reducing this

N- benzyl - 3- pyrrol i di none. Further, JP-A-10 5 150997 di scl oses a production
met hod of optically active Nbenzyl -3-pyrrolidinol whi-ch conprises treating
N- benzyl - 3pyrrolidinone with a cell or azulture of a mcroorgani smor a
treated product thereof. However, these nmethods are |ow in attainable
substrate concentration and in conversion 1o fromthe substrate to the

product, herRfe QR Ioe Gl to Mrkand thi 3 UREr r SUMUARY. OFLIHE COMENTSEN The
present | nvailaidodonnak 2l ¢ 1ROIIAMN S A0k ¥PLl- .5 POLYPERIASSe W Cthe

asymetrical ly reduces_ N-berizyl -3pyrrolidinone to pr _
(S) - N- benzy RERIFAGDIQ i dd| ehidng it *haACTB1 I bemzgteBepse ket tivaby can

be produced fducimntdyis and, e o, siedohbe W\ﬁﬁ.‘?{étr,i IR |t
20 poly

is an object of the present invention to provide a epti de capabl e

of asymet rilcdl9%’ rERRIIRE N-DSRESAUSHYRR dne o nef tep bi ¥ active N-
(S) - N- benzylpedryr+pld i nol 1 o ARDE hel i O] &Shp P sd ber fOyentd agbsn i ¢ pgoduce

that pol ypeptide efficiently utilizing the gene reconbinalion technology. A
further obj EATEFLINSIHRehttdR b oI5 ProvlEera eF anshbereerIabibl e of

si mul t aneousdy Prihicidtd prddlightieval s, thaleRd YReRIdAda AN R are
pol ypepti de haangdﬁh#%fsg derdrqgenase activity and, further, provide a

practical prddlucdH IS LRR R A CR BIR F PR R P11 RisFoRyveRaton

transfonoantfrcid tHelSsuldter P e SENtt i Ve APt £ PR ES eSamn ! yPepht des havi ng
the follow n qésigochenical properties (1) to (5): (1) Action: It
asynmet ri cal4hy# s $9¢ benzyl - 3pyrrol i di none to produce

(S)-N-benzyl -3-pyrrolidinol with . 1, 3 NADPH as a coenzyne; (2) Optinum

action pH 4.5 to 5.5; (3) Optjmumaction tenperature: 40C to 45C (4)
Mol ecul ar wei ght: About 29,oo%ﬁ%@AﬁétQFnFH@dg@VE8$FO§ filtration anal ysis,

about 35,000 as datey mrakrhy iSREpAacrsd e de getr & eedd DR Esi ved
Fur t hor 150 n@ Bt S vEH 10 A G ot b | R UeF B OV TRRRLT o ¢ he
foll owi ng (®@ymrol(iminone to produce (S)-N-benzyl-3-pyrrolidinol and
found that (S)-N-benzyl-3-pyrrolidinol can be produced
efficiently, and have now completed the present invention.
It is an object of the present invention to provide a
20 polypeptide capable of asymmetrically reducing N-benzyl-3-
pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol.
Another object of the invention is to produce that
polypeptide efficiently utilizing the gene recombination
technology. A further object of the invention is to
25 provide a transformant capable of simultaneously producing,
at high levels, that polypeptide and a polypeptide having
glucose dehydrogenase activity and, further, provide a
practical production method of (S)-N-benzyl-3-pyrrolidinol
using that transformant.
30 Thus, the present invention comprises a polypeptide
having the following physicochemical properties (1) to (5):
(1) Action: It asymmetrically reduces N-benzyl-3-
pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol with



(a) (A pol ypeptide having the am no acid sequence shown under SEQ ID NO:1 in
the sequence listing; (b) A polypeptide having an am no acid sequence
*obt ai nabl e fromthe am no acid sequence shown under SEQ ID 15 NO:1 in the
sequence listing by substitution, insertion, deletion and/or addition of
one or nore am no acids and ‘having enzyne activity in asymetrically
reduci ng Nbenzyl - 3-pyrrolidinone to produge (S)-N benzyl-3pyrrolidinol. 20
Furthernore, the present invention conprises DNAs coding for these

pol ypeptides. O, it also conprises a DNA coding for a pol ypeptide having
enzyme acti \WR}?H Ay iR E 1y reduci ng N-benzyl -3-pyrrolidinone to

produce (9S)-Mbenzyridnpy rdedidh » @ANG brg dj.zing with a DNA 25 having a
nucl eotide sequence shown under SEQ ID NO:2 in the sequence |isting under

stringent contiti GHREIBIN 2PN FRMRE FDFVEE pol4Ppéptiadd h&vi ng enzyne
activity in esymmtdlicallar redupitng Noberzplo, Jopy IHolddidione 40 Jif oduce
(S) - N-benzy and having_ at | east 60~ 30 sequence identity

| - 3-pyrrolidinol, .
with a nacleﬁﬁi{ﬁégﬁﬂﬁuﬁﬂﬂ9¥ﬁﬁﬁw1%Fﬂﬁﬁ Be@ 1D a0: oeternbeed dayied®e| i sting.
Fur t her nor e,pd ty LOMpIdrsiee afe EXPILSSEPhYEES 05 AL psniNg any of these DNAs
and a transformant_ ¢contai ni ng A 4 such expression vector. The present
i nvention al cxnﬁﬁh%ﬁ%¥9¥”pr5&u&Fiéﬁhﬁéﬂﬁﬁé &Y (tSe diyedAnt Fompetol i di nol
conprising astep of reacting such transfornmant and/or a treated 5 product

thereof with N be | - 3- pyrrolidinone, and a step, of harvesting the
t hus- produced (S) @Z@MI R RASH N ot VBERQ 1 EF B R ORFRLTHE THE

| NVENTI ©bl t eldstdieed ald ool hewiigsent énvenfion is described in
detail. Firs t he, pol.y %ftLqﬁth%the Ltvention is described. The

pol ypepti de GF thé'i R SHAFE- M3V 3T ASSAFEER T aF YR educi ng

N-benzyl - 3- pyrdent iSHAITE NG: T et edent eskibynddel ot mga (1) shown below to

produce, (3 NP2 TERESA I M0V LEPT SR AL Welglgidptg (1) shown
obtainable from the amino acid sequence shown under SEQ ID

15 NO:1 in the sequence listing by substitution, insertion,

deletion and/or addition of one or more amino acids and

having enzyme activity in asymmetrically reducing N-
benzyl-3-pyrrolidinone to produce (S)-N-benzyl-3-
pyrrolidinol.

20 Furthermore, the present invention comprises DNAs
coding for these polypeptides. Or, it also comprises a DNA
coding for a polypeptide having enzyme activity in
asymmetrically reducing N-benzyl-3-pyrrolidinone to produce
(S)-N-benzyl-3-pyrrolidinol, and hybridizing with a DNA |

25 - having a nucleotide sequence shown under SEQ ID NO:2 in the
sequence listing under stringent conditions, or a DNA
coding for a polypeptide having enzyme activity in
asymmetrically reducing N-benzyl-3-pyrrolidinone to produce
(8) -N-benzyl-3-pyrrolidinol, and having at least 60%

30 sequence identity with a nucleotide sequence shown under
SEQ ID NO:2 in the sequence listing.

Furthermore, it comprises an expression vector

containing any of these DNAs and a transformant containing



Cl) :N-Benzyl - 3- pyrrolidinone w5 0 ~r~~ OH (S)-N-Benzyl -3-pyrroliclinol
5to (Il) As-.such polypeptide, there may be mentioned an enzyne having the
sfol | owi ng physi cochem cal properties (1) to (5). (1) Action: It
asymmetrically reduces N benzyl-3pyrrolidinone to produce

(S)-N-benzyl -3-pyrrolidinol wth NADPH as a coenzyne; (2) Optinum action
pH: 4:5 to 5.5; (3) Optimum action tenperature: 40C to 45C;, (4) Mol ecul ar
wei ght: About 29,000 as determ ned by gel filtration analysis, about 35,000
as determ ned by SDSpol yacryl am de gel el ectrophoresis analysis (5)

| nhi bitor: 139Gt ¢T3N ¥eater di val ent copper ion. In the present

invention, the enzyge ééﬂgyrgirg f%%yfﬁﬁﬁf S by
addi ng the substrate N—benzy J3 63 g?none n“féé g§%§%ﬁ§€ﬁ§nNADPH

(0.167 m\) &RFRAE Céﬁwzy%—bhbqw mh%@lmif@wepwsng) and neasuring
the decrease in absqyhancs ateddhteaval @Ot 340, Mt 399 0r a treated

5 product thereof with N-benzyl-3-pyrrolidinone, and
a step of harvesting the thus-produced (S)-N-benzyl-
3-pyrrolidinol.

DETAILED DISCLOSURE OF THE INVENTION
10 In the following, the present invention is described
in detail.
First, the polypeptide of the invention is described.
The polypeptide of the invention has enzyme activity
in asymmetrically reducing N-benzyl-3-pyrrolidinone
15 represented by the formula (I) shown below to produce (S)-
N-benzyl-3-pyrrolidinol represented by the formula (II)
shown below.

N —0
(1)

N-Benzyl—-3-pyrrolidinone



20- The .optimum action pH and optimum action tenperature of the peptide are
determ ned, for exanple by varying the reaction pH or reaction tenperature
in the above reducing activity measurenent system and neasuring the
reduci ng activity. 25 The gel filtration anal ysi s-based nol ecul ar wei ght of
,. 6 the peptide is determned by calculation fromthe elution tine
relative to those of reference proteins i% gel filtration. The

SDS- pol yacryl am de gel el ectrophoresi sbhased nol ecul ar weight is determ ned
by calculation from5 the nobility relative to those of reference proteins
i n SDS- pol yacryl am de gel electrophore5|s The inhibitors are determ ned,

for exanpl e by addi ng { he aiﬁxfiredrcigg acLivity g
y O each compoun

measur enent syste
|nedfroma.m fJ?aMSm
g N-benzyl - ; di none to

The pol ypepti de of
havi ng an activity
produce (S)-Nbenzy a1¥ he nlcroorganlsn1to be used as
the 15 source of the paQ peptlde i s not partlcularly restricted but
i ncl udes, for exanple, m croorgani sns belonging to the genus M crococcus,
anong which the strain QE( |yt I 13867 is particularly
preferred. The nicroorgwglsgfg%%' %lggsyﬁ%P{?AKﬂ? tide of the invention 20
may be a wild strain or a mutant. , a mcroorgani sm obtai nabl e by cel
fusion or by such a genetic nethod as gene mani pul ation may al so be used. A
gene mani pul at ed nicroorganisn1capab|e of producing the polypeptide of the
- invention can be qbtai ned t.h r|S|n a step of 25 isolating

and/ or purifying Uéﬁ’zﬁ%lyé?%&d‘éfeer i 3869? rb?"&’r%n%o?% FZYRR
anmi no acid SQQUEnp&ﬁﬂuﬁdﬂﬁowfhgﬂpﬂyiﬁcd&ﬁémi&iurﬁk@pé&@i@QtKﬂﬁ sequence
coding for t en baseg on t hat anln aC|d se uencg ﬁF of
obt ai ning a cIe eq gnééyggﬁFﬁécF Yt k& £3¢d 30 on t hat
am no achkd g@mmmﬁmﬂlnnnheidnpxbdﬁceﬂnsm+N+mpmayrxﬁﬁﬁwﬂﬁ@l1@1@6D0Wgﬁmi5”1by
introducing P#ﬁh%nucleotlde sequence into another mcroorganism As for the
cul ture nedi anism 2 |

Optimum action pH: 4.5 to 5.5;

(3) Optimum action temperature: 40°C to 45°C;
(4) Molecular weight: About 29,000 as determined by gel

10 filtration analysis, about 35,000 as determined by SDS-
polyacrylamide gel electrophoresis analysis;

(5) Inhibitor: It is inhibited by the divalent copper
ion. '
In the present invention, the enzyme activity of the

15 polypeptide is determined by adding the substrate N-benzyl-
3-pyrrolidinone (1 mM), the coenzyme NADPH (0.167 mM) and
the enzyme to 100 mM phosphate buffer (pH 6.5) and
measuring the decrease in absorbance at the wavelength 340
nm at 30°C.

20 The optimum action pH and optimum action temperature
of the peptide are determined, for example by varying the
reaction pH or reaction temperature in the above reducing
activity measurement system and measuring the reducing
activity.

25 The gel filtration analysis-based molecular weight of



produci.ng the polypeptide of the invention, ordinary |liquid culture nmedi um
cont ai ni ng carbon sources, nitrogen sources, inorganic salts, organic
*nutrients and so on can be used provided that the m croorgani smcan grow
thereon. 5 The term"culture of the mcroorganisni as used in this
specification nmeans cells of the mcroorganismor a culture fluid

contai ning such cells. The "treated produg€t thereof" neans an extract or
purified product obtained fromthe cells of the mcroorganismor a culture
fluid to containing such cells by extraction, purification or sonme other
treat ment. THE RARPEHR i v Stemeined &y i oml ¢aka bropuf rém ethé rehut hen

i ot oor gani s okicing;d had melypept | deed reddie GoOVENLL Nl qapnner . For

exanple, cells of the 15 microorganismare cultured on an appropriate

medi um and Cet F2 B haies 56§ Prdmiachy lamits ael le dyramhysra iggat i on.

The cel|'s olaidtednat o $F URS £gh 11Si 103 & SO €84 05y é@{caﬂéﬁf&?efr@rnd the
a ce

cell residue . is renoved by centrifugation to_give | -free extract. The

20 pol yp@pt i g Hel DUri g1 19 diR tHhes e ed f - FeEerence ae¥obginapplyi ng,
singly or irsmpipy NAld:Oflasied) d&Chil dbesogsosgsisng out (e. g. ammonium

sul fate precipitatjon,, sodium phosphate precipitation), solvent _
preci pi tation (proté rf-nfi}lg&qcﬂ%aﬁ% denminedi ofP st kR R tloneaddttanol

or the 25 | ik@)ioul alotgdsundeltd itid albdre *OMEXEHALIE; vLOy UM .
chromat ography such as reversed phase and ultrafiltration. The pol ypeptide

of the i nveMTTHTREEHe SV HArAHIC SRR UM afRR dr ederi RO iR €F b6t garPEm as
menti oned absaeh adonipyurh. a reconbi nant enzyne. As a natural enzyme, there

30 nmay be nention a&glyépe tide hqavi ng the am no acid sequence shown
under SEQ I D NO: 1 i} ¢ eé‘é&éﬁgee‘%'sttf}%gm‘ﬂ?{étlﬁmﬁfébt%é) aknrd | F@mt i on
may al so be = micdnqrepidrdesmavd Nih Qe aolect @ SeeRtteobi i nepl e from
1 8 the amng acid sg\ﬂ_ ence s_rao_wn undg.r ,SE(%I D NO:1 1 n the sequence |isting
by substit utiom cIHE S t1GH ¥ el &Y NS e (R oh) DY PR &Y &Tri no
aci ds and ha&+Hmg eriziydimelct | Thiug,i thas yikRbbreanisd eduiang fdenzWhe3 5
pyrrolidiLnone to pro e (SQ)pJ{I\I-b nzyl -3-pyrrolidinol uch pol ypepti de can
be prepg?ed%foruorn%%)r?efd%gﬁ/ﬁoe IR q:rfaf%;? My t t&?ﬁ%@%ﬁ?ﬁ%&q‘[@%ﬁ%ﬁ% under
SEQ | D NO: 1 Hut timeclsetpsnciod iestdmpgl dyy silketo dr dnovemsres dinsh @snglessriped in
Current Prot b ecul ar Bial ogy (Jo Wley and Sons, 10 Inc.,
1989). The ﬁglse e ynaénoa{’cqt%%%‘ %%s%/ r?%aﬁ%ﬂ%%&%i ng
N- benzyl - 3- gyenls diBbris 86V pirso guecer (<) d: e nrne Se pyad ol iTtienol " is used
herein to ingdi t H]% l.ypeptide i estion is, subjected to
reaction wit % f%qtoa}eh%zsyl ig pyrréfqoc}:?ﬁrzeofec’lﬁaee‘?ncﬁ% Qa’%t)o{}b% e e
reduci ng0actiay te reasiurderegittaicondi td onssan(tS) - Krhenpz wicoproalnidimol i s
produced i n 148l 100t ‘?:Segl”ﬁﬂ' ~.~Phaf & y, n ss than 40~, nore
pref erably not lesas _%ﬁaﬁ} 600, as cltj)o%paorrg %‘%H{ He %%%ée&v%el?eeaﬁ% as
pol ypept i de I¢a\d Hgnipulation may also be used. A gene manipulated

microorganism capable of producing the polypeptide of the

invention can be obtained by a method comprising a step of

25 1isolating and/or purifying such enzyme and determining a

part or the whole of the amino acid sequence thereof, a

step of determining a nucleotide sequence coding for the

enzyme based on that amino acid sequence, a step of

obtaining a nucleotide sequence coding for the enzyme based

30 on that amino acid sequence, and a step of obtaining a
recombinant microorganism by introducing that nucleotide
sequence into another microorganism.

As for the culture medium for the microorganism



20. tthe .am no aci d sequence shown under SEQ ID NO:1 in the sequence listing
is used. The DNA of the invention is described in the followi ng. The DNA of
*t he invention nay be any DNA coding for 25 such a pol ypeptide as nentioned
above. It may be a DNA having the nucl eotide sequence shown under SEQ I D
NO: 2 in the sequence listing, or a DNA coding for a pol ypeptide having
enzyne activity in asymmetrically reduci ng Nbenzyl 3-pyrrolidinone to
produce (S)-N-benzyl-3-pyrrolidinol, and 3o hybridizing with the DNA having
t he nucl eoti de sequence shown under SEQ ID NO;2 in the sequence |isting
under st ri ngSRARDHRA t o Tvereide "ORAL g bindeRT henwi @ Adi her DNAL taviing

t he 9 nl&l%ﬂ@%@&ﬂﬂ@%@@%é‘@@fb&?@é&é@s, hﬂ#@@ ﬁeﬂHGPES

|isting under stringent conditions' freans a DNA obtai nab e t 6chhi que
of col ony hyBtHFRS otf L pF agRied bt | i Hat e kS 0rnd oBe h@lﬁncwbbed‘#i%dl on,

using the D& iaad Nehdher NaIGh 80k b Sy SEOLRNESn (Few HREBELPEQ D N0 2 in
t he sequence listing as a probe. Mre  specif]jcal there may be nentioned

a DNA idéntified Dy'argat g“b]t}%ul?ﬁ/b?l? oq%tmb%r%m@masm | 22rused hiz he

col ony or p'mttﬁd@éd/ﬁﬂlcﬂ\ﬁdrmﬁ@éﬂé Z@é’lié‘%?oﬁhe%lég’&fgaﬁb@mp&? nce of
10 0.7 to | M NaCl , and then washing the filter with 1to

concent r at ed:@é'élrs%lﬁﬂﬁ% QAR EHIRERDTERR r @R BHS SS@%I“LRH%%@Q@% 150

nM sodi um chime*ﬁectef'anﬁbaﬂ#és rdd sOeh tHR €1 4 F 3@@&1@&@5&03@& hé!}@féﬂhéét EPBmcan
be carried g acco];%llc%ﬁ to the 15 net hod describ in, Ml ecular doning, A

| abor at ory A RRI TGP LA B r P AR HAr YT € abbiafory Press,

1989) ounoel ammtwmlﬁ@%@% &d11depy nventd onismy berar D codi b8 ofea
pol ypepti de V|nqa$nz act|V|ty In asymmetrically 20~ reducing

N- benzyl - produce (S)- N-benzyl 3-pyrrolidinol and having

at | east 60% sequeline pcﬂ@}id;ﬁmd@rcﬂf wr@lmﬁn&mtc&@%éeﬂk@ﬂﬁﬂed derdmty,
nore prefer Ig at | east 90@6se uence | g%tlt%glstl { nore preferably at

| east 95% seytiedte Pt tyS™ it %ﬁ%ﬁ%r 7Yy YRR l@@@&?Stg%quence
i dentity, denvdre:ﬂnrfdleaﬁdrdeelseq%ﬁc%)@h@/ms ungerl sSSEG Itllael\lo 2 In t he
sequence listing. The term'se nce dentity" neans,t

nucl eot e SEfUFETELAARIL 12 RO ipar a?fé ?rde?ﬁ?ﬁ%ﬂ’r%\?{gﬁ %%@hu%t he?fd and
t he percentmmﬂx§©amﬁ hﬁﬁﬁEﬂtﬁﬁlf&ﬂﬂlﬂh@fﬁhlfmﬂéeﬁlﬁﬁﬁ myicl eoti de sequences

sequences UrtEr R S Gt MOLe 0d Ao AT oh e S e
nucl eoti de (®nigatyr,T,fd3 Gstimre ) )amppees scell residue is removed by
centrifugation to give a cell-free extract. The

20 polypeptide can be purified from this cell-free extract by
applying, singly or in combination, such techniques as

salting out (e.g. ammonium sulfate precipitation, sodium
phosphate precipitation), solvent precipitation (protein
fractionation precipitation using acetone, ethanol or the

25 like), dialysis, gel filtration, ion exchange, column
chromatography such as reversed phase and ultrafiltration.

The polypeptide of the invention may be a natural
enzyme obtained from a microorganism as mentioned above or
may be a recombinant enzyme. As a natural enzyme, there

30 may be mentioned a polypeptide having the amino acid
sequence shown under SEQ ID NO:1 in the sequence listing.

The polypeptide of the invention may also be a

polypeptide having an amino acid sequence obtainable from



1 1~ in both the sequences, dividing the thus-found nunber of
conform ng positions by the total nunber of bases under conpari son and
*mul tiplying the quotient by 100. The sequence identity can be cal cul ated
using the following 5 tools for sequence analysis: Unix Base GCG W sconsin
Package (Program Manual for 'the Wsconsin Package, Version 8, Septenber
| 994, Genetics Conputer G oup, 575 Science Drive Madi son, Wsconsin, USA
53711 Rice, P. (1996) Program Manual for EGCG Package, Peter Ri ce, The
Sanger |0 Centre, Hionxton Hall, Canbridge, CB10 1RQ _Engl and). and the
ExPASy Wor | - cRMVed B @cIREICEI®| FegiSeineder (8BAelB XRi Veksi tiyeHospi t al

and Uni versidy &5n6@“§ﬂ§t1£§ﬂ§yasuéyﬁigﬁfi@ﬂd)lnggﬁtgmé O&elgﬁlbﬂvent'on

can be obtalned froma 15 m croorgani sm having enzyme activity i
asynmet ri cal 31T RIHE MR H ez yIRS- Y ITOF ¢ dihbhe #61ds o@m@ehavmq

('S) - N-benzyl @rpyid Ol poty AS 4 entih €F 095 UBHI S8YHLEDSE e UBYL by DDt i Oned,

for exanmple, m croorgani sns bel ongi ng to t he” genus M Crococcus and, as a

particul ar | PHFet erdERs r'ed Prodichet) ﬂ%yb%ézﬁ%n§|Bﬁéﬁoih@lg@ialn
M crococcus | ut eussddtO g38fept itid Neard abd oW 8192 r 80 EABROERENL OFpé e Bt hod

of obtaining the DNA of the invention froma m croorgani sm having enzyme

activity in @H%%t?@?xﬂmﬁn?eﬁ%k@r&F%&?ﬁ#&y$h?@n3U%9?F055@|ﬁ%n@oié bﬁoduce

(S)- N—benzyltﬁ%F&@qﬁénébrmﬂst§m93§¢r$ﬁ@ﬁ aFkﬁéﬁm ﬁ@fhb@'a@”&@@c@?b@d in
sequence of urlfle $ pwftlde and o fragnents obtai nabl e by

di gesti on of P LR EpF o%%?g %YSOJ%hBoBébFYdééé apes,
determ ned bMuihﬁ f@man technlque DNA prinmers are synthesized based on the
t hus- obt ai ned am aC| equence, i nformation. Then, the chronmobsomal DNA of

t he nicroorgani smi ﬁﬁﬁﬁﬂ%ﬁi FEHY HRRZ S rdor h&hEEni R aaYQm$Fr%ﬁ@%ky|s
t he source aofedireimdareod Nyl -by-pycasvemihonal toephoduot D.B\lﬁ-NSBéﬁkggn for

(1080) ). o1 hepCres MISSRe DA Drisis epRR| £ oA €A 6uEhart RieRethe
chr onosonal @mettme tEpdnad £t ton abgl iy patédotot heapolynept tHengene.
Cur e A sDNBLAPES S LEPRLED DY, A Shel g BREt ohoLPEL LIS RLILhed
Iabellnglnﬂduntqﬂhyumeéhumﬂmﬁnt dRA23i 61 41983)3) ~-Nheenzyl-3-
pyrrolidinol is produced in a yield not less than 10%,
preferably not less than 40%, more preferably not less than
60%, as compared with the case where the polypeptide having
20 the amino acid sequence shown under SEQ ID NO:1 in the
sequence listing is used.
The DNA of the invention is described in the
following.
The DNA of the invention may be any DNA coding for
25 such a polypeptide as mentioned above. It may be a DNA
having the nucleotide sequence shown under SEQ ID NO:2 in
the sequence listing, or a DNA coding for a polypeptide
having enzyme activity in asymmetrically reducing N-benzyl-
3-pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol, and
30 hybridizing with the DNA having the nucleotide sequence
shown under SEQ ID NO:2 in the sequence listing under
stringent conditions.
The term “DNA hybridizing with the DNA having the



10 chronpsonmal DNA of the mcroorganismis cleaved with an appropriate
restriction enzyne, the restriction enzyne cleaved fragnents are inserted
'into a vector and the resulting vectors are introduced into appropriate
host cells to thereby construct a DNA library of the mcrobial 15
chronosone. Screening of thi's DNA library is carried out by the col ony
hybri di zati on, plaque hybridization or |i%ke nethod using the above DNA
probes, whereby a DNA containing the pol ypepti de gene can be obtained. The

nucl eoti de se enc&f?f t he t hus-obtained DNA fragment containing the 20
pol ypept i de "JeTe" T’ be® YA MR Py lﬂrFFéeJai%r%%ng sEQient? ngheret pgdenee
di deoxy chailnidteing natden et fiaghnoredher ¢ides” FREagxanphga é@téiﬁ@&dlé)e

carried out .usi the ABI PRI S e Term nat or cl e Sequenci ng Ready
Reacti on Ki t°Y ptrr}g%uqﬁcm?lc%er kc?%\w/l-%lrf%qij hrler 1 ez 2Bt o7 3pl amiee 25 Sequencer

(product of HR&skid A e .o A heo e &5 Sh @bl Vect £ i shd ﬁémzf@amzxof the
pr esent 'énv ntion are now desc,r#é)led. The enzyne gene can_be expressed in
fo

the tran TP T T T 0T RTURRG hish W LR RRT DRBR of D t ! r&’ent 30
i nvention tale veeqsnand it iogducd ng ghepyechrd e el Jhewd or to

be used for thi urpase may b ny. of those capabl e of expressing the
enzyme gene T3 ;Qpégrnb qﬁjaqrbe%o%ﬁ@&&sg RS | CRReY ey be menti oned,
for exanpl e hybridizatdan plsisng ch vECI 0 phagerVeCéOLon ¢ OSHI sl ¥@esor, etc.
It may be a shuttl ctor capabl e of, gene exchange between different host
strains. Gendzerr;ﬁ%/q,e ﬁsi\gxthl%oé ”ceoqm'?k?%e%o%’ucant agge%u%%t‘bl?? PERIPMCasCt he

| ac Wb pPonsl€r ,td rip & Ml eragnd rithgd ovasieing tEife Pf OB €rwitPpa Po onot er,
tuf B pronoter,,r ronot.er_.or ronpter, a LS, suitably used as an
expr essi on vtgotr:tzorfeoglodﬁtcg)lnnﬁ%tra%teeC§<%se(gsﬁﬁlfdﬁ?q ng‘e]%%%ﬁ?v%?%c ekt dd to
the DNA of tI8C isnderttiicon.coliper sy "IreywiMt 5yl drRcE OIS r BSe Usedl h&rgitn neans

a to functi - (o]41 r..and g]#cd eoti de sequence having arbitrary rel ated
transcripti (;.Srr?l)ac{e 1‘léMrrecﬁ{)':tsl%(tee% ga.taen ahcer, CCAAT box, TATA box, SPI site,

etc.). The term " dher dtyiboreldi zedninected! tas dmed dbraitn amansd it@ttd hendNA
and varigus ragul at I t S, Such. -as r onot d enhancer, whjch
regul at l'égt hé[{eexprcgsd;élr%cn qiégfeqo ‘Mé)iee(fnb anreﬁ%&é‘l‘qfe%e %’Plﬁt%r%t%%uai'

oper ative i rpecdrsktedid itdmat (Gdlel gameiroaHdbex iasseatoty Psesel | 1&khomwn to
the artisan 4hat) Jhe dype and species of the regulatory factor may vary
according to the host. 20 As the host into which an expression vector

cont ai ni ng the DNAhgf DNRe afnévet iloywweng itom ey rie ao U, cddiere fmy de
ment i oned bagi iRt (eA asfrj'leq..[gé@% ungi,, 4 celd s ani mal
cells, for ?ﬁs??r%e. Esc erll cdni a oeio%;scsi_-’f%{igclfyerlﬁlegég ov\%e’%/Ieré.’;1 DNA of the
i nventi 8f c&fLE e iNthegdded imtnr o ibigtorian ttheo motwvent { Dl -mmaer-  Waen

o Soveau opyTes e ek adinly Ao g dot AL SRl
produci ng ( SENFeRAy 24 Jrasd idfihdedpience identity, more preferably
at least 90% sequence identity, still more preferably at
least 95% sequence identity, most preferably at least 99%
25 sequence identity, with the nucleotide sequence shown under
SEQ ID NO:2 in the sequence listing.

The term “sequence identity” means that the two
nucleotide sequences under comparison are identical with
each other, and the percentage (%) of sequence identity

30 Dbetween two nucleotide sequences under comparison is
calculated by optimally arranging the two nucleotide
Sequences under comparison, counting those positions at
which the same nucleotide (e.g. A, T, C, G, U or I) appears



30 asymmetrically reduci ng N-benzyl -3-pyrrolidinone using the DNA of the

i nvention, a coenzyne such as NAPDH or NADH i s required. However, by
“‘carrying out the reaction using an enzyne capabl e of converting the
coenzynme oxidized to its 13 reduced form (hereinafter referred to as
coenzyne regenerating ability) together with a substrate thereof, nanely
conbi ni ng a coenzyne regeneration systemiwi th the pol ypeptide of the
invention, it is possible to nmarkedly 5 reduce the consunption of the
coenzyme, whjch is expensive. Usable as the enzyne having coenzyne
regener at i ng-TakRe ki ythe eSequrnesanl eV i ¢img ogemasiis f Hewad endebhgdr ofenase,

al cohol dehyélopenasey @é@ﬁwh&@s Wyﬂﬁ@g‘@%}f’n@&ﬂ&i)sgﬁ%ggégh@ﬂger

dehydr ogenase and gl ucose dgﬁgdrogenase. cose lo dehydrogenase Ts
sui tably us&tPTRANS QP t30h JHot et Y Bt B 1 @éo bbemt tie DMA. ofTliche i nventi on

and a DNA coghiqigerd & @&%ﬂﬂ?%éﬁ%@%&ﬂ&ﬂé@&@?@s%@ygﬁé’%ﬁf‘f@wf‘ﬁ vity is
used, the aﬁ%%%iéegctlon can be carried out efficiently wthout separately

preparing a _ @ﬂﬁﬁqﬁf(ﬁﬁ#ﬁxﬁﬁﬁ?é@%h%r%@?%gG%%iWi@?o@ﬂbnadding t he
same to the pRactdON By SAm 1o dbouoh, s uehe fﬁ?&éé&@iﬁaya@kégeegﬁgﬁéiéﬁd out

by addi ng a coenzyne re)gener ation systemto the asymmetric [on

reaction systreme &1 andt r e eles HeoeRit B8 R oy i nBeP t$abende DNA of

the 20 inversdione antias VA o digs 10 @szp%a'"p@p,tizﬁfc@;’wwg(ﬂéﬂépse
dehydr ogenase acti vi into_the sanme vector and introducing this into a
host, or by ThfR¥EdH r\‘@/%f‘g%equ:%s?%@ﬁfé%mi%ﬁ/ri%%%ew%h@nw@%m

vect or sibel angitng: t climeipatd bl e cpsdgnd d¢it ¢ otis) NEn § Dese) 1 M the
sane. 25 hOSEHEE%ﬁi’ a Eﬁgp%%grn%?t cont aj ni ng, an expressi on vector
conprising t EL R HIR IR P L tave LY PREYRF ECpReVYdepti de
havi ng gl ucakel watyidryogermasie £Actdnd toh i r i ¢y ansfosi@ps, costayai ng both a
first expregﬁEag vg:tqg containing the DNA of the invention and an

expressi on &SFror? ntai ning the DNA coding for a pol ypeptide having

gl ucose dehydr ogertase Dt iof thec amyvEmtisad.cAs Borosthel mad ypest i gfle havi ng
gl ucose,dehydr ggenase .activity, Bacillus negaterium derived one is

preferr (Jég %%gr%orf}nﬁ?én JIESEE B RfeaSe Bct? VA IYPReEE He2 ¥ Bnsf or nant
i s determ neckdne iaddiNiddriwy Istlegtymatel g icnse {§.drdducd hes caenzame, NADP (2

™ ‘and the enzum oyh M Trhs bdrgshigride Bulfer, (ol 8.0) and medsuri ng

mentioned, for example, microorganisms belonging to the

genus Micrococcus and, as a particularly preferred strain,

20 there may be mentioned the strain Micrococcus luteus IFO
13867.

In the following, an embodiment of the method of

obtaining the DNA of the invention from a microorganism
having enzyme activity in asymmetrically reducing N-benzyl-

25 3-pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol is
described.

First, partial amino acid sequence of the purified
polypeptide and of peptide fragments obtainable by
digestion of that polypeptide with an appropriate

30 endopeptidase are determined by the Edman technique. DNA
primers are synthesized based on the thus-obtained amino
acid sequence information. Then, the chromosomal DNA of

the microorganism is prepared from that microorganism,



- 5increase in absorbance at the wavel ength 340 nmat 25C. Now, a production

. of (S)-Nbenzyl-3-pyrrolidinol using the transformant of the invention is

' described. Such production nethod conprises a step of reacting the above
transformant and/or a treated product thereof to with
N- benzyl - 3-pyrrol i di none and a step of harvesting the thus-produced
(S)-N-benzyl -3-pyrrolidinol. In the follaang, this method is nore
specifically described. First, the substrate N benzyl-3-pyrrolidinone,
NADPH or a |i ke coenzyme, and a culture of the above 15 transformant and/or
a treated prgtlt inhdifsoures Rifidehe hevapibprbate conventional t he

reaction is paldyed £ %M%@@pa%r %frék&g%ﬁétﬁytﬁ'ﬁe%&gﬂtﬁ%?d Thi s

reaction is carried out_ at terrperature of 70C, an His

mai nt ai ned AMMAFaB O i Hﬁlfﬂhe rRakds dRes Thee: 423kt 4345 201 280 be carried
out bat chwi g i0{g %'Mﬁ@lm\mlﬁ‘rﬁﬁ@r?atw 58, céPPlé&a&&t%%béﬁéate s

added to a charge concentration of O. to 700 (Wv). The treated product
of the tP anscf}Her%RﬁOI&)l rderded-i® W@ﬁt%’@%s&m@bﬁéxﬁ@@l@faﬂw ude

extract, éidllfﬁﬂel&@ldé géﬂé’Ph'E‘drzc%%ror PN PP PLodLs aé%%e}ﬁ%{;%iﬂ“ ed

or gani sm bo di sruption product derived therefrom I ke.
Further, thesPLahbPared] rFlt%ethlb?Tﬁlﬁi?l%ﬁbe‘én@%héP?}?’ééqiqi genedrys as

such i nmobi |do§ﬁﬂerb5’ldm\ﬁhé@%§s TS & %gﬁl@%ystﬂi’ée{@ﬁ@&hy?fﬁﬁéfed out in

the presenc enerat] on or in

carrying outelat%ﬁlglr(}:@ggg kg?e;jre FlansP R Fhew - ca]p%l%'l eb ofl%ﬁg%blhm %ot h' the

pol ypeptbde dHrdmies dnie N Anth & COsso Sey ERIeHasBe b e diSREEn 1 dni S made
possi ble to markedly reduce the con %‘qutl on of t he coenzyne t. , 5 by

further addidfPTRIRE (eI H FERY | Hie Y3t chhe THRstriction enzyme

(S)- Nben2y|cl?eam€d off # Lt t Praoeiicetk Dy ddieineacd | poc€aP Heghawyested by a
conventi onal od For exanple, the (?s% ended matter, such as cells, is

renoved, 5 if Rr{ECHRE S (RFF Rt ed i RENt FPREYRE I BRE oROFF I trati on,

the reacti Ort@ﬂJSJtﬂcDrthéréﬁgﬂQ:d}&Sﬁﬁlcﬂy @dﬁtﬂﬁ.lpibl@ir§0@fu’@B1éWﬂI@i<cb}§1§aPr the
i ke angsextract ed with an_or anl c sol éﬁ@\/gd s ethyl acetate or

t ol uenel3and PR BIYShi ¢ SSFREEHY O ﬁ fdet e fided 85t &ure: 10
The product artHe quirddy qumyldwatﬂ:mn,t rIEdeflﬂBélthﬂblﬁhdi_iSaﬂj_.éﬁld)i: atira or
cprometoor Al A0 S8 00 L BSUIL P 0 )L ThE LSRR
descri bed |¢h&Pp@I&béﬁhﬂﬁb gﬁhéﬂuamuhﬁu¢bt£5n@d thﬁnzykﬂ&xﬂMkﬂﬁlldlnone
(Col L Ui POHERET S B JOM LT D A D el Sane e hpey o °€ra"“y
200C, caeri e:rolg,acsaptrmcteromm mhatém idetefiD)jed The cips i dbdlequyity of
(5 ot ony g Ao P SHLEY cdl 8 05 geampes ot
| ndustri es); th@l ddriite . nFexarskigder ofdnsl /cdinetiey lcarimied AB0AGIMNY HHeow
rate: | m /gy, SHeIRFH AN T2 o Cycle Sequencing Ready Reaction
Kit (product of Perkin-Elmer) and the ABI 373A DNA
25 Sequencer ({product of Perkin-Elmer).
The expression vector and transformant of the present
invention are now described.
The enzyme gene can be expressed in the transformant
which is obtainable by inserting the DNA of the present
30 invention to a vector and introducing the vector into a
host. The vector to be used for this purpose may be any of
those capable of expressing the enzyme gene in appropriate

hosts. As such vector, there may be mentioned, for example,



25 Thus,, according to the present invention, it is possible to efficiently
\ produce the pol ypeptide included in the present invention and, by utilizing
' >the sane, an advantageous, production method of (S)-N benzyl-3pyrrolidinol
is provided. 30 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a chart of the
nucl eoti de sequence of the DNA as determned in Exanple 3 and the am no
aci d sequence 16 deduced therefrom HEizg. 2 is a chart of the nethod of
constructing the reconbi nant plasm d pTSBA of Exanple 7 and the structure
thereof. 5 BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON The fol | owi ng Exanpl es
il lustrate th®EschtVeahen iDRIn wREWT, Jheyidreechonevets. byl thguarans

|in1tative‘ﬁeti“%ﬁﬂ%%%%(ﬁeéiﬁ%F%éﬁ%ﬁﬁei@fe@%ﬁQPex&ﬂagﬁgaﬁégﬂﬁgﬁocedures

and so on concerning the reconbj nant DNA technol ogy uséd in the follow ng
Exanpl es ar Eidedt§ e 3t t Her 3 619 owiGeg abaldriat WES et tevul canmd g g, 2nd

Edi tion (Colghc¥prd neediar Dosrfapor@d Orys PSS ad 9893 pAomSHEFent LFr ot ocol s

in Mol ecular Biology (G eene Publishing Associ ates and VVIeg-Interscience).
(Exanpl e51: BRRTieat i ofF RrIMyaR) Yec eregmet ey hept pecmeteyi t yufnB

asymmet ri caldyord: & edued Hon N RGIFYd r 35 PYET, 0b - &hHLEL, L BT PHUSR: +ap1y
(S)-N-benzyl 3-pyrrolidinol was uniformy purified fromthe strain
M crococcus L}S(ﬁ%L%S 1370 §75867E § P} eGP F ovP R Hakhner an (expresatponuditt he

strain M cragaoeusi vl fUusodid2 238609 2% ApiiA yE de e di Mo 499n L) having the

follown
9 The term “regulatory factor” as used herein means a

10 functional promoter and a nucleotide sequence having
arbitrary related transcription elements (e.g. enhancer,
CCAAT box, TATA box, SPI site, etc.).

The term “operatively connected” as used herein means
that the DNA and various regulatory elements, such as

15 promoter and enhancer, which regulate the expression
thereof are joined together each in a state operative in a
host so that the gene can be expressed. It is well known
to the artisan that the type and species of the regulatory
factor may vary according to the host.

20 As the host into which an expression vector
containing the DNA of the invention is to be introduced,
there may be mentioned bacteria, yeasts, filamentous fungi,

plant cells and animal cells, for instance. Escherichia

coli is preferred, however. The DNA of the invention can
25 Dbe introduced into a host in the conventional manner. When

Escherichia coli is used as the host, the DNA of the

invention can be introduced into the same by the calcium

chloride method, for instance.
For producing (S)-N-benzyl-3-pyrrolidinol by
30 asymmetrically reducing N-benzyl-3-pyrrolidinone using the
DNA of the invention, a coenzyme such as NAPDH or NADH is
required. However, by carrying out the reaction using an

enzyme capable of converting the coenzyme oxidized to its



conposi.tion was prepared in each 2-L Sakaguchi flask and steamsterilized
at 120C for 20 m nutes. Medium conposition: Trypton 1.6~ (W vVv) 30 Yeast
*extract 1.0~ (wv) NaCd 0.5g (wv) Tap water pH 7.0 17 This medi um was
inoculated with 1 ml of a culture fluid of the strain M crococcus | uteus

| FO 13867 prepared in advance by preculture in the same nedium and shake
culture was carried out at 30C for 50 houss. 5 (Preparation of cell-free
extract) Cells were collected by centrifugation fromthe above culture
fluid (2 L) and washed wi th physiol ogical saline. Thus, 42 g of wet cells
of the abovered4Ged IRy CHRESHaLten MEeEre@t tects scoeneyBaspended in 170

L of 100 ”M&{M@ﬁﬁm@%ﬁﬂdﬂ“ Eo&éthéﬁ%@h”Erg%éﬁ’f%é‘”%e?é‘gf

phenyl met hyl sul fonyl fluoride viere added to respective final concenfrations
of 5 nmM and TRME W/ CARL T H cRe| FReREYRee u#%g%%%ﬁ@*éh@myswwlnp‘tféﬁh usheg

SONI FI RE 25Q,d pysieia Ofo A L IBRANS M 1. dhe cellsr §égyﬁfev‘€5 emé?ﬁ'é’%ffg from

the disrupted cell disruption by centrlfugatlon wher eby

cell-fre@ exqﬁ%ﬁﬁev%ﬁﬁcﬁﬁ%ﬁ?ﬂ&quavﬁﬁnﬁQﬁn@Qﬁ@é!@efr@h%?@nhﬁl@ﬁ?eQﬁlve
Anmoni um suli e dNess aghee tort D th 4 559 H@&li)?}&é h?e&&kér&ﬁfﬁgeéﬁfffﬁy

obt ai ned in the above manner to attain 400 saturation and thé resulting
precipitate Wy reENOVRRIRL e MYFEQIRRE Sy (ERFRHES t BPBY PFOEEUHFR, the pH of

the cel Ifre%@@ﬁ@ptddmf@qéﬁ@é@e%meﬂydg &8 Ao FENEHS @ﬂﬁ@&s@)s 25
Wil e the pH was nmaint égigal 7.0 in the same manner as 1 n the above

procedur e, éﬁmﬁﬁQﬁﬁ% QRRDFIA IS %&E@Qﬁ?od%ﬁﬂdﬁ?%%%@%%d|G4QQﬂ%ﬁ

centrlfugal|d§h§uﬁ&géﬁﬁ§gulg(b@ﬁgéb 6hsegaturation, and the resulting
precipitate was ¢ Iecteq¥%$£ rlfugatlon This precipitate was di ssol ved
in 10 mM 30 phosp Buf iéﬁ?@ﬁQﬁ CIH MG 20 v B eP ¥R Bethanol |,

and the sol utrivehiviasn cired yZ SNDOVESIH gt Fais| fGpd Do SPFEAdURS€ing glucose

dehydrogenase activity is used, the above reaction can be
carried out efficiently without separately preparing an

15 enzyme having coenzyme regenerating ability and adding the
same to the reaction system, although such reaction may
also be carried out by adding a coenzyme regeneration
system to the asymmetric reduction reaction system. Such
transformant can be obtained by inserting the DNA of the

20 invention and a DNA coding for a polypeptide having glucose
dehydrogenase activity into the same vector and introducing
this into a host, or by inserting these two DNAs
respectively into two different vectors belonging to
incompatible groups and introducing these into the same

25 host. Thus, a transformant containing an expression vector
comprising the DNA of the invention and the DNA coding for
a polypeptide having glucose dehydrogenase activity, or a
transformant containing both a first expression vector
containing the DNA of the invention and an expression

30 vector containing the DNA coding for a polypeptide having
glucose dehydrogenase activity can be used. As for the
polypeptide having glucose dehydrogenase activity, Bacillus

megaterium- derived one is preferred.




1 n.+ 18, (Phenyl sepharose colum chromat ography) Ammoni um sul fate was

di ssolved in'the crude enzyne sol ution obtained in the above nmanner to a
*final concentration of 1 M(while the pH of the crude enzyne 5 sol ution was
mai ntai ned at 7.0 using aqueous anmonia), and the solution was applied to a
Phenyl sepharose CL-4B (product of Pharmacia Biotech) colum (130 ni)
equilibrated in advance with 10 nM phosphate buffer (pH 7.0) containing 5
nmM 2- mer capt oet hanol and 1 M ammonium sul fate so as to to adsorb the
enzyne. After washing the colum with the same buffer, the active fraction
was el uted with a THheBFUGRIRII G YSFORDIR LAFELTIBY el fElen | Mto O M.

The active fﬂ:m:ﬁsmmmst C%'@@ﬁ@ﬂn?ﬁ‘@ddlbn% Yd&tn§Veroi Quh}BsH§éf'%5&? E?y%

2- mer capt oet hanol

h hate b 0) containin
Eegﬁgr gsg cg%njr; 1\g)h'r orRE 2)%‘?%‘%39‘5‘ cﬁ%d@qbnély%t%%l%?meob@aln%d in the

above mannerTyias lopptd @l d ©ide DRAFE S£PISE 05 €0 CLadB ﬁ@é@@.‘éfﬁg ofpEhar maci a
Bi ot ech) _col um %%% HH% uilibrated in advance 20 wit hosEhate
buffer (pH 75 f af é&ﬁ@??ﬁﬁ%ﬁﬁ@%aB?%éW%%%b?n§5ha§49dm&débr%5t

enzyme. After wasmdw td & AU R Y L t [18) SprBe s ieﬁvp%ﬁﬁoﬁﬂﬁiﬂ/@l”aﬁio“
was el uted mnth a Ilnea radient of NaCl (fromQO Mto The active

fractlon wast T it dt 3 e bverdi YRYeDEIRR| Hg qgsﬁRA%ﬁ@sphate
buffer (pH 7.0) causi rpxrtgj@:mrzrﬂeémmmzﬁﬁﬂpées(@ly@eﬁe&haf@é@tfﬁ&um
chr omat ogr ap, g The crude e sq%%élon obtained in the above 30_nanner
was applied t qﬁ (F RutTedFePrRFPdesh BrereeR) col um

(10 nl) 1eqU|WittH &U%nwh@w&d\lidﬂlﬁ&hmmo§p§@ép befhervé ot By Othe
containing S SRS GRAL Ot IR0 80, §P- 1 Qp PRSI DSy enayme. After vashing
In the following, this method is more specifically

described. First, the substrate N-benzyl-3-pyrrolidinone,
NADPH or a like coenzyme, and a culture of the above

15 transformant and/or a treated product thereof, are added to
an appropriate solvent, and the reaction is allowed to
proceed under stirring with the pH adjusted. This reaction
is carried out at a temperature of 10°C to 70°C, and the pH
is maintained at 4 to 10 during the reaction. The reaction

20 can be carried out batchwise or continuously. In the
batchwise, the reaction substrate is added to a charge
concentration of 0.1% to 70% (w/v). The treated product of
the transformant so referred to herein means, for example,
a crude extract, cultured cells, lyophilized organism

25 Dbodies, acetone-dried organism bodies, a disruption product
derived therefrom and the like. Further, these can be used
in the form of the enzyme itself or cells as such
immobilized by known means. This reaction is preferably
carried out in the presence of a coenzyme regeneration

30 system. For example, when, in carrying out this reaction,
a transformant capable of producing both the polypeptide of
the invention and glucose dehydrogenase is used, it is made

possible to markedly reduce the consumption of the coenzyme



t he«col.um with the sane buffer, the active fraction was eluted with a

| i near gradient of NaCl (fromO Mto 0.5 M. The active fraction was
'col l ected and dial yzed overni ght using 10 mM phosphate buffer (pH 7.0)
containing 5 mM 25 nercaptoethanol. (Cel filtration) The crude enzyne
solution obtained in the above manner was applied to a TSK- GEL G3000 SWKL
colum (product to of Tosoh) equilibrated5 n advance with 100 nmM phosphate
buffer (pH 7.0) containing 5 nM 2-nercapt oet hanol and |00 nM sodi um
sulfate, and the active fraction was eluted with the sane buffer. The
active fract?BniWEEneH| 2EL1RY FHACRAFRI 2 cBNOVEPACERONUSVAEERO nM phosphat e

buffer (pH 7.0) 15riconta Ni-Ngerdz PiM 2=gRF £30L QELHANGL o L9 8H VEy aPhe ,
el ectrophoretical ]y uniform purifjied enzyne preparation. Fbrelnafter this

enzyme is refRATEPR CHR BRI EXERPE P! al\fé‘é%iﬁ?’éﬁé%%lomeém%re For

properties) &mﬂ@kﬁm&s@%@h@@@ MEst EXANENER agrcénsenzy@éﬁs{;@a'
propertlgs Jb]ge enz activity was determ ned basically by adding t he
N-

subst r at \r7AUR ¥DI?H| e EACRMCTE h@sS cERRE yRELFREPRI (X167 MV) and
the enzyme tHilHk tddphosiphateabuidersd it foB) isahhqwi Bst Bepg588861HRAN tO

proceed at 30 te and neasuri the decrease in absorbance at the
wavel engt h éﬁg‘ﬁﬁiqugg¥ék?%ﬁgeI?rak?%dfg%ehP%%n%§Fr§cE9@rB+FB|ﬂBne with

NADPH as 30 dihgariengyheeminds peiodusedci Pl - Aebeazy! o3- pyLaehbdi apk whth an
opti cal purlt of, not ] ess than 99~ ee. 221 ‘%él mum acti on pH. The enzyne

activity was® 1 e3P bYER het S0ReR nethote %F t heduERd BF??%H@% of 4.0

to 7.0 asi ngrmqszpmn@t buif&ewe apﬂdrﬁﬁﬁé@t]@ybﬂlﬁf’@heﬁstﬁegﬂiéﬁt shshaakesul t,
t he optinunkgﬁ t.he actlo rrolldlnone was found to be

4.5t0 5.5 ]C?ﬁ}r%rr?%c %?f“%\%%]é?é %r% Tﬁ‘é fRhzyme activity agai nst

the substrate N- beh—zgénza_,ply-fS*{pyﬂrmmIemw,t echfch Daetd Heltee OisttllQe
erature ran e of .20 o 60C:

;Zgﬁn,ont n\gsoﬁs?én%gnf errpera uregae%\%fo oURE £ B2 bRE %r?% 4§%r ?xﬁml?l?/bll%ul ar
wei ght The M@mmod\edeﬁrtrxﬁed his &nzAn®4vnc64 66t erm ned by !, gel
the el UdRt 100 T OLBRECR T i ot o B 8Flafhond ) Fofhate
benzyl-3-pyrrolidinol can be determined by gas
chromatography (column: Uniport B 10% PEG-20M (3.0 mm ID X
1.0 m), column temperature: 200°C, carrier gas: nitrogen,
detection: FID). The optical purity of (S)-N-benzyl-3-

20 pyrrolidinol can be measured by high performance liquid
chromatography (column: Chiralcel OB (product of Daicel
Chemical Industries), eluent: n-
hexane/isopropanol/diethylamine = 950/50/1, flow rate: 1
ml/min, detection: 254 nm).

25 Thus, according to the present invention, it is
possible to efficiently produce the polypeptide included in
the present invention and, by utilizing the same, an
advantageous, production method of (S)-N-benzyl-3-
pyrrolidinol is provided.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a chart of the nucleotide sequence of the
DNA as determined in Example 3 and the amino acid sequence



15 %.0). .containing S nM 2- ner capt oet hanol and 100 mM sodi um sul fate. The
nol ecul ar wei ght of the subunit of the enzynme was cal culated fromthe
‘relative nmobility relative to reference proteins in SDS-pol yacryl am de gel
el ectrophoresis. As a result, the nolecular weight of the 20 enzyne was
found to be about 29,000 as determ ned by gel filtration analysis or about
35,000 as determ ned by SDSpol yacryl am deegel el ectrophoretic analysis. (9S)
I nhibitors: The reaction was repeated with the addition of il 25 various
metal ions and inhibitors shown in Table 1 and, with the activity w thout
addi tion beitRFUEAETRATADN - the relative activities upon addition thereof
wer e exam ned. Pasrishown i T t

di val ent copper |on%PTabﬁgnfj%Hé%%x?fgﬁﬁgzﬁ%lt|on T %éﬁ%?#atlg%g be

act i vi t y( MmO b AT Bid wISRED . a6 157ermpbd 99 AT 21189 My'S0Uc£19€1)

10- Phenant hrigld 1905, 5- Di phenyl hydant oi n0. 599EDTA188PMSF189PCVB0. 1?8DTNBO.
0l 931 odoaceti ¢ aci d1lggNEML94Quer ceti n0. 0194 (Exanple 3: Coning of BRD
gene) (PFeparation of synthetic oligonucl eotide probes) The purified BRD

obtained in Exanpl e Ipp@s Mbmestesk Ak ProvbHe m@cmﬁmﬂ%wed trypsin
(product of Wako Pure Chem cal |ndustries), and the am no acid sequences of

peptide fragnents diHePWigre Fd@t‘@?lrﬁ%ejdlhﬁ%%ltmeg)zowt protein

sequencer (ppditetice! ferddin i enhe Based obdist ABNBAG L eqUENce, o
DNA pri rrers sho under 0 SEhQ’eCI%v‘:é% and SEQ in the sequence
t

listing weré el F%%a?r%%%%%rlnY¢®%+@$rcatlon of BRD

gene by1PCR) The clurtenusein -JMNNIMSs @ﬁd%ﬁ%ﬂf&f&&ﬂi%ﬁﬂm&m I's 15 of
the strain Mcro occus gﬁ&ﬁ IFO 13867 by t he net hod. of rray et al.

(Nucl ., Aci &€ DRFY - US$nin u%?%gf?%%o‘ﬂ\%gp@i‘%ﬁa%es
prepared as amtdemmikadw\am tﬁ@?ﬂmﬁlmmq erh et athids t he chronpsonal DNA
obt ai ned as the t%ﬂﬂ] reupon &gw&gltgnent (about 250 bp) supposed

ecular onlng, Ion (Cold Spring Harbor
Laboratory Press, 1989);
15 Current Protocols in Molecular Biology (Greene

Publishing Associates and Wiley-Interscience).

(Example 1: Purification of enzyme)
An enzyme having the activity in asymmetrically
20 reducing N-benzyl-3-pyrrolidinone to produce (S)-N-benzyl-
3-pyrrolidinol was uniformly purified from the strain

Micrococcus luteus IFO 13867 in the following manner.

(Cultivation of the strain Micrococcus luteus IFO 13867)
25 A liquid medium (400 mL) having the following
composition was prepared in each 2-L Sakaguchi flask and

steam-sterilized at 120°C for 20 minutes.

Medium composition:

Trypton 1.6% (w/v)
30 Yeast extract 1.0% (w/v)
NacCl 0.5% (w/v)

Tap water
pH 7.0



22 t.0 be part of the BRD gene was anplified. (Construction of chronosonal
DNA |ibrary) The chronpbsomal DNA of the strain M crococcus luteus 5 I FO
*13867 was conpletely digested with the restriction enzyne BanH , foll owed
by separation by agarose gel electrophoresis. Then, using the DNA fragnent
obtained in the above manner (about 250 bp) as the probe, the digest of the
chronosomal DNA was anal yzed by the Southé&rn nethod (J. 10 Mol. Biol., 98,
503 (1975)) (the labeling of the DNA probe and detection thereof being

carried out using the Gene |Imges | abeling/detection system (product of
Amershan)). As a resd fledlUNAET dgmahlafediboizh 41 sukiofes ¢wlivdre o

hybri di ze witiuihe mbowe DV Oberdh INeS o 0% fus R0 2DOYEy digest uas

subj ected to separation by agarose gel” erect esls, and
kb DNA fragnehtiYamIce rae RAes @il LU s DN fyamene &l ver candserake into t he

vector pl asmiul fildd Wdprauduete dfohakay & Shuzeyr ato the,BarH site thereof,

foll owed_by 20 introduction into the strain Escherichia coli JML09 (product
of Takara Shuzo). A chronosonal DNA library of this strain was thus

construct ed. (HrSgeem itth off tdel chi osomadta NA Tibrary) 25 Using the DNA
fragment obt ai nedé:j(?r]_| t he above manner as the probe, the chronpbsonmal DNA

library construct 15 MRF SR e Stk P Yieke it b} Std il an Bt abgve he

col ony hybr idlilzaideore netdiog (t)head@baldmey afi ¢h %@I&@?cé‘l‘ds&’ﬂﬁé“ on
t her eof bei car rdzed (r)QSﬁ:1 u5| ng the CGene | nages 30 | abel T ng/ det ecti on
glg)d'lt Srof* SArte

system (pro Jt%é’fextﬁbﬁ‘lar%‘f%lsﬁmdﬂ?ﬁe bkl pedf or med
accor di ng t THdwe nwwaielamt a/i‘él&d Suspdreisy strem 70 ASL 8 £ e50ld tONe posi ti ve

col ony was q he for reco nant plasmd pUcC " 23 BB,
produced by ?'ﬁ’ Bﬁdtoen-g {rf oru{ﬁq'}ﬂ.e 'H? W%?%W?Q%i‘n #its positive
col ony was wwmmmmﬁmw&mlm@lm@M@d@@mlr%@tm 5
(Determ nat'fﬁ%ﬁf crg)l%lccle% e sequelf r@%’ {{eézvgbl nant % sm d pUC- BB

obt ai ned i n tThé above msmrnae RS SRSt cEFbhS eXeFres
and t he resudkhmgsm:gmsn}ordﬁsrram ushare SoNt yzEl, zsmd (Bré@stt i gfion
enzynme th ared Then, 10 reconbl nt plasm ds
vverg const r\ué?%g\]@ i n?é ﬁgqvgg EeﬁNﬂeFleaér?g}?tvsedol;rrﬁnhgﬁleonpt he

occasi on of dilsevgimde caridl )dsusacupnmrplﬂg Q:a*ttrtm(jwtticbm,l Ofth érge 1Sy t B8 0 het, eof .

Usi ng these feconhina the n eot i de sequences of each inserted
fragnent was i%a{g%zgd%sﬁ%nae% ﬁl\h * Term nator Cycl e Sequenci ng

Ready Reaction Kit (product of Perkl n El rrer) and ABlI 373A DNA Sequencer
(product of =] fataenﬁxtaibetzt% elotr;L de sequence of a DNA fragnent

(about 1.4 k suppose o contain et gene was determ ned. That
nucl eot 28e sequenéamon igkown lifie thR gJaSZ(BszdedAs:of and hil staolucddirial gene

portion in Té%'l%—@a!@ee%t}dtﬁi%c%e%ﬂﬁfé %ﬁ& g amdg, %r@%ﬂgegpq €, deduced from

t hat nucl eoti de sequence is ow t he nuc uence in Fig. 1:
As a result 46f Eeyaditdeon @fnd( mlv@ FEng- Haig muam@m twag heerpaved aby

amno acid %%%%Qﬁ@%q%&fwngq%MQQng'thls procedure, the pH of the cell-

free extract was maintained at 7.0 using aqueous ammonia).

25 While the pH was maintained at 7.0 in the same manner as in
the above procedure, ammonium sulfate was further added to
and dissolved in this centrifugation supernatant to attain
65% saturation, and the resulting precipitate was collected
by centrifugation. This precipitate was dissolved in 10 mM

30 phosphate buffer (pH 7.0) containing 5 mM 2-mercaptoethanol,
and the solution was dialyzed overnight using the same
buffer.



25 firagnments of purified BRD by trypsin, the whole partial am no acid
sequence of purified BRD was found to exist in the amno acid sequence
*deduced fromthe nucl eoti de sequence and to be quite identical in that
portion (the underlined am no acid sequence in Fig. 1). Thus, that gene 30
was judged to be the BRD gene. (Exanple 4: Construction of BRD
gene-cont ai ni ng reconbi nant pl asm d) 24.8A doubl e-stranded DNA resulting
fromaddition of an Ndel site to the initiation codon portion of the
structural g e of BRD and further addition, just behind the 3 term nus

t her eof , Bt NSRRI QIRIOTP Y HHA) CRFRPAFOEEBREYE cl eavage poi nt was

obt ai ned | n t he fcrinhrmlrtgn e te B@@%P@séb@e@uﬁﬂ e@&é der S@IUSREEne
det erm ned |§r;qf>< an Ntermnal primer with an Ndel site added to
the initiati Lb%h %Wl%ef t}e B %j%?ﬁée JMRReT- terdi hlrabNA priner with

a terninati arorcesione {TAN &ndl an BEeRle sthe %1_h 9 gfdede] dstiqbebhpgnthe 3’

term nus_of the same gene were S%‘/ <%hem zed. e nucl eoti de sequences of

these two prifet St &' Eh IR ¥ 1'D AOUS1BH @ TEeP YD RPNBRia) ¢ hand
sequence ||sﬁnengsoustrtg1t»bw§eapy\pl§d/nweilph&h\!{r\lpéé ABosbOgELEr With the

plasm d pUC n Exanple 3 as the 1 te, a doub| e-stranded
DNA was awm{%5%§?§®'$£;% ?%?ﬁﬁﬁﬁﬁ oD %T%gg aﬁsmﬁig%g?éﬁlgf?ﬁeﬂher
?C\% gc;)ORg,G aird adxﬁmmhgbitmmdrmgrmmsthé F&S@ff@? I(?HoTt@)e ebasal i RYCNT

4 1 e el Rl _sijte treamof the Lac pronoter to give
a reconbi na:? “g{‘aésrﬁ‘%lr Wq’fb“ E@T‘ﬁlm AN B S bt LZhe n&° DAF g&P no
sequencaot o aisitle tipstereaymof I‘AI“E(E::eE:‘RIi)hm:r’.Leh)gI Rfe addiainti ﬁ«gnhi whbé Qs\éﬁrled f
expressi on gene in Escherichia co m d yas obt ai ned from
the 25 pl as(ngdé 591 p%?le‘ﬁe% FEarpt &4 %° b?/i’ﬂ*éﬁ?ywh@?i fg ’trﬁ%ar
E. coli-deri \@Iacsmme c[ﬁlganmmecmmrmé9 bases) Mota SiMp. upHd eadfiofe t he
initiation cadon of t e as. f ws. . First | asm d was
const ruct ed y(%%ﬁ%ér |ng |§%{§9 &%?f 25¢ ?%%r%?g%giuﬁkﬁgeggﬁﬁﬁ 30
vect or pUCNPhsshatte Exaffde @oH o7.10) bycdnhieaM@gre.‘B had . 2 Thencapbodehenal nal

DNA priggr resulting fromaddition of the E. coli -derived Shine-Dal garno
sequence (9 bases) at 5 bases upstreamof the initiation codon of the BRD

gene ,, 25 wmos&@qm Ghiond hegsaguence |isti ng and further
addi tion of an Ec A4 ence and a
C-term nal DNA pr ?ﬂrﬁeersdre‘;ﬁu tin r(t:)gerélg’{ C%I on ﬂ?e(gaicr?aéstp e us? behi nd

the 3' termBAN®H Yafe applied to a DEAE sepharose CL-4B (product of
Pharmacia Biotech) column (20 mL) equilibrated in advance
20 with 10 mM phosphate buffer (pH 7.0) containing 5 mM 2-
mercaptoethanol so as to adsorb the enzyme. After washing
the column with the same buffer, the active fraction was
eluted with a linear gradient of NaCl (from O M to 1.0 M).
The active fraction was collected and dialyzed overnight
25 using 10 mM phosphate buffer (pH 7.0) containing 5 mM 2-

mercaptoethanol.

(Blue Sepharose column chromatography)
The crude enzyme solution obtained in the above
30 manner was applied to a Blue Sepharose CL-6B (product of
Pharmacia Biotech) column (10 ml) equilibrated in advance
with 20 mM phosphate buffer (pH 6.0) containing 5 mM 2-
mercaptoethanol so as to adsorb the enzyme. After washing



5 sane .gene were synthesized in the conventional manner. The nucl eoti de
sequences of ‘these two priners are shown under SEQ ID NO:7 and SEQ I D NO: 8
*in the sequence listing. Using these two DNA priners, with the plasmd
PNTBR constructedin Exanple 4 as the tenplate, a doubl e-stranded DNA was to
synt hesi zed by PCR. The DNA fragnent obtained was digested with EcoRl and
Sacl, and the resulting fragnent was insamsted into the plasmd pUCT at the
EcoRI - Sacl site (downstreamof the lac pronoter) to give a reconbinant
plasm d pTBH. 15 (Exanple 6: Reduction in GCratio in BRD gene) For further
attaining hi'gh | SREIMRYH e st 2Ane el BREY geble| acEl kel fra@tpozaswaa pTSBH

was const rucd Bgk &y ﬁ%tétyiﬁé@ra?%éﬁﬂ"%f'ﬁa@ ﬁkbﬁ hoy g@eo%gﬁf?”t
from 2o the %Hg to 118th base of the sane gene in pl asmi

construct ed 1 BapYe Saakidpurasl @@l%@t@%eaﬁ% ﬁbabw@ds@@iﬁéﬁé@htoded
t her eby, as d@i:ﬁ@%‘o M Osnibd on St & apdese PN ayi 69 &Bﬁtéfﬂyﬁecg RROyD under

SEQ ID NQ:9 in the sequence |listing was prepared by the 25 Conventi onal
met hod. Thi SPSREERIF éh%ﬂp%utlw EcoRl and Xhol, and a plasnid pTSBH
substituted for the DNA fragment detached from pTBH by digestion with the
same restri cééé)ﬂgdgné%rrres, and containing a 5 termnal portion of the BRD
gene was obt Ie 7: Construction of reconbinant plasmd

cont ai ni ng both BF@[Plenge@cbrgi S@ﬂ@iw&mg@@@ﬁ@e@eﬂ@)tfed%%@ stranded
DNA resul ting from addition o |1 _-derived Shine- Dal gar no

sequence (9 Y YRS FRRGER u’b%t?e%%{o@mfh%3??19t$rﬁ¥¥oﬁ°%%’én Pprognet
strai n Baci |dmswmga)t egduiim 1AM 330t fles dvetc gl weogel dehydr se8538 8 e

(herelnafte erréﬂgt ene, of a Sacl cleavage ol nt |ust
before the &Y nﬁe&an%o 2 ]g“ We‘%\%ﬁﬁcﬁmﬂ?g’i‘%‘?fb%@n@@he
term nation modnmm gukepsted anmd ttiee fodt D ngrar@ﬂﬂ@ﬂi ngsgﬂu@@dtdaﬁth
nucl eot i de giq%ence i,nf natlﬁn ab%#é_the GDH t erm pal

primer resul tthg Trom Hdditi o Ve ddigctd |"(Fe% q%hﬁﬁtr?éj B4 ar no
sequence (9 dmaes]qsaecatoxsemas@st ups;m@am QﬁMtﬂﬂleoatplh&t@tb@ﬂfé@d@ﬁHO? bhe

structu of rther d| t.ion a Sacl cl eavage point just
bef or e é%e g%%eals%l?_i éeﬁ’I a%dn%r?f‘}? PR ERODNEC pfFher3Pesul ting from

addi ti on of eﬂdﬂﬂﬁﬁphﬂﬁ&t4¢Emlymﬁniibtmmap&rﬁfﬂ@dl@ng@dopréﬁaﬁitibﬁ
struct ural e. synt hesi zed the onvent i | method. The
nucl eot i de sequences? !otf kélssz r\lA%an?th%rrs Fe- S Hhohn ﬁ‘ﬂdlgﬁgSEQ | D NO: 10 and
SEQ I D NO: 11, respectlvely in the sequence listing. Using these two DNA
priners, together Wdh.th r, J. . .Biaochem .20 |86, 389
(1989)) as tﬁ(e teﬁ\g a?e ﬁeg %%@g{&%ﬁ e%ﬁme\/\gg?fﬁtﬁ?a zed by PCR. The
DNA fragfent obt ai TR eegy et gestesichan tWaSSawtarﬁaJrrmchaffrb-ﬂ #nsl i nserted into
the Sacl - Ba@ﬂz§ﬂ&fb#fg¥%”ﬂf{§kf¥wg§tr Inanp%% %@%? g the pTSBH

constructed in Ive a reco
etermlned basically by adding the substrate N-benzyl-3-
pyrrolidinone (1 mM), the coenzyme NADPH (0.167 mM) and the
enzyme to 100 mM phosphate buffer (pH 6.5), allowing the
25 reaction to proceed at 30°C for 1 minute and measuring the

decrease in absorbance at the wavelength 340 nm.

(1) Action:
It acted on N-benzyl-3-pyrrolidinone with NADPH as
30 the coenzyme and produced (S)-N-benzyl-3-pyrrolidinol with
an optical purity of not less than 99% ee.
(2) Optimum action pH:

The enzyme activity was measured by the above method



- 2'5.:_pTSBG . The method of co'nstrtjcti’ng pTSBGI and th‘e sfruCture thereot are

shown in Fig. 2. (Exanple 8: Production of reconbinant E.coli) E. coli HB101

« (product of Takara Shuzo) was 30 transformed using the reconbi nant plasm-ds
pTBH, pSTBH and pTSBA obtained in Exanples 5, 6 and 7, to give reconbi nant

E.coli HB101 (pTBH), HB101 (pTSBH) and HB101l (pTSBA), respectivel y. Anong

the thus-obtained transformants, =~ 27 E.ggol i HB101 (pTSBH) and HB101.

(pTSBA) have been deposited with the National Institute of Advanced

I'ndustrial Science and Technol ogy | nternational Patent O gani sm Deposi tary |

(Address: Geithat fhe IpH Higgshd £ 14 chose, 7 Te uksibag GhyspBatapakEer

Prefecture, pa und e _accessi op_nunb FERM BP- 7118 (deposition
‘date: Apri lar@ %%) ek?]‘ﬂ%??‘u’é %%c%?%‘llgﬁeﬁun%bﬁr FERN R 7 4 (QRIPIR i on -
" date: Apri |pm1for20me) aces@ecsn Vetyen £yiI + hepyr £ 6B1 @laché dwRSDASuAd - t&i ol .

Chem, (19 9 % 45 381) was doubl e-digested with EcoRI and Pstl and
t he thus-ob al ned fragment (about 0.9 kb) containing the Bacillus
nmegat er bum {3NG3- digrt inedn G iganetamgseraseréed i nto the piasmd pSTV28
(product of Takar Shuzo at t.he EcCORIPstl site thereof to caonstruct_a
reconbi nant pl asm ae CJEW FETIS Y psBY Ei?'r%l'b‘éatc% Y-

advance by Eg,b&lg_ahgdngm ostrtelrte:l:e et haroe wasnt t@nst Olftli@dré\actthléthlﬁasﬁﬂ asmd

Obtainod iR SO Y e RRe T Y Seotbi Rk - BRI )

The reconbignarasiI cdtlie HBHOImnp TRH)p aral kB4 Oda § PGB tobtise nea° ntcEXarrpI e

-8 were gacmssd@ke cultured on 2 X YT nedi um cont ai ni ng 200 ug/ m of
“anpicilTin at 28C for 15 hours. A 1-m portion of this preculture fluid was
25 inocul atéd i nMelEg0ildr ofeightedi um sterilized by autoclaving in a 500-m.

??;S?gﬁgi I)l fl1fl’(/o ?\r}?le) Qr%ntr:to yeaivfesie(i}fract% t%%% r’(Oév?ffm 1vgaosd%ﬁ%ﬂ?ld}?cgebyo 8%

(w'v) pot a@h@ﬂlwmﬂlm;ﬂﬁéﬂ% GE 10553 00 \§Wiiagreelinm &mrcsducftat e

.Egg;g?ydggfcgﬁd Iggt&ﬂ tc%ﬁpf)H \(IS! degl sha eL?(?t ur gghodslsbcr%:aaér)erlbe DQR%SOC for

60 hout8. Cel smt@m%siwf&mﬁmtmmm@ fanﬂdls)ﬂaynwssorguan 28 5.
10 sulfate. The molecular weight of the subunit of the enzyme

was calculated from the relative mobility relative to
reference proteins in SDS-polyacrylamide gel
electrophoresis. As a result, the molecular weight of the

20 enzyme was found to be about 29,000 as determined by gel
filtration analysis or about 35,000 as determined by SDS-
polyacrylamide gel electrophoretic analySLS
(5) Inhibitors:

The reaction was repeated with the addition of

25 various metal ions and inhibitors shown in Table 1 and,
with the activity withdut addition being taken as,100%, the
relative activities upon addition thereof were examined.
As shown in Table 1, the enzyme was inhibited by the

» divalent copper ion. |

30
Table 1



15 20 25 centrifuge, then suspended in 100 mM phosphate buffer (pH 6.5) and
ultrasonically disrupted to give a cell-free extract. The BRD activity of
‘this cell-free extract was determned in the followi ng manner. Thus, the
BRD activity was determ ned by adding the substrate N benzyl-3pyrrolidi none
(1 mM, the coenzyne NADPH (0.167 m\M and the enzyne to 100 mM phosphat e
buffer (pH 6.5) and neasuring the decreasa i n absorbance at the wavel ength
340 nm at 30C. The enzyne activity capable of oxidizing 1 unol of NADPH to
NADP in | mnute under these reaction conditions was defined as 1 unit.
Thus- det er m ned—BRD-activities of the cell-free extracts were expressed in
terns of speci@dnpoasd i vity and conﬁé@%ﬂ“ﬁY@hRﬁﬁaﬁaé?“Whe transf or mant
hol di ng the vegt-er—phasHi-d—pUChN—Codfison was®™lso made with the BRD
activity of a -free extract derived fromthe!®train M crococcus | uteus
| FO 13867 as p red in the same mannér as in ER&nple 1. The results thus
obtained are $hé®a in Table 2. Table R.INane of sté& ai nSpecific BRD
activity(U ng)E. coli HB101(pUCNT)<0.01E. coli HBLlGL(pTBH) 0. 06E. col

HB101( pTSBH) 0.2a3®} cr ococcus | uteus | FQ 138670. 06g94\s for E. coli HB101
(pTSBH), a di ggjdict increase in BRD acfivity was Qbserved as conpared with
E.coli HB101 QP ) which is transforfed with the vector plasmd al one
and, when co ed with the strain M crococcus | &1 eus | FO 13867, the
activity masng WESPARPNE hi gher. 2B (Exanpl €940: Si nul t aneous
expressi on of “RROPARYIREEIPH reconbi ndfft E. coli)®Fhe reconbi nant E. coli
HB101 (pTSBG d HB101 5 (pTSBH, pSTVG) obtain8d in Exanple 8 were

cul tured and ed in the sane mannet as in Ex le 9 to give the
respective ce g €€ extracts, whi ch e assayef’for GDH activity in the

foll ow ng man %%aéﬁhe.gDH activity was’determ nedt’ by adding the substrate
gl ucose (0.1 %ﬁ%aT coenzynme NADP kz mMV) and®f{ he enzynme to 1 MTris
hydr ochl ori de h}f&{ (pH 8.0) and ne ing the crease in absorbance at
t he wavel engt : CRVE | e of reducing 1

unol of NADP to NADPH in 1 mi nute under these reaction conditions was
defined as 1 15 unit. The BRD activity was al so determned in the sane

nmanner as i n(ExAPIE P Bl%-igl%%refsn?g?j g%I?I%[g)and GDH activities of the

cell-free extracts were each _ imterns of specific activity and
conpar ed wi t HFEeRAER BlfOIE. @l $YHBI9A1 ¢ paSBrynanteeBide PPUCRE) which is

tT;zganfgrrTed 20 wi tihd R veeted BHPWbrdeed eo4! £8aRs e SHOWRS 1 §: JADLES3:
5 with bovine pancreas-derived trypsin (product of Wako Pure
Chemical Industries), and the amino acid sequences of
peptide fragments obtained were determined using ABI 492
model protein sequencer (product of Perkin Elmer). Based
on this amino acid sequence, two DNA primers shown under
10 SEQ ID NO:3 and SEQ ID NO:4 in the sequence listing were

synthesized in the conventional manner.

(Amplification of BRD gene by PCR)
The chromosomal DNA was extracted from cultured cells
15 of the strain Micrococcus luteus IFO 13867 by the method of
Murray et al. (Nucl., Acids Res. 8:4321-4325 (1980)). Then,
using the DNA primers prepared as mentioned above, PCR was
carried out with the chromosomal DNA obtained as the

template, whereupon a DNA fragment (about 250 bp) supposed



Nane of .strain Specific BRD activity Specific GDH activity (U ng) (U ng)

. E.coli HB1O1(pUCNT)<0.01<0.01E. coli HB101(pTSBH) 0. 61<0. O1E. col

*HB101( pTSBA ) 0. 5289E. col i HB101(pTSBH, STVG)0.693.2 As for E. coli HB101
(pTSBA ) and HB101 (pTSBH, pSTVG, 25 distinct increases in BRD activity
and GDH activity were observed as conpared with E coli HB101 (pUCNT) which
is transformed with the vector plasm d al2@ne. 30 (Exanple 11: Synthesis
of (S)-N-benzyl-3-pyrrolidinol from N benzyl -3-pyrrolidi none using

r ecombi nant E coli produced by introduction of BRD gene) 5 The culture
fluid of the-? RdmAfarmt E%%@Rmmme(mwpbbfaeged in Exanple 9 was
ultrasonically dlsrupted using SONI FI RE 250 (product of BRANSON). To 25 mi
of this cell disrupt on fluid were added 1, 350 U of gl ucose dehydrogenase
(product of WrRIN-BHrTRR ef i Sa¥ymosomaly At bibFaksse, 3.0 ng of NADP and

0.25 g of Nbenzylfwwﬂﬁm&&m Dwﬁi{llcbﬁ i szﬁ@ﬁﬁll@ﬂc%ééé'é@sv@étéuérred
at 30C:mﬁthN£%% g%ed to 6. %%9 %droch oriT acid or sodrum
hydr oxi d&, ﬁg§$ Yﬁﬁr?ﬁmQﬂ B m%%g%ﬂ Y YheRetBeareahrigtépnal of
0. 25¢g/ hOUf Al @re BERHT ONEOT 1 Bwdd E@tﬁépé)faglgngb?f agarose gel
N- benzyl - %/{rol i di.none,, stirring was further continued for~20 hours.

e

Af t er corrpl PR HMEE T Eaict iTEN 2 U5 109 dthey BiAV HRAMEMAE <RiainAd o

sodi um hydr oxi¢dleavése asieter t Meodh Xt 25@ ky‘@ﬁ extepet gdomk} hehol Hegestapd the
sol vent was r.enoved. Anam,\%i %ng the re ting 20 extract reveal éd that
N- benzyl - 3- py#% STHRHETO éW%%dP?%@W %dyg%lﬁheTﬁ%Ut hern mathod. (J-

N-benzyho3- pyox olBib ol 98 odsiced( D9 $hAt ( ’ﬁl@@a§a@@lM§ bhetSef DA PrbBean
The guantify o

N benayl 3. P14 1 TR Tote sHeFRF2D BRHSg1 S35 Pyt OPF bl Hot daSh BcPERf ned by
gas chr omat ainagpdyy ](Mlxrmg/dﬁt@@ﬂ:iozB é@s*teEEG(ﬁﬁoMléB @fm&mé%mﬂ; p.m,
opti cal puriity SN Broy - SERgRTOr | o roro st bt BPrithBdtB %ﬂi 5
per f or mance Hylgui il 2d rvointett otgtneapdrtyoﬁo Iémzolplmbe Chi ral cel 03 (pr oduct of
050/ 50/ P21 ow r at b LB T T HETLLT] GO o0 g B el & 12
Synthe5|s of s rat mm Ayy égqmwseﬂgeﬂrmﬂeétrm@hbb@@tgl 3n@y4ralkﬁlﬂ@ne
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were inserted into the vector plasmid pUCl9 (product of
Takara Shuzo) at the BamHI site thereof, followed by
20 introduction into the strain Escherichia coli JM109

(product of Takara Shuzo). A chromosomal DNA library of

this strain was thus constructed.

(Screening of the chromosomal DNA library)

25 Using the DNA fragment obtained in the above manner
as the probe, the chromosomal DNA library constructed in
the above manner was subjected to screening by the colony
hybridization method (the labeling of the DNA probe and
detection thereof being carried out using the Gene Images

30 labeling/detection system (product of Amersham) and the
experimental procedure being performed according to the
manual attached to the system). As a result, one positive

colony was obtained. Therefore, a recombinant plasmid pUC-



5 To 25.mM of the culture fluid of the reconbinant E coli HB101l (pTSBQ)
obtained in Exanple 9 were added 2.5 g of glucose, 3.0 ng of NADP and 0. 25
‘g of N-benzyl -3pyrrolidinone. Waile this reaction mxture was stirred at
30C with pH adjusted to 6.5 using 5 M hydrochloric acid or 10 sodi um

hydr oxi de, N benzyl-3-pyrrolidinone was added thereto at an interval of
0.259/2 hours. After addition of a total a&% 1.0 g of

N- benzyl - 3- pyrrol i di none, stirring mas further continued for 17 hours.
After conpletion of the reaction, M aqueous sol ution of

sodi um 15 hy@R oxPHedyeed a%ﬂeﬂns?hiél?ﬁlx@ﬁr Ehﬁ/aQNéxt(ﬁéétléd‘lv\ﬁt kbt ol uene, and

t he solvent &@@aiﬁ@@VﬁﬂomA@@iyspésﬁflﬁgecé@@HbtWBQ géiééEEdrggeélﬁﬁDthat
N- benzyl - %%rolidinol was obtained in 920 yie

N-benzyl - ?%T?ﬂ?h%’rnb?%d%@am%ﬁotlhbtD%c‘éé%ﬁ was the Sformwith an
opti cal purity of not less 20 than 99~ ee. (Exanple 13: Synthesis of
rrolidinol from N benzyl -3-pyrrolidi none using reconbi nant

S) - N benzyl - 3-
E %O|I cépgbi§e€¥r%thﬁit%ﬂe%ﬁsneﬁb?%gég%ns%ﬁuBﬁEﬁénd gl ucose 25

dehydrogenase) To Pge nte&mb heactl yé@nich%@c%BtbﬁtéﬁﬁQ&biHaﬁﬁeEaBQbé
HB101 (pTSBH, E)STVG) obt ai ned i n were added 2.5 g of gl ucose,

my of NADP %@ESN@So?r%ﬁE%Qleghpgng?Pﬁiﬁ%ﬁEer%FPé ERZETPEadhfloRhe

m xture mas:SQS@Itim@ddﬁ§e§@£bmﬂfha@ﬁéﬁﬂhuﬁéﬁé &ﬂa§y§e§§|86d5a
hydrochl oric_acid. or, sodi um h% ‘FﬁXI de, N-benz yrrol 1 di none was added
g

thereto at &ty nteF v ofReYB BEY IR Pap Eééirtepénw&is greseaedof 3heng of

N 32 1benzydc@upymant i ol Honeds anefélda@nsvaﬁu&uéahey @ﬁ@érauﬁg {akidfis
hour s. Afterdig | eti on_of the, reg aqueous sol ution
X

. ctiogE g
of sodi um hyR LRI 3 R ?eoﬁ%%se?PraétE SwPPRVEol uene, and
the sol vent awsl$sienoved. pUond yst stioé mdnettesuhtn@gsextar askreeyeal ed t hat

N-b | - | | bt d 93%
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from No@fzyll 3- gyr foix dnhr@o@é:rulmtmgaducgerter grsftoraranirs. thi8hucleotide
sequence, the amino acid sequence deduced from that
nucleotide sequence is shown below the nucleotide sequence
in Fig. 1. As a result of comparison of this amino acid
sequence with the partial amino acid sequence of digested
25 fragments of purified BRD by trypsin, the whole partial
amino acid sequence of purified BRD was found to exist in
the amino acid sequence deduced from the nucleotide
sequence and to be quite identical in that portion (the
underlined amino acid sequence in Fig. 1). Thus, that gene
30 was judged to be the BRD gene.

(Example 4: Construction of BRD gene-containing
recombinant plasmid)



CLAL~S .1. A pal ypeptide having the follow ng pkrysa, cachem cal. properties
(1) .ta(5) -: 5{1) Action: It asymetrically reduces

‘N- benzyl - ~- pyxx~al i di nan, e to pxaduGe (5)-N-benzyl-3-pyrrolidinal with
NADPH as a coenzynme; ( 2 ) Cptim-,un action pH: 4. 5to 5. S; (3
pptimum action te2nperature: 40C to 45C, i0 (4) Ma~.ecul,ar weight: A)aout
29,000 as determned by gel filtration ar2l ysis, about ~5, Q ~0 as

determ ned by SDS-pol yacryl am de gei electrophoresis analysis; (5)
Tnhibitar: It is |nh| bited by the dival ent copper ion. 15 2. A pol ypeptide
described in the fbl %ijﬁg"ifat)arﬁ?‘eq HANA aye fl bl §Hept pHeadai Tt hent BB ami no

aci d sequengeisShayvaingert1REQ A1 £i NA dn i Bolibg ﬁ@gHﬁaﬁeok'§Bén9trggtﬁ931

pol ypepti de haying_an am no acid sequence obtainable fromthe amno acid

sequence shdFI&ifierBPREGTA Norther npdRbt segueheat| behing b?esébst i tutzan,

insertion, dededirans atidesoaddht i One Ofn ONEE Obn MBE&LAM(PRARCLAS 2Rz haNing
enzyne act|V|t I n as nnetrlcaJ%g reduci ng N25 benz I-3-p Xra~.1d~.z~an, e

to produée (%% 2X¢Pe DB YRS rpFa et 1B, tﬁﬁef%éi9ﬁébglHén%ﬁii}cﬁﬁﬁ%ﬁto

Caiml or Zmhiid mﬁc:d%w@éi éé@ﬂ%@%én &é@@fg@ﬂéém@eﬂsfaaﬂpmg % 312 ﬁbga g
enus M i cxacaccus. e eptl de accordin Claim3 er el |
21 cx~o0oxgaxsd SHF &t t%sﬁ&%‘?}/ &F%c%‘% &t %P faded 6 tne

initiation codon part of the BRD gene and a C-terminal DNA
primer with a termination codon (TRA) and an EcoRI site

10 added just behind the 3’ terminus of the same gene were
synthesized. The nucleotide sequences of these two primers
are shown under SEQ ID NO:5 and SEQ ID NO:6 in the sequence
listing. Using these two synthetic DNA primers, together
with the plasmid pUC-BB obtained in Example 3 as the

15 template, a double-stranded DNA was amplified by PCR. The
DNA fragment obtained was digested with NdeI and EcoRI, and
the resulting fragment was inserted into the plasmid pUCNT
(WO 94/03613) at the Ndel-EcoRI site downstream of the lac
promoter to give a recombinant plasmid pNTBR.

20
(Example 5: Addition of Shine-Dalgarno sequence to a site
upstream of the BRD gene)

For attaining high level expression of the BRD gene

in Escherichia coli, a plasmid was obtained from the

25 plasmid pNTBR prepared in Example 4 by newly adding the
E.coli-derived Shine-Dalgarno sequence (9 bases) to a site
upstream of the initiation codon of the same gene, as
follows. First, a plasmid pUCT was constructed by
converting G in the Ndel site of the E.coli expression

30 vector pUCNT used in Example 4 to T by the PCR method.
Then, an N-terminal DNA primer resulting from addition of
the E.coli -derived Shine-Dalgarno sequence (9 bases) at 5

bases upstream of the initiation codon of the BRD gene



34. l.uteus I FO 13867. 5. A DNA coding for the pol ypeptide according to any
of Clains 1 to 4. 5 6. A DNA coding for a pol ypeptide having enzyne
*activity in asymetrically reduci ng N-benzyl -3-pyrrolidinone to produce
(S)-N-benzyl -3-pyrrolidinol, and to hybridizing with a DNA having a

nucl eoti de sequence shown under SEQ ID NO:2 in the sequence |isting under
stringent conditions. 7. A DNA 15 codi ng Z%r a pol ypepti de having enzyne
activity in asymmetrically reducing N benzyl-3-pyrrolidinone to produce
(S)-N-benzyl -3-pyrrolidinol, and having at |east 60% sequence identity with
a nucl eot i de® SRELEhohp TAdE?: SE | Bhaosedranepel seglracendoinrsheng.

8. An expressddit VeCIOf £oNt@bri nﬁiwﬁéta%ﬁgtdﬁegoke_ 8ny 8hifbabgsqarhg 7
25 9. The expression vector_according to aim8, which is a plasnmd pTSBH.
10. The expréé%@%ﬁp%e%@%rad%t%@%ﬁ%&ﬁ P apFiBerwAreHlEdRFafA8Ma DNA codi ng

for a pol ypepidgiei havé Nt 39281 uepse Sleby dbogenasenackt vibkymidls dRerhe
expressign vector according to Claim 10, wherein said poIYpeptlde havi ng

gl ucose aehfﬁFﬁﬁéﬁag% were ggynthesized in the conventional manner. The
nucleotide sequences of these two primers are shown under

SEQ ID NO:7 and SEQ ID NO:8 in the sequence listing. Using
these two DNA primers, with the plasmid pNTBR constructed
in Example 4 as the template, a double-stranded DNA was
10 synthesized by PCR. The DNA fragment obtained was digested
with EcoRI and Sacl, and the resulting fragment was
inserted into the plasmid pUCT at the EcoRI-Sacl site
(downstream of the lac promoter) to give a recombinant
plasmid pTBH.
15
(Example 6: Reduction in GC ratio in BRD gene)
For further attaining high level expression of the
BRD gene in E.coli, a plasmid pTSBH was constructed by
substituting a DNA lower in GC ratio for the segment from
20 the 1lst to 118th base of the same gene in the plasmid pTBH
constructed in Example 5, without altering the amino acid
sequence coded thereby, as follows. |
A double-stranded DNA having the sequence shown under
SEQ ID NO:9 in the sequence listing was prepared by the
25 conventional method. This was digested with EcoRI and XhoI,
and a plasmid pTSBH substituted for the DNA fragment
detached from pTBH by digestion with the same restriction
enzymes and containing a 5’ terminal portion of the BRD
gene was obtained.
30
(Example 7: Construction of recombinant plasmid containing
both BRD gene and glucose dehydrogenase gene)
A double-stranded DNA resulting from addition of the



acti,vity is a Bacillus negateriumderived gl ucose dehydrogenase. 12. The
expression vector according to Claiml1ll, 5 which is a plasmd pTSBA. 13, A
‘transformant containing the expression vector according to any of Clains 8
to 12. 10 14. A transformant containing both the expression vector
according to Caim8 or 9 and an expression vector containing a DNA codi ng
for a pol ypeptide having glucose dehydro@®nase activity. 15 15. The
transfornmant according to O aim 14, wherein said pol ypeptide having gl ucose

dehydrogenase actjvity js a Bacillus negateriumderived gl ucose
dehydr ogenase: C2gt 15 g’-ﬁ'h‘éeq r ST Mk 2 BRR of A RENED APyPaFes) apEs513 to 15,

tocral algﬁéz%ém‘%ﬁérééﬁ%ﬁhﬁé T S on, aadiicoL e | GEFRIR according
to Claim ich is Escherichia coli p .
t ransf or rrant%’ficﬁ‘liﬁ AL L 381 bR ¢rdesi meenet tepsa dehvdrpienase

(PTSBG ) . 30(H&ke fbheer t¢:ansd B reed 86 Co$ dbpl) t 9okt pi HE 18, sa\etcelé§vage
Escheri chi a coJ| HB101 (pJSBH, STVG 20) A production net hod

(S) - N beRzy|RZ Dt W$ﬁ$ 5 i |%‘F%‘ge%c%t%%do@fr%a%@mﬁé the

t r ansf or mantc By gh r];ﬂ:)i.z@t ajlys@fbéﬂlmcﬂrstlhé tOrifnandbRrcdabheqased product
t hereof with Nbenz p rro I dj none, and 5 a step of harvesting the
t hus- pr oduced (8= i?W%Qﬁrﬁﬁ@ner Based on the nucleotide

sequence 1nformatlon about the GDH gene, an N-terminal DNA
primer resulting from addition of the E.coli -derived

10 Shine-Dalgarno sequence (9 bases) at 5 bases upstream of
the initiation codon of the structural gene of GDH and
further addition of a Sacl cleavage point just before the
above sequence, and a C-terminal DNA primer resulting from
addition of a BamHI site just behind the termination codon

15 of the structural gene of GDH were synthesized by the
conventional method. The nucleotide sequences of these two
primers are shown under SEQ ID NO:10 and SEQ ID NO:11,
respectively, in the sequence listing. Using these two DNA
primers, together with the plasmid pGDKl1 (Eur. J. Biochem.

20 186, 389 (1989)) as the template, a double-stranded DNA was
synthesized by PCR. The DNA fragment obtained was digested
with Sacl and BamHI and inserted into the SacI-BamHI site
(occurring downstream of the BRD gene) of the pTSBH
constructed in Example 5 to give a recombinant plasmid

25 pTSBGl. The method of constructing pTSBGl and the

structure thereof are shown in Fig. 2.

(Example 8: Production of recombinant E.coli)
E.coli HB10l (product of Takara Shuzo) was
30 transformed using the recombinant plasmids pTBH, pSTBH and
pPTSBGl obtained in Examples 5, 6 and 7, to give recombinant
E.coli HB10l (pTBH), HBlOl (pTSBH) and HB10l (pTSBGl),
respectively. Among the thus-obtained transformants,
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pSTVG at a high rate of introduction. Thus, E.coli HB101

(pTSBH, pSTVG) was obtained with ease.

20 (Example 9: BRD expression in recombinant E.coli)
The recombinants E.coli HB10l (pTBH) and HB101

(pTSBH) obtained in Example 8 were each shake-cultured on 2
X YT medium containing 200 pg/ml of ampicillin at 28°C for
15 hours. A 1-ml portion of this preculture fluid was

25 indculated into 100 ml of a medium sterilized by
autoclaving in a 500-ml Sakaguchi flask and comprising 1.5%
(w/v) glycerol, 1.5% (w/v) Bacto tryptone, 0.4% (w/v) Bacto
yeast extract, 0.2% (w/v) sodium chloride, 0.8% (W/v)
potassium dihydrogen phosphate, 0.05% (w/v) magnesium

30 sulfate heptahydrate, and 0.033% (w/v) Adekanol LG109
{(product of Asahi Denka Kogyo), as adjusted to pH 6.0, and
shake culture Was carried out at 30°C for 60 hours. Cells

were harvested from such culture fluids by using a



1088 1088! p0%0Y88&' ()-;!0%0% & ()-;.109%& ()-!sS&$109%7&" () -

SY[OPI 1y #10% & ()-!y #10% & ()-ly#lo%

‘& ()-9s10%& ()-19 10%& ()-s!l|10%PP& ()-:Si wu®@! 10

10!t L3MBLOY&' ()-T!y : $10% )

& ()-1:$10%& ()-!:%$10%08& ()-!|:$10%& ()-nM+ 61" 109%&' ()- 6 1" 109%& ()-

6 1"10% & ()- “1"10%@ ()-&10%& ()-!1 YI@®E"E& ()-- 107@W3+! 6! #10%

& ()-$! ~ #109%&' () - $! ‘#10%&' ()-$! #10%

& ()-$! #1009 % "109&' ()-|rS46! 9s10%& é} 10%.& (% 10zz10zz10zz! ~#10%
z& ()-9$! ~#16%“{’§ Iy OSRET ) SPFRSNBP S4B | 1O 1mMerlysprapevhREf3T! BEHFL0%KY
xy& ()-!1s@dO3& dnd s ida )y &@H %eé&&ﬁm%éliofﬁgelo F+Y

109 () -! #10%KK&}§)-'S#109&4&]()-'f #109%& ()-!yWt10%' () - aBMB76! !
The BRD activity of this cell-free extract was
5 determined in the following manner. Thus, the BRD activity
was determined by adding the substrate N-benzyl-3-
pyrrolidinone (1 mM), the coenzyme NADPH (0.167 mM) and the
enzyme to 100 mM phosphate buffer (pH 6.5) and measuring
the decrease in absorbance at the wavelength 340 nm at 30°C.
10 The enzyme activity capable of oxidizing 1 umol of NADPH to
NADP in 1 minute under these reaction conditions was
defined as 1 unit. Thus-determined BRD activities of the
cell-free extracts were expressed in terms of specific
activity and compared with that of the transformant holding
15 the vector plasmid pUCNT. Comparison was also made with
the BRD activity of a cell-free extract derived from the
strain Micrococcus luteus IFO 13867 as prepared in the same

manner as in Example 1. The results thus obtained are
shown in Table 2.

20
Table 2
Name of strain Speciﬁczll?/Rn[l)g)activity
E.coli HB101(pUCNT) <0.01
E.coli HB101(pTBH) 0.06
E.coli HB101(pTSBH) 0.61
Micrococcus luteus IFO 13867 0.06
As for E.coli HB10l (pTSBH), a distinct increasé in
BRD activity was observed as compared with E.coli HB101l
25 (PUCNT) which is transformed with the vector plasmid alone

and, when compared with the strain Micrococcus luteus IFO
13867, the activity was about 10-fold higher.
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)- 10 absorbance at the wavelength 340 nm at 25°C. The enzyme
activity capable of reducing 1 umol of NADP to NADPH in 1
minute under these reaction conditions was defined as 1
15 unit. The BRD activity was also determined in the same
manner as in Example 9. Thus-determined BRD and GDH
activities of the cell-free extracts were each expressed in
terms of specific activity and compared with those of
E.coli HB10l (pTSBH) and HB10l1 (pUCNT) which is transformed
20 with the vector alone. The results are shown in Table 3.

Table 3
. Specific BRD activity  Specific GDH activity
Name of strain (U/mg) (U/mg)
E.coli HB101{(pUCNT) <0.01 <0.01
E.coli HB101(pTSBH) 0.61 <0.01
E.coli HB101(pTSBG1) 0.52 89
E.coli HB101(pTSBH,pSTVG) 0.69 3.2

As for E.coli HB10l (pTSBGl) and HB10l (pTSBH, pSTVG),
25 distinct increases in BRD activity and GDH activity were
observed as compared with E.coli HB10l (pUCNT) which is

transformed with the vector plasmid alone.
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109 () - bb'ccgﬂgf{sgﬁf%f E{%ggl%géé%ﬁég of BRANSON) To 25 ml of this
cell disruption fluid were added 1,350 U of glucose
dehydrogenase (product of Amano Pharmaceutical), 3.0 g of

10 glucose, 3.0 mg of NADP and 0.25 g of N-benzyl-3-
pyrrolidinone. While this reaction mixture was stirred at
30°C with pH adjusted to 6.5 using 5 M hydrochloric acid or
sodium hydroxide, N-benzyl-3-pyrrolidinone was added
thereto at an interval of 0.25¢g/hour. After addition of a

15 total of 2.0 g of N-benzyl-3-pyrrolidinone, stirring was
further continued for 20 hours. After completion of the
reaction, 2.5 ml of a 5 M agueous solution of sodium
hydroxide was added, the mixture was extracted with toluene,
and the solvent was removed. Analysis of the resulting

20 extract revealed that N-benzyl-3-pyrrolidinol was obtained
in 74% yield. The N-benzyl-3-pyrrolidinol produced on that
occasion was the S form with an optical purity of not less
than 99% ee.

The quantity of N-benzyl-3-pyrrolidinone and N-

25 Dbenzyl-3-pyrrolidinol was determined by gas chromatography
(column: Uniport B 10% PEG-20 M (3.0 mm ID x 1.0 m), column
temperature: 200°C, carrier gas: nitrogen, detection: FID).
The optical purity of (S)-N-benzyl-3-pyrrolidinol was
determined by high performance liquid chromatography

30 (column: Chiralcel OB (product of Daicel Chemical
Industries), eluent: n-hexane/isopropanol/diethylamine =
950/50/1, flow rate: 1 ml/min, detection: 254 nm).
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E.coli HB10l (pTSBGl) obtained in Example 9 were added 2.5
g of glucose, 3.0 mg of NADP and 0.25 g of N-benzyl-3-
pyrrolidinone. While this reaction mixture was stirred at
30°C with pH adjusted to 6.5 using 5 M hydrochloric acid or

10 sodium hydroxide, N-benzyl-3-pyrrolidinone was added
thereto at an interval of 0.25g/2 hours. After addition
of a total of 1.0 g of N-benzyl-3-pyrrolidinone, stirring
was further continued for 17 hours. After completion of
the reaction, 1.2 ml of a 5 M aqueous solution of sodium

15 hydroxide was added, the mixture was extracted with toluene,
and the solvent was removed. BAnalysis of the resulting
extract revealed that N-benzyl-3-pyrrolidinol was obtained
in 92% yield. The N-benzyl-3-pyrrolidinol produced on that
occasion was the S form with an optical purity of not less

20 than 99% ee.

(Example 13: Synthesis of (S)-N-benzyl-3-pyrrolidinol from
N-benzyl-3-pyrrolidinone using recombinant E.coli capable
of simultaneous expression of BRD and glucose
25 dehydrogenase)
To 25 ml of the culture fluid of the recombinant
E.coll HB10l (pTSBH, pSTVG) obtained in Example 9 were
added 2.5 g of glucose, 3.0 mg of NADP and 0.25 g of N-
benzyl-3-pyrrolidinone. While this reaction mixture was
30 stirred at 30°C with pH adjusted to 6.5 using 5 M
hydrochloric acid or sodium hydroxide, N-benzyl-3-
pyrrolidinone was added thereto at an interval of
0.25g/hour. After addition of a total of 2.0 g of N-
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form with an optical purity of not less than 99% ee.

10 INDUSTRIAL APPLICABILITY
As a result of cloning of a gene of a polypeptide

having enzyme activity in asymmetrically reducing N-benzyl-
3-pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol and
analysis of the nucleotide sequence thereof, it has become

15 possible to obtain a transformant capable of producing, at
high levels, the above polypeptide. It has also become
possible to obtain a transformant capable of producing, at
high levels, the polypeptide and glucose dehydrogenase
simultaneously. Furthermore, it has become possible to

20 efficiently synthesize (S)~N-benzyl-3-pyrrolidinol from N-
benzyl-3-pyrrolidinone using such transformants.
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physicochemical properties (1) to (5)+

5 (1) Action: It asymmetrically reduces N-benzyl-3-
pyrrolidinone to produce (S)-N-benzyl-3-pyrrolidinol with
NADPH as a coenzyme;

(2) Optimum action pH: 4.5 to 5.5;
(3) Optimum action temperature: 40°C to 45°C: ‘
10 (4) Molecular weight: BAbout 29,000 as determined
by gel filtration analysis, about 35,000 as determined by
SDS-polyacrylamide gel electrophoresis analysis;
(5) Inhibitor: It is inhibited by the divalent
copper ion.

1%
2. A polypeptide described in the following (a) or
{b) :
(a) A polypeptide having the amino acid sequence
shown under SEQ ID NO:1 in the sequence listing;
20 (b) A polypeptide having an amino acid sequence

obtainable from the amino acid sequence shown under SEQ ID
NO:1 in the sequence listing by substitution, insertion,
deletion and/or addition of one or more amino acids and
having enzyme activity in asymmetrically reducing N-
25 Dbenzyl-3-pyrrolidinone to produce (S)-N-benzyl-3-
pyrrolidinol.

3. The polypeptide according to Claim 1 or 2
which is derived from a microorganism belonging to
30 the genus Micrococcus.

b3
4. The polypeptide according to Claim 3, .

wherein said microorganism is the strain Micrococcus
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coding for a polypeptide having enzyme activity in
asymmetrically reducing N-benzyl-3-pyrrolidinone to produce
(S)-N-benzyl-3-pyrrolidinol, and
10 hybridizing with a DNA having a nucleotide sequence
shown under SEQ ID NO:2 in the sequence listing under

stringent conditions.

7. A DNA
15 coding for a polypeptide having enzyme activity in
asymmetrically reducing N-benzyl-3-pyrrolidinone to produce
(S) -N-benzyl-3-pyrrolidinol, and
having at least 60% sequence identity with a
nucleotide sequence shown under SEQ ID NO:2 in the sequence
20 listing.

8. An expression vector containing DNAs according
to any of Claims 5 to 7.

25 9. The expression vector according to Claim 8,
which is a plasmid pTSBH.

10. The expression vector according to Claim 8,
which contains a DNA coding for a polypeptide having

30 glucose dehydrogenase activity.

11. The expression vector according to Claim 10,

wherein said polypeptide having glucose dehydrogenase
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12. The expression vector according to Claim 11,
5 which is a plasmid pTSBGI1.
13, A transformant containing the expression vector

according to any of Claims 8 to 12.

10 14. A transformant containing both the expression
vector according to Claim 8 or 9 and an expression vector
containing a DNA coding for a polypeptide having glucose
dehydrogenase activity.

15 15. The transformant according to Claim 14,
wherein said polypeptide having glucose dehydrogenase
activity is a Bacillus megaterium-derived glucose

dehydrogenase.

20 16. The transformant according to any of Claims 13
to 15,

wherein a host thereof is Escherichia coli.

17. The transformant according to Claim 16,
25 which is Escherichia coli HB10l (pTSBH).
18, The transformant according to Claim 16,

which is Escherichia coli HB101l (pTSBG1).

30 19. The transformant according to Claim 16,
which is Escherichia coli HB10l (pTSBH, pSTVG).

20. A production method of (S)-N-benzyl-3-



\ L, & #109OWE () - !, & #10%d&' () -, 1093%& ()- Ss109R%&' ()-2M/| 0bU410
10%#&' () - (10R$10R$10RS ° 96109R$& ()- 96109%&' ()- , 3109R3& () -

‘0109 " & ()-f +|[:bU4L0  DF#10%X" X& ()-- DRF#10%HX& ()-- ' 10%& () -

S109%t& ()- “y"10% & ()-T y 10%#& ()-+4<8zY8bU410 010% & ()-y-

>+M 10%#&' ()-g- df ' 10%t& ()-@ #10%+t& () - -

R#10% #f & ()--! #10%& ()-8[vU410 y1l0%& @B S 109%4& ()- 10%&' ()- MLO! 10! #10!
6109 & ()-f 310%t& () YgM [ : vU410 $- #1099& ()- ,[ @10%& ()- @ @10%

& ()-@:"109%8& () %mw& ST X M10%& ()-fM.|[:-410% 7109%& ()-
C&3@ 10%$& (BYlf (SOPELSHRBAR ()-f s' 91098& ()- fIRLOWBE ()- chbA410%

sS@10%& () - @es@élQ%?e%) (Of @@ N & Ha t@arl@f@e&néﬂt accordln any
10%&& ()- 10W W AAlOW S@ﬁlo%w& - @ es@10%R& ( &@ 109&8@2 10%&&
" 10984 () - S Nor il +9 R 1%{%“8%%? @Césy}aere adiky B3)c"

" Headi ng 43]k§enz3}f&ﬂ+§5@rf&3]]£&lndj@@,dlm63] c" "Heading 73]c" Head| ng 83]c"

Headi 93 A "Def aul t ragra ont fY!f 6<CIJR_Y dj qgDM G
<Cb\z/ivtl| rC]:gE (g%zc$B%*I & %}El%iﬂ%%?q 23\11-_%[) TROALEER 2 &3 L‘@'@%T%WAS%J

| bPH+8ML6ETI mmmmml al Courier New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
21. The method according to Claim 20,

wherein the step of reacting is carried out in the

10 presence of a coenzyme regenerating system.



